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INTRODUCTION





	In 1997 we proposed to both IFRTP and CSNA to conduct two long term projects at Dome C (Meteorites and Micrometeorites at Dome C). One of them was to detect meteorites buried up to a depth of about 2 km. For this purpose a robot derived from a system developed by the Russians for the exploration of Mars, and capable to cover each year an area of 20,000 km2 would be equipped with two radar's already used in Antarctica by Ignazio Tabacco (DST-GEOPHISICA, Milano). These radar's function at 60MHz (pulse radar GSSI) and at 300-900MHz (pulse radar GSA), and they would detect meteorites buried into a shallow (0-20m) and a much deeper (100-2,000m) ice layers, respectively ; they will be quoted below as the shallow and deep sounders.





	The objective of the first year of the project is to test at Dome C whether the efficiency of detection of both sounders for small meteorites is sufficiently high as to justify the continuation of the long term program, which would require an important investment to construct both the robot, and possibly a new type of high performance radar (accordingly to a new scheme proposed by Johan Silen).





	The review committee recommended the funding of this first year test during the 1999-2000 summer field season at the condition that we answer the following questions : 1) is there any meteorite at the poles ? ; 2) what are the unique advantages of Dome C for this project and/or is it possible to conduct this project elsewhere in Antarctica at a lower cost and/or is Dome C really required for this project ?





NO METEORITE AT THE POLES ?





	In the late 1970's theoretical models (see the famous paper of G.Wetherill, "Where do meteorites come from", in Geochim.Cosmochim.Acta 40, 1297, 1976) predicted that "we will never find meteorites at the poles". The same models also predicted that rocks ejected upon impact from the Moon and Mars will not reach the Earth. This last prediction was subsequently dismissed by the discovery of 12 and 15 Lunar and Martian meteorites, respectively, on the Earth.





	The first prediction (no meteorite at the poles) can be now completely rejected on several grounds of a very different nature. Let us focus below on the two most important ones:


1) Ralph Harvey is responsible for US expeditions (ANSMET) that collect meteorites on stranding Antarctic blue ice fields, near transantarctic mountains, where meteorites accumulate over a long time scale (> 10,000 y). He pointed out that high concentrations of meteorites have been found at 260 km from South pole around a small Dome, Mt. Howe, at 87°20'S and 149°30'W (see enclosed map showing all the blue ice fields where ANSMET has so far recovered huge numbers of meteorites). As Dome C is at about 2000 km from South pole, at a much more favorable lower latitude, this decisive "experimental" evidence proves that meteorites should also fall at Dome C ;


2) With both the availability of fast computers and a better understanding of the laws of "chaos", dynamicists at Observatoire de Nice (A.Morbidelli and B.Gladman) have considerably improved the accuracy of computations used to predict the orbits of meteorites produced during collisions between asteroids, and that will subsequently intersect the orbit of the Earth, as to be captured by our planet. All these "theoretical" meteorites have noticeable inclinations on the ecliptic plane. This feature, when associated with the tilting of the rotational axis of the Earth, smears out any latitude effect on the capture of meteorites. So, meteorites will not escape from polar regions through an effect of "grazing" incidence invoked in earlier works .





THE UNIQUE ADVANTAGES OF DOME C





	Dome C presents the following specific advantages to conduct our project :





1) The very low snow accumulation rate (3cm/year), as coupled to the very small lateral flow of the ice, allows to relate the depth of burial of a given object to its time of fall on the firn layer. These "best" characteristics have also guided the selection of the same site for the drilling of the EPICA ice core, that will provide us with a unique time scale of meteorite deposition, which will allow for the first time to trace back accurately  the variations of the meteorites flux over the last 50,000 years (some of our findings, such as the possible detection of a large increase in the meteorite flux at a given depth, might also have typical signatures in the corresponding ice layers of EPICA. So, our project might complement  somewhat EPICA). Dome C will be the best dated collecting site ;


2) This low snow accumulation rate (probably the lowest value observed on the Earth) acts as to pile up within the 2km working range of the deep sounder the largest number of annual snow layers (about 70,000) available on Earth. Each one of these layers has an area of 20,000 km2 corresponding to the surface "scanned" by the robot. Consequently, in term of an equivalent collector of meteorites exposed one year in space, the volume of ice explored by the deep sounder would be equivalent to a gigantic collector with a deployed area of > 1 billion km2, exceeding that of the Earth (which is know to collect about 30,000 meteorites yearly). So, Dome C offers the largest collecting area for meteorites ;


3) Morainic debris from the bed rocks buried under the 4km-thick very slowly moving ice sheet can hardly be injected at depths < 2km as to contaminate the meteorite outcrop . Thus, it can be safely assumed that rocks detected by the deep sounder will be all meteorites. Dome C is probably a unique site with regard to its "cleanest-deep-uncontaminated" ice;


4) One of the important consequences of these characteristics of Dome C concerns the background of radar echoes (radar "noises") that has to be reduced as much as possible, if we want to have a chance to detect the smallest meteorites both with the shallow and deep sounders. For a given radar such noises are related to both terrestrial rocks, fractures in the ice, and irregularities in the firn layer, that are all kept at minimum values at Dome C . This site is probably unique with regard to its low radar noises ;


5) Finally, the quick burial of meteorites in the firn layer will insure their preservation by deep freeze against cryogenic and biogenic alterations. Such alterations are effective in all the stranding blue ice fields, located near the transantarctic mountains, where all Antarctic meteorites have been recovered as yet. For example : (i) The most abundant meteorites, the so-called ordinary chondrites, contain metallic inclusions. But in all Antarctic meteorites of the same type these inclusions have been transformed into terrestrial rust grains right to the center of the meteorites, and they cannot be exploited for scientific purposes. This rust process will not be effective at Dome C; (ii) the search for indigenous "fossils" of life in the 15 Martian meteorites recovered in both hot deserts and Antarctica, has been so far severely hampered by the occurrence of some form of terrestrial biogenic alteration effective in both types of deserts. Martian meteorites at Dome C would not be exposed to such processes, and they would be much more interesting to study . Dome C will be a remarquably good freezer of meteorites .





	It has been questioned (for the purpose of decreasing the cost of our operations) whether we could measure the radar noises and their related limit of sensitivity (e.g., smallest detectable meteorites) in alpine glaciers, or in firn and/or ice fields near the stations of Terra-Nova or Cap-Prudhomme in Antarctica. In fact, such measurements would be totally irrelevant for Dome C. Indeed, in in such "cheap" areas the ice, which is flowing at a much faster rate than at Dome C, is not far away from the bed rocks. It is thus loaded at all depths with morainic debris and crevasses and radar noises are expected to be several orders of magnitude higher than at Dome C. We could hardly detect small meteorites there !





SUMMARY





	For our project we need some thick-dormant-large accumulation Dome, uncontaminated with terrestrial rocks, where the stratigraphy of the successive ice layers has not been perturbed by strong lateral flows of the ice, and where radar noises are expected to be very low. We also require a very low rate of ice accumulation as to enlarge as much as possible the equivalent meteorite collecting area. Dome C fulfils all our requirements, and give the additional and unique opportunity to rely on EPICA for the most accurate depth dating.





	So, we expect to achieve at Dome C  the following scientific objectives :





1) to measure for the first time the flux of large (> 10kg) meteorites, which is essentially unknown, over a time scale of about 50,000 years ;


2) to detect marked fluctuations in the intensity of the meteorite flux over the same time scale, that might reflect major events in the solar system (still belonging to the domain of science fiction), such as : the impact of a near Earth orbiting body with the Earth ; a major collision between peculiar types of asteroids throwing a shower of stones on the Earth ; a giant release of dust and rocks by some comet, like that responsible for the very intense 1833 Leonid meteor shower ; fragmention of large and friable "Kuiper-belt" type comets in the inner solar system, etc. ;


3) to recover a large fraction of the small unweathered meteorites buried up to depths of 10 meters. This collection might contains new families of meteorites, including possibly light colored "sedimentary" rocks such as Martian carbonates, very hard to find on stranding blue ice fields and/or hot deserts loaded with terrestrial debris. Indeed, they might disagregate preferentially during their long residence time on the surface of the cold and hot deserts. Moreover, meteorites have to be mainly spotted by their black fusion crust acquired during atmospheric entry, that help discriminating them from abundant terrestrial debris. But extraterrestrial sedimentary rocks would be unnoticeable because they rather decrepitate upon frictional heating, loosing CO2 , without developing this black crust . The discovery of only one extraterrestrial sedimentary rock by the shallow sounder would have far reaching implications, including the possible finding of fossil indigenous Martian "life".
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