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Although carbonates are common target rocks for meteoritic impacts on Earth [I], degrees of 
shock-induced decarbonatation remain uncertain, and characteristic shock features in calcite and 
dolomite are poorly known. Quantifying C02 production is of great importance to evaluate the 
consequences of impact events on the terrestrial atmosphere. In a previous study of the impactites 
from the the Haughton crater (Canada) [2,3], we have shown that significant fractions of impact- 
released C@ are recombined with residual oxides (CaO and MgO). Such backreaction has rarely 
been considered in attempts to quantify C02 production from terrestrial craters. Concerning the 
general aspect of shock metamorphism in carbonates, characterization of shock effects would also 
be useful1 to recognize and classify naturally shocked carbonates, and eventually to calibrate 
shock stages. So far, several experimental shock studies have been performed on carbonates, 
leading to contrasting results concerning the CO2 outgassing rates of carbonates. In shock 
recovery experiments reaching 18 GPa, 0.03-0.3 mole% of the initial calcite was devolatilised 
[4], whereas in other experiments [5,6], 30-40% C02 loss was observed at 20 GPa, and incipient 
volatilisation occured at pressures of less than 10 GPa. Lange and Ahrens [6] report a simple 
relationship between shock-induced C02 loss and peak shock pressure, in which more than 50 
wt% of C02 loss was observed for a peak shock pressure of 30 GPa. In all of these studies, 
shock pressures required for incipient volatilisation of carbonates are lower than those estimated 
by equilibrium thermodynamic calculations, e.g. a pressure of 45 GPa such as calculated by 
Kieffer and Simonds [7]. Generally, such discrepancies are attributed to the formation of localized 
hot spots during the shock experiments [4,8], which are most likely caused by inhomogeneities in 
the distribution of shock energy [9,10]. In another shock recovery study however, only 5-10% 
devolatilisation of calcite occured at 50-60 GPa [ l l ] .  Such low degrees of outgassing were 
ascribed to higher partial pressures of C02 than in the other experiments [8]. All these studies 
were performed mainly by measuring quantities of C02 released; in contrast, the present work 
reports results obtained by the detailed investigation of residual shocked material. Dolomite, 
experimentally shocked up to 60 GPa, was studied by Scanning Electron Microscopy (SEM), 
Analytical Transmission Electron Microscopy (ATEM) and X-Ray Diffractometry (XRD) with 
Rietveld refinement. Additionally, the same samples were analysed for C and 0 isotopic 
compositions. Shock recovery experiments were performed at the Ernst-Mach-Institut (Weil am 
Rhein, Germany), using steel containers impacted by explosively accelerated steel flyer plates 
[12]. The peak pressure of 60 GPa in the sample is reached after multiple reverberations of the 
shock wave and the sample thicknesses were adjusted to allow a sufficient number of reflections 
to occur. Additionnaly, some experimental assemblies were preheated at 350°C before the 
detonation, leading in that case to post-shock temperatures elevated of roughly the pre-heating 
temperature. 

Initially cold samples: 
Very limited traces of outgassing were observed in dolomites shocked at 60 GPa. The 

only areas having undergone volatilisation, evidenced by the presence of nm-sized MgO crystals, 
are zones where molten metal from the steel container invaded the carbonate. In all other areas, 
highly fracturated dolomites and calcites have been recovered. In TEM, the crystals show a cold- 
work type microstructure with highly disorientated crystalline domains with a typical size of less 
than 200 nm. The electron diffraction patterns of calcite and dolomite crystals show important 
arcing of the spots due either to the small size of diffracting domains or to internal strain. The 
shocked samples have experienced a strong pulverisation, previously observed in naturally 
shocked carbonates from the Ries crater [13].The Rietveld refinement of the XRD data confirms 
these observations, and allows separation and quantification of the effects of grain sizes and lattice 
strains. 
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Grain sizes were reduced by 26% and 16%, and lattice strain increased by factors of 3.5 and 3.8 
in dolomite and calcite, respectively. These two parameters could probably be used for shock 
barometry in carbonates. In agreement with the quasi-absence of outgassing, 6 1 3 ~  and 6180 in 
these shocked carbonates are identical to those measured in the unshocked reference material. 

Preheated samples: 
Contrasting with the previous samples, the preheated material shows abundant evidences 

for outgassing at 60 GPa. So far, we have documented the volatilisation by the presence of 
numerous and very small MgO crystals (typical grain size: 20 nm), identified by their electron 
diffraction patterns and in situ Energy Dispersive System chemical analyses. Decarbonation is 
clearly an effect of the shock experiment since the 350°C preheating temperature lies well below 
the temperature of incipient volatilisation of calcite and dolomite. Shock-induced dissociation 
reactions of dolomite have thus occured in these samples, on a very small spatial scale. 

Thermoc2jvnumic calculations: 
Using the Hugoniot data available from previous studies (compiled in [14]), we have 

calculated the peak shock and post-shock temperatures reached for calcite and dolomite in our 
experiments by two methods: (i) estimation of the post-shock residual energy, and (ii) direct 
integration along the Hugoniot curve. The latter method is sensitive to the large uncertainty 
existing on the Gruneisen parameter at high pressure and temperature, whereas the first method 
suffers from the assumption that the Hugoniot and release adiabat are equal. Despite such 
restrictions, the following ranges of shock pressures required to produce incipient devolatilisation 
of carbonates during the high temperature regime following decompression can be proposed: 55- 
60 GPa and 40-45 GPa for non-porous dolomite and calcite, respectively, if direct shock is 
considered. The result for calcite is in reasonable agreement with the calculation of Kieffer and 
Simonds [7]. The effect of the initial porosity of the sample can be taken into account by 
assuming a larger initial volume for the starting material. If we assume an initial porosity of 4% 
for dolomite and calcite, peak pressures required to produce incipient devolatilisation are 40-45 
GPa and 30-35 GPa, respectively. However, it is important to note that the experimental 
technique used is fundamental for the evaluation of shock temperatures. It is well known that 
reverberated shocks yield to lower post-shock temperatures than in direct shocks (impedance 
matching) carried out at identical pressures [15]. Preheating of the samples allows to compensate 
for the post-shock lowering. If the effects of the reverberation technique are included in the 
calculations, a shock pressure of 60 GPa, without preheating, is just sufficient to produce the 
onset of outgassing of a 4% porosity dolomite. This result is consistent with the observations that 
important outgassing in a 60 GPa reverberated shock occurs only in the preheated samples. The 
agreement observed between the experiments and the calculations strengthens the validity of our 
calculation of shock pressures necessary to induce calcite and dolomite volatilisation. 
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