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SHORT-LIVED NUCLIDES AND THE ORIGIN OF THE 
SOLAR SYSTEM.  S. B. Jacobsen1. 1Department of Earth and 
Planetary Sciences, Harvard University, Cambridge, MA 02138, 
USA. 

 
Introduction: A number of now extinct short-lived nuclides, 

with half-lives ranging from ~105 (41Ca) to 108 years (146Sm), 
were present in the early solar system and provide constraints on 
chronometry and nucleosynthetic sources of early solar system 
materials. Many different stellar sources have been suggested. 
Some nuclides (such as 26Al, 41Ca, 60Fe) may be from contamina-
tion of the pre-solar molecular cloud by a single stellar source 
[supernova (SN), TP-AGB star or W-R star] close to the time of 
solar system origin. Other nuclides (such as 146Sm, 244Pu, 182Hf 
and 129I) may primarily reflect the average composition of the 
interstellar medium (ISM) at the origin of the solar system. 

Model: The average ratio of a short-lived radioactive (R) iso-
tope to a stable (S) reference isotope (NR/NS) in the ISM can be 
estimated from well established principles [1]. Normalizing this 
ratio to the nucleosynthetic production ratio (PR/PS), defines the 
parameter αR/S = (NR/NS)/(PR/PS) which has a simple relationship 
to the mean life, τR, of R:   logαR/S = logτR  – logT*  where T* = 
T<ψ>/ ψ(T), <ψ> is the mean nucleosynthetic production rate, T 
is the duration of nucleosynthesis, ψ(T) is the final production 
rate and ψ(t) is the time dependent mass production rate from 
stellar sources injected into the ISM. Thus, the average ISM val-
ues of the short-lived nuclides should lie on a line with a slope of 
1 in a logαR/S vs. logτR diagram. A new two-reservoir model for 
the ISM makes it possible to evaluate the short-lived nuclide pat-
tern in terms of the residence time of matter in molecular clouds 
(MCs) [2]. For MCs we have the following relationship: logαR/S 
= 2logτR – log[(1 – xS1)τ12 + τR] – logT* where τ12 is the resi-
dence time of matter in MCs and xS1 is the mass fraction of mat-
ter in MCs (~0.2). For τ12 >> τR, log[0.8τ12 + τR] is approxi-
mately constant and in this case the slope will be close to 2 for a 
MC. 

Results and Conclusions: There are three groups of short-
lived nuclides in a plot of logα vs. logτ: (i) 53Mn, 182Hf, 244Pu and 
146Sm lie on a trend with a slope somewhat less than 2, yielding a 
residence time of matter in MCs of τ12 ~6x107 yrs. These nu-
clides are likely produced by SNII sources injected into the inter-
stellar medium over the history of our galaxy, (ii) 129I and 107Pd 
are substantially below this trend and likely produced by SNIa 
sources which appear to have been more common earlier in the 
history of our galaxy and (iii) 41Ca, 26Al and 60Fe are too high to 
be of average galactic production; these must be a contamination 
from young stellar sources (dissimilar to typical SN sources) that 
formed within the proto-Solar MC. Thus, the pattern of short-
lived nuclides is consistent with the birth of the solar system in a 
MC complex that was exchanging matter with (1) the remaining 
ISM at a timescale of ~6 x107 yrs and (2) with addition of fresh 
nucleosynthetic matter from young stars in this region at the time 
of solar system formation. The interpretation of the logα-logτ 
diagram by Cameron and Lodders [3,4] is incorrect. 

References: [1] Schramm D. N. and Wasserburg G. J. 1970. 
ApJ. 162:57–69. [2] Jacobsen S. B. 2005. ASP Conference Series 
30:. [3] Cameron A.G.W. and Lodders K. 2004. Abstract #1181. 
35th Lunar and Planetary Science Conference.  [4]  Lodders K. 
and Cameron A.G.W. 2004. Abstract #1186. 35th Lunar and 
Planetary Science Conference. 
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CONTINUED ISOTOPIC STUDIES OF PRESOLAR 
GRAPHITE FROM ORGUEIL. M. Jadhav1, S. Amari1, E. Zin-
ner1, and T. Maruoka1*, 1Laboratory for Space Sciences, Washing-
ton University, St. Louis, MO 63130, USA. (mjadhav@wustl.edu) 
*present address: Graduate School of Life and Environmental Sci-
ences, University of Tsukuba, Ibaraki 305-8572, Japan. 
 

Introduction: Earlier this year we reported the successful iso-
lation of presolar graphite from Orgueil [1]. We presented 
NanoSIMS C and O isotopic data on three density fractions: 
ORG1b (1.59-1.67 g cm-3), ORG1d (1.75-1.92 g cm-3) and ORG1g 
(2.04-2.12 g cm-3). While only isotopically normal grains were 
found in ORG1b, ORG1d, and ORG1g have presolar graphite as 
indicated by their C isotopes. Ten grains from ORG1d have 18O 
excesses, indicating a supernova (SN) origin. Here we report C, N, 
O and Si isotopic analyses of three new density fractions: ORG1c 
(1.67-1.75 g cm-3), ORG1f (2.02-2.04 g cm-3) and ORG1i (2.16-
2.30 g cm-3) and N and Si isotopic data on the anomalous fractions 
(ORG1d and ORG1g). 

Experimental: Carbonaceous grains identified by X-ray 
analysis in the SEM were analyzed in the NanoSIMS in multidetec-
tion mode. 12C-, 13C-, 16O- and 18O- (phase 1) and, 12C14N-, 12C15N-, 
28Si-, 29Si- and 30Si- (phase 2) secondary ions were counted by bom-
barding the sample with a Cs+ primary beam. 

Results and Discussion:  The new fractions, ORG1c, 1f and 
1i all contain presolar graphite with 12C/13C ratios that range from 
4-1746. The abundance of grains with isotopically light carbon in-
creases with density. ORG1c has one 18O-rich grain but ORG1f and 
1i exhibit solar 16O/18O ratios. This agrees with the trend reported 
previously in Orgueil and Murchison [1, 2], that the abundance of 
18O-rich grains decreases with increasing density. Seven out of the 
ten 18O-rich grains from ORG1d were found to be enriched in 28Si. 
Both these signatures point to a SN origin [3]. These grains also 
contain isotopically heavy nitrogen. The rest of the fractions have 
relatively normal 14N/15N ratios, with a few exceptions that are en-
riched in 15N. Figure 1 shows the 29Si/28Si and 30Si/28Si ratios meas-
ured in the heavy fractions ORG1f, 1g and 1i. While the lower-
density fractions have 28Si-rich grains, these high-density fractions 
have grains that are enriched in 30Si and 29Si. Most 30Si-rich grains 
contain isotopically light carbon. These signatures are expected for 
low-metallicity AGB stars where 12C and 29,30Si are dredged up 
from the He shell into their envelopes. These stars are the most 
likely source for the high density graphite grains in Orgueil that 
display 30Si and 12C excesses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References: [1] Jadhav M. et al. 2005. Abstract #1976. LPS 

XXXVI. [2] Hoppe P. et al. 1995. GCA 59: 4029-4056. 
[3] Travaglio C. et al. 1999. ApJ. 510, 325-354.  
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SAHARA 03500:  A UNIQUE ACHONDRITE.  Albert 
JAMBON1 and Bertrand DEVOUARD2 2Laboratoire MAGIE, 
Université P. et M. Curie, Paris. 3UFR des Sciences de la 
Terre, Université P. et M. Curie, Paris. Laboratoire Magmas et 
Volcans, UMR 6524, Clermont-Ferrand, France. 
jambon@ccr.jussieu.fr 

 
SAHARA 03500 collected in march 2003, is a single stone 

of 221 g. A nice greenish crust is preserved on one side. 
Centimetric to micrometric globules of sulfide and metal 
(about 6 vol. %) are dispersed in a light fine grained silicate 
matrix. A few fine dark shock veins crosscut the rock. 

 

 
 
Mineralogy: The silicate matrix exhibits a magmatic 

texture with subhedral olivine (Fo70, 40 vol. %) and  Pigeonite 
(En66-Fs30-Wo4, 25 %) rimmed by augite (En43-Fs22-Wo35, 
13 %)  surrounded by interstitial glass of nearly feldspathic 
composition (13%). The largest globules contain dendritic 
kamacite (2%) surrounded by pyrrhotite (4%). In smaller 
globules, sulfide is peripheral with metal exsolved as fine 
dendrites; a core of metal contains dominant kamacite with 
fine winding exsolutions of taenite and  globular schreibersite. 
Some parts of the section appear severely brecciated.. 

Chemistry: Bulk chemical analysis indicate a nearly 
chondritic composition close to LL chondrites with significant 
differences though. The K/Na ratio is about 8 times CI. The 
REE pattern is slightly enriched in light REE while the heavy 
REE are flat. The Fe/Ni/Co ratios and abundances indicate 
clearly that the rock has lost a significant siderophile 
component. 

Conclusions: SAH 03500 is a primitive achondrite 
marginally differentiated from a chondritic precursor.. It 
probably suffered significant impact melting and rapid cooling 
at the surface of a chondritic asteroid. 
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HETEROGENEOUS Th-U-Pb ISOTOPE AND 
ELEMENTAL SYSTEMATICS IN CALCIUM-
ALUMINUM-RICH INCLUSIONS DETERMINED BY LA-
ICPMS. K.P. Jochum1, J.M. Friedrich2, D.S. Ebel2 and S.J.G. 
Galer1. 1Max-Planck-Institut für Chemie, Postfach 3060, 55020 
Mainz, Germany (kpj@mpch-mainz.mpg.de; sjg@mpch-
mainz.mpg.de). 2Department of Earth and Planetary Sciences, 
American Museum of Natural History, New York, NY 10024-
5192, USA.(fried@amnh.org; debel@amnh.org). 

 
Introduction: It is generally believed that Ca, Al-rich inclu-

sions (CAIs) formed in the solar nebula very early by high tem-
perature processes. Lead isotopes can provide absolute formation 
ages of CAIs with high precision [1,2]. The most precise ages of 
4566 ± 2 Ma [3] and 4567.2 ± 0.6 Ma [4] have been determined 
for CAIs from the CV chondrites Allende and Efremovka, re-
spectively. Lead isotopes also contain a record of the chemical 
environment in which the Pb resided via their uranogenic and 
thorogenic Pb components. There are only a few investigations 
of Th-U-Pb systematics in CAIs, and none with high spatial reso-
lution. To obtain further insight, we used LA-ICPMS to deter-
mine 208Pb/206Pb, 207Pb/206Pb ratios, and Pb, Th, U abundances in 
CAIs and matrix from the carbonaceous chondrites Allende, Ax-
tell, Vigarano, Gao Guenie (b), Leoville and NWA-2364.  

Experimental: Analyses were done with a New Wave UP 
213 Nd:YAG laser ablation system combined with a single-
collector sector-field ThermoFinnigan ELEMENT2 ICPMS [5]. 
To measure the Pb, Th and U isotopes as precisely as possible, 
the fast electrical mode was used. Point analyses were done using 
laser spot diameters of 80 – 120 µm at an energy density of about 
7 J/cm2. Ablation times were about 60 – 80 s, with a few µg sam-
ple being ablated per analysis.  Typically, a single spot analysis 
consisted of about 150 blank and 500 ablation measurements. 
Mass fractionation was calibrated using intercalated measure-
ments of the MPI-DING KL2-G reference glass [5]. We obtained 
in-run precisions (1 RSE) of about 0.2 – 0.5 % on 207Pb/206Pb and 
208Pb/206Pb for concentrations of 2 to 0.2 ppm. Unfortunately, 
204Pb cannot be reliably determined at this level. Th/U and Pb/U 
elemental ratios could be measured with a precision of about 1 
%. 

Results and discussion: The Pb isotopic compositions of the 
matrix (208Pb/206Pb = 3.1, 207Pb/206Pb = 1.1) from the various 
chondrites are almost primordial [6]. In contrast, 175 CAI meas-
urements show extremely variable Pb isotope ratios: 207Pb/206Pb 
and 208Pb/206Pb ratios range from about 1 to 0.63, and 0.6 to 4.1, 
respectively. Measured Pb/U and Th/U ratios are also quite vari-
able. For example, Th/U ratios in Allende CAIs vary from about 
3 to 15 whereas the matrix value is 3.75 ± 0.11. Assuming a sin-
gle-stage model and an age of CAIs of 4560 Ma, the µ 
(238U/204Pb) and κ (232Th/238U) values lie between about 2 - 300, 
and 3 - 18, respectively. Similarly, measured versus calculated 
U/Pb and Th/U ratios are well correlated for the inividual CAI 
spot analyses, showing that the Th-U-Pb system has not been 
significantly disturbed at the  ~100 µm scale. 

References: [1] Chen J.H. and Wasserburg G.J. 1981. Earth 
Planet. Sci. Lett. 52:1-15. [2] Manhes G. et al. 1987. Meteoritics 
22:453-454. [3] Allègre C.J. et al. 1995. Geochim. Cosmochim. 
Acta 59:1445. [4] Amelin Y. et al. 2002. Science 297:1678-1683. 
[5] Jochum K.P. et al. 2005. Int. J. Mass Spectr. 242:281-289. [6] 
Tatsumoto M. et al. 1973. Science 180:1279-1283. 
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SYNTHESIZING ORGANICS USING AMORPHOUS Mg- 
AND Fe- SILICATE GRAINS N. M. Johnson1,2, M. Martin3, J. 
P. Dworkin1, and J. A. Nuth III1. 1Astrochemistry Lab, NASA’s 
Goddard Space Flight Center, Greenbelt, MD. 2NAS/NRC Resi-
dent Research Associate. 3The Catholic University of America, 
Washington, DC. 

 
Introduction: It is unknown what exact process or combination 
of processes produced organics that are found in meteorites or are 
detected in comets and nebulas. One particular process that forms 
organics are Fischer-Tropsch type (FTT) reactions. Fischer-
Tropsch type synthesis produces complex hydrocarbons by hy-
drogenating carbon monoxide via surface mediated reactions. 
The products of these reactions have been well-studied using 
‘natural’ catalysts [1] and calculations of the efficiency of FTT 
synthesis in the Solar Nebula suggest that these types of reactions 
could make significant contributions to the composition of mate-
rial near three AU [2].  We use FTT synthesis to coat Fe-silicate 
and Mg-silicate amorphous grains with organic material to simu-
late the chemistry in the early Solar Nebula. These coatings were 
found to be composed of macromolecular organic phases [3]. 
Previous work also showed that as the grains became coated, 
Haber-Bosch type reactions took place resulting in nitrogen-
bearing organics [4]. 

We discuss the differences/similarities of the produced or-
ganics (solid and gas phase) and their production rates using ei-
ther amorphous Mg- silicate grains or amorphous Fe- silicate 
grains as the starting material.   

Experiments:  We circulate CO, N2, and H2 gas through Fe- 
or Mg- amorphous silicate grains that are maintained at a specific 
temperature. The gases are passed through an FTIR spectrometer 
and are measured to monitor the reaction progress.  Each cycle 
begins with 75 torr N2, 75 torr CO, and 550 torr H2 before the 
grains are brought to temperature (i.e., 400 or 500°C). After the 
gas has circulated for a predetermined amount of time, the heat-
ing element is turned off and the gas is pumped away. We repeat 
this process approximately fifteen times.  

In addition to real time gas measurements using FTIR, we  
periodically collect a gas sample for additional analysis using a 
cold trap and a solvent (e.g., high purity acetonitrile). We ana-
lyze the ‘trapped’ gas sample using GCMS. Solid samples are 
analyzed using FTIR, GCMS (including pyrolysis) and poten-
tially by NMR spectroscopy. Extraction techniques are also used 
to analyze the organic coatings. 

Discussion:  These experiments show that these types of re-
actions are an effective process to produce complex hydrocar-
bons. In the future, we will subject the reacted samples to thermal 
annealing and/or hydration to determine how these processes af-
fect the deposited organic layers. These secondary processes 
would mimic what may have occurred on meteorite parent bodies 
and ideally give insight into the history of meteoritic organics. 
Overall, organics generated in this manner could represent the 
carbonaceous material incorporated in comets and meteorites. 

References:  [1] Hayatsu R. and Anders E. 1981. Topics in 
Current Chemistry 99:1-37. [2] Kress M. E. and Tielens A. G. G. 
M. 2001. Meteoritics & Planetary Science 36:75-91. [3] Johnson 
N. M. et al. 2004. Abstract #1876. 35th Lunar & Planetary Sci-
ence Conference. [4] Hill H. G. M and Nuth J. A. 2003. Astrobi-
ology 3:291-304.  
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SOUTH POLE-AITKEN BASIN AND THE COMPOSI-
TION OF THE LUNAR CRUST. B. L. Jolliff1 and J. J. Gillis2. 
1Dept. of Earth and Planetary Sciences, Washington University, 
St. Louis. E-mail: blj@wustl.edu. 2Hawaii Inst. of Geophysics 
and Planetology, U. Hawaii. 

 
The early differentiation of the Moon generated a crust 

strongly enriched in alumina as well as trace elements that are 
incompatible in basaltic systems. Knowledge of rocks and soils 
from the lunar surface, coupled with global compositional remote 
sensing, allow us to infer the composition of the crust.  The 
weakest link in understanding the bulk crustal composition is the 
deep crust, which also holds key information about the nature of 
the crust-mantle separation during magma-ocean solidification. 
South Pole-Aitken basin (SPA) excavated deep into the crust and, 
despite an extensive history of post-SPA impacts, the materials 
remaining in and around the SPA basin retain a record of the 
deep crustal composition (see below). This composition can be 
used to address key questions such as: (1) is the deep crust het-
erogeneous in different regions of the Moon, as is the case for the 
major surface compositional “terranes,” (2) is KREEP uniformly 
distributed in the lower crust, and (3) is the lower crust signifi-
cantly more mafic than the upper crust and is it ferroan or mag-
nesian?  

Thorium and Fe concentrations, which were well determined 
by the Lunar Prospector gamma-ray spectrometer (LPGRS), have 
been binned to half-degree per pixel resolution [1] and have been 
correlated and validated empirically using sample-based data sets 
[2]. Either of these two elements projected globally show clearly 
the compositional anomaly of the SPA basin. The basin has ele-
vated Fe relative to its surroundings, with FeO typically in the 
range of ~8-11 wt.%. This enrichment occurs across the entire 
basin and is not localized near small exposures of mare basalts. 
Thorium concentrations are also elevated relative to surround-
ings, ranging 1-4 ppm, with a mean of ~2 ppm. For comparison, 
the surrounding feldspathic highlands range 0-3, with a mean of 
~0.5 ppm. On the other side of the planet, the Procellarum 
KREEP Terrane (PKT) exposes materials with Th concentrations 
ranging to >12 ppm.  If the latter concentrations reflect KREEP-
bearing materials derived from the lower crust, then the SPA ba-
sin, which excavated deep-seated materials, did not sample simi-
larly KREEP-enriched lower-crustal material. Mass-balance cal-
culations for Th suggest that the PKT is the anomalous region 
and that the SPA basin exposed more typical lower crust. Taking 
the SPA basin as representing the lower part of a layered crust 
leads to whole-Moon Th concentrations of roughly 2-
3×chondritic, depending on crustal thickness and on whether the 
mantle is differentiated throughout its depth. 

Concentrations of Mg determined by the LPGRS are avail-
able only for 5-degree resolution. Using data released June 2002, 
values of Mg/(Mg+Fe)×100 range mainly 64-72, with a mean of 
68, which is modestly ferroan. At issue is whether the lower crust 
is a ferroan complement to the anorthositic upper crust.  How-
ever, without better knowledge of the mix of lower crust, upper 
mantle, and mare basalt (including cryptomare) in SPA regolith, 
this remains an open question. Data from the SMART-1 X-ray 
spectrometer may improve these values. 

References: [1] Lawrence D.J. et al., 2003, Lunar Planet. 
Sci. 34, Abstract #1679; [2] Gillis, J.J. et al., 2004, Geochim. 
Cosmochim. Acta 68, 3791-3805. 
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CALCULATIONS OF LUNAR BUILK COMPOSITION. 
J. H. Jones, KR, NASA/JSC, Houston, TX 77058.  
(jjones2@em.s.jsc.nasa.gov) 

 
The bulk composition of the Moon is of considerable inter-

est.  Quite probably, if we knew the Moon’s composition, we 
would have a much better understanding of the Moon’s origin 
than we currently do.  Therefore, it is important to understand 
how estimates of the Moon’s composition are derived and the 
assumptions that are required in these calculations.  As will be 
seen below, very small differences in the boundary conditions of 
a bulk composition calculation can lead to important difference in 
the results.  Of course, the real reason for these differences and 
uncertainties is because we have no sample of undifferentiated 
lunar matter.  Unlike the Earth, where we believe we can sample 
nearly undifferentiated bulk silicate Earth (BSE) as mantle xeno-
liths, there are no samples of the bulk silicate Moon (BSM).  Nor 
are there lunar basalts that are unequivocally from undifferenti-
ated source regions.  Consequently, we resort to calculation. 

 
There are two main classes of calculated BSM — “Earth-

like” and “refractory enriched.”  The Earth-like category has 
been advocated by Wänke and co-workers, Ringwood and co-
workers, and Jones and Delano, and I will rely heavily on the 
Jones and Delano discussion here.  In the models derived by 
these researchers, the Moon is viewed as generally chondritic and 
Earthlike in its refractory elements (CaO, MgO, and Al2O3), dif-
fering from the Earth mainly by enrichment in FeO and depletion 
in volatile elements like Na and K. 

The refractory-enriched Moon has been championed by 
Taylor and co-workers and by some geophysical studies.  In these 
models the Moon has ~1.5X the CaO and Al2O3 of the Earth.  
Enrichment of these refractory oxides is often ascribed to deple-
tion of less refractory elements such as MgO and SiO2, which are 
believed to have been lost by volatilization during a giant impact 
event. 

All models of lunar composition must make some assump-
tion about the value of a major element ratio such as Mg/Si or 
Mg/Al.  Taylor assumed that the Moon possessed a CI Mg/Si ra-
tio (0.93). Conversely, Wänke and Ringwood, believing that the 
Earth and Moon were formed from similar materials at the same 
heliocentric distance, used a terrestrial Mg/Si ratio (~1.1).  Jones 
and Delano, believing on theoretical grounds that Si might be 
more volatile than Mg or Al, chose to use a CI Mg/Al ratio. 

With hindsight, it turns out that the choice of major element 
ratio that was used in BSM calculation determines whether the 
result is Earth-like or refractory enriched.  The Wänke-Ringwood 
Moon is not refractory enriched because the higher Mg/Si ratio 
requires that there be ~30% more normative olivine, which di-
lutes the refractory component.  Ironically, the choice of a CI 
Mg/Al in the Jones and Delano calculation produced almost ex-
actly the same result as choosing a terrestrial Mg/Si ratio. 
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STUDIES OF 14C AND 10BE PRODUCTION RATES AND 
TERRESTRIAL AGES OF DESERT METEORITES.  A. J. 
T. Jull1, L. R. McHargue1, K. J. Kim1, J. A. Johnson1, P. A. 
Bland2 & A. W. R. Bevan3. 1 NSF Arizona AMS Laboratory, 
University of Arizona, Tucson, AZ 85721, USA. E-mail: 
jull@email.arizona.edu 2Department of Geology, Imperial Col-
lege, London SW7, UK.  3Western Australian Museum, Francis 
St., Perth, WA 6000, Australia.   

 
Introduction: We have investigated the terrestrial ages, or 

residence time on the Earth’s surface, of 76 meteorites from 
Western Australia, and one from South Australia, using both 14C 
measurements and also 14C/10Be.   Some of the 14C measurements 
have been reported previously [1].  We have now included 10Be 
measurements from 30 meteorites.   We find that the 14C/10Be 
terrestrial ages are more precise than 14C alone, since we can cor-
rect for shielding effects.  We compared the two different age 
determinations, where measured, which generally agreed within 
1-2ka.   

 Production rates:  Kring et al. [2] and Welten et al. [3,4] 
assumed a constant production ratio of 14C to 10Be, in order to use 
10Be as a shielding correction for 14C terrestrial ages of meteorites 
of 2.5 to 2.6.  In general, ordinary chondrites all have saturated 
10Be (exposure ages >5Myr) and any low value of 10Be is due to 
shielding [5].   For meteorites of lower exposure age, it is impor-
tant to correct for the exposure age. We have modeled the behav-
ior of 14C/10Be vs. 10Be for different-sized meteoroids.  Our re-
sults indicate that for meteoroids of radius (R) > 30cm, 14C/10Be 
increases with depth into the object.  For larger objects, R>50cm, 
14C/10Be is highest close to the center, 2.5 to 3.0 and declines to 
~2.0 at the surface of these objects.  For smaller objects, 
R<25cm, 14C/10Be ratios are 2.0 or less.    

Experimental:  We have compared the modeling to 14C and 
10Be results from known falls and to 12 Western Australian (WA) 
meteorites of low terrestrial age (Tterr<2kyr).   An intriguing re-
sult is that we found that these WA meteorites studied must have 
come from object with R>45cm.    We also found one meteorite 
(Mundrabilla 005) which has an unusually high value of 14C/10Be. 

Summary:  In principle, improved precision on 14C terres-
trial ages can be achieved by using 14C/10Be to correct for shield-
ing [2,3,4], or using 22Ne/21Ne as noted by Schultz et al. [6].  
However, it is clear a better understanding of the systematics of 
changes of these various nuclides as a function of depth in the 
meteoroid must also be taken into account. 

References: [1] Bland P. A. et al.  2000. Quaternary Re-
search 53:131. [2] Kring D. A. et al. 2001. Meteoritics and 
Planetary Science 36:1057. [3] Welten K. C. et al. 2001. Meteor-
itics and Planetary Science 36: 201.   [4]  Welten K. C. et al. 
2004. Meteoritics and Planetary Science 39: 481. [5] Graf Th. et 
al. 1990.  Geochimica et Cosmochimica Acta 54: 2521. [6] 
Schultz L. et al. 2005. Meteoritics and Planetary Science 40, in 
press. 
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