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During volcanic eruptions alternate transitions between two contrasting states are known to generate oscillatory phenomen
Switching between tremor stage and non-tremor stage and periodic transition between eruption stage and quiescent doom grov
stage are typical examples. These should reflect dynamics of magma inside volcanoes, which gives us indispensable informati
about physics of volcanic eruption. One of the main causes for this transition is instability due to double-valued relation betweer
flow rate and driving pressure. It indicates that two flow rates exist at one pressure and jump between two states causes transitic
The origin of this double-valued nature of magma flow has not been clarified yet though volatile-dependent viscosity is suggestec
To figure out the dynamics of this transition and physical origin of the double-valued relation, rheology of magma should be a
key. ?Similar phenomenon is known as spurt in the fields of polymer science. It is controlled by a jump of flow rate due to the
wall friction controlled by the double-valued relation of stress and strain rate. In this phenomenon an abrupt increase in flow rate
under certain range of driving pressure is observed.

We focus on rheology of suspension and explore the possibility of the rheology, which has the double-valued nature. In
this study PNIPAM aqueous suspension was used as an analogue material of multiphase magma. Since the volume fracti
of PNIPAM systematically changes with the concentration of gel powder and temperature, it is possible to measure chang
of rheology continuously associated with change of the fraction of solid phase. By experiments with controlled shear rate, we
revealed the double-valued relation in shear stress and shear rate at certain range of volume fraction of the solid phase. We wol
like to remark magma has a similar characteristic rheology, which can explain volcanic oscillatory phenomena. This work was
collaborated with E.D Giuseppe and A. Davalille.
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Deformation experiment on synthetic polycrystalline anorthite: effect of water
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Introduction : In laboratory measurements of physical and chemical properties of the earth’s lower crust, highly dense poly-
crystalline aggregates of major constituent minerals such as anorthite,@&#®J) are required. For precise measurements of
these properties, the aggregates should have (1) high density, (2) fine grain size (to escape from cracking during quenching), (
homogeneous microstructure, (4) controlled sample shape and size, and (5) controlled chemistry. We have developed a technic
to synthesize anorthite aggregates which meet the above conditions.

Experimental: We used nano-sized powders of $j@l,03, CaCGQ and Mg(OH) as starting material to synthesize single
phase aggregates of anorthite and, two phase composite of anorthite + diopside and anorthite + quartz. Those powders we
mixed to provide a resulting mole ratio of CaO 83, Si0,, and MgO to obtain desired mineral assemblies. Densified aggre-
gates were obtained through the following stages: calcination, forming and sintering. The final materials were characterized witl
X-ray powder diffraction (XRD) and secondary electron microscopy (SEM).

Results and Discussion

Anorthite: Calcineation was conducted under temperature of 670-9700C with fixed duration of 30-180 min. Coalescence of
the powder was observes 8200C, which was revealed by SEM. XRD result indicates that decarboxylation of anorthite solid
state reaction completes at7700C for 90 min. For sintering, a temperature of 1210-12600C with controlled time can provide
essentially full dense aggregates of anorthite with an average grain size of 1.7 micro m and porosity of 0.2 vol%.

Two-phase materials (anorthite + diopsidB)opside grains of 10 vol% was introduced to anorthite aggregates. Calcination
at 7700C for 30 min and sintering at 12000C for 50h were found to be the best conditions so far to synthesize highly dense
aggregates. Average grain sizes of 1.6 micro m and 0.8 micro m were detected for anorthite and diopside grains, respectivel
Density of 99.6% was achieved.

ReferencesS. Koizumi et al., Phys. Chem. Miner. 37, 505-518 (2010)

oo0o0o0:0000,000,00,00
Keywords: lower crust, anorthite, grain size, sintering

1/1



Japan Geoscience Union Meeting 2012 < ,
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“‘P““

Geoscience
Union

SIT42-P09 go:booboboobo 00:50 220 17:15-18:30

Ooodoodooodootdootdoodboodbooonoooooogod
Oooonooml . : o -
nisotropic strength and deformation behavior of antigorite serpentinite

>0

00000000 bhoooo?
URATA, Yoshito'*, ANDO, Jun-ichi, SODA, yusuké

00000000000 000000000000,200000000000000000
!Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima UsRkeosttgr Science
Organization, Kanazawa University

0000000000000000000000000000000000000000000D0000D0 D 00OKawakatsu
and Watada. 20000 0 0 00 O0000CO0O00000O0ODOOOOO000OOOOOOOO00OOODOOOOOOOOOOn
Jeffreyetal., 2000 000 0000000000000 O0O000O0ODOO0OO0OCOCOO0OOOOODOOLPOODOO
00000000000 0O0O00000O0OO0DOMookherjeeand Stixrude. 2000 000000000000 0OOOOOO
uobooboobooboooobooboobooboobooboooboooboobobooobooooooooooo
goooboobooooboobooogoobooboooobooooboboboooo

googoLpPOOCOODOOOOOOOODOOOOO0OODODOOOOOOOODODOOOOOOOOODDOODOOOO
000000000oo0o0o0o0U00000oDoOOO0OU0000000o0oDoODOO0O0OObO0O000000O Nasserietal.,
20030 00000oooo0o0oooobobo0ooooooOobo0ooooooOooOoOooooooobDocOo S ODOOOODOD
Oooooogsog4s°00oooooo0oooooooooooooooobooooooooooDoobODObObO0o0ooo
gogooooo LPOOO00O0DOOOO00OOODOOO0OODOOOOODODOOUOODOODODOOOODOOOOOOD
gooooooooboboooooooobobooooooooboboboobooobDobobooboobooDbOoD
obooobooooooobooooooon

goboooooobOobobooooooobOobobooooooooobOobobobooooooobooboOobon
Oo00O00ogoooeo)ioooopoooooololuoooooo0o0ood LPOO O OO Watanabe etal., 2011 0
OoMoooooOoOoOoOOOo Q3000 000oooooSmMMIOOO 8smmOO0O0O0O0O0O0OO0O0OOn
gogogogdgoep 3¢°0O0OO0000O0DODODODOO0U0ODDOOOOOODODOODOOOODODOUODOOOOODDO
0000000000000000000000000000 1.7x 10°%s0000000000000000000
OOoOoopoogsoobobiGPaddnOn

Oog0goocD3e°cDo0° 00000000 DObO0O000ODODO0On 870MPdal O 450MP&al 0 600MPad 0 OO0
c000oOooosocooboooono2b0b0000oooogoebopOoobooec-bODbObDOOnODbDObOO
gooooooobooobobobobooboooooooooooboobooboboboOooboobOobDobDobobobooo
000000000000 000O0O0O0O0O0000000O0O0OOODO0OO000D0UDODODOODODODOOOOOOO1)0°0d
o°000000O0O0O0O0OODOOOOODOOOOODOOO2)DO000000O0OO0OODOOOOODODODOOOLO
O0oo0oO0O0ooooooooool3)ooooooooooocooooooooggeoccoopooooooOon
bobooboobooooboboooooboboooogn

goooooooooboboooooogooooboobooboobooooboDoboboboob0ooobDoDbUuDb oo
00000000000000000000000000 (001)00 [p10|100D0000000000O0O0OODODOO0O
obooooooobOoboboobooooooobobooooooobOoboboooboooooooooboboooon
obooo0ooobOoboboooooooooboobOobobooooooooOoobOOobOobobooooooooooOon
oooooooooooooboooooooboooooooooDboOoOoOooooDOOooOoooooOoboooooooDon
O0O00oO0o0o0oOooooooo) o000 oooO0o00ooOo00D0ooOo0o0DoooOoooOooOO
00000000000 000000 vonMisesOODODOOOODODODODODO0OOOO0DOOOOOODODODODOOOODOO
gbooobooboooooboboobooooboooobobooonoo

o0o000:0000000000,0000,SEM,0000000
Keywords: Antigorite Serpentinite, Deformation Experiment, SEM, Deformation Mechanism

1/1



Japan Geoscience Union Meeting 2012
(May 20-25 2012 at Makuhari, Chiba, Japan)

©2012. Japan Geoscience Union. All Rights Reserved.

apan
Geoscience
Union

SIT42-P10 go:booboboobo 00:50 220 17:15-18:30

0000000000000000000000000000
Coalescence and Zener pinning of mineral grains in mylonite
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LEarthquake Research Institute, University of Tokddational Institute of Material Science

Recently, we have succeeded in demonstrating true superplasticity in geological materials (Hiraga et al. 2010). Superplast
deformation is commonly considered to proceed via grain boundary sliding (GBS) which results in grain switching in the sam-
ples. As a result, initial equigranular shape of grains can be remained even after severe deformation of the sample, which is or
of the characteristic microstructure of superplastically deformed materials. Further, due to large contribution of intergranular
deformation on total strain, development of crystallographic preferred orientation in the materials is not expected either. Thus
it is very difficult to recognize the operation of GBS in microstructure of the deformed rocks. Hiraga et al. (2010) showed co-
alescence of periclase grains almost perpendicular to the tensile direction after superplastic deformation in forsterie + periclas
aggregates, although the paper focused on the deformation enhanced grain growth during superplastic deformation. Here v
present more details of the coalescence microstructure and compare it with that of ultramylonite, often considerd to have de
formed by GBS creep. We show the microstructures of coalascence of similar mineral phases and Zener controlled grain size

Such observations indicate pervasive operation of GBS in the earth’s mantle and crust.
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Exploration of microstructure induced by ultra low strain rate in mantle derived olivine
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The compression experiments on forsterite-melt system
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Superplasticity in hydrous melt-bearing dunite: Implications for shear localization in Earth
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Simultaneous analysis of strain and texture of polycrystalline materials using two-dimensi

X-ray diffraction pattern

oo oo
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1Kobe Univ. Sci.

Angle dispersive powder X-ray diffraction experiments using a two-dimensional area detector are one of the most powerful
methods for Earth material sciences, particularly under high pressure conditions. A two-dimensional intensity distribution on
Debye rings immediately involves information of the number of crystallites, lattice preferred orientation (LPO) and lattice strains
under stress; i.e. the number of crystallites is directly related with the spottiness on the Debye rings. When a LPO is devel
oped, diffracted intensities along the Debye rings show circumferential oscillations unique to a manner of the three-dimensiona
orientation distribution. The effect of lattice strain appears in elliptic distortions of the each ring or a deviation of the original
crystallographic geometry between rings. These are substantial factors of the bulk physical properties of a polycrystalline mate
rial, including seismic velocity, thermal/electric conductivity and so on, but in many cases the quantitative treatments have no
yet been developed into a standard technique.

In the present study, the author developed a software code, which simulates a two-dimensional diffraction pattern based c
given experimental parameters (e.g. wave length, beam convergence, camera length, pixel size of a detector, and so on) a
(poly)crystalline properties (crystal structure, crystallite number, size, orientation distribution, lattice strain and so on). Through
the simulation, the effect of the parameters on the diffraction pattern can be quantitatively and visually estimated. Furthermore
to find the orientation distribution and the lattice strain from the observed diffraction pattern, a fitting procedure is incorporated
into the code as follows: The software initially generates a large numb&@0 of crystallites with random orientation under
a strain-free condition, evaluates the residual of the simulated/observed patterns, and then iteratively modifies the orientatio
distribution and stress condition. In each iterative step, randomly selected crystallites (0.1-1.0 %) are roughly orientated towar
a randomly generated direction, and the modified distribution are (or not) adopted if the residual becomes small (or large). Com
ponents of stress tensor are also modified at several intervals. By repeating the iteration step mamyliMethé simulation
seems to converge to a certain condition. A pole figure (density map of a crystallographic axis or plane direction) can be cal
culated from the obtained orientation distribution. The fitting procedure was applied for several actual diffraction patterns from
in-situ uniaxial compression experiments, and its validity was confirmed.

00000:00 XO000O,0000,00000,000000,0000
Keywords: X-ray powder diffraction, lattice preferred orientation, lattice strain, two-dimensional detector, polycrystalline mate-
rial
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Brine distribution in halite rocks - Inference from measured electrical conductivity

oooo,ooot
KITANO, Motoki'*, WATANABE, Tohru!
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! Department of Earth Sciences, Faculty of Science, University of Toyama

Intercrystalline fluid can significantly affect rheological and transport properties of rocks. Its influences are strongly dependent
on its distribution. The dihedral angle between solid and liquid phases has been widely accepted as a key parameter that contre
solid-liquid textures. The liquid phase is not expected to be interconnected if the dihedral angle is larger than 60 degrees. How
ever, observations contradictory to dihedral angle values have been reported. The grain boundary fluid coexists with a positiv
dihedral angle. Similar thin fluid films might exist in grain boundaries of crustal materials, and play important roles in crustal
processes. In order to understand the nature of grain boundary fluid, we measured electrical conductivity of synthetic wet halit
rocks at various temperature and pressure conditions.

Halite-water system is used as an analog for crustal rocks. The dihedral angle has been studied systematically at various pre
sure and temperature conditions. The dihedral angle is larger than 60 degrees at lower pressure and temperature. It decrea
to be less than 60 degrees with increasing pressure and temperature. A sample is prepared by cold-pressing (140MPa for
minutes) and annealing (T=160C and P=180MPa for 20 hours) of wet NaCl powder. Grains are polygonal and equidimensiong
with diameters of 50-100 micrometers.

Experiments are performed using a conventional cold-seal vessel with an external heater. The pressure medium is silicon c
(viscosity=0.1 Pa s). Dimensions of a sample are 9 mm in diameter and 7 mm in length. Viton is used as a jacketing material
Platinum electrodes are placed at both ends of the sample. The confining pressure of 30 MPa is first applied to a sample, and th
the temperature is increased to 120C and kept for 5days. The temperature is then changed to 180C (162C@sample) and 14
(126C@sample). Electrical impedance of the sample is measured at different pressures. Impedance measurements are made \
an LCR meter (NF ZM2353) (40Hz to 200kHz), and a lock-in amplifier (SRS SR830) and a current amplifier (SRS SR570)
(40mHz to 400Hz). Debye-type impedance spectra are observed, to which a parallel array of a capacitor and a resistor can |
applied as an equivalent circuit. Measured resistance is converted to conductivity.

Measured conductivity is higher than the conductivity of NaCl by 2-3 orders of magnitude, implying that the electrical con-
duction is dominated by that through brine. Quasi-stationary conductivity observed at T=180C is almost independent of the
pressure. This is consistent with a slight change in the dihedral angle with the pressure. The connectivity of brine should mainly
be governed by the triple junction tubes, which are difficult to deform. If the interconnection is governed by grain boundary fluid
films, the conductivity should be very sensitive to the pressure increase.

The progressive decrease in conductivity at 140C an8@MPa reflects the increase in the dihedral angle, while the increase
in conductivity at 100MPa the decrease in the dihedral angle.

Even at conditions of the dihedral angle larger than 60 degrees (e.g., T=140C, P=30MPa), brine is interconnected. Howeve
we cannot say that connected paths are stable or not. No stationary value is observed. Longer runs should be done to study |
connectivity of brine at lower temperature and pressure conditions.
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Experimental study of seismic attenuation by using a rock analogue
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