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Chemically induced formation of pull-apart structure of Cr-spinel
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Cr-spinel is known as the most rigid mineral among constituents of mantle peridotite. However, it is often
seen that it forms pull-apart structures in deformed peridotite as a result of brittle fracturing.
Understanding of mechanical conditions for fracturing of Cr-spinel could give a clue for stress estimation.
Therefore, comprehensive study on the cause of fractures in Cr-spinel is important. In this study, we
performed petrological and microstructural analyses of Cr-spinel and host deformed dunite in
Higashi-akaishi ultramafic body in Sanbagawa metamorphic belt. The occurrence can be related to
physical and chemical conditions in subduction zones.

Characteristic microstructures of Cr-spinel are developed as a function of an increasing amount of
antigorite in the host dunite in the following order: chemical modification from rim to core, pull-apart
structures, polycrystalline textures and, finally, disseminated clusters of micro-grains. The microstructural
evolution of Cr-spinel implies that there are some chemical effects on the fracturing. The chemical
modification of Cr-spinel shows a systematic trend characterized by an increase of Cr# (atomic ratio of Cr
/ (Al + Cr)) and a subsequent increase of Fe towards end member of magnetite. Extents of chemical
modification along cracks are lower than those along rims, indicating that tensile cracks are formed after
commencement of chemical modification along rims. The critical mineral chemistry for fractures is
defined as Al / (Cr + Al + Fe*") < 0.15. EBSD analyses revealed that sub-grains are dominantly formed in
the altered rims and also that tensile cracks are propagated from sub-grain boundaries. Recrystallized
micro-grains contain minor sub-grain boundaries and show random orientations, suggesting that they are
neoblasts formed by nucleation and growth. The formation of neoblasts is concomitant with Fe-rich parts
of Cr-spinel.

The above observations indicate that dislocation-controlled recrystallization depends on chemical
compositions of Cr-spinel. Climb velocity of dislocation depends on a self-diffusion coefficient of the
slowest diffusing species and self-diffusion coefficient of the slowest Cr in Cr-spinel increases with
increasing Cr#. Therefore, it is interpreted that the chemical modification characterized by the increase of
Cr# enhanced dislocation motions resulting in the localized sub-grain formation to the chemically
modified domains.

We estimated fracture stress (i.e. fracture toughness) of Cr-spinel using a fracture model for a cylinder
with a peripheral crack, assuming the widths of chemically modified domains as the potential depths of
sub-grain boundaries that act as preexisting cracks. Strength of Cr-spinel is variable depending on mineral
chemistry and width of crack and the estimated values for two samples are 84 and 243 MPa. On the other
hand, differential stress estimated from dislocation density of olivine is lower than these values. The
discrepancy can be explained by concentration of stress due to difference of elastic coefficients of
Cr-spinel and surrounding olivine. To support this idea, the maximum intragranular tensile stress in
Cr-spinel based on fiber-loading theory is higher than the fracture stress from a cylinder model.
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The microstructural analyses reveal that compositional change of Cr-spinel under hydration reactions
enhances its plastic deformation to develop weak planar defects such as sub-grain boundaries and grain
boundaries. Fracturing of Cr-spinel can be explained by the chemically induced defects and stress
concentration due to the high elastic constant of spinel. It does not require an extremely large stress
although the critical strength is variable depending on the Cr# of spinel.
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Ductile-to-brittle (D/B) transition is a key rheological property to determine the tectonic style (flow
features and fracture patterns) on the surfaces of icy bodies in the solar system such as Earth, Mars and
icy satellites and it has been studied by numerical models, laboratory experiments, and field observations.
The theoretical model of D/B transition indicates that the transitional strain rate is controlled by some
factors; for example, a power law relationship between stress and strain rate in a ductile behavior, d & /dt
=B o" (d € /dtis the strain rate and ois the stress), fracture toughness, and coefficient of friction
[Schulson, 1990; Renshaw and Schulson, 2001]. Particularly, fracture toughness is one of the most
important factor to determine the critical strain rate corresponding to the D/B transition. The fracture
toughness of water ice has been studied by laboratory experiments and depends on temperature,
porosity, ice grain size, etc. For example, the K_ of non-porous fresh water ice is about 100 kPa m'/? at
-10° C [e.g., Nixon and Schulson, 1987]. The tectonic features found on Mars and icy satellites has a rocky
component with various contents in water ice. Thus, the fracture toughness of ice-rock mixtures is
important to determine the tectonic style on icy bodies but it remains unclear. In this study, we measured
the fracture toughness of ice-rock mixtures and examined the effect of rock content on fracture
toughness. Furthermore, we also measured elastic moduli, Young's modulus and Poisson's ratio, which are
closely related to fracture toughness.

The samples were prepared by mixing ice seeds with a diameter smaller than 850 wm, amorphous silica
beads with a diameter of 0.25 wm, and distilled water at 0° C to fill spaces among the ice seeds and/or
silica beads. The samples which had a cylindrical shape with a diameter of 30 mm and a height of 60 mm
were frozen in a cold room at -10° C for more than one day. The specimens for the measurements of
fracture toughness were shaped by cutting original cylindrical sample to a rectangular parallelepiped
shape and the notch was made by cutting at the center of basal surface. We made samples with silica
volume fraction, f, of 0, 0.06, 0.12, 0.18 and 0.34. Fracture toughness was measured using the method of
three-point bending in a cold room at -10° C at Ice Research Laboratory, Dartmouth College. The elastic
moduli were determined by measuring the ultrasonic velocity of both longitudinal and shear waves. After
the measurements, the microstructure of recovered specimens were observed using a cryo-SEM.

The fracture toughness, K, for pure ice was 99.8 £18.5 kPa m'’2, close to those of fresh-water ice
obtained in previous studies at -10° C [e.g., Nixon & Schulson, 1987]. The values of K. for each ice-silica
mixture varied more than that of pure ice yet the fracture toughness increased with increasing silica
volume fraction and scaled as the square root of silica volume fraction; i.e., K o f2, Young's modulus, Y,
increased linearly with increasing silica volume fraction over the range of silica volume fraction explored
in this study. On the other hand, Poisson's ratio, v, of pure ice and ice-silica mixtures were almost the
same, irrespective of silica volume fraction. The average value was 0.33, consistent with that of
polycrystalline granular ice at -5° C [Schulson and Duval, 2009]. Fracture toughness is related to Young's
modulus and Poisson's ratio as K|C=A/GC(Y/1 - 1/2), where G_is the critical value of the crack-extension
force. In our experiments, we found that the increase in fracture toughness with silica volume fraction
primarily resulted from the linear increase in Young's modulus with silica volume fraction given assuming
the crack-extension force G, was independent of silica volume fraction over the range of silica volume
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fraction explored in this study.
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Small to middle-sized icy satellites in the solar system (diameter < several hundreds of km) are mainly
composed of water ice and rocky debris and they have porosity over a wide range. On these satellites,
various landforms caused by tectonic activities are found; for example, impact craters on icy satellites has
a shallow depth, compared with those on rocky bodies such as the Moon. The shallow depth is expected
to be caused by the difference of viscosity and deformation strength, that is the strength of water ice is
smaller than that of rock. Thus, to understand the tectonic activities on small to middle-sized ice satellites,
it is necessary to understand the deformation strength of ice-rock mixtures over a wide range of porosity.
Flow law is one of the most important rheological properties to understand the formation processes of
flow features found on icy bodies. Furthermore. a deformation strength is characterized by a flow law.
Yasui and Arakawa (2010) examined the flow law of ice-silica mixtures with silica mass content of 0-50
wt.% and porosity of 0-20% and they reconstructed the flow law by introducing the factors of silica mass
content and porosity. In this study, we focused on the effect of porosity over a range of porosity higher
than that explored by Yasui and Arakawa (2010). We carried out creep tests of water ice with a porosity
higher than 50% and examined the effect of porosity on the flow law of water ice.

The samples were made of ice grains with an average diameter of 20 uwm: they were put in a stainless
mold of inside diameter 25 mm and then compressed by a piston to control the porosity of 50, 60, and
65%. We performed creep tests under constant stress from 6.6 to 59 kPa in a temperature-controlled box
or a cold room at Kobe University. The temperature was set to be -20 or -10° C.

In the case of water ice without porosity, the constant strain rate showing beyond a strain of 2% on the
creep curve (a relationship between strain and time) was applied to the flow law. However, in the case of
our porous water ice, the strain rate continued to decrease with increasing the time even beyond a strain
of 2%. This was caused by the compaction during creep test: for example, the porosity of our porous
water ice measured before and after the test was changed from “50 to “45% at the temperature of -10° C.
Therefore, we examined the strain rate in increments of a strain of 0.02 over a range of strain from 0.02 to
0.16 on the creep curve to examine the flow law. As a result, the slope of the fitting line on the
relationship between strain rate and stress increased with the increase of strain. In this study, we applied
the strain rate at a strain of 0.14 on the creep curve to the flow law to examine the effects of porosity and
temperature.

The flow law could be expressed as d € /dt=B ¢", where d £ /dtis strain rate, ois stress and B and n are
constants. At same temperature, the strain rate increased with the increase of porosity, that is, the
constant B exponentially increased with an increase in porosity: for example, the B of the porosity of 50%,
53x 10" 5'1(Pa)'”, was two orders of magnitude smaller than that of 65%, 1.4 x 10° s'1(Pa)'”. However,
the slope of the fitting line became almost constant, irrespective of porosity. This means that the stress
exponent n became almost constant, 0.9, and it was about 1/3 as small as that of water ice without
porosity (n”3). In the case of same porosity, the strain rate increased as the temperature became higher
while the stress exponent n became almost constant, irrespective of temperature. The B could be
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expressed by using the activation energy Q as B=B,exp(-Q/RT), where T is temperature, Ris gas constant
and B, is constant. The activation energy Q of our porous water ice was about 60 klJ/mol, irrespective of
porosity, and it was a little smaller than that of water ice without porosity, 80 kJ/mol (Barnes et al., 1971).
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To understand the processes involved in rheological weakening due to phase mixing, we conducted
torsion experiments on samples composed of iron-rich olivine + and orthopyroxene. Samples with volume
fractions of pyroxene of f;)x = 0.1, 0.3, and 0.4 were deformed in torsion at a temperature of 1200°C and a
confining pressure of 300 MPa using a gas-medium apparatus.

The value of the stress exponent, n, decreases with increasing strain, v, with the rate of decrease
depending on f;,x. In samples with larger amounts of pyroxene, f;)x = 0.3 and 0.4, n the stress exponent
decreases from n = 3.5 at lower strains of 1 <y <3 to n= 1.7 at higher strains of 24 <v¥ <25. In contrast,
for the samples with fpX = 0.1, the stress exponent decreases from n = 3.5 at lower strain decreases only to
only n= 3.0 at higher strains. In samples with larger f;}x, the value of p grain size exponent changes from p
=1 at lower strains to p = 3 at higher strains. Furthermore, Hansen et al. (2012) observed that n= 4.l and
p = 0.7 in samples without pyroxene (fpX = 0) regardless of strain. For samples with larger fpx, these values
of nand pindicate that the deformation mechanism changes with strain, whereas for samples with smaller
f,. o change in mechanism occurs.

The microstructures in our samples with larger amounts of pyroxene provide insight into the change in
deformation mechanism identified from the experimental results. First, elongated olivine and pyroxene
grains align sub-parallel to the shear direction with a strong crystallographic preferred orientation (CPO)
in samples deformed to lower strains for which n = 3.5. Second, mixtures of small, rounded grains of both
phases, with a nearly random CPO develop in samples deformed to higher strains that exhibited a smaller
stress exponent and strain weakening. The microstructural development forming well-mixed, fine-grained
olivine-pyroxene aggregates can be explained by the diffusivity difference between Si, Me (= Fe or Mg),
and O, such that transport of MeO is significantly faster than that of SiO,. These mechanical and
associated microstructural properties provide important constraints for understanding rheological
weakening and strain localization in upper mantle rocks.
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The paleostress estimates for the ductile region of the Earth’ s crust largely depends on grain size
piezometers of quartz. However, it has long been debated whether extrapolation of experimentally
determined piezometric relationships to natural conditions is appropriate. Dynamic recrystallization
theories predict temperature-dependent relationships between stress and grain size of quartz, but no
systematic works have been made to apply the theories to naturally deformed rocks. We measured grain
size of quartz in the Sanbagawa metamorphic belt, using electron back-scattered diffraction (EBSD)
mapping, and applied a theory-based piezometric relationship. The samples were taken from the Asemi
River route, Shikoku Island, Japan. The metamorphic grades increase northward from the chlorite zone
through the garnet zone to the biotite zone and then decrease to the garnet zone. Sampling localities
cover all these four zones. Except for the sample taken from the lowest metamorphic grade part of the
chlorite zone, quartz shows undulatory extinction, subgrain boundaries, and crystallographic preferred
orientations. Small quartz grains occur at the rims of coarse grains and sparsely inside the coarse grains.
All the obtained grain size distributions were severely right skewed. The mean and the mode values were
not well defined in both linear and logarithmic frequency diagrams because these values vary with the
cutoff size. Instead, the grain sizes that occupy the largest area fractions were used for the ‘average’
grain size. The grain size of the largest area fraction ranged between 20 and “160 microns. Dynamic
recrystallization of quartz is likely concurrent with the peak metamorphism, because grain size increases
with increasing metamorphic grades. In addition, quartz fabrics show the top-to-west sense of shear in the
south, whereas they indicate mainly top-to-east in the north. Previous geothermometric studies using
Raman spectra of carbonaceous materials or the disappearance of pumpellyite yielded peak metamorphic
temperatures ranging from “330 to “570 °C. The obtained stresses increase with decreasing metamorphic
grades and reach 100 or "250 MPa at their maximum under the assumptions of intracrystalline or
marginal nucleation models, respectively. The stress estimates with the marginal nucleation model are
similar to or slightly lower than stress values calculated from a quartz flow law under assumptions of the
possible plate convergence rate, temperature profile, and ranges of the crustal thicknesses of the
subduction zone at the timing of the metamorphism.
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1. Introduction

To evaluate an occurrence of unstable slip, a systematic understanding of frictional instability is
necessary. Critical slip displacement has been used to evaluate frictional instability of faults. The critical
slip displacement is defined as the slip over which strength breaks down during fault slip or the slip
distance, at a constant velocity, through which a population of contacts is destroyed and replaced by an
uncorrelated set [Marone and Kilgore, 1994; Scholz, 2002]. Although previous studies have proposed
various relationships between critical slip displacement and other factors [e.g., Sammis and Biegel, 1989;
Marone and Cox, 1994], it is still open to debate that which factors dictate the critical slip displacement.
In this study, we aim to theoretically clarify a factor that determines the critical slip displacement.
Additionally, as fractured areas have a self-similar structure, we utilize fractal theory for understanding of
the critical slip displacement. Through this study, it is clarified that comminution characterized by the
fractal size reduction determines the critical slip displacement.

2. Fractal dimensions with comminution processes

A fractal dimension of surface roughness changes with comminution processes of materials: It takes on
the values 3.0, 2.5, and 2.0 from high-velocity impact experiments, conventional milling, and finer
grinding, respectively [Hukki, 1962; Rumpf, 1973; Nagahama, 1991, 1993; Muto et al., 2015]. Let us
consider the underlying cause of changing in the fractal dimension of surface roughness. When rocks
receive external force, a portion of work done externally is used for energy dissipation for fracturing. The
energy per unit mass for fracturing is in proportion to the exponential function of a characteristic linear
dimension with the fractal dimension of surface roughness as an exponent. Consequently, comminution
processes influence the fractal dimension of surface roughness as well as dissipative energy for fracturing.

3. Relationship between critical slip displacement and shear strain

Shear strain for crushing gouge is defined as a ratio of a function related to particle size to shear stress
[Draper, 1976]. The function can be approximately expressed as the maximum grain diameters after
shearing with the fractal dimension as an exponent. The critical slip displacement is approximately
proportional to the final maximum grain size [Dieterich, 1981]. Therefore, the relationship between the
critical slip displacement and shear strain can be described as a linear function on a log-log plot. The
slope of this function is related to the fractal dimension of the surface roughness. This relationship
obtained from theoretical analysis is consistent with previous experimental datasets [Marone and Kilgore,
1993]. Thus, the fractal dimension of the surface roughness controlled determines the critical slip
displacement.

4. Discussion —implication of dissipative energy

Fractal size reduction of materials also determined the surface roughness and particle size ranges.
Through the theoretical analysis, it is clear that large dissipative energy means small critical slip
displacement and/or high fractal dimension of surface roughness. The fractal dimension of the surface
roughness ranges from two for smooth surfaces to almost three for rough surfaces [Avnir et al., 1983;
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Nagahama, 1993]. Thus, small fractal dimension of surface roughness, or small dissipative energy,
indicates that gouge particles with various size ranges compose smooth surfaces with filled opening areas.

5. Summary

From this study, it is obvious that the critical slip displacement is originally determined by fractal size
reduction of materials. Difference in comminution processes produces the differences in dissipative
energy for fracturing, particle size ranges, the surface roughness, and the critical slip displacement.

F—I—RN:BRIRYEL, BRIRILF— BEBFLEHE. 735791
Keywords: critical slip displacement, dissipative energy, frictional instability , fractal
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Mode of tunnel deformations induced by loading in wet granular layer
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Stable burrows in wet sediments dug by tidal and shore animals play important roles not only in the
ecological behaviors of the animals, but also in material circulation in the substrate and the sediment
conditions. Thus, the burrow stability problem has been a challenging topic in the fields of sedimentology
and biology. Modern ocypodid crabs are known to dig deep burrows in a sandy beach (Seike and Nara,
Palaeogeog., Palaeoclimat., Palaeoecol, 252 (2007) 458). However, it has not been clarified that how
stable these burrow structures are against the external loading.

For the quantitative understanding of strength of a burrow in sandy beach, we modeled it by a tunnel
structure in wet granular layer, and focused on mechanical property of wet granular matter. According to
the previous works, its mechanical property shows complex behaver. For example, tensile strength of wet
granular column nonlinearly depends on liquid content (Scheel et al., Journal of Physics: Condensed
Matter, 20 (2008) 494236, Herminghaus, Wet Granular Matter: A Truly Complex Fluid, World Scientific
(2013)). However, little is known about the strength of a tunnel structure formed in wet granular layer.

In this study, we conducted a simple experiment to investigate the mechanical property of a tunnel
structure in wet granular layer. In the experiment, we observed how the tunnel structure was deformed by
slow uniaxial compression. During the compression, the projected cross section of the deformed tunnel
was filmed by a CMOS camera. The compression force was also measured by a testing machine. In this
experiment, we mainly varied following parameters: liquid content, packing fraction, initial diameter of the
tunnel, and grain size. By analyzing the acquired movies, we examined the temporal evolution of a
projected cross section of the tunnel structure. We found that the mode of tunnel deformations can be
classified into three types: continuous shrink, shrink with collapse, and subsidence by collapse. The
experimental result indicates that the mode of deformations is principally determined by the initial
diameter of a tunnel and grain size.

Furthermore, based on a simple model of the force balance for tunnels in soil (Knappett and Craig, Craigs
Soil Mechanics, Spon Press (2012)), we estimated the maximum shear stress applied to the tunnel
structure. In addition, we defined two types of strengths characterizing a tunnel structure: yield and
maximum stresses. As a result, we found that these strengths show qualitatively different dependences on
experimental parameters.

Finally, we briefly discussed the condition to maintain a tunnel structure in a sandy beach environment by
using the experimental result and information obtained in previous works (Seike, Marine Biology, 153,
(2007) 1199-1206, Sassa and Watabe, Report of the Port and Airport Research Institute, 45, 4,(2006)
61-107).
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Dependence of the Constitutive Parameters of RSF Law on Slip
Velocity and Temperature at Subseismic Slip Velocities
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The effect of decompression-induced crystallization on viscosity of
basaltic magma: A case study of Fuji 1707 basaltic magma

ARE BB RE A
*Hidemi Ishibashi', Yamato Amano'

1. AKX FEAE IR 2 EIR

1. Faculty of Science, Shizuoka University

(i) TREEV I VOBRENEANTIE, BYHIRR MOVYRYXBEAN—RTHZH, —ATHISH
LW Z—HBAERKET D ENMONTVWS, BELALICEVWTE, TIYDEZEMRIKRELLELL
BWIEMDDLET, BeMRZAMOAVAR)EALIS T Z—RETEHBBEBAFILSASN, FIEDOHE LT
864-866F HERBEND, REDHFIE L TI707FREXKEXLHITOND, TOLIBRLXBEE YT 7 DEKER
RICEHREEE LD AN XALICDVWTIE, REFBAREANZV, KREET) Z—XBEKTHDEKEND
2N T7OREE LT, fRAEYM 7074 MIED (>30vol%) ZEAHIFLNDE, Thik, BYhi”
DZ—xBEADRO) 7 (BEEBEAREWLUZRI)T7) RICIA4 705414 MBIV RVWZ EEHIFNTHSZ, TV
——HKBAXDORIAVTOANYA V054 MIEUCERIE, YIOVLERREDOBNVDHICK > TIERBATE
¥, TLEBAXREOEFAWERMLTVWSARESELRH D, ZNTIK, TLEBAFHEDEINWET I TDNEL
F872 (BICBRESRIEREMMEREL) CEABFIICEDLIIBFELRIFTDLEZI ?2INERTT 517
O, RARTIIFRLADERE - XN EKEOPRGTRREEXAI NOBERFRIEA> I 2L —Yavia(T
W, KELFBRETOYIYOBEEES S UOHMEREICRITT TLEREHEOMRICDWTHRET L7,

(F3%] AMAEORBERZRIEAS I 2L —YaviE, rhyolite-MELTS7 B4 5 4 (Gualdaetal, 2012) #%
AWTITo7. MHXIL MERICRELILEKEXOZREDZNZ AL, fO,RHIENI-NIONRY T 7 &L
=o —HTHLAESR - 81, TOBRANVMNEEFRIGELBWVWEDE L, XL NDEKEEBEDHEIZEM
iEENEh, 0.5-3wt.%, 1184-1094CDEETEL =, #HEHN150MPah 50.1TMPax TO.1MPaR
Ty TTERBRESEZ, EEARTY FICH T B XL N D#MHERILGiordano et al.(2008) D A% IC
&£ o T, HEFE LEinstein-RoscoeRIC K > TENEFNEEL, BEBRICHITEYI T (XL M-KER21E
R) OMMEREZEELL,

(fER] MHEERAHOETICHY, BERRFERAORIBREAP)EIEML, 1RETOXI TSI ay
(FL )R Lz, Fo . (&, 1189 CODBEICIFN2wt.%TH o 7=DICK L, 1094CTIF40wt.% % THA L
foo —HT, PTHBIELEEDICHLT, F, ,CRBILLAEXILV NI SIYavETAy bLEETZ S, 4]
HREICESTHLUD AR EZBE Z &b o7, THIC, F, EP &S ICHELRE & BABRAER % e D
t:i‘Jb ME XA NEKEE SABRRERZ RSN 27, 2D EMS, BEERIERICEITBP-F/ARIE

FICBEICLE>TRE--TWBZ ED DL D,

BEICHED AL MR EERMEDELS, MHEEICEWMEKEEEZR L, DEHEENMBEWTLE, RE
ICRED XU MREMESR - BB D LRI EMNT %, 1184CE1094CTIFBEDAD, 1KETRET % X
JU MFREMERAHI2HT R E <, ERMEFAMULEREV, BRELT, 1RETEET 27V I TOMMEERTII,
1184 C & 1094 C DT LD ELNH ST,

(ER] YOI TV Z—RBAEESIITXHEELT, BT E, BRRBETICRAR LAV ED
HiFohzd, MERIFWTE, SOV BERTE-DICHELETREII/NILCARY, s roszagn
DELICKWEEZLND, AT, RKEDIYA/7O0F1 FOEEE, [ERTOEEEBET S0, RA
ZOWMEICEE T B EEZONS, LD >T, HEBEI BV I TIE, KELRFICERINEZTA Y
OZ4 WD ETHY, A MEREBEMEEHIFT 2720, BIRELICKKIRARLP TV, EREL
T, BLLWEBEWBEAES I LICKWEEZLNS, —AT, YHEREDCEWVWY I Y TIE, KELEFRFRICHEK

©2017. Japan Geoscience Union. All Right Reserved. -SCG74-P11 -



SCG74-P11 JpGU-AGU Joint Meeting 2017

INBEIAM470714 D%, AIMEREZELCEMT %, MAT, BREINhEI470714 MEKED
Bk - BENEHET D70, MARPRETIFS, CORR, YITETBESEALTEWRLY IR
Y, BMLWERMEANASILED, UEOERIZ, XREBEYI YOS LVEIEED, RETIEADIESR
HICELWHEARIFTILAERERT S,

F—7U7— N BEERER. XREEY /7, MR FL AL, MELTS, BEA&KR

Keywords: decompression-induced crystallization, basaltic magma, viscosity, Fuji volcano, MELTS,
eruption style

©2017. Japan Geoscience Union. All Right Reserved. -SCG74-P11 -



SCG74-P12 JpGU-AGU Joint Meeting 2017

EMLBIZICH T2 7+ — LDEMERE S EAMETES

Viscoelasticity and Shear Deformation of Foam during Solidification
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