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SHOCK-ENHANCED DJSSOLUTION OF SILICATE MINERALS: AN IMPORTANT 
PLANETARY SURFACE PROCESS? M. B. Boslough and R. T. Cygan, Sandia National 
Laboratories, Albuquerque, New Mexico 87185. 

There is evidence that when many materials are subjected to intense 
shock-loading, they undergo changes which affect subsequent chemical reac- 
tion processes. In some cases, chemical reaction rates in the shocked 
materials are increased by orders of magnitude (e.g. catalysis of CO and 
methanol by Ti02 and ZnO, refs. 1,2). Recent research suggests this chemi- 
cal response is due to the shock-induced generation of unusually high 
densities of defects and dislocations (e.g. ref. 3 for polymerization and 
thermal decomposition reactions). Other research has shown that shock- 
loading of crystalline solids can increase defect densities by orders of 
magnitude (4,5). Chemical reactions which are controlled by surface 
processes will certainly be affected. Both net increases and decreases have 
been observed in specific surface areas of shocked inorganic powders, due to 
comminution or agglomeration of grains, with an increase of over an order of 
magnitude in the case of shocked aluminum oxide (6). Boslough et al. (7) 
suggested that this "shock-activation" may be an important surface process 
for minerals on planets where impact-induced shocks and atmosphere-regolith 
and/or groundwater-regolith interactions are significant. For example, a 
shock-induced enhancement of weathering and hydrothermal alteration rates of 
the Martian surface material would have affected the evolution of the 
regolith and determined its present mineralogical composition. Shock- 
activation of minerals would also have a bearing on the evolving chemistry 
of groundwaters and other solutions associated with the weathering of 
shocked phases near nuclear test sites. 

We have undertaken the present study to examine the effect of shock 
loading on rock-water interactions and, in particular, to determine if there 
is experimental evidence to support shock-enhancement in the dissolution of 
silicate phases. Although no comprehensive study has been performed on 
shock-modified silicate minerals, a previous paper examined the enhanced 
leaching rates of sulfide minerals for shock pressures up to 18 GPa (8). We 
have carried out shock-recovery experiments on three silicate minerals using 
the Sandia "Bear" explosive loading fixtures to achieve well-characterized 
shock states (9). Two plagioclase minerals (oligoclase and labradorite) and 
one mafic mineral (hornblende) were studied. All three were recovered from 
mean peak shock pressures of 7.5, 16 and 22 GPa. Mean bulk shock tempera- 
tures were estimated from the calculations of Graham and Webb (9), and 
depend on initial sample density (see Table). Electron microprobe analyses 
indicated that the hornblende has an approximate composition of 
Ca,(Mg3 jFelz)(Si7 5A10.5)02Z(OH)2 (hornblende-tremolite solution). 
Scannlng elec ron microscopy examinatior~ of the unshocked and shocked 
samples indicates substantial brittle disaggregation to have occurred in 
these silicate phases due to shock-loading. X-ray diffraction analysis of 
the shocked samples failed to demonstrate the occurrence of any additional 
crystalline phases nor was there any evidence of shock-generated glass. The 
shocked material exhibits significant decreases in mean grain size. Surface 
area measurements by the BET gas adsorption technique indicate substantial 
increases in the specific surface area of the shocked samples. The 

2 oligoclas~ sample exhibi.ted a specific surface area increase from 0.73 m /g 
to 2.38 m /g, respectively, for the unshocked and the 22 GPa shocked 
samples. 
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The dissolution experiments were performed by reacting the minerals in 
batch dissolution cells with a pH-buffered standard solution (0.01 N potas- 
sium hydrogen phthalate, pH = 4). The dissolution cells were placed in a 
constant temperature bath at 25°C and were kept agitated during the course 
of the run. Continuous agitation of the cells disrupts any chemical diffu- 
sion layer in the solution at the mineral interface and thereby supports a 
surface controlled dissolution mechanism. The experiments were maintained 
at these conditions for up to 21 days. Small volumes of solution were 
periodically sampled from each of the dissolution cells; identical volumes 
of the starting solution were added to replenish the sampled solution. The 
extracted solutions were analyzed for silicon using the molybdate-blue 
spectroscopic method and for aluminum and other cations by plasma emission 
spectroscopy. Reaction rates relative to the unshocked control sample are 
obtained directly from the silicon analyses for each of the shocked 
minerals. These preliminary measurements will be used to determine if the 
dissolution proceeds by surface controlled mechanisms such that enhanced 
rates are dependent upon shock pressure. Weathering rates of impacted 
planetary surfaces may require reevaluation in light of these results. 

Sample Peak Estimated 
Den3ity Pressure Mean Bulk 

Shot Mineral Fixture Explosive (Mg/m ) ( 8 )  (GPa) Temp. ( K )  

1B866 Oligoclase 
2B866 Oligoclase 
3B866 Oligoclase 
4B866 Hornblende 
5B866 Hornblende 
6B866 Hornblende 
1B876 Labradorite 
2B876 Labradorite 
3B876 Labradorite 

Momma Bear 
Momma Bear A 
Momma Bear A 
Momma Bear 
Momma Bear A 
Momma Bear A 
Momma Bear 
Momma Bear A 
Momma Bear A 

Baratol 
Baratol 
Comp B 
Baratol 
Baratol 
Comp B 
Baratol 
Baratol 
Comp B 
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