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Introduction. Micrometeorite impact craters have been previously investi- 
gated in a variety of "impactors" including natural glass coatings on lunar 
rocks (1) and satellite parts (2). Their morphologies have been used for 
deducing new informations about the micrometeorite flux by refering to cra- 
ters produced by artificially accelerated hypervelocity projectiles (3). We 
present here a new approach for producing an invariant measure of the impact 
craters that scales over a four orders of magnitude variation in the crater 
diameter. 

Experimental. An optical microscope and/or a scanning electron microscope 
equiped with an EDAX system were used to investigate crarplg mo-~hologies 
produced by hypervelocity p r o , m e s  in the mass range 10 -10 g. These 
craters, with diameters ranging from ^-20pm up to *10,00Oprn, include: (i) 
artificial microcraters in germanium (37 craters), glass (10 craters), alumi- 
nium (16 craters) and gold (9 craters) targets, which were'produced by glass 
and iron spheres and fragments of olivine and albite cr&als, accelerated to 
speeds of 2 5Rm/s; (ii) micrometeorite craters formed in a lunar rock (16 
craters) as well as 15 craters showing an extraterrestrial residue ( and thus 
attributed to micrometeorites), that we found in aluminium plates from the 
thermal louvers of the Solar Maximum satellite. 

Correlation between the depth (d) and the diameter (D) of the craters: 
(i) Previously known scaling relationships between d and D. The importance of 
characterizing the complex morphologies of impact craters by means of simple 
parameters, that can then be tentatively related to characteristics of the 
ancient and contemporary micrometeorite flux, has been realized by many rese- 
archers (3). This has been translated through the Y= f (logD) correlation 
plot, where Y is either the d/D ratio or its logarithm, as estimated from 
"average" values of D and d. Such plots always show a wide dispersion of the 
data points. This can be observed for micrometeorite in fig.2 of reference 1. 
For our artificial projectiles on germanium and aluminium this dispersion 
corresponds to a poor least square fitting of the data with a straight line, 
yielding correlation coefficients, R, equal to 0.35 and 0.50; (ii) The frac- 
tal connection. It is known that "fractal" surfaces are created in both metals 
and brittle solids during fracture (4). The complex morphology of impact 
craters in brittle targets such as glass and germanium, and that results from 
the intersection of fractures, appears as an irregular concave spa11 volume 
characterized by a rough surface. We have found that fractals, which are non 
euclidien geometrical constructs (5), can be used to characterize the irregu- 
lar and rough surfaces of impact microcraters. In particular crater shape has 
no unique description in fractal geometry. Thus the ratio d/D, which yields a 
11 shape" parameter (i.e. the angle of the cone inscribed in the crater), is not 
a reliable parameter for describing the crater geometry. In contrast we show 
in the next section that the astonishing linearity of the log(Dxd)= f (logD) 
plot, which extends over the whole crater diameter range investigated in this 
work (20pm & D 10,00Oprn), indicates that the product (Dxd) is an invariant 
over a certain range of scale transformation reflected by the values of D, 
which already cover a 4 orders magnitude range. Thus this product appears to 
be a much more meaningful "invariant" measure of the microcraters, that has a 
more universal behavior; (iii) The improved "fractal" relationship between 
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the maximum values of D and d. We found that the product (Dxd) shows a remar- 
quable linearity in the correlation plot, log (Dxd)= f (logD), for any combina- 
tion of targets and projectiles. For example for artificial projectiles on 
germanium and aluminium the correlation coefficients, R, found for the 
log(Dxd) plots reach the very good values of 0.992 and 0.997, respectively. 
This marked difference between the two functions of Dy log(d/~) and log(~xd), 
that are calculated from the same measurements of D and d, does not result 
from the similar experimental uncertainties, which can be estimated from the 
derivatives of these functions. The slopes of all log(Dxd) plots further show 
fractional values which are either larger or smaller than the value of 0.5. 

Preliminary implications: We still cannot fully interpret all the featu- 
res of the lon(Dxd) olots, such as our observation that the maximum values of 
D and d yield-correlation coefficients, R, which are better than those deduced . . 

from "average" values of the same parameters. Nevertheless these linear plots 
already allow interesting inferences concerning for example: (i) The nature of 
micrometeorites. Our targets yield log(Dxd) plots that are independent of the 
nature of artificial projectiles such as iron and glass spheres, and fragments 
of olivine and albite crystals. Assuming that the micrometeorite flux consists 
of similar particles the data should fall on straight lines as defined for the 
artificial projectiles and this is not observed. Indeed in both brittle and 
ductile targets micrometeorites give distinct straight lines, that systemati- 
cally show both smaller slopes and larger values of the intercept on the 
log(Dxd) axis. This peculiarity of micrometeorites is probably related to a 
specific structure of low density 'If luf fy" aggregates already suggested from 
studies of stratospheric "Brownlee" particles. These observations suggest that 
marked changes in the ancient micrometeorite flux could be reflected on the 
log(Dxd) plots relevant to micrometeorite craters as observed in lunar rocks 
and/or meteoritic crystals; (ii) The correlation between energy and geometry. 
One of the major objective of crater studies is to relate crater morphologies 
to the mass and speed of the parent micrometeorites. We attempted to correla- 
te the kinetic energy of the- particules to our invariant measure, (Dxd), of 
artificial microcraters in and gold targets. We observed a wide 
dispersion of the data using kinetic energy. Thus we have still to discover 
the right energy variable for describing the coupling between projectiles and 
microcraters. Another related experiment under progress, with possible impli- 
cations to the search for ultraheavy molecular clusters in space, is to extend 
the log(Dxd) plots to mi~rocraterq~with much smaller sizes, and caused either 
by the smallest projectiles (*lo- g) or the heaviest ion molecular clusters 
(M >. 1000amu) available to day, in thus crossing the very interesting boundary 
betzeen atomic energy loss rate processes and the collective regim of shock 
compression in solids; (iii) The simulation of hypervelocity projectile im- 
pacts with laser pulses. The good linearity of the log(Dxd) plots allows to 
ascertain the existence of differences between families of craters. In collab- 
oration with M.Hallouin (ENSMA, Poitiers) we are investigating wheter high 
energy laser pulses ( Ew100J; pulse duration *2ns; beam section *100pm) can 
simulate the impact damage of hypervelocity projectiles. So far the craters 
produced by the "right" laser pulses on both Ge and Al, delineate log(Dxd) 
plots different from those measured for the artificial projectiles. 
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