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Chemical and mechanical processes are coupled in many
geological and geochemical environments. Reactive processes
anneal defects and restructure grain boundaries, modifying their
elastic properties, levels of internal friction, wave propagation
rates and fracture behaviors. The nature of these changes is,
however, contingent on the initial state of the rock. In this study,
impulse excitation was used to measure changes in mechanical
properties as a function of dry and steam heating time at 300 ºC
for three carbonate rocks: Carrara marble, Carthage marble
(Burlington Limestone), and Texas Cream limestone (Edwards
limestone), with initial porosities of about 1 %, 3 %, and 27 %,
respectively. Frequency-dependent phenomena along with
orientation-dependent mineral recrystallization were observed.
This was coupled with small angle X-ray and neutron scattering
analysis to determine the relationship between changes in bulk
mechanical and microstructural properties. An observed
decrease in both the Young’s and shear moduli in the
experimental limestones as a function of heating time reflects
and quantifies a reduction in the stiffness of the rock due to
annealing. The internal friction of the samples first increases
then decreases with reaction time, reflecting defect annealing,
but this was balanced against grain boundary dissolution
apparently driven by condensation of steam in the confined
grain-boundary environment. This implies an increase in the
boiling point under confinement leading to dissolution, increased
porosity and widening of the grain boundaries. In addition,
comparison of small-angle X-ray and neutron results suggests
that it is inappropriate to assume that pores are empty for
quantitative analysis of typical small-angle scattering samples
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