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Crystalline rocks of metamorphic and magmatic origin are usu-

ally of very low porosity (below 1%). Porosity corresponds

to grain boundaries, cleavage planes of rock forming minerals

and microfractures of different length that can be either sealed

or open. Orientation and connectivity of microporosity in these
rocks and its closure with respect to increasing confining pres-
sure is of great interest as they are suitable for dangerous waste
disposal. However, there is limited number of methods how to
measure it. In this work, we examine origin and spatial orien-
tation of microporosity in two eclogites of similar lattice pre-
ferred orientation (LPO) of omphacite, but different microstruc-
ture and grain size using:

1. subtraction of velocities of acoustic P-waves (AVp(Ap)) ex-
perimentally measured in 132 directions at different confin-
ing pressures on spherical sample (pulse transmission tech-
nique of Pros and Babuska (1968) and Pros et al. (1998)),

2. measurement of lattice preferred orientation using SEM-
EBSD method and

3. quantitative microstructural analysis of grain boundaries orien-
tation in three thin sections that are oriented parallel to xz, xy
and yz planes of finite strain ellipsoid (polyLX of Lexa (2003).

We choose eclogites as a relatively simple bi-mineralic rock

type composed of omphacite and garnet as cleavage-bearing

anisotropic and cleavage-free isotropic minerals, respectively.
The first sample (JK1b) is dynamically recrystallized crustal
eclogite that consists of fine-grain clinopyroxene grains having
mean Ferret diameters of 41 um. Garnet grains have idiomor-
phic shapes and mean Ferret diameters of 87 um. The second
sample (SNW3) belongs to the population of coarse-grained
mantle xenoliths. Sample consists of clinopyroxene and slightly
elongated garnet grains that define well-developed macroscop-
ic foliation. Mean Ferret diameter of clinopyroxene and garnet
is 1.31 mm and 2.20 mm, respectively.In the sample JK1b, two
main fields (A and B) of directions of high P-wave velocity dif-
ference values characterize spatial distribution of microporo-
sity. Third less significant field of directions of high values of
P-wave velocity differences (field C) occurs in the foliation
plain at eastern pole of diagram.

Partial subtractions between increasing hydrostatic pressure

steps show that most microcracks from the set corresponding
to the field A were progressively closing down between confin-
ing pressures of 0.1 and 20 MPa. Most microcracks correspond-



ing to fields B and C were progressively closing from 0.1 up to
50 MPa of confining pressure. The electron back-scattered dif-
fraction (EBSD) method showed that poles (110) of omphaci-
te cleavage planes fit well with field B. Comparison of results
from all three applied methods showed that 1) oriented micro-
porosity characterised by field A maximum corresponds mainly
to grain boundaries parallel to foliation plane, 2) field B maxi-
mum most probably corresponds to omphacite cleavage planes
and 3) field C maximum corresponds very likely to intersec-
tion between two sets of cleavage planes or/and grain bounda-
ries in the strongly linear microstructure of the sample JK1b. In
the sample SNW3, the partial subtractions of P-wave velocities
measured at individual pressure levels shows neither clear con-
centration of directions of high P-wave velocity difference va-
lues nor systematic progressive closure of microporosity in any
direction. However the bulk subtraction of measured P-wave
velocities between 400 MPa and 0.1 MPa shows three maxima

of directions of important values of P-wave velocity differences.

These maxima correspond well to orientation of clinopyroxene
cleavage planes.

Results show that grain boundaries are the most important
contributors to the bulk microporosity in studied rocks. The
mean of AV, has been calculated in order to assign the relative
amount of open space and the anisotropy of P-wave velocity
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differences. It shows that microporosity in the sample JK1b is
relatively large and strongly preferentially oriented, whereas it
is significantly lower and less preferred oriented in the sample
SNW3. It implies that grain size of rock forming minerals con-
trols amount of microporosity. Also, orientation of microporos-
ity depends mostly on preferred orientation of grain boundaries
and somewhat less on orientation of cleavage planes. This study
showed that experimental pulse transmission technique is useful
tool for visualization of oriented microporosity in 3D and pro-
vide important basis for further study of permeability anisotropy
through studied rocks.
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