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Physical properties of rock samples of seafloor massive sulfide
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Geophysical surveys around submarine hydrothermal areas are conducted to investigate new seafloor
mineral resources. However, the information related to the volume of metallic material cannot be
directly obtained from the geophysical surveys. As one of ways to solve this problem, construction
of an appropriate rock-physical model of target area is helpful to interpret the geophysical
results. For development of a rock model in a submarine hydrothermal area, we carried out the
fundamental research about various physical properties and mineral component of rock samples
collected from two hydrothermal areas; the Izena hole and the Noho site at the Okinawa Trough,
Japan. We discussed the correlation between physical and chemical parameters.

In this research, we measured electrical conductivity, porosity, density, natural remanent
magnetization (NRM), and metal element content of rock samples. The electrical conductivity, with
measurement under the various conductivity of pore water, was interpreted using the modified
Archie’s law (the parallel circuit model), and the surface conductivity and formation factor were
determined. For porosity and density measurement, we used the buoyancy method. For NRM, we used the
superconducting quantum interference device (SQUID) magnetometer. The metal composition ratio was
measured with the X-ray fluorescence (XRF) analysis.

The rock samples including relatively large amount of conductive (> 25 wt. %) could not be
explained by the simple parallel circuit model since the formation factor was unrealistic. We
corrected the parallel circuit model in which the surface conductivity is a function of the
pore-water conductivity. As a result, a positive correlation was found between the surface
conductivity and Iron abundance ratio. Positive correlation was also observed between NRM and Iron.
In conclusion, the rock model can include the metal abundance as a function of excess conductivity
and NRM.
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B S JFRFERIGERE EFRBBNDFEIFPREICMAET DT HrBKIFEAICE, (LAMTFT~, ERIYT

b, BEYT RDOIDOBKY 1 RAERINTUD. CNSOSEBEY T LI, 014FECZOEENRES
NIZEEF LU VWBKY 1 ~THD. BREY 7 ~OKETH,600 mE i@~ S T DOBKY 1 ~OHRTIERED
SATHD. e, BKOBEEHBLSIICHITIREREDNIBTC (YubikuvaeF LZ—) MERINTL
3. BEYTRORENS CNITICHEOBMRABENMTONTET N, FLZ—PVD Y ROHAOFHE
M E(EITONTULEN., ABRECEIBEY T MDFLI—HIUOVIY ROILAHAROIEHFEN - SLF
FIESEIC DUV TIRE T 3.

HEY 1 ~OWMIMUBEBITDE LI Y1 RCHVWTITBRERICEMLU CBEE R ORENREH L TLSERDM
ZLDICX L, BEY 1 ~EIREDOBEMERYICEONTUD. BEY T LTEVD Y RARIE~TERM
AABEIICZFICHMLTHED, thE10 nEBX3E<NDVIYRAERINTVD. BEYTDFLZ—T
BENEEDE LT, JSVIBEEENBE (OTL) ROBEVZE/HSTZEDARESD. VIV ROEE
NS NESIHHETEL mCEET BVakushijiFLAZ—EITISVIBEERFS, BEOTHSBEKBEENRERINT
wn3.

AR TIENTI5-025 KUNTI5-13fBIC S L TR SN IR ZEFER L. MEsHEERiiEhofelzeh, TR+
JROBEZ AV TCEBIOEEZET > RDSE(C, MBRZMFRLUE. CNSOMERICDVWTRHBEMERIC K
BRI DEECHEIHEIER, EDS (Energy Dispersive x-ray Spectroscopy) &K U'EPMA (Electron Probe
Micro Analyzer) (CKXBHMAE, HIMCFERIEITOR.

EMSEAROBR, < OHRBNLF LZ RIS E(CHIREXEL (Fe, ,S) CPIFIAIL (InS) NSBEHRINT
D, 7dadh (PbS) , Fa1—/\8L (CuFe,S;) , EHRA (BaS0,) , BEAE ((aS0,) EfS &M oz, <
Nsn S 5R9E R E HIRIEBERIBEBZE RLTED, fRICLBIMENTREBINGZ. TFLZ—DTS
VIEBNEBEMEE T CERIT DL, BUKNHE I IO TEHSIEEHIROBREXILATEICAN > THRELT
VWBDHEBHER TSR, €100 1 7DFL—RIEFEAEERAGHNSHIMBEF L-_—Tholc. D
KDEFLI—TIF, ERADEMNIFASPSHICECIHAMNR U LUERS SNz, EBICILEH T DR
SNF, DEOEKIL (FeS,)) NARINDIBETH 2. VIV ROILAHRHIPAEAILAEHL, RUVT
FEnsE, BIEEL (CuFeS,) , Fa1—NEAZJERINE. MBRILYE LT, 2RUICECREBDODNSH
E8SASL (PbSO,) ML ELHTEHD, ERARDIFINIRHSNBIEETH O

EPMAIC K DML Z RO CRAENRILOFEBEEZRAEL, ZN0MEHNSREREBEZHELZ. BEY T ~OF
LZ—R(CEEY 29T (SFeBE MNFS18.30 mol%ZELFeE XEBICSATUBC EMBASHIC

Hofz. FAENILOFEEE(X, REBRBEOME I YT+ EHEIT I LOHDBEMLEBETHESCENMSNT
HD, BLUFSEE(SETNIRIBE CRENRINRHLUECEEREBLTUVS. CNiE, B~ T DMnEK
1 LDME (0~5 mol%) EHRTEBEICBIMETHD. VIV ROIAICEZINSAENILOFRE (TS
T8.95 mol%&E L, FLAZ—HERHIETEREWNCLS, HBLSTDMOEKT 1 ~CHRBIMETH O IZ.
AAECHVTHREICERINEHRSIL +F 1 —/N\LE VWSEMHEGFEHOEEBHEY 7 ~CIEENTS

3. CNEFHE S TDMOBKY 1 ~CH UV T—HRIIICE TR + BEEKILRCu-Fe-SROILMBHEDETH S
DEXMBUNTHSD. Tz, AHEHRILNDSVFEBEEEDES L, BEYNIMETH YT« RNIERBICE
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Arsenic contamination in the river and ground waters of the Hokusetsu area, Osaka Prefecture,
Japan, have been chronically reported since 1994. The dissolution of pyrite contained in the host
rocks is thought to be responsible for the As contamination. Our geochemical investigation of the
As origin and the sulfur isotopic data suggested that two kinds of sulfide ore deposits would be
responsible for the As contamination: one from the Late Paleozoic intensive submarine volcanisms
that lead to the formation of stratiform Cu and bedded Mn deposits, and the other from the Late
Cretaceous igneous activities that lead to the formation of the myriad ore deposits that constitute
the W-Cu-Sn Province of Southwest Japan.

In order to confirm the origin of As, sedimentary rocks collected in highly contaminated areas and
sulfides ores from in several mines were chemically analyzed. The sulfides minerals assemblages
were optically observed under reflected light. As and associated trace elements were analyzed with
Laser Ablation-Inducted Coupled Plasma-Mass Spectrometry (LA-ICP-MS) to document the genetic
relationships among host rocks and ore deposits to the As origins.

Weathered sulfides along calcite veins, related to the Paleozoic volcanogenic ore deposits
contained important levels of As, together with Pb, Cu and Zn, implying that the sulfides were the
cause of the As contamination of hydrosphere of the study area. Others sulfides found in the
contact-metamorphosed sedimentary rocks by the granitic intrusion, were mostly pyrite with some
minor chalcopyrite and sphalerite. These sulfides contained As plausibly substituting sulfur as
arsenopyrite. Heavy metals such as Ni, Co were found in the sulfides from hydrothermal ore deposits
and in contact-metamorphosed rocks related to granitic activities, suggesting the As-enrichment in
these rocks was induced by the igneous intrusion during Late Cretaceous.

Level of As in rivers and ground waters were generally higher in areas hosting sedimentary rocks
rather than in area hosting metamorphosed rocks or closed to deposits related to granitic magma.
This implies that the diffuse distribution of As-bearing sulfides and its dissolving rate, likely
controlled by the crystalinity and/or the size of crystals, are important to factors contributing
to the As contamination of the studied hydrosphere.
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BEUAMERDEERET SN VY RILOBRIREDRFELZWZERBESINENRH D, TDEENVE
DICVYRIVRF Y v IVBE NS D (McKenzie and Bickle, 1988), ¥V RILRF VI v JURE FHEA TS ER
(CEHEUEVIVOILEEREROTHETDICENTET DN, ILKBESH S VIIIEEIMISICRE L THE
SNTEz(Herzberg et al., 2010%F), NI, REBVY RILTOREREICBEBERIZIENTHBIELS

(F. ZORROVY Y RIVEBOBREDIBIEE EDBIRT VI vIVBEE WRNA S (CHERIREL NS TH
B, BllEIZDNREEZTL—HBEETBBTHD. TOVIVERICITILHFAHF IS IThSEIETNSDK
NAS<KEETD, EMLTT ORI INEET B LICKOMREER CEHUVEIMSETORT Y I v ILEE
DHEESE(FTESNTEz, ULHAULEMRS. EIROEALDRERA(C (. RHINICOBERNE T —5 DEBNUETH
D, REZBIBTEVY RIURT VIV IIVEEZERBEINENRH D,

FIT1F S0 MTBERBREZDOV Y RILED Y 3 VIR RBAF ELIZBETH D, ZOERERIIDE
<EEHRERD SABEE CLEICDZS (Stern, 2005), ERIEEICIBEELE—D,. AT 1451 R/5U
AREEL. CNEVY Y RILOBIREDEIERRREINZEDEEZX ST TUL S (Abbate et al., 1985%)

o AT 4FSA REIVOVERICET BBRERFDOLH. TOEBMBE VY IVRT Y I v UBEEHET
BET. EXRNEVY Y RIVOBIREDIREZ(LERASMNCTEDEFTH D, —ATA T+ A 51 DR
BIECDVWTRET—SDEBNYT I, HIl-EiHCHD K SRLERFAHFEENRZBESTNTULD
(Dilek and Furnes, 2011),

AHAETE. ZIWRERRBODBMA T A5~ BMIESTFA D457 MCREIhSBEHESERN S
VYRIVRT Vv VREZRBE - c. aFRIbLELMICUET Mt LENRBIESFF I+ 457~
(&, ~500MalCc BIITER S NIcC E RHEZEN., EAFHN. HEKEZENICRIN. ZOREBEMRESHI(C
LD TUL\S(0zawa et al., 2015)e KA T+ A4S ~DBEMUEILBEE TE(C (. BHRBEHREERNDHL
TUL\5(0zawa, 1984), KRR CTEETLIZEMRE. BEMNSHEBEOHNASAR(-S miE, ~30 KE%) D2
BA(-3 miE, ~2 B ERRE LEBBAESE 5. ~0. 2mOMK/SLEE /A - XA, RAER. 85
BR. fEALDED, BERRABAELVESTI T+ THD. BRICEZHOEDIHNARHSN. —
BB(C (I BRSO FRERE A & BRI CHEN DB EDBENREIN. VIVOEARIMEERNFER/EINTL

Do CNONSEMMITIFKETEAL. ZDBETHRIDINREEHIFIT IEEICRRICEHAERZMHTLU TE
Lz ENTRBEIND, A—ERTORBENEL DU TEECEEREDITL. BR - EEERERSE
ENBICEUZTRILEIC L DERKNEMRERME LIz, ZOBRE. 25CZERE/N—H—RETERLED
LU YRERLU. 2BRDDERSICEDTERSINZENDTHDIERDND, LY RO—mEDE. DADA
BHEKICAMNDTULSD, HELENASABOFITERZE. FEaAlCDOVTEEERNSE—RELZ(ITRUS
E FEF—FDEEEBICEFRTDILSICHED. CNHBEEAROXIVNERTHSCEERLTULD, &
RICBEEITIHEARENS FEINS XL EDOEKEIH.WMSEHEEIND, TS(CHASABDDRINR
ERMETDCET. EXIVNMEREREL. ARBEENRG. BOMBE. VYNIUVRTYIvIVBEEE
HEUTZ,

F—DO—R BllAT A5k, YVYRIURTVIvIVEBE. BOBME. £ XV~
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BEHRE U < FRIDEBEBIROERBZRS, IKRONEE R I ZERESAE [EK& (spherulite)] &MU, &
FAKIESRESR (dendrite) CRBRICIETFHERBCTRENL U CERIFHENGHEL LT, ZOEBEE
(CRET B3R - EROMANSHZTHNTULS (e.g., Lofgren, 1970; Shtukenberg et al.,
2012), HARRICET ZRIEAME L TIE, NLASR, BREE, ARRRKERICELEIZISRETIVOIVE
AR IV AIMHRASNTUNS M, ZORMEEE FMI(CIRET L RMEFIEDEV . & TARMAET

(&, FREMEHORNEEBERNEICET IRRCEBL, ZOENEBERIAISICCEBNEL

T, SMBORE EACZDRE K UHEB#ENT 1T o 2.

AR TIE, FRERKEBHNEBAELEIE (CRESNITBBRNETDRES LUAEZAERE Uiz, I
EOMEBHRZ/ERL, RABEMBRRET>ECS, FLEHSHERICHKE U ZBHHERERDESAT
HBCEBBESHICHE e, BRIZETS D K SEEYIRIF(IIREDHFLEBIC(FERRBRI NI >R, ERBWEB
[CERERICERNRAOBEERENRSEE L TEETNTULR. MRXREREEFRYroOTO0—-T3H0
ER, RBEBRI DIMEOVIRNST - - Na-richt Z5F >V - Na-richfi RBETH S EHHIBEL

2o MBS LUREICHBE U TEETNIRNRADIEZERNELL TLBCENS, IRBEREQFHET
BYVIVH OB URAIREMMNE V). SEM-EDSERRE RS VU DN DIC KD BREDREREMIIANRES - ¥
YV EIVEB - RIDERICKE < B (TOoN. ARBEHOBEEERRAENEIRT SHHLEBZFTS5. YV
BEFOVZIRNST SREET BIEREOSVEBER DC EMHIAL 2.

IRBEBRT SIMYDOEHENE - LAMER - TELREM - METFKERN S ZDEBBREELUTOLSIC
HRURZ (1) SENDOREMEOEVANRRERIINAET $BREICHVT, BRUENDNERE U CEEhns
FU, FRBEOKRIZARENERSNSD, (2) RIBAIEREKE ZDMDOBEOERE T AT R MEE S
N, Na-richRIREEOHIEENRE UER, RUICIKEDOAREBBHRERT S, (3) IKGRIFEDHILERC
Na-richfHRBE DY X LNS A COBERBIBESTEL, GICETHREKEERT 5. TDHE, FOEHS
NEEBICAN D> T, BRERAGEEIVINS T RHSEIHMERERNERIND, (4) BRASINS
Na-rich =5 1« YD HMERILT 3 L AKIC, ABEIMEICE DTV Y MVEBICERS KUBRMNKEET S, C
DESTHEEURERPEREE U CIRENEBOERMR DN T 3 CRAFFIC, FRROBEI U RNAST
AN ZEBROAEBE(CHIE T Do C DK DT, NRAREBRYIOAFIBRECH (T SERMUM S OBEP(LZHERNDE
BICH#L, BRRTRN CTORBREBRENMESHNICEVTER, FRRMER O EERERINE (CET SIKE
MRS N &R Tz,
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Groundmass nanolites in pyroclastic rocks have a potential to indicate the physicochemical
conditions of conduit magmas at transition points of eruption styles. Generally, the decompression
and resulting degassing of ascending magmas produce the effective undercooling of hydrous melts,
which drives crystallization of groundmass microlites (decompression-induced crystallization; e.g.
Cashman and Blundy, 2000). Mujin and Nakamura (2014) reported presence of nanolites in the quenched
products of the 2011 eruption of Shinmoedake, Kirishima volcanic group, Kyusyu Japan. They defined
the nanolites of plagioclase and pyroxene in the dense juvenile fragments of the Vulcanian
explosion on the basis of change of their crystal size distribution (CSD) slopes. They also found a
gap in the (SD of Fe-Ti oxide and defined the finer nanometer-scale crystals as nanolite. In this
study, we further define “ultrananolites” of pyroxenes and Fe-Ti oxide in the same sample as that
investigated by Mujin and Nakamura (2014) based on a gap in CSD from the nanolites: between 300 and
30 nm for pyroxenes and between 10 and 2 nm for Fe-Ti oxide. The crystals in these size ranges were
rare. In the present study, we present a theoretical interpretation for these observations by
considering decompression-induced crystallization of solid solution minerals in order to
investigate the development of undercooling in the course of magma ascent leading to various
eruption styles.

In the framework of classical CSD theory, in which straight CSD represents constant nucleation
density (N,) and crystal growth rate (in length, G), two explanations can be applied for steepening
of CSD slope: a sudden increase of undercooling and crystallization delay leading to rapid
recovering. The constant G can be assumed when the undercooling is constant. If crystallization
differentiation of the melt catches up with the increase of the liquidus temperature by
decompression, the degree of undercooling is kept constant and thus the kink of CSD slope is not
formed. Assuming that N, and G are proportional to the degree of undercooling, the kink of CSD
requires a sudden change of undercooling. The change from phenocrysts to microlites is usually
caused by onset of magma ascent from a magma chamber. The increase of undercooling from the
crystallization stage of microlite to that of nanolite may be caused by the rapid decrease of water
solubility in melts and resulting sharp increase of the liquidus temperature. When crystallization
differentiation of melt does not catch up with the increase of the liquidus temperature, the
crystallization delays and the degree of undercooling increases gradually. If such magmas with
large undercooling are emplaced in the shallow level, crystal nucleation is facilitated and thus
the kink of CSD slope may form.

The gap of CSD requires nucleation pause for a certain period of time in the course of
crystallization. This may occur when activation energy for nucleation exceeds undercooling with
decreasing water content (Dowty, 1980). The observed gap in the CSD of the Shinmoedake eruption may
be caused by accelerating decrease of water solubility in the magmas as they approaches to the
surface.
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Formation of Sodium-rich, High-Mg# Melt by Reaction of Felsic Melt with Peridotite:
Implications from Felsic Veins Observed in the Magarisawa Peridotite, Hidaka Mountains,
Northern Japan
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AHAFFOXNLUEICHENDNDI VY RIVHASAEREBETRICIE, Na (CBDEREBHLRYCHASINEEINDIE
a3 (FIX(E, Shimizu et al., 2004) . CNSOERERYHSX(E, NASABICRSYTIETNEZR
STXIVETHBEBRINDIBENEZL (Flx(E, Kepezhinskas et al., 1995) . LAL—AT, HhASA
EEERBXIVFDRIGICEDEV Na,0 BEEDXILERERTINBEVSEEEHD (FIX(E, Prouteau
et al., 2001) , ZNSDERAFEHS M T,
EENHBLARIGERICEE L, E(C PL lherzorite NSBRINBEDRHNASABIKICIE, NASASEIC
BAUERERMAERINDS. EREROES (FBEHEDT —5F —DHINVEEDHSERAK50-60 cm T, BUTFIC
MARDKS(CZFEENE, (EFEMETRT (Yamashita et al., 2015, JpGU abstract). CNSOERE

ik, $XONADBAGEERBROEBARTICESNDIRIGFDERE - DFICELD, NhABSABEDRIGICED
ERSXVOEBRRZETOTLX, HICE Na THEREES IS IO DVTREILTE.
FAEHRICESNIERERE, XES<UTDLIT 1 FICRDEINS: (1) 2Px Granite (Qz, Kfs, P1, Opx,
Cpx); (2) Opx Monzodiorite (Qz, Kfs, P1, Opx); (3) Norite (P1, Opx); (4) Pl-veinlet (2Px Graniteds
& U Opx Monzodiorite MSEHMICERT D, BT mm HSEEMES —5 —DFEVER. PL, Opx). ETD
BHE2ELFEBN S, 2Px Granite & Opx Monzodiorite (FXJUERERIFL TUDNDICTL, Norite
& Pl-veinlet (& P1-Opx cumulate THB DEEZXS5ND.

HEREIRD Sr, Nd RfHA#ELEET, BEBtsCEH IS pelitic granulite ¥°Z@ anatexite MD[EMI
{A#BR% (Maeda and Kagami, 1996) &EXBITEHEL. CHEF, BALEHEERIERERNET, pelitic
granulite OZFFBBXILEMSTER SN EERITIET S.

CNSDEREMRDSS Opx Monzodiorite (&, LEEBIEL) Si0, FSHE (62-64 wt%) (CMNX, FELIEL
Mg#, Na,0 BEEZmRI CEICLIDFHEDTSNS (ZENEN, 6-7 wt%, 74-82). Eh(c L, EREMROE
RXIV S EHEPIU BN ETR T & FEINS, HEWLMEEBICEL TS pelitic granulite DERDBRREERRI(C
&DOBSNI AV B CIMLURIED, 1997) (HMEL Mgt & Na,0 BAEEETRYT. COCE(F, HDRER(C
HULT pelitic granulite DEBFBRX IV A KRELHEBRKNBEEH Dl e ZMRIET 3. D IRAEEKIC
HIFBEEEXIVEOEBRIZETOLIELTIE, PL+ 0px (DFD, Norite ¥ Pl-veinlet) DIERDBIE
BYMEXIS-DASABRBHIEEIND. LHL, Eu DEDEERRSNEVNC ENS PL DRFIER
BLIEEEFEZERICKL, BL Na0 BBERELCHASABEDRBICL > TESINZENEEZISNS.
EEERENASAEDEREBICITAT, E(C Opx NSHEBES 1 mm BEOKIGH (Opx-wall) AERIN
TULS. Ffz, Opx Monzodiorite & Opx-wall MDIBFREBIC(E Phl HHERICERINS. ZNICL, Opx
Monzodiorite HM\SEMHMIICIER T S Pl-veinlet TIE, BRE Opx-wall MDIFBREB(C high-Ca#t P1 +
vermicular Opx tPhl MSEBET 1 mm BEOMEE (vermicular zone) MEKTND. Vermicular zone
(&, FEEITDINASAEFOIMEICHHIDSFURFERINTULS. D &ld, vermicular zone D
high-Ca# Pl (Ca#~90) MHOASABEFRD (a0 (CETHEY (Cpx & P1) NHS5MCa0 OEHEIC K DRI NEA
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HEMERETS.

D EOERBRICEDE, D REAKICHIIBINASAREERBEXIVEDRIGICEKS high-Mg#, Na-rich
(Opx Monzodiorite &) XJILFDERTOLCIERET S:

(1) DASABRATEXIVE (meltl) BMBAL, MEDFEFRIC Opx-wall NEHRIND.

(2) (1) A, meltINDADSAERSD (Mg, Fe) BMILERT B &(CLD, NASATLE meltl DEFRER
(CIFBPAAAIC, MBRBIC Si0, (CZLLXILE (melt2) BERTNS.

(3) Sio0, (CECXILREZLOVXIL~DOBEDOILEAREC B8, 7ILHYTEEE §i0, (CEBUCXILSICEBETD
(uphill diffusion: (L, Sato, 1975). COFOLXICELD Na & K (&, meltl & melt2 ORAICHERED
B (meltl > melt2) BB BICEMNNNDST, ENICESL Si0, (CZLL) melt2 M5 Si0, (CEL meltl ~
BT 3. Na, K IAAODITR (Si, Mg, Fe, (a KE) ([FBREDERICIESTILAET B2, meltl (FLDE
5$i0,, & Mg# (CED>TLL.

(4) EOTOLERICED, meltl FTOEMEIDE & Mg#, & Na,0 (RU K,0) SBEE(CES. High-Cat
PL Z8% vermicular zoneld, JTTOMAMEDE Na [CZULL<EDTe melt2 DEMZERRL TULSAEEEENR S
3.

F—O—R I EREXIM-DASAERIG. 7vTEIVIEE. BHRANBIEET

Keywords: felsic melt-peridotite reaction, uphill diffusion, Hidaka Magmatic Belt
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maERAb L, K ETERERDBRIER & MR
Crystallization history and petrogenesisi of the Hikami granitic rocks, south Kitakami
Mauntains, Japan

ERAR B *18 E8'. B Z. FEH Ml tF —F. LW BAL B £F
Jun Sasaki', *Nobutaka Tsuchiya', Tatsuro Adachi?, Nobuhiko Nakano’, Ippei Kitano’, Yasuhito Osanai’
, Yoshiko Adachi’

1. EFAPHEEFTMEHZE. 2. NNKEXZREER A SRR, 3. F R KB TTE
1.Department of Geology, Faculty of Education, Iwate University, 2.Department of Earth Sciences,
Faculty of Social and Cultural Studies, Kyushu University, 3.Center for Transdisciplinary Research,
Niigata University

KEEEEHEIE, aFRAMEMREATNSEREHEMEBIC MO K EILEFILE U THHRT SKLEEHE
EBARE, ZNICHEINDIV DOHDNEREBR T DEEEEICEX SNIEHINTSH D (FWEIEH,1974; 16
FHEBHERTIL—,1982). KETEEBEDEBRIMUEB D (FIC DV TIEFEASERONREL D TLIE
m, MEZNCEEVIVIVEERTH D EMNEFEESHTHSD. ULHALERS, INE TORRENAERS
R(C(IMEZ2RERE DBEICFEARS D, b EILtOEERMBICETIRETLEHDIDTH 2. ZDE

&, BRNEEXDEEME LTI VERVRU--PPERDAEETORER, KETEEEEDEREMRS
TRTOEBRICHVWTAIVRE JEREAICHY T SH450MaTH D EMBESHIE STz (ERAIZH, 2013,
HAMEZSEE,; 2014, HMEKRERNFZESEE) . ARXRTE, CNITICRRZERIEZNME (EAK
([EhH\, 2015, MEFREE,; 2015, MEKRERFZESEE) ©Sr-NdENMAER (ERAK(EH, 2015, BAME
FREE) ZERE LT, KLtHAEZENT SZaHOBREBEKRERASHNCLZENSDRREAZEZERT 5.
KETEEBEOERXD(E, TEUTEINEN(1999)E LOUWE - BAR(2000)ES8E(C, UTD3TIL—T1085
HICRPLE. WEEAREARESUEREERE~~—FILETH D, Si02(CZ LU < EFRMEIRNROVER (CH
IBEMEA-T, IrlCECC ETRED ITONBREBICHM T DEMEA-2, BEHRERE = UILEREBOIRO\EE (C 5
19 BA-3, Si02CEHEEERDRVEEI(CDT BA-4. )L FBARAESIHLOVEHABRE~~—TILETH
P, Ishii et al. (1960) DKREFEY(CAHY UABILE~EERCHH T a1 (RERERENRSE) . LtHHNS
FRREBCAMITILLS BMLBICET C E THRED(ToNSDEMC, K0(CPPZ L < KELWEE~XE/AICH
I BEMED. TN REXRGEICHENONBIEFEEIRETHDE, F, 6THD.

MU EDEEDSE, FBLERETHDSIN2CZLVA2ERVYIVTHDIEREL, LDMELEEETHDK
HR(CHEY T BB, SLUEBREERELHDIEHMELIEVIVEREL, ENSOERECASRIERIER
THBEAENE SO LE. FTFERDTTEEAVCEVY NS VY IEHEIC K DBREMEBERICH (T B3Rk
MOEBZERD, ZNSEAVTHEIETREENDZE(CNHRATRENE SHERSILZ. ZOR/ER, LWFNIC
FUVWTELEARG, BER, MRA, A%, WKL, SLULEOI NI VORI TELIETLRSEENE
{ERERBTES. LD &eh s, KETEMABDEBLEEOMERELIE, WFNESI02(CZ L UVEMEA-2M
SNNIERIEATHETETHSD. EMEBELUDEBZL L Y RDEWE, DBREYIOEISDENT
HEATRETH D, DABREREDHDTHNEREDEVNICER T EEZXS5NS.
KETEEEEESUEANENEERIEHEESEDS -NdORMHAEROBRSINS (ERAFH, 2015, BAME
ZFREE) , ZIREBEMEREHYTY 7S KUBBARIE~RIVLARTEMEEK D € KENRYE
(CEUERFMEICHRIZEEXONSD. KETEEAEICHEINTUBZEDRERSDSr-NdDRAIER
&, ZIWREXRBEEEELIDEE U KEMRBRBD ICECCENSEBRYMETH D EFEXIC L. Fah
IAIZEAY (2000) (CKXBEHEIIBEFNAEASE, FILRELEEEELD ENdERHFAELEARE S, ®IED
ERME(ICFED XLV, FIVREXigitaEnEFEME L L TE, EHIIBEF0AERE EENRENA
DOHFBENERMAERZE 7T RILEE~XREED TEMRMIE CTH St NRE L.

F—OU—R KEEER. BAEFE. FIVREXKE. b Lt
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GANSEKI: JAMSTECERY Y FILEEEBHRO 7O EY 7+
GANSEKI: Maintaining Accessibility of JAMSTEC Rock Samples and Associated Information

“EIL BRI BE REL ) IS JASTEC F—5 - YT - F—L
*Takayuki Tomiyama', Yasumi Toyoda®, Hiroki Horikawa', JAMSTEC Data Sample Team

TRITBCENEFRERAEEE. 2. (KK) YUY - D=0 Jv/RY

1.Japan Agency for Marine-Earth Science and Technology, 2.Marine Works Japan, Ltd.

I FCRAFERERE (JAMSTEC) (ZIAMSTECRRAADEV I TS S Nie T — 58 U JiLE, MR - BEEFZEN
EULREZTRMABICABELTULSB[1]. GANSEKIT—SIAR—=X(Z, JAMSTECERY Y TILDX S FT—/XIL D
JavIER, SR VTIILOBNT - ERNRIDEHNAIS1 VI XTLTHD, 2006FEONFHE, BE
DBUEER CREITEAINTULS[2]. JMMSTECEAY Y TILDOF 1L —2 3 v TR GLVBOY Y FIU
PZNEEBHOUEICERHTED, GANSEKICE, HVEDTIF1BOERDT VY FILEBEHINTLD. &
1z, GANSEKI(C(FZFRZFNSENHIAMSTECLADERY Y TILDBHT—IDBHRESINTHD, HENE
Z(CHATBCENTES.

HAYYIIE, REEOREZECHISMEERCHD, BM+HEFIICERINCY Y TFILTH>TE, =D
PR ERVCHEICFEAITZICENTES. VWY FIEBMRAITIZMnICF, YV FILEFERUEZ
BRrER, BEOME, MERERDEN, ZOY VY TIVREICEI T, EOLSHEN, FETERIN
eh, ELVOEEBEBHEAFTEL CLVBCENEETHSD. TNSEEBHENAT7 I I UPTUVETEINT
ONE, Y FILERBRICEBOD SN >EIRMABTE. YV FIVERBNUCHRE (SEVESRTY Y ZILD
BHZERES, BROMRICHABIEZCENTES.

JAVMSTECERY Y FILOREE LT, UVBOEDTE, X557—5, R - BRT—5, HERYIEERR
T—=5, DI—XUR—-btEE, BROYVFILOBEEBERENNSE - REINTULDCERZL), LLSCL
BEFSE5ND. CNSEEBIHRADY 2 (FIAMSTECONUIUINKUIFT =SS 1 CTEHSNTH D, GANSEKIBIA
EZDUEDICHZESNB[3].

ERTVTIVONBICBRLTEELEBONDZ VS 1 Y OEIWICIE, GANSEKINT V FIVIEBRNSEE VD
U, ICICEBETEDLSICHEDODTUVSD. FTEEELNDE, AU NUNKUIF—SY 1 ~ICE T SDARWINGD
fsE - BRERYS, J-EDIDERR - MURIBEHR CTHS[4,5]. [HIDIVEST —F E 1 —7 TITON T UV ITEKRMODM
PTMERDORIRIEY —E X DEEEEIE, J-EDIV X F LICHME I AR THERENSNTULS.

28 [1] I5—5 - YU TILOBDIKRVICET EARS

#t1 http://www.jamstec.go.jp/j/database/data_policy.html. [2] EBEERY Y TILT—IR—2X
(GANSEKI)1 http://www.godac.jamstec.go.jp/ganseki/j. [3] [GODACT—74 Y -r ~NUUNKUI

1 http://www.godac.jamstec.go.jp/jmedia/portal/j/. [4] THE - BWT —SEEE X7 Ly (DARWIN) |
http://www.godac.jamstec.go.jp/darwin/j. [5] [FEEMHYR - BIR 7 —H1 T X

(J-EDI) ] http://www.godac.jamstec.go.jp/jedi/j.

F—O—R BRYVII. FVSAY - T—OIR-X FalL—T3V
Keywords: Rock sample, On-line database, curation
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BHETROEREEF JO0-Jvroa7F>1Y— (EPMA) EEDHDIZOHDEHEEXRET
B X7 LDREF

Development of low-cost simple dead time correction system for accurate quantitative
electron probe microanalysis (EPMA) of trace element

“hnE e

*Takenori Kato'

1. 2EEAXFFHIMKERIBAZTRR

1.Institute for Space-Earth Environmental Research, Nagoya University

BF7O0-Jvro07F>1Y— (EPMA) TBHMETLROEENHZETSZHICF. RAMFRDOKE
- REEAIENRE(ICE D, EPMADERSHIEREMRIESNIEENBESIND 2. EREELILFA
BRERDBIZHICIFEEMEERNTBRIERCABRTRAET S EMEZ LU,
E PMAMDRESHEDNERE—RMICLLFISTHHETXRERET S, HAGHEICEARREERSGD. Bz
%tbﬂiUéo%mkw XIRDEHHUENSED X IGMEZHET 5/, ARBEHEETOUEND

o NREREICLDHREE LI XIZMENBOEFEZ LD H. RBERCTEEDSVVEEMEZAET S
%mk@?@ﬁ%ﬁE@EEéb ENTOERTICEEEET S, ARBEIFREERCECRLED, KED
WERDEREICEMRET B, Fle. BERNICLO>TEZENTS (EPMATHEAINSHAIGHENDHmE 5
FREETIE. FREEETWHUTHSYPEEZTELLLDD) » TN, THNICAERGICHHE
TERICARREZEREL. BYIEETIVICEK > TREFBBEFEEETOLINE. METSKRUEZ ERICTTD
CEFTELEL, ZDEH. AREBEFHENATETITHONE. MBBEEBDRENRKEL DB,
E PMATIEFARREENIELEARREAETILEHEL. BRERE XFREOBRHNSHET SFENRH S
[11e UH\L. BREOIFEFREDOCHIERICAETETIEBRICHBRRAG D BEICRAEND D, . &
FLEERICTFRATEICENRHETH DM, BICEETHDICEZRIEIDCEFHEH UL, ZCT. RE
BMEZELU CARERE—EEREITCEMNTEDILDOICTBDIVRTLERE LU,
BRLEEARNEREFE S X7 LAGKBELEDICEDZH. EPMABRICLDIEEANICBENEREL T, %
PHCERECRAICHDIE D ARREAZL ULV EHLEE DI X T LERETUIc. AR TIE, HEOTER
DHEADCBREVIVFNAITLU—F—EFEBATIFEERI o XEREBENRT7Y URHICKSZEN
5. COYRAFTLREYFTANLOYZAL—Y I3 VICKDIEEICEHEFTAUTE D, EoEEBEML. BELTE
VILFNATL—=5—&1DIE(FEAT DA TE. 100kcpsET TCOHAHMETHNE. FHaothes DDA
BFREAR0. 8p S 1. 4y X TEILL TEO.5/ 3 — TV FRFBDIRE CARARBREFEENAIEETH D EMBESHI(C
Holze COFETHNL. BREVILFNAITL—9—DRIILRES ZHOHMNE. REERREFELE (CHEL/R
SA—S—ZIEHEICKHDC EMAIEETH B,
[1] Heinrich, K.F.J., Vieth, D. & Yakowitz, H. (1966) Adv. X-ray, Anal., 9, 208.

F—O—R I EBFIO-TVroO7FS7Y— (EPMA). RREFREMEIE. XRDHD. KEDSEEID SR
(WDS). LEBIEtERE
Keywords: Electron probe microanalysis (EPMA), Dead time correction, X-ray spectrometry, Wavelength
dispersive spectrometer (WDS), Proportional counter
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NI IICHIFBRDIVUNDS I L — IO FED
New occurrences of silica clathrate minerals in Sakhalin

*Fq% m_1\ é‘ E_EB1\ '_.E_Iﬂga fiﬂl31

*Koichi Momma', Kenichiro Tani', Ritsuro Miyawaki

1. BRI EYIER

1.National Museum of Nature and Science

Silica clathrate minerals are rare minerals containing various gas molecules (CH,, CH,, CO,, HS, N,
etc.) in their cage-like framework structures constructed of pure silica. Three types of silica
clathrate minerals have been hitherto known in nature. They are structurally analogous to gas
hydrates. In fact, the three minerals, melanophlogite, chibaite, and bosoite are isostructural with
three types of natural gas hydrates, i.e., sI, sII, and sH hydrates, respectively. The source of
gas molecules in silica clathrate minerals is also considered to be common with one type of natural
gas hydrates having thermogenic origin.

We recently noticed two specimens of quartz pseudomorphs from Sakhalin in old mineral collection of
the National Museum of Nature and Science. They are labeled as quartz pseudomorphs after fluorite
or apophyllite because they have truncated octahedral shape. However, they look identical to quartz
pseudomorphs after chibaite occurred in Chiba and Nagano prefectures. These specimens motivated us
to field investigation of Sakhalin. The two specimens are from “Souni misaki” (Kuznetsova) and
“Bisyasan”, the most southwest part of Sakhalin where Miocene sedimentary rocks and volcanic rocks
are exposed. Unfortunately, we could not approach these places during the field survey in 2015 but
we discovered new locality of melanophlogite at Nevelsk. Melanophlogite is associated with fossils
of various chemosynthetic shells in calcareous concretion of mudstone of Miocene age. The
concretions are abundantly distributed as veins or pipes mostly parallel to the bedding plane, or
some of them look like isolated nodules of diameters up to several meters. Among these concretions,
melanophlogite only occurs in the one containing massive amount of shells and voids. Melanophlogite
occurs in these voids as aggregates of cubic crystals of sizes up to @.1 mm, associated with
chalcedony and small quartz crystals.

F—O—R:IUNOSIL—rIY). X5 VEK, {CZEREVEE
Keywords: silica clathrate minerals, methane seep, chemosynthetic community
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Thermoluminescence and impurities of quartz from Sambagawa metamorphic belt, central
Shikoku

*Theeraporn Chuenpee', Osamu Nishikawa’, Yoshiaki Kon®, Kiyotaka Ninagawa®, Shin Toyoda®, Takeyuki
Ogata’, Takashi Uchida’, Isao Takashima’

1. Faculty of Engineering and Resource Science, Akita University, 2.Mining Museum, Akita University
, 3.Department of Applied Physics, Okayama University of Science, 4.National Institute of Advanced
Industrial Science and Technology, 5.Faculty of International Resource Sciences, Akita University

Quartz is an essential constituent in igneous, sedimentary and metamorphic rocks and is a major
phase in veins. The crystallization of quartz under various geological environments allows it to
enclose a varirty of trace element impurities, which play an important role in its
Thermoluminescence (TL) emission. The TL emission of quartz shows great variety in intensity and
wavelength. Blue to green TL emission at high temperature range has been commonly detected in
quartz originated from plutonic rocks and hydrothermal veins. The orange to red TL emission with
high temperature peaks ranging between 300 to 350 °C has been generally observed in quartz
extracted from volcanic ash layers and archaeological burnt materials. Nevertheless,
characteristics of TL emission in metamorphic quartz, as well as its relation to trace element and
metamorphism have been poorly understood. In order to clarify these issues, the TL emissions and
trace element compositions in quartz grains extracted from samples of pelitic and siliceous schist
and their associated quartz vein were studied. Samples from different metamorphic grades (e.g.
chlorite zone, garnet zone, albite-biotite zone and oligoclase-biotite zone) were collected from
the Sambagawa Metamorphic Belts in central Shikoku, Japan.

The purified quartz grains were irradiated with a *Co gamma irradiator, using a dose of 5 kGy. TL
emissions were measured at Okayama University of Science and Akita University. Trace element
concentrations in the grains were measured by Agilent 7500 Series LA-ICP-MS. Paramagnetic defects
were determined using JEOL PX-2300 SER spectrometer at Okayama University of Science.

A high intensity of the peaks below 200 °C favors the lower metamorphic grade. On the other hand,
TL emissions at above 200 °C tend to increase with the higher metamorphic grade. There is an
obvious decreasing tendency in Al content with increasing metamorphic grade, while no significant
difference in concentration of Ti. It was measured that Al center is presented in all samples,
whereas E” center and Peroxy center are commonly existed in the higher metamorphic grade samples.
It is reasonable to consider that the declenation of Al content, and the existance of E” center and
Peroxy center with increasing metamorphic grade presumably influences the characteristics of the TL
temperature peaks in the samples.

Keywords: Gamma radiation-induced thermoluminescence, Sambagawa Metamorphic Belt
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TEM-ALCHEMIAIC K SEEIR B DAL/ SiREERIE
ALCHEMI experiment for Al/Si-disordering of annealed sillimanite

R R B SN KR Ei) =B B

*Yohei Igami', Shunsuke Muto’, Masahiro Ohtsuka®’, Akira Miyake'

1. TEARZXZREBZATRL 2. BHEXRZEREKMR - X7 LIAKA. 3. 2EEXZXERLFMFER
1.Graduate School of Science, Kyoto University, 2.Institute of Materials and Systems for
Sustainability, Nagoya University, 3.Graduate School of Engineering, Nagoya University

[FU&IC

B A (ZERA8E © Ponm) (3. ALSIOZED—DTHD. BE - ENDIBEE LS T HHIRRNZMNICIER CEEL
I THD. ERASBERBERCaEmECMmRE LR (ALSHONEFESITIVF I UeHs5. MEAY 7 ~
FRDOAL/SIERECHKFPRICEFI L TUS M. COAV/SIIEFERTEKRILT S EEXSNTULSD (e.q.
Greenwood, 1997) . EER(CKARNSE. Miyake et al. (2008) (C &K PDNapierBARFDIERAI(CAL/SIOEMKRE
{BICHRT 3 EEX SN RAMBEREMABAREIN. 1000C ELOBERDBELLED S5 ENERT
nNTud,

LHL. BERBEDOA/SIERFEDOEZICIERENRZ . A<HSHEINTUBIEDDHEDEATULB L
EXRTV REASTHMERE LT ERAGELST REDDBOMEMRZE(FS5SNS, EBETHNAINE
RARCE. BERAlC I BeLS T ~(ALIAL,,S1, ,,10,, JHEOHTHET B & HiTomba et al. (1999) M=
BILETHSMMIEODTUVD, EERAE LS MMIAV/SIOMERLENETELE D EDOBEBEENIER(CBITS
D, BFEHIIEEDELNEV, ZDEH. NILONSHERT—S%E _MHICHBETDDERETH

D, BHICHBELIZ ETOERBNARDS5ND, e, ALEST (FXIREELEENE Lz (C. ZEZEXIREITRER
TOAV/SIMBPEEERELVEV>REREH D, WFNIcE X, ERICFHASHDIXARHSNS,
—7. Tafte & Buseck (1983)(3. TEM-ALCHEMI (Atom-location by channeling-enhanced microanalysis)i&%&
BUWT. RAEFDAV/SIKFEDEEZIH CL\D, ALCHEMIEE (&, EBREFBEMEE (TEM) CEDSIEE D5
HEERAVCTRUBREFETHD. BEPCTOEFROLBAMRICLZIREER - EERN (BFF v
DYOMR) ZEFIALEEDNDTH D, COFAETIETEMT THumZE OMEEN S RIENTIEEL 6. e
ZR(TTEROEBICTAET B ENAIEETH D, /e, EDSIEEDNDHEERULDCOH. ALESIDK SR
FEEBDHEVTRETDIBHLU CTRETIEETH D, TSI, Yasuda et al. (2006, 2007) Tld. 174 VR
FEZ(HEEDBIRSI NI XERIVICH L. TEM-ALCHEMI % $E & B /ZHARECXS (High Angular Resolution
Electron Channeling X-ray Spectroscopy) EHEINDEFFARNEERNICELST B TRHIEXIEREERNST
BFLEZEAL. EEMESHBICEICHIILTUL D,

ZCCTAMET(E. HRAITERE TR L TEHRA (X U THARECXSIC K SALCHEMIERRZ1TU)\. SMNEBCEE (CX
I SEHRAT DA/ SIKFEDERZE B 2.

FE

SRl EafERundvagshettaEEIRAERE HAEME L L. FBRESXUNFICT790-1530°CT1-1751TMREF - R L
EEDZERALZo HARECXSS#T(E. TEM-EDX (JEOL JEM-2100F, JED-2300T) ZHAUL). Al/SiEEMFLDFENRK
NPITO{101}EICEBE LTI o, 94D E. BFRAFAZ{101}HICH UEEAMICEHRNICE{LTED
D200 DFFHEXISEIRE Uy RITEDHARECXS PO T 7 1)L (8 © ASNA. #itdh | STROFEXIRE

B) ZEB Uz, 1530 CHEEFRTMAL ZRINS(F. Tomba et al. (1999) ¥°Holland & Carpenter
(1986) MERBREBKRICLS T LPOHSIITBYELE DEBHNEREI NN HAREXSEIE TIFENSDHE
HE e T, HELEHRAREIICTRBL R, ddH. REETIVEEKRREETIVTOHAREXSTOT 7 1 ILD Y
ZaLb—23aviE&s5nlen OIS LICSC (Oxley & Allen, 2003) (CKDITO>THD. AU/SIFKBREDEL)
REMCTOT 71 ILICEEEREFITCEEBBLTULS,

fBaR - ER

EBOBER. YV TIINS. IZ2L—Ya VRBEREBLIUZHAREXS O 7 T IIVERS I 5 EMTE
2o Flz. MBY Y FILOTOT 71U, BEMEOTOT 7 1 ILICHART, EKEETILTOY
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SaL—YaVRBREBLULZREARH SN, ZTC T BEETILDIYZ 2L —Ya VEREEBRFET
WDV =1L—2 a3 VEROBEREESC I > THERAETOI 7 M ILOBRERH#cECS. IRTOTO

T 7 1L TRUVFittingiERAESNE, CC T FfittinglFRICH VT, BRETILOFST 3 EIGAZE
AU/SIEEN—RALMEEZ XD EMTED, T TERRIC. xKEFEELEEFTILTY=Za2L—T3 Y
ZiIokECSD. BIEZTOT 7 T IVICERBIGEVERME SN, ARTEDEE - BIRFERCLIDBOSNSAE
NEFREE L THALEBEEBLTULBCERDN oz, Fe. COLTESNEITEROKEE(S. MER
BEARELEBFEEGNICETII/RESSN . BMEOZENS. KARDOEER - BIRFEERAVSC
LT BB DEHFRAN OSREENEENRSECET SAREMNTRING, T5(C. AAKRTHUCE
B - BNFEAE. BBRRIYMOTRDEREZCEBN T3 uEENAEL<. BRAICIRS FHRREILIDD
WOERREEEICASERNZEFR DOFECH I EETEINS,

F—DO—R: PILTZE. BRA. AUSIEKRRL
Keywords: ALCHEMI, sillimante, Al/Si-disorder
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TJOR-0510 /) IVRIT 1 SEEBICH(TIRES LURNEEDZE
Grain size and cooling rate effect on phase taransition between proto- and clino-enstatite

B R, =8 =\ KH EBE
Tatsuya Osako', *Akira Miyake', Shugo Ohi’

1. REBRZRZFIR A AR EN ZEBUNE LA FHE. 2. WEXZ
1.Department of Geology and Mineralogy, Graduate School of Science, Kyoto University, 2.Shiga
University

[(FUSHIC] TVRIT A ~MgSi0)ZHENEERBCOREMHTH S IONI Y XSS ~(PEN, ZEREEF:
Pbcn) ([F—REMICIFRAARAEMETHDEEISNTU D, EER. BAEFTOE CAXRAARIP(CPENIAEFET
SCEERELUHIIEN, LN L. Foster(1951). Lee and Heuer(1987)/%& (X, EBR(C K DBSNIZEHRIN
SERCOPENDEFAZHRE L THD. XAHARNBRRER & (FEENRH D,

Smyth(1974)(d TV X595 1 ~ZEEOIEER(CRET S5l S RRERXIROITRBRET/E0). PENDRBHINNE
WBRBIRDOS1 /)T VYXIFA(CEN, P21/c) (. AERP > DIFBHEAILVY IV XSS 1 ~(0EN,
Pbca)[CHBEBIT D EER L. SRIOETI SPENECENEDOEERIEIVILT V1 RTHED E LTz, YILT

YA RERBICHVTIEF—REMICRIRRIG . RHERE E V> EZEMARE (88 OXTEHICREEESX
BCENRROSNTU S, PENOREMCDVWCTRRODIBEMNHSM (e.g. Huang et al., 1994) . CDhC&lc
BU CEENLERI T CEINTUEL, ZCTAMET(IE. PENRERTCEREBOREL LD KD BEIANEE
HZEBESNMNIT B, FHICRRPRHIREICEB L. PENDGRIEREITE DT,

(8] HEMEE L TNB(1982) LRV TSV I EICEDAERURENZE BV TOERREIT Oz, BEER
TlE. MERXREITEXRD) (CKDHEDRIEZTO>TUVD. (1)RIRKEFMY MR LUHEYEEIRRA.2,
5.2, 46, 87, 140, 180 ym)[CRBILTZENEZNENEHEE(CFESD. FBRESKUFT1200 TT20 hrifFLTZ
%5 C/minTHRAILZ,. QQ)AHBREBMFM | RIR1.2 ymDMERE HEYEE L. 1200 C, 20 hr TIREFL
e, 6EODOZERE (0.1, 1, 3, 5, 10 C/min, K%) THHA LI,

[BR - Z2R] ()RRKEFEMEOEERTE. B2140 pmA T ORI TCPENOE—O RIBN., KIERNNS LSBT
EFBCOPENOEBRMNEMT SEANRS oz CNICKDRIBNPENDLZEMICEL VFEESXTUSC
EMREINTZ, Tz, PENDERBOEEE EDRIBRDBEMNE DT D ERIT > TULBINITITIEEL . KBNS L
1EBFEPENNSCENNDMHEEGER AR ETLVEXRSMEINL TOKEDEEZ S5ND, € Tlhen et al. (1985)
DVYILT VY1 FEERECDEXRERFI T XDBERERLULECETIVRICH > T, AERBRIBERDPENZEEBRE
REROBRICDVWTEMBEHIC LD ELZEITL. TN1-F = exp(-0.026d) (1-F: PENEREE=R, d:HfR) &8,
Q) AEREBIKFHEDEE T, PENEER(Z3 T/mindERMRREZ . ENEIDAHRES TEELTE
PENE (TP UTzo BEAIRENRVNITE. LDZLOPENNRBE I NI ITEECEREL LI LI EAICHD
—7AT. ERRNEENREFCRERUCEBILNICKLDIEERIEEINDIEEXSN. COMBEBOEBERDES
WICKDPENEBEEFTREIND I EEZX SN B,
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