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How are rocks stuck together in waterless environments? 
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The mechanisms of lithification on the earth are generally 
well understood. Most of these processes involve water and 
fluid alterations. However, in the bulk of the solar system 
there is no liquid H20 present to aid in the lithification of 
fragments. When astronauts first landed on the moon they 
found it to be very solid with many boulders and a very fine 
dust coating most surfaces. How were these boulders formed? 
They contained fragments of many different rock types 
bonded together with in a coherent way. 

Through the examination of eight lunar breccias 
composed of varying lithologies and comparing them to four 

meteorite samples and eight laboratory synthesized lunar 
breccias, a mechanism of lithification is proposed. It involves 
small amounts of melting around grain boundaries (sintering). 
The intergranular melt forms delicate "bridges" between 
grains. The temperatures and pressures required to cause the 
edges of a grain to melt are produced by shock from an 
impacting body. The amount of melt and therefore the 
cohesiveness of the sample is directly related to the amount of 
melt in the matrix of the rock. In addition there is a correlation 
between the porosity of the sample and the cohesiveness of the 
rock. The composition of the melt was found to vary locally as 
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the composition of the grains varied. However, when 
plagioclase grains of anorthite composition were present along 
with clinopyroxene or olivine, the anorthite selectively melted 
to form bridges. It is concluded that rocks (breccias) 

composed of fragmented minerals and rocks are rendered 
coherent and solid due to grain-grain bonding via localized 
melting. Shock-related processes are responsible for this 
lithification. 




