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ELASTIC WAVE VELOCITIES AND THERMAL EXPANSION OF LUNAR 

AND EARTH ROCKS. H. Wang, T. Todd, G. ~immons, and S. Baldridge, 
Dept. of Earth and Planetary Sciences, Massachusetts Institute of 
Technology, Cambridge, Mass. 02139. 

Physical property measurements on lunar samples emphasize 
the roles of microcracks, absence of water, vacuum, texture, and 
prehistory. These parameters are different for lunar and earth 
rocks. Systematic variation of one parameter while the others 
are held constant is a near impossible task so that interpreta- 
tion of experimental results often contains ambiguities. Some 
preliminary experiments on terrestrial rocks with thermally 
induced microcracks and new data on Apollo 14 samples are re- 
ported within this abstract. 
Thermally cycled Fairfax diabase. If microcracks reduce veloci- 
ties, can we try to create them in a systematic manner? Our 
experiment was to thermally cycle Fairfax diabase cores in 
vacuum to maximum temperatures between 100°C and 1000°C. The 
heating and cooling was gradual over a 24 hour period with the 
maximum temperature held constant for about 12 hours. The com- 
pressional velocity Vp was then measured to 5 kb at room temper- 
ature and the quality factor Q was measured at a frequency of a 
few Hertz at room conditions. 

The velocity results are shown in Fig. 1. Note that the 
5 kb values for all the Fairfax diabase cores are about 6.9 km/ 
sec. For a core cycled to 600°C. V at P=O is reduced to 4.2 km/ 
sec. For a core cycled to 1000°C, bp at P=O is reduced even more 
to 2.2 km/sec. Thus we have simulated the low Vp values found in 
lunar rocks. 

The Fairfax diabase contained less than 3% mica and no min- 
eral alteration was seen in thin sections even for the core 
cycled to 1000°C. Externally, however, the core did become 
lighter in color. Perhaps the mica breakdown is responsible for 
the color change and also for some of the cracking. The plagio- 
clase grains from the thermally cycled cores were observed to 
contain significantly more cracks than the grains before cycling. 
Evidently the cracking is caused by stresses between grains due 
to the mismatching of thermal expansions across the grain boun- 
daries. 

We hope to make a quantitative correlation between veloci- 
ties and microcracks. Then we could also test theories which 
relate the pressure dependence of elastic moduli with the aspect 
ratio and number density of cracks. 

The Q results on the thermally cycled cores do not match the 
seismically determined lunar Q. The result might be expected 
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since the measurements were made at room conditions. The Q rises 
slightly from 450 to 550 for cores cycled between maximum temper- 
atures of 100°C and 600°C. We interpret the behavior in terms of 
water finally being driven out at 600°C. For higher maximum tem- 
peratures the Q drops to 250 when the friction on cracks domi- 
nates. 
Thermal expansion. Linear thermal expansions were measured be- 
tween -lOO°C and +200°C for three samples: 12022,95; 14318,30; 
and Fairfax diabase. 12022,95, an igneous rock, had a thermal 
expansion less than that of Fairfax diabase while 14318,30, a 
breccia, had an expansion almost identical with that of the Fair- 
fax diabase. The relative length change AL/Lo versus temperature 
is plotted in Fig. 2. 

The thermal expansion values are 1/3 to 1/2 the intrinsic 
value calculated from mineral content. We interpret the low 
value at P=O to be due to microcracks. The zero pressure thermal 
expansion is less than the intrinsic value while the zero pres- 
sure bulk modulus is also less than the intrinsic value. For 
most minerals and ceramic materials the thermal expansion and 
bulk modulus are inversely proportional. Again this anomaly is 
probably related to the microcracks. We hope to develop a firmer 
theoretical basis for the thermal expansion of rock by treating 
microcracks as a second phase in an isotropic composite. 
Discussion. Laboratory physical property experiments combined 
with in situ ALSEP measurements have two primary purposes in 
lunar science: (1) To describe the physical state of the lunar 
interior and ( 2 )  To characterize possible lunar geologic pro- 
cesses. 

These two purposes are illustrated by the often discussed 
paradox of lunar Q and velocities. The Apollo 11 seismic exper- 
iment gave low velocities for the subsurface layer yet extremely 
high Q. Laboratory measurements on returned samples were in good 
agreement with the velocity-depth curves but not with Q. Despite 
experiments by many investigators on the effect of water and va- 
cuum conditions, in our opinion no satisfactory answer has been 
given to the physical conditions responsible for the seismic re- 
sult. 

But there is some certainty that the low velocities them- 
selves are due to the presence of a greater number of microcracks 
than in earth rocks. What geologic process is responsible for 
their occurrence? Repeated shock impacts has been suggested as a 
means of producing microcracks. Another possibility is that the 
diurnal temperature variation may create cracks because of fa- 
tigue induced by a low level cyclic stress. From our experiment 
on Fairfax diabase we would like to add the possibility that 
cracks in lunar rocks are created in relatively high temperature 
subsolidus thermal cycling. Temperatures of 600°C to 800°C in a 
dry, vacuum environment would not induce chemical changes while 
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it does reduce velocities to very low values. We do not believe 
that such a heating would be inconsistent with natural remanent 
magnetism (NRM) studies on lunar samples. Some investigators 
suggest the possibility that the NRM was acquired subsequent to 
the initial cooling at temperatures slightly higher than the max- 
imum diurnal temperature. If such a heating can be established 
as an actual previous geologic process, then the low velocities 
would be consistent with our experiment. 

Fig. 1. Velocity vs. pressure. Solid curves 
from top to bottom are V for Fairfax diabase 
cores cycled to maximum !emperatures of 200 OC, 
600°C, and 1000°C, respectively. Dashed curves 
are for sample 14310 (p=2.88 g/cm3) . 
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Fig. 2. Relative length change AL/Lo vs. 
temperature. 
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