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Introduction:  Lodranites are primitive achondritic 

meteorites with many similarities to acapulcoites [1,2]. 
In addition to their similar chemistry and mineralogy 
these two achondrite groups have indistinguishable 
oxygen isotope ratios, have experienced similar ther-
mal histories and have similar exposure ages [3]. They 
are thus believed to come from a single parent body. 
Having only partially melted, these meteorites provide 
a rare insight into the differentiation of small planetary 
bodies.  

Lodranites are distinguished from acapulcoites 
mainly by their larger grain size (due to higher peak 
temperatures and slower cooling), although it may be 
that differences represent a continuum rather than dis-
tinct groups [4,5]. Although Acapulco has been dated 
by several different methods, there is less information 
available for the lodranites. Ar-Ar studies of lodranites 
give results within the range of those obtained for 
acapulcoites. 

Earlier work. We have previously reported results 
from a metal rich fraction of the lodranite GRA 95209 
[6]. In that work, excess 129Xe from the decay of 129I 
was observed, and apparent I-Xe ages increased with 
extraction temperature. This was interpreted as most 
likely to be due either to slow cooling/partial distur-
bance of the I-Xe system, or to incomplete separation 
of terrestrial contaminants trapped by weathering. The 
presence of significant ‘parentless’ 129Xe was felt to be 
less likely because of the simple structure of the release 
patterns. In an attempt to decide between these possi-
biliti es, and to search for possible differences in the 
timing of cooling of different parts of the lodranite 
parent body, we have extended the study to the lo-
dranite meteorites Gibson and LEW 88280, improved 
the quality of the mineral separates from GRA 95290, 
and made use of chemical methods to remove iron ox-
ides from the samples. 
Method:  The three lodranites sampled were selected 
on the basis of low-shock stage, minor weathering and 
availabilit y of material. Samples were coarsely crushed 
using stainless steel tools and a porcelain mortar. A 
hand-magnet was used to separate metal bearing grains. 
Grains were only chosen for I-Xe analysis if they ap-
peared to be homogenous under a binocular micro-
scope (sili cate grains) or if no inclusions were apparent 
on the exterior surface (metal grains). Unfortunately, 
no phosphate minerals were identified (apatite grains 
from Acapulco are known to have preserved a precise 

age, and may be the major host for iodine in that mete-
orite). All of the crushed GRA 95209 sample, and 
other grains that were noticeably ‘ rusty’ were treated 
with a 67% aqueous solution of ethanolamine thiogly-
colate in order to remove iron oxides [7]. Samples 
were neutron irradiated and xenon isotopes were then 
measured using the RELAX mass spectrometer with 
laser step-heating [8].  

Summary of Results:   
GRA 95209 
This meteorite contains large amounts of excess 

129Xe in both metal and sili cates. The improved mineral 
separation and the chemical treatment were successful 
at reducing the amount of terrestrial xenon released at 
low temperatures from metal grains. The age spectra 
obtained from both metal and sili cates were, however, 
similar to our earlier study with apparent I-Xe ages 
becoming earlier as temperature increased, but with no 
consistent plateau age, and inconsistent peak values in 
different grains (see Fig. 1). 

LEW 88280 
No excess of 129Xe above a planetary xenon com-

ponent was observed in any of the samples from this 
meteorite. 

Gibson 
The Gibson material had very littl e excess 129Xe in 

the whole-rock chips, and that only in a narrow high 
temperature release.  

Discussion:  There is a huge variation in the 
amount of excess 129Xe present in these three meteor-
ites whether this is measured as an absolute concentra-
tion or relative to the trapped xenon. GRA 95209 has 
an appreciable amount, LEW 88280 has none and Gib-
son is intermediate in this respect. Where excess 129Xe 
is observed, the correlation with iodine-derived 128Xe is 
poor, and inconsistent between samples from the same 
meteorite, making a straightforward chronological in-
terpretation diff icult. We highlight some possible ex-
planations below. 

The complete absence of excess 129Xe in LEW 
88280 coupled to the presence of iodine can be inter-
preted in two ways: 

Either, i) the observed iodine was present in the 
rock during metamorphism and subsequent cooling. In 
this case the transition through the closure temperature 
must have occurred more than about 100 Myr later 
than in the reference Shallowater meteorite in order for 
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129I to have decayed to undetectable levels (six half-
lives). 

Or,  ii ) there was no (or very littl e) iodine present 
when the rock cooled early, and so no 129Xe accumu-
lated. The observed iodine must then have been intro-
duced at a later date, perhaps on Earth. 

Not many discrete heating steps were recorded for 
the LEW 88280 samples, but the iodine was released 
predominately at low temperatures suggesting a surface 
or fine-grained site. (Or a host phase unstable at high 
temperatures, but an attempt was made to choose ho-
mogenous grains). This would be consistent with the  
minor observed terrestrial weathering, making the sec-
ond explanation above more likely. 

If no iodine was present when LEW 88280 formed, 
then why do GRA 95209 and Gibson both contain ex-
cess (radiogenic) 129Xe? Iodine may have been distrib-
uted inhomogenously within the lodranite parent body 
as it cooled, perhaps associated with fluids. Varying 
amounts of iodine (and iodine derived 129Xe) could be 
due to varying amounts of fluid having been present in 
different parts of the parent body. A halogen-rich fluid  
has been invoked to explain the high 129Xe excess in a 
‘f laky’ phase on metal and sulfide grain boundaries in 
Acapulco [9]. 

In the absence of a good correlation between excess 
129Xe and iodine-derived 128Xe, it is natural to consider 
the possibilit y of an inherited 129Xe component, per-
haps also circulating in a fluid derived from a different 
portion of the parent. However, the model ages for the 
highest temperature releases from the GRA 95209 are 

remarkably close to those accepted for Acapulco, and 
at a few million years later are consistent with cooling 
from higher peak temperatures. 

Conclusion:  It seems clear that LEW 88280, Gib-
son and GRA 95209 did not all sample the same reser-
voir of volatile elements, and certainly not the same 
reservoir at the same time. This may have been due to 
melt migration (providing mobilit y for incompatible 
elements) within the lodranite parent body. Reliable 
measurement of I-Xe ages may require in situ meas-
urements of well -characterized petrographic sections. 
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Fig. 1. I-Xe results from treated GRA 95209 sil icates, grains 2 and 3. The data 
are uncorrected for blanks or induced fission, the calibration to Shallowater is 
provisional. The vertical axis shows the model iodine-xenon age (relative to the 
Shallowater meteorite) for each temperature step. 
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