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An analytical formula for the longitudinal resonance frequencies of a fluid-filled crack

0o oo > oooo!
Yuta Maeda*, Hiroyuki Kumagat

l0goooooooo
I'NIED/Nagoya University

O000000000O00000 (Chouet, 1986 0000000000000 OOODOOO0OOOOOOOOOOO
00000000 O0Kumagai and Chouet (200000 000000000000 DOOODODOODODDODODODODODODODODOO
ooboooooooooboo wPOvVPODODOOOODOOODOODODOODOOOOODOOOODOODODOODOOODOO
0000000000000 0000000o0o0o0oDoOO0O0OO0ODODO (Chouet, 198600000000 (Yamamoto
and Kawakatsu,2008) 0 0 0 000 Q00000000000 O000O0OOO0OO00O0O0O0O0O0C0QOCOODOOO0OOO0O0O00
boocobooboboooooboobooboboboooooobobobobooobooboobobOobooboooooon
gooooooobooboboobooooooooooooboobobooooboooooobDobDoboboooboooOoo
gooooooobobooooooooobooboboooobooooooboboboooboooobDoboboboooboOoo
oboooooobOoboboooooobooboboooooooboobooboooooooboOoboboooboooooboOon
gbooooOoboooobooboooogooboo

00000 10000000000000000000000000000PODOOOOO0OOOOO (Kumagai, 2009)

(QP1dE2)[P(x,t)+@2bld)uy (x, = a2(d?/dx2)P(x,t) (1)

O00a0000000OpOO00OODODOO0O0dODDDOOO0NDNWODODODO0D0D0ODODO0OO00DO0ODODO@DODOOO
O0000000ooooooPOWw,0000000D0O00OOOKuUmMagai (2009 POy, 0000000000000O
00000o000ooDooogoog Chouet(1986 0000000000 POW,00000000DO0O00O0O0O0OO
do00od0oo0o0o0ObO0o0b0o0obO0o0bO00bOo0o0ooOo00oo0bOO000Uw/PO0OO0OOOOOOOOCODOOODOODOO
000000000 ()ODoooooopPO0OO0D0OOCOOO0 l100000D0OO0OO0ODODOOOOOODOOOOOODOO
o000 2L/mmOD0)00000000O0O0OOO0OOOOO0O0O

frn =(m-1)al[2L {1+2e,, (b/G)(LId)}'/?]  (2)

000000000 GcGOoOOoU0DOO00LO0DO000DOOOe, 000000000 DOOO0ODOOODOOChouet (1986)
O000ooooooooooL/dooiooooooooooo0o@UuUuuouoooooooooooooogooon
O (oO000000000oooouoooooooooooooog

(20000000000 0a0D000D00KO0O0O00D00L/dOODOOOODOOOOLDO0D000D00O0000O0
000000000000000000000000000000000000 400000000 LPOOOOOOO
0000000000000 0.7-09HZA1 00000000000 ODO0ODO0ODO0NDOOO LPOOODOOOOOOOOO
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000(@)00000L/d0000000000
00f,0 (d/L3/?200000000000000000000000d0L3000000000000000000
0000000000000000000000000000000000000dO0L200000000000000
0000000000000000000000000000000000000000 LPOOOOOOOOOOOO
O05MPal 00000 600KOODODOODO0OOD0OO0D0O0OO0D 400000000000000 0.7-09Hz200000
00000000(R)D0O00000 LPOVLPOOOOOODOO0O0O0D0O00O0O0O000000O000O0O0000O0000
00o00o0oo0ooooooon

gooo

Chouet (1986), JGR, 91, 13967-13992.

Kumagai (2009), Encyclopedia of Complexity and Systems Science (Springer-Verlag), pp.9899-9932.
Kumagai and Chouet (2000), JGR, 105, 25493-25512.

Yamamoto and Kawakatsu (2008), GJI, 174, 1174-1186.

0oo0d0:00b0ob0bo0booooodoo,LlPO00OO,00D000,00000
Keywords: Fluid-filled crack model, LP events, Resonant frequency, Taal volcano

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

SVC50-02 00:106 00:50 200 11:15-11:30

0000000000000 ooooooooooog o _
Characterization of middle-distance infrasound propagation and its utility for grasping

volcanic activity
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Glow luminance change at 1 second before an explosion of Sakurajima volcano
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In general, a stratigraphic variation in characteristics of grain size distributions of pyroclastic deposits may reflect the tempora
behavior of the eruption intensity. However, quantitative methodology to link the stratigraphic variation and the temporal behavior
of eruption intensity has not been established because of the complex coupling of several processes: eruption column dynamic
fallout process, sedimentation, erosion etc. In this study, we investigate only the effect of sorting process during settling on the
stratigraphic variation of pyroclastic deposits.

In order to relate the variation of grain size distribution as a function of stratigraphic height to the sorting process during
settling, we developed a theoretical argument from the view point of Lagrangian manner. If we assume that the terminal velocity
of a particle is only a function of grain size and coagulation effect is negligible, an increasing rate of deposit layer equals the
volume flux which is calculated from sedimentation rate, leading to an integrodifferential equation including the initial size
distribution and the height in the deposit layer. If the initial distribution is given, the solution of the integrodifferential equation
gives grain size distribution of deposits as function of height.

We carried out some simulations with our numerical model. In the simplest case that grains start to fall from a constant fallout
height on an instantaneous time with no duration, grain size uniquely increases depending on stratigraphic height in deposi
with no variance. Extending this simplest case to more realistic case with finite duration of falling, results show that the variation
of grain size distribution takes non-zero value of variance. In these cases that fallout height and initial grain size distribution are
constant with time, it is shown with the mathematical formalism that the values of Md vary from coarse to fine from the bottom
to the top, although this grading behavior has been qualitatively predicted.

From comparison with the stratigraphic variation data of pyroclastic deposits of the 2011 Shinmoedake subplinian eruptions
which have the single coarsest peak of the Md value in a single eruption, we concluded that it is impossible to reconstruct thi
observed variations in the case of constant fallout height and initial size distribution with time. In order to successfully explain
the observed grain size data, we need to give the temporal variation of fallout height or initial size distribution in future.
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Dense pyroclastic flows generated by the collapsing of lava domes are often encountered in effusive volcanic eruptions. Caj
turing the major characteristics of such flows is important to assess volcanic activities and hazards, but is a significant challeng
because the mechanics of the grains and their interactions are incompletely understood. One approach has been to exploit
thinness of the flows relative to their length by employing a depth-averaged description in which the flow is assumed to have ¢
constant bulk density. A key issue is the granular friction law that is introduced into depth-averaged models. Recent laboraton
studies on dense granular flows suggest that rheology can be described by a friction coefficient. Variation of this coefficient witf
shear rate and pressure is captured through a dimensionless inertial number. Under the shallow water assumption how well tt
friction model works remains unclear when applied to pyroclastic flows.

Recent dome collapse events in Soufriere Hills volcano, Montserrat, provide good examples to study the dynamics of dens
pyroclastic flows and to examine granular flow models, because of abundant geological and geophysical data. In this study;, tt
July 2003 and May 2006 dome collapse events and resultant pyroclastic flow deposits are investigated. The most intense pha
of the 2003 event produced the deposit 170 Mim2.6 hours, and the shape of proximal submarine deposit offshore Montserrat
is characterized by semicylindrical, steep-sided lobes. The 2006 event produced 97.8\8%min and the deposit is char-
acterized by a more elongated shape in flow direction than the 2003 deposit and by channel and levee-like facies (Trofimov
et al., 2012, BV). Geophysical observation such as seismic and strain records also constrain the variation of discharge rates
pyroclastic flows during the events.

To investigate the factors controlling the shape of pyroclastic flow deposit, we used a 2D shallow water model with two types
of Coulomb-type friction models. One had a constant friction coefficient, and another had a friction coefficient that depends upor
the dimensionless inertial number of the motion. The models are applied to a simple system or the terrain of Soufriere Hills
volcano. When the latter friction model was examined, the variation of deposit shape such as channel and levee-like facies we
reproduced, depending on initial mass, discharge rate or slope angle. Also our numerical results suggest that the inertial numb
dependent friction model works better after the flow passing a slope break point where slope angle is equal to the friction angls
at zero shear rate. Coupling effects of discharge rates, slope and granular friction properties may explain the different shapes
the pyroclatic flow deposits produced by dome collapse events in Soufriere Hills volcano.
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Basaltic magmas at high pressures and the origin of the lithosphere-asthenosphere bour
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TUniversity of California2University of Hawaii at Manoa

Tohoku University,2Osaka University?Okayama University;Japan Atomic Energy AgencyJapan Synchrotron radiation
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Basaltic lavas rise buoyantly from the Earth’s mantle to form the oceanic crust, and are an important source of terrestria
volcanism. The density and viscosity of basaltic magmas moderates igneous processes ranging from volcanic activity to frac
tionation, and is intimately linked to its atomic structure. Here we show that basaltic magmas undergo rapid densification with
increasing pressure and exhibit a viscosity minimum near 4 GPa, correlated with an increase in coordination nurbearfdr Si
Al3t cations. Magma mobility- the ratio of the melt-solid density contrast to the magma viscosity- exhibits a peak at 120-150
km depth that is up to an order of magnitude greater than values in the shallower lithosphere and deeper mantle. Thus the drivir
force for melt separation in Earth’s asthenosphere diminishes as melts ascend, which could lead to excessive melt accumulati
at depths of 80-100 km, providing a simple explanation for the occurrence of a seismically-observed Gutenberg discontinuity.
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Keywords: basalt, magma, high pressure, density, viscosity, structure
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Immediate estimating plume height of volcanic eruption by not using visual observation
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Characteristics of precursory volcanic earthquakes to eruptions at the Showa crater ¢

Sakurajima volcano
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Evidence of permeable gas transport in magma from obsidian pyroclasts
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Permeable gas flow through connected gas bubbles in magma is thought to control the rate of outgassing from silicic magm
and hence the style and explosivity of volcanic eruptions. Recent experimental studies (Okumura et al., 2009; Caricchi et al.
2011) demonstrated that gas permeability in magma starts to increase at a vesicularity of ca. 30 vol%; this vesicularity can b
achieved at a depth of a few kilometers for typical rhyolite magma. This result supports the field observations of volcanic gase:
that indicate outgassing from magma at depths of a few to several kilometers (Edmonds et al., 2003; Ohba et al., 2008). In additic
to these experiments and observations, this study exhibits that permeable gas transport occurs at a depth of a few kilometers
the basis of volatile content and bubble microstructure in obsidian pyroclasts.

In this study, obsidian pyroclasts were collected from the Kemanai pyroclastic flow deposit of the Heian eruption at Towada
volcano. The obsidians were doubly polished and its water contents were measured using FT-IR microspectrometer. Obsidie
pyroclasts were divided into two major groups, i.e., clear and dark brown obsidians. Clear glassy fragments include deforme
and elongated bubbles and some fragments show banding structure. The bands with brown color seem to be formed along higt
elongated bubbles but the bands continue even if the bubbles disappear. The composition of major elements is the same in cle
and brown parts. In contrast, water content profiles perpendicular to the bands show the increase in water content from 2 wt% i
the clear part to 3-4 wt% in the center of brown bands. The concentrations of hydroxyl group and molecular water show positive
correlation and the equilibrium temperature (quenched temperature during cooling process) estimated from water speciation
approximately 500 degC. The width of hydration layer is 70-100 um, which can be explained by diffusion time of 100 ky, 7 hrs
and 5 min at temperatures of 25, 500 and 1000 degC, respectively.

The analytical results of this study indicate that the hydration occurred at temperaffi@slegC. When we assume magma
temperature of 1000 degC (Hunter and Blake, 1995), the depth at which hydration occurred is estimated to be 1600 m (4
MPa) on the basis of water content of 2 wt%. Because the hydration layer has high water content (3-4 wt%), permeable ga
transport is expected to occur even at deeper part. If magma temperature decreases before the hydration, the estimated de
at which hydration occurred may be shallow (600 m at magma temperature of 500 degC). However, bubble collapse and spac
disappearance along brown bands imply that magma temperature is high enough to heal bubble networks even after the hydratic
If magma temperature is 500 degC, healing timescalel80 yrs (Yoshimura and Nakamura, 2010). This timescale is much
longer than the timescale of volcanic eruption and water diffusion profile in the bands would be annealed during the healing
Therefore, magma hydration is inferred to be induced by permeable gas transport at a depth of a few kilometers.
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Processes observed during the extremely well documented eruption of Surtsey, Vestmanyaar, Iceland, 1963-67, highlighte
the effects of interaction between erupting magma and abundant seawater on eruption dynamics. As the 50th anniversary of t
canonical eruption approaches, however, many specific aspects of the eruption dynamics remain only qualitatively characterize
We present a detailed micro-cT 3D textural analysis of lapilli and ash from Surtsey, and use mingling and thermodynamic theory
to quantitatively describe Surtseyan jets.

Fine lapilli (-2.0 phi) have total porosity ranging from 24 to 59 % (with one dense, impermeable outlier 0f6 98)% of
which is connected. Bubble number densities range from 4.05x105 to 8.30x106 cm-3, and are roughly inversely proportiona
to porosity. Darcian permeability ranges from 2.95x10-13 to 3.87x10-11 m2. Ash particles (3.0-3.5 phi) are generally blocky
in outline, with surfaces often bounded by broken vesicles on one or more sides; however, blocky particles lacking any sign o
vesiculation are also present. Groundmass textures vary from nearly holocrystalline tachylite to hypocrystalline sideromelane
with many larger clasts having a transitional texture characterized by patches of both.

Nearly all the lapilli have ash-packed vesicles around their exteriors. Such ash could easily have been entrained mechanical
during transport, deposition and/or reworking, or drawn into the exterior vesicles by capillary action. More enigmatic, however,
is when the vesicles deep within lapilli contain fine ash particles, ranging from a few grains adhering to vesicle walls, to cases
where the vesicles are densely packed with poorly-sorted ash.

Based on careful examination of textures, we explore the hypothesis that a proportion of the ash in lapilli may in fact have
been entrained during hydrodynamic mingling of magma erupting through a slurry of previously-erupted material in a flooded
vent. We use such a scenario to explain the typical Surtseyan cypressoid jets of steam and pyroclasts. The slurry entrained ir
the newly erupted pyroclasts was vapourized to steam by magmatic heat, and then discharged from the same pyroclasts duri
dispersal.

Analyses based on thermodynamics and fragmentation criterion suggest that for a narrow but plausible range of magma poro
ity and magma-slurry mingling regimes, entrainment and vapourization of slurry may also have assisted in driving part of the
fragmentation process. The hypothesis presented here is consistent with classical qualitative models of Surtseyan jet dynamic
and works toward explaining specific details about how magmatic and external factors contribute individually and cooperatively
to shallow subaqueous eruption dynamics.

O 0000 : magma, permeability, magma-water interaction, Surtsey, microtomography, mingling
Keywords: magma, permeability, magma-water interaction, Surtsey, microtomography, mingling
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Water control on variation in eruptive style during the first eruptive episode of the Barombi

Mbo Maar, Cameroon
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The first eruptive episode of the Barombi Mbo Maar is represented by about 60m thick pyroclastic material. Approximately
20m of this display a contrasting bedding and grading in sustained thinly well-bedded succession of ash- and lapilli-beds, low
concentration turbulent pyroclastic flow, bombs- and highly vesiculated scoria-rich bed, and lithic- and xenolith-rich explosive
breccia, while the other part, under the lake level is mainly covered by the vegetation. The sequence of volcanic activities tha
sustained the settling of these materials developed subsequently in four eruptive phases: phreatic ? phreatomagmatic - stromi
lian - phreatomagmatic. This variation in eruptive style is consistent with recent studies of the deposit stratigraphy, regardinc
lithofacies from individual accessible beds of the deposit unit, the grain-size distribution and the componentry. Our results sug
gest that eruption style changes can be interpreted as follows: initially, a rising magma interacted with potential surface wate
coming from the collapse of part of an ancient maar wall to produce series of phreatic eruption. The scar of this older maar visible
at the west of the Barombi Mbo Maar is consistent with this observation. Assuming that the volume of water was important, the
phreatic activity continuously produce ash and lapilli and ended with a phreatomagmatic style represented stratigraphically b
a pyroclastic surge. In the course of the eruptive activity, water might have become exhausted giving rise to a more strombolial
style mixed by phreatomagmatic material, as suggest by the presence of several centimeter- to decimeter-sized of spatter bor
and vesiculated scoria, mantle xenoliths and country rocks above the surge layer. The eruption would have generated cracks
the basement rocks through which water was re-supplied into the hydrothermal system after a short repose period. Then a ne
magma source interacted with the groundwater and the phreatomagmatic activity continued with more violence, unraveling th
crystalline basement to produce the phreatomagmatic ash, mantle xenolith and country rock fragments-rich explosive breccia.

00000 : Barombi Mbo Maar, Eruptive styles, Phreatomagmatic eruption, Strombolian activity, Stratigraphy, Cameroon
Keywords: Barombi Mbo Maar, Eruptive styles, Phreatomagmatic eruption, Strombolian activity, Stratigraphy, Cameroon
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Petrological comparison between the earliest product of Aso-4 pyroclastic flow and its

precursory lava extrusion, in cen
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Experimental determinations of water solubility in the Shinmoe-dake 2011 dacite melt to

150 MPa
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Water is the first dominant volatile within a volcano, and hence its solubility in a melt is fundamental to how explosive the
eruption will be. Published solubility data for water are rather sparse, particularly for moderate SiO2 content melts, however.
This has resulted in insufficient data coverage in composition space, rendering water solubility not to be precisely modeled if ¢
melt is subject of partial crystallization (hence of composition change).

In this study, water solubility in dacite melt (68.3 wt% SiO2) was experimentally determined at 1000 degree C and 50-150
MPa in an internally heated pressure vessel. A groundmass separate of white-colored pumice from the 2011 eruption of Shinmo
dake, Kirishima volcano group, was equilibrated with O-H fluid, and the water content in the quenched glass was determined b
near-infrared spectroscopy. Oxidation-reduction state was controlled to near the Ni-NiO buffer, so that the O-H fluid was presen
as nearly pure H20 (more than 99 mol%). Temperature condition of 1000 degree C was desired since the water-saturated liquidi
was experimentally located between 950 and 1000 degree C at the pressure range 50-150 MPa.

Experimental result shows that at 1000 degree C, the water solubility in the dacite melt monotonously increases with pressuri
from 4.4 plus-minus 0.3 mol% (2.4 wt%) at 50 MPa through 6.0 plus-minus 0.3 mol% (3.3 wt%) at 100 MPa to 6.8 plus-minus
0.3 mol% (3.9 wt%) at 150 MPa. These values are practically the same as the previously published solubility data for wate!
in rhyolite melts at 1000 degree C (4.2 mol% at 50 MPa, 6.3 mol% at 100 MPa; Yamashita, J. Petrol., 40, 1999). Thus, the
water solubility was insensitive to the change of melt composition during groundmass crystallization in the Shinmoe-dake 2011
eruption. This would provide a rigorous petrological base for quantitatively modeling of degassing/explosive behavior in the
Shinmoe-dake 2011 eruption as a continuum problem.

000oo:0,000,0000000,00000,0000,000000
Keywords: water, solubility, silicate melt, dacite, infrared spectroscopy, high-pressure and high-temperature experiment

1/1



	SVC50_O
	SVC50-01
	SVC50-02
	SVC50-03
	SVC50-04
	SVC50-05
	SVC50-06
	SVC50-07
	SVC50-08
	SVC50-09
	SVC50-10
	SVC50-11
	SVC50-12

	SVC50_P
	SVC50-P01
	SVC50-P02
	SVC50-P03
	SVC50-P04
	SVC50-P05
	SVC50-P06
	SVC50-P07
	SVC50-P08
	SVC50-P09
	SVC50-P10
	SVC50-P11
	SVC50-P12
	SVC50-P13


