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CARBONATES IN EETA 79001: TERRESTRIAL OR MARTIAN? I. P. Wright, 
M. M. Grady and C. T.  Pillinger, Department of Earth Sciences, The Open University, Walton 
Hall, Milton Keynes MK7 6AA, U. K. 

A fresh section through the EETA 79001 shergottite has revealed further pockets of lithology 
C [ I ] ,  a complex of dark brownlblack intermingled vitreous and crystalline material containing 
trapped martian atmospheric gases [e. g. 21 and showing evidence of (?pre-terrestrial) alteration 
[3]. Some lithology C from the new saw-cut contains another component which occurs as a thin, 
translucent microcrystalline coating on the walls of vesicles [I]. This material, termed 'white-drusen 
has been identified provisionally by energy-dispersive x-ray spectrometry as calcium carbonate (J. 
Gooding, pers. commun.) and appears to have grown in situ. Carbonates, including magnesium 
carbonate, have been observed on the exteriors of some Antarctic meteorites, and ascribed to ter- 
restrial weathering products [4-61, but the material described here is located in cavities in the 
interior of the specimen, and may be indigenous. Although interpretation of the exact relationship 
between shergottites and nakhlites is now thought to be less than straightforward [e. g. 71, it is 
noteworthy that carbonates have been postulated in Nakhla and on the basis of isotopic compo- 
sition suggested to be possible martian weathering products [8]. Clearly, the hypothesis that the 
white-druse identified in EETA 79001 is a carbonate of martian origin demands a full investigation. 

A piece of EETA 79001,239 (chip "En) weighing 5.35mg was broken into three fragments for 
(i) total carbon analysis by stepped combustion (0.59mg); (ii) carbon and oxygen analysis of the 
carbonate fraction by acid dissolution (2.01mg) and (iii) nitrogen analysis (2.75mg)Pthis last ex- 
periment is not yet completed. 
Results: Analysis of all carbon in the sample was carried out by stepped combustion from room, 
temperature (RT) to 1300°C. The data obtained are shown in the figure, from which it can be 
seen that the majority of carbon is released between 450°C and 700°C, an appropriate temperature 
region for the decomposition of carbonate minerals [9]. Assuming the 3902 ppm carbon involved is 
all calcium carbonate, abundance in the sample calculates to 3.3wt%, in agreement with a visual 
estimate by Gooding (pers. cornmun.). The weighted sum of 613C measured in the interval is 
+ 5 . 4 " ~ ,  and the highest value of f 8 . 9 " ~  is seen at  the maximum yield (1407 ppm). Other minor 
carbonaceous components are also revealed by stepped combustion. (i) In the first temperature 
increment (RT-200°C) 70 ppm carbon with 513C ca - 5 . 3 " ~  is liberated. Material with this low 
volatility and isotopic composition is often observed in Antarctic meteorites, and has been inter- 
preted as loosely-bound carbonates, bicarbonates or carbon dioxide of terrestrial origin [9]. (ii) At 
temperatures between 200-450°C, isotopically light carbon combusts-presumably from contarni- 
nant terrestrial organics. (iii) Above 700°C, some carbon combusts, which is 12C-enriched compared 
to the carbonate-indeed, a clear release with 613C ca - 2 6 " ~  can be seen a t  1000-llOO°C. This 
component could be indigenous martian igneous carbon, dissolved within the silicate lattice, and 
similar to material observed in other shergottites [lo]. (iv) From 110&1200"C, there is a hint of the 
putative trapped martian atmospheric COz component, which was observed in a previous analysis 
of a larger sample of lithology C as a release of 13C-rich gas above 1000°C (81. 

A second fragment of EETA 79001,239 was treated with orthophosphoric acid (H3P04; 15hr 
at  25°C) in order to determine directly the amount of carbonate present and its oxygen isotopic 
composition. Noting that relatively less white-druse may have been on the surface of the larger 
fragment used for acid dissolution, the carbon results are in good agreement with data derived 
by combustion: 2507 ppm carbon with S13C = +6.8%. That a 613C value of + 8 . 9 " ~  was not 
attained tends to suggest that the H3PO4 treatment has liberated a small amount of isotopically 
light carbon from a source other than carbonate. Alternatively, there may be more than one type 
of carbonate (e. g. RT-200°C combustion fraction?), distributed heterogeneously. The 6 1 8 0 s M o ~  
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of the carbonate (assuming it to  be calcite) is + 2 1 . 1 ° ~ ,  although if 613C of the COz released by 
H3PO4 is compromised, then so too may 6180. In an attempt to clarify further the distribution 
of carbon, the residue after acid dissolution was also analyzed by stepped combustion. In total, 
1.80mg of material was reclaimed i.e. 10.3% weight loss. Since only ca 3% of the sample was 
carbonate, the remaining weight loss presumably derives from partial digestion of some of the 
silicates by H3POr. Carbon yield da ta  from combustion of the residue are plotted in the fiaure as - 
a dashed line; abundances are normalized to whole-rock values. There is no remnant in the residue 
of the component which decomposed between 450°C and 700°C in the original sample. Isotopic 
values are variable but 12C-enriched relative to the carbonate fraction. 

It is not easy to s tate  equivocally that  the isotopic values measured here rule out a terrestrial 
origin for the calcite, since there are no comparable data for the products of weathering of terrestrial 
rocks in an Antarctic environment. The 613C and 6180 values are, respectively, outside or close 
to the end of the ranges seen for marine limestones [ll], but this is a somewhat dubious test 
of provenance. The 613C value is similar t o  those obtained for Nakhla by H3P04  dissolution 
(613C = +6 to  +gob), and which were interpreted in favour of a martian origin for the carbonate 
in this meteorite, since the 613C value of CQ2 in the martian atmosphere (as estimated from the 
trapped gas in lithology C of EETA 79001) could be as high as +36",~., [8]. It  is interesting to note 
that  combustion experiments gave a higher 613C for the putative carbonate than acid dissolution 
in both EETA 79001,239 and Nakhla. If the carbonate in EETA 79001,239 is pre-terrestrial, 
then i t  is necessary to  try and understand how the effects of shock have not caused decrepitation 
of the minerals ( a  problem which could be ignored in the case of Nakhla. which is unshocked). 
The location of white-druse seems to  rule out 28 n EETA 19331 1 
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its origin by weathering in the martian envi- 
ronment. If the event which produced lithol- 
ogy C also ejected the meteorite from Mars, Yield 
then precipitation of carbonate was possi- ( p p m ~ Y - ' )  
bly a hydrothermal process involving trapped 
volatiles which took place in space. 
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