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Simultaneous estimation of melting degree and source composition of MORB: an application
of data-driven analysis to Geochemistry
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Geochemical data sets, such as major, trace and isotopic compositions, preserve precious
information about various physical and chemical processes. For example, bulk compositions of
igneous rocks directly reflect melting of original rocks, magma mixing and rock-fluid interaction
in the earth's interior. However, it has been still difficult to extract physical and chemical
processes quantitatively due to many unknown factors and insufficient quality of data sets.
Recently, many sophisticated data-driven methodologies have been proposed to extract useful
information from high-dimensional data sets in information sciences. In this presentation, we will
briefly overview data-driven analytical technologies and introduce an application to simultaneous
estimation of melting degrees and a mantle source composition from MORB bulk compositions based on
Bayesian estimation and Markov chain Monte Carlo (MCMC) optimization.
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Landing explorations of extraterrestrial bodies give us detailed information of their surface
materials. Rapid identification of the types of materials is important for planning further in-situ
analysis during a remote mission, which includes selecting prime targets to yield optimal science
return. Active X-ray fluorescence (XRF) is a candidate for future missions, including being a part
of the payload of a surface rover [1] as well as APXS [2], for example, which can perform in-situ
measurements of the composition of the surface materials. However, one of the largest problems with
XRF measurement is the matrix effect. X-ray excitation intensity is highly influenced by changes in
the various matrices (e.g. mineral abundance, crystallinity, and porosity). To remove this effect,
fusion bead sample is used for laboratory analyses. Then to calculate quantitative values, abundant
numbers of a well-known standard samples are measured to obtain a calibration curve, otherwise the
bulk compositions cannot be quantitatively and accurately analyzed. Thus, we are testing whether
the meteorite type can be statistically identified without matrix correction using X-ray energy
spectra yielded from a hand-held XRF (Olympus Delta). We measured 20 meteorite slab samples stored
at the University Museum, University of Tokyo, which include chondrite (carbonaceous and ordinary),
achondrite (HED, mesosiderite, and Martian), and primitive achondrite (ureilite). Niihara et al.
[3] reported that the compositional values of at least 6 elements (Si, Ti, Al, Fe, Mn, and (a)
could be measured both quantitatively and accurately using a hand-held XRF. Thus, we also perform
comparative analysis among the compositional values and the X-ray energy spectra, although the
quantitative values include large uncertainty due to the matrix effect; we conduct principal
components analysis on both the X-ray energy spectra (10 kV and 40 kV: 40 kV can detect signals
from minor to trace heavy elements) and compositional data.

On the PC1 and PC2 space, although the total number of classified types of meteorites is only six,
we can distinguish almost every type of meteorite (although mesosiderites are widely distributed)
utilizing every data set. Achondrites and primitive meteorites can be easily separated by PC1 for
energy spectra or PC2 for compositional data. On PC2, ordinary and carbonaceous chondrites are
nearly identical both in 10 kV and 4@ kV energy spectra data, while indistinguishable using
compositional data. Variations appear to be mainly due to the Fe, Ca, and Si components in the
spectral and compositional data sets, consistent with Miyamoto et al.[4], despite the fact that 10
kV and 40 kV spectra have different elemental sensitivities. These three elements are major
components of major rock-forming minerals (olivine and pyroxene) and are common in meteorite
samples. Based on these result, we suggest X-ray energy spectra could be used to classify
meteorites directory without any kind of correction and is useful for primary classification and
targeting during future planetary surface explorations.

References: [1]Nagaoka et al., 2016. LPSC. [2]Rieder et al., 2004. Science. [3]Niihara et al., 2015
JpGU. [4]Miyamoto et al., 2016, MAPS (in press).
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Preliminary results of principal component analysis on visible near-infrared reflectance
spectra of meteorites with comparison to the petrological classification
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INBEDDFESIH LS LUFHERE(CI D THATNEIRF IR MIVICETVTEHD, NEREDEBRYE
(CHINEEZBZHICEZ OMENLINTEZ. Tholen [1](E, FISHTNBREE ETRIDFICEDIE, 8D
REZIRD RV CEEI0.33—1.1ym) ZERHVTI3EENDR 3Tz, DeMeo et al. [2]EERDAMICL DT
NEORNIRD LU CEEIZ0.45—2.45um) EHVTE SICELL2TBENR(CH Tz, BANERZEMIC
GroupL RV TASBEHEICHEINTVS CEZEBR I SE[3], Tholen [1] HSDeMeo et al. [2](CHF TN
EORMERzC L, NWREEERAZNFHENBRIDBARAENCIEILHICEETHSD. COhCEld, R
FHIART VDR FEICEVWTHUVS T —IDRREBEC KEDRENEETCHDICLZRIKLTULS.

Britt et al.[4](&, Eight Color Asteroid Survey (888) TRESNIZIEINNZREDORFIRT LU CRE
150.33—1.1um) &, EAXRBTRESINZNMEDBREDHRRIBRID I ART ML CREIH0.33—1.1um) (CD0)
T, ERNZERELECHRZESR ST, ZOBR, VEUNXRE CHEDER(FHBNEI TG LR, NRELEAD
AEDELHOHBSBUNKREELEEBA, SLUENKELRREBADHLERIEREVERSEZL TL)

3. LA, Britt et al.[4]TIIRHRRT RILEL.T ym FTUNBUVTH ST, TEBHRILYTHIHA
SAREERDEVRABREES2 pn HEDOEOIRIN[SIZFEAVTUWEVTZS, BADDEISTETTLEID
HWAREATHSD. AAETIE, BAEDLDLVEESR, BLVKERDRE (418) ORFIARI ~ILT—5 &L
TEBRDANESLESET, BRAODRFHIRD RILERKODERZNEDEE DNICEERERSHICT
3.

BANDIRD RILT—5I1E, TSSO VKREDORELABOT—IR—=X[6]H\5, DERAEFT > TULBTMEDELEE
FHEY3. KEK0.45~2.45 um OEEORF IR MILOT—IEFERL, TRIPAETOL. PAICHITS
BX - RIMEFRREIVRSAMEF—TSAETH oM, 7—T S+ +FPOLTERBALEL H9HLTL
3. POOBEICESELTLBD(E0.9 pMHEDIRINTH D, BRENASAGDRINTHSD. PC2(F0.9 pne&2
A DIRIROBENRKRZ L. POEHDEREBANDSS, ZEIVRSAEILST NEREREREIY
RS HEAEELTULSA, EBIVRESAMEREEIVRESAAOBICAL ST SRANMFELTH

D, POIBAEDIREREEERL TR EEZXOSNS. ABRVHOBRER DRFRBRE, KRELAR - 216
ERBULEMEBAR (HEDELUKE) MPQICHVWTERBMICRAIT S EMTER. TNENOBEADELE
BRI SEAPCHASABTHBIM, SYIDLEZEOKIE, (EFERIEAESELEO>THD, RN ~LIC
SUVTERARPRINOMUBAAET BIES. FIC2 nfhiE(CBRRINZIWNIBEDH CHEIT DI

%, PQODEIIEGNELAKRZILFSEL TV EEZXSND. SONKRREEZRILEEBREDIRD U
PFELD, POSKLUPQEFMBIBZCET, aAFNDERIBINDSE5XEUEAE(e.g., (, 0,
Achondrite)(CB8L TlZ(lassA EDED DRI I HAIBETH S .

SIA3Z#A © [1] Tholen, 1994.Ph.D thesis. [2] DeMeo et al. 2009. Icarus 202. [3] Weisberg et al.,
2006. In: Lauretta and McSween (Eds.). [4] Britt et al., 1992. Icarus 99. [5] Mochael J. Gaffey,
1976. JGR. [6] Pieters and Hiroi, 2004. LPSC.

F—O—R EWAI. BA. EREEE. NBE. IRT K

©2016. Japan Geoscience Union. A1l Right Reserved. - MTT27-03 -



MTT27-03 HAMERSER S EA2016EAS

Keywords: Principal Component Analysis, meteorite, visible near-infrared reflectance spectra,
asteroid, spectra

©2016. Japan Geoscience Union. A1l Right Reserved. - MTT27-03 -



MTT27-04 HAMERSER S EA2016EAS

FEEBRYADOL 77— B E XA I S HBEKIE R A7
Statistically independent components controlling enrichment of rare-earth elements in
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Rare-earth elements and yttrium (REY) are critical materials that are indispensable in high-tech
devices and green technology applications including electric vehicles, smart phones, LED bulbs,
wind power generation, and so on. Recently, deep-sea sediments highly enriched in REY, known as
REY-rich mud, have been discovered in the Pacific and the Indian oceans (Kato et al., 2011;
Yasukawa et al., 2014, 2015). Because of their huge potential economic value as a new resource for
REY, it is becoming an important issue to understand the origin of REY-rich mud.

Elucidating the controlling factors of REY-enrichment in deep-sea sediments is key in finding areas
of high resource potential worthy of detailed exploration and for revealing latent relationships
between the Earth’s system and marine mineral resources. Here we construct a hemisphere-scale
compositional dataset of ~4,000 bulk sediment samples from more than 100 sites in the Pacific and
the Indian oceans, and we apply Independent Component Analysis originally established in the fields
of neuroscience and information science in 199@s, to the huge, multi-elemental data matrix. As a
result, we successfully extract the statistically independent geochemical signatures including
components controlling the REY-enrichment in deep-sea sediments. The features of the
REY-controlling components, including hydrothermal, hydrogenous, and biogenic calcium phosphate
components, indicate that an underlying key factor of significant REY-enrichment is a sufficiently
low sedimentation rate that enables the mud to accumulate REY from the overlying seawater.

-- References --

Kato, Y. et al. (2011) Nature Geoscience 4, 535-539.

Yasukawa, K. et al. (2014) Journal of Asian Earth Sciences 93, 25-36.

Yasukawa, K. et al. (2015) Geochemical Journal 49, 621-635.
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CONSTITUTIVE DYNAMICAL SYSTEMS OF SOLID EARTH MECHANICS FROM DATA DRIVEN SCIENCE
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Explosive massive data flow of seismic activities in the solid earth and related to the volcanic
activities takes a new insight of dynamic processes involving complicated basic mechanisms and
various inhomogeneities of present systems by means of reconstruction of the attractors in the high
dimensional phase space. Recent data science studies of global geochemical data of ridge basalts
clarified the global chemical inhomogeneity of the whole mantle hemisphere, indicating the long
term mantle hydration by plate subduction by Iwamori (1). Besides, Toriumi (2) studied the seismic
activities of the plate boundary zones using the cross correlation method to apply the dimension
reduction of the local mechanical states of the crust and mantle. Further, Kuwatani et al. (3)
applied the Markov random field model for fluid phase regional patterns in the uppermost mantle
from tomographic data.

Reconstruction of the attractors of the dynamical systems of plate boundary mechanics is possibly
obtained by means of dimension reduction method using deep learning processing of time series data
of seismicity and eruption related seismicity. In this paper, the author intends to discuss the
possibilities of big data analyses for constitutive dynamical system in the solid earth process in
the case of mechanical evolution of the plate boundary and the volcanic process.

(1), Iwamori, H. EPSL, 2013, (2), Toeiumi,M. Proceeding Math for Ind., 2012. (3), Kuwatani,R.,
Nagata, T., Okada, M., and M.Toriumi, 2014.
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Relationship between albedo and reflectance spectra of asteroids: implication to
asteroids’ thermal processes
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INBEDAEAFRNARE IR RVECNFTTEZLL DM ES LOFHERFE(CL > THAINTHED, B5N1
EREZARD RILOFARICEDVWTNZREDRADEINTUS [1]e ULALEBEVWEEBEIYVRST ~EKRERE
AVRSA RMBH TR IR MIVETRT CEEENSDNDBLDIC. EXELEZIBEENEATHOD>TER
MFTEFREZIRTRIVBEL B CERH D [2]le REIRTFILDCDLSEHE(F. RERODREFIARD ~
OO IHEKZF UTDNREDDESFEICIIRARG DI CEEREBL TUVSD, NBEDTILRRECNET
BZOEAT—SIRBEBEINTULIN. REIRT RILEDBRIEISEBEINTULEW [3], AHAETIE
P IR RENREDDEER(CHHPAD CECK DT, PEEOHRE. SKXOIRT IL—T IR REITEE
IEVNEEDHEEENET B,

FTFHA FBREDONEINSINZREDRP IR RILETIIRRDT —IR—-IXEBELUZ, REIRD LILIEE
FE(CIRTF Near-IR Spectroscopy of Asteroids [3] TR S5MN0.45 -2.45 ymDFT—FEIRX TS V#HE
L. SRERDHEEEEN0.05 imDFERICHE— Uz REXRD RLIEERDFEETEITELUZ LT, SBEH KUCR
INREDFHIRD MILEDHBFREZE ZNENKD. BEBDEDE IRD MVBBHREER Uz, 77ILARR
([F=E(CSupplemental IRAS Minor Planet Survey [4] TEBISNIZEMA 7 ILNRZENE LTz, GET261ED KRS
ZARTRIVET IR REOEFENEZERE L2 (—BO/NZREFEHOEAINTUVD . KIKICLDEE
»0) o

BONETIRREIRD RIVBHERHERRT S E. V. S. SRUOENKRERENETNDI SIS —(CoBS
Nice B9 X9—DDEUEV. S (DEBICHEDICONTASTLLEBMEBRARESNZ, TSICTILRREIR
O RIVBMEH ORI I(CREBREEEMRE SNz, D ElF. PILRRERIRD MVICEEEEX SEBLRF
THBRICEETRBLTUVD, NREREADTVILNR(CEEZRFIBERELTHAXE. (1) IMMEHS LU
JoRMERLE. (2) LIV XOKE. (3) FHER. (4) 8RaPolRYrX. ’iExX51M5, LHL
BREET T IRTINRNRICEETIRTCEELAFTHIEEXTHD. ZOEAHELT (1) BAEDOD
MCLDE BRI VRS MERREIYV RS MITILRRARKRES ELED N MEDOEDFEEANSILY
SVPRRZSBE(CEBTEELENRRSNLL. (2) BRICKDHBRIESINERIFIFE T ILRREF I B
REH3M NBREBICESNBIZEUVWTZILRRDEZFHATET D EFE+DTIEEV. KU (3) FHEAL
[EXDTTIRRZBETIEILEHICEFETHKOERNRETH DM, 7ILRRDEOCEYNREMRVEIPSE(C
R TETEKICEATUD E VWSERINERNF(EEV. EHTHD. UTTIIEEY 7 XETILRROEE
. SIUBRIBEANEERT B,
BADBROBRICLDE. — BN OBREZEZ<ETEREFETILRR(IES LD, HEDBERODHICE
<&, VERUNZNRE(FEBRICHMEENBREFEHERBUEEEZIOSNTUVSD, LIZM> TRREATHO VI ViEE
[EED D ELUAFDBR. BRAXEIHEL(~ m). PILRERFGUVEBNRBZEINREERS
Nd, —AT. SBHEEVNBREFZENZNEBEI VRS MERREIVRES I IHBLTVSDEEZR SN
TWDe CNSOEBEARIEIVRYI—ILEBEICEUA. OVRY 1—I)VLIERERGRARGTRROHAT
nrefesh [510 AV R 12— IbHRDOERY 1 X(FHEDBEA (CLEARTBS TS U (~ nm)s CNMRCEUNRE DKL)
TILREDERTHDEEZS5ND, —FIVRU1—-JLOEKRZEEND VR v O IYEF. ETEIVRS
TETE>REOVG pm)oe CHCEMSBECBIDBETARELET IR REZELETRATH I EEXS5N D,
EE3HA: [1] DeMeo F.E. et al. (2009) Icarus, 202, 160. [2] Britt D.T. et al. (1992) Icarus, 99,
153. [3] Bus S.J. and Binzel R.P. (2002) Icarus, 158, 146. [4] Tedesco E.F. et al. (2002)
Astronomical J., 123, 1056. [5] Yurimoto H. and Wasson J.T. (2002) GCA, 66, 4355.
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HEKCFEESOER - SERETOVIVITKREEINDIHFEEG. PP, BMREEDHEFENRKRESEILLT B
. BRYIVOYIBILZEEUZE ERCFRT S EFHBRRIBOVIV IO EMBIEHICTNDHTEE
THd. CNOEMBIATDICIEZEEERBRNAEMNT. NI TH2LOREBALINTL D, 2EEEER
[F. BEDCZERZ EDOHEMEZRAL. RHSNIEBE. ENTITOND, —HA. KAROVIVvFIOEX
TlE. SBE - EN - (EZ2EBDNEGNICEILT D, TN, TEBNEZRETOICIE. EREREZ/HTI D
BUESTE T T ILERIIT DIMNEND D,

BKVIOVOMEFEEDOEAEETIVOBREETHENSE, BKVIVOEHRHIRILF—ZERT BI3RARUZDFR
HERETBEBELD. EFTIMLICHVTIE. SH/OLEBELE DBREFNE U TEDEHERERVNSC
ENEBELDIN. SREET TOEKY I VOESECYIERHE(C (FREBAERNZ U, EFIVBROFINE
FBEBRORBISIBOND—7A. SKVYIVOEEEIIEREERBOEINZHRAIRTHBITH. /135

A= —DEEZL\, . VIVZERDSBERIG. BEINSIEE. ECEBOIEBEBNRIER(CL < D DERH
THBe COEDERBTDIIS A= —RECIE. IERMKBFE TR ALSN TS BT ERER
(CEDVZHEREFELEBIFEERAVIREND D, AARTIE. EREEOFEERAVT. T—5#H

T. BKKVIVICEALT. BHIRIFT—ZERTIERANEZHOBRANZ/IISA—F—-DREEITD,
BN CTRE. EN. HEOIBERSNDIERT —INSLVREICBERATES/IISXA—F—EREITINE
RH3E0H. AMETEEHREEOFETHIOOINIYTFT—aviEeEBU e, OXNUF—2avk
(RERRIER) 3. 79 v k& 288IL. —AEFERALTCETIVREZTV. E5—FAZFHALTEST
JLOZLUME CRILHEEE) DREEZETOFETH D, ETIVBEDHEINELDIET—5 (TEDHEEER
T—5) ORENMVELEEBNTHIAMEDLDEIBEETE. TENICAVWDCEMRTED/NRSIA—H5F—%
FHNT D ENTED, AAETIE. EERDERT—INDSE51DETILT—HELT. BDEIIGT—5 &
L CTHULS. leave-one-out cross-validation& WS AEZERALZ, EFILRICEALTE. /IS AXA=5F—D=F
BB ENEHERETL. BUSEIEDEDONRSA—5—-FEAULIHEEDNMEGEE LRI D ET. &RE
ZUHEOEVWETIILROBIRZE{T O I,

HBEESILELT, EBVYRIVEBR I SEBIMICTHD. DhASAREGKYIVOROEFEEICEBL
THRETDS, ETIATEICHAVWSRERBERE L TIE. VY RILOASAEDEKROSKEBEER (e.q.,
Hirose and Kushiro, 1993; Hirose and Kawamoto, 1995) T3RESINTULBERE. EH. BKEEZSTXIL~
. DASAGBHERZEFERLURZ. 7Y VT ICRELLEE. DhASARDIEERBE/IIS XA -5 —(CEL T
FSITEREZSRU. XIVEDIEBEEM/ SIS XA -5 —DEFEBOREEMMEZSZRHOTITolz. FFEBM(ICEL
CTIFERIBRERE LI FITHFRBERIC K > TRUIHFEMENFEINTUH,0CBHRT /15
A—=5—[CEL T, FHICPRDEICMR TLROEBEEZER L TRIEZE{T Ot EHERT. BRRLEV—T SR/
SA=F—DEBEDE TREMREE LR U TiER. HOICBEL TORDIBEDRDBEEWAS EEERIT LD
E. ROBEOHEBVWEETILOBR, BLAVREFOERERZBERISCERDN Oz, RESNEETIL
RENSA=FI—ZARAVTTFDT—RHEETO>ILER. HILLWETIVERBOBMRMZER<BERIZCL
B olze AR CTRINZEREZZZRHVCRANZEET Y VIDFEFEFTIVE/IISA—T—DEE. €
FILDOREERFICITSCEMNARETH D, KDZHOIERDHES LB IILEZRGOETIVE®R. T
I8 XU S DA DRR TSI DB NZEET IMEICEBARIBETH D EE X 5NB,
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BRAEPOVAOOT—7 v VigiEE 29 3R DFELEIERENEERICERUCEGNIDRE =
EITBDEELFRINDTHD. ARKXRCRIBEEFIICLBIBED =2 L—avEF>CYIroOT 51>
BEEEISRFOENEILDCHUTDXDICEILTSIOMNAN, EREANSECREIRNEVYrOO
J—7T 1 VEBEDFEAERNSHET S HEERET B,

2ZaL—23a VM TOIDDFREBICKE D TITD. —DBI(3Weakest link theoryTdhd. CNIIKIFDI
RIFZDRIFDRFEDER TEC B ERE L. BRIV DOBRIRAE & K I HRZERBEEH (Masuda et al.,
1989) [CHESELEZ WRIEUA(C K > TER L TRIFDOIRIREEZ 5 X o ZDHBI(3Shear-lag €5 JL(Zhao and
Ji 1997)THB. CNIFEREZEANSDILABERIMICE DK DI(CEI2(EVIGNE LU TIEIRT S EER T
3. BXONERFOBIERENRF(ICEL D5 >(EDBALDENSTVEE. KFEFERESIN YOO
T—F 1 VBENERSNIZEHET, FERILYOBIRNEC SIHERER-FDHICK S EREL. SHEICH
WBIBRIYI DT ET — S (East PilbaraCEREXLIEX S F v — FHDBERENDENERA LT, BRANDTE
T FEBECTTLEECIE O IEBRFICETNSBRAND S S, MYHFESSMEL15° OEE (CREMAAEL
TLBEBRAIBUZRVHL TENZTNOR. REHORS., ZLUTEANCUEZZNENAELR, <D
FT—AEEEICEBEANSDEIGIEMPaNS20MPazE THIFICIBIMNT E T, KFEAICHHDI VOO
J—7 « VBEER >TRFHROZE L ERAT,
BRCIEEXBIELNDLRCH D TRFEARICAESHDI VI OOT -7 v VEBEDFERIILEF L. 20MPad
EIGNTTCINEBEOR TR0 -7 « VBEZETR LI, M@0 vro07—7 « VEBERERIEX
RDEDEFBICIBEDRERIT CERDM D, LIZM2 T BRODEFIVERADVYrHO
=51 VBET—SESF<KBRTEITCVDILSTHD. BRBERELSOELNICHITBZIVroO
J—7 1 VEEFEAEROBRISEE L. ZEOERAPICEEITSIVrOOT—7 v VESEDEFELLICNILT S
BRRAHNSDEGHNEHETETBILHEEE . COILAGHFRFEAEDYrOOT—F v VBEDREHE
NS EIGNEHECET IO TCCNE[RILNEGTEERC EICT D, ARKRCTIIBRILNIETERARDERAIC
WAL, fEROVrO0OT—F « VILHETE DB EITS,

5| RSk

Masuda, T., Shibutani, T., Igarashi, T., & Kuriyama, M. (1989). Microboudin structure of
piedmontite in quartz schists: a proposal for a new indicator of relative palaeodifferential
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Selection of observation points in kriging based on non-convex programming
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FHANDERICETIEXREHICT L T, BRAEHNSEEREBRETSFEND—DELTIVFTFVIE
(Matheron,1963)BAZ(F5NS. DUFVIETI(E, BEZHOZEAHELDPBEOBEERHTLBIE=NVATS
LEBOEEETLE > EhE, HEENRRRIGFEAMBIHIELLDILDICEENVATSLEHAMENSER
BDREABRRNEB EVSFHREITITOND. JUFVIERERLEVAE(CHE DIEENLERMEFEE U
TARULWSNTSED, ZOICABIZEHFEFR (Alsamamra et al., 2009%) , SRYSEEFH (Zhu et al.,
1996%) , SERBEIREOMUBEFE (Yelten et al., 2012F) HESBIRICNRZS.
DUFVTETREERICNUTETOEMMBEZERV S, MEREDIDEFTHED XS (CEZHOEERICH
ISEEZERECITONENRSDHZAICIE, EERBREICHU TEIZHEERKS LD EVSHERNRS
3. CORBBEERRIS4AIC, Yang et al., 2014T(E O YU F VK least absolute shrinkage and
selection operator (lasso) ZHHEDEZICLERELRZ. LML, JUFVIEICHFVTOHEANLEZE
ALTE, HEENARRUEERDEVSHWREGDAIC, BEBRICES UKL, ZCT, AAETIE, DY
FUTRCH T EURBREFFLRBLICEDVWTITOC L ZRET S.

AAERTED LIFBIFMRBECHEEF, SINEZNBFEECH D, BREHAVCIER CIEMEABEONTE
TNB. ZOIEMEAMEIEE (S, Lou et al.(2015)(C K> TIREINZL1—L2IEREIEZ B A U /288 X°Gotoh
et al.(2015)IC K> CLOFIHHI SR L RAZF TH D C EMERINcL1—1argest-KIEALIETH D. < DFED
RBE(CERB(IDCGEHREEE VWS IS XICBLTHD, FIMEENLESTHD, BREHNR2DDMEHOED
ETRICENTES. 2L T, ZNSIEDEHEMRERICN T DNAEBEN—DE LTSN TLSTa0(1986)(C
KO TERRSINRTZIVIVILERVWTCILEBESS C ENEXRS.

BUBEERICEKD, DUFVTRICHVTlasso CIIFEHBIRMTETLEOVEATE, L1—L2EAHBIEY
L1—1largest-KIEAHLIETIIEHBIRMTRX B L EERLIL.

F—DO—R: DUFVOE. DCEHEE. SRIRZEIR
Keywords: Kriging, DC Programming, Selection of observation points

©2016. Japan Geoscience Union. A1l Right Reserved. - MTT27-09 -



MTT27-10 AR ERN S EE2016E AR

Bkt E E BRI Z P SN ECERILARRBMLDER[ETY VI DHH
Preliminary spatial modeling of ore grades over a deposit by a combination of
geostatistics and physical law

“)ty SRR B B AR KB e A% ZEEF. LA B
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EBEIHEBNHSWITERBYT Y ISIESOFv—OMRITH D, HRNEEZEDIENEHIBENNR
RAFENTUVD, BEEMCNT B(C(E, BEDILKROKTE - FEAEDLEND DBE, HIUHFBEOIED
BE - ZEANFIIIIEELRBEL O>TETCVD, ZOEHICTEFEFRDIK, HDVIEEMIHCH(TS
wfl (ATOEEEE) OERETERAOMEENRTARTH D, COXDIEHTEC, FNMRAREDRSRTE
5N, BREBTDEVMET -5 OERNMERBREEE B3 &V SHIERIRETE (Geostatistics) HIFEMILL
BAINTEZ, ULHL, CNCEKDBONDIEBAROREIET —5 DRAEZNUEICKETSDT, thE
PR Z YIRS NEV . RUDDRISEKDOTREND L SR - (LZNBRICERTD2NDT, CDER
EMETH D, I, ARNERLEE COEEBEMEVE VSEBEREH D,

Z_CARIARTIE, CNSOBMBEROBERZEIEL, MEKRSTZEBRAIEDEFIENE S C & TRIUNDER
DIEEBEOB LERAI o TDT—IXXITrORRE LT, MABRILEIE TOXBELBILILAR TS
BMMEILPR &SFERILAREBA IS, BHLE(3Cu, In, PHICEAREBRLIAT, MUMESRRFEEY (WS) h—&E
Thd. MERDERKIE, BEXNLSEECERALCIBBENEKEDESICKE>TRHEIEIN, EBNEERLECE
(LD (LA - FHHA, 201378E) . @BATE, IERTHDEE, HDVEENITEVWR—DVTICLD

Cu, In, PBEET—SZRHL\Z,

FFREBEET YNNIV ATS LEBRETL, HEBEERESNILEBICOUFVIICELDA

1B, PLUOBRHIRECELDVYZaAL—T3avIcL > TIRTDRMUDHETIVEIERT B RIC, LRDFE
BEEBOEBRIBRIBBKRTAMTEIERELT, IRY—XDNUEB, BRARE, ILEERELE &R
INSA=BEURERBERET —5(CHTES, IFRERN_FRICKLDT/IISA—TIDEERDD. Ch
[ELD, UREHBARCT LU TEEDRESISNDLDICED, T5(C, MERKREAZAICLDIERETILEY
BEFILEE, AEOMNEBECAHAEEEMNIEEIC—RITBLSICIVE VT CL>THRES B,
BEOBEETIVCL > TRADFAHSILBRDEEZBL/IIADMPREETCST L DCED, CNIEIAROER O
CXOBRICBEATHD. LHL, R—Y VIR OBRICHKEL TEAn#EU TORMDAHEE S HU . R
DFHEL/NRIPEETE DL D(C, IAIRIOBEMERERRICKD/IERTCOFRMEIEM OS2 hEmEL, =50
2T —=VTCOEBETY VY, BLUZENEVIORT—IVETILEDEHFIEDEICHDEATNBZIECST
&3,

B BEYAR—V VY TRABENOCIRBERIB(CCRAVZIZVWEDWAX I LY 1V (B), TIIXFTLIE
& (%K) (CREOHEZERLIZL,

X R
IWEAR— - SEESE (2013) JLEEMIEICH (TS RIILAKR E FIUBR LIRS, WEFHMEE, v. 119 #&, p.
168-179.

F—O—F B SUFVO. BRILAUIER. R SR/

Keywords: Kuroko, kriging, advection-diffusion equation, copper grade, ore-solution path
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Approximate Bayesian Computation of surface-area model selection in water-rock
interactions
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A -KEEERADERIHRRE COEAERS 1T =0 X512 T3 L TCREEANN DEELEERTH
%, UNULIEMRS, FIRIEEBRERE J v — VR TIEEEBREDFMEICEMTEDEZVALIELEELC. HE
EAS FCEIRDIEL VERICEES> TULEL, ZORAN—DIC(FFRAEIMBEZMRECH (T B RIGRE
BOFHADREUNE(FS5SND, ENEBRTBZHIC. EBREZRPC T r—ILRICSVTHBNBZ(ICE5N
BDRIGART —9NSRIGREEHZ IELFHMAI BHENEINLEIND, BICRBODEXREBEETIILORE
TR FENENRE DEBADL(FBHICEETH D,

BR (MEZRICOTREA T — I h S RIEEER & HE I S EMHIN 1T XEtE Approximate Bayesian
Computation, ABC) ZRUVCAEERET S, ABUIIAFHEMFEEDLE T, LEREEOFHEMNEE L LVHEER
BICXWLUT, Y=ab—yavICKDAaMNFHMAZE T SMRNLEAEE L TEFETIN TV S, EBRERTEST
ZBREBEWIEZRIGETILE LT, RitW ~HEEBRY ~EBRMNEEZ X5, ZRIGIEENZNDEK
DPEEOEMN AR TER SN, RIGEEEHREVHRAFEEEINEREARREHENICKDH S CEEFA
BCTHdD. —A. BElJ) 7 XEERUCAEBBOTMIIEBERATH . K. PREBRYIOREFREDER
F—=S B UHMEESNEVRRICHEVT. BRIT—INSRIGEREEHDAN1 IEERTULEL. K
FCIE. PFRAEBMDODALT—5(CHL T, ABC DEDONDEEDHTRE I L —23a YBRIEYFAILOEIC
LBEHEZRVT. TNENORGEREEHNREVVEETESICEETRT, . RDREEHOETERZ (T
T EOHNDOXRABETILOEENS ABC ZEERE LEETILBIRESAHI D, CDHETERT IEFM
BETILORE AL =3 VHE UL TKRDBICEMRTED, FEXRTIE. ADT =T UTILE® ) 1 BE
(L BHEERELCHERRADTEICDVWTHUCARLBRERET 3.

F—DO— K EE—AMEEFR. AT XEHE RERETI
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