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Data-driven approaches to frontier of earth and planetary sciences
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Itis important to extract essential processes and structures from observed data sets in order to understand the dynamic behay
of the earth and planetary systems. Recently, many powerful methodologies have been proposed to extract useful informatic
from high-dimensional data sets in information sciences. Since the summer of 2013, we have launched a big scientific projec
entitled as ’Initiative for high-dimensional data-driven science through deepening sparse modelling’ supported by the Ministry
of Education, Culture, Sports, Science and Technology in Japan (http://sparse-modeling.jp/itddx The main purpose
of this project is to develop the innovative mathematical methodology for understanding the world of nature by tight fusion of
information science and natural science. The project includes a wide variety of natural sciences such as biology, medicine, bra
science, earth and planetary sciences and astronomy. Two main key technologies are important to develop data-driven scienc
One is 'Bayesian estimation’, which is a probabilistic methodology which can estimate cause from effect by reversing law of
causality, and the other is 'Sparse modeling’, which is a mathematical framework which can effectively extract a small number
of essential explanatory variables from high-dimensional data sets. In this presentation, based on these two key technologies, \
will overview data-driven analytical technologies with some examples (Kuwatani et al., Z#fa Planets and Spac2014b
Physical Review E2014cScientific Reports
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Estimation of bulk composition for meteoritic samples using handheld XRF

W RSl s B SERE L UL L /NEE AL D 1 Dohm James M.
NIIHARA, Takafumi'* ; MIYAMOTO, Hideaki' ; HONG, Peng K. ; OGUMA, Midori' ; DOHM, James M.
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Over 50,000 meteorites are recovered in hot and cold desert, and most of these meteorites are thought to originate from ast
oids. The Hayabusa mission confirmed that the samples from asteroid Itokawa (S-type) have compositions similar to ordinar
chondrites, therefore meteorites and asteroids have direct correlation, and thus the importance of meteorites increases to und
stand small bodies that could record early solar system histories. Direct comparison of meteorites and asteroids may produ
important information of the surface materials of asteroids. Surface chemical composition can be obtained by onboard instru
ments such as APXS and GRS. On the other hand, bulk chemical composition for most meteorites are missing (only 10% hav
been analyzed) due to a limited mass of each sample. Therefore, most meteoritic samples cannot be analyzed using conventio
technigues (e.g. INAA and XRF). To solve this issue, we are now developing an analytical procedure using a handheld XRF
(Olympus Delta) to estimate bulk chemical composition without any sample preparation, although the accuracy of measuremer
is relatively lower than conventional techniques. The tube voltages of 40 kV and 10 kV are used for heavy elements (heavie
than Ti) and light elements, respectively. The fundamental parameter method is adopted for calculation of elemental abundanc
and gives us semiquantitative values. One big problem of this method is analyzable elements are limited; light elements (lighte
than Mg) cannot be detected with our instrument. In this presentation, we will report preliminary results of the precision and ac-
curacy of measurement tested through geochemical standard (JB-3, JA-3, and JG-1a, supplied from geological survey of Japa
We currently calibrated for 6 major elements (Si, Ti, Al, Fe, Mn, and Ca) and can analyze within the variatibrief{GSJ
values +/- 1 wt. %) in powder condition (soil cup with Mylar filter). Our purpose of this study is to expeditiously analyze the
composition of a slab (or block) of the meteorites without any kind of sample preparation. We will continue to calibrate using
slabs of diverse rock types stored in the UMUT.

F—U— R A, /MR, 2EHK
Keywords: meteorite, asteroid, bulk composition
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Microscopic model for nucleation pathways of polymorphic minerals from solutions
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Keywords: rock texture, Ostwald step rule, nucleation, Monte Carlo Simulation, Potts model, interfacial energy
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Data-driven imaging of seismic wave field in the Tokyo metropolitan area based on lasso
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Springs Research Institute of Kanagawa PrefectiNational Research Institute for Earth Science and Disaster Prevention

Rapid prediction of damage due to large earthquakes on constructions such as buildings and bridges through a numeric
simulation that computes seismic responses of all constructions provides important information for making a decision of priority
order relating to rescue and rehabilitation activities without waiting for on-site reports. Such a simulation requires ground motion
input to each construction, which usually distributes much denser than seismometers. An estimation of the ground motion shoul
rely on data-driven modeling from observational data because of insufficient information related to hypocenters or undergroun
structure models needed in a numerical simulation of seismic wave propagation.

We propose a new methodology based on lasso (least absolute shrinkage and selection operator) for the purpose of data-dri\
imaging of seismic wave field in an urban area from seismograms obtained by a dense array. The target of this study is the Toky
metropolitan area, in which MeSO-net (Metropolitan Seismic Observation network) consisting of 296 accelerometers has bee
established. We assume that a Taylor's expansion model is capable of estimating the seismic wave field at an arbitrary point frol
seismograms at nearby observatories. This model is reduced to a multivariate linear regression of which the matrix of predictor
is a set of products of positions of the observatories, the outcome matrix consists of the observational data, and the coefficiel
matrix to be estimated consists of the partial derivative coefficients. The coefficient matrix is estimated by group lasso, which
minimizes an evaluation function consisting of a loss function given as the squared discrepancy between the observation da
and the regression model, and a regularization term based on the L2 norm for selection of grouped variables. The reason why v
implement group lasso rather than ordinary lasso is that it can avoid the dependency of subjective coordinate settings in time ar
space.

We have applied the proposed method to synthetic seismograms obtained from an analytic solution of seismic wave fiel
assuming that an earthquake of M7 class occurs in a horizontally-layered underground. The resulting image reproduced bett
than those obtained by other methods such as the ordinary least square, ridge regression, and lasso. We have also applied tt
methods to the actual MeSO-net data when the 2011 Earthquake off the Pacific coast of Tohoku occurred, and confirmed th
group lasso reproduced the actual seismic wave field better than other methods.

F—TU— R EHEE NHE, BB, BT T 7, lasso A A= 27 IERIHE
Keywords: urban mega earthquake, MeSO-net, sparse modeling, lasso, imaging, regularization
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AIC model selection in microboudin palaeo-piezometer
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T—=REEA—A TV T WEVNGHUIBOIEREARELICET 5 9 DDOATERE (A X F v — ) DGt 6171R DFE
SAazZE L TR DZMAT %, #RELT. RTOY Y IV THEET IVABRE N, t>T. YA 77—
T4 YHEEISTFIOET NV E L TSED LV DRHMEET IV TH 2 LiSmiF 5N s,
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Application of principal component analysis to seafloor basalt and its quantitative inter-
pretation

TP OER Y R AT EARBER?
UNO, Masaoki* ; KUWATANI, Tatsu' ; UEKI, Kent&?

VHIER AR AR BREERIATIZERE, 2 e ering MRS B IR BRI /0 B
IGraduate School of Environmental Studies, Tohoku Univer&igpan Agency for Marine-Earth Science and Technology, De-
partment of Solid Earth Geochemistry

BAORECARKIEH T TR OT— 205k, ZOERNEMIICIE, ST —Z DDA RTH 5. it
KO T, RERMNOBIINZREOLEINCEH LT, 70 ANTHiE N TE . 2O I a0 b2E KIC
FUT, ERNARKICES w7 at Aotk e LT, D7 (PCA) DERMNRALNTE K (RAD, 2014;
R, 2014) HAE, ESRAILEND PCADEMIC KD, KT ERIDEED, 7V IRz T at
ADKHE NG T EDPASHICIZ>TNS (BK, 2014) DX IS, BELFHRAND PCADI#EHIZ—E DREEZ NS T
WBD, EHERBFEBICIE, PCADKR (FHRPERNT B &E) O mNEEROFEMBENLETH S, T TR
ZECIE, B ARTREOERNEHMEZHWE UT, HEEMZ T ANSEREIN TS, HERRAEZ5E L
TERIT 2T, BHERI T RIER & O s M7 BRI 2 MGk U 7z.

F5EARHZ, IODP Exp. 334TEHRIENTZA AR Y AMDMHIKLRE TH 5. lRHIIHEED 5 OBE 99-164 m
O—HOXKEEDOEFNLERMENIZEDTH D, HENEFMZ T A TEREN TS LI NS. RN
fREETCH B, Nb/Zr Hbs Crizr thn S, TR OEWVR, M EHOEWD BN T—2 3 VIMEBNTWVWA T
ENVRBEN TV (Unoetal., in prep.)

TRIZ 99-164 mh HEFHLE N7z 4350RNC DWW, 2 105635 (Si, Ti, Al, Fe, Mg, Mn, Ca, Na, K, P 33 763 (L,
Sc, V, Cr, Co, Ni, Cu, Sr, Rb, Y, Zr, Nb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, Pb, Th, U)
LT, ERAHhziT-olk.

FARFRTEE 1 —3FWRDT, T—XDON) T— 3 VORI 80%riilHd 5. & 1 THNIZES5HR 52%T, Middle
REEDE M EMNE K, Rb, Ba/k EDRNEGITR (GAICTEL LIS L, AV MTADRTVITR) FEV. 552 T
ZF53 19%T, Ni, Co, Heavy REEx & DS tE DA EDNE WV —7, Rb, Ba, Tz EDRNEG TRITADE M REZ R
L, Afa—A)V MEODE R RET 5. 5 3 ERINEA 53 8%T, Cs, Li, UK EIKBIRND DB DFE VTR L A EK
& (LOl) DafEMNE <, KAERICKZEHZ "B 5.

CNEDH 1 — 3FERTOWESMIE, TNENEHNGIEETH % Nb/Zr L Cr/zr b, ZEFYO& & FMmnT<T
H3b. TOEHIC, TaXTL— ORI EDEELERMBIE, BN, Y78 - TERLE - BUKEE D 3 Tt R
TIRIRT T N TES.

FED OERNFHIHD DI, BB E R BERREDLRZITo 7. PC2OEM T AME/ SZ—IF, X
HRAE A b —DALAEDDERETERMICEHIARS. —77, PCLIZDWTIE, HifliZA X)L b BEVIO 7B RET
BHHANTE WD, DALAAMADTERTERNICHHTE 5 Ehbh o Tk,

AFETIE, TRAMEE DX EET 0t X0E&NEBEGREICOWTHEmRZITS .

5L -

ST, NGRS, 8RN, NIZRE, B (2014 TR0 02 IO e ROTHEARIC D < BEHE T AT RS
I & B HHHERY O -UBR(E 22 RFPERTAR,  h2HERE, 123 923-935.

FAREEK (2014 Wi cED TG it 2 W T B~ 7 O e 7 v AOfRMT, HAHIERZERIFZH# G 2014F A,
SVC54-P02 H#i.

Uno, M., Stipp, M., Vannuchii, P., Ujiie, K. (in prep.) Fluid flow in the oceanic crust of the Cocos plate offshore Costa Rica
trench: petrological and geochemical investigations on IODP Expedition 334 samples.

F—T— R BRI, HERLRE, oo, A2V 7
Keywords: principal component analysis, seafloor basalt, elemental differentiation, Costa Rica
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Distribution mechanism of heavy metals revealed by correspondence analysis in the Neé
tori River, Send

MR R b R Y I RERK 2 B X!
NAKAMURA, Kengo'* ; KUWATANI, Tatsu' ; KAWABE, Yoshishig€ ; KOMAI, Takeshi
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It is important to understand the distribution mechanism of heavy metal elements in environmental systems, because the to:
icities of various metals and metalloids significantly affect health risks. The heavy metals concentrations are controlled by &
wide of variety environmental factors. This study aims to clarify main influence factors on the heavy metal distribution in the
sediment, soil, river in the Natori River, Sendai City.

We firstly produced geochemical maps for heavy metal concentrations (As, Pb and Cr) of river sediment, neighboring soil
(bulk component, soluble component in 1N HCI and in pure water) and river water. The heavy metals concentrations in river
water increase from upper stream to down stream, whereas heavy metal concentrations in river sediments and soil vary littl
from upper stream to downstream. There are no anomalous distributions of heavy metals in the studied area, although mat
anthropogenic materials are found in sediment, soil and river water.

The correspondence analysis was used to investigate relationships of heavy-metal concentrations between sediment, soil (bt
component, soluble component in 1N HCl and in pure water) and river water. The results indicate that the heavy metals (As, P!
and Cr) in sediment, soil and river water are dominantly controlled by natural sedimentary processes, such as denudation ar
sedimentation. The proposed method could be further applied for other pollutants in various environment systems.

T — R HERIEH R, ERIEIE, 75007, U 22 Fl
Keywords: geochemical map, heavy metals, factor analysis, risk assessment
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Spatial modeling of metal contents in a kuroko-type deposit with application to estimating
ore-solutions paths
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S ATREARALEE O PEM T O DI BB EIROFEIIFEL ML TH D, OB Mk 2 nTEEEN S
Vo TAUS K o TEEBAFILILO FIC I BIRDILN D, 35 X OCREIMED O HTR OB IR OBER - BIFNE T
FIHEELPEE RS> TETCVD, TOFEITHLT BI1iX, () TEERN « B BT 2500 CEAThOSBIER) O
FEFEZEI A AnHEE ), BRT (i) THRZI U 7Y EERIOMIH] D 2 DIVRRIRTH 5, (i) MRS R BIK
ROVBEET IWADRTEER, THhbHB A=A EFY U IbO—FIcHY T 5, Tz, PEERID@ETE UL, Ik
ORI RERLIALMER D R A TERHMEE TE B L LB, KRERO 7O AW ERINCKRTES X510k %,

TG (i) - (i) ZABZED HINTIBYY, ZD7 —ZAZAXT ¢ O35 & U TR ILEEHIEIC 38\ TR D HLEHAR
TH BRI AT, BELE A UESLRER LY (VMS) O—FETH D, Cu, Zn, PhIZEALRE LG TH %,
HEARTE B LTEENIC R U, SR R SRR AHIIC ER, ke DOIRGTHE I N, SEMME LT
Licks (LM - i5H, 201374 L), @i TlE, SRTO 77ADEE, H5WVIFZFHUSEVR—) V7 & % HERR
K, BXU 1457H#I5TD Cu, Zn, PhIRET— X 7ZH oo SR O A E T IE7KFEAHEIC 500 m X 1000 m  HEE 5
MICEEE O mA5-300 mE TOHIPHTH O, FHZHFTXY]- 7z,

F9, HERRXZ 10O FEMEIC L, WEOHETIVEER Uz, T, SHE O HBIREROZEM )M %
3t b (Koike et al., 1998)CaIE L, #5481 Tl HBIFERN SO Z IS % L0 5 FHEICE DL, X
I, HEREEEE (Geostatistics DEMIC K> T, SBIEED 3Xot/fiZ#HEE LTz, 3HOSBIEE T —Z DN X575
LRz A, WINEERET IV T T Z 22 MNHBENEZH T 2 2 EARIME N, ZO/KF)5 O FH B
(L) BEEHAOD 2, 3fFHEEENT ENDD >z, THUITERDKT S HANDIEMN D IR T % LR TE %, N
VAT T INIHEDE, HETOEET—2h 58 T TOEREZFIET % 22 RH#EEHICiE, ordinary kriging (OK) 7
W Uz, 2, 3TEHOBIREHE OZRMFRIMTEL, 2ERZVF VT XDE OK bW HilgHAR 7Y
F T DI DHEEREE N E > T2 Ic K B,

LR X 0B ENIMERHET IV EBESAET IV EERADR AR, SRR BRI & HEILOnfmiic Eix
BT, TNEOBERONHEZBES K DITKEAINCHERT %, TOMKE LT, WHETHERE U 72855 NS R
KIEE), & 5WIEHEEHIT RO R I K> THEREL, BEIORICHUERE LT &AW EZ BN, £z, BHLFEIC
RS N EESEANEE L, Z DR PICIITREUEDIED %, TS ORI TOEREIRIE IR 5N %,

X B, SNROBE L SREOMBIIBRILBEIR CELITES LIRE LT, WTIROBEE S % B iihsU iy
TIZHT, BHOEE LR RD Tz, BrdEIcB U CRENE LmEh2 <, BEHL & RBCE D% T 2 D5 mh
HEE 5 L0 S RN Tz, THUIIRRD FEE IR/ S RSHIGT B RN H %, T OEKMED S Fa & Ko M7 L
TWAT L, IROEMIRFIHZRETZ2EDTH S, Tz, BESTAOIBERBOMN SN 2: 1 /D, Uil
B CIEEDNE W E WS EAICE#T 3 EEZ BND, COBRILETRRE 7V X7 L2 HAEDE, YRk
BERE L ISBIEE OZE MR ENDORBICH D HATVWS LA TH %,

HEE L AR O AR O TR & B S IV T2 720 T2 DOWA X 2V A > (Bk), T3 X7 LER] (#5)
KRR OHEZERLUIZW,

S Wk

Koike, K., Shiraishi, Y., Verdeja, E. and Fujimura, K (1998) Three-dimensional interpolation and lithofacies analysis of gran-
ular composition data for earthquake-engineering characterization of shallowMsthiematical Geologyv. 30, no. 6, p.
733-759.

LIFHSE— « & HEE (2013)LEEHIEIC 38U 2 HANHAR & Bl i A LG8, e 2 HEEE, v. 1194fi, p. 168-179.

F—T— P B, HIERIGE T, 7V F 27, EET )V, BIRILEOTRE, MIESER
Keywords: Kuroko, Geostatistics, kriging, spatial modeling, advection-diffusion equation, Matsumine mine
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Bayesian analysis of nonlinear dynamics in heterogeneous reactions — toward understan
ing of rock-forming processes —

KR B a3 AR B0 S 26 2
OMORI, Toshiakl* ; KUWATANI, Tatsu® ; OKAMOTO, Atsush? ; HUKUSHIMA, Koji 2

VRIEIRE, 2 REURYE, 3 BRERE

IKobe University2The University of TokyoZTohoku University

Heterogeneous reactions, which occur at interface between two phases, play important roles in rock-forming processes. |
heterogeneous reactions, dynamics are intrinsically nonlinear, because surface area governs actual reaction rates and char
temporally. In general, even static surface area, not to mention the temporal change of surface area, is very difficult to be me:
sured. Therefore, it has still been difficult to determine kinetic parameters of heterogeneous reactions even by well-designe
laboratory experiments, because we can only use nonlinear and incomplete data sets.

In this study, we develop novel methodologies which estimate kinetic parameters from nonlinear dynamics of heterogeneou
reactions using a Bayesian probabilistic approach. With an increasing demand of data-driven analysis, the Bayesian estimatic
has been widely applied to various fields in the natural sciences including physics, medicine, brain science, and earth scienc
(e.g. Watanabe et al., 2009; Naruse et al., 2009; Shouno and Okada, 2010; Omori et al., 2013; Kuwatani et al., 2014; Omor
2014). In this study, we first formulate probabilistic models of nonlinear dynamics of heterogeneous systems based on stat
space model. Sequential Monte Carlo Method and EM algorithms are employed for the proposed state-space model in ordk
to simultaneously estimate time course of heterogeneous systems and kinetic parameters underlying nonlinear dynamics. T
proposed method provides a very suitable framework for inversion analysis of nonlinear dynamics from incomplete datasets.

In this study, we focus a simple heterogeneous reaction, in which the solid reactant changes to solid product via intermediat
product dissolved in fluid phase. It can be regarded as one of the most fundamental and substantial heterogeneous reactions
solid-fluid interactions. Using our proposed method, the reaction rate constants of dissolution and precipitation as well as th
temporal changes of solid reactants and products were successfully estimated only by the observable temporal change of the ¢
solved intermediate product. The proposed method can be potentially applied to actual laboratory experiments of heterogeneo
kinetics in various fields of earth and planetary sciences.

F—T— R: HBEREKE R T — 2T, 7— 2R T a—F, XA iiat, IERE XA 2 7 A, RFERIS, SAEK
AAFITA

Keywords: data analysis in geoscience, data-driven approach, Bayesian statistics, nonlinear dynamics, heterogeneous reacti
rock-forming processes
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Deconvolution analysis of reflectance spectra of synthetic clinopyroxenes using the ex
change Monte Carlo method

UG 1 EA SEIE L gk B2 2 REE] S B BESE L James Dohm M. R R

R EA 2

HONG, Pend* ; MIYAMOTO, Hideaki' ; NAGATA, Kenji? ; SUGITA, Seiji® ; NIIHARA, Takafumi' ;
JAMES, Dohm M! ; HENMI, Ryodd : OKADA, Masatc
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LUniv. Museum, Univ. of Tokyo?Complexity Sci. & Eng., Univ. of Tokyc®Earth & Planetary Sci., Univ. of Tokyo

ARG MV iR TN E TRAGIYICEFA T N, ZOMBCRRE RIS OHEANC R > TE Tz, ZDOHTHHR
A EARRAEEICEBICFEET ST L . TORBEINIEAXRY VOIS, AT MVARICB N Tt HE
BRI D—DIE L RIRENT VD, HEHES DR FLLIRNH AR T MIVICE TN 5B LIE, Fel CaD®EICIK
CCTHBEITZC EAMBNTVS, Klimaetal. (2011%3 A TS AL U TRk & 2 R 72 5D BURHIE A 0D Al BT /R 54 B S
ARG NIVEIEIEH D ABEE TV (MGM) (Sunshine et al., 1990% FHWT/i# L 7zo MGM ST AR T MV RICE
WCELHAWSNTWBFERD, Z207)V3) AL THWOLN TV S iR2M Rk, RFHRICHD DT 0 &0 S KT
ZHRFD, LIeh-> T, MRiT&E WA Z 08T LD S E TR Z# 0 R TEND b . FIENGMIE 5Nz LT
&, ZOMTIIHIIAEZ T Lz T LIGERT 2 B2MEMIE X L5, R DRFRIEZ RIS 5780, XA X
PERC D S e > 7 A1)l ik (Nagata et al., 2012 FHWV T EAWRHR O BRI DR AR NIV iz T Tz,
T VT NIV A THEEE Y T AVAEERB LEEDOTH O, R IC < <, FIEEEES Dk
WEWSHEERED, TOETIVE, Fald Klimaetal (2011)C & > THANE N7z A THIC B R E N HRME G O A
WIS ART BIVICHER Uiz ART BIVOBREMSEIZ 5 nmTH b, JHEHIPAIX 0.3-2.6pum TH 5. alfH 45
um LR DY A ZOMARTH O BN Y A Xd 15-25um TH %, SLIEDHRHEG DS AT MLZERW., Ca, Mg,
FeDZNZNDEHEIE 8-52%, 0-52%, 3-90% MEJAVHKZ BT ATV, fENTOFER, (1) Lum WUFIE Cas D
6 CTEREMICEEIT % (2) Lum X Fe ORI IG U THEIEERMICEEIT 20, iU ko oZhiclt
NRTKEW (3) Ca<30%DFREHT DN TIE, CaDBIMT DN T 2 um WD EREMNICKE ST 2 H, Ca>30%Didkt
IZDWTIE 2 pm WINAT O HUOE 2.4 pm TIERIEEE S NS (4) HilfE (Ca<™20%) D 2 pm T OHULIE R Fe &
WCHFEDKELRWVD, EY 3 VT (Ca>"20%) I DWW TIE Fe DN IL UT 2 pm WU O Hul i ED B B
ICBEIT S, Tehbholz, TNEDFERIZ MGM &V z Klima et al. (201104558 & #ish TR TH O . T
VT IIVEEMERE 7R MGM I K2 fRHT LRI CAS R 2185 T EWARETH B T L BB LT3, E IR D
BRI U TR TV EDNEH T E /22 Lid. SBDA D ARG 7R ERRA RHEY 72 38 KA
7 FIVADIGHDE #2755 2 L ZEKT %,
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AIN—2ZMEICELTD < VLF B DARHRAN 7 S IVHEE A DO RET
Study on direction finding method based on sparsity

OKHESF 15 AR it b 5k i !
OTA, Mamoru* ; KASAHARA, Yoshiya' ; GOTO, Yoshitaka

DR

IKanazawa University

HERRESE ORP A RIS K THRINE NS 75 X iB ORI I, BB ORI T72 0 Tx < 2 DIEH - Bt
KB 52575 AREZRT 5 1 DICEETH 5. F1I 7T A ORIRIT A, VLF BB O (SR 7z B iz
T B7HOMD THERERERTHD, ZOHETEDO—D & U TN MBABIEMEREN TV S . CTOTFEIEHE TH
MENBEHLHBICZ S LI, TNHICE T NS HEIEIORIRT M ZHET S EDTH Y, HBDIEIRNY MLz %
IVF—EE A (B BIE) & LTRIBIT 5. RN 2 220D 75 X i@ O 7Rz v 3 T & T
TR DHERE 217 5 DI, —fRIC T ORI A RRERE L 755 728, i 5 h OFilEHRZNINT % C & THEEBZ
—RITED ZREND 5. SeATWHTIC BT, I RBEGEIC O 5 HHilER & L TRODOETIVRE SN, L
T — 2% VT MRERHE D <AThh T 5.

ARBRZE TR, B AT B D X S— A2 RGE U Te it e 48 589 % . D ANR—AMEDIGER, 7— 2 279 %
TeDITERNERPRITADN D CH 2 e ZERB LI EDTH D, JERTFIEICHANTLDN D O/NE W RIEFEHEEBRME SN
% EMWIRTED. EACKITON T ERHIE T, TS L I 2 BHSIIEN SHEED AN T =2 E LTHWS A
N7 MV B 7 ANEMICEHRATRETH 5 T L2 fELTWAS. L L, BT —Z DA A RO BN T
AHANEEDN AT ML B 7 ZAZREE R R LUETNUIES E0 LW I T NEZEND 5. T DIOAMS
T, FBI T — 2B\ TR E I mBIEGE 2 W I 2 558 ORTE R OGS 2175 .

F—T— R TIAXUH), RRBGENE, 5B EsaE, A S— A1
Keywords: Waves in plasma, lll-posed problem, Wave distribution function, Sparsity
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7 L— MIRFHIABFIC I50T 2 R R O 7 — X BRE 2R £ 7Y >
Data-driven spatial modeling of frictional features at plate subduction zones

IR T T SR S 2 B GE T iR SR 2
KANO, Masayuki* ; SUZUKI, Akihiro? ; NAGAO, Hiromichi' ; KOMAKI, Fumiyast?

VBRBURSAHIEENIERT, 2 RGUR RN B LR seR)
LEarthquake Research Institute, The University of Toky@raduate School of Information Science and Technology, The Uni-
versity of Tokyo

Frictional properties at a plate boundary are considered to control the time evolution of fault slips, so that clarification of their
spatial distribution is one of the major issues to predict the states in the Earth’s crust.

Recently, various aspects of the whole earthquake generation such as intervals of occurrence times, interseismic tectonic loz
ing, afterslips, and episodic slow slips, were qualitatively reproduced, empirically giving the frictional parameters in the rate
and state friction law [e.g., Kato and Yoshida (2011), Hori and Miyazaki (2011)]. For a more realistic simulation, the frictional
parameters should be quantitatively determined based on observational data and theoretical prior information. Data assimilatic
(DA) is a computational technique based on the Bayesian statistics to integrate numerical simulation models and observation
data [Higuchi et al. (2011)], which is widely used in geoscience including the solid earth science [e.g., Nagao et al. (2013)].
DA has also been applied to clarify the frictional features at plate boundaries, which are considered to control postseismic phe
nomena, estimating the frictional parameters in afterslip regions [e.g., Fukuda et al. (2009), Mitsui et al. (2010), Kano et al.
(2013), Kano (2014)]. These previous studies assumed that the frictional parameters were unrealistically uniform in the entire
fault region or subjectively divided the afterslip region into several areas in each of which the frictional feature is uniform in
order to avoid substantial computational cost due to too much high-resolution spatial grids never to be determined by the limite
observations on the Earth’s surface. Therefore, it is meaningful to develop a method to divide the region appropriately in ar
automatic and objective way. We propose a data-driven procedure consistngkefitbans-based clustering method to obtain
candidate division patterns in the afterslip region and the Akaike’s Information Criterion to determine the optimum model among
the candidates. We have confirmed that the model obtained by an application to synthetic data is almost the true one. We wi
report results when the proposed mothod is applied to the case of the afterslip region of the 2003 Tokachi-oki earthquake. Thi
method will help to extract the large-scale frictional features and make relevant simulations more effective, objective and realis
tic.
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TR0 e O Te L ARSI O < 7 < 0k 7' 1 & 2 O fifk L
Principal Component Analysis based determination of chemical differentiation processe:
of volcanic rocks

EAREKR™
UEKI, Kenta*

U MNTFTBOE NI FE R RS

1 Japan Agency for Marine-Earth Science and Technology

<Y RV HEROEAOEROFR E U TERENE O TE, MEcE AR, I FDY —ADZHMER
Bl 22 KL T3, THHDLEHRT — 23 Z2ERBDT— X2 TH 5 EFEIFC, LFHT 28R TOMWA - Jk
JEEEETOR > ML« Hijk - iR e HRBEET I ¥E 2 3 D00 T at A0/ METH % (Annen et al., 2008
Eo TOXIBREMRL DIIIZEBMNINER /55,

< U OEA AR BEARIERICIFAEED S < BRI~ V< OMGEZES Th L 755 FEtR 10tk e, #iBk o
TFAEFEDVINE <ERYO < 7 <ICHEIC LA DB E NAWMELRICKA T E %, FEILROZBHIIGOMRE - 77 - #
RIS E NIERRIE T % 1= DIRER TS DOFEHE & 75 % —75 (Ueki and lwamori, 20145 £), HHEMELS B lc LEE
INTLES eod, BEEHOHEICEENTH ST ot XomMHIiciZmnTuniay, MErRE,. FETE L g
U CHUKZERI O DO AL HEHEDREWT & FFEDHNDIARE DM TE(LT % T & A 5 (Blundy and Wood, 1994x
)N —EMSHhDO SO A TESNIZRIE FEEIN DS, e ot XD s L—Y—L LTHWSZ &N
A[HETdH % (Depaolo, 1981; Pearce et al., 2008°), AWIFETIE. & INHNEZ L RN OTFETH S LR 7Z .
WRRIAFR DKL OMETCHEMARIGEH T 2 2 & T, BIKILAOHB N T—> 3 v Z2E 53 bk 7ot X
D Z1T9 o

fRATIc i, HALHARLAA BT DXL T 1 > MBI OFE PRI LEE T H B lEHish S s > ) v Uk
REDNSTAATA N ETOMBIEDNLED—HDT—X &y hEfviz, kiliftehke LTHKEZS 7259 71
Y RAZELT 7D, KIUBERIARD 17 DRGE 5 KU SERI Uz, 262T > 7))V 14 D@ CENBR DT —2 1y
M ERIT I 28 Uz,

FERDIOFER, TNEDOY Y TIETEEMEDHBN) T— 3 VI 3DDERD TTRHATE ST &0V
Molce YTV LD, METTENDRONIcERAERE TELERTAR L OMBRB I T, JTET LD AV b—Fil
MODEMREBICEH T % T & T, EROOIREITV, I TER - b7 Xzt Lz, ZTORE, Bl /<
O ETCEOMKIEX, HBHR EFIRTE % 3. TxbBE~ Y MVHR AL b EHFEER AV R D X)L Mal Lo
BE. EEBTONADL A EEROR b, Z U TRITTOREA RO MED 3 7 A TERE NS T LAHUR
TNz, T, ZIED LOHEBES 7 OERKICIE., b TiaEL, X7 YERSZ/RT RO GNEET
HBT Mol MBITENLELNIETRDE, YV I EOHIYHKOT—% &8 BOMEZR L, HiEk(L
ET—REEOET =AWy TV T L TR T EMNRENT, 6L, ITEAEZRT ERDT OB, H
FRINEBOHIE B DEEE S (Nakajima et al., 2001 R AL O i Rk (B4, 1994) D50 & BVW—8E/RIT eh b,
XU RIREG LR OARINSE DB GG H B T LN o T,

F—U—Fkileg, ZE RN, <7<, Bill, /RILHA
Keywords: volcanic rock, multivariable analysis, magma, arc, Northeastern Japan
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BEET) VT RHOERITRNODA VN—D gy |
Bayesian inversion with sparsity constraint for spatial distribution of afterslip

HHELT 3 1 2243 072 BT N3 0 vl !
NAKATA, Ryoko'* ; KUWATANI, Tatsu? ; OKADA, Masatc ; HORI, Takané

L YRR BAREREAE, 2 SRR R A BEER IR AR, 3 U2 A B kAl Bk 2 2t
LJAMSTEC,%Tohoku University?University of Tokyo

AL TR, TRRABTL— 2D EOTL— b L OB LT, FRRAMEZKE C I RREM DO H 2 FE B2, ik
DOHGERAT T — 2 5 @A REE TN T 27D FEZFHHFT 2 L ZHIET, TDRHIC, HIEBRICETLZ9D-<D
L7723 RO GRIITAND) OWFZERSHZZ—T Y F T %, RINTND &l KHERICE A~BUERMN T T, Hh
ToOWEND > b & MERZRHEE IO TXRZEKLTHD . GPSFHIC K > THIR THNI S N HFRZ#HIN 5. W
JE LDTNDEZHEETE S, WHETRAE LUIDREDOKMEIC K BRI XD 2T LIAER. RTINS TV
B, RHMEBOBFRBIXIZEAET RS TWEWNWZ EHHIENTNS,

Kald, HIEBRPRDTRO ZZL T L— MERHE LOT XD ORZEMZELOBIEY T 2 L— a3 Vick > T, KHE
EZDBOPNT D ZEE LT [Nakata et al., 2012] #ffis 2 2 L—3 3 U Cldk, RHEOEREICIE, 7o, FFX
D ERLEISEEGM 2 52 TV 5128, M E 3R 55288 CRENZEP K D &3 X0 #EMNE, IR, P
XOEEHTING) ZRT, Bl I 2L — 3 VTR LI KEBRORT D1, HEROIT XD (B
ZEO LB X I L TV,

TORNT RIS MFREE 2R L, TN ERT—2& LT, TL—MERE EOIXND 5fzHfE Lz e C
AL RO GHICH UTBR SISO DD 2HETEF T, B LECBHSEND 255 TE, IXON0THEHN
TEFIHANICHENT, BEHTEARVKEZTDOTAN) BHEE SN TV [Nakata et al., 2014] Z i, 7—% GRZEEE
PAED ISR UTHEE I AREEE (I L— bERmEE DB LIV B2 VREREDD, IO S5HOTDEH
IENET 5T & THHREZEMFZHEPLTVE T LIckD, &L, RHERORNT NI E TR o TWO RN B D 2R
I K O @ fRAE T CE NS, HBHRO T L— FEFRE LD 157072 XD @V THE TE 5. TOHIRE.
HIEBZ OIS IER - MRGEFEOMEE R BRR OB Z T, KREEREFEDAREMENLWIERICH 2 5T OHEEICE
DIEMN %,

AWFE TR, Bl R 2 L— 3 Y TRLNERITAND CLOYEER) I X 2 A ORI T— 2 (B %
AT, 7L— ERE EOT RO 0 hz#E Uiz, dHiiEI%IE Kuwatani et al. [2014PDFi%7z2 2 E L, Markov random
fields (MRF)ETIICE DNz RO ORNEGEB X CERDEN I ZRET 2HE, AS—AET Y VT IR DV zET
WWIST AZD A= AN ZRIET 5HZEA LTz, dHiiRAEZ R/ NCT 2ETIVNT A 2ty ME, EROFELD &
EWVIRE T, RN HE EEEZ DT E T\ e, Tl RIS K2 HROENT DOV TEHNT 5,
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PBEEOREHNT —2XN—2AD T T XX —fikT _
Cluster analyses on bulk elemental compositions of meteorites

B G Y R B L B S22 Uk B L A2 KEE] L ; James Dohrh
MIYAMOTO, Hideaki'* ; NIIHARA, Takafumi' ; KURITANI, Takesh? ; HONG, Pend ; SUGITA, Seiji' ;
JAMES, Dohm

VEEORE, 2 LB R
LUniversity of Tokyo,2Hokkaido University

Meteorites are now determined to be precious samples from extraterrestrial bodies and thus identifications of the correspondir
meteorite types of the targeted bodies of asteroid missions are among the major goals of asteroid missions. Besides such scient
importance, rapid identification of the surface materials during the reconnaissance phase is also critically important even fo
maneuvering a spacecraft. Modern spacecraft carry cameras/spectrometers in the visible to infrared wavelengths, which a
powerful tools in identifying surface materials. However, irradiation by cosmic and solar wind irons as well as bombardment by
interplanetary dust particles modify the surface of airless bodies through processes known as space weathering. Impact evel
also mix mateirals at the surface of the body. These processes may flatten or change the absorption characteristics of reflectar
spectra. In this sense, elemental compositions, which can be obtained by X and gamma-ray spectrometers, may be useful 1
the above purpose. However, it has not been investigated extensively how well we can classify these planetary materials bas
on elemental composition alone. In this study, we perform principal component and cluster analyses on 12 major and mino
elements of the bulk compositions of 500 meteorites reported in the NIPR database. Our unique approach, which include
using hierarchical cluster analysis, indicates that meteorites can be classified into about 10 groups purely by their bulk element
compositions. We suggest that Si, Fe, Mg, Ca, and Na are the optimal set of elements, as this set has been used successfully
classify meteorites of the NIPR database with more than 94% accuracy. Principal components analysis indicates that element
compositions of meteorites form 8 clusters in the 3 dimensional space of the components. The three major principal componen
(PC1, PC2, and PC3) are interpreted as degree of differentiations of the source body (i.e., primitive vs. differentiated), degree c
thermal effects, and degree of chemical fractionation, respectively. Though the exact ranges of elements of each cluster suff
from the systematic intra-laboratory error, realized through comparing our results with those of another elemental compositior
database, our new method shows promise in the classification of the surface materials of a small body into a known group ¢
meteorites, having a significant bearing in future reconnaissance.

F—U—F: [Ba, BafK, 77 A2 — ik, &2, XRF
Keywords: meteorite, bulk composition, cluster anaysis, asteroid, XRF
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HUERELAIIFEIC 38U B TR TR DTG M & R

Application of advanced statistical analysis in geoscience and its evolution

Bttt Ry AT
KOMAI, Takeshi* ; KUWATANI, Tatsu

PEERY

Tohoku University

HUBRRI2E 08 CLE A PBIINIC X B KT — 2 &R E N, ANCTEH I NEWVIREETHRE TN TV EDOHZ,
INHOERTEDT—RZDOFICIE, EER AN Z ALRFEAINZNET 2 HEMZHD TV 5, ABFFE TR, A/8—2R
7Y U775 EOFROEFE T2 EH Ut T — 2 & LT, AR HERR22 S H A T S 2l A 21T o
TWb, Fiz, 7—ZERENC X 0BT OERINEZ BT 72D OF A 2 D T %, AGEE T, I HERE
Y. RE T, SA7% 8 OME R ORER ST — & 72 W CEEREAT 2 9206 U 728 FH 50 2 . S5% oo g
B DOWTHE T %,

F—T— R HBRRLE, HEHRNT, A S—ZXETV VT
Keywords: geoscience, statistical analysis, sparse modeling
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State and parameter estimation of numerical models of fault slip using data assimilation
methods

i 5 1+
FUKUDA, Jun’ichi'*

L RUR A RIS
!Earthquake Research Institute, the University of Tokyo

Numerical models of the evolution of fault slip based on rate- and state-dependent frictions laws have been widely used t
simulate variety of seismic and aseismic fault slip behavior during the earthquake cycle, including earthquakes, afterslip, slow
slip events, and steady aseismic creep. These numerical models consist of the equations of motion and friction law for man
subdivided fault patches and include parameters that describe frictional properties of the fault. Previous numerical studies ha\
shown that these parameters, which are often called friction parameters, as well as initial conditions of the model, are one of th
governing factors in determining the evolution of fault slip. However, it has been difficult to constrain the friction parameters
and initial conditions for natural faults. In this study, we develop methods to simultaneously estimate the friction parameters anc
initial conditions of the model based on data assimilation methods.

We focus on afterslip, which is transient, decelerating, aseismic slip triggered by stress changes due to a large earthquake. \
assume cumulative slip is observable and generate simulated data using the numerical model. A nonlinear state space mode
used to relate the numerical model and observations to unknown parameters and dependent variables of the model.

We first adopt the patrticle filter and smoother to estimate probability distributions of the parameters and dependent variable
of the model. In this case, the particle filter/smoother tends to degenerate even if a simplified model and relatively a large
number of particles are employed, suggesting that it is difficult to correctly estimate the probability distributions of the unknowns
with the particle filter/smoother. We then adopt the ensemble Kalman filter and smoother. We find that the ensemble Kalmar
filter/smoother does not degenerate even if the number of particles is small, indicating that this method is useful for our problem

Our results indicate that our methods reproduce the true parameter values reasonably well if the initial conditions are fixed t
the true values. In contrast, if the initial conditions are treated as unknowns, the state variable in the rate-state friction law cannc
be constrained. In addition, the estimated friction parameters exhibit large uncertainties and a systematic bias. These resu
suggest that there are significant trade-offs between the friction parameters and initial conditions. We will discuss the details o
the results, considerations on how to overcome the trade-offs, results from other data sets, and detailed comparisons of the t
methods in the presentation.

F—TU— R Wi TN, ERST X=X IREEHEE, /35 A= HEE, 7— 2 AL, IREEZERE 7V
Keywords: fault slip, friction parameters, state estimation, parameter estimation, data assimilation, state space model
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A waveform display system based on SeisComP3, for efficiently browsing the seismic
data of several different networks

o A ) TR RO
TO, Akiko'* ; FUKAO, Yoshid

U RIS B TE R

1Japan Agency for Marine-Earth Science and Technology

One of the fundamental tasks in seismological research is to systematically view and evaluate a large quantity of seismi
records. Firstly the data quality must be checked and then the records can be searched for interesting phenomena, which c
become targets for future scientific research.

We have developed a website, which summarizes the seismological data obtained by several different networks, including thos
of local sizes and a semi-global size. It allows users to efficiently browse through the entire record. The waveform archive syster
is based on SeisComP3 (http://www.seiscomp3.org) and the data are archived in SEED format (www.iris.edu/manuals/SEEDMa
V2.4.pdf).

Currently the website consists of three major parts; a station description page, an earthquake catalogue page, which is linked
an interactive earthquake waveform viewer, and a page to align and enlarge pre-constructed image files of waveform data, plotte
in several different ways.

In this presentation we will first show how this website can be used and then we will present some applications. Finally, we
will discuss how the website can develop further to reach its full potential.

F—"7— R: SEED, SeisComP3{iiIZEE=42V V7T AT L
Keywords: SEED, SeisComP3, Earthquake monitoring system

1/1



