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1. Introduction

SEM and energy dispersive X-ray microanalysis (EDX) have long been used to try to find LEO impact residues
[e.g. 8]. Recent advances in high count rate silicon drift (SDD) and annular pole-piece detectors now allow rapid
mapping, and identification of impactors using SEM and particle induced X-ray emission (PIXE) [9, 10].

2. Methods
2.1 Sample preparation, analytical instruments and techniques

Core samples were cut from the 0.8 x 2.2 m radiator shield [4] and examined in two SEM instruments: Zeiss EVO
15LS at the Natural History Museum (NHM) and JEOL 7600F (field emission) at NASA-JSC, both fitted with
inclined SDD EDX detectors. A Cameca SX100 wavelength dispersive (WDX) microprobe, and a large-area SDD
detector pole-piece mounted on FEI Quanta 650 field emission SEM at NHM were also used. If no unambiguous
chemical contribution was revealed, the Ion Beam Centre (IBC) 2.5 MeV proton beam was employed for PIXE [10].

At NHM we collected EDX spectra for 200 seconds, with accelerating voltage of 20 kV and electron beam current
of 3 nA. Oxford Instruments INCA software separated peak and background X-ray counts for K emission lines.
Knowing likely OD and MM signature elements/assemblages [2], and pristine WFPC paint and alloy compositions
(Fig. 1), we extracted data for: Mg, Al, Si, S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu and Zn. Recognition of each element in
the spectra was by the accepted microanalysis convention, i.e. the element was ‘detected’ when characteristic X-ray
peak area exceeded variation in background X-ray counts by a factor of 3. Complex surface shape in the impact
features, and variability of porosity and matrix composition in frozen impact melt prevented quantitative correction
for secondary X-ray fluorescence and absorption, and weight percentage values were therefore not calculated.

Depth models and profiles were made from stereo-pair Backscattered Electron Images (BEI) of impact features.

2.2 Experimental analogues
A light gas gun (LGG) shot at White Sands Test Facility fired projectiles onto a surface similar to that of WFPC2.
Melted residue was located quickly by BEI and SEM-EDX mapping, validating this combination of techniques.

Further shots at the University of Kent [11] used ‘buck-shot’ of olivine, pyrrhotite, iron, aluminium and corundum at
~ 6 km/s. These MM and OD analogues let us test appropriate imaging and analysis protocols for WFPC2 data.

3. Results

A polished cross section revealed complex composition of the surface paint (Fig. 1), penetration through this
layer might mobilize Al alloy (including Mg and Fe-bearing inclusions), if shallower it would only sample paint.
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Fig. 1. SEM-EDX of section through WFPC2 paint: a) maps; b) 10 spectra, note that Mg and Fe are not seen.
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In > 50% of the small craters analysed at NHM [5], frothy impact melt immediately showed elements from paint
(O, Si, S, K, Ti and Zn), and a clear excess of Mg and Fe, with little or no Al (e.g. Fig. 2). A few also contained:
Ca (with Mg and Fe); Cr (with Fe and S) or Ni (with Fe). One contained excess Al without Fe or Mg (Fig. 3).
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Fig. 2. Small impact feature WFPC2-11: a) stereo BEI anaglyph; b) depth model; c) profile; d) BEI and ) WDX
maps of a polished vertical section, revealing Mg and Fe-rich residue (arrowed); f) SEM-EDX spectrum (orange)
from arrowed location in maps (e), shows high Mg/Al when compared to spectrum of neighbouring paint area
(grey), Mg therefore cannot be derived from the underlying alloy, and must (with Fe) be from the impacted particle.



