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Semi-Volcanic Low-Frequency Earthquakes and Stress Accumulation during Magme
Cooling

Naofumi Asd*, Satoshi Idé, Victor C. Tsaf
LGraduate School of Science, The University of Told®eismological Laboratory, California Institute of Technology

Deep low-frequency earthquakes (LFEs) are relatively small earthquakes that radiate low frequency seismic waves. Whil
tectonic LFEs on plate boundaries are thought to be thrust events, the mechanisms of volcanic LFEs around the Moho benes
active volcanoes have not yet been firmly established. Recently, we examined a unique class of LFEs that occur far from activ
volcanoes but which are otherwise similar to volcanic LFES{Aso et al</i>, 2011; 2013]. Since these 'semi-volcanic’ LFEs
occur far from active volcanoes, they may provide clues to generally explaining why LFES occur.

We used waveform inversion to estimate focal mechanisms of semi-volcanic LFEs in eastern Shimane, where the second-mc
frequent (semi-) volcanic LFEs occur in a quiet region. The focal mechanisms and moment rate functions were estimated b
grid search and a linear inversion, respectively. The moment rate functions determined from our inversions oscillate betwee
positive and negative values. The focal mechanisms for many LFEs are found to be dominated by a CLVD component, with thei
symmetry axes parallel to the lineation formed by the source distribution.

Based on these observations, we tried to develop a physical source model of semi-volcanic LFEs. We suggest that the fund
mental driving force of these LFEs is due to the rapid density change caused in a cooling process of magma. Our model involve
three steps: stress accumulation, stress release, and oscillation excitation. First, we calculate the expected amount of accumulg
stress and compare the speed of accumulation and that of diffusion. Next, we explain the reason why the brittle deformatiol
prefers CLVD type of deformation to simple faulting. Finally, we evaluate a basic frequency and an attenuation factor of the
resulting oscillation.
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SELENE lunar mission reveals the formation history of the Marius Hills Plateau, the
largest lunar volcanic complexes

Ryunosuke Imaeda, Junichi Haruyam® Makiko Ohtaké, Takahiro lwatd, Toshiaki HasenakaMotomaro Shirad
IDept. of Solar System Sci., Univ. of Toky&JAXA / ISAS, 3Dept. Earch Sci. Kumamoto Univ:Planetary Geological Institute

Lunar volcanic activity played a significant role in the geological evolution of the Moon. The Marius Hills Plateau (13.5N,
306E) of the Oceanus Procellarum is one of the largest volcanic complexes on the nearside of the Moon, presenting records
igneous activities such as numerous dome-like structures, rilles, cones, and lava flows [1]. To estimate the precise formation ag
of the Marius Hills Plateau and understand the past lunar volcanism, we used the data from the Terrain Camera (TC) and tr
Multiband Imager (MI) installed on the Selenological and Engineering Explorer (SELENE).

The TC is a push-broom stereo-camera with two slant telescopes, +15 degrees forward looking and -15 degrees backwa
looking. It acquired 10 m spatial resolution image data from the SELENE nominal altitude of 100 km. The stereo pair images
are used to produce digital terrain models (DTMs) with an elevational resolution of 20 m or better [2]. The Ml is a multi-spectral
imager with four and five color bands with 20 m (visible) and 62 m (near-infrared) spatial resolutions from the SELENE nominal
altitude. The band assignments are 415 nm, 750 nm, 900 nm, 950 nm, and 1000 nm in the visible range and 1000 nm, 1050 nr
1250 nm, and 1550 nm in the near-infrared range [2]. Based on the TC and MI data, we first morphologically and spectrally clas
sified distinct basaltic lava flows on the Marius Hills Plateau as different geological units. We then estimated the crater retentior
ages of each geological unit using the TC data.

Crater counting is a well-established technique for deriving the model ages of planetary surfaces. We can infer the relative
and absolute ages by measuring the Crater Size-Frequency Distribution (CSFD) with image data based on the simple idea th
older surfaces accumulate more craters [3]. We counted craters and measured their diameters using the TC data and estimated
age based on CSFD measurements for each unit on the Marius Hills Plateau. We used the polynomial production function ar
the cratering chronology model proposed by Neukum and Ivanov (1994) [4] to obtain the absolute model age from the CSFLC
measurement [5]. Volcanic craters such as the top of the dome-like structures or cones may affect the counting results, so v
eliminated what can be clearly distinguished from impact craters in the TC data.

The Marius Hills Plateau can be classified into about sixty geological units based on the MI color-composite maps. There are
twice as many geological units on the Marius Hills Plateau than previously proposed by [6].

The measured crater retention age of each unit indicated that the youngest Marius Hills Plateau formation is "3.3 Ga, cor
responding to the Early Imbrian Model Age, while some geological units exhibit greatest ages of 3.8 Ga. The Marius Hills
Plateau is thus older than previously estimated. In our study, no classified geological unit exhibited young ages of 0.7?1.5 G
corresponding to the Late Eratosthenian Model Age and the Early Copernican Model Age reported by [7].

We found that almost all geological units of the high-calcium pyroxene plateau are significantly older than those of the olivine-
rich basaltic lava areas, consistent with [8]. However, we note that some geological units of the high-calcium pyroxene plateau ar
apparently younger than those of the olivine-rich basaltic lava areas. The Marius Hills Plateau formation history is thus complex

[9].

References: [1] Greeley R. (1971) The Moon, 3, 289-314. [2] Haruyama et al. (2008) EPS, 60, 243?255. [3] Morota T. et al.
(2009) GRL, 36, L21202. [4] Neukum G. and Ivanov B. A. (1994) Univ. of Arizona Press, 359?416. [5] Cho Y. et al. (2012)
GRL, 39, L11203. [6] Heather D. J. et al. (2003) JGR, 108, 5017. [7] Huang J. et al. (2011) JES, 22, 601?609. [8] Besse S. et al
(2011) JGR, 116, EO0G13. [9] Imaeda R. et al. (2013) LPSC XLIII, Abstract #1503.
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Morphometry and morphology of lunar mare domes from SELENE terrain camera
Motomaro Shirad*, Junichi Haruyam® Ryunosuke Imaeda
IPlanetary Geological Institute, JapddAXA/ISAS, 3Dept. of Solar System Sci., Univ. of Tokyo

A number of smooth low domes with gentle convex-upward profiles are distributed in lunar maria. They are called lunar mare
domes, and have long held the interest of the planetary and volcanological communities.

Lunar mare domes are characterized by circular to somewhat irregular outline, a generally convex shape, relatively low
slopes (generally less than 10 degrees), and diameters ranging up to 30 km. Some show summit craters, and occur in grou
on mare plains. Lunar mare domes have been detected during telescopic study of the Moon since 18 century. Previous studi
were used Lunar Orbiter, Apollo, Clementine, and Lunar Reconnaissance Orbiter data, and almost agree that most lunar ma
domes are volcanic origin. But the details of mare domes are still not well understood, because of shortages of spatial resolutiol
favorable light condition, and limited coverage of imaging area.

In this research, we use Terrain Camera (TC) data of SELENE. The TC carried on SELENE is a panchromatic push-broon
imager with two optical heads (TC1 and TC2) to acquire stereo data for the entire surface of the Moon when the sun elevatiol
is higher than 30 degrees. The slant angles of TC1 and TC2 are + 15 and -15 degrees, relative to the spacecraft flight directic
for the nadir vector. Each head has a linear CCD sensor of 4096 pixels. They have 10-m cross- and along-track resolutior
respectively, and 10-m vertical resolution at the SELENE nominal altitude of 100 km. The TC also acquired non-stereo date
when the sun elevation was lower than 30 degrees. These low sun-elevation data is powerful tool to analyze mare domes wi
very low slopes.

We analyze the morphometry and morphology of mare domes in Hortensius, Milichius, Cauchy, and Arago areas by the
TC data, and compare with terrestrial small shield volcanoes of Hawaii, Mexico, Iceland, and NW USA. We will discuss the
formation of lunar mare domes.

Keywords: SELENE (KAGUYA), Moon, Shield volcanoes, Terrain camera, Mare domes
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Lunar gigantic vertical holes: Possible skylights of lava tubes of the Moon?

Junichi Haruyamét, Toshiaki Hasenaka Motomaro Shirad, Kazuto Saikt, Hideaki Miyamotd, Tatsuhiro Michikanti,
Tomokatsu Morotd, Shoko Oshiganii Ryunosuke ImaedaTakahiro lwata

1Japan Aerospace Exploration Agentgpartment of Earth Sciences, Graduate School of Science and Technology, Kumamoto
University,>None,*Graduate School of Science, Osaka Universithe University Museum, The University of Toky®Kinki
University, “Graduate School of Environmental Studies, Nagoya Univerditigtional Astronomical Observatory of Japan,
9School of Science the University of Tokyo

Japanese lunar explorer SELENE (Kaguya) discovered gigantic vertical holes of 100 m in diameters and depths. These hole
are possibly skylights of underground large caverns such as lava tubes, magma chambers, or faults; they are probably related

lunar volcanic activities. In this presentation, we will introduce these lunar gigantic hole-structures based on remote-sensing dat
from recent lunar explores and discuss significance of the structures for the lunar volcanic studies.

Keywords: lava tube, vertical hole, moon, volcano, SELENE, Kaguya
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Unusually high-temperature andesitic magma erupted shortly before the Aso-2 pyroclas
tic flow from Aso caldera, Japan

Tetsuo Kobayashf
IKagoshima University

Aso Volcano, which is located in central Kyushu, southwestern Japan, is one of the largest caldera volcanoes in the world. Th
caldera (25 km north-south and 18 km east-west) was formed by four large pyroclastic flow eruptions: Aso-1 (270 ka), Aso-2
(14 ka), Aso-3 (12 ka) and Aso-4 (89 ka). Each pyroclastic flow deposit is divided into several flow units. In particular, the
stratigraphy of Aso-2 eruption deposit is very complicated and the chemical compositions remarkably vary between subunits ir
the eruption cycle. Andesitic lava flows were generated shortly before the main Aso-2 eruption. Tamaraigawa lava distributec
east of Aso caldera and Iwato, Akita and Togawa lavas distributed west. These lavas are nearly aphyric and display textur:
characteristics similar to pahoehoe lava flows.

Lava compositions, temperatures and viscosities have been investigated. All lavas are phenocryst-poor, consist of two py
roxene andesite and have 61 wt.% SiO2 except for Togawa lava (58 wt.% SiO2; Matsumoto, 1974). The magma temperature
were estimated using the two-pyroxene thermometer of Anderson et al. (1983). Five to seven coexisting pairs of pyroxenes wel
analyzed for each lava. The calculated magma temperatures are 1123+/-23 oC (Tamaraigawa lava), 1081+/-17 oC (lwato lave
1061+/-18 oC (Akita lava) and 1045+/-24 oC (Togawa lavas). We calculated the melt viscosity of the Tamaraigawa lava at 112
oC (two-pyroxene temperature) using the model of Giordano et al. (2008). The results show that the Tamaraigawa lava has
viscosity lower than 10°4.5 Pa s (dry case). Dissolution with water further decreases the melt viscosity to 1072.7 Pa s at 2 wt.%
H20.

In general, andesitic magmas have eruption temperatures of 9007?1000 oC and viscosities around 10°8™9 Pa s. The andes
lavas in this study, therefore, had unusually high temperature and low viscosity conditions similar to basaltic lavas. The data ar
consistent with the textural characteristics of pahoehoe lava flow.

Keywords: Aso caldera, presursory event, high-temperature andesitic magma, paahoehoe lava
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Reconstruction of Middle Miocene volcanism in Dewa Mountains in Sakata city, Yama-
gata Prefecture, northeast Japan

Jun Hosol*, Kazuo Amand
LGraduate School of Science and Engineering, Ibaraki Univef§iggulty of Science, Ibaraki University

In northeast Japan, many submarine volcanic rocks related to opening of the Japan Sea in the Early Miocene are widely di
tributed. The most of basaltic rocks among them can be found in the Japan Sea side of northeast Japan. They were thought
be related to back-arc rifting due to opening of the Japan Sea (Sato and Amano, 1991), and discussed about the magma ge
sis (Tsuchiya, 1988; Yagi et al. 2001). However, there is no detaile sedimentological study, and the exact volcanic edifices an
volcanism could not know. In this study, we tried to reconstruct the detail volcanic edifices and volcanism based on the facies
analysis of volcanics in Dewa Mountains in Sakata, Yamagata prefecture. The submarine volcanoes of basaltic rocks which ai
about several km in diameter and over one hundred km high can be reconstructed. These volcanoes are mainly composed
resedimented hyaloclastites including fluidal-clast breccias with minor massive and pillow lavas. Their characteristics were ver)
similar to those of submarine fire fountain eruption and those deposits (Fujibayashi and Sakai, 2003; Head and Wilson, 2003
Simpson and McPhie, 2001). In this study area, many dikes that were feeders of these basaltic rocks intruded. The palaeostre
field in this stage was tensional (Sato and Amano, 1991). Reconstructed submarine volcanoes were related to fissure eruptions

the Japan sea opening.

[References]

Fujibayashi, N. and Sakai, U., 2003, Explosive Subaqueous Volcanism, AGU, 259-272.
Head, J.M. and Wilson, L., 2003, Jour. Volcano. Geotherm. Res., 203, 155-193.

Sato, H. and Amano, K., 1991, Sedimentary Geology, 74, 323-343.
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Origin of spatial compositional variations of volcanic rocks from the Northern Kurile Is-
lands

Olga Bergal-Kuvikak, Mitsuhiro Nakagaws, Gennadi Avdeik®

IHokkaido University, School of Science, Department of Earth and Planetary Sciéhs#te of Volcanology and Seismol-
ogy, Petropavlovsk-Kamchatsky, Russia

The Northern Kurile Islands form the part of Kurile-Kamchatka volcanic arc. The Pacific plate has subducted beneath the
islands since the late Miocene to cause arc-type volcanism. We newly determined major and trace element compositions, Sr-N
isotopic variations of Quaternary rocks from 7 subarial and 3 submarine volcanoes. Analysis of new and previous publication:
indicate that the Northern Kurile Islands belong to typical volcanic island arc. About it there are indicated Ta, Nb minimum on
the spider diagrams and naturally enriched of the LILE, LREE and depleted of the HFSE, HREE from front to back arc zone.
Peculiarities of petrography and whole-rock chemistry enable us to divide all volcanoes into three main zones: frontal, interme
diate and rear ones. Frontal zone include Chikurachki, Tatarinova, Lomonosova, 1.3 volcanoes. The rocks are OI-Cpx bearin
Opx basaltic andesite. Fuss, Antsiferova volcanic group and Ebeko volcano locates at the intermediate zone. Hbl-Cpx-Ol-bearir
Opx andesite (SiO2 ~ 49-63%) are commonly characterized by the presence of hornblende phenocryst. Alaid, Grigoreva volcani
group locate at the rear zone. Ol-bearing Cpx basalts and basaltic andesite are typical (SiO2 ~ 48-52%). In addition, Alaic
and Grigorev volcanic group is characterized by the largest eruptive volume (150 km3). Frontal zone is characterized by low-
est contents of incompatible elements (e.g. Rb, Ba, K) and LREES (e.g. Nd, Ce). Isotopic variations have the highest value c
143Nd/144Nd and 87Sr/86Sr as 0.7031-0.7034. In the opposite, rear and intermediate zones show narrower lower contents
143Nd/144Nd and 87Sr/86Sr as 0.7029-0.7031. The rocks of rear zone show highest contents of LILE (e.g. K, Rb), LREES (e.c
La, Gd, Nd, Sm) and HFSEE (e.g. Nb, Ta). Both 143Nd/144Nd and 87Sr/86Sr ratios of the rocks from intermediate and frontal
zones increase with increasing of silica contens. These suggest that andesitic and dacitic rocks from these zones are possi
affected by crustal component. In contrast, crustal assimilation might be minor process in the case of the rear zone, becau:
basaltic rocks are predominant in the zone. Geochemical features of the mafic rocks investigate the spatial difference in magn
sources of three zones. Rocks from rear zone are systematically enriched in Nb/Y, Th/Yb, Ta/Yb, Nb/Yb, La/Yb ratios. These
data are implied by the fact that magma in the rear zone more enriched with comparing depleted frontal zone. In addition, chem
ical variations of fluid-mobile elements (e.g. Cs, Ba, U, Th, Sr) and immobile elements (e.g. Nd, Nb, Zr, Hf) of the mafic rocks
will be explained by different types of subduction components.

In summary, the following parameters have mainly affected the observed geochemical zonation across the arc in the primar
magma, variably depleted and enriched mantle source: the different type fluid flux from the slab to the mantle wedge.

Keywords: Northern Kurile Islands, subduction zone, geochemical variations
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Deep magma chamber beneath Fuji volcano estimated from high-P experiments
Kenta Asand*, Eiichi TakahasHi, Morihisa Hamadg, Masashi Ushiodg Toshihiro Suzuli

IDepartment of Earth and Planetary Sciences, Graduate School of Science and Engineering, Toldlastisite for Research
on Earth Evolution, Japan Agency for Marine-Earth Science and Technology

Fuji volcano, the largest in volume and eruption rate in Japan, is located at the center of Honshu, where North America
Eurasia and Philippine Sea plates meets. Because of the significance of Fuji volcano both in tectonic settings and potential «
volcanic hazard (particularly after the M9 earthquake in 2011), precise knowledge on its magma plumbing system is essentiall
important. Very frequent LF-earthquakes occur at about 15 km beneath Fuiji volcano (Ukawa 2007). Seismic tomography beneat
Fuji volcano suggests the existence of large magma chamber below 20 km (Nakamichi, 2007). Fuji volcano has released onl
basalt (750 kn?) which has narrow range of SiJSiO, = 49-53 wt.%) in the last 100,000 years. Some incompatible elements
show more than a factor of 2 variations (Takahashi et al., 2003). Variation in incompatible elements may be due to some kind o
magma fractionation process. Fuijii (2007) proposed that the silica-non enrichment trend of Fuji volcano is explained by pyroxene
dominate fractionation in the deep magma chamber. Primary purpose of this study is to reproduce the silica non-enrichment trer
by high-P experiment and reveal PT conditions and water content of magma in the deep magma chamber.

Basalt scoria Tr-1 which represents the ?nal ejecta of Hoei eruption in AD1707, was adopted as a starting material. This i
because 1) 0.7kfmof magma was discharged by subplinian eruption within 2 weeks, 2) Basaltic Hoei scoria is homogeneous,
apyric and representing melt composition. Internally heated Ar-gas pressure vessels (IHPV-5000 and IHPV-8600) at the Magm
Factory, Tokyo Institute of Technology were used. The Wwas controlled at NNO buffer.At 4 kbar (equivalent to the depth of
LF earthquakes), experiments were carried out at temperatures of 1050, 1100 and 1150 GOwdtnténts of 1.3, 2.7 and 4.7
wt.%, respectively. At 7 kbar (equivalent to the inferred depth of Fuji magma chamber by seismic tomography; around 25 km
depth) experiments were carried out at temperatures of 1075, 1100 and 1125 G(andritents of 1.0, 1.1, 3.6 and 6.3 wt.%,
respectively.

Quenched run products were analyzed with EPMA. Run products from 4 kbar experiments always include magnetite anc
melt composition shows silica enrichment trend (Sifcreases with increasing:l). In the phase diagram at 7 kbar, multiple
saturation point of opx+cpx+pl+melt exists on the liquidus at around 1120 C, 3.5 wi®pWhich is the likely condition of the
top of the Fuji magma chamber at the time of Hoei eruption. Melt compositions at 7 kbar shows silica non-enrichment trend until
magnetite starts crystallization. Vanadium partitions strongly into magnetjt&*{({3*"* is about 20 at the NNO buffer, Toplis
et al., 2002) and therefore it is a good indicator of magnetite crystallization. Judging from high vanadium content in Fuji basalts,
magnetite does not crystallize in the deeper magma chamber. Origin of the monotonous basalt magma production in Fuji volcan
may be due to the absence of shallow level magma chamber. Because plate boundary exists at 3-5 km beneath Fuji volcar
shallow level magma chamber may be short-lived due to high-stress and large crustal deformation.

Keywords: Fuji volcano, High-P experiment
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Long-term volcanic history preceding caldera-formation in Bali, Sunda arc

Kiyoshi Toshida*, Shingo Takeuchi Ryuta Furukaw® Akira Takadd, Supriyati Andreastuti Nugraha Kartadinata Anjar
Heriwasesd, Oktory Prambadi Yudi Wahyud?

LCRIEPI,2AIST/GSJ,>*CVGHM

Large-scale, caldera-forming eruptions cause significant effects on both regional and global scale. Large amount of magm
need to accumulate over long period of time before large-scale eruption takes place. In order to find the characteristics on tt
long-term variation of volcanic activity prior to caldera-forming eruptions, we observe stratigraphy and topography, and conduct
comprehensive sample collection of volcanic rocks in Bali, Sunda arc. Batur and Bratan (Buyan Bratan) calderas have forme
in Bali. Multiple caldera-forming reuptions have taken place from the both systems, and the volcanoes remain active. The activ
stratovolcano (Agung) is located to the east of Batur. Modal abundance analysis, whole-rock chemistry and K-Ar dating are
preformed at CRIEPI. Mass fractionation correction method is used for the mass spectrometry of K-Ar dating, which accounts
for the fractionation of initial argon ratios. In order to obtain accurate and precise ages, lava samples having pilotaxitic or inter-
granular groundmass texture are selected for dating through sample collection and thin section observation. These measures h
decrease and the amount of non-radiogenic argon and improve accuracy. Some of the samples dated are estimated to contain
tial argon ratios that are fractionated from atmospheric values, confirming the significance of utilizing mass fractionation method
and careful sample selection.

We have identified three active periods of volcanism in Bali. They are 1.6-1.5 m.y. BP, 0.7-0.5 m.y. BP, and 0.2 m.y. BP to
present. Volcanic rocks distributed to the west of Bratan caldera were formed by the 1.6-1.5Ma activity. Volcanoes consisting the
northern aprons of caldera sommas were formed by the 0.7-0.5 Ma activities. Tapis, the small volcano covered by Agung, as we
as Seroja (Seraya) volcano in the eastern part of Bali, were also formed in this period.

The most recent active period can be divided into two parts based on K-Ar ages. Between 0.2-0.1 Ma, volcanism occuret
extensively in Batur and Bratan region. Batukau volcano (located SW of Bratan), EL 706m volcano near Pasek (located betwee
Batur and Bratan), and Cemara (located south of Agung) volcano were formed. The shield volcanoes consisting the somma «
Batur and Bratan have started to form in the same period, covering the 0.5 Ma volcanoes.

From 0.1Ma to present, the activity continued at Batur somma and formed Abang peak. Agung volcano started to form by
0.05 m.y. BP, and constructed the edifice that partly covers older Tapis and Cemara volcanoes. Both Batur and Bratan syster
have produced caldera-forming eruptions multiple times in the past 0.03 m.y. The calderas have formed between the aprons
volcanoes from different ages (0.5 Ma and 0.2 Ma or younger). Their intra-caldera activity has continued along with the activity
of Agung.

Cemara volcano has smooth peak area and, contrastingly, peculiar steep cliff of the east apron. The small hills distributed i
the SE of Cemara may have formed by sector collapse of Cemara volcano, and requires further study.

Clinopyroxene phenocrysts of volcanic rocks in Bali are generally light-colored under the microscope in thin sections, indi-
cating their high Mg# and relatively high temperature of magma. The aphyric andesite lavas have relatively higher K20, TiO2
content and Fe@MgO ratio compared to older andesite. The large shield volcanoes of 0.2 Ma consist of aphyric andesite lava
layers. We find it significant that the magmatic system posessed the ability to generate and store large amount of aphyric andes
magma prior to the calrdera-forming stage.

Field surveys of this study are conducted as a part of the FY 2009-2011 project "Multi-disciplinary Hazard Reduction from
Earthquakes and Volcanoes in Indonesia”, supported by SATREPS from JST, JICA, RISTEK and LIPI.

Keywords: Indonesia, K-Ar dating, Quaternary, volcanic rock
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The Seismic Velocity and Attenuation Structure beneath the Tatun Volcanic area, Taiwan
Strong Wer*, Yi-Zen Chang, Chau-Huei Cheh Yue-Gau Chef, Ta-Liang Tend

I'National Center for Research on Earthquake Engineering, Tafk@stitute of Seismology, National Chung Cheng University,
Taiwan,?Institute of Geology Science, National Taiwan University, Taiwddept. of Earth Sciences, Univ. of Southern Califor-
nia, U.S.A.

We have investigated the structure beneath the Tatun volcanic zone north of Taipei metropolitan area of Taiwan, area of fiv
million people. We used the data collected from a seismic network deployed for 5 years over the volcanic zone. This plus anothe
data from Taiwan regional networks allow us to carry out tomographic inversions for Vp, Vp/Vs and Qp structures beneath the
Tatun volcanic zone. Based on our results and other geological, tectonic, and seismic findings, we reconstruct the structural ev
lution of the crust in the Tatun volcanic zone, and discuss the implication to the surrounding faults, fractured zones, and discus
potential future volcanic activities. From the tomographic results, there appear to exist a tube-shaped, highly fractured ancier
magma passage with high seismic velocities that parallel to the Chinshan fault, and magma passage extends to the southe
at the depth about 20 km. This structure suggests plutonic intrusion passage beneath the Tatun volcano group that may ha
been associated with the earlier subduction of the Philippine Sea plate, melting of the subducted plate at depth has generated:
magma intrusion that has brought about the Tatun volcanic activities. The high seismicity today also implies a highly fractured
crust due to the hydrothermal activities and induced crustal stress. The hydrothermal fluid-rich upper crust as indicated by th
low Vp/Vs ratio may have important bearing on the potential hazards associated with the two active faults cutting through both
the Taipei Basin as well as the Tatun volcanic groups.

Keywords: The Tatun Volcanic area, Attenuation, Tomography, Vp, Vp/Vs
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A new concept of magmatism
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A new concept of magmatism consists of the shock-wave fracturing pipe model, the pressure relief theory, and the calder
chain is summarized as follows.

(1) Magma migrationThe magma rapidly rises in place of the stoping rocks in vent-forming.event. Following the event the
magma seeps through the vent. The whole vent is rarely filled up with magma. The magma moves according to the pressul
difference that results from low density of magma and geopressure variation. It moves intermittently.

(2) Duration of ventln case of high temperature and small scale magmatism the vent is plugged and never be alive. In the
low-temperature or large-scale cases the vent acts as a conduit of magma for long.

(3) Magma reservoir (MR) after vent-forminghe reasons for forming MR are; the inverted pressure due to topographic
change, plugging at the top of vent, and static condition of magma filled in the vent just below the cater.

(3-1) Inverted pressur@he magma below the caldera stays in the same position as the pressure is lower than that of the sur-
rounding area. The magma starts moving when the pressure rises with expansion by increasing volume of magma.

The pressure inversion is also formed in front of the central part of volcanoes neighboring the caldera due to the load of moun
tain. An example of this is the estimated reservoir at 8 km northwest of the Shinmoe-dake that erupted in 2011. The secondar
MR was formed by the magma generated below the Kakuto caldera to northwest.

An earthquake swarm occurs when the magma below the caldera starts moving as it makes the overlying ground unstabl
The Ebino earthquake in 1968 is such swarm. The magma migrated around 12 km for 41 years. Similarly the earthquake swar
occurred in the caldera 46 years before the 1959 eruption of Shinmoe-dake.

Based on GSI data the swelling of the MR started in December 2009. Following the quick shrink with the eruption in January
2011, it swelled again until November 2011 when the swell reached to 90% of the limit level. The magma inflow to the MR lasted
a little less than two years. Concordantly the Ebino earthquake swarm lasted for about two years. At the time of next swarm ir
the caldera that is the time of magma discharge next eruption will be induced with the expansion of the secondary MR caused b
the pressure rise of the hypercritical water in the intermediate vent.

(3-2) PluggingThis is a case of magma accumulation in the shallow level due to the plugging of the top vent. Such plug-
ging may happens by quick consolidation of the high temperature magma and also by viscous slow magma. Owing to low loas
pressure the MR is hardly collapsed and grows huge with long-term magma supply from deep. In case of collapsing a caldera
formed. In case of no collapsing it is consolidated to form a plutonic intrusion.

(4) Phenomena in the overlying levels above MR in caldEn earthquake swarm is induced by the unstable condition caused
by magma migration. The dyke intruded from the MR upward rarely burst into eruption. Majority of the magma takes its way
to the curve vent. The swarm in the east of I1zu peninsula is such case, and the MR beneath the swarm supplies magma to t
Izu-Oshima and Mt. Fuji. The hydrothermal activity above the MR forms epithermal gold mineralization. The Matsushiro earth-
guake swarm is due to the migration of magma to the Mt. Asama. The anomalous rise of land with the swarm is inferred to be
caused by the hydrothermal activity that induced swelling of clay in the mid-Miocene thick shale.

Keywords: magma reservoir, earthquake swarm, epithermal mineralization
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