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Introduction: Spacecraft surfaces returned from 
low Earth orbit (LEO) reveal traces of damage by 
small particles moving at hypervelocity [1]. The large 
surface area (c. 60 square metres) of solar cells re-
turned from the Hubble Space Telescope (HST) has 
provided numerous impact features. Analytical scan-
ning electron microscopy has proven highly successful 
in locating and characterising residue from the impact-
ing particle in the majority of the craters examined [2]. 

In this study we report on solar cells returned from 
LEO at the end of HST Service Missions SM-1 (1993) 
and SM-3B (2002). The most numerous impact fea-
tures are small sub-circular or oval craters (fig. 1). 
Craters of greater than 30 µm diameter usually contain 
micrometeoroid residue of variable quantity and qual-
ity, dependant upon the preservation of the central melt 
pit (the frozen base of the transient crater). Very small 
craters (<30 µm) usually contain space debris residue. 

We seek to answer the following questions: What 
are the most common micrometeoroid residue compo-
sitions and how do they relate to mineral phases that 
may have dominated the micrometeoroid particles? 
What proportion of the original micrometeoroid parti-
cle has survived to be preserved within a crater?  
 

 
 
Figure 1. Backscattered electron image (BEI) of mi-
crometeoroid impact crater s322a from LEO. Bright 
residue is visible in the circular melt pit, surrounded by 
a shatter-zone and extensive area of conchoidal de-
tachment. Detail of the residue along the edge of the 
central melt pit is shown in fig. 2. 

Experimental and Analytical Parameters: Solar 
cells were carbon-coated and examined using back-
scattered electron imagery (BEI) in Jeol 840 and 5900 
scanning electron microscopes at 2nA current and 
20kV. X-ray analyses and maps were obtained using 
Oxford Instruments exL and INCA energy dispersive 
X-ray spectrometers. Residue mixing with borosilicate 
glass (rich in Si, Ce, Zn, K, Na, Mg and Al) made 
compositional determination difficult. Focused ion 
beam (FIB) microscopy [3] was used to cut trenches, 
to determine the depth of residue-bearing melt.  

We examined 61 micrometeoroid impacts from 
SM-1, and 40 from SM-3B. Comparative light gas gun 
impacts were performed with buckshot firings [4] of 
meteoritic and terrestrial analogue mineral projectiles. 

 

 
 
Figure 2. Trench cut through residue and glass melt, 
showing about 2µm thickness of Mg, Fe, S and Ni 
bearing silicate residue (mid grey), with bright droplets 
of iron sulphide residue. Assemblage from a particle 
similar to a CI or CM carbonaceous chondrite? 
 
Results and Interpretation:  
Mg- and Fe-rich. The most common residue, with 
variable Mg:Fe ratio, usually lacking Ca, found in 
30/61 impacts from SM-1 and 23/40 from SM-3B. The 
parent is likely to be olivine or orthopyroxene, but the 
divalent cation to silicon ratio cannot usually be de-
termined due to blending with solar cell glass melt. 
Stoichiometry of larger discrete patches may suggest 
specific mineralogy, e.g. olivine in fig. 5.  
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Fe-, Mg-, Ni- and S-rich. These residues may be ve-
sicular, suggesting volatile loss. Found in 8 from SM-1 
and  5 from SM-3B. A hydrous sheet silicate?  
Fe- and S-rich. These are common as immiscible melt 
droplets, low in nickel. Found in 21 MM impacts from 
SM-1 and  12 impacts from SM-3B. Troilite origin? 
Fe-, Ni- and P-rich. found in a single crater (s165) 
from SM-1, probably the phosphide schreibersite. 
Iron-nickel metal: immiscible droplets, found in 8 
from SM-1 and 1 from SM-3B. Kamacite origin?  
Mg, Al, Cr and Fe-rich: found in one crater from SM-
1. An oxide, probably a spinel.  
Ca-rich: particles in the shatter and conchoidal zones 
of 3 craters from SM-1, with mafic silicate residue in 
the melt pit, unknown origin. Calcium carbonate? 
 

 
 
Figure 3. BEI of an oblique micrometeoroid impact 
with a shallow, elongate melt-pit. Crater s165. 
 

 
 
Figure 4. X-ray maps of abundant residue in the pit of 
s165. Si is shown as blue, Mg as green and Fe red. 
Rectangular dark areas are ion-beam milled trenches. 

 
 
Figure 5. ED spectrum of area in FIB trench through 
residue layer of crater s165. Peak heights suggest close 
stoichiometric match to forsteritic olivine.  
 
Quantification of Residue: Calculation of the volume 
of a subspherical residue-bearing melt shell (Figs. 1 
and 2), with estimated residue content of 30% by vol-
ume, and mean residue density of 4g cm-3 (a mixture 
of tochilinitic serpentine and iron sulphide) gives a 
residue mass of 178ng. This is approximately 20% of 
the original particle mass suggested by cross calibra-
tion of crater dimensions from light gas gun shots to 
the grain size measurements of the incident microme-
teoroid flux [5,6]. 

Discussion and Conclusions:  LEO impact craters 
on solar cells yield abundant residues that can be in-
terpreted partially as micrometeoroid mineral precur-
sors. A substantial proportion of the micrometeoroid 
may be preserved, especially in oblique craters. Focus-
sed ion-beam sections of shocked but compositionally 
discrete mineral residues may be used for electron mi-
croprobe analysis, and have promise for electron dif-
fraction or microsource X-ray diffraction study of 
shock state, and for isotopic analysis. 
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