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To understand and correctly interpret large scale topographic 
features, their associated gravity fields, and fracture systems on the 
terrestrial planets and the Jovian Satellites requires a knowledge of 
the physical properties of the crustal rocks. Because of the varying 
crustal environments and the different rock types we have embarked on a 
suit of experiments where we measure and observe various deformational 
characteristics including crack morphology during the application of 
stress to igneous, metamorphic and sedimentary rocks. As a function of 
the environment (temperature, confining pressure and partial pressure of 
water) and stress-state (deviatoric stress and rate of change) we 
observe strain, surface deformation, failure strength, ultrasonic wave 
velocities, acoustic emission and crack shape size and distribution. In 
this paper we describe the experimental approach, the general results 
and their applicability to planetary crusts. 

Much of the deformation and failure in brittle crustal rocks is due 
to the growth and interaction of cracks. We are studying crack growth 
in thin rock plates where we have good control over the partial pressure 
of water and the stress. Ideally this technique yields activation ener- 
gies and volumes and critical stress intensity factors for crack growth. 
While the technique works very well. for thin plates of glass, it is much 
more complicated for rocks (1,2). The propagation of a macrocrack in 
rock has associated with itself a system of microcracks that form a pro- 
cess zone in the vicinity of the macrocrack within which the properties 
are different from the rest of the rock plate. Ve are using optical 
holographic interferometry, the location of acoustic emissions, scanning 
electron microscopy and finite element modeling to characterize the pro- 
cess zone. Fig. 1 illustrates the difference between glass and rock as 
seen by holography. In general, in all rock types, for slow macrocrack 
propagation, in a wet (high partial pressure of water) environment at 
high temperature we find no acoustic emissions ahead of the macrocrack 
and crack growth occurs mainly along grain boundaries. Fast, dry and 
low temperatures are associated with acoustic emissions and trans granu- 
lar (through the grain) fracturing. 

In various whole rock samples we are studying bulk deformation, 
crack morphology, elastic wave velocities, attenuation and acoustic 
emissions to gain an understanding of how stable and unstable crack 
growth interact to lead to anomalous deformation and failure. The whole 
rock tests are usually performed under triaxial stress as either con- 
stant strain rate or creep tests. Elastic wave propagation measurements 
and optical holography observations allow us to identify an anomalous 
deformation zone. Preferential crack growth and dilational volume are 
associated with this zone. As in the case of the macrocrack propagation 
in the thin rock plates, the environment and the rate of deformation 
play an important role in the development of -7'3, anomalous deformation 
zone. At a low laboratory strain rate (<5x10 under wet conditions 
the zone becomes apparent at approximately 60% of the ultimate differen- 
tial failure stress. The deformation zone contains the ultimate failure 
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plane. If a sample is quickly (>10-~s-~) strained to a large fraction 
(-90%) of its short term failure stress and then allowed to creep to 
failure, the anomalous zone does not appear until the end of the secon- 
dary creep stage (Fig. 2, Ref. (3)). In small ("5cm) laboratory samples 
the zone is observable with optical holography but is not discernable by 
elastic wave velocity variations (4). 

To understand whether plate tectonics exists on Venus (5) and how 
thick the Martian lithosphere must be to support the Tharsis region by 
flexture (6) requires an understanding of the physical properties of 
crustal rocks. These properties are not only a function of temperature 
and pressure but also of their chemical environment, past deformation 
history and rate of deformation, and thus the subject of our investiga- 
tions. 
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Fig. 1. Double exposure holograms of 
thin plates of glass and granite 
undergoing subcritical fracture. The 
dark lines are contours of the relative 
surface displacement (contour interval 
"0.3~~). Fracture propagation is from . - -  

left to right. The small contours on PRIMA& SECON~ARY TERTIARY 
the glass sample reflect asingle sharp. 
crack tip. In contrast, a zone of Fig. 2. Double-exposure holograms of 
snomalous deformation is indicated Westerly granite undergoing creep. 
by the distorted contours in the Surface deformation remains highly 
crack tip zone for the granite. disordered during primary creep. 

During late secondary and tertiary 
(Figure reproduced courtesy of creep a ridge forms from upper right 
Pergamon Press.) to lower left. The final fracture 

runs along this ridge. 
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