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We have produced thin veneers of crystalline to frothy projectile residues (where the projectiles 
varied from dunite, diopside, orthoclase or basalt cylinders) within small cm-sized craters formed in 
metal targets (where the targets varied from 1100 Al, Cu, SS304 or Mo). The morphology and mixing of 
the silicate residue with metal spherules is similar to that described in many natural impact melts 
including lunar samples, terrestrial impact crater melts and tektites, and shock features in some 
meteorites. Textural and chemical analysis suggests that local regions of these residues experienced high 
temperature gradients, fast rates of nucleation and crystal growth and minimal, but selective 
oxidation/reduction. Such inferences should help decipher the heterogeneous evolution of impact melts 
in terrestrial and extraterrestrial samples. 

Silicate cylinders of dunite, diopside, orthoclase and basalt were accelerated to velocities between 3 - 
6 kmls into metal targets of 1100 Al, Cu, SS304, or Mo using a 5 mm light-gas gun in order to 
understand the physical and chemical processes of impact craters. For these experiments the calculated 
pressures, based on impedance match methods ranged from -40 to 120 GPa and represent some of the 
highest pressure obtained for shock-recovered samples . We also note that the shock-recovered samples 
are not contained in the impact craters by any artificial means. Thus, in addition to being more 
representative of an open system cratering process and crater ejecta, they have not experienced the 
additional heating normally attributed to shock-recovered samples due to wave reverberations within the 
metallic container walls. The craters projectile residues within the craters were analyzed to determine 
their textural and chemical make-up using an optical microscope, SEM, electron microprobe and TEM 
instrument. 

Overall, we were impressed by the amount of projectile material retained in the metal craters and the 
wide range of temperatures experienced by these materials. Significant temperature gradients are 
suggested by the intimate mixture of micron-sized melted and unmelted metal and silicate grains. At 
lower pressures (< 60 GPa), the majority of the silicate was crystalline and powdered the crater with a 
somewhat uniform distribution. With increasing pressure, increasing evidence of melting occurred in the 
form of rounded grain boundaries and vesiculation. The amount of melting of the silicates followed their 
compositional melting points such that more of the plagioclase melted than the more refractory 
pyroxenes or olivines. In all of these experiments, metallic spherules were observed on the bare crater 
surfaces or mixed with the silicate residue. In general, melting of all of the metals can be expected at 
these pressures based on their calculated shock temperatures, except for the Mo shots. Mo has a melting 
point of -2760°C and predicted shock temperatures are below this temperature in our experiments 
suggesting that the Mo should not have melted. However, there are large uncertainties in the estimated 
shock temperatures and the observed Mo spheres may not be pure Mo, but may have mixed with other 
elements thus reducing the melting point of the alloy. 

Microprobe analyses of the residues in many of these craters does not show significant fractionation 
of the silicates, as well as between the silicate and metal. However there were some cases where 
selective oxidationJreduction does appear to have occurred. We observed chemical exchange in shot # 
1518, diopside into 1100 A1 (P-44 GPa). There was depletion of Si02 and FeO with subsequent 
enrichment of A1203 in the silicate glass. In all cases, this glass is associated with metallic spherules 
which may be enriched in Si, Fe and possibly Al. The spheres were too small for probe analysis. Our 
scenario for the formation of this glass, and associated spherules, is as follows: melted A1 beads and 
diopside blebs were mixed together within the crater at high temperatures (probably much greater than 
the melting point of diopside, -1364OC). Under very reducing conditions, at least 10 log units below I- 
W, the Si02 and some FeO were reduced from the diopside liquid by the A1 metal spherules. Some of 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



METAGSILICATE SHOCK RECOVERY EXPERIMENTS; Rowan, L.R. et al. 
1110 

the A1 was subsequently oxidized and added to the silicate melt leaving an alumina-rich glass and Si-A1- 
Fe metallic spherules to partially exsolve as the residue cooled. The lack of complete reduction of the 
FeO, even though conditions may have been extremely reducing, is probably related to the much greater 
solubility of Si in A1 than in Fe. This scenario is consistent with the tektitelfulgurite method of formation 
[I, 21 by reduction of the silicate instead of oxidation of the metal. These results do not rule out 
oxidation of the metal projectile, as has been suggested for impact melts from several terrestrial impact 
craters [3-71, however, since our preliminary results for the SS304-diopside shots suggest that Cr was 
oxidized and added to the melt. Our results ultimately indicate that selective oxidation and reduction can 
occur and we must know the oxygen figacity and temperature of formation in order to determine how the 
metal-silicate liquids formed and segregated in impact products. 

The morphology of the silicate residues in many of the craters turned out to be very intriguing. In 
several shots we found highly vesicular, rounded blebs to delicate, hollow spheres that were tens of 
microns in their maximum dimension. These textures are indicative of the formation of a vapor phase 
and melting of the silicate and are similar to hollow spheres found in lunar soils [8, 91, and some 
terrestrial craters such as Ries [lo], Wabar [5] and Lonar [a]. Preliminary TEM analysis of some of the 
"glassy" residues indicates that the plagioclases are amorphous, but the pyroxenes and olivines are 
crystalline. This suggests that during or immediately after impact, the silicates were melted, the melts 
degassed to develop the vesiculation and then in the case of the mafic minerals the melts rapidly 
crystallized without changing their melt-like morphology. Thus we are left with hollow spheres with a 
possibly quenched, cryptocrystalline texture suggesting dense nucleation and rapid growth. More TEM 
analyses are planned to determine if any of these spheres may actually be amorphous, since the shock 
pressures are high enough to melt the mafic minerals. The observation of olivine glass would 
corroborate the one previous experimental shock-recovery of olivine glass at modest pressure [ l l ] ,  and 
lend credence to the suggestion of olivine glass in shock veins in some meteorites [12, 131. 
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