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Possible geochemical imprints of giant impacts in the 

early Earth are highly relevant for our understanding of the 

evolution of the Earth. Aspects of present-day Earth such as, 

for instance, the potassium and light element contents of the 

core may be direct results of such early giant impacts. Fur-

thermore, the He-paradox [1] and the abundance pattern of 

highly siderophile elements [2] have been interpreted as 

result of giant impacts in hadean time. 

One essential parameter in modelling the possible geo-

chemical consequences of giant impacts is the degree of 

material dispersion and mechanical mixing during the im-

pact. In particular, dispersion of an impactor’s metal core 

into terrestrial protomantle material has a decisive influence 

on post-impact evolution of the Earth. 

Here we show that metal-silicate mixing upon shock is 

extremely efficient due to dispersion of metal droplets in 

liquid silicate where the number of droplets scales negatively 

with the droplet size rather than showing any preferred size 

or normal distribution. The same relation holds for silicate 

melt droplets in molten metal.  

Two doubly polished platelets of fused quartz and of oli-

vine (San Carlos) were placed in contact within a steel re-

covery chamber which was about 100 µm larger in diameter 

than the two samples. A steel flyer plate launched at 1.65 

km/s imparted a shock into the sample chamber and the peak 

pressure in quartz and olivine are 19 and 26 GPa, respec-

tively. The shocked materials were retrieved by cutting the 

container in half. Afterwards, one of the two sections was 

polished. SEM pictures reveal the presence of perturbations  

in the originally flat metal-silicate interface. Metal protru-

sions into the silicate melt have amplitudes of 50-100 µm, 

spaced at rather regular distances of about 100 µm. We no-

tice that there are no deep perturbations of silicate into the 

metal, while the metal-silicate interface exhibits an overall 

wavy boundary. Besides massive metal plumes protruding 

into the silicate, there are areas of finely dispersed metal 

droplets in the silicate. Chemical analysis shows that these 

areas have bulk silicate composition of Mg:Si ~ 1:1 rather 

than olivine composition and exhibit glassy Raman spectra 

indicating that this silicate matrix is quenched melt. Simi-

lary, there are silicate droplets in the above mentioned metal 

plumes. They have Mg:Si ~ 1:1 also. There are no metal 

droplets in unaltered olivine, although we find occasionally 

fine veneers of metal along cracks in olivine crystallites 

close to the metal-silicate interface at the border of the sam-

ple chamber. The observations show that melting occurred 

under shock at the borders of the sample chamber. The ob-

served metal plumes and areas of droplets indicate perturba-

tions at the metal-silicate interface in molten state. We notice 

that the extension of these perturbations is consistent with 

the linear scaling of so called Richtmyer-Meshkov instabili-

ties (i.e., interface perturbations under conditions of singular 

wave fronts as during shock): A particle velocity of 1.65 

km/s allows for perturbations in the range of 50-100 µm 

during 100 ns shock duration. The present observation is the 

first result that supports the calculated scaling of R-M insta-

bilities in case of highly viscous and very dense materials 

[3]. 

   Droplets of metal and silicate occur in the bulk of both 

materials, respectively. The frequency of droplet sizes of 

both materials scales with diameter to the –5/3 power (log-

linear distribution). The spherical shape of the majority of 

droplets indicates local and temporal equilibration. This 

empirical law shows that, starting from sub-millimeter scale, 

emulsification down to the nm range is an extremely effi-

cient and rapid mechanism. This finding suggests a mecha-

nism whereby shock conditions during giant impacts on the 

early Earth would have induced efficient homogenisation of 
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impactor core and terrestrial mantle material. The eventual 

signature of this event in the siderophile and volatile element 

contents of the deep Earth then depends on metal-silicate 

partitioning at high pressure and temperature within the 

Earth (rather than at comparatively low pressure during 

planetesimal core formation), an understanding of which 

calls for detailed knowledge of pressure-induced changes in 

metal-silicate partitioning of these elements.  

 

 
Figure 1: SEM picture of sample S1180, showing metal 

protrusions into silicate. Inset: power law relation between 
number and diameter of metal spherules in silicate glass. The 
power is ~ –5/3.   
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