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Introduction:  The extraterrestrial origin of un-

melted micrometeorite collections in Greenland1 and 
Antarctica2 have been demonstrated by implanted solar 
and cosmogenic 21Ne, but generally the heavier noble 
gas content in this size range is right at the margin of 
measurement.  Since these original studies, Sarda et al. 
measured the elemental composition in one large (230 
mg) micrometeorite providing additional isotopic con-
straints3; Baecker et al.  placed additional constraints 
noble gas isotopic and elemental content4,5. 

During a collection in 1994 near the margin of the 
Cap-Prudhomme ice field, team glaciologists  with 
Maurette recommended sampling of a specifc 1500 m2 
section of ice (out of a 50,000 m2 surface) that was 
under compression, blocking vertical turbulence, and 
therefore likely free of moreinic debris. In this collec-
tion ~ one grain out of every five was a micrometeor-
ite, providing favorable conditions to search for large 
unmelted micrometeorites.6 

Likely micrometeorites in sieve fractions 100-400 
micron and > 400 micron were selected from this col-
lection based on experience from previous work1-3.  In 
both of these size ranges samples were optically se-
lected in France based on dark color, very limited fu-
sion crust (irregular surface texture) and in many cases 
light magnetism.  Fourteen samples in the 100-400 
micron size range and seven samples in the > 400 mi-
cron size range were then selected in St. Louis for no-
ble gas analyses.  Figure 1 is an example of SEM and 
EDX data collected for the smaller samples; SEM data 
were not collected on the larger samples due to com-
munication errors. A subset of samples were fragment-
ed between glass microscope slides for possible fol-
low-up in nana-SIMS measurements, but otherwise 
whole particles were weighed on a Cahn microbalance 
and loaded into laser extraction cells drilled into an 
aluminum SEM microscope slide. 

  
 
 

Summary of results: Results for the two different 
size fractions are summarized separately. 

100-400 micron -- Fourteen samples were ana-
lyzed.   Ne: four of these 14 samples have Ne charac-
terized by implant-fractionated solar wind, and two 
additional samples have 20Ne several times above 
blank but had insufficient Ne to unambiguously distin-
guish the isotopics between terrestrial and solar.  All of 
these range from 1e-7 to 1e-5 ccSTP/g 20Ne.  He: each 
of the particles with Ne above blank also had He well 
above blank (ranging from 8 to 340 times the blank 
level) and 3He/4He ratios ranging from 2.5-5.7 x10-4, 
consistent with the expected range of implanted solar 
wind.  Ar: five of the six samples with implanted solar 
He or Ne had clearly measurable 36Ar and 38Ar, with 
40Ar/36Ar ratios ranging from ~10-30 (compared to air 
at ~297).  Kr/Xe: three of the samples with implant-
fractionated solar Ne also have measurable Kr and Xe.   

>400 micron -- Seven samples were analyzed.  Ne: 
Four of these samples had 20Ne that was clearly above 
blank, two were 2-3 times blank and one was 17 times 
blank level.  20Ne concentrations range from 1e-9 to 
1e-8 ccSTP/g, systematically lower than the 100-400 
micron samples, strongly suggesting partial outgassing 
or shorter exposure to solar wind.  At these gas quanti-
ties CO2

++ interference on the measurement of 22Ne 
makes uncertainties on 20Ne/22Ne  too large to distin-
guish terrestrial from solar gas.  However, excesses in 
21Ne from spallation (21Ne/20Ne > .003) provide unam-
biguous classification of these four samples as extra-
terrestrial. He: All except two of the samples show 
clear 3He excesses (and 3He/4H > 1e-2), strongly sug-
gesting spallogenic He and therefore exposure to cos-
mic rays. Ar: In contrast to the 100-400 micron size 
fraction, three of the four > 400 micron samples with 
spallogenic Ne have 40Ar/36Ar higher than air, and the 
fourth has uncertainties that overlap atmospheric com-
position.  Three of the four samples with Ne above 
blank also have Kr and Xe that are well above blank; 
one of these, is clearly distinct from the others in that it 
is dominated by radiogenic Ar and Xe, with larger 
amounts of 4He, 3He and 21Ne than any of the others; 
the 4He is likely from alpha decay associated with the 
parent of the radiogenic Xe and the large 3He and 21Ne 
(both spallogenic) demonstrate exposure to cosmic 
rays. 
 

Figure 1. “Typical” SEM image and EDX spectrum from the 
100-400 micron size fraction of this collection. 
 



 
Discussion:  At least half of the samples that se-

lected for noble gas work were extraterrestrial, based 
on implanted solar Ne and possibly all of the >400 
micron samples were extraterrestrial based on 3He/4He 
ratios. Elemental ratios are shown in Figure 2, normal-
ized to the Lunar ilmenite ratios7, for all samples 
where each gas was measurably above blank; Xe iso-
topic delta values for the >400 micron samples are 
shown in Figure 3, normalized to surface-correlated 
Xe in Lunar soils (SUCOR)8.  Enrichments in favor of 
heavy elements and heavy isotopes likely reflect a 
combination of solar wind implantation as well as par-
tial degassing during atmospheric entry, both of which 
would favor retention of the heavy gases.  Similar to 
Baecker et al., a high degree of variability is seen in 
the noble gas elemental abundances. 

 

 
In the 100-400 micron samples, the correlation be-

tween large concentrations of solar Ne and compara-
tively large amounts of heavy gases suggest that these 
are all reliably from implanted solar wind, although 
with variable fractionation from implant and diffusive 
loss. The > 400 micron fraction in this collection 
shows clear differneces in 40Ar/36Ar ratio (greater than 
atmospheric) from both the smaller samples in this 
study and the larger samples (600-800 micron sam-
ples5 from Transantarctic Mountains9) in Becker et al, 
suggesting that different collections and even different 
size fractions from a single collection may represent 
significantly different solar system sources. 
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Figure 3. Delta values of Xe relative to SUCOR for the 
two non-radiogenic >400 micron samples compared to 
results from Sarda et al.’s temperature steps on one large 
Greenland micrometeorite.  Note that the radiogenic 
sample in this study has 132Xe/130Xe, 134Xe/130Xe and 
136Xe/130Xe that are progressively off scale on this plot. 
 

Figure 2. Noble gas distributions (4He/130Xe, 20Ne/130Xe, 
36Ar/130Xe, and 84Kr/130Xe normalized by 125 micron Lunar 
Ilemenite ratios7 Gas/130Xesolar) measured in the 100-400 
micron size fraction (diamond shape), > 400 micron size 
fraction (squares) from Antarctica, compared to the three 
temperature steps reported in Sarda et al. (circles). 

20Ne 

4He 

36Ar 

84Kr 


