The difficult taming of the micrometeorite rain gauge


Sir,


	The attempt reported by Taylor et al (ref. 1) to gauge the micrometeorite rain at South Pole represents a brilliant engineering performance. But the scientific results inferred from this work are questionable. The low value of the 50-700 µm micrometeorites accreted on Earth over a year (2700 ton yr -1) show a wide discrepancy with our measurements (ref.2 & ref.3) and others (ref. 4 & ref. 5) performed with very different methods. What could be the reasons for such an underestimation of micrometeorite flux ?


The use of some melted slab of firnÊ/Êice as a ÒgaugeÒ of the micrometeorite rain, requires the determination of both the exposure time of the slab to the micrometeorite flux, and the efficiency of recovery of micrometeorites from the slab : (. We know well the first challenge : in 1987 we published (ref.2) an estimation of the 50-300 µm micrometeorite flux of 3213 ton yr-1 based on the measurement of the spherules abundance in Groenland cryoconite holes and the estimation of holes' lifetime. As cryoconit holes' lifetime was overestimated by a factor of 4, the micrometeorite flux was underestimated by a factor of 4.  This was later corrected (ref. 3) which gave a lower limit for the total micrometeorite flux : 20,000 ton yr-1.  It is important to notice that as Taylor and all quote our 1987 data, the discrepancy between their results and ours is even wider as the one shown in figure 4 (ref. 1). Taylor et al did not encounter this kind of difficulty in measuring the exposure time of the slab as the age of the firn layers is well known at South pole.


	However the second requirement may be not as well fulfilled and it seems that Taylor et al may have lost a non negligible portion of grains. They claim that the efficiency of collection (, tested with quartz and steel particles is better than 99%. We wonder if this efficiency has been tested on the field. The long experience we developped  in working with polar ices� demonstrated us that tests performed anywhere else but on the field are often meaningless.


Moreover it can be that the pump's collection efficiency is very good but that micrometeorites "hide" from the collecting pump : micrometorites freed from bulk ice can subsequently get trapped in a newly formed ice layer on the bottom of the well out of reach from the pump. Difficulties we encountered on our 1998 expedition supports this explanation. 


 Our collection method relies on the following procedure which can be seen as a prototype version of the South-pole system : pockets of melt ice water with a volume ranging from 3-5m3, were made with steam generators adjusted as to deliver a jet of hot water at about 70¡C that was feeding the holes;  after 8 hours of functioning the micrometeorite-rich glacial sand deposited on the bottom of the pockets was vacuumed up with a variety of pumps. 


	In 1998 we ended up with an extremely poor efficiency of recovery of micrometeorites, about 10 to 20 times smaller than the value systematically observed in 1988, 1991 and 1994 in the same blue ice fields. What was the cause of this huge catastrophic loss of grains?


	Previously, we always started to vacuum up the bottom of the hole as soon as the steam generator, and consequently the jet of hot water, was shut down. But in 1998, we had a lot of troubles with bad weather inducing a very fast re-freezing of water in both the tubingÕs of the steam generator and all the water pipes as soon as the production of hot water was stopped (this results from a spectacular and tricky process of supercooling that induces a very fast and spectacular growth of giant single crystals of ice that can propagate in less that 1s along a 30m long tubing !). So, before starting to recover the grains, we decided to pack safely the material, and this operation included the rather lengthy procedure of purging all devices from water with a jet of compressed air. This introduced a small Òcooling timeÒ of the pockets of about 15 minutes, which was sufficient to generate a thin layer of ice on the bottom of the pocket in which the grains get stuck and could not be recovered any more.


	This interpretation is supported by the miraculous salving of a pocket that started to loose its water through a crack at 4 pm, forcing us to recover the grains while the jet of hot water was still feeding the incomplete pocket of melt ice water. This salving led to the highest number of spherules recovered per tons of ice (about 100 per tons), almost on a par with our previous collects. 


	Thus, grains released on the bottom of pockets of melt ice water can be lost very quickly within a thin layer of newly formed ice, which is closely coupled to fluctuations in the injection of hot water in the holes. This process was probably effective on the bottom of the South water well, to produce the important loss of grains observed in their collection.


	The best measurements of the micrometeorite flux are the most recent ones, which have not been clearly put forward by Taylor et al (ref. 1). In fact, they donÕt support the very low ( value of about 1500 tons /y inferred from South pole. Peucker-Ehrenbrink (ref.5) estimates a best ( value of about 37,000 tons per year, as averaged over the last 80 millions years. Rasmussen et al (ref.4), recovered 10 very well dated  annual ice layers in Greenland, and filtered the melt ice water. The Ir content of the ice samples yielded an average of  the total mass of chondritic material deposited in an annual layer, from which a ( value of about 10,000 tons a year was directly inferred with small error bars. But again, like in the work of Yiou et al (ref.6), the equivalent collecting area of the small amount of ice in term of a one year exposure in space (about 18 cm2) is too small as to allow the capture of large micrometeorites from the 100-200 µm size fraction, that are rare, but that provide most of the mass accreted by the Earth. A simple correction, relying on the micrometeorite mass spectrum of Love and Brownlee (ref.7) to estimate the largest grain size present on the annual ice layer, then yields a mass flux of at least 20,000 tons per year. We frequently quoted that our own measurement of ( (about 20,000 tons per year) was rather a lower limit. It still looks so.


	These difficulties in measuring ( at South pole add a new strength to our project (Meteorites and micrometeorites at Dome C), now accepted by the French and the Italian polar research institutes, to collect micrometeorites in  central Antarctica, during the first month of the 21st century. In this project, a slab of firn with a well known thickness and area will be carefully shoveled, and thrown into a special type of m3 sized mini-smelter equipped with an electrical resistor. Grains recovered upon the filtering of the melt firn water will first be counted one by one, and then the bulk Ir content of the sieve will be measured. From these measurements an accurate measurements of ( (with meaningful error bars) can hopefully be obtained. 
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� Our group went 3 times to Groenland (1984 1987 1995) and 4 times to Antarctica (1987 1991 1994 1998).








