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Abstract Mars Science Laboratory’s Sample Analysis at Mars (SAM) investigation has
measured all of the stable isotopes of the heavy noble gases krypton and xenon in the
martian atmosphere, in situ, from the Curiosity Rover at Gale Crater, Mars. Previous
knowledge of martian atmospheric krypton and xenon isotope ratios has been based upon
a combination of the Viking mission’s krypton and xenon detections and measurements
of noble gas isotope ratios in martian meteorites. However, the meteorite measurements
reveal an impure mixture of atmospheric, mantle, and spallation contributions. The xenon
and krypton isotopic measurements reported here include the complete set of stable
isotopes, unmeasured by Viking. The new results generally agree with Mars meteorite
measurements but also provide a unique opportunity to identify various non-atmospheric
heavy noble gas components in the meteorites. Kr isotopic measurements define a solar-
like atmospheric composition, but deviating from the solar wind pattern at *’Kr and **Kr
in a manner consistent with contributions originating from neutron capture in Br. The Xe

132
Xe have been

measurements suggest an intriguing possibility that isotopes lighter than
enriched to varying degrees by spallation and neutron capture products degassed to the
atmosphere from the regolith, and a model is constructed to explore this possibility. Such

a spallation component, however, is not apparent in atmospheric Xe trapped in the glassy

phases of martian meteorites.

Keywords
Krypton; xenon; Mars atmosphere; Mars evolution; Mars Science Laboratory; Mars

meteorites
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1. Introduction

The noble gases are key indicators of planetary evolution. Krypton and xenon are
especially useful with their large numbers of stable isotopes; six and nine respectively,
making them ideal for tracking source reservoirs and for understanding the evolution of
planetary interiors and atmospheres. Many of the isotopes are formed or fractionated by
distinct mechanisms, so their enrichment or depletion can be informative with regard to
source: '>?Xe is produced by decay of '*’I, a now extinct radioactive nuclide with a half-
life of 15.7 Myr. Isotopes "' Xe, **Xe, **Xe and '**Xe are produced by actinide fission.
Radiogenic '*’Xe and *°Xe can be used (along with other noble gas isotopes) to test
hypotheses for atmospheric formation and loss: their '*’I and ***Pu parent species
abundances at the time of Earth and Mars’ formation are constrained by their radiogenic
daughters in the atmospheres. Comparison of planetary interior values (trapped in mantle
phases of igneous rocks) with atmospheric abundances and solar wind abundances can

reveal how long ago '*Xe and '*°Xe were degassed (Podosek and Ozima, 2000). Excess

129 130

Xe relative to " Xe in Mars’ atmosphere relative to interior components supports the
hypothesis that Mars degassed soon after planetary accretion, while fractionation of Xe

isotopes in the martian atmosphere may indicate substantial loss of atmosphere in a very

early hydrodynamic escape phase (Pepin, 1991, 2000).

Previous to MSL, what we knew about martian noble gases was based on the noble gas
measurements of Viking (Owen and Biemann, 1976; Owen et al., 1976; Owen et al.,

1977) and the analyses of meteorites ejected from Mars. These meteorites: shergottites
(Treiman and Filiberto, 2015), nakhlites (Treiman, 2005), chassignites (Treiman et al.,

2007), ALH84001 (Treiman, 1998) and the basaltic breccia NWA7034 (Agee et al.,
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2013) are petrologically distinct from primitive chondritic meteorites, and the
compositional similarity of gases trapped in their impact melt inclusions to Mars’
atmospheric values is what identified them as martian (Bogard and Johnson, 1983; Pepin,
1985; Wiens and Pepin, 1988). But martian meteorites all contain more than one noble
gas component, and measurements therefore return a composite of unfractionated or
fractionated martian atmosphere, martian interior gases, fission and cosmogenic

additions, and terrestrial contamination.

An elementally unfractionated martian atmospheric component was first found in shock
melt inclusions in the shergottite EETA 79001 (Bogard and Johnson, 1983; Becker and
Pepin, 1984; Wiens et al., 1986; Swindle et al., 1986), establishing the link between the
SNC meteorites and Mars. The Xe composition was found to be isotopically distinct
from all other known xenon reservoirs, especially in its high '**Xe/"**Xe ratio and
enhanced **Xe/'**Xe and **Xe/"**Xe ratios (Swindle et al., 1986). This atmospheric
component was refined using a range of shock melts from four different shergottites,
resulting in a recommended '**Xe/"**Xe ratio of 2.60 = 0.05 for Mars’ atmosphere
(Bogard and Garrison, 1998). Most recently, a martian brecciated meteorite (NWA7034,
‘Black Beauty’) (Agee et al., 2013) was shown to contain dominantly unfractionated
martian atmosphere (Cartwright et al., 2014), providing evidence that this component is
not unique to the shergottites. Elementally fractionated Martian atmospheric
component(s) are found in the nakhlites and ALH84001 (Swindle, 2002) and the Martian

interior component was first identified in the Chassigny meteorite (Ott, 1988).
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Terrestrial air can introduce both unfractionated and fractionated contamination to
meteorites, with the latter mimicking interior signals (Mohapatra et al., 2009) or
completely masking martian signatures (Schwenzer et al., 2013). Disentangling those
components is key to understanding processes such as planetary formation. It also
provides insights into surface-atmosphere interaction and ejection history, but only at the
precision with which the individual components are known and understood. Precise in
situ measurements of Xe and Kr in Mars’ atmosphere are not hampered by complications

introduced by “contaminating” noble gases.

2. Experimental

Previously, we reported measurements of the stable isotopes of argon (*Ar/*°Ar=1.9 +
0.3 x 10° and °Ar/**Ar = 4.2 £ 0.1 (Atreya et al., 2013; Mahaffy et al., 2013). The

* Ar/*°Ar ratio used dynamic mass spectrometry to directly measure these masses. To
obtain the ratio of *°Ar to **Ar, it was necessary to develop a semi-static enrichment
experiment to reach sufficiently high signal-to-noise (S/N) and background contrast for
measurement of **Ar, the least-abundant Ar isotope (Atreya et al., 2013). However, while
semi-static experiments provided moderate S/N and low enough background contrast to
also enable Kr isotope measurements, they were unable to enrich the Xe signals to the
extent necessary for precise isotopic measurement. That required development of a fully

static mass spectrometry experiment (Table 1).

2.1 Static Mass Spectrometry
The relevant components of the SAM suite are described in Mahaffy et al. (2012). Gas is

ingested, flowing through both zeolite (Linde 13x) and magnesium sulfate chemical
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scrubbers, effectively removing >95% of the CO, and H»O, and weakly adsorbing all
other active gases. The post-scrubber gas mix is enriched in N,, Ar, Kr, and Xe, which
then flows over a cooled hydrocarbon (HC) trap to efficiently trap out Xe, allowing other
gases to pass. The HC trap consists of three adsorbents in series, Tenax” TA, silica beads,
and carbosieve”. The approach and scripting were validated in the SAM high fidelity test

bed at Goddard Space Flight Center.

The tunable laser spectrometer (TLS), which has been evacuated prior to atmospheric
ingestion, is used as a storage volume so that gases not trapped out on the HC trap,

particularly Kr, are collected here for later analysis.

The enrichment flows gas over the scrubbers and trap for 5400 seconds, after which the
HC trap and TLS are closed off from the rest of the SAM manifolds. The manifolds are

evacuated, and the scrubbers activated to clean them of adsorbed gas.

Xe-enriched gas collected on the trap is slowly released into the quadrupole mass
spectrometer (QMS) in a semi-static scanning mode, where the conductance out to the
pump is throttled to increase the S/N in the MS. Once the majority of the gas has been
released into the manifold, the valve to the pump is closed, and the remaining gas is
scanned in fully static mode. The low abundance of Xe allows fully static mode without
increasing the pressure inside the mass spectrometer to a saturated level. The masses of
interest (the nine stable Xe isotopes) are scanned. Once analysis of Xe is complete, the
manifolds and MS are evacuated prior to releasing the Kr-enriched gas from the TLS.
The QMS is returned to semi-static mode for analysis of Kr; static mode being too risky

because of the high Ar partial pressure in the gas. Because Kr and Xe cannot be scanned
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at the same time in this method a direct measurement of the **Kr/'**Xe elemental ratio
could not be obtained, nor could **Kr/*°Ar since the enrichment of *°Ar saturates the

detector.

2.2 Data processing.

Experimental Kr and Xe data were corrected for detector dead time, mass discrimination
(Appendix Al), quadrupole mass spectrometer (QMS) tuning effects, and instrument
background, as discussed in Franz et al. (2014). Because the background as well as
analytic signal grew with time during the semi-static and static QMS modes utilized for
Kr and Xe measurements, background models were based on tracer m/z representative of
the instrument background. For K, a tracer of m/z 12 was used in experiment ID #25111
and m/z 79 in ID #25269. For Xe, m/z 127 was used as the tracer in both ID #25253 and
ID #25269. The background model is implemented by scaling the trend exhibited by the
tracer m/z based on the relative proportions of the analyte and tracer m/z during the
background region prior to introduction of Xe or Kr gas to the manifold. Uncertainties in
the background model were computed from the difference in isotope ratios derived with
the nominal background model as described above and an alternate model. For Kr, the
alternate background model used a tracer of m/z 55 in ID #25111 and m/z 63 in ID
#25269. For Xe, the alternate background model for both ID #25253 and ID #25269 used

a constant value at each relevant m/z, acquired before the Xe analysis region.

3. Results and Discussion
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The number N of individually measured and corrected isotope ratios, their standard
deviation and standard error of their mean (s.e.m.), and assessment of total error are set
out in Tables 2 and 3 for all Xe and Kr analyses. A total of ~5000 individual ratios were
included in the analyzed regions of the four experiments. Graphical displays of
measurements vs. time, selected to include data sets for both low and high abundance Xe
and Kr isotopes, are shown in Appendix A4. Tabulations of all Kr and Xe isotope ratio
data used in the analyses, corrected for backgrounds, peak shapes and mass

discriminations, are contained in Appendix A7.

The SAM isotopic compositions reported here for Xe and Kr in Mars’ atmosphere are
averages of results obtained in the repeated experiments, #25253 and #25269 for Xe and
#25111 and #25269 for Kr. These were calculated in two ways from the separate
experiment results: (a) unweighted averages with s.e.m. errors given by their standard

deviation/v 2; or (b) l/sz-weighted averages where oj is the + 1 sigma error in each of

the two experiments. The first ignores errors in the individual experiement
measurements, the second takes them explicitly into account. Final Xe and Kr

compositions calculated using both averaging protocols are listed in Tables 2 and 3.

3.1 Xenon.

Comparisons of the experiment ID#25253 and ID#25269 averages in Table 2 show
satisfactory reproducibility of the separately measured isotopic compositions. Differences
between the individual isotope ratio sets (e.g. ['**Xe/'**Xe + 6]as60 - [**Xe/**Xe £

G2s253) are all <60% of the errors in the differences; across the Xe spectrum they average
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~30%. This agreement is reflected in the close correspondence of the unweighted and
1/c*-weighted averages in Table 2, within —and for isotope masses > 126 well within—
their associated uncertainties. In this case it seems appropriate to select 1/c>-weighted
averaging: it biases results toward the more precise experiment #25269 data, and also

generates more conservative errors than unweighted averaging.

Atmospheric Xe isotope ratios relative to '**Xe generated from the SAM data in this way
are plotted in Fig. 1 relative to the composition of Genesis SW-Xe (Meshik et al., 2015),
together with measurements listed in Table 2 on shergottite glasses from EETA79001
(Swindle et al., 1986) and EETA79001 + Zagami (Mathew et al., 1998). Error bars are
shown where they exceed the symbol sizes. Effects of adopting unweighted instead of
1/c*-weighted averaging are indicated by the white squares at '**Xe and '**Xe. The two
averaging protocols yield statistically indistinguishable results at these minor isotopes,

and in fact for all isotopes.

The solid curve in Fig. 1 represents Meshik et al’s SW-Xe mass-fractionated in
hydrodynamic escape (Appendix A6) to the degree required for best fit the EETA79001
and EETA + Zagami measurements. Correspondence of the curve with the meteorite
data is striking. The SAM atmospheric measurements for isotopes heavier than '*°Xe
generally follow the same pattern. Averaged 8'**Xe and 8'*"Xe-8'*°Xe ratios in Fig. 1
agree with the fractionation curve, and therefore with the meteorites, to within ~ 25%o or
less. These direct in situ measurements support the conclusion from the meteorite data

that the base composition of atmospheric Xe on Mars, except for the large radiogenic
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129Xe contribution, is fractionated solar Xe (Pepin, 2000). This conclusion is reinforced
by the observation that Mars’ interior (i.e., mantle) Xe is very similar to SW-Xe (Jakosky

and Jones 1997; Swindle and Jones, 1997; Ott, 1998; Swindle, 2002).

However significant offsets of the nonradiogenic atmospheric ratios from the curve are
evident, large for 5'**Xe and §'**Xe, smaller for 8'**Xe and 8'*'Xe but still up to > 5x
their mean errors above the average meteorite ratios. The origins of these nonradiogenic
excesses are presently not understood. There are no identified analytic mass interferences
at these isotopes that could account for them, from products found in SAM that could be
contaminants in the gas processing manifold or mass spectrometer. We have calculated
the potential effect of masses that could be associated with the degradation of the SAM
derivatisation reagent N-Methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide
(MTBSTFA), vapors of which were previously reported to have been released and
detected as a hydrocarbon background in SAM solid sample analyses (Glavin et al.,
2013) and find that such a background subtraction would still be insufficient to account
for the elevated '**Xe and '**Xe (Appendix A3). However small background signals are
indeed seen at these masses, whatever their origin. These were incorporated into the
background model and subtracted to yield corrected isotope ratios. It is interesting to note
that Viking also detected high abundances at the trace masses 124 and 126, though they
were unable to report them quantitatively (Owen et al., 1977). Although attributed to
hydrocarbon contamination, they could alternatively suggest the interesting possibility
that these, in part, were the first hint of elevated light masses of Xe in the martian

atmosphere.

10
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Another possible explanation for elevation of the light Xe isotope ratios above the SW
fractionation curve, discussed in Sec. 3.3.1, is the presence of spallogenic and neutron-
capture Xe produced by galactic cosmic ray (GCR) irradiation of target elements in soil
and rocks on or near the martian surface and released over time into the atmosphere. Such
degassing of a regolith product generated from neutron-irradiated Br is a likely

80,82

explanation for the presence of excess Kr in the atmospheric Kr trapped in the

shergottite glasses (Sec.3.2).

3.2 Krypton.

SAM measurements at m/z = 78 were compromised by a large unresolved interference,
most likely due to known benzene or dichloropropane fragmentation contaminants in the
gas processing system. *Kr/**Kr ratios are therefore not reported. Some of the other
isotope ratios measured in the two Kr experiments show more scatter than is present in
the Xe experiments. For **Kr/**Kr and **Kr/*Kr in particular, differences in ratio
averages exceed the errors in their differences by a factor of ~2 (Table 3). It is possible
that dissimilar experimental techniques, including different gas pathways and scanning
sequences for experiments #25111 and #25269, could have played a role. Modification of
the method for Kr isotope measurements in #25269 was necessary in order to achieve the
static mode for Xe isotope measurements, although the Kr was measured in semi-static
mode (sec. 2.1). There is no evidence, however, that either of these analyses by itself is
the better representative of atmospheric Kr composition. In this situation unweighted

averaging of the data sets is the more conservative choice since the s.e.m. values overlap

11
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both of the individual experiment ID averages while errors associated with 1/c°-weighted
averages do not (Table 3). However, the uncertainty shown in the table for averaged
BKr/**Kr is unrealistically small (~ £1.5%o0) compared to other isotopes. It likely reflects
fortuitous agreement of this ratio in the two experiments. An alternative and perhaps
overly conservative estimate is the average uncertainty of ~ +18%o in the separate

experiment measurements (Table 3).

Figure 2 shows the averaged data from the SAM experiments compared to the solar wind
(Meshik et al., 2014) and meteorite compositions. The SAM Kr isotopic distribution
agrees with the SW composition within +1c uncertainty at *°Kr, and also at *’Kr if the
plotted alternate error suggested above is adopted, but show substantial enrichments
above the SW trend for the light isotopes *’Kr and **Kr. Elevations above SW-Kr at these
two isotopes, although at considerably lower levels, are also observed in Kr trapped in

shock glasses from the EETA79001 shergottite (Fig. 2) and are thought to result from
neutron capture in Br via "*'Br(n,yp)*"*’Kr (Becker and Pepin, 1984; Swindle et al.,

1986; Rao et al., 2002). Moreover, there is evidence that these excesses originated on
Mars, and are not due to capture of neutrons generated by in-space GCR irradiation

during meteorite transits from Mars to Earth (Swindle et al., 1986; Rao et al., 2002).

The relative magnitudes of the ****

Kr excesses measured by SAM support the capture
hypothesis. If the *’Kr elevations are due solely to "’Br(n,yp")**Kr reactions, one can

calculate from the "’Br and *'Br neutron capture cross sections what the correspondin
p p g

enhancement at **Kr from *'Br(n,$")*’Kr would be. Sums of resonance integrals for high,

12
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epithermal, and thermal energy neutron capture in *'Br (Dorval et al., 2008) yield an
'K r/*Kr production ratio of 2.58 + 0.25, indistinguishable from the ~2.5 ratio that
accounts for *’Kr and **Kr excesses in large chondritic meteorites (Marti et al., 1966).
Application of Dorval et al.’s production ratio to the excesses above solar of ****Kr
observed in both the SAM and meteorite data (Table 3, Fig. 2) yields the corrected

8082k r/**Kr ratios indicated by the diamond symbols in Fig. 2. Corrected *Kr/**Kr is
solar (8 = 0) by assumption. The n-corrected SAM **Kr/**Kr ratio falls at 8 = -6%o, a
nominal reduction of ~60%o from the measured value. The attached error bar includes the
52Kr/*Kr measurement error plus augmentations due to uncertainties in measured

K r/*Kr and the **Kr/**Kr production ratio.

It is evident that the **Kr/**Kr ratios, without their n-capture components, are close to
solar for both the meteorite measurements and those reported here for the atmosphere if
the corrected *’Kr/**Kr ratios are likewise solar. This strengthens the view that Mars’
base atmospheric Kr composition is in fact solar, overlain by neutron capture components

80,82
at ™

Kr. An unexplained puzzle is why the meteorite glasses, which purport to sample
the recent atmosphere, display much smaller n-capture excesses than those in the present-

day atmosphere (Fig. 2).

Garrison and Bogard (1998) propose that enrichments of ****Kr/**Kr and a depletion of
8K r/*Kxr relative to the solar composition, observed in one sample of EETA 79001
impact glass, signal the presence of mass-fractionated solar Kr in which an *Kr excess is

absent or minor. However, both the meteorite and direct atmospheric measurements in
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Fig. 2, including those of Swindle et al. (1986) which are viewed as the most precise for

the meteorites, show no evidence for such fractionation.

3.3 Regolith-derived spallation and neutron-capture Xe and Kr in the martian

atmosphere?

3.3.1 Xenon.

. 124 126
Excesses in & “"Xe and o

Xe are often signatures of spallation Xe components. Their
presence in the SAM data suggests that the martian atmosphere may contain spallogenic

and neutron capture products generated in and outgassed from the regolith (Rao et al.,
2002). Assuming that atmospheric spallation and (n,yB") components are actually present

in the atmosphere, corrections to the SAM measurements were calculated using the
following parameters:

3.3.1.1. A REE/Ba wt.% ratio of 0.54. GCR spallations of Ba and the rare earth
elements (REE) are the dominant contributors to spallogenic Xe. Spallation Xe
production rates for these elements are given in Hohenberg et al. (1978). They are
calculated using a ratio of 6.9 for REE abundances summed from Ce to Er, relative to La
abundance. Of interest for this model is Hohenberg et al.’s (Ce + Pr)/La ratio of 3.0. In
the 6 SNC meteorites for which data exist in the Lodders (1998) compilation, this ratio is
3.0 £ 0.5. Although there are insufficient SNC abundance data to enable similar
comparisons for most of the heavier REEs, this agreement suggests that they are also
likely to be approximately compatible with Hohenberg et al.’s REE distributions. The

SNC La/Ba ratio is 0.069 + 10% (Lodders, 1998), and therefore “La”/Ba, with “La”

14
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including all the REE targets, is probably reasonably close to 0.069 x (1 + 6.9) = 0.54.
REE concentrations on Mars are unknown. The REE/Ba ratio of 0.54 that arguably

characterizes the SNC meteorites is taken as proxy for the martian regolith.

Spallation production rates used in this modeling are from (Hohenberg et al., 1978),
calculated for a La/Ba ratio set to 0.069 and an adjustable Ba abundance (Sec. 3.3.1.3).
They are integrated over a regolith depth of ~500 g/cm”. The resulting spallation
composition is listed in Table 4. To account for the present atmospheric overburden of
~17 g/em” the regolith surface was repositioned to 17 g/cm® and production rates were
integrated from this depth to 500 g/cm®. No attempt was made to calculate production
rate variations due to different —and unknown— atmospheric densities that could have

occurred over the past 3700 Ma.

3.3.1.2. A 43% regolith degassing efficiency. Martian Br is taken to be 36 ppm, about
midway in the concentration range measured by Pathfinder (Gellert et al., 2004) and
Curiosity (Blake et al., 2013). Combined with modeling of neutron capture by "’Br in the
regolith (Rao et al., 2002) the *’Kr excess measured by SAM (Fig. 2) requires 43%

degassing of the regolith inventory produced over 3700 Ma by GCR-generated neutrons.

This 43% release is assumed to apply to spallogenic and (n,yp ) Xe products as well.

3.3.1.3. With these choices, the Ba concentration in the martian regolith is a free
parameter in the model. Results of applying it to the static experiment #25269 Xe

measurements, the more precise of the two data sets, are shown in Fig. 3. Barium

15
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abundance was adjusted until spallation-corrected 3'**Xe and 8'**Xe were equally spaced
on either side of the fractionated SW curve, both within ~1c error of the curve or less
(Fig. 4). Required Ba concentration in this baseline model is 602 ppm. Other fits of

126
)

corrected 8'**Xe and 8'*°Xe to fractionated SW are possible; for example, error-

124
)

weighting their positions relative to the curve, which would move & “"Xe closer and

8'*°Xe further away. But this has only a minor (<10%) effect on required Ba.

Effects on isotope ratios of subtracting calculated spallation and neutron capture
components are set out numerically in Table 4 and plotted in Fig. 3 and, at higher

resolution, in Fig. 4. Essentially all of the 5'**

Xe excess is removed by spallation
correction. Additional production of '**Xe by *’I(n,yp")'**Xe capture is probably minor.

Estimates for iodine in the martian regolith range from ~100 ppb in three non-Antarctic,
presumably uncontaminated SNCs (Lodders, 1998) to ~500 ppb with large uncertainty
(Rao et al., 2002). Correction for production from iodine at the 100 ppb level is negligible
(~1%o), and only ~10%o even with 10x this abundance (Table 4). Spallation corrections to
measured 8"°"Xe and §"*'Xe are small (< 5%o). Most of the 8'*'Xe excess is attributable
to n-capture in Ba, but the *’Ba(n,yp")"*' Xe contribution is uncertain because the
production rates given by Rao et al. (2002) and estimated from Hohenberg et al. (1978)
differ by a factor of ~20, due primarily to a ~6-fold difference in adopted capture cross

sections. Using the log average of the two *’Ba(n,y")"*'Xe production rates —1.9 x 10"

atoms/s for Ba = 602 ppm in the baseline model— corrects 5'"*' Xe to within 10%o of the

fractionation curve, but with the large uncertainties shown in Table 4 and Fig. 3. Other
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isotope ratios (8'*Xe, 8'*°Xe, and '**Xe/'"**Xe) are essentially unchanged by spallation
subtraction. Fig. 4 demonstrates that correction of the measured ID #25269 isotope ratios
for the assumed presence of atmospheric spallation and (n,y8 ) products leads to notable

agreement with the fractionated SW and shergottite glass compositions. All corrected
isotope ratios fall within error in the £10%o band around the fractionated SW reference

composition, and only &'**

Xe is >1c away from the reference.

The 602 ppm Ba content obtained for the baseline model is sensitive to adopted values of
a number of parameters: (a) the **Xe atmospheric volume mixing ratio (VMR), not
measured directly by SAM (Sec. 2.1) but derived from the measured **Ar VMR in Mars’
atmosphere (Atreya et al., 2013; Mahaffy et al., 2013) and an estimate of '**Xe/*°Ar from
the shergottite glasses (Garrison and Bogard, 1998); (b) the La/Ba ratio in the martian
regolith (Sec. 3.3.1.1); and (c) the regolith Br abundance which sets the regolith
outgassing efficiency (Sec. 3.3.1.2). The latter has the most severe impact on Ba
requirements. As regolith Br is varied over its most likely range of ~20 — 60 ppm (Blake
et al., 2013; Gellert et al., 2004) with corresponding changes in regolith degassing
efficiencies from 76% to 26% respectively, the Ba concentrations needed to replicate
Figs. 3 and 4 range from 340 to 1020 ppm. Variations in any of these parameters produce
proportional changes in required Ba, and so one cannot specify a single regolith Ba
content that uniquely generates Figs. 3 and 4. However the model is resilient to parameter
variations in the sense that a particular Ba value can always be found that reproduces the
corrected composition in the figures. Varying these parameters within their probable

uncertainty ranges leads to a spread in required Ba of ~200 to 1000 ppm.
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3.3.1.4. Barium. Barium in martian soils and rocks has been measured by Curiosity’s
ChemCam LIBS instrument. Estimates range from a few 10’s of ppm in sand and soil up
to ~1640 ppm in a trachyte rock (Ollila et al., 2014; Payré et al., 2016); the majority of
the measurements fall between ~100 and 500 ppm (Payr¢ et al., 2016). The Ba
concentration of~600 ppm in the baseline spallation model is significantly above their
average. However, the ~200-1000 ppm spread in required Ba concentrations generated by
variations in modeling parameters falls with the range of LIBS measurements reported by

Payré et al.

Within its uncertainties, the Ba content of the martian regolith required by the model may
be compared to the ~250 ppm estimate for Earth’s bulk crust (McLennan, 2001; Payré et
al., 2016) and ~350 ppm in ocean island basalts (OIB) (Sun and McDonough, 1989). The
REE/Ba ratio of 0.54 adopted for Mars is close to Sun and McDonough’s OIB value of
~0.56 and intermediate between ~0.34 in Earth’s bulk continental crust (McLennan,
2001) and ~1.2 in oceanic crust (White and Klein, 2014), consistent with the more mafic

nature of the martian surface compared to the terrestrial continental crust.

3.3.1.5. Comparison with Xe trapped in shergottite glasses. This spallation scenario is
potentially capable of accounting for observed excesses in the SAM Xe data at

32X e. It conflicts, however, with evidence that shock

nonradiogenic isotopes lighter than
glasses in shergottites record the composition of the martian atmosphere. Xe trapped in

glassy phases of EETA79001 (Swindle et al., 1986) and EETA79001 + Zagami (Mathew
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420 etal., 1998), plotted in Fig. 1, shows no evidence for the presence of atmospheric

421  spallation or neutron capture Xe. These meteorites do display spallogenic enrichments in
422 the light Xe isotopes, particularly in Zagami with its long exposure age, but these are
423  consistent with production in space by GCR spallation during post-ejection transit from
424  Mars to Earth (Swindle et al., 1986; Mathew et al., 1998). When these in situ spallation
425  products are subtracted, 5'**Xe, 8'*°Xe, and 8'**X ratios in the glasses fall close to the

426  SW fractionation curve (Fig. 1) with no evident way to accommodate additional
427  atmospheric spallation or (n,yg’) components.

428

429  This could be a telling argument against the spallation hypothesis if the light isotope

430  enhancements recorded by SAM could be shown to be attributable to hydrocarbon

431 interferences, but no plausible candidates among species known to be present in the QMS
432  analytic system have been identified (Appendix A3.1). The alternative to instrumental
433 interferences, where the SAM light isotope signatures are taken to be true measures of
434  atmospheric composition, would seem to require a specific degassing history for the

435  martian regolith in which the bulk of spallation Xe products was released after the

436  shergottite glasses had acquired their trapped atmosphere. However, there is relatively

437  strong evidence that **

Kr from neutron capture in regolith Br was degassed to the
438  atmosphere and incorporated into the glasses (Sec. 3.2). At the moment neither of these
439  potential explanations, either SAM hydrocarbon interferences or an arbitrarily

440  constructed spallation degassing scenario, is particularly robust.

441

447  3.3.2. Atmospheric fission Xe on Mars?
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Mars’ atmosphere is notable for the large '*’Xe excess displayed by the SAM and
shergottite glass measurements in Figs. 1 and 3, yet in none of these data sets are there
discernable elevations of heavy isotope ratios that would signal the existence of a ***Pu
fission Xe component expected to accompany outgassed radiogenic '*’Xe (Swindle and
Jones, 1997). Models suggesting that Pu-Xe is actually present but concealed, and their
status from the perspective of the meteorite and SAM data in Tables 2 and 4, are

discussed in Appendix AS.

3.3.3 Krypton.

The elevated atmospheric ***Kr/**Kr ratios measured by SAM (Sec. 3.2) appear to be
consistent with addition of a Kr component generated in the regolith by neutron capture
in Br. One would expect that release of these products into the atmosphere would be
accompanied by degassing of Kr produced by GCR spallation of Rb, Sr, and other target
elements. However, unlike the case for the light Xe isotopes, addition of spallogenic Kr
has only a minimal and undetectable effect on measured Kr isotopic abundances.
Average regolith Rb (65 ppm) and Sr (225 ppm) concentrations are reported by (Payré et
al., 2016) and estimates of Y/Sr (~0.74) and Zr/Sr (~0.37) by (Clark et al., 1976). Using
elemental production rates from these elements (Hohenberg et al., 1978) and the 43%
degassing efficiency of regolith inventories required by the SAM *Kr excess and the
selected martian Br concentration of 36 ppm (Sec. 3.3.1.2), calculated spallation

contributions elevate *’Kr by only ~2%o and by <1%o at the heavier isotopes.

4. Conclusions
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SAM measurements of martian atmospheric Kr and Xe provide an in-situ benchmark for
the SNC meteorite values. We see enrichments above the SNC isotopic values,
particularly in the lighter isotopes of both Kr and Xe. What remains unclear, in particular
for Xe, are the source(s) of the excesses. Either analytic mass interferences or the
presence of atmospheric spallation and neutron capture components could cause such
effects in Xe. The first of these possibilities seems doubtful since interfering species of
sufficient magnitude appear to be absent in the SAM analytic system. The second is
capable of explaining Xe isotope excesses relative to the fractionated SW composition,
but conflicts with the observation that such components are not recorded in atmospheric

Xe trapped in the shergottite glassy phases.

The elevated light isotopes in Kr (Fig. 2) are consistent with neutron capture in regolith
bromine. The SAM measurements lend support to the proposal that Kr (and Xe) from
neutron capture has been produced in the regolith and released into the atmosphere over

time (Rao et al., 2002).

Measured 8"**Xe and 5'*°Xe values are subject to neither resolvable spallation
corrections or plausible mass interferences. SAM averages at these isotopes, and at
8"*"Xe where a spallation contribution is minor, differ from the corresponding meteorite
averages by <12%o (Fig. 1). This strongly suggests that the base composition of Mars’
atmospheric Xe follows the SW fractionation curve defined by the meteorite data. An

assumed presence of spallation and (n,yp") Xe in the atmosphere can quantitatively

account for elevations above the curve for the remaining nonradiogenic isotopes (Fig. 4).
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The new SAM Xe data reinforce an old and enigmatic problem related to martian actinide
chemistry and degassing history. Decay products of the extinct radionuclides '*’I and
***Pu are both present in Earth’s atmosphere (Pepin, 2000), but on Mars only one of
these, a large excess of radiogenic '*’Xe, is apparent. This mystery has driven modeling
attempts to argue that Xe from fission of ***Pu actually is present in Mars’ atmosphere
but is fortuitously concealed from observation. Evaluation of such models in the context
of the SAM and meteorite Xe data reported here suggests they are only marginally viable

and in any case allow at most a minor contribution of Pu-Xe to the atmosphere

(Appendix AS5). Its near absence likely points to a very specific outgassing history for

129 129

Mars, one in which "“"Xe from short-lived “"I was released in early degassing but fission

Xe from longer-lived ***Pu is still sequestered within the planet.

It appears from the SAM Xe and Kr measurements that plausible arguments can be made
for the presence of spallation and neutron capture products in the contemporary martian
atmosphere. There are implications in this observation for understanding the breadth of
regolith degassing by impact and other thermal pulses, and perhaps for the age of trapped
atmosphere components in martian meteorites on the basis of accumulating n-capture and

spallogenic contributions to the krypton and xenon inventories.
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Figure captions

Figure 1. Martian meteorite, fractionated solar wind, and average SAM Xe data plotted
as d-values referenced to the solar wind (SW) composition, where 8“'Xe = 1000
[(MXe/?Xe)measurea/ (" Xe/*?Xe)sw — 1] %o. SW ratios from Meshik et al. (2015). SAM
ratios are l/0j2-weighted averages of the two expt ID Xe averages in Table 2, where o; is
the +1o error in each (Sec. 3.1); 1/c>-weighted error bars shown where exceeding symbol
sizes. White squares at '**Xe and '*°Xe are 5-values obtained by unweighted averaging of
the two average expt ID ratios (Table 2). Differences between the heavier isotope d-
values for the two types of averaging are too small to be visible at the scale of the figure.

Figure 2. Martian meteorite and average SAM Kr data plotted as 6- values referenced to
the SW composition, where 8“'Kr is defined as in Fig. 1 with Kr isotope ratios replacing
Xe ratios in the 6 equation. SW ratios from Meshik et al. (2014). SAM ratios from the
unweighted averages of the two Kr averages in Table 3. Error bars for the SAM data
reflect +1o standard errors of the means (s.e.m.) of the two data sets, except at *Kr
where a more conservative error estimate is shown (Sec. 3.2, Table 3). Diamond symbols
at M = 80 and 82 denote subtractions from measured ****Kr/**Kr ratios of isotopes
produced by neutron capture in Br; details discussed in Sec. 3.2.

Figure 3. As in Fig. 1, but here for measured SAM Xe ratios and errors in expt ID
#25269 alone. Corrections for hypothetical atmospheric spallation and n-capture '*"I(n,yp"
)!1#Xe and P*Ba(n,yp)"*'Xe components (yellow squares) discussed in Sec. 3.3 and listed
in Table 4. Upper and lower tips of the asymmetric error bar around 5"*'Xe denote
different corrections calculated for *’Ba(n,yg")"*'Xe contributions using, respectively, the
Hohenberg et al. (1978) and Rao et al. (2002) n-capture production rates.

Figure 4. expt ID #25269 Xe ratios corrected for spallation and (n,yp’) products (yellow
squares) compared with fractionated solar Xe ratios. The expt ID #25269 and meteorite
data are referenced here to the fractionated solar composition itself and differences are
therefore illustrated at higher resolution than in Fig. 3. Discussion and data in Sec. 3.3.1
and Table 4. See Fig. 3 caption for discussion of asymmetric error at 5"'Xe.
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Table One: Semi-static and Static SAM Experiments on Mars

Semi-static Enrichment Mass Spectrometry

Experiment ID  Solar Longitude Sol
25111 (Kr) 358 341
25269 (Kr) 336 976

Static Mass Spectrometry
25253 (Xe) 301 915
25269 (Xe) 336 976



Table 2: Xenon(a)

124/132 | 126/132 | 128/132 | 129/132 | 130/132 | 131/132 | 134/132 | 136/132
ID#25253 (Static) 0.00483 | 0.00368 | 0.0757 | 2.5268 | 0.1542 | 0.8105 | 0.3982 | 0.3486
Standard deviation 0.00240 | 0.00303 | 0.0091 | 0.1042 | 0.0142 | 0.0377 | 0.0256 | 0.0261
No. of measured ratios N 74 74 74 74 74 74 74 74
s.e.m. 0.00028 | 0.00035 | 0.0011 | 0.0121 | 0.0017 | 0.0044 | 0.0030 | 0.0030
s.e.m. + bkg uncertainties(b) 0.00054 | 0.00073 | 0.0031 | 0.0668 | 0.0032 | 0.0089 | 0.0079 | 0.0125
d wrt solar Xe [%o] -13 -125 -101 1428 -64 -18 77 161
error [%o] 111 174 37 64 20 11 21 42
ID#25269 (Static) 0.00464 | 0.00418 | 0.0746 | 2.5221 | 0.1537 | 0.8125 | 0.4026 | 0.3451
Standard deviation 0.00230 | 0.00252 | 0.0081 | 0.0888 | 0.0132 | 0.0351 | 0.0247 | 0.0215
No. of measured ratios N 198 198 198 198 198 198 198 198
s.e.m. 0.00016 | 0.00018 | 0.0006 | 0.0063 | 0.0009 | 0.0025 | 0.0018 | 0.0015
s.e.m. + bkg uncertainties(b) 0.00028 | 0.00048 | 0.0008 | 0.0063 | 0.0010 | 0.0030 | 0.0027 | 0.0023
d wrt solar Xe [%o] -51 -5 -114 1423.9 -67.4 -15.9 88.6 149.3
error [%o] 58 115 10 6.5 6.2 4.0 7.5 7.8
Unweighted Average 0.00473 | 0.00393 | 0.07514 | 2.5245 | 0.15396 | 0.8115 | 0.4004 | 0.3468
s.e.m. 0.00009 | 0.00025 | 0.00055 | 0.0024 | 0.00026 | 0.0010 | 0.0022 | 0.0017
d wrt solar Xe [%o] -32 -65 -108 1426.2 -65.8 -17.1 82.7 155.0
s.c.m. [%o] 23 62 7 33 2.3 1.9 6.2 6.0
I/Gz-weighted Average 0.00468 | 0.00403 | 0.07466 | 2.5221 | 0.15374 | 0.8123 | 0.4021 | 0.3452
error 0.00025 | 0.00040 | 0.00077 | 0.0063 | 0.00094 | 0.0029 | 0.0026 | 0.0022
d wrt solar Xe [%o] -43 -41 -113 1424.0 -67.1 -16.2 87.4 149.7
error [%o] 52 97 9 6.5 59 3.8 7.1 7.7
EETA 79001, Lith. C [1] 0.00378 | 0.00327 | 0.0735 2.394 0.1543 | 0.7930 | 0.4008 | 0.3514
error 0.00022 | 0.00022 | 0.0011 0.029 0.0010 | 0.0077 | 0.0039 | 0.0036
EETA 79001, Zagami [2] | 0.00353 | 0.00322 | 0.0724 2.384 0.1532 | 0.7934 | 0.3959 | 0.3475
error 0.00040 =0 0.0022 0.020 0.0010 | 0.0073 | 0.0042 | 0.0033
Genesis solar Xe [3] 0.00489 | 0.00420 | 0.08420 | 1.0405 | 0.16480 | 0.8256 | 0.36979 | 0.30030
error 0.00006 | 0.00007 | 0.00020 | 0.0010 | 0.00030 | 0.0012 | 0.00059 | 0.00049
Solar fractionation factor [4] | 0.7470 | 0.8035 | 0.8643 | 0.8964 | 0.9297 | 0.9642 | 1.0757 | 1.1570
error(c) 0.0050 | 0.0040 | 0.0029 | 0.0022 | 0.0015 | 0.0008 | 0.0018 | 0.0038
Fractionated solar Xe 0.00365 | 0.00338 | 0.0728 | 0.9327 | 0.1532 | 0.7960 | 0.3978 | 0.3475
error 0.00005 | 0.00006 | 0.0003 | 0.0025 | 0.0004 | 0.0013 | 0.0009 | 0.0013
Fract. solar wrt solar [%o] -253 -196 -135.7 | -103.6 -70.3 -35.8 75.7 157.0
error [%o] 14 19 4.1 2.5 2.8 2.1 3.0 4.7

(a) ""Xe/**Xe ratios corrected for interference by '*°XeH hydride (Appendix A2). All ratio data in App. A7.

(b) Total error, including uncertainties in background (bkg) corrections. Error augmentations based on differences
in isotope ratios yielded by the selected and alternate background subtraction models (Sec. 2.2).
(c) Estimated variance in fit to meteorite data.

Table 2 References: [1] Swindle et al., 1986 [2] Mathew et al., 1998 [3] Meshik et al., 2015 [4] Appendix A6




Table 3: Krypton

80/84 82/84 83/84 86/84
ID#25111 (Semi-static) 0.0666 0.2209 0.2021 0.3129
Standard deviation 0.0316 0.0598 0.0521 0.0651
No. of measured ratios N 247 247 247 247
s.e.m. 0.0020 0.0038 0.0033 0.0041
s.e.m. + bkg uncertainties (a) 0.0021 0.0041 0.0033 0.0042
o wrt solar Kr [%o] 617 75 -6 39
error [%o] 52 20 16 14
ID#25269 (Semi-static) 0.0779 0.2116 0.2025 0.2989
Standard deviation 0.0418 0.0657 0.0658 0.0810
No. of measured ratios N 432 432 432 432
s.e.m. 0.0020 0.0032 0.0032 0.0039
s.e.m. + bkg uncertainties (@) 0.0053 0.0080 0.0041 0.0057
O wrt solar Kr [%o] 891 30 -4 -8
error [%o] 129 39 20 19
Unweighted Average 0.0723 0.2163 0.2023 0.3059
s.e.m. 0.0056 0.0047 0.0002 0.0070
S wrt solar Kr [%o] 754 53 -5.4 16
s.e.m. [%o] 137 23 14® 23
1/c*-weighted Average 0.0681 0.2190 0.2023 0.3075
error 0.0020 0.0036 0.0026 0.0033
S wrt solar Kr [%o] 654 66 -6 21
error [%o] 48 18 13 11
EETA 79001, Lith. C [1] 0.0432 0.2063 0.2029 0.3009
error 0.0007 0.0017 0.0015 0.0023
EETA 79001, Lith. C [2] 0.0440 0.2065 0.2044 0.2993
error 0.0015 0.0028 0.0038 0.0039
Genesis solar Kr [3] 0.0412 0.2054 0.2034 0.3012
error 0.0002 0.0002 0.0002 0.0004

(a) Total error, including uncertainties in background (bkg) corrections. Error augmentations based
on differences in isotope ratios yielded by the selected and alternate background subtraction models
(Sec. 2.2). Standard deviation and s.e.m. = standard deviation/VN calculated using all individual ratios
measured throughout the analysis region (Appendix A7).

(b) Small error likely fortuitous. Average expt. ID measurement error of ~ +18%o adopted for Fig. 2.

Table 3 References: [1] Swindle et al., 1986 [2] Becker & Pepin, 1984 [3] Meshik et al., 2014



Table 4: ID#25269 Xenon Corrected for Spallation and (n,yf") Products

124/132 | 126/132 | 128/132 | 129/132 | 130/132 | 131/132 | 134/132 | 136/132
Measured (Table 3) 0.00464 | 0.00418 | 0.07459 | 2.5221 | 0.15369 | 0.8125 | 0.4026 | 0.3451
Total error(a) 0.00028 | 0.00048 | 0.00080 | 0.0063 | 0.00098 | 0.0031 | 0.0027 | 0.0023
S wrt solar Xe [%o] -51 -5 -114 14239 | -67.4 -15.9 88.6 149.3
error [%o] 58 115 10 6.5 6.2 4.0 7.5 7.8
Spallation composition'” | 0-609 =1 1.509 | 1.765 | 0.662 | 3.19 | 0.031 0
error 0.007 0.023 0.043 0.014 0.15 0.001
Measured minus spallation | 0.00395 | 0.00310 | 0.07277 | 2.5221 | 0.15293 | 0.8090 | 0.4026 | 0.3451
A wrt measured Xe -0.00069 | -0.00108 | -0.00183 0 -0.00076 | -0.0035 0 0
Nmeasured Xe [%o] -149 -258 -24.4 0 -4.9 -4.3 0 0
Measured minus (H,YB_)(C) 0.00464 | 0.00418 | 0.07451 | 2.5221 | 0.15369 | 0.7916 | 0.4026 | 0.3451
A wrt measured Xe 0 0 -0.00008 0 0 -0.0209 0 0
A range wrt measured Xe ~0 -0.0163
-.00081 -0.0753
Nmeasured Xe [%o] 0 0 -1.1 0 0 -26 0 0
Arange/measured Xe [%o] 0/-10.9 +20/-93
Corrected ID#25269 0.00395 | 0.00310 | 0.07269 | 2.5221 | 0.15293 | 0.7882 | 0.4026 | 0.3451
+ uncertainty 0.00028 | 0.00048 | +.00080 | 0.0063 | 0.00098 | +0.0166 | 0.0027 | 0.0023
-.00108 -0.0754
S wrt solar Xe [%o] -192 -262 -136.7 | 14240 | -72.0 -45.3 88.6 149.3
+ uncertainty [%o] 58 115 +9.8 6.5 6.2 +20.2 7.5 7.8
-13.0 -91.3
O wrt fract. solar Xe [%o] 81 -81 -1.1 1704 -1.8 -9.9 12.0 -6.7
uncertainty [%o] 78 143 +11.8 10 6.9 +20.9 7.2 7.5
-15.4 -94.7
Fract. solar wrt solar [%o] -253 -196 -135.7 | -103.6 -70.3 -35.8 75.7 157.0
uncertainty [%o] 14 19 4.1 2.5 2.8 2.1 3.0 4.7

(a) See Table 2, footnote (b).

(b) Spallation **Xe/'**Xe = 0.504 + 0.013. Degassed spallogenic contributions to atmospheric '**Xe and
Xe inventories are negligible, 0.5%o0 and 0.7%o respectively. Neither of these is included in spallation
Xe ratios.

129

. M
corrections to measured ~ Xe

132
/

(¢) For *'I(n,yp)"**Xe, "*'I = 100ppb + a factor 10. For **Ba(n,yp")"*'Xe and Ba = 602ppm, adopted
B1Xe production rate (PR) = log average of the Hohenberg et al. (1978) and Rao et al. (2002) PRs. Upper

and lower A ranges calculated for each of these PRs separately.
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Appendix A. Supplementary material

1. Mass discrimination calculations.
1.1 Xenon.

132 . .
Xe. Comparison of isotope

Measured abundance of each isotope was referenced to that of

ratio data obtained in a static QMS calibration investigation to the actual calibration gas ratios

indicated instrumental transmission bias favoring lighter isotopes, as shown in Fig. Al.1a. The

linearity of this relationship leads to a simple function to correct for mass discrimination:
"F=am+b (1)

where "F is the correction factor for the ratio of Xe isotope of mass m relative to **Xe

(i.e.,"Xe/"**Xe). To obtain a value and error of intercept b appropriate for Xe discrimination

corrections, mass m = 124 was repositioned to m = 0 for intercept calculation. Corresponding

coefficients of the linear fit are then a = -0.0087 = 0.0010 and b = 1.0577 + 0.0073. However this

132 132

fit to the QMS data returns a value for *“F < 1, so relative to the base "““Xe isotope,

discriminations are given by "'F/ 32E with m = 0 for 124, 2 for 126, 4 for 128, and similarly for

the remaining isotopes in Eq. (1). The correction factor was then applied using
"R.="R/("F/"**F) )

where "R is the isotope ratio as measured (incorporating corrections for dead time, background,

and peak shapes) and "R is the isotope ratio corrected for mass discrimination, including errors

introduced by uncertainties in a and b.

1.2 Krypton.

The same method, with m = 80 repositioned to 0 for intercept calculation, was used to derive

analogous mass discrimination corrections for Kr isotope ratios referenced to *Kr (Fig. Al.1b).
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Corrections have the form of Eq. (1), with coefficients a =-0.0173 + 0.0024 and b = 1.0640 +

0.0085. They were applied, with m = 0 for 80, 2 for 82, and so on for the remaining isotopes in
Eq. (1), to the measured "Kr/**Kr ratios by "R, = "R/("F/**F), the Kr equivalent of Eq. (2),
including errors introduced by uncertainties in a and b.
1.4
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Figure Al.1. Derivation of mass discrimination correction functions from QMS calibration data
for (a) Xe and (b) Kr. Triangles show ratios and errors of measured ™Xe/"**Xe and "Kr/**Kr
relative to corresponding isotope ratios in the calibration gas represented by horizontal lines at y
= 1. Least-square linear fits to the triangular data points return the values and uncertainties of
slopes and intercepts used to calculate discrimination factors (Secs. Al.1, A1.2), shown here by
circles. Calibration data for Xe (a) are more precise than those for Kr (b). Xe measurement errors
are plotted where they exceed the triangular symbol sizes. Larger errors reflect effects of non-
statistical stochastic interferences by instrumental background contaminants, particularly at '**Xe
and "*'Xe. Measured value for '**Xe is clearly anomalous and was not included in the least-
squares fit to the data.
1.3 Mass spectra
The mass spectra of both krypton and xenon as taken from the SAM experiment ID#25269 are
shown in fig. A1.2. The Kr isotopes were obtained with semi-static mass spectrometry and are



46  shown in panel A. The Xe spectrum, panel B, was acquired with the static mass spectrometry

47  portion of the experiment as explained in Sec. 2.1.
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Figure A1.2. The mass spectra of (A) krypton and (B) xenon from experiment ID#25269.
Kr spectrum acquired in semi-static mode and Xe in static mode. Neither are background
corrected.
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50 2. Xe hydride interferences:

130 . . - 129 . .
Xe, one mass unit above the large radiogenic "~ Xe abundance, is uniquely

51 Low-abundance
52  positioned in the Xe mass spectrum for potential interference from the '*’XeH hydride.

53  Hydrogen abundances in background assays before and after the static Xe analyses are high.
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Repeated measurements of background-corrected **Xe/'**Xe during the ID#25269 Xe analysis
yield an average of 0.00175 + 0.00028. This value provides a measure of the **XeH/"**Xe
hydride, and therefore of the general hydride ratio VXeH/™Xe. Application of this ratio to the
X e-"*"Xe pair in the 1/c”-weighted average of expt IDs #25253 and #25269, and to the more
precisely measured ID #25269 alone, resulted in ~30%o0 downward corrections of measured
8"**Xe upon removal of the interferences, to within < 4% of the SW fractionation curve (Table
2. Fig. 1). Hydride contributions to all other Xe isotopic abundances are either absent or

negligible.

3. Possible hydrocarbon interferences:

3.1 Xenon

It is difficult to argue that MTBSTFA (Sec 3.1) is the source of the significant departure of m124
and m126 from the trend of fractionated solar wind. There are no fragments from MTBSTFA
composition at m124. One might argue that MTBSTFA decomposition fragments could affect all
of the other Xe isotopes, however we have calculated those effects, and even in the case of
m126, they are very small. We determined a total background for each mass based on the values
calculated for the background at the start of the static portion (before the Xe was admitted to the
QMS) plus contributions due to MTBSTFA decomposition fragment products as measured by
contributions of those fragments above their own background values in the static region. One
such fragment is present at m127, used for trending background corrections, and others are
present at m133, m135 & m147. The effects of the background subtraction of the MTBSTFA
fragment masses are:

¢ At ml124 — no effect because there is no MTBSTFA product at that mass.
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¢ For other isotopes — generally the same as the trending background based on m127only.

We conclude that MTBSTFA is not a supportable explanation for the enrichment of '**Xe and '**Xe.

3.2 Krypton

One could argue that the large (754 + 137 %o) excess of the trace isotope “’Kr relative to SW-Kr
could reflect a mass interference from either hydrocarbons and/or sulfur species at mass 80.

However, “*Kr, for which there is no plausible interfering species, is also significantly enriched

(Fig. 2).

4. Isotope ratio data over time

Example plots of individual Kr and Xe ratio measurements vs. time are shown for each of the
experiments. These were selected to visually display data scatter for both low and high
abundance isotope measurements (124Xe/ 32xe, B1Xe/*Xe and P Xe/'*Xe, *Kr/**Kr and

8K r/*Kr). Each is labeled by the ratio vs. time display segment used to calculate the mean ratio
and its statistical uncertainties. For the Kr data from experiment ID # 25111, “scrub” refers to

each successive CO; and H,O scrubber pass.
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The SAM instrument measures backgrounds before ingesting the atmospheric samples and again
after the QMS is evacuated, so we know that there are no memory effects that would affect the
isotope ratios of subsequent experiments. Each experiment has telemetry markers that allow us to

recognize valve positions, pressure and other instrument health data over time.

5. Atmospheric fission Xe on Mars?

Attempts to reveal a possible presence of atmospheric fission Xe assume a smaller degree of SW
fractionation than that shown in Figs. 1 and 3. The resulting offsets of measured heavy isotope
ratios from the revised fractionation curve can accommodate a component roughly resembling
24py-Xe (Swindle and Jones, 1997; Mathew et al., 1998). Combined SAM and meteorite ratio

data can be used to constrain this model of extant but fortuitously invisible fission Xe with

10
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relatively high precision. Unweighted averages of spallation-corrected ID#25269 data and the

EETA79001 (Swindle et al., 1986) and EETA79001+Zagami (Mathew et al., 1998) Xe

130

compositions (Tables 2 and 4), all renormalized to "~ Xe which has no fission Xe contribution,

have +1c standard deviations of < 9%o for the 25131136 x¢/!30

Xe isotope ratios. Fig. A5.1 displays
the fit of these averaged measured ratios to the SW fractionation curve A, taken from Fig. 1, which
closely matches the meteorite and corrected SAM atmospheric data (Sec. 3.1, Fig. 4). Fig. AS5.1
also shows a smaller fractionation B of solar Xe which, if applicable to Mars, would represent the
composition of the atmosphere at the conclusion of the fractionating loss episode. The hypothesis
that a fission Xe component is extant in the present atmosphere posits that the gaps between these

131136

two compositions at Xe were filled by degassing of ***Pu-Xe after atmospheric Xe loss had

terminated.

There are two constraints on such models: [1] the derived fission Xe composition must match Pu-

Xe, and [2] measured light isotope ratios '**'**Xe/"**

Xe cannot be perturbed beyond their error
limits by the modeling assumptions. The latter constraint reflects the absence of fission

contributions to the shielded isotopes 124%e, 12X e, *Xe and *"Xe, s0 a successful model of fission

Xe addition does not generate significant offsets from measured ratios at these isotopes.

Fig. A5.2 illustrates the %o differences between the averaged measured ratios and fractionation A.

The close correspondence of measured ratios with A is evident. Nominal deviations are < 8%, for

129 126

B1Xe and <4%o for all other isotopes (except radiogenic '*’Xe) heavier than '*°Xe, within +lc
errors of zero except for ~1.7c departures at '**Xe and "*'Xe. This agreement suggests that

fractionation A of fission-free solar Xe by itself accurately represents the composition of Mars’

11
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atmosphere. There is no apparent evidence for a fission Xe component in the system. It would be
allowed only if addition of Pu-Xe to less fractionated solar Xe (e.g., fractionation B in Fig. SA.1)

yields "*'"*%Xe/"*"Xe ratios consistent with their measured values.

There are two ways to assess whether a smaller solar Xe fractionation can accommodate the
presence of a fission Xe component with Pu-Xe composition. One could first take the fractionation
A fit to the data as accurate measures of atmospheric heavy isotope ratios. In this case the offsets
plotted in Fig. A5.2 between fractionation A in Fig. A5.1 and the less fractionated solar Xe shown
by the dotted curve B —chosen to marginally satisfy constraint [2] as discussed below— are not

/13X e ratios these

in accord with added Pu-Xe at the heavy isotopes. When translated to MXe
offsets yield Blxe/P%Xe = 0.385, **Xe/*Xe = 0.965, and **Xe/"**Xe = 0.765 for the fission
composition, values that diverge substantially, particularly at **Xe/"**Xe, from ***Pu fission yields
0f0.248 £ 0.015, 0.893 £ 0.013, and 0.930 + 0.005 respectively (Hudson et al., 1989). Differences
are not reduced by adjusting the fractionation A fit to the extent allowed by errors in measured
ratios (Fig. A5.2) nor by assuming smaller degrees of solar Xe fractionation in B which increase
its divergences from A. It appears that Xe ratios in the added component calculated in this way fail

to satisfy constraint [1]; they are incompatible with ***Pu fission, and also with spontaneous and

. . 238,235
neutron-induced fission of ~°*~°U.

Constraint [2] on light isotope perturbations effectively controls the model. With present data the

124-126 130
Xe/

scatter and errors of the Xe measurements are too large to be useful. However average

130
/

measured 8'**Xe/"**Xe with respect to SW-Xe falls squarely on the fractionation A curve (Fig.

A5.2) and is sufficiently precise —+ 1o standard deviation of 4.6%o, including error contributed by
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196

normalization to SW-Xe— to severely restrict the possible range of fractionation B relative to A.
The dotted curve in Figs. A5.1,2 was selected to pass through the +1c uncertainty in measured
128X e/*%Xe (Fig. A5.2). In this limiting case one can explore in a different way the effects of a
fission component added to B. The discussion above demonstrates that A minus B calculations

yield results incompatible with ***

Pu-Xe. However, by hypothesis, the residual Xe composition in
the atmosphere following the loss episode is now not represented by fractionation A, but by B
instead. This suggests an alternate approach in which the fission Xe composition is assumed to

244

satisfy constraint [1], i.e., to be “""Pu-Xe, and effects of its addition to B are compared, not to A,

but to the actual measured heavy-isotope ratios.

Results are shown by the filled black circles in Fig. A5.2. Addition to B of sufficient Pu-Xe to

B31-134x6/13%% e ratios that fall close to or

replicate the measured *°Xe/"**Xe ratio also generates
within the 1o error bars of measured values, and very close to A. In other words the combination
of fractionation B plus Pu-Xe precisely mimics the measured isotopic distributions —except for

1285 e/13%X e that underlie the fractionation A fit to the data. In this limit of measured '**Xe/"*°Xe

there could indeed be a hidden Pu fission component in Mars’ atmosphere.

However the amount of this fission Xe is very small. Comparisons with extinct radionuclide

244 :
B6Xe from ***Pu, in units

products in Earth’s atmosphere are informative. There the abundance of
of mol/g-Earth, is 1.1 x 10" (Pepin, 1991, 2000). The hidden fission 36X e abundance derived
above for Mars’ atmosphere is only 6.2 x 10 mol/g-Mars, so to the extent that initial g-Pu/g-

planet inventories and closure times for gas loss to space were similar for Earth and Mars, only

0.6% of the available Pu-">Xe on Mars is in the atmosphere. Initial U-Pu concentrations in models
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219

of Mars’ bulk composition differ from Earth values by less than a factor 2 (Lodders and Fegley,
1997), so 0.6% should be valid to within this factor. If the adopted +1c error limit in measured
128X e/"Xe were expanded to +2c, the corresponding fractionation B curve through +26  in Fig.
AS5.2 would yield twice the 0.6% ratio, larger but still minor. Effects of differences in gas-loss
closure times between the two planets can be estimated from the Pu-Xe closure age equation (Pepin
and Porcelli, 2006) modified to allow variable degassing fractions from the martain silicate mantle,
and Pepin and Porcelli’s calculated Earth closure at ~96Ma. When assumed closure times for Mars
are varied from twice to < half of Earth’s closure age, the corresponding fractions of total mantle
Pu-"°Xe inventories currently residing in the atmosphere range from ~0.7% to < ~0.2%. These
observations suggest that the two planets experienced radically different outgassing histories, on

"I but efficiently throttling later

Mars facilitating early release of '*’Xe from decay of short-lived
degassing of interior Xe from fission of ~5x longer-lived ***Pu, a possibility previously noted by

Mathew et al. (1998).

The atmospheric fission Xe contributions derived from this modeling are upper limits since by
constraint [2] their existence depends on assuming a '**Xe/"**Xe ratio at the 1o or 26 upper bounds
of its measured value. They would be restricted still further if the 2.3%o s.e.m. of the three
128X /"X e measurements were adopted instead of the larger standard deviation of an individual
measurement. One could argue, from the fact that the nominal '**Xe/"**Xe ratio in Fig. A5.2 differs
from the fractionation A curve by only 0.2%o, that an atmospheric fission component is most likely
either absent or undetectably negligible. However it hardly matters whether this or an upper-limit
view is taken. By whatever measure, Pu-Xe appears to be, at most, a minor constituent of the

atmosphere, and the near absence of the abundance expected for correlated degassing of '*°I and

14
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228
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231
232
233
234
235

***Pu decay products remains to be fully explained. And, even in the scenario evaluated above,

>98% to 100% of nonradiogenic atmospheric Xe still derives from a mass fractionation of solar

Xe close to fractionation A.

300

F g™ :
250 56 Xe [%oo0]

200 - Fractionation A

150 F
[ Fractionation B
100 |
F Solar Wind Xe
50 F

50 |
100 f
-150 |

-200 [

Mass M
1

250 ; ] ] 1 L 1 L 1
124 126 128 126 130 131 132 134 136

Fig. A5.1. Unweighted averages (yellow squares) of spallation-corrected ratios in ID#25269
(Table 4) and the shergottite glasses (Table 2), plotted as d-values with respect to SW-Xe. All ratio
data normalized to "*"Xe. Fractionation A is the re-normalized SW fractionation curve shown in
Fig. 1, generated for f124/130 = 0.8035 (see Appendix 6). The dotted fractionation B curve (fi24/130=
0.8150) represents a less severe fractionating loss of solar Xe. The MXe/**Xe ratios in the
atmosphere that would pertain at the end of this atmospheric escape episode fall along the dotted
curve.
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Fig. A5.2. Differences A™Xe in %o between average measured 8-"'Xe/'**Xe ratios and fractionation
A in Fig. A5.1 (yellow squares with +1c error bars), and between the composition predicted by
fractionation B relative to A for B constrained to pass through measured '**Xe/"*’Xe plus 1o
(dotted curve). Filled black circles show compositions obtained by adding ***Pu-derived fission
Xe to fractionation B.

Added references for Appendix AS
Hudson, G. B., Kennedy, B. M., Podosek, F. A., Hohenberg, C. M. 1989. The early solar system
abundance of ***Pu as inferred from the St. Severin chondrite. Proc. 19" Lunar Planet. Sci. Conf.,

547-557.

Lodders, K., Fegley, B. Jr. 1997. An oxygen isotope model for the composition of Mars. Icarus
126, 373-394.

Pepin, R. O., Porcelli, D. 2006. Xenon isotope systematics, giant impacts, and mantle degassing
on the early Earth. Earth Planet. Sci. Lett. 250, 470-485.

6. Isotopic fractionation factors for fractionated solar wind
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These are derived from the expression describing depletions in atmospheric inventories during
hydrodynamic escape under conditions of constant hydrogen inventory (Eq. (12) in Pepin 1991).
Eq. 12 yields solutions for the escape depletion factors fy = Nwm/(Nm)o, where Ny is the
atmospheric inventory of species M and its initial value is indicated by subscript 0. For Xe isotopes
M, dividing Eq. 12 by the depletion factor for escaping *°Xe = fi30 = Ni3o/(Ni3o)o gives
[NM/(Nm)ol/[N130/(N130)0] = (NM/Ni130)/(NMm/Ni3o)o = farizo, the Xe isotopic fractionation factors.
Calculated fyy/130 factors are logarithmic in M (denoted in Eq. 12 by my) where 136130 = 1/f124/130.
They are independent of values for all other input variables in Eq. 12 and are also insensitive to
the choice of hydrodynamic loss model, either at constant inventory as described by Eq. 12 or by
Rayleigh distillation (Eq. (16) in Pepin 1991). The latter can replicate fy;130 values derived from

the constant inventory model to within < 2%o.

Their logarithmic dependence allows fractionation factors fyy130 for any chosen value of 124130 to
be readily calculated from a 2-point logarithmic fit to (124,f124/130) and (136,1/f124/130), which
returns an equation of the form fyy130 = Ae® ™ where values of both A and B depend on the selected
fi24/130. An example curve of fyvy30 vs. M for an extreme fractionation of fi24/130 = 0.100 is

Boxe normalization, but fyy/130 fractionation

illustrated below. Symmetry dictates the choice of M =
factors are easily converted to fyy132 by dividing fyyiso by fi32130. The SW fractionation curve in
Figs. 1 and 3 was generated for fi24/130 = 0.8035 (with an estimate variance in fit to the data of +

0.0040), corresponding to fi24/132 = 0.7470 £ 0.0050. All fumy132 values and their uncertainties are

listed in Table 2. For fractionation B in Figs. A5.1,2 (Appendix AS5), fi24/130 is 0.8150.
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294 7. Data files

295

296 In the table that follows all of the data are shown corrected for mass discrimination, peak shape
297  and deadtime. The ratios for Xe are to **Xe and for Kr to **Kr, and all ratio data are rounded to
298  four decimal places.

299

300  Experiment ID#25269 Xenon Isotopic Ratio Data
Time 124X a[132X e 126X a/132X e 128X a[132X e 129X a/132X e 130X /132X e 131X e/132Xe 134X a/132X e 136X e/132Xe
16601.84 | 0.0021 0.0057 0.0749 2.3733 0.1430 0.7876 0.3590 0.3028
16605.26 | 0.0033 0.0017 0.0778 2.6405 0.1777 0.8570 0.4150 0.3511
16608.68 | 0.0032 0.0113 0.0804 2.4048 0.1474 0.8301 0.4547 0.3162
16612.10 | 0.0017 0.0026 0.0816 2.5041 0.1619 0.8176 0.4050 0.3269
16615.52 | 0.0054 0.0076 0.0820 2.4020 0.1391 0.7368 0.3840 0.3718
16618.94 | 0.0056 0.0007 0.0669 2.5047 0.1404 0.7747 0.4407 0.3408
16622.36 | 0.0055 0.0087 0.0771 2.4088 0.1517 0.7908 0.4008 0.3442
16625.78 | 0.0066 0.0064 0.0737 2.5905 0.1625 0.8254 0.3680 0.3612
16629.20 | -0.0012 0.0096 0.0916 2.5246 0.1773 0.8309 0.4351 0.3787
16632.62 | 0.0048 0.0034 0.0768 2.3885 0.1515 0.7670 0.3514 0.3415
16636.04 | 0.0003 0.0011 0.0826 2.4063 0.1294 0.8443 0.3551 0.3487
16639.46 | 0.0045 0.0077 0.0859 2.5798 0.1434 0.8432 0.4001 0.3650

16642.88 | 0.0073 0.0030 0.0703 2.4900 0.1550 0.8185 0.4028 0.3562

16646.30 | 0.0046 0.0083 0.0625 2.4670 0.1586 0.8510 0.3798 0.3952

16649.72 | 0.0025 0.0006 0.0693 2.4750 0.1452 0.8069 0.4108 0.2861
16653.14 | 0.0029 0.0011 0.0781 237117 0.1424 0.8227 0.3709 0.3065
16656.56 | 0.0035 0.0020 0.0782 2.5790 0.1728 0.8232 0.4103 0.3329
16659.98 | 0.0020 0.0020 0.0701 2.4798 0.1423 0.8282 0.3879 0.3138

16663.40 | 0.0040 0.0070 0.0649 2.5077 0.1607 0.8096 0.3822 0.3574

16666.82 | 0.0003 0.0047 0.0656 2.5063 0.1654 0.7866 0.4122 0.3230

16670.24 | 0.0052 0.0020 0.0675 2.4401 0.1626 0.7945 0.3994 0.3419
16673.66 | 0.0099 0.0054 0.0673 2.4920 0.1285 0.7922 0.3672 0.3076
16677.08 | 0.0050 0.0032 0.0683 2.3784 0.1702 0.7898 0.4021 0.3464
16680.50 | 0.0015 0.0044 0.0675 2.3508 0.1310 0.8121 0.3799 0.3293
16683.92 | 0.0012 0.0016 0.0666 2.6759 0.1752 0.8810 0.4326 0.3568
16687.34 | 0.0066 0.0006 0.0581 2.5376 0.1435 0.8125 0.3620 0.3551
16690.76 | 0.0020 0.0052 0.0708 2.4039 0.1469 0.8204 0.3983 0.3382
16694.18 | 0.0040 0.0025 0.0775 2.6532 0.1810 0.8492 0.4356 0.3071
16697.60 | 0.0070 0.0026 0.0879 2.6303 0.1652 0.8584 0.4208 0.3576

16701.02 | 0.0065 0.0055 0.0724 2.5002 0.1654 0.8069 0.3847 0.3397

16704.44 | 0.0038 0.0023 0.0740 2.4246 0.1519 0.7754 0.4272 0.3167

16707.86 | 0.0068 0.0034 0.0718 2.6785 0.1544 0.8535 0.4804 0.3854

16711.28 | 0.0058 0.0056 0.0690 2.5959 0.1601 0.8454 0.4360 0.4012
16714.70 | 0.0030 0.0028 0.0732 2.5200 0.1626 0.8272 0.4215 0.3577
16718.12 | 0.0011 0.0057 0.0656 2.3992 0.1642 0.8622 0.3722 0.3511
16721.54 | 0.0037 0.0049 0.0746 2.5770 0.1602 0.8292 0.3970 0.3648

16724.96 | 0.0036 0.0060 0.0759 2.4412 0.1420 0.8185 0.3850 0.3245

16728.38 | 0.0038 0.0037 0.0773 2.6655 0.1530 0.8883 0.4130 0.3677

16731.80 | 0.0036 0.0102 0.0702 2.6082 0.1340 0.8094 0.4189 0.3448
16735.22 | 0.0088 0.0019 0.0707 2.5379 0.1708 0.9304 0.4034 0.3674
16738.64 | 0.0021 0.0042 0.0654 2.5874 0.1611 0.8798 0.4412 0.3667
16742.06 | 0.0011 0.0065 0.0928 2.4160 0.1691 0.8091 0.3947 0.2933
16745.48 | 0.0043 0.0020 0.0774 2.5899 0.1708 0.8960 0.4477 0.3709
16748.90 | 0.0037 0.0040 0.0672 2.5438 0.1667 0.7829 0.4316 0.3614

16752.32 | 0.0028 0.0056 0.0758 2.5027 0.1717 0.8009 0.3839 0.3969
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16755.74 | 0.0060 0.0095 0.0852 2.4628 0.1325 0.8211 0.3824 0.3367
16759.16 | 0.0100 0.0059 0.0952 2.6452 0.1702 0.8158 0.4126 0.3737
16762.58 | 0.0090 0.0051 0.0602 2.4889 0.1549 0.7639 0.3884 0.3286
16766.00 | 0.0060 0.0030 0.0700 2.4367 0.1533 0.7388 0.3973 0.3610
16769.42 | 0.0059 0.0030 0.0668 2.4537 0.1563 0.8076 0.3553 0.3379
16772.84 | 0.0045 0.0073 0.0805 2.5074 0.1566 0.8286 0.4462 0.3270
16776.26 | 0.0063 0.0082 0.0822 2.4962 0.1546 0.7697 0.3902 0.3370
16779.68 | 0.0081 0.0140 0.0625 25170 0.1670 0.7794 0.3944 0.3396
16783.10 | 0.0038 0.0013 0.0953 2.3736 0.1592 0.7643 0.3366 0.3146
16786.52 | 0.0010 0.0054 0.0608 2.5801 0.1737 0.8619 0.3888 0.3403
16789.94 | 0.0074 0.0064 0.0899 2.6231 0.1648 0.8181 0.4252 0.3353
16793.36 | 0.0052 0.0046 0.0827 2.4896 0.1713 0.8199 0.4017 0.3357
16796.78 | 0.0024 0.0053 0.0874 2.6475 0.1731 0.8612 0.4365 0.3409
16800.20 | 0.0033 0.0097 0.0707 2.6446 0.1872 0.8682 0.4401 0.3275
16803.62 | 0.0049 -0.0003 0.0756 2.4584 0.1440 0.7610 0.4009 0.3559
16807.04 | 0.0031 0.0070 0.0694 2.5296 0.1695 0.7612 0.4187 0.3390
16810.46 | 0.0015 0.0030 0.0704 2.5332 0.1628 0.7965 0.4493 0.3643
16813.88 | 0.0062 0.0021 0.0685 2.4790 0.1346 0.8125 0.4407 0.3162
16817.30 | 0.0048 0.0055 0.0802 2.6264 0.1838 0.8562 0.4037 0.2930
16820.72 | 0.0039 0.0066 0.0703 2.6072 0.1553 0.8535 0.3954 0.3408
16824.14 | 0.0045 0.0052 0.0958 2.6269 0.1698 0.8656 0.4319 0.3502
16827.56 | 0.0057 0.0076 0.0716 2.7016 0.1634 0.8639 0.4439 0.3592
16830.98 | 0.0034 0.0033 0.0742 2.5255 0.1667 0.7953 0.4179 0.3457
16834.40 | 0.0025 0.0024 0.0632 2.4808 0.1381 0.7478 0.3693 0.3506
16837.82 | -0.0014 0.0068 0.0770 2.5676 0.1765 0.8036 0.3921 0.3540
16841.24 | 0.0014 0.0053 0.0807 2.5790 0.1466 0.7932 0.4178 0.3794
16844.66 | 0.0027 0.0022 0.0720 2.7031 0.1706 0.8573 0.4308 0.3658
16848.08 | -0.0002 0.0046 0.0714 2.4927 0.1449 0.8988 0.4300 0.3293
16851.50 | 0.0063 0.0043 0.0606 2.5859 0.1537 0.8244 0.3998 0.3517
16854.92 | 0.0083 0.0062 0.0842 2.3734 0.1743 0.7646 0.3848 0.3421
16858.34 | 0.0081 0.0040 0.0518 2.5160 0.1338 0.8015 0.3751 0.3190
16861.76 | 0.0049 -0.0014 0.0805 2.5019 0.1687 0.8160 0.3721 0.3200
16865.18 | 0.0053 0.0032 0.0987 2.5266 0.1701 0.8171 0.4140 0.3235
16868.60 | 0.0051 0.0050 0.0771 2.4615 0.1525 0.8415 0.3934 0.3704
16872.02 | 0.0044 0.0005 0.0791 2.3202 0.1536 0.7712 0.3605 0.3273
16875.44 | 0.0033 0.0070 0.0737 2.5376 0.1296 0.8067 0.4066 0.3158
16878.86 | 0.0070 0.0021 0.0802 2.6064 0.1657 0.8405 0.3933 0.3270
16882.28 | 0.0002 0.0032 0.0666 2.5335 0.1392 0.8508 0.3856 0.3367
16885.70 | 0.0014 0.0017 0.0717 2.6473 0.1670 0.8409 0.4228 0.3526
16889.12 | 0.0021 0.0081 0.0766 2.5781 0.1704 0.8143 0.3671 0.3852
16892.54 | 0.0029 0.0012 0.0823 25112 0.1367 0.7791 0.3983 0.3551
16895.96 | 0.0040 0.0110 0.0787 2.5017 0.1763 0.7954 0.3985 0.3496
16899.38 | 0.0077 0.0068 0.0799 2.4533 0.1521 0.7852 0.3857 0.3356
16902.80 | 0.0006 0.0032 0.0760 2.5557 0.1845 0.8118 0.4279 0.3828
16906.22 | 0.0071 0.0020 0.0731 2.5118 0.1642 0.8008 0.3773 0.3198
16909.64 | 0.0058 0.0056 0.0645 2.4567 0.1580 0.7657 0.4211 0.3384
16913.06 | 0.0028 0.0046 0.0714 2.5548 0.1692 0.7592 0.3876 0.3618
16916.48 | 0.0052 0.0024 0.0595 2.5773 0.1539 0.8386 0.4223 0.3583
16919.90 | 0.0063 0.0047 0.0777 2.5676 0.1656 0.8336 0.4011 0.3661
16923.32 | 0.0062 0.0036 0.0745 2.5798 0.1576 0.8415 0.4273 0.3589
16926.74 | 0.0049 0.0023 0.0618 2.4449 0.1669 0.7987 0.3635 0.3149
16930.16 | 0.0044 0.0062 0.0686 2.5856 0.1451 0.8064 0.4166 0.3248
16933.58 | 0.0095 0.0093 0.0688 25175 0.1722 0.8624 0.4449 0.3824
16937.00 | 0.0032 0.0054 0.0728 2.5626 0.1624 0.8480 0.3959 0.3603
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16940.42 | 0.0063 0.0035 0.0772 2.5064 0.1695 0.8403 0.4213 0.3339
16943.84 | 0.0079 0.0043 0.0772 2.6022 0.1466 0.7992 0.4221 0.3413
16947.26 | 0.0055 -0.0010 0.0978 2.5120 0.1472 0.7952 0.3968 0.3235
16950.68 | 0.0067 0.0088 0.0658 2.5466 0.1409 0.8601 0.4170 0.3568
16954.10 | 0.0040 0.0020 0.0857 2.5520 0.1442 0.8428 0.4396 0.3390
16957.52 | 0.0087 0.0050 0.0769 2.3629 0.1515 0.7412 0.3891 0.3151
16960.94 | 0.0020 0.0005 0.0690 2.4538 0.1726 0.7704 0.4140 0.3257
16964.36 | 0.0036 0.0045 0.0733 2.3451 0.1430 0.7808 0.3767 0.3217
16967.78 | 0.0030 0.0015 0.0756 2.4502 0.1391 0.7515 0.3872 0.3402
16971.20 | 0.0050 0.0034 0.0704 2.5120 0.1610 0.8295 0.4424 0.3690
16974.62 | 0.0009 0.0069 0.0678 2.5272 0.1418 0.8128 0.4115 0.3409
16978.04 | 0.0082 0.0034 0.0690 2.5514 0.1433 0.8188 0.3957 0.3407
16981.46 | 0.0039 0.0027 0.0682 2.5681 0.1520 0.8107 0.4266 0.3581
16984.88 | 0.0032 0.0016 0.0663 2.5783 0.1714 0.8147 0.3916 0.3321
16988.30 | 0.0027 0.0043 0.0777 2.4433 0.1551 0.8129 0.4216 0.3270
16991.72 | 0.0080 0.0060 0.0740 2.5902 0.1582 0.7695 0.4000 0.3289
16995.14 | 0.0076 0.0052 0.0839 2.4499 0.1711 0.8208 0.4236 0.3668
16998.56 | 0.0017 0.0030 0.0753 2.5709 0.1680 0.8355 0.4220 0.3154
17001.98 | 0.0053 0.0058 0.0725 2.3820 0.1490 0.7716 0.3643 0.3484
17005.40 | 0.0046 0.0041 0.0768 2.5243 0.1590 0.8443 0.4044 0.3945
17008.82 | 0.0039 0.0030 0.0699 2.5951 0.1619 0.8118 0.4386 0.3752
17012.24 | 0.0047 0.0061 0.0856 2.5957 0.1967 0.7906 0.4446 0.3624
17015.66 | 0.0032 0.0087 0.0729 2.7077 0.1693 0.8140 0.4358 0.3576
17019.08 | 0.0082 0.0035 0.0723 2.6439 0.1463 0.8413 0.4362 0.3562
17022.50 | 0.0069 0.0064 0.0739 2.5308 0.1611 0.8091 0.3837 0.3492
17025.92 | 0.0066 0.0019 0.0791 2.5292 0.1692 0.7845 0.3852 0.3463
17029.34 | 0.0091 0.0033 0.0798 2.5158 0.1776 0.8370 0.3911 0.3572
17032.76 | 0.0063 0.0031 0.0637 2.3775 0.1284 0.7155 0.3880 0.3120
17036.18 | 0.0016 0.0033 0.0736 2.5601 0.1551 0.7738 0.3969 0.3437
17039.60 | 0.0040 0.0028 0.0749 2.3970 0.1456 0.8025 0.3943 0.3357
17043.02 | 0.0058 0.0035 0.0759 2.4360 0.1475 0.8308 0.3886 0.3066
17046.44 | 0.0048 -0.0003 0.0821 2.5336 0.1520 0.7647 0.3989 0.3692
17049.86 | 0.0017 0.0052 0.0728 2.6166 0.1739 0.8533 0.3785 0.3643
17053.28 | 0.0052 0.0037 0.0844 2.5918 0.1545 0.8319 0.4325 0.3758
17056.70 | 0.0101 0.0022 0.0742 2.6012 0.1453 0.8289 0.4278 0.3314
17060.12 | 0.0056 0.0040 0.0776 2.6980 0.1556 0.8447 0.3979 0.4061
17063.54 | 0.0050 0.0031 0.0632 2.3996 0.1604 0.7519 0.3628 0.3529
17066.96 | 0.0031 0.0066 0.0686 2.6052 0.1655 0.8198 0.4016 0.3409
17070.38 | 0.0022 0.0025 0.0790 2.3687 0.1424 0.8140 0.4142 0.3328
17073.80 | 0.0047 0.0042 0.0815 2.4750 0.1401 0.7582 0.4173 0.3365
17077.22 | 0.0110 0.0051 0.0773 2.5931 0.1578 0.8323 0.4704 0.3317
17080.64 | 0.0030 0.0057 0.0748 2.5949 0.1531 0.8011 0.3857 0.3381
17084.06 | 0.0038 0.0012 0.0681 2.5833 0.1665 0.8198 0.4052 0.3263
17087.48 | 0.0039 0.0045 0.0703 24184 0.1561 0.8414 0.3744 0.3310
17090.90 | 0.0056 0.0041 0.0723 2.4434 0.1671 0.7713 0.4185 0.3113
17094.32 | 0.0039 0.0018 0.0653 2.4421 0.1571 0.8054 0.3819 0.3513
17097.74 | 0.0042 0.0022 0.0737 2.5639 0.1613 0.8247 0.4278 0.3692
17101.16 | 0.0046 0.0038 0.0661 24773 0.1496 0.7867 0.4290 0.3630
17104.58 | 0.0072 0.0004 0.0886 2.4555 0.1784 0.7804 0.4091 0.3300
17108.00 | 0.0056 0.0033 0.0727 2.6027 0.1582 0.8597 0.4067 0.3507
1711142 | 0.0083 0.0061 0.0762 2.4582 0.1539 0.7594 0.4058 0.3330
17114.84 | 0.0045 -0.0003 0.0679 2.3854 0.1553 0.7629 0.3513 0.3523
17118.26 | 0.0059 0.0022 0.0742 2.6014 0.1655 0.7848 0.4276 0.3666
17121.68 | 0.0054 0.0046 0.0765 2.5957 0.1351 0.8484 0.3982 0.3624
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17125.10 | 0.0055 0.0033 0.0605 2.4843 0.1348 0.7853 0.3999 0.3257
17128.52 | 0.0033 0.0063 0.0858 2.5253 0.1550 0.8103 0.4006 0.3207
17131.94 | 0.0094 0.0018 0.0891 2.6182 0.1831 0.8183 0.4067 0.3766
17135.36 | 0.0066 0.0011 0.0806 2.5574 0.1774 0.7876 0.3930 0.3476
17138.78 | 0.0028 0.0080 0.0619 2.4667 0.1488 0.7737 0.3973 0.3328
17142.20 | 0.0021 0.0068 0.0784 2.4251 0.1497 0.8091 0.3634 0.3209
17145.62 | 0.0056 0.0012 0.0849 2.7383 0.1632 0.8376 0.4664 0.3491
17149.04 | 0.0051 0.0030 0.0726 2.4988 0.1517 0.7612 0.3785 0.3484
17152.46 | 0.0035 0.0022 0.0827 2.7357 0.1801 0.8591 0.4425 0.3902
17155.88 | 0.0037 0.0042 0.0730 2.3341 0.1322 0.7809 0.3798 0.3547
17159.30 | 0.0059 0.0011 0.0788 2.4330 0.1621 0.7768 0.3282 0.3648
17162.72 | 0.0025 -0.0003 0.0723 2.5005 0.1737 0.7895 0.3843 0.3556
17166.14 | 0.0079 0.0051 0.0598 25114 0.1553 0.8345 0.4069 0.3267
17169.56 | 0.0041 0.0056 0.0649 2.4684 0.1599 0.7863 0.3905 0.3449
17172.98 | 0.0043 0.0025 0.0669 2.6167 0.1686 0.8421 0.4013 0.3432
17176.40 | 0.0054 0.0039 0.0740 2.6024 0.1664 0.8553 0.4436 0.3544
17179.82 | 0.0025 0.0021 0.0753 2.5932 0.1623 0.8221 0.4033 0.3286
17183.24 | 0.0032 0.0004 0.0834 2.5422 0.1485 0.8394 0.3991 0.3681
17186.66 | 0.0044 0.0046 0.0819 2.6725 0.1765 0.8428 0.4061 0.3282
17190.08 | 0.0060 0.0059 0.0797 2.6956 0.1697 0.8765 0.4233 0.3718
17193.50 | 0.0044 0.0022 0.0824 2.6853 0.1644 0.8269 0.4104 0.3661
17196.92 | 0.0028 0.0030 0.0694 2.4938 0.1259 0.7456 0.3705 0.3376
17200.34 | 0.0062 0.0037 0.0716 2.4878 0.1748 0.7982 0.4251 0.3499
17203.76 | 0.0059 -0.0002 0.0725 2.4207 0.1466 0.8047 0.3891 0.3541
17207.18 | 0.0071 0.0037 0.0795 2.5038 0.1706 0.8206 0.3952 0.3293
17210.60 | 0.0058 0.0017 0.0823 2.5232 0.1603 0.7855 0.3595 0.3193
17214.02 | 0.0056 0.0042 0.0638 24775 0.1445 0.7874 0.3989 0.3084
17217.44 | 0.0028 0.0073 0.0816 2.5418 0.1646 0.8020 0.4054 0.3611
17220.86 | 0.0059 0.0035 0.0670 2.3569 0.1528 0.8072 0.3832 0.3262
1722428 | 0.0034 0.0046 0.0688 2.4595 0.1595 0.8601 0.3823 0.3280
17227.70 | 0.0032 0.0044 0.0846 2.5336 0.1582 0.8476 0.4115 0.3556
17231.12 | 0.0052 0.0020 0.0842 2.4555 0.1552 0.7968 0.3869 0.3421
17234.54 | 0.0027 0.0026 0.0755 242271 0.1653 0.8108 0.3804 0.3497
17237.96 | 0.0105 0.0049 0.0919 2.6298 0.1638 0.8179 0.3866 0.3728
17241.38 | 0.0050 0.0033 0.0693 2.4952 0.1657 0.8253 0.3518 0.3546
17244.80 | 0.0027 0.0086 0.0827 2.5769 0.1630 0.7904 0.3970 0.3458
17248.22 | 0.0046 0.0023 0.0733 2.4667 0.1621 0.8054 0.4047 0.3299
17251.64 | 0.0042 0.0047 0.0792 2.7060 0.1688 0.8172 0.4137 0.3522
17255.06 | 0.0049 0.0067 0.0781 2.5192 0.1724 0.8402 0.4203 0.3511
17258.48 | 0.0039 0.0031 0.0657 2.4591 0.1543 0.7750 0.3608 0.3480
17261.90 | 0.0026 0.0047 0.0732 2.3529 0.1475 0.7283 0.3714 0.3508
17265.32 | 0.0082 0.0061 0.0749 2.5051 0.1554 0.8055 0.3898 0.3257
17268.74 | 0.0063 0.0017 0.0668 2.5647 0.1490 0.8023 0.4087 0.3565
1727216 | 0.0039 0.0066 0.0766 2.5073 0.1694 0.7898 0.3862 0.3239
17275.58 | 0.0038 0.0066 0.0634 2.5872 0.1491 0.8341 0.3862 0.3672
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305

Experiment 25253 Xenon Isotopic Ratio Data

Time 124X g[132Xe | 126Xe/132Xe | 128Xe/132Xe | 129Xe/132Xe | 130Xe/132Xe | 131Xe/132Xe | 134Xe/132Xe | 136Xe/132Xe
14803.42 | 0.0061 00002 | 0.1100 | 2.4491 0.1669 | 0.7960 | 0.3720 0.3641
128083 | 0.0009 0.0057 | 0.0565 | 2.5699 01596 | 0.7936 | 0.3718 0.3246
1481318 | 0.0037 0.0038 | 0.0766 | 2.5643 0.1402 0.8408 | 0.4341 0.3232
14818.06 | 0.0070 0.0059 | 0.0628 | 2.4474 0.1555 | 0.7141 0.3852 0.3365
14822.94 | 0.0057 0.0004 | 00729 | 2.6685 01677 | 08729 | 04593 0.4178
14827 82 | 0.0020 0.0039 | 0.0684 | 2.5624 04717 | 0.8171 0.4058 0.3443
128327 | 0.0025 00030 | 0.0677 | 2.6697 01607 | 0.8533 | 0.3791 0.3382
1483758 | 0.0063 0.0051 0.0888 | 2.7488 01529 | 0.8679 | 0.4304 0.4083
14842 46 | 0.0069 0.0025 | 0.0718 | 2.4486 0.1681 0.7848 | 0.4247 0.3439
1484734 | 0.0069 0.0053 | 0.0798 | 2.4787 0.1548 | 0.8489 | 0.3830 0.3464
1485222 | 0.0049 00129 | 0.0814 | 2.6781 01535 | 0.8750 | 0.4575 0.4045
148571 | 0.0056 00002 | 00799 | 2.4761 01299 | 08019 | 03774 0.3779
14861.98 | 0.0012 0.0003 | 0.0838 | 2.4539 01697 | 0.7835 | 0.4038 0.3235
14866.86 | 0.0044 0.0075 | 0.0952 2.4699 0.1481 0.8522 0.3778 0.3396
14871.74 | 0.0045 0.0003 | 0.0678 | 2.6033 01638 | 0.8119 | 0.3799 0.3915
1487662 | 0.0052 0.0052 0.0827 | 24428 0.1591 0.8014 | 0.3998 0.3221
148815 | 0.0013 0.0072 0.0672 2.5429 0.1868 | 0.8234 | 0.3864 0.3715
14886 38 | 0.0039 0.0023 | 0.0765 | 2.6384 01604 | 0.7735 | 0.4043 0.3523
1489126 | 0.0043 0.0003 | 0.0683 | 2.4693 01680 | 0.8296 | 0.3663 0.3268
14896.14 | 0.0032 0.0115 | 0.0731 2.5201 0.1347 | 0.8099 | 0.3691 0.3220
14901.02 | 0.0021 0.0040 | 0.0706 | 2.5274 01676 | 0.8359 | 0.3637 0.3111
149059 | 0.0051 0.0022 00700 | 24834 01368 | 0.7853 | 0.4335 0.3499
1491078 | 0.0071 0.0085 | 0.0814 | 2.5604 0.1506 | 0.8040 | 0.3861 0.3555
14915.66 | 0.0061 0.0003 | 00735 | 2.5235 01596 | 0.8536 | 0.4319 0.3315
1492054 | 0.0044 0.0012 0.0781 2.4129 0.1542 08115 | 0.3815 0.3577
14925 42 | 0.0039 0.0052 00737 | 2.3039 01660 | 0.7979 | 0.3597 0.3096
149303 | 0.0066 0.0041 0.0874 | 25332 0.1807 | 0.8365 | 0.4289 0.3472
14935 18 | 0.0084 0.0040 | 00729 | 2.6360 01714 | 0.8423 | 0.3899 0.3612
14940.06 | 0.0068 0.0081 0.0628 | 2.5684 01259 | 0.8289 | 0.3757 0.3337
1494494 | 0.0051 0.0036 | 0.0813 | 2.6690 0.1442 0.8806 | 0.4137 0.4425
14949 82 | 0.0045 0.0087 | 00838 | 24112 01325 | 07396 | 0.3926 0.3497
149547 | 0.0055 0.0020 | 00769 | 2.3616 0.1502 0.7332 0.3815 0.2982
14959 58 | 0.0091 0.0020 | 0.0719 | 2.4433 01410 | 0.8041 0.3910 0.3477
14964 46 | 0.0092 0.0012 0.0803 | 2.7555 01755 | 0.8088 | 0.4595 0.3949
14969 34 | 0.0038 0.0077 | 0.0847 | 2.4455 0.1452 08197 | 0.3847 0.3458
1497422 | 0.0058 0.0088 | 0.0836 | 2.4029 0.1742 0.7942 0.3563 0.3478
149791 | 0.0055 0.0072 00728 | 25998 0.1571 0.7908 | 0.4094 0.3316
14983.98 | 0.0071 0.0019 | 0.0661 2.5399 0.1642 0.7433 | 04107 0.3374
14988.86 | 0.0035 0.0060 | 0.0630 | 2.4260 0.1497 | 07517 | 0.4065 0.3599
14993 74 | 0.0078 -0.0020 | 0.0701 2.6735 01698 | 0.8409 | 0.3966 0.3670
14998.62 | 0.0038 0.0011 0.0803 | 2.7990 01707 | 0.8474 | 04223 0.3409
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150035 | 0.0027 0.0039 | 0.0644 | 24509 0.1682 0.7528 | 0.3679 0.3209
15008.38 | 0.0033 0.0041 0.0711 2.2735 01618 | 0.7582 0.3562 0.3232
15013.26 | 0.0056 0.0068 | 0.0633 | 2.5633 01655 | 0.7800 | 0.4287 0.3266
15018.14 | 0.0007 | 00063 | 00770 | 2.5032 01589 | 08118 | 0.3752 0.3619
15023.02 | 0.0028 0.0032 0.0909 | 26873 01700 | 08168 | 0.3871 0.3511
150279 | 0.0027 00043 | 00727 | 25005 01460 | 08173 | 0.4039 0.3477
15032.78 | 0.0018 0.0002 0.0816 | 2.4501 0.1571 0.7525 | 0.4067 0.3577
1503766 | 0.0110 0.0021 00764 | 2.4491 01580 | 0.8005 | 0.3836 0.3324
1504254 | 0.0051 0.0050 | 0.0686 | 2.4522 01807 | 0.8363 | 0.3642 0.3537
15047.42 | 0.0034 0.0026 | 0.0630 | 2.5183 0.1804 | 07913 | 0.3809 0.3613
150523 | 0.0083 0.0018 | 0.0648 | 2.6655 0.1551 0.8035 | 0.4181 0.3587
1505718 | 0.0051 0.0034 | 0.0917 | 2.6091 0.1808 | 0.8403 | 0.4168 0.3385
15062.06 | 0.0070 0.0025 | 0.0712 2.5289 01347 | 0.8492 0.4077 0.3418
15066.94 | 0.0072 00025 | 00715 | 24857 01443 | 07753 | 0.3873 0.3261
15071.82 | 0.0001 0.0041 00767 | 2.5676 01728 | 0.8033 | 0.4062 0.3421
15076.7 | 0.0032 0.0009 | 0.0639 | 2.4989 0.1486 | 0.7668 | 0.4130 0.3178
1508158 | 0.0032 0.0024 | 0.0674 | 24612 01600 | 0.8446 | 0.4005 0.3410
15086 46 | 0.0048 0.0025 | 0.0652 2.5875 01477 | 0.8507 | 0.4002 0.3639
15091.34 | 0.0032 0.0009 | 00835 | 2.4599 01407 | 0.8034 | 04214 0.3613
15096.22 | 0.0081 00033 | 00775 | 25965 04727 | 0.8460 | 0.4271 0.3603
151011 | 0.0036 0.0043 | 00710 | 25407 01450 | 0.8618 | 0.4084 0.3682
15105.98 | 0.0097 0.0056 | 0.0811 2.7163 01753 | 0.8213 | 0.4493 0.3752
1511086 | 0.0038 0.0038 | 0.0710 | 2.5108 01596 | 0.7442 0.4061 0.3059
15115.74 | 0.0030 0.0005 | 0.0843 | 2.3894 01763 | 07935 | 0.3393 0.3169
1512062 | 0.0026 0.0022 0.0781 2.4569 0.1541 0.7696 | 0.3877 0.3340
151255 | 0.0048 0.0008 | 0.0716 | 2.4621 01577 | 07928 | 0.3909 0.3615
15130.38 | 0.0064 0.0030 | 0.0805 | 2.6013 0.1905 | 0.8569 | 0.3964 0.3676
1513526 | 0.0043 0.0018 | 0.0761 2.3799 01589 | 0.7612 0.3974 0.3286
1514014 | 0.0066 0.0012 0.0897 | 2.4838 01723 | 0.8021 0.3864 0.3872
1514502 | 0.0098 0.0054 | 0.0841 24733 01368 | 0.8370 | 0.4067 0.3227
15149.9 | 0.0031 0.0037 | 0.0807 | 2.5622 01393 | 0.8649 | 0.4393 0.3520
1515478 | 0.0005 0.0036 | 0.0671 24628 01586 | 0.8134 | 0.3944 0.3336
15159 66 | 0.0034 0.0109 | 0.0876 | 2.6596 01523 | 0.8547 | 0.3680 0.3509
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312  Experiment ID#25111 Krypton Isotopic Ratio Data

313
Time 80Kr/84/Kr 82Kr/84/Kr 83Kr/84/Kr 86Kr/84/Kr
16917.08 0.0624 0.2868 0.0805 0.2135
17394.48 0.0716 0.1497 0.1132 0.3029
17400.60 0.0587 0.2265 0.1278 0.2236
17406.72 0.0142 0.2213 0.1378 0.1975
17412.84 0.0452 0.1959 0.1929 0.2721
17418.96 0.0522 0.2188 0.2040 0.2702
17425.08 0.0693 0.1871 0.1947 0.2342
17431.20 0.0079 0.2946 0.2511 0.4051
17437.32 0.1263 0.1640 0.1751 0.2649
17443.44 0.1041 0.3425 0.1630 0.2124
17449.56 0.0642 0.2687 0.2640 0.4023
17455.68 0.1149 0.2655 0.2476 0.2809
17461.80 0.0649 0.2578 0.2683 0.2205
17467.92 0.0634 0.3680 0.2269 0.4234
17474.04 0.0768 0.2940 0.2770 0.3690
17480.16 0.1357 0.1452 0.2563 0.3757
17486.28 0.0486 0.2026 0.2339 0.3474
17492.40 0.0210 0.2401 0.2745 0.2023
17498.52 0.0608 0.2165 0.1319 0.2892
17504.64 0.0957 0.2060 0.1998 0.2733
17510.76 0.0870 0.2346 0.1897 0.3631
17516.88 0.0716 0.0882 0.1485 0.2055
17523.00 0.0215 0.1027 0.1320 0.2724
17529.12 0.0687 0.2755 0.2136 0.1832
17535.24 0.0032 0.1575 0.1970 0.3694
17541.36 0.0603 0.2261 0.1763 0.3472
17547.48 0.0605 0.1716 0.1616 0.2093
17553.60 0.1076 0.2365 0.2310 0.3409
17559.72 0.0290 0.4459 0.2790 0.3402
17565.84 0.0833 0.2651 0.2412 0.3487
17571.96 -0.0113 0.1603 0.2846 0.3567
17578.08 0.0660 0.2018 0.1315 0.2186
17584.20 0.0909 0.1335 0.2524 0.2588
17590.32 0.0398 0.1955 0.1763 0.2982
17596.44 0.1001 0.1793 0.2779 0.2837
17602.56 0.0294 0.1480 0.2027 0.3325
17608.68 0.0936 0.3463 0.1746 0.3834
17614.80 0.0217 0.2767 0.2119 0.3624
17620.92 0.0588 0.1773 0.1514 0.3636
17627.04 0.0335 0.1955 0.1949 0.2835
17633.16 0.1096 0.1720 0.2027 0.4036
17639.28 0.0509 0.2340 0.1369 0.2611
17676.48 0.0451 0.2413 0.2048 0.2973
17682.60 0.0548 0.2426 0.1951 0.2106
17688.72 0.1087 0.2193 0.1977 0.3193
17694.84 0.0596 0.1968 0.2047 0.2379
17700.96 0.0706 0.1181 0.2247 0.3988
17707.08 0.0352 0.1498 0.1399 0.3347
17713.20 0.0444 0.1648 0.1631 0.3418
17719.32 0.0510 0.1955 0.1502 0.2786
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17725.44 0.0355 0.1982 0.1567 0.2470
17731.56 0.0920 0.2037 0.3273 0.3613
17737.68 0.0993 0.1921 0.2133 0.3060
17743.80 0.1336 0.1776 0.2509 0.4175
17749.92 0.1357 0.2750 0.2100 0.4365
17756.04 0.0291 0.1113 0.1909 0.1755
17762.16 0.0946 0.1353 0.1967 0.4022
17768.28 0.0309 0.2683 0.2537 0.3093
17774.40 0.0787 0.2145 0.2139 0.3156
17780.52 0.0603 0.2201 0.1567 0.2751
17786.64 0.0337 0.1840 0.2129 0.2470
17792.76 0.0351 0.2566 0.2089 0.2754
17798.88 0.1320 0.2097 0.2540 0.3370
17805.00 0.0710 0.1667 0.1641 0.2400
17811.12 0.1002 0.2426 0.2149 0.2389
17817.24 0.0729 0.1572 0.2563 0.3478
17823.36 0.0533 0.2996 0.2209 0.3211
17829.48 0.0414 0.2120 0.0934 0.2677
17835.60 0.0407 0.2117 0.2437 0.3597
17841.72 0.0556 0.2788 0.2124 0.2469
17847.84 0.0759 0.2293 0.2214 0.3266
17853.96 0.0409 0.3258 0.2218 0.4480
17860.08 0.1159 0.3476 0.2030 0.3941
17866.20 0.0579 0.2074 0.2562 0.2420
17872.32 0.0835 0.2066 0.3037 0.3365
17878.44 0.0725 0.2795 0.2038 0.2657
17884.56 0.0445 0.1256 0.2170 0.3177
17890.68 0.1800 0.1927 0.3101 0.3330
17896.80 0.1238 0.3722 0.2655 0.2440
17902.92 0.0201 0.2742 0.2478 0.2849
17909.04 0.1047 0.1860 0.1885 0.3109
17915.16 0.0993 0.2583 0.2083 0.3506
17921.28 0.0826 0.2230 0.2437 0.3197
18400.68 0.0585 0.2788 0.1786 0.2709
18406.80 0.0745 0.1802 0.2413 0.1976
18412.92 0.0658 0.1650 0.1922 0.2625
18419.04 0.0995 0.2490 0.2811 0.3919
18425.16 0.0509 0.1710 0.1903 0.3002
18431.28 0.0471 0.1715 0.1207 0.2800
18437.40 0.0878 0.2722 0.1991 0.3119
18443.52 0.0228 0.3157 0.1312 0.2476
18449.64 0.0626 0.1891 0.3014 0.2020
18455.76 0.0332 0.1891 0.2108 0.3989
18461.88 0.0722 0.2429 0.1541 0.3876
18468.00 0.0174 0.1833 0.2046 0.2679
18474.12 0.0790 0.3781 0.1493 0.2656
18480.24 0.0408 0.1763 0.1591 0.2302
18486.36 0.1004 0.2123 0.2317 0.2876
18492.48 0.1194 0.1613 0.1151 0.2569
18498.60 0.0423 0.1667 0.1814 0.2814
18504.72 0.0224 0.1069 0.2497 0.2097
18510.84 0.0126 0.2052 0.2216 0.4059
18516.96 0.0671 0.2656 0.0887 0.3113
18523.08 0.0898 0.1379 0.1248 0.2193
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18529.20 0.0440 0.2021 0.1420 0.4120
18535.32 0.0569 0.2869 0.2076 0.3771
18541.44 0.0033 0.2543 0.1983 0.3425
18547.56 0.0664 0.2032 0.1557 0.2570
18553.68 -0.0054 0.2755 0.2159 0.3115
18559.80 0.1005 0.2606 0.2128 0.3055
18565.92 0.0612 0.3128 0.1546 0.3665
18572.04 0.0405 0.1488 0.1269 0.2570
18578.16 0.0715 0.2662 0.2973 0.3795
18584.28 0.0600 0.1808 0.2027 0.2642
18590.40 0.1455 0.1803 0.2641 0.3134
18596.52 0.1513 0.3578 0.3388 0.3365
18602.64 0.0040 0.1991 0.2371 0.3930
18608.76 0.0550 0.2574 0.1801 0.3079
18614.88 0.1759 0.2308 0.2914 0.3439
18621.00 0.0598 0.2406 0.2115 0.2942
18627.12 0.0495 0.3142 0.1504 0.3340
18633.24 0.0812 0.1884 0.1221 0.2590
18639.36 0.1025 0.2237 0.1880 0.3269
18645.48 0.0509 0.1925 0.1771 0.2486
18681.68 0.0613 0.1961 0.2706 0.2906
18687.80 0.0970 0.1331 0.2175 0.2967
18693.92 0.0468 0.2150 0.1912 0.2591
18700.04 0.0867 0.2269 0.2048 0.3439
18706.16 0.0452 0.2102 0.1843 0.3106
18712.28 0.0593 0.1264 0.1077 0.2651
18718.40 0.1006 0.3196 0.3248 0.4176
18724.52 0.0611 0.2239 0.1268 0.1462
18730.64 0.0510 0.2624 0.2667 0.3131
18736.76 0.0703 0.3441 0.1069 0.4385
18742.88 0.0642 0.1460 0.2359 0.3110
18749.00 0.0412 0.3045 0.0903 0.3013
18755.12 0.0715 0.3044 0.2229 0.1572
18761.24 0.0420 0.1620 0.2517 0.2792
18767.36 0.1005 0.1631 0.2599 0.3119
18773.48 0.1321 0.2275 0.3108 0.3539
18779.60 0.0703 0.3677 0.3071 0.2734
18785.72 0.1045 0.1641 0.1596 0.3603
18791.84 0.0933 0.1015 0.1887 0.3998
18797.96 0.0608 0.3441 0.2924 0.3973
18804.08 0.0763 0.2163 0.1958 0.4098
18810.20 0.0560 0.1473 0.1705 0.4518
18816.32 0.1280 0.1755 0.2065 0.2448
18822.44 0.0679 0.2959 0.2825 0.3290
18828.56 0.0412 0.2301 0.2327 0.3668
18834.68 0.0619 0.2601 0.2907 0.3648
18840.80 0.0706 0.1708 0.1421 0.3014
18846.92 0.0509 0.2831 0.2982 0.3495
18853.04 0.0336 0.2207 0.2589 0.3117
18859.16 0.0695 0.2093 0.2301 0.2675
18865.28 0.0748 0.2628 0.2545 0.3881
18871.40 0.0671 0.2091 0.2236 0.1823
18877.52 0.1131 0.2975 0.1558 0.3853
18883.64 0.0599 0.1978 0.1824 0.4053
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18889.76 0.0563 0.1939 0.1516 0.3681
18895.88 0.0676 0.1836 0.1775 0.3498
18902.00 0.0350 0.1593 0.1502 0.2483
18908.12 0.0870 0.1854 0.1918 0.2528
18914.24 0.1131 0.2315 0.1809 0.3439
18920.36 0.1381 0.2666 0.1948 0.3372
18926.48 0.0633 0.3535 0.1978 0.3493
19402.88 0.0469 0.1758 0.2232 0.3155
19409.00 0.0482 0.2277 0.1906 0.2931
19415.12 0.0825 0.1849 0.1638 0.2410
19421.24 0.0689 0.2321 0.1534 0.3205
19427.36 0.0366 0.1274 0.1798 0.2317
19433.48 0.0453 0.1963 0.1931 0.3281
19439.60 0.0458 0.1182 0.1606 0.3492
19445.72 0.0346 0.1802 0.2142 0.3204
19451.84 0.0693 0.2495 0.1498 0.2326
19457.96 0.0738 0.2264 0.1847 0.3474
19464.08 0.1263 0.2055 0.1475 0.3715
19470.20 0.1268 0.2817 0.1806 0.3266
19476.32 0.0654 0.2475 0.2701 0.3567
19482.44 0.0980 0.2313 0.1460 0.3194
19488.56 0.0260 0.1704 0.1612 0.2649
19494.68 0.0406 0.2387 0.2391 0.3947
19500.80 0.0641 0.2321 0.1671 0.4513
19506.92 0.0466 0.1287 0.2353 0.3073
19513.04 0.0342 0.2523 0.2574 0.4675
19519.16 0.0965 0.2260 0.2536 0.3795
19525.28 0.0876 0.1844 0.2480 0.3438
19531.40 0.0566 0.2234 0.1886 0.3865
19537.52 0.0421 0.1879 0.1652 0.3601
19543.64 0.0670 0.2174 0.2566 0.2756
19549.76 0.0608 0.2203 0.0966 0.2827
19555.88 0.0529 0.2003 0.1637 0.2683
19562.00 0.0775 0.1759 0.1541 0.3267
19568.12 0.0487 0.3129 0.2443 0.3993
19574.24 0.0494 0.1756 0.1606 0.2383
19580.36 0.1145 0.2053 0.2303 0.3402
19586.48 0.0384 0.3163 0.3401 0.3652
19592.60 0.0526 0.2383 0.1852 0.3176
19598.72 0.0325 0.1891 0.1381 0.3307
19604.84 0.0310 0.2920 0.2415 0.3231
19610.96 0.0730 0.2146 0.2677 0.3063
19617.08 0.0728 0.1176 0.1651 0.2830
19623.20 0.0214 0.1254 0.1533 0.2914
19629.32 0.0651 0.3398 0.1492 0.3029
19635.44 0.0994 0.1679 0.2027 0.2095
19641.56 0.0472 0.2090 0.2522 0.3213
19647.68 0.0603 0.2032 0.2228 0.3630
19684.88 0.0610 0.2112 0.2513 0.3172
19691.00 0.0760 0.2465 0.1696 0.5140
19697.12 0.0705 0.1811 0.1596 0.2533
19703.24 0.0689 0.2380 0.1564 0.2680
19709.36 0.0484 0.2366 0.1579 0.3629
19715.48 0.0884 0.1904 0.1741 0.3475
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314

315

316

317

318

319

320

321

19721.60 0.0759 0.2337 0.2028 0.3017
19727.72 0.0737 0.2822 0.2627 0.2949
19733.84 0.0372 0.2390 0.2173 0.2926
19739.96 0.0795 0.1947 0.2146 0.3142
19746.08 0.1349 0.2051 0.2607 0.3339
19752.20 0.0403 0.1569 0.1864 0.2002
19758.32 0.0610 0.1772 0.1817 0.3061
19764.44 0.0555 0.2645 0.1725 0.2930
19770.56 0.0654 0.2631 0.1218 0.3337
19776.68 0.1052 0.2265 0.1806 0.4196
19782.80 0.1098 0.3157 0.2816 0.4668
19788.92 0.0425 0.1845 0.1511 0.3023
19795.04 0.0879 0.1990 0.1423 0.4335
19801.16 0.0768 0.2399 0.2097 0.3801
19807.28 0.0469 0.2112 0.1801 0.3744
19813.40 0.0546 0.1845 0.0960 0.1826
19819.52 0.0711 0.2304 0.1795 0.3213
19825.64 0.0549 0.2573 0.1426 0.2767
19831.76 0.0454 0.2835 0.2674 0.4374
19837.88 0.0620 0.2208 0.1618 0.2502
19844.00 0.0683 0.1706 0.1709 0.3714
19850.12 0.0490 0.1676 0.2581 0.3255
19856.24 0.0569 0.3273 0.2659 0.3416
19862.36 0.0663 0.2401 0.1729 0.2537
19868.48 0.0919 0.1574 0.2164 0.3342
19874.6 0.0376 0.1766 0.2007 0.1900
19880.72 0.0802 0.2501 0.2023 0.3725
19886.84 0.1071 0.2027 0.2189 0.3334
19892.96 0.0497 0.2361 0.2115 0.2272
19899.08 0.0432 0.3117 0.2094 0.2708
19905.2 0.0331 0.1842 0.1564 0.3793
19911.32 0.0319 0.1438 0.2272 0.2205
19917.44 0.0292 0.1518 0.1025 0.3305
19923.56 0.0905 0.1756 0.2690 0.2888
19929.68 0.0372 0.3108 0.1668 0.2711
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Experiment 25269 Krypton Isotopic Ratio Data

Time BOKr/B4Kr 82K r/B4Kr BKr/B4Kr 8K r/B4/Kr
18357.16 -0.0021 0.1086 0.2016 0.1668
18359.76 0.0749 0.2390 0.1871 0.0865
18362.36 0.0710 0.1571 0.2678 0.2813
18364.96 0.0718 0.1306 0.1035 0.1257
18367.56 0.0135 0.2354 0.3125 0.3489
18370.16 0.1485 0.2151 0.3388 0.2183
18372.76 0.1921 0.2801 0.1269 0.3885
18375.36 0.0539 0.3129 0.1811 0.2568
18377.96 0.0419 0.3171 0.0766 0.2161
18380.56 0.0497 0.2512 0.2920 0.4921
18383.16 0.0372 0.2406 0.1810 0.3123
18385.76 0.0137 0.1892 0.0764 0.2135
18388.36 0.0758 0.2210 0.1166 0.5461
18390.96 0.1403 0.0775 0.2140 0.4093
1839356 -0.0517 0.3175 0.3392 0.3928
18396.16 -0.0529 0.1855 0.1858 0.2737
18398.76 0.0755 0.0957 0.1594 0.2043
18401.36 -0.0066 0.2689 0.3991 0.1369
18403.96 0.1175 0.2722 0.3926 02123
18406.56 0.1971 0.4892 0.2743 0.4552
18409.16 0.0795 0.2925 0.1523 0.2437
18411.76 0.1372 0.2629 0.4691 0.4603
18414.36 0.1491 0.1837 0.1380 0.1367
18416.96 0.0536 0.3630 0.2155 0.3493
18419.56 01775 0.4077 0.2019 0.4703
18422.16 0.0490 0.2751 0.0451 0.1993
18424.76 0.0836 0.0847 0.2714 0.2395
1842736 0.0533 0.2269 0.1776 0.0818
18429.96 0.1801 0.3915 0.3728 0.4653
18432.56 0.0907 0.2237 0.0672 0.3945
18435.16 0.0267 0.1593 0.2072 0.3551
18437.76 0.1005 0.2867 0.3010 0.4104
18440.36 0.1472 0.2714 0.2029 0.4093
18442.96 0.0882 0.1768 0.3546 0.3245
18445 56 0.0882 0.2535 0.1479 0.5095
18448.16 0.0915 0.2401 0.2014 0.3705
18450.76 0.1125 0.0925 0.2209 0.2041
18453.36 0.0531 0.1993 0.1922 0.4489
18455.96 -0.0102 0.2645 0.2214 0.3073
1845856 0.0205 0.3542 0.3794 0.4457
18461.16 0.1054 0.3571 0.1347 03112
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18463.76 0.0745 0.3094 0.2884 0.2974
18466.36 0.0987 0.3187 0.1682 0.2287
18468.96 0.0964 0.3893 0.3304 0.3487
18471.56 0.0547 0.2153 0.2104 0.1438
18474.16 0.0910 0.2677 0.1127 0.1661
18476.76 0.0254 0.1851 0.2100 0.2112
18479.36 0.0892 0.2530 0.1748 0.2877
18481.96 0.0461 0.1348 0.2922 0.1901
18484.56 0.0949 0.1608 0.1521 0.2456
18487.16 0.1887 0.2003 0.1164 0.3837
18489.76 -0.0113 0.2451 0.3219 0.2734
18492.36 0.1140 0.1165 0.0817 0.3768
18494.96 0.0584 0.1112 0.2271 0.2544
18497.56 0.1160 0.1992 0.2598 0.2082
18500.16 0.0084 0.1355 0.2067 0.1461
18502.76 0.0496 0.2216 0.0927 0.2384
18505.36 0.0220 0.1839 0.2069 0.2508
18507.96 0.0781 0.2393 0.1542 0.1394
18510.56 0.0568 0.1990 0.1748 0.3734
18513.16 0.0339 0.2589 0.1801 0.3161
18515.76 0.1311 0.2439 0.2011 0.3110
18518.36 0.0958 0.1427 0.1354 0.1411
18520.96 0.1032 0.1479 0.3266 0.3974
18523.56 0.1108 0.2677 0.2959 0.4218
18526.16 0.0065 0.2243 0.1277 0.3427
18528.76 0.1090 0.1507 0.0787 0.2632
18531.36 0.0650 0.2437 0.2342 0.4445
18533.96 0.0847 0.1282 0.2741 0.3619
18536.56 0.0403 0.1148 0.2112 0.2967
18539.16 0.0626 0.1747 0.1546 0.1278
18541.76 0.0689 0.1686 0.2078 0.2318
18544.36 0.1445 0.2660 0.1964 0.3741
18546.96 0.0869 0.1940 0.1769 0.2074
18549.56 0.0002 0.1505 0.2291 0.2557
18552.16 0.0288 0.2052 0.1752 0.2602
18554.76 0.0402 0.2789 0.1689 0.2975
18557.36 0.0461 0.3365 0.2197 0.2362
18559.96 0.0334 0.3819 0.1658 0.2692
18562.56 0.1819 0.2496 0.1780 0.2801
18565.16 0.1320 0.1657 0.1508 0.2527
18567.76 0.0867 0.3187 0.2892 0.3933
18570.36 0.0463 0.1555 0.1722 0.2911
18572.96 0.2002 0.3393 0.2637 0.2936
18575.56 0.0729 0.1989 0.2388 0.1375
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18578.16 0.0432 0.1507 0.1856 0.3228
18580.76 0.0623 0.1136 0.0982 0.3566
18583.36 0.0713 0.1275 0.2478 0.3316
18585.96 0.0268 0.0892 0.1323 0.2667
18588.56 0.0364 0.3402 0.1723 0.3885
18591.16 0.2155 0.2243 0.3530 0.5634
18593.76 0.1092 0.1169 0.1605 0.3709
18596.36 0.0927 0.2167 0.1605 0.2547
18598.96 -0.0235 0.2486 0.1041 0.3849
18601.56 0.0440 0.1941 0.3018 0.3103
18604.16 0.0343 0.1986 0.0933 0.1929
18606.76 0.0134 0.1958 0.1411 0.2546
18609.36 0.1634 0.2766 0.2431 0.3531
18611.96 0.0094 0.0664 0.0905 0.4236
18614.56 0.1234 0.1202 0.3647 0.3340
18617.16 0.1007 0.1887 0.0955 0.2961
18619.76 0.0505 0.2099 0.2009 0.3261
18622.36 0.0558 0.1375 0.1551 0.2128
18624.96 0.0713 0.0823 0.1898 0.2329
18627.56 0.0144 0.1569 0.0796 0.2174
18630.16 0.0410 0.1205 0.2624 0.1904
18632.76 0.1228 0.2243 0.2176 0.3561
18635.36 0.0078 0.1874 0.2284 0.2769
18637.96 0.0971 0.2114 0.1997 0.2565
18640.56 0.0377 0.1943 0.0773 0.3853
18643.16 0.0606 0.1839 0.1206 0.2724
18645.76 0.0744 0.1408 0.2244 0.2867
18648.36 0.0458 0.1928 0.1953 0.3021
18650.96 0.1061 0.3767 0.2225 0.2851
18653.56 0.0633 0.1930 0.1831 0.2864
18656.16 0.0680 0.2717 0.1082 0.4006
18658.76 0.0851 0.2342 0.2616 0.2068
18661.36 0.1014 0.1764 0.1754 0.3262
18663.96 0.0795 0.1841 0.2338 0.4106
18666.56 0.0475 0.2807 0.1729 0.3660
18669.16 0.0798 0.2568 0.2674 0.2629
18671.76 0.0963 0.2269 0.3119 0.4843
18674.36 0.0356 0.2483 0.2406 0.1216
18676.96 0.0265 0.0937 0.2236 0.1270
18679.56 0.0477 0.2295 0.2666 0.2907
18682.16 0.0758 0.2289 0.2232 0.2848
18684.76 0.0481 0.1482 0.1382 0.1979
18687.36 0.0550 0.1441 0.2225 0.2626
18689.96 0.1183 0.2285 0.2384 0.3627
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18692.56 0.0352 0.1867 0.1802 0.2727
18695.16 0.0716 0.1283 0.1774 0.2679
18697.76 0.0922 0.2788 0.2722 0.2817
18700.36 0.0952 0.1423 0.1749 0.2270
18702.96 0.0706 0.1381 0.3152 0.1891
18705.56 0.0855 0.1823 0.1022 0.2737
18708.16 0.0217 0.2096 0.1504 0.3456
18710.76 0.0679 0.2001 0.2095 0.3209
18713.36 0.1782 0.1546 0.3196 0.4871
18715.96 0.1512 0.1856 0.1514 0.3777
18718.56 0.0635 0.1891 0.1479 0.3016
18721.16 0.0398 0.1896 0.1626 0.2863
18723.76 0.0735 0.1271 0.1378 0.2829
18726.36 0.0963 0.2695 0.0210 0.3113
18728.96 0.1293 0.1792 0.1799 0.2570
18731.56 0.0775 0.2504 0.3085 0.3472
18734.16 0.0915 0.1375 0.1102 0.1922
18736.76 0.0145 0.1839 0.2217 0.3676
18739.36 0.0512 0.3666 0.1345 0.3902
18741.96 0.0702 0.1459 0.3120 0.3344
18744.56 0.0682 0.2471 0.0912 0.1929
18747.16 0.0751 0.1624 0.2471 0.2921
18749.76 0.0453 0.1998 0.1796 0.2462
18752.36 0.0794 0.2274 0.1700 0.3746
18754.96 0.1367 0.2435 0.1157 0.2539
18757.56 0.0865 0.2962 0.1979 0.2566
18760.16 0.0284 0.2016 0.2001 0.1621
18762.76 0.0480 0.2784 0.1303 0.2933
18765.36 0.0604 0.1962 0.1837 0.2173
18767.96 0.0631 0.0490 0.1912 0.2501
18770.56 0.0266 0.1809 0.1566 0.2549
18773.16 0.0722 0.2443 0.3068 0.4107
18775.76 0.1079 0.2472 0.3411 0.2242
18778.36 0.0449 0.1900 0.2368 0.2614
18780.96 0.0514 0.1006 0.3069 0.2948
18783.56 0.0508 0.1044 0.1188 0.2197
18786.16 0.0923 0.2708 0.2962 0.3672
18788.76 0.0360 0.2044 0.2498 0.2959
18791.36 0.1908 0.1506 0.1390 0.3678
18793.96 0.0971 0.2676 0.1726 0.4703
18796.56 0.1404 0.1204 0.2774 0.3789
18799.16 0.1353 0.1566 0.1877 0.5430
18801.76 0.0657 0.3116 0.2068 0.3553
18804.36 0.1284 0.2193 0.3447 0.4608
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18806.96 0.0330 0.1643 0.2567 0.2664
18809.56 0.0750 0.0842 0.2502 0.2984
18812.16 0.0966 0.1425 0.1781 0.1463
18814.76 0.0401 0.2291 0.2656 0.3055
18817.36 0.2219 0.3338 0.2071 0.2788
18819.96 0.0725 0.1807 0.1435 0.2859
18822.56 0.0135 0.1512 0.2882 0.4215
18825.16 0.0428 0.2013 0.1663 0.3629
18827.76 0.0874 0.2728 0.2359 0.3678
18830.36 0.0744 0.1161 0.2775 0.2202
18832.96 0.0435 0.1148 0.1641 0.1828
18835.56 -0.0002 0.3139 0.1571 0.2769
18838.16 0.0690 0.1148 0.1998 0.2822
18840.76 0.1422 0.2536 0.1933 0.3025
18843.36 0.0417 0.1702 0.1182 0.2426
18845.96 0.0095 0.2188 0.2316 0.3139
18848.56 0.0372 0.2066 0.1931 0.1861
18851.16 0.0063 0.1806 0.1615 0.3837
18853.76 0.0844 0.1818 0.1736 0.4075
18856.36 0.0356 0.1838 0.1550 0.2116
18858.96 0.1215 0.1916 0.2141 0.2631
18861.56 0.0166 0.1757 0.1798 0.3699
18864.16 0.0802 0.2153 0.2396 0.2881
18866.76 0.0679 0.1487 0.0951 0.2501
18869.36 0.0658 0.1915 0.2551 0.3320
18871.96 0.0899 0.2772 0.1588 0.3749
18874.56 0.0398 0.2284 0.1032 0.2592
18877.16 0.0958 0.3007 0.2147 0.2009
18879.76 0.1280 0.1757 0.2278 0.3146
18882.36 0.0775 0.1114 0.1289 0.1344
18884.96 0.0949 0.2128 0.1645 0.2160
18887.56 0.0123 0.2691 0.2111 0.2841
18890.16 0.1291 0.2456 0.3379 0.3712
18892.76 0.1100 0.1911 0.2245 0.3227
18895.36 0.0466 0.2110 0.2205 0.3020
18897.96 0.0834 0.2115 0.2402 0.2207
18900.56 0.0045 0.1654 0.1663 0.3677
18903.16 0.1018 0.1969 0.1601 0.3198
18905.76 0.0470 0.2351 0.2672 0.2319
18908.36 0.1167 0.2706 0.2643 0.2627
18910.96 0.0327 0.0743 0.1393 0.1590
18913.56 0.0441 0.1739 0.1486 0.3622
18916.16 0.1146 0.0834 0.2131 0.2161
18918.76 0.0421 0.1960 0.1416 0.2520
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18921.36 0.0198 0.1354 0.1638 0.2801
18923.96 0.0742 0.1626 0.1969 0.2772
18926.56 0.0741 0.1908 0.2372 0.3559
18929.16 0.0886 0.2156 0.2766 0.2916
18931.76 0.0936 0.2607 0.1554 0.3216
18934.36 0.1697 0.2254 0.1033 0.2790
18936.96 0.0765 0.1862 0.1755 0.1946
18939.56 0.0578 0.3034 0.2901 0.2679
18942.16 0.0781 0.1606 0.1790 0.3783
18944.76 0.0812 0.2182 0.2826 0.2754
18947.36 0.0373 0.2516 0.2438 0.3310
18949.96 0.0637 0.1669 0.2004 0.4393
18952.56 0.1247 0.2773 0.1661 0.1728
18955.16 0.1110 0.2620 0.1709 0.2196
18957.76 0.0873 0.2627 0.2390 0.2909
18960.36 0.1076 0.1998 0.2947 0.2463
18962.96 0.1257 0.2530 0.2172 0.3643
18965.56 0.1061 0.1697 0.1501 0.4462
18968.16 0.0878 0.1750 0.1593 0.2605
18970.76 0.0407 0.2721 0.2529 0.4659
18973.36 0.0969 0.2123 0.1099 0.2014
18975.96 0.0835 0.2224 0.2570 0.2641
18978.56 0.0630 0.2192 0.2273 0.2428
18981.16 0.1390 0.1928 0.1358 0.3413
18983.76 0.0691 0.1984 0.0967 0.2294
18986.36 0.0982 0.2091 0.1530 0.3081
18988.96 0.0853 0.2427 0.1745 0.2766
18991.56 0.1584 0.2239 0.2414 0.2335
18994.16 0.0439 0.1471 0.1642 0.2282
18996.76 0.0996 0.1906 0.1978 0.2744
18999.36 0.0358 0.2522 0.3195 0.4298
19001.96 0.1421 0.1732 0.1497 0.2569
19004.56 0.0695 0.2254 0.1565 0.2087
19007.16 0.0386 0.2010 0.1544 0.3067
19009.76 0.0349 0.0646 0.1478 0.2909
19012.36 0.1359 0.2234 0.2122 0.3288
19014.96 0.0945 0.1901 0.2089 0.3242
19017.56 0.0445 0.2479 0.1752 0.3433
19020.16 0.1099 0.2562 0.2096 0.1663
19022.76 0.0628 0.2606 0.2147 0.3056
19025.36 0.1203 0.2238 0.2426 0.2346
19027.96 0.0802 0.1881 0.2247 0.2825
19030.56 0.0448 0.2529 0.1743 0.3604
19033.16 0.0710 0.2324 0.2162 0.2817
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19035.76 0.1281 0.2782 0.2247 0.2436
19038.36 0.0567 0.2449 0.1640 0.1404
19040.96 0.0619 0.0834 0.1678 0.3661
19043.56 0.1132 0.2222 0.2315 0.2270
19046.16 0.1607 0.1148 0.1661 0.2564
19048.76 0.1078 0.1178 0.1118 0.1491
19051.36 0.0137 0.1735 0.1632 0.2651
19053.96 0.0733 0.1803 0.2806 0.3898
19056.56 0.0771 0.1734 0.2113 0.3085
19059.16 0.1332 0.1733 0.2053 0.3577
19061.76 0.0813 0.1897 0.2015 0.2265
19064.36 0.1473 0.1848 0.2406 0.1743
19066.96 0.0489 0.2681 0.1091 0.2376
19069.56 0.0680 0.1408 0.1514 0.2368
19072.16 0.0697 0.2347 0.0851 0.2328
19074.76 0.1018 0.2713 0.2793 0.3949
19077.36 0.0986 0.1666 0.1974 0.2986
19079.96 0.0876 0.2339 0.1692 0.2988
19082.56 0.1252 0.1592 0.1941 0.2623
19085.16 0.0416 0.2305 0.1300 0.2832
19087.76 0.1064 0.1590 0.1871 0.2032
19090.36 0.1113 0.1453 0.2179 0.3332
19092.96 0.1328 0.2037 0.2642 0.2586
19095.56 0.0374 0.2914 0.1645 0.4701
19098.16 0.0937 0.2251 0.2042 0.3287
19100.76 0.0827 0.2281 0.1894 0.2347
19103.36 0.0761 0.1910 0.1885 0.1762
19105.96 0.1562 0.2316 0.1103 0.2702
19108.56 0.0348 0.1843 0.0931 0.2976
19111.16 0.0608 0.2355 0.1022 0.3085
19113.76 0.0843 0.2539 0.2617 0.3798
19116.36 0.0553 0.1106 0.1579 0.3596
19118.96 0.1573 0.1726 0.2122 0.4540
19121.56 0.0433 0.2475 0.1855 0.3121
19124.16 0.0464 0.1707 0.2392 0.3275
19126.76 0.0762 0.3177 0.3233 0.4175
19129.36 0.0129 0.1703 0.2151 0.2678
19131.96 0.0331 0.2281 0.2197 0.2717
19134.56 0.0694 0.3103 0.2683 0.2861
19137.16 0.0508 0.3669 0.2795 0.3725
19139.76 0.0793 0.2268 0.1694 0.2352
19142.36 0.1067 0.2187 0.2149 0.2948
19144.96 0.0665 0.3384 0.1824 0.3331
19147.56 0.0580 0.2363 0.2769 0.3168
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19150.16 0.0858 0.2853 0.1832 0.4387
19152.76 0.1289 0.2469 0.3004 0.2600
19155.36 0.0785 0.1530 0.2426 0.2770
19157.96 0.0648 0.2192 0.3735 0.3825
19160.56 0.1071 0.1957 0.1670 0.2305
19163.16 0.0902 0.3662 0.2408 0.3112
19165.76 0.0241 0.3342 0.2156 0.4097
19168.36 0.0441 0.2338 0.2490 0.3711
19170.96 0.0543 0.2123 0.1347 0.3147
19173.56 0.1164 0.1831 0.2616 0.4149
19176.16 0.0612 0.2772 0.3079 0.3026
19178.76 0.0593 0.1424 0.0721 0.3247
19181.36 0.0932 0.1902 0.0919 0.2967
19183.96 0.0304 0.2886 0.1841 0.3403
19186.56 0.1151 0.1585 0.2049 0.2812
19189.16 0.0774 0.1796 0.1217 0.3101
19191.76 0.1088 0.1689 0.2230 0.3850
19194.36 0.0427 0.2211 0.2183 0.3017
19196.96 0.0199 0.2144 0.1728 0.3197
19199.56 0.0314 0.2413 0.1335 0.3035
19202.16 0.0786 0.1559 0.2922 0.2972
19204.76 0.1167 0.3561 0.1724 0.3760
19207.36 0.0658 0.2280 0.1299 0.2520
19209.96 0.0978 0.1514 0.2271 0.2314
19212.56 0.0918 0.2103 0.1000 0.2993
19215.16 0.1541 0.2436 0.2163 0.4201
19217.76 0.1346 0.2701 0.1972 0.2448
19220.36 0.0999 0.1805 0.1621 0.2230
19222.96 0.0967 0.1513 0.2784 0.3136
19225.56 0.0318 0.2240 0.2069 0.2377
19228.16 0.1052 0.1332 0.1352 0.3154
19230.76 0.0962 0.2083 0.1247 0.2490
19233.36 0.0026 0.2266 0.2143 0.3589
19235.96 0.1040 0.2724 0.1595 0.3561
19238.56 0.0587 0.1986 0.1608 0.2268
19241.16 0.0215 0.2122 0.2724 0.3465
19243.76 0.1031 0.1680 0.0921 0.3833
19246.36 0.0778 0.2842 0.2478 0.3702
19248.96 0.1121 0.2630 0.2093 0.3940
19251.56 0.0936 0.1872 0.1945 0.3589
19254.16 0.1044 0.1817 0.2934 0.3363
19256.76 0.0411 0.3128 0.2556 0.3262
19259.36 0.1425 0.1082 0.1791 0.2426
19261.96 0.0581 0.1391 0.1477 0.2485
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19264.56 0.1069 0.2101 0.1905 0.2329
19267.16 0.0501 0.1403 0.0998 0.3146
19269.76 0.0974 0.2763 0.1423 0.2240
19272.36 0.0890 0.2644 0.2749 0.2405
19274.96 0.0506 0.2066 0.2843 0.3340
19277.56 0.0811 0.2857 0.1378 0.3674
19280.16 0.0328 0.2958 0.1846 0.1708
19282.76 0.0522 0.0926 0.2402 0.2311
19285.36 0.0692 0.2591 0.2224 0.2514
19287.96 0.0441 0.2247 0.2651 0.2561
19290.56 0.0914 0.2903 0.2239 0.3478
19293.16 0.0998 0.2635 0.2075 0.3323
19295.76 0.0897 0.2402 0.1866 0.2631
19298.36 0.1940 0.2321 0.2555 0.2688
19300.96 0.0634 0.2639 0.3428 0.3698
19303.56 0.0919 0.2072 0.1646 0.3560
19306.16 0.0818 0.1788 0.1535 0.2654
19308.76 0.1088 0.1719 0.2023 0.2927
19311.36 0.0769 0.1998 0.1951 0.2112
19313.96 0.0682 0.1549 0.1986 0.2773
19316.56 0.1347 0.1320 0.2309 0.3839
19319.16 0.0874 0.2782 0.1952 0.3248
19321.76 0.0996 0.2993 0.2254 0.3520
19324.36 0.0658 0.1812 0.2080 0.3697
19326.96 0.0677 0.1946 0.2032 0.4005
19329.56 0.1287 0.2458 0.2047 0.3127
19332.16 0.0784 0.2042 0.2130 0.2608
19334.76 0.0678 0.2534 0.2223 0.3568
19337.36 0.0833 0.3042 0.2532 0.3095
19339.96 0.0840 0.1952 0.2365 0.2171
19342.56 0.1627 0.1943 0.2073 0.3848
19345.16 0.0832 0.2957 0.2494 0.3796
19347.76 0.1248 0.3176 0.2666 0.2803
19350.36 0.1258 0.2340 0.2288 0.3318
19352.96 0.0702 0.1383 0.2183 0.2885
19355.56 0.1187 0.2875 0.2351 0.3740
19358.16 0.0663 0.1887 0.1767 0.3728
19360.76 0.0703 0.1919 0.2497 0.2234
19363.36 0.0527 0.2981 0.1893 0.4656
19365.96 0.0945 0.2354 0.1364 0.3000
19368.56 0.0984 0.2262 0.2798 0.2424
19371.16 0.1192 0.1786 0.1775 0.1688
19373.76 0.0551 0.2133 0.2070 0.2989
19376.36 0.0473 0.2450 0.2387 0.3654
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19378.96 0.1182 0.2168 0.2557 0.4423
19381.56 0.0737 0.1321 0.2975 0.2711
19384.16 0.0424 0.1361 0.1165 0.2017
19386.76 0.1472 0.1784 0.1651 0.3602
19389.36 0.0731 0.3149 0.1607 0.2944
19391.96 0.0740 0.1864 0.1272 0.2310
19394.56 0.1103 0.1989 0.2286 0.3842
19397.16 0.0719 0.1627 0.1643 0.3207
19399.76 0.0446 0.2384 0.1939 0.2874
19402.36 0.0394 0.1143 0.2487 0.3264
19404.96 0.0344 0.1789 0.0934 0.3476
19407.56 0.0802 0.1954 0.1162 0.2348
19410.16 0.0486 0.3380 0.1909 0.1807
19412.76 0.0841 0.1472 0.2643 0.2959
19415.36 0.0353 0.1817 0.2213 0.2238
19417.96 0.1350 0.1707 0.2039 0.3806
19420.56 0.1133 0.2343 0.1968 0.3620
19423.16 0.1019 0.1113 0.2426 0.2618
19425.76 0.0468 0.1478 0.3034 0.1915
19428.36 0.0991 0.2268 0.2443 0.2816
19430.96 0.0444 0.1622 0.1872 0.2984
19433.56 0.0808 0.1215 0.1529 0.1657
19436.16 0.0600 0.2718 0.1693 0.4312
19438.76 0.0694 0.3262 0.1528 0.2737
19441.36 0.1020 0.2851 0.2736 0.2688
19443.96 0.0878 0.1270 0.1753 0.3382
19446.56 0.0579 0.2361 0.1599 0.2184
19449.16 0.0817 0.1167 0.1762 0.3972
19451.76 0.0405 0.3078 0.1844 0.2452
19454.36 0.0605 0.1039 0.1598 0.3029
19474.20 0.0735 0.2260 0.2889 0.4073
19503.94 0.1084 0.2693 0.2062 0.2275
19533.68 0.1027 0.3187 0.2008 0.3526
19563.42 0.1252 0.2558 0.1449 0.2620
19593.16 0.0897 0.2071 0.2120 0.3198
19622.90 0.0269 0.2135 0.1414 0.3378
19652.64 0.0810 0.1563 0.3399 0.3368
19682.38 0.1131 0.2155 0.2180 0.3252
19712.12 0.0491 0.1417 0.2929 0.4234
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