
40AR-39AR AGES OF METAMORPHISM PRESERVED IN THE ACHONDRITE GRA 06129  
Fernandes, V. A. S. M.1,2* and C. K. Shearer3; 1Berkeley Geochronology Center, Berkeley, CA, USA 
(veraafernandes@yahoo.com); 2Dept. Earth & Planetary Science, Univ. California, Berkeley, CA, USA; 3Inst. Meteoritics, Univ. 
New Mexico, NM, USA. *Currently at CREMINER/LA-ISR, Univ. of Lisbon, Portugal. 

 
GRA 06129: The recently recovered paired Antarctic achon-
drites Graves Nunatak 06128 and 06129 (GRA) are meteor-
ites representing high-temperature asteroidal processes that 
are identified in only a few other meteorites [1,2]. The high 
temperature assemblage in the GRA meteorites (high abun-
dances of sodic plagioclase, relatively Fe-rich pyroxenes and 
olivine, abundant phosphates), in part, represents an epi-
sode of very early planetesimal melting (~4.566 Ga, [1]) of a 
geochemical reservoir from an asteroid that has characteris-
tics similar to the brachinite parent body [1,2]. Superimposed 
on the high-temperature magmatic assemblage are multiple 
events such as subsolidus cooling, metamorphism, shock, 
and potentially interactions between fluid and the mineral 
assemblage. Using Ar-Ar, we attempt to reconstruct the 
events following the initial period of crystallization. 

Analytical method: The 40Ar-39Ar laser stepped-heating 
technique has been applied to three fragments of GRA 
06129 weighing 1.85, 2.30 and 2.95 mg. The aim was to 
possibly determine the time of crystallisation and the age of 
event(s) that may have caused the observed metamorphism. 
Prior to analyses, the fragments were irradiated for 100 
hours in a Cd-shielded (to minimize undesirable isotopic 
interference reactions) CLICIT facility of the TRIGA reactor 
at Oregon State University, USA.  Samples and the neutron 
fluence monitor PP-20 hornblende (the same as Hb3gr) were 
loaded into pits within aluminium disks. The J-values were 
calculated relative to an age of Hb3Gr = 1073.6±5.3 Ma [3] 
and using the decay constants of [4]. All measurements were 
corrected for blank, mass discrimination, interference and 
radioactive decay. 

Results:  40Ar-39Ar step heating data for the three bulk 
fragments of GRA 06129 are reported in Table 1, age spec-
tra in Fig. 1, 40Ar/36Ar vs. 39Ar/36Ar plot in Fig. 2, and in Fig.3 
is plotted 38Ar/36Ar vs. Fraction of 39Ar release.  
 
Table 1 Summary of 40Ar-39Ar measurements for three bulk fragments of 
GRA 06129. 

aMinimum apparent age during IR-laser step heating sorresponding to 
maximum age for an event that caused the partial re-setting observed at 
low-temperature steps. The preferred age for this resetting is ≤2.673±0.038 
Ga which is not fully shown in the release spectrum of aliquot-3 (Fig.2) due 
to differences in the step heating schedule - the step heating schedule for 
aliquot-2 began at lower temperature (i.e. power) than that for aliquot-3. 

 
A total of 69 heating steps were acquired for aliquot-1 

giving a complex release namely for the low and intermedi-

ate temperature steps, comprising ~65% of the total 39Ar 
release (Fig.1). The apparent ages for these steps are in 
most part well above the age of the Solar System and thus 
have no chronologic meaning.  Based on attempts to correct 
for either trapped and/or cosmogenic 40Ar/36Ar the complex 
release over the low temperature steps suggest likely the 
redistribution of radiogenic argon rather than the contribution 
from trapped and/or cosmogenic components. For the last 10 
heating steps, a plateau comprising ~35% of the total 39Ar 
release gives an age of 4.425± 0.016 Ga.  This age is the 
same as that obtained for the slope of the correlation line in a 
40Ar/36Ar vs 39Ar/36Ar plot, 4.424±0.032 Ga, over these high 
temperature steps.  The trapped 40Ar/36Ar component for 
these high temperature steps is negligeable, thus no correc-
tion was performed.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Argon age spectra for aliquots-2 and 3 suggest a partial 
degassing over the initial 8-11% of 39Ar release and 
corresponding to an age of ≤2.673±0.038 Ga. The 
reminder 89-92% of 39Ar release gives well defined 
plateaux corresponding to ages of 4.473±0.016 Ga 
(aliquot-2) and 4.467±0.018 Ga (aliquot-3), and having 

no contributing trapped 40Ar/36Ar.  These ages are indistin-
guishable from those obtained from the slope on the 40Ar/36Ar 
vs. 39Ar/36Ar isochron line, 4.460±0.032 Ga (aliquot-2) and 
4.463±0.010 Ga (aliquot-3).  In Fig. 2 it is shown the data for 
the three aliquots analysed in a 40Ar/36Ar vs. 39Ar/36Ar plot. 
The correlation line corresponds to a regression over all the 
three aliquots data considered on the three plateaux. The 

GRA06129 
aliquot 

Weight 
(mg) 

Plateau Age 
(Ga) 

Slope Age 
(Ga) 

39Ar 
release 

(%) 

Total 38Ar 
(moles x10-16) 

1 1.85 4.425±0.016 4.424±0.032 35 1.80±0.03 

2 2.95 4.473±0.016 
2.673±0.038a 4.460±0.008 89 1.50±0.01 

3 2.30 4.467±0.018 
3.845±0.034a 4.463±0.009 92 2.27±0.01 

Aliquot-1 
Aliquot-2 
Aliquot-3 

Fig. 1 Apparent age (Ga) vs. Cumulative 39Ar (%) released per step 
heating for three whole rock aliquots of GRA 06129. 
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slope of this line corresponds to an age of 4.460±0.028 Ga.  
The overall pattern of the Ca/K spectra for the three GRA 
06129 aliquots (Fig.1) show a constant value of ~10 along 
the individual spectra.  However, there is a slight increase 
(Ca/K=13-16) at intermediate temperatures suggesting argon 
release from a phase(s) relatively enriched in Ca (e.g. apatite 
and/or pyroxene).  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
The 38Ar/36Ar values show complex patterns likely to in-

volve one or more Cl-rich phase(s), Fig.3.  In Table 1, 38Ar 
(moles) are reported for each aliquot and shows that the 
three aliquots have different amounts of 38Ar, with aliquot-3 
having ~1.5 times more 38Ar than aliquots 1 and 2.  Aliquots 
2 and 3 show 38Ar/36Ar values at intermediate temperatures 
well above the cosmogenic value (1.54), between 2.2 and 
13.1.  For these steps there is no evidence for terrestrial 
contamination, which is usually seen as an increase in the 
Ca/K most notably at low-temperature heating steps.  This is 
likely due to the existence of a Cl-rich phase(s) within GRA 
06129 which, due to the nucleogenic reaction during irradia-
tion, decays into two argon species.  During irradiation, 37Cl 
captures a neutron, becoming 38Cl, which will β-decay to 38Ar 
at a half-life of 37.3 min.  The release patterns are not the 
same for the three aliquots, suggesting different Cl-rich com-
ponents and proportions in each aliquot.  Consequently, and 
due to the difficulty in determining the spallation-derived 
38ArCa, no cosmic ray exposure ages were calculated. 

In Day et al (2009) and Shearer et al (2009), it is re-
ported that GRA 06129 contains low-temperature alteration 
products such as clays and chlorides and also igneous apa-
tite containing high Cl content (~5wt%, [1]).  It is likely that 
both phases are the culprits for the high 38Ar/36Ar values 
observed at intermediate and high temperature steps.  How-
ever, due to the high Cl content of the apatite and the slight 
increase in Ca at the intermediate temperature heating steps 
(see Fig. 2 and 3), it is likely that the apatite is the major 
contributor for this excess 38Ar, and which released over 

most of the intermediate and high temperature steps of ali-
quots 2 and 3. 

Age of Metamorphism: The primary crystallization age 
of ~4.566 Ga inferred here from the Al-Mg systematics for 
GRA [1] is ~106 million years older than the 4.460±0.028 Ga 
Ar-Ar age calculated from the slope of the correlation line in 
Fig. 2. This complete K-Ar system reset age may correspond 
to the age of metamorphism and/or the formation of the 
granoblastic texture. This event is not uniquely preserved in 
this meteorite as it has also been observed in HED-
achondrites and chondrites (for a complete list see [5,6] and 
references therein). A more recent thermal event at ~2.67 
Ga, only partially reset the K-Ar system as observed in the 
initial ~10% 39Ar release (Fig. 1). This event maybe that 
which produced the low-temperature alteration observed in 
this meteorite. Similar partial reset ages at 2.5-2.6 Ga have 
been reported for other meteorites such as the impact melt in 
H-chondrite NWA 2457, Johnstown diogenite and Net-
schaëvo IIE [7-9].   
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Fig.3  38Ar/36Ar vs. Fraction 39Ar release  for the three bulk aliquots of mete-
orite GRA 06129. The 38Ar/36Ar values at low and intermediate temperature 
steps for aliquot-1 (~90% of 39Ar release) suggest a predominance of the 
trapped 38Ar/36Ar component with a value of ~0.1869.  The last 10% of 
argon release suggest the predominance of the cosmogenic component 
with a value of ~1.54. Most steps for aliquots-2 and -3 (75-92% 39Ar re-
lease) show high contribution from 38Ar indicating contribution from a Cl-
rich phase, e.g. apatite. Only the last 3-10% 39Ar released show a mixture 
of the trapped 38Ar/36Ar component (0.1869) and cosmogenic 38Ar/36Ar 
component (1.54).  
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Fig. 2  40Ar/36Ar vs. 39Ar/36Ar for the three bulk aliquots of meteorite GRA 
06129.  The correlation lines was acquired over all the data obtained for the 
three aliquots.   
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