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Shock-induced deformation and phase transitions are common in most major classes of 
meteorites, in terrestrial and lunar impact craters and in lunar and asteroidal regoliths1. Micro- 
meteoroids impacting onto spacecraft surfaces, e.g. the Solar Max s a t e ~ l i t e ~ - ~ ,  also show effects 
of impact metamorphism including melting. A study of olivine fragments retrieved from impact 
features on the Solar Max satellite shows that information surviving the impact covers a range 
of mineralogical and chemical properties of impact residues4. Presently, micrometeorites are 
collected in the Earth's lower stratosphere5 but a Cosmic Dust Collection Facility [CDCF] on 
the US Space Station will also be used capture micrometeoroids. This facility consist of a 
various capture cells and surfaces6 for efficient dissipation of kinetic energy to prevent loss of 
information on the original micrometeoroid properties. Yet, impacted micrometeoroids, such as 
isolated olivine grains4 and Mg,Fe-silicates associated with carbonaceous materia1317, will show 
a number of shock-induced changes. Plausible micrometeoroid analogs6 are stratospheric micro- 
meteorites in which glass is conjectured8 to have formed by impact shock-metamorphism. 

Thus, a study of experimentally shocked micrometeoroid analogs may assist to evaluate 
information that survives in shocked (micro-)meteorites and impact residues on CDCF. Here, 
we report the semi-quantitative results of a scanning electron microscope [SEMI study of fine- 
grained, shock-metamorphosed magnesium-rich olivine [Mg Feo,18Si04; NiO < 0.34 wtO/o]. 

EXPERIMENTAL. A powder of this olivine [0.1 - 4.b.*;m; mode 2.0 pm, in diameter] is 
mixed with a coarser powder [5.0 - 50.0 pm; mode -25 pm; cf.  ref. 9, fig. l b ]  in a 3:l ratio. 
The grains form angular shards and flakes while grains > -5.0 pm in size are often subhedral 
and typically have fine-grained matrix grains loosely adhered to their surface. The fine-grained 
matrix is porous and voids occur in areas of heterogeneous grain size distribution. Slightly 
compressed portions of this powder are shock-metamorphosed at preselected shock pressures of 
14.8, 51.4 and 78.8 GPa, using the flat plate accelerator at the NASA JSC Experimental Impact 
~ a c i l i t ~ l ' .  Small fragments of each shocked sample are prepared for analyses using a S-450 
Hitachi SEM equipped with a TN2000 energy dispersive spectrometer. All samples are analysed 
using identical experimental conditions, including a sample of unshocked olivine for  which the 
average composition and experimental error are indicated in Figures la-c. 

RESULTS. (1) Texture. In the sample shocked at 14.8 GPa the matrix porosity locally 
collapses and fine-grained matrix grains are fused to the surface of large subhedral grains. 
Small areas of grains > -2.0 pm are reminiscent of the unshocked material. In the sample which 
is shocked at 51.4 GPa, the surface of large subhedral grains have a scaley texture of molten 
matrix grains. While the matrix still contains domains similar to the 14.8 GPa sample, including 
rare areas similar to the unshocked material, -80% the fine-grained matrix displays a well- 
developed foliation due to branching melt sheets. Along the margins of these melt sheets sub- 
hedral matrix grains can be recognised and interpenetrating melt sheets show pores outlined by 
relic olivines. Distinctly circular vacuoles occur randomly throughout contiguous melt sheets. 
Surfaces of the large subhedral grains are smooth due to a surfacial melt layer. Circa 73% of 
the olivine powder shocked at 78.8 GPa shows a pervasive and distinct foliation of interpene- 
trating and contiguous melt sheets and fused matrix with preserved matrix porosity. Domains of 
unshocked matrix are not observed but small featureless clumps of fused matrix occur. Only 
grains > 5.0x8.0 pm have a recognisable scaley surface texture. 

Voids make up -15% of each shocked sample. Only in sample 78.8 GPa are voids in the 
fine-grained matrix lined by a close-packed texture of thin [0.03 pm] platey euhedral [I .2 x 0.6 
pm to 0.3 x 0.3 pm] and rare euhedral olivine [1.2 x 0.8 x 0.3 pm] grains. 
(II) Chemistry. In general, olivine compositions in each shocked sample are similarly displaced 
relative to the unshocked olivine composition. The distribution in sample 14.8 GPa suggests 
Mg-loss from olivine and formation of a Mg-bearing phase [still unobserved; one data point, 
"Mg/(SitMg)" = 0.781. The  cause of Mg-loss is presently unknown but may involve melting, 
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and possibly evaporation, of submicron matrix grains which are below the SEM resolution. The 
melt compositions in samples 51.4 GPa and 78.8 GPa are shifted towards and cluster closely 
near unshocked olivine compositions. The high "Fe/(Fe+Mg)" tails mimic the distribution in 
sample 14.8 GPa. The  narrow range of "hlg/(Si+Mg)" ratios may indicate melt homogenisation 
[Figs. la-c]. The grains in the close-packed texture around voids [sample 78.8 GPa] are part of 
the general trend but also support formation of grains more Mg-rich than unshocked olivine. In 
sample 78.8 GPa, random locatioi~s in melt sheets and close-packed grains have detectable 
nickel concentrations but the Ni-bearing phase is not yet isolated. 

DISCUSSION. Shock-induced metamorphosis of fine-grained olivine powders include (1) 
loss of matrix porosity although voids persist upto 78.8 GPa, (2) melting as function of grain 
size, (3) decrease of textural heterogeneity and increase of melting with increased shock 
pressure, (4) new crystal growth in the fine-grained matrix of sample 78.8 GPa only and (5) 
chemical heterogeneity in all shocked samples but with compositions close to unshocked olivines 
with increased shock energy. Experimentally shock-induced chemical heterogeneity is similar to 
that observed in olivine fragments on the Solar Max satellite4 and new growth textures are 
similar to textures in voids in the Bjurbole ordinary chondritel1 showing the potential of this 
study the role of impact processes on the consolidation of meteorite parent bodies. 

F I G U R E  1: "Mg/(Si+Mg)" versus "Fe/(Fe+Mg)" ratios of 
fine-grained olivine powders shocked at  18.8 G P a  ( lA) ,  
51.4 GPa  ( IB)  and 78.8 GPa  (IC).  The  cross indicates mean 
and stand. dev.  of this ratio for  unshocked olivines. 

These ratios are  unreduced EDS X-ray counts and do  
not represent true olivine compositions. For  comparison, 
the t rue atomic ratios for  unshocked olivine [(Mg/(MgtSi) - 0.921 obtained by thin film analyses of ultramicrotomed 
thin sections are Mg/(Si tMg) = 0.65 and Fe/(Fe+Mg) - 
0.08. 

Opett circles: individual grains in fine-grained matrix; 
Stars: melt sheets and Open squares: euhedral olivine 
around vugs. 

No at tempt at  data reduction has been mode because the 
SEM probe size is larger than (he expcctcd variation at the 
level of single fine-grained matrix olivine.. 
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