
NOBLE GASES AND NITROGEN IN THE KLE98300 EH3 CHONDRITE.  D. Nakashima1, S. Herrmann1, U. 
Ott1, A. El Goresy2, and T. Nakamura3, 1Max-Planck-Institut für Chemie, J.-J.-Becher-Weg 27, D-55128 Mainz, 
Germany, 2Bayerisches Geoinstitut, Universtät Bayreuth, D-95440 Bayreuth, Germany, 3Department of Earth and 
Planetary Sciences, Kyushu University, Hakozaki, Fukuoka 812-8581, Japan.  (naka@mpch-mainz.mpg.de) 

 
 
Introduction: The KLE98300 meteorite is an Ant-

arctic meteorite and is classified as an EH3 chondrite 
[1].  In this meteorite, we found large numbers of 
graphite grains associated with Fe-Ni metal.  Such 
graphite grains are considered to be products of parent 
body metamorphism [2, 3].  Isotopic compositions of 
carbon and nitrogen in graphite and in bulk meteorites 
give important clues to the parent body processes [e.g., 
3-5].  We have initiated a mineralogical, C- and 
N-isotopic, and chemical study of graphite in 
KLE98300 and the bulk meteorite.  This study should 
provide information on parent body processes of en-
statite chondrite parent bodies.  Here we report the 
results of noble gas and nitrogen analyses of the bulk 
meteorite as the beginning of our comprehensive study. 

Experimental: We measured noble gases and ni-
trogen in two ways: stepped pyrolysis and total extrac-
tion.  A 66.22mg sample was used for stepped pyrolysis 
at 500, 900, 1200, and 1700°C.  A 27.79mg sample was 
used for total extraction at 1700°C.  Concentrations and 
isotopic ratios of noble gases and nitrogen were meas-
ured with a MAP215-50 mass spectrometer [6]. 

Results and Discussion: Ne is mostly cosmogenic 
except for some atmospheric-Ne released at 500°C.  
Elemental ratios in this fraction also show the presence 
of atmospheric gases (Fig. 1; [7]), indicative of terres-
trial contamination.  With increasing temperatures, 
elemental ratios decrease towards the origin (Fig. 1).  In 
the 1200 and 1700°C fractions, data plot below subsolar, 
characteristic for E4-6 chondrites [8, 9] and even below 
Q [10].  The low 36Artrapped/132Xe ratios suggest the 
presence of sub-Q gases (36Ar/132Xe=37±18; [9]).  
Sub-Q gases are characteristic for solar-gas-free E3 
chondrites and are believed to originate from frac-
tionation of Q-gases [9].  Xe isotopic ratios in the 500 
and 900°C fractions plot between Xe-Q [10] and -Air 
[11] (Fig. 2).  In the 1200 and 1700°C fractions, Xe 
isotopic ratios are close to those of Xe-Q, but not to 
those of Xe in E4-6 chondrites with subsolar gases [8, 
9] (Fig. 2).  Small contributions of cosmogenic-Xe are 
seen in these fractions (not shown in Fig. 2) and of Xe 
produced by fission of 244Pu [7] in the 1700°C fraction 
(Fig. 2).  The low 36Artrapped/132Xe ratios in the 1200 and 
1700°C fractions and Xe-Q like isotopic ratios in these 

fractions support the conclusion that sub-Q gases are 
fractionated Q-gases [9]. 
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Fig. 1: 36Artrapped/132Xe vs. 84Kr/132Xe diagram.  Nu-
merals near the data points are heating temperatures in 
°C. 
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Fig. 2: Xe three isotope diagram.  Numerals near the 
data points are heating temperatures in °C. 
 

Cosmic-ray exposure ages were calculated from 
concentrations of cosmogenic 3He, 21Ne, and 38Ar, the 
formulae given by [12], and the shielding parameter 
(22Ne/21Ne)Cosmogenic (= 1.26).  The shielding parameter 
is obtained from Ne isotopic ratios at 900-1700°C.  
Derived exposure ages are as follows: T3=4.1Ma, 
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T21=7.3Ma, and T38=3.0Ma (average values of the two 
samples).  The short T3 is explained by cosmogenic 3He 
diffusive loss probably due to solar heating during 
transit to the earth.  The short T38 age may be caused by 
cosmogenic 38Ar loss from carrier phases during ter-
restrial weathering [e.g., 13]. 

We derived the following gas retention ages, using 
concentrations of radiogenic 4He and 40Ar and concen-
trations of U, Th, and K in E chondrites [14]: T4=3.0Ga 
and T40=3.3Ga (average values of the two samples).  
Both ages are shorter than the crystallization ages of 
chondrites of about 4.5Ga, indicative of partial losses of 
radiogenic 4He and 40Ar.  The T4 age is shorter than the 
T40 age, which is attributed to preferential radiogenic 
4He loss accompanied by cosmogenic 3He loss due to 
solar heating. 

E4-6 chondrites are known to contain 100-1000ppm 
nitrogen [4], and δ15N values range from -47.4‰ to 
+0.6‰ [4].  Nitrogen concentrations and δ15N values of 
our two samples are in the ranges of E4-6 chondrites 
(see Fig. 3).  Nitrogen concentrations and δ15N values 
seem not to be related to petrologic type, as discussed in 
[4].  The δ15N values of the two samples are different 
from each other (Fig. 3), which may be due to hetero-
geneous distribution of N-bearing minerals [4].  Figure 
3 depicts the release pattern of nitrogen and changes of 
δ15N values.  Isotopically heavy nitrogen is released at 
500 and 900°C.  Considering terrestrial contamination 
of noble gases in the 500°C fraction (see above), ni-
trogen in this fraction should be also affected.  In this 
case, the δ15N value is higher than 20‰.  In the 1200 
and 1700°C fractions, nitrogen is isotopically light, and 
about 70% of nitrogen is released.  Thus, nitrogen in 
KLE98300 includes two characteristics: (1) lighter 
nitrogen is released in the higher temperature fractions 
(>1200°C) and (2) an enormous proportion of nitrogen 
(70%) is released in these fractions.  These two char-
acteristics are seen also in other E chondrites [4, 6]. 

To conclude, trapped noble gas signatures of 
KLE98300 are different from those of E4-6 chondrites 
(see above).  This is consistent with previous results [9].  
Patzer and Schultz [9] suggested distinct evolutionary 
paths for E3 and E4-6 chondrites prior to parent body 
metamorphism.  Newton et al. [15] also inferred from 
oxygen isotopic compositions of E chondrites that E3 
chondrites were different from E4-6 chondrites prior to 
the metamorphism.  On the other hand, there appears to 
be no difference between nitrogen signatures of 
KLE98300 and of E4-6 chondrites.  This suggests that 
N-bearing minerals in E3 and E4-6 chondrites emerged 
from the same nitrogen reservoirs. 
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Fig. 3: Release pattern of nitrogen and changes of δ15N.  
Gray bars are errors of δ15N, and numerals near the gray 
bars are heating temperatures in °C. 
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