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Abstract :

This thesis is composed of six chapters. I performed three different researches. The
first one is related to nano-indentation tests, the results of which is given in Chapters 2 and 3.
The second research is on the microboudinage structures of piemontite embedded within 6

samples of metachert collected from Western Alps, Italy and France. The third research is on



the width and aspect ratio of piemontite grains embedded within 30 samples of metachert
collected from the Sambagawa metamorphic belt of Japan, from metamorphic zones of Western
Alps of Italy and France, and from obduction-related metamorphic sole beneath the Samail
ophiolite of Oman and UAE.

In the Chapter 2, I conducted nano-indentation tests of quartz under a load of 294 mN
at room temperature and ambient pressure. Using an atomic force microscope, we performed
topographic mapping of the indented surface immediately after the nano-indentation test and
again 46 hours later. Differences in the contour patterns of the two surface topographies reveal
that a new fault developed in the quartz specimen while it was secured on the specimen stage of
the atomic force microscope between the two mapping times. When combined with existing
displacement—length data from mnatural faults, the data suggest that a linear
displacement—length scaling relationship can be extrapolated to nanometre-scale faulting.

In the Chapter 3, I calibrated RIDER II, estimated the elastic deformation of apparatus,
estimated influence of ambient condition, and the apparatus came to be able to measure more
accurate. We performed nano-indentation hardness tests of quartz single crystal on 5 different
crystallographic orientations using a depth sensing nano-indentation tester with 5 different
diamond indenters at the maximum load of 10-100 mN, and plotting all the data on the
log(Dyes)-log(U,) diagram, we noticed that data obtained with different diamond indenter are
arranged into different straight lines parallel to with each other and the data from different
crystallographic orientations with a diamond indenter appear to lie on a single straight line,
indicating no influence of crystallographic orientation.

In the Chapter 4, I have undertaken stress—strain analyses on microboudinaged
piemontite grains embedded within one sample of metachert collected from the
ultrahigh-pressure (UHP) metamorphic unit at Lago di Cignana in the Western Alps, and five
samples of metachert from the surrounding high-pressure (HP) metamorphic units of Italy and
France. The analyses revealed a significant contrast in the stress and strain histories of the
UHP and HP metamorphic units, with the differential stress recorded by the UHP sample being
unequivocally lower than that recorded by the five HP samples.

In the Chapter 5, I performed a statistical analysis on width and aspect ratio of
prismatic piemontite grains within 30 samples of metachert from three metamorphic areas
(Sambagawa belt, Japan; Western Alps, Italy and France; metamorphic sole beneath the Samail
ophiolite, Oman and UAE), and revealed that width and aspect ratio are well represented by
bivariate lognormal distributions. I also revealed that width and aspect ratio in each sample are

not mutually independent but loosely related with each other.



