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{\/Iass-lndependent fractionation of mercury stable isotopes in deep-sea hydrothermal sy
ems
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WA, CV-MC-ICP/IMS 7% FHW T KBREIRIA DT o AT LS & - Ty & 0 2B /KR BREIBIED R AR Z AT 5 C &
MATREIC 7R > T & T AKIRFEINIIRLL (5292H) I3 LETTIE > 5GR 7 B 7% £ DBIRIC K 2 E R K7 RN A (MDF)
R DL RS, TEORMAL (6199Hg & 620'Hg) IIZEBIFKERINAZD D] (MIF) ZR$C ENMENTVS,
KUPPBUKIEENG, T8 FAREROKEHHIRTH O, TNE TOIITIIZRIC K - THE % 79 2 38R T&0k 57 B
MV O IR §292Hg 2 & DIKERDSIIH E N TV B T EARENT VS, 72T 5 Lz/KERIZ A199Hg (= 6199Hg
~ 0.252x6292Hg) 1B 0.2%0D MIF 2Rk 9 T ENHILNTWVE D, ZOREANZALEIAHTH 2, ZDHH
2. TNE CTOMFEIIHE TRE LRI E M5 E LT izoid, MIF AYERTRIGIC K 2 RN AI R O 8T
FIFE I ENTDM, TNE ETMTHIC K BOBERNRICK > T ER I ENTDODN 2T H T ENTET TV
W e ENG, T TRMATIE. HRTTRISDEEZZ IR OIEBERAVKE (o NFEES P & e
Fr) CTEE U T HERRI O/KERFEINAA L 2 00T Uiz, 7947 UTzibRHI R EL D 6202Hg (-1.0- 0.5%0) Z/RL7z7z®ic,
SR B DR BT LR W 0202Hg 72 & DIKERD I E N T WS L WS HIRES /2, TN EFRIERC, T5 Liz/KiED
AYHg i, #1438 0.1- 0.2% TH 5 LWV HIRZE Tz, XATDENIKLED AYHg I A'Hg A 1.6- 2.0TH 5
TEND, TNSDOKEIOERIENROFERZ T TOET I REEND, TOMELSMITEHIC K > T X
NBKBITHEE NS MIF 1, KUETBECHE S BROBBERNIRICK > THIZE I TN TS EEZ 5N, KIGROFEAE
RZ230S 5 FTHREREREKD 5% LEZ BN,
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Speciation of metal ions in water: comparison of their reactivities with oxygen-donar hard
ligands
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Complexation of metal cations with ligands such as hydroxide ion, carbonate ion, carboxylate ion, and phosphate ion is one ¢
the most important factors controlling behaviors of metal ions in natural environment. Previous studies showed that these ligand
were classified as "intermediate hard ligands” having oxygen donor, which favors to form ionic bonding. However, it was found
that the reactivity of these ligands depends on ionic radius and that there is a difference of the reactivity between hydroxide iot
and other intermediate hard ligands such as carbonate and carboxylate. For example, among divalent alkaline earth metal iol
Mg2+ mainly precipitates as hydroxide (brucite), while Ca2+ prefers to form carbonate (calcite) or phosphate (apatite) minerals
rather than hydroxide. However, quantitative discussion on the selectivity of metal cations has not been performed.

In this study, we evaluated the standard Gibbs free energy, entropy, and enthalpy for the complex formation of hydrated mete
cations with these ligands based on a critical thermodynamic database. As a result, we found that the entropic contribution to th
free energy was large in the case of hydroxide complex of smaller cation. In contrast, the entropic contribution to the free energ
was small in the case of hydroxide complex of larger cation and other complexes. In addition, the enthalpy contribution was
not significant in this reaction. In the aqueous complexation reaction, entropy was controlled by the number of water molecule:
replaced by the ligand, suggesting that hydroxide complex for large cation was not stable due to the small effect of dehydration

This suggestion was confirmed by quantum mechanical calculations, which was performed with B3LY P/648¢&HGing
Gaussian 09. We calculated distance between metal (M) in the center and oxygen (O) in the ligand with the increase of numbe
of water molecules placed in the vicinity of the metal ion. As a result, it was found that the M-O distance for hydroxide complex
is larger than that of carbonate in the case of larger cation and vice versa This means that hydroxide prefers to form outer-sphe
complex for lager metal ion, which is not the case of other intermediate hard ligands. This result is consistent with what we
suggested based on the thermodynamic data.

F—T— R ARV IT—y gy, Y ha¥—, siERK, ko, | bZE15H
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Consistency between fission-track and U-Pb ages of zircon and its implications
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Following the recommendation by the Fission Track Working Group of the IUGS Subcommission on Geochronology (Hurford,
1990), the fission-track method was transformed into a simplified and user-friendly dating tool. Standardization based on the
common use of international age standards is what is called the zeta calibration. However, the adoption of the standardizatic
scheme in which fission-track ages are determined against reference ages (K-Ar, Ar/Ar, Rb-Sr), and not based on physic:
parameters directly associated with the fission process, meant that the fission-track method lost its status as an independ
geochronometer. Over the last two decades, we have investigated the problems of the absolute calibration approach, and we h
finally demonstrated that it works well for zircon when using the external detector method (Danhara and Iwano, 2013). One of
our conclusions is that the fission-track age for the Fish Canyon Tuff is 28.4+/-0.2 Ma. This is concordant with the recent zircon
U-Pb ages (Schmitz and Bowring, 2001; Bachmann et al., 2007) and slightly older than the sanidine Ar/Ar age of 27.8+/-0.2 Ma,
which is the reference age for the zeta calibration. We will discuss the consistency between fission-track and U-Pb ages of zircc
from volcanic samples and give some comments on fission-track age standardization.

Bachmann et al. (2007) Chemical Geology 236, 134-166.

Danhara and lwano (2013) Island Arc, 22, 264-279.

Hurford (1990) Chemical Geology, 80, 171-178.

Schmitz and Bowring (2001) Goechimica et Cosmochimica Acta 65, 2571-2587.

F—U—bk:2nay, FTHEMK U-PbER, Frv U T L—2 g v
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Fe |tsotope measurement of taenite using LA-MC-ICPMS technique with Galvano scanne
system
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The laser ablation-multicollector-inductively coupled plasma mass spectrometry (LA-MC-ICPMS) is widely accepted as the
powerful technique to reveal the isotope ratios of solid sample. This technique can achieve the in-situ analysis of micro regior
with swiftness. On the other hand, it is difficult to avoid the mass spectrometric and non-mass spectrometric interferences fron
coexistent elements in this technique because the produced sample particles by laser ablation are directly introduced into the IC
with carrier gas. Such interferences have a potential to intercept to reveal the precise and accurate isotope data. The effect on 1
isotope ratios of analyte from coexistent elements can be corrected by using the standard material which include same amount
coexistent elements as the sample. However, synthesis of isotopic homogeneous solid material is extremely difficult.

In this study, we have developed a technique to measure the Fe isotope ratios of taenite in iron meteorites. The Fe isotoy
signature of iron meteorites is one of the key information to understand the core formation of planetesimals and terrestria
planets. However, the in-situ Fe isotope measurement of taenite is difficult because of the abund&ti Wi%) in it. In
order to overcome this problem, we have applied Galvano mirrors and a telecentric optical system (Yokoyama et al., 2011) fo
LA-MC-ICPMS technique. In this technique, pure iron (IRMM-014) and pure Ni were ablated at a time using femtosecond laser
with Galvano system as the Fe isotope standard. The ablated Ni amount was adjusted to the Ni amount in the taenite samp
The Fe isotope ratios{Fel*Fe and®”FeP*Fe) of taenite phases were measured using MC-ICPMS and the mass fractionation
in the mass spectrometry was corrected by sample-standard bracketing technique. The precision and accuracy of Fe isotope d
obtained by the presented technique will be discussed in this presentation. The isotope analytical technique developed in th
study can be applied not only for taenite phase in iron meteorite but also for other sample which include coexistent elements.

Keywords: ICP-MS, laser ablation, taenite, Fe isotope, Galvano
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High-Pressure Neutron Beamline PLANET for investigating "Water” in the Earth
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PLANET l&, TEIEAMELI—Y—DOHBEZHEL, HMOIE D TADKEEMNTNMTZ 2L H>TWVa,
7SR — > DRAEE IR LT fE 5, TV R did™0.693 3 L TH D . FIFRFHE (0.5%)EWIERENHTWE T &
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High-pressure neutron beamline at J-PARC and applications to earth and planetary sc
ences

Az U BUE BT M A UK 2 ORI RS B R RS Y IRED i
KAGI, Hiroyuki'* ; IZUKA, Riko? ; KOMATSU, Kazuki ; YAGI, Takehikd® ; NAGAI, Takaya ; INOUE, Torl? ; SANO,
Asami* ; HATTORI, Takanorf

VO SE R E BB R R, 2 BB KA HIERGE S X A ) X 7 Atget > 2 —, 3 IUHEHE R E R AR ER, 4 HAJR
T IS

IGraduate School of Science, University of TokyGeodynamic Research Center, Ehime UniversiBraduate School of Sci-
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Construction of the high-pressure dedicated beamline, PLANET, in Japan Proton Accelerator Research Complex (J-PARC
has been completed in 2012 and scientific programs for general users have just started in 2014. The PLANET beamline has
focusing mirror for incident neutron and two 90-degree detector banks. Each bank has 160 pieces of Position Sensitive Detecto
(PSDs) filled with 3He gas. Each bank has a detector coverage #f BDdegree against the incident beam in the horizontal
direction and 0t 35 degree in the vertical direction. Radial collimators are attached in front of the detector banks to reduce
the background. The instrumental resolution is 0.6%\niYd. The accessible d-spacing is normally 0.2?4.2 A and is doubled
in a double-frame setup. The power of the proton beam is around 300 kW and will be increased to 600 kW in 2014. The mos
characteristic feature of the PLANET beamline is the multi-anvil apparatus with six independently acting 500-tonne rams (6-axis
press called ATSUHIME). Using ATSUHIME, we successfully observed neutron diffraction patterns of hydrous minerals at high
pressure and high temperature without any contamination from sample-surrounding materials such as pressure transmitting nr
dia, anvils, and so on. This clearly shows that the incident slit and radial collimator installed in the beamline are very effective to
obtain the diffractions under high pressure.

We focus on pressure-responses on the structure of materials with hydrogen- bonding networks through neutron diffractiol
measurements at high pressure. These results will contribute to fundamental understanding of hydrous materials in the deep ea
and icy material in the planets.

F—T— R 7, e, KR, K, S, K
Keywords: neutron, neutron diffraction, hydrogen, water, high pressure, ices
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Geo-neutrinos for advanced earth studies
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Neutrinoes generated in Earth (geo-neutrinos) gives us information about the distribution of Uranium (U), thorium (Th),
and pottasium (K) inside Earth. Beta-decays of radionuclides U/Th/K inside Earth produce low energy anti-electron neutrinos
(U and Th produces 7.41x1Meutrinos kg's~! and 1.62x10 neutrinos kg's~! respectively (without considering neutrino
oscillation)) that traverse through Earth without being disturbed due to their extremely small interaction cross section with matter
Recent geo-neutrino observations have produced results that have a potential to support and clarify the current concerns of ea
science: estimating the amount of contribution to the surface heat flux; constraining existing Earth’s compositional estimates
and clarifying the origin of low shear velocity regions found at the core mantle boundary (CMB). Today, there are two detectors
capable of measuring geoneutrinos: KamLAND, in Japan, and Borexino, in Italy. The KamLAND research team has found
116+/-28, 27 geoneutrino candidate events (generated through the decay processes of 238U and 232Th) during 2,991 days
geoneutrino observation (Gando et al. 2013). The contribution from geonuclear reactions to the heat flow, estimated fron
examination of the geoneutrino flux, reached 11.2+/-7.9, 5.1 TW. Although the volume of the Borexino detector (280 t) is much
smaller than that of KamLAND (1,000 t), the background from reactor neutrinos is much lower than that for KamLAND because
there are no nuclear power plants in Italy. Borexino detectedii4i8geoneutrino candidates over 1353 days of observation.
Both measuremet results are consistent each other, and also reject the fullly radiogrenic model, which assumes that the to
Earth’s surface heat flux is completely originated from radiogenic heat from U, Th and K. The upperlimit on the fully radiogenic
heat flux hypothesis (Herndon 1996) was set to be 4.5 TW at 95% confidence level (Bellini et al. 2013).

Gando A, Gando Y, Hanakago H, Ikeda H, Inoue K, et al. 2013. Reactor on-off antineutrino measurement with KamLAND.
Phys. Rev. D 88:033001.

Herndon JM. 1996. Substructure of the inner core of the Earth. Proc. Natl. Acad. Sci. USA 93:646-48.

Bellini, G., lanni, A., Ludhova, L., Mantovani, F., McDonough, W.F. 2013. Geo-neutrinos, Prog.Part.Nucl.Phys. 73:1-34

F—U—F:. Za—M)/,UFZT L FUTL, RV BV
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Multi-range imaging mass spectrometry using laser ablation-ICP-mass spectrometry
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Time-resolved elemental and isotopic data can provide key information about the time changes of the geochemical condition
of the surface environmental of the Earth, and therefore, critical restriction for the origin or evolutional sequence of the surface
environment of the Earth and the life could be derived. To obtain reliable and exclusive information from the samples, tremendou:
efforts have been given to develop various analytical techniques, which could provide both the higher elemental sensitivity an
higher analytical throughput. Among the analytical techniques, plasma ion source mass spectrometer coupled with the las
ablation sample introduction technique (LA-ICPMS) has now become the most sensitive and user-friendly analytical tool to
derive elemental and isotopic distribution among the different phases or minerals. Moreover, in the LA-ICPMS technique,
atomization and ionization of the analytes were independently carried out from the sampling (i.e., post ionization technique),
and therefore, the sampling and ionization conditions could be separately optimized. The post ionization technique results in th
smaller contribution of the matrix effect, which could be the major source of analytical error. Furthermore, for the LA-ICPMS
technique, sample was located under the atmospheric pressure sample cell, and laser induced sample aerosols were carried
the ICP ion source using a He carrier gas. This suggests that no evacuation of the sample housing is required, and therefol
biological cell or tissue samples (i.e., wet samples) can be directly subsidized to elemental imaging analysis, obviating the dryin
or freezing procedure for the analysis. The LA-ICPMS technique has further advantages of imaging analysis for samples witt
various sizes, ranging from 10 microns:#d.0 mm. Because of high capability for quantitative imaging of ultratrace-elements,
together with high analytical capability to measure large-sized samples, the LA-ICPMS technique has blossomed to become tf
key analytical technique for the imaging analysis of trace-elementals and isotopes. This is very important to obtain elemental an
isotopic images for not only biological samples, but also various rock or minerals. In fact, imaging data for whole rock pierces or
minerals can tell us the substantial process for the elemental distribution or diffusion among the samples. We should recall the
we could not see the forst for the trees. Despite the obvious success in obtaining the elemental and isotopic imaging data, neith
guantitative evaluation of the detection limits for the elements nor the dependence of the analytical conditions (e.qg., laser pit size
raster rate, system setup or condition for data acquisition) onto the resulting spatial resolution were made. To investigate thes
we have measured imaging analyses of several trace- and ultratrace-elements from meteorite samples and biochemical samy
under the various analytical conditions. In this presentation, we will described the effect of the system setup and operatione
settings onto the resulting spatial resolution and onto the limit of detection for the elements.

Keywords: laser ablation, ICP-mass spectrometry, imaging mass spectrometry, multi-scale imaging, trace-elements, quantitati
imaging
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Cavity ring-down spectroscopy for the isotope ratio measurements of water from fluid
inclusions in stalagmites
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KR T L RIBRICE DBRAE) 2508k L. M DOIEMEICFADIUE T E 28A A&, EFEMRPTERAKIRENT
W3, BHTE, HRIOBEEMNAL (6 180) IF T A—VisEOBE TR LI I NS D, BKPARx Ek4 R
KHZDEIMEFLG LTV B EEZ LN, TOMRIIAES TEEV, —RIC. GRIONERICIE CaCq 4R L 72RO
M FKMRAEESNT VS T ENZ, SR EOMELAN T, RIS T 2 RNMADHIDE Cknizd, HRIICEE
Na3mkaayoKki, wFKOFENALZRIEL TS EEZ 5N %, CaCQ 4K LTz/K (H,0) & CaCQ DdH W
EOBEFRNMALLOZZ, BEOKMKET 2 & TFHRINS 2D, THICE DO THRAAERIFOAEZ E'BIICEITT
XHLEZDBND, TNETOWETIE, KOFENMALIZ, KEMOSRICZEE L 2% TSGR OB &5 HEH 2 VT
HIE XN T &7z (e.g. Dennis et al., 2001) AWFZETlE. RIEOfENGEZ HiF L T, il L7z/KO RN AL 27K T O %
EFFvETr o=V TR A \7[Eu+ (CRDS) THIET 2T 1 > Z2fEM LTz HIET A &, BE2E R T/RZHIH T % i
mfinﬁ&7k|7u{zl:1:tfa’:zﬁﬂi*9*mﬁﬁj%§ (L2130-1 Picarro))» A E N TV 5, il OWE AR Z 5%k L CRDSICE A

$EE (Vaporizer, V1102-1, Picarro Ltd%ﬁ%kb“( DIRIE TOREICHE LIz 5UbEEE 2 HE LTz, BIRUTz& b
%cimeﬁ@bﬁ”{t& Clck D, HlEEEDOK 10770 1 ORI THIERREL 755 Tz. AR OTACLEYIORE RS
. FNHALE D —7am—Eh S AR ZEEYI O B U, JET S T & Tl L7z, HIE Lz ARIRRIOE X 137
151 mg (77 - 286 mg ). it & N7z/kDEIE - 0.12 micro-L (0.01-0.26 micro-L) [ANiA&LLHIE D 0 & UKEEIX §
180 ¢+ 0.2permil § D T+ lpermil TH o7z, TORHRIE., —MICERE - BERETHS LI NS IRMS Vit
R LT EREREONIRLRASETH O, RERERICOVTIEITNE TONIZX b &R0V, FERDPBIEICLN
RO A E OWRATAE Y O RINAARIEIE . BIEOTREDRK & FERIPAN T—H L Tz, ORISR, AR ORI
WAV SBEDREKDRNA LR Z T L TW0WE T EZRL TV,

F—U— R GERINIALL, RiAcEY), 870, %], ik, CRDS
Keywords: Stable isotope, Fluid inclusion, Speleothem, Stalagmite, Paleoclimate, CRDS
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Coral growth-rate insensitive Sr/Ca as a robust temperature recorder at the extreme latit
dinal limits of Porites
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Y B EBEE R OSIRZE S 2 FHIHEALTEITT % T EDAEETH B 128, Birh & BT O 3l 7 &1 T
WKHWSENT VS, TEOHEREREIIC X D, BFHMREAAGIC AR T ZidEkEeY > DL E U, HASEORAIIC & i
Yo IAPNGH L TWVWAE T EDERES Nz, Lizh> T TNETEE., HAFIICE SN TnizY v dER&IRZE % #
ML, X030 ERKBEOETCATREME N T & 1z, IR OEEY > T I3 HIBRIERE LSO e L DR 2
UKL, BARRICEEERL TS T eI NG, UL L, a3 B 20 B e & 13 SSTRRUED Hix D, o
> dMEDTE R AT ER FIR/KIR & Wb s 18 °C7Z2 Fal% X 9 I {B/KIRSS KRS L OftFrn . Yo dic & > Ttk
BRETH S, B> d0 SSTETICH WS NS Sr/Catt L BEZERENALED /KIEZE ED & S ICEIKICEIERT %D
M, RREES BN B S,

AZE TR, Y ORI WVRERIE K E TR THRILE Nz > dD SriCakkZ e L, i TllEE T
TeEsERINALL & ks 5 ¢ & ¢ BERNALL X O & Sr/iCaltidERICKIEE T, K0 EMICKRZI T 5 71
FITHBTEDMERET NIz, LIzh> T EEBADV/NEWEMSY I 5/KIEZETT 51X, SriCalt DA
PR DB L TWB T EDHSMC IR Tz, Tz, RIS TR L IZAIDOY > 3 2 BHAIC DWW T & Sr/CaltillE %
1TV, B2 B BHAIC K B /KIRIE TRV ORI 2175 72 BIERFETld. L RHMAD A ZMH U TRHIEZ D B KR 72 1F
92 DIFEHE LW, EEEHAR W TIE CZ2 9 hUd, AT > dTH > TEHBIIDKIE & HKROAZZK 1 ClcbE &
0. Stk WRFEOILAY > IOV OKRETCZ T % &0 5 HEREEE TOFH O REED R TE %,
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Maximizing organic records: Recent achievements and future directions
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Molecular isotopic record in either organisms or sediments has been proven useful for better understanding the bio(geo)chemi
processes, reconstructing paleo-environment, etc. During the last decades, target molecules have been expanding from sim
lipids to complex physiologically active compounds. There are two key issues to push this molecular tool more useful and more
efficient: 1) Purity of the target compounds that are extracted from environmental samples (generally a complex mixture of
organic compounds), and 2) sensitivity of isotope-ratio mass spectrometry (IRMS) system for precisely measuring isotopic com
positions. In this presentation we will overview the recent advances in these two issues, and how these achievements contribut
to the progresses in our knowledge. We also try to mention in the future challenges of molecular isotopic signatures.

F—U— R GHF, AR, 23, R
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Premse and sensitive determination of stable isotopic compositions of amino acids
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Amino acids are biologically central and functional organic compounds. Their molecular and stable isotope profiles have
been employed as a tool in various fields of studies, particularly for understanding of the trophic energy flow of food web
ecology as well as for estimating the origin of amino acid procurers in extraterrestrial samples (e.g., meteorites). One of the
most powerful techniques in the stable isotope studies of amino acids is compound-specific isotope analysis (CSIA) by ga
chromatography/isotope ratio mass spectrometry (GC/IRMS), which potentially allows a rapid and precise determination of H, C.
N, O, and S isotopic compositions of individual amino acids in complex mixture of samples. However, (1) isotopic fractionation
and exchange during pretreatment (e.g., hydrolysis, extraction, purification, and derivatization) of samples, (2) chromatographi
separation among individual amino acids, and (3) less sensitivity on GC/C/IRMS (i.e., 10-50 nmol of elements is required) are
always problematic in CSIA of amino acids.

In the presentation, we will briefly review these issues on CSIA of amino acids, and show current advances in the precise
and sensitive determination of C and N isotopic compositions of amino acids (i.e., within 0.4-0.8 permil for a minimum sample
amount of 0.5 nmol element), based on the minimizing isotopic fractionation during HPLC purification and derivatization as well
as reducing leak and background variation in GC/IRMS instrument. With this method, we can access C and N isotopic signatur
of wide range of samples including amino acids in bacteria and archea isolated from natural environments as well as amino aci
procurers in meteorites.

F—U— R EFRA, 77 X 1R, BV, BRa
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On the role of amino acid metabolism and a biogeochemical linkage
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1.13C®IC
AR, THITRE B 2 WDISHIBRGER ) OV A T2 A Tied BlRGEON R Ew 7 O—DI, [Deep Biosphere (it F4:¥)1E &
BV TAEGEE EMEENS) THAH, TOHEMERIE. BB TEAERINE LI ko7, HEkRZE
LMREEE I RWIINC I N—F 2 LD E 5 X %, HAREND THIFAEE] Tldxd. k2% Gigamg
RO FH) &Y GRE. T, pHE) OADLET S [HEEmE] k%, 7t ciE S T0 5 Mk
HERE2E T O Rk, D FERELTATIZIENTES, RAHmDHIREZESICHLIHLNTT S0, 7
T LNV TG T E S K 5758 LOHANBRD, —DO#C x5,

2 JCHSARANCHFAES 258 3 DEYIFR [7—F7 ] (Archaea & ¥YIETEER

HLWEYR T7—F7 GHEHIE) ] OFMELIK (Woese and Fox, 1977)Z DIFIEIE. B @S OMIRIRET 72 1)
Tl L, W OKE: - BT DL OKE - 18 ZRbDT, JLNNCEET 3EREY TH S T LRI NS X
IIx otz E, TNETRMEINTZT—FT7 D2 KMLANNVTHZI—) T —F4A—2MBLTI L7 —F
F—2MOf, EHICH LW EIORZ Y L7 —F A —2M, a7 —F+—%2M, 7/ 7 —FF—ZMOLZERIEDN R
ADDH B,

7—=F 7k, BERNEYEEEROFERDO—DEEVZ B, REDOIFEEIL, REMILNE CO2 k& IEITME CHA
Z LT OHEITH % HAHAERZR Cn(H20)MD 3 DTH %, MHE ML HET 2 XX VERT —F71d. GRESOETT
BETEXAZUZER LTS (cf. Coenzyme F430: Takano et al., 20134 REEICIE, iC, XX U RRERICT B
SRR VLT —F T REBFEET %, 7D ANME (Anaerobic Methanotroph)-1, ANME-2, ANME-& FEE 1N % R/
BREE, AR Z2ERENCOL TS, EHIC, B A 2 VLT —F 7RO T, EREEMTbh TV
%5 & (Dekasetal., 2000 ZDAZX VLT —F7 1k, AR VERDOWRIEH S RFEFRZFRFICE TS T & (Shima
etal., 2012 FHFOFERNHRXN TV %,

3. hRRERELTOT I/ EOEE N

JFERAEY) 1 i d 72 0 DA AR 2 s d 5 & B2 2878, Kils, Rk(EY). I8EO 4 DichEEns, 20D
B, ZUNTEOEGRBIC S5 EEBZ, hRHE L TORENDKEN, BT ER. 7 2/ BOREEHEATHANR
TF MEBTHZE B ERED T ThH 5. MER IS B M2 N8 () L0 D 2D0TER X VST EREN
HY. WINENKDRT B L a-7 2/ BMEDND, HE. TOT /B0 FORNMKHE O Z TR
WM E '8N T 228D ESD 5N T3 (e.g., Chikaraishi et al., 2009 77 3 /lBl&, HERAEWRE (<49
EEEE) TOEMEDROM THELEMNAFAEL, ERIEANO P RAHRE L TR TIEAEL, Bzl 24
ALV F—DHEHHOINFE LTEEETH S, T T, EIKE> T > TERET I /B TOMENS, H
BRIE AN EB B I D —DFH S THIzW,
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