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Detection of low isotopic ratio of iron in anthropogenic aerosols and evaluation of its
contribution to the ocean
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Productivity of phytoplankton affects global carbon cycle, and may also affect the climate. Iron (Fe) is an essential element
for phytoplankton, but its solubility is low and much of it is removed as Fe (lll) hydroxide. Therefore, it has been reported
that phytoplankton growth in the High Nutrient-Low Chlorophyll (HNLC) regions is limited by Fe concentration (Martin and
Fitzwater, 1988). Aerosols are important sources of Fe species to the surface seawater. They are classified into anthropogenic ¢
natural ones. Particle sizes of anthropogenic aerosols are generally smaller than those of natural ones because of their differ:
formation processes (Whitby, 1977). Previous studies have shown that high soluble Fe species were included in anthropoger
aerosols (e.g., Takahashi et al., 2013). In terms of Fe isotope composition, Mead et al. (2013) compared Fe isotopic compositiol
between course aerosols (2.5 m) and fine ones( 2.5 um) and suggested that the Fe isotopic composition of finer aerosols
(anthropogenic sourcé?5Fe = -0.10%o0) is lighter than that of coarse aerosols (natural souf¢tFe = 0.08%0). However, it
is possible that the separation of the aerosols at the particle size pfrfedannot fully separate the two sources. The purpose
of this study, therefore, was to detect anthropogenic aerosols and measure their Fe iron isotopic compositions. Size-fractione
aerosol samples were collected at Higashi-Hiroshima City using a cascade impactor (particle sifeBum, 4.2~ 10.2um,
21~ 4.2um, 1.3~ 2.1um, 0.69~ 1.3 um, 0.39~ 0.69um, <« 0.39um), which could specify the isotopic compositions of
anthropogenic Fe. Iron isotopic compositions of bulk aerosols and soluble aerosols for simulated rain water were measured usit
multi-collector inductivity-coupled plasma mass spectrometry (MC-ICP-MS; Neptune Plus, Thermo Scientific). The chemical
species were also identified by employing Fe K-edge X-ray absorption fine structure (XAFS) spectroscopy and their solubility
for seawater was evaluated by leaching experiments. As a result, Fe isotopic compoéti&es ¢f larger particles were
around +0.2%60, whereas smaller particles showed lower isotopic composition 05 %o). In addition, smaller particles of
soluble component for simulated rain water showed much I@#&Fe values ¢ = -3.9 %0) than bulk particles, suggesting
that anthropogenic Fe has much lower isotopic compositions. The value was the lowest among other environmental sample
reported so far. This means that the large isotopic fractionation of anthropogenic aerosols occurs when Fe species evapora
§°°Fe value of the remaining materials after the water-extraction experiment was calculated using the values of bulk Fe ant
soluble Fe, and it was revealed to be similar to that of earth’s crust (#0)2% his means that the anthropogenic Fe in aerosol is
completely soluble and has very Id#fFe. It has been suggested that Fe in aerosol contributed significantly to the supply of Fe
in surface seawater. When considering Fe isotopic budget for surface seawater using the value measured in thisi&&ay as a
of anthropogenic aerosol (-3), it is suggested that aerosols is main source of Fe dissolved in the surface seawater.
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The evaluation for ion trajectory and transmittance of Laser lonization MASS nanoScope

(LIMAS)
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RITEMIC K DIRE D, “RAF VFARNERDF AR L Y AD 1KHE E 2IEHOEBEWEFZKEL TS E, 14 Vi)
HEOREMMPREL LD, BEMY T INIBERANBEITS. FEARL Y AREBR LA A OEME 1BRHOT AV
Vo)L Y RHNEEDORKEZZICE D, MULTUM I ANEA TND A A VHEOICRNEDNREST . I al—T 3
VEERE L LI, SNBSS A—REPE LT, £z, MULTUM Il HOEMINS VA ZHFEL, haA X IVELF K
WUz, ZO/RE, 74 VEICRORERA Y MeEEHL, S0AA4 VBB XURmWEBDREED Y A AT
M V7EfS7z. SIMS &— R TOE &7 #REIZ AflE T 27000 3*Mg*t, 100/EED), [EMEIC SNMSE— R TOE R /MiRAE
1% 40000 (>*Mg*t, 100JE[E) ZFI Uiz, JEREE XA A VEEFEORRICOWVTIE, 20cycleTOE M (Ocylex
100%& L7ziE L i) 1, SIMSE— R 28% SNMSE— KT 5%, 100cycleTOZE iM%, SIMSE— KT 26%
SNMSE— R T 2% TH - /z.
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A current status of high precision in situ isotopic analysis by SIMS in JAMSTEC and
perspectives for future researches
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Secondary lon Mass Spectrometry (SIMS) has a unique capability of isotopic and elemental measurements for micromete
scale distributions in region-of-interests in variety of samples. With this unique capability, researches with SIMS brought out
new evidence for understanding of processes occurred under extreme environment (e.g., Earth’s earliest crust formation, ree
tions in Earth’s deep interior, and high temperature processes in the solar nebula) and processes caused by biological/biochemi
activities (e.g., biomineralization, metabolic functions of microorganisms).

While SIMS is a destructive technique, required amount of sample with SIMS analyses is very small (e.g., for oxygen two-
isotope analysis, less than 1ng with a pit of “10 micrometer in size and "1 micrometer in depth) [e.g. 1,2]. SIMS analysis with a
smaller beam and improvement of efficiency of analysis are highly required for multilateral analyses of the same sample.

A large geometry and ultra-high sensitivity magnetic sector SIMS with multiple detectors (CAMECA IMS 1280-HR) was
installed in the Kochi Institute for Core Sample Research, JAMSTEC in early 2014. The Kochi’s latest generation IMS 1280-HR
has a capability to perform in-situ stable isotope analyses with sub-permil (down to +/-0.2 permil, 2SD) precision and accuracy
for samples of a few to tens micrometer in size [1,3].

Here, we will present preliminary results of oxygen two-isotd©('°0) measurements in selected minerals using two Fara-
day cup detectors in multi-detection, and the Pb three-isotSfPI§P°” PbP 8 Pb) measurements in several standard materials
using an axial electron multiplier detector with mono-collection. The achieved spot-to-spot reproducibilt@ftiO is ~+/-

0.3 permil (2 SD) with a 10 micrometer spot for silicates and carbonates. The achieved precision and spatial resolution ar
promising to explore seasonal variations of precipitation recorded in speleothems [e.g., 4]. The spot-to-spot reproducibility for
Pb three-isotopes is “+/-7 permil with a “20 micrometer spot for USGS BCR-2G standard glass ([Pb]=11ppm). Developed Pt
isotopic measurements can be applied to researches for glass inclusions entrapped in minerals, which elucidate heterogene
of the Earth’s mantle [e.g., 5]. In the future work, we will use multiple electron multipliers to detect three Pb isotope signals
simultaneously. This may provide better precision with a smaller spatial scale ("10 micrometer).

In addition to the development of high precision and high spatial resolution analysis with SIMS, we are planning to build
a coordinated analytical system which provides information of microstructure and elemental/isotopic distributions for smaller-
scale samples, such as a piece of asteroid which will be returned by the JAXA Hayabusa-2 mission in 2020 and samples of tt
ultra-deep drilling by Chikyu.

[1] Valley J. W. and Kita N. T. (2009) In Mineralogical Association of Canada Short Course 41 (M. Fayek Eds), pp.19-63.

[2] Page F. Z., Ushikubo T., Kita N. T., Riciputi L. R., and Valley J. W. (2007) American Mineralogist, 92, 1772-1775.

[3] Ushikubo T. (2010) Planetary People (Journal of the Japanese Society for Planetary Sciences), 19, 287-294 (in Japanese

[4] Orland 1. J., Bar-Matthews M., Ayalon A., Matthews A., Kozdon R., Ushikubo T., Valley J. W. (2012) Geochimica et
Cosmochimica Acta, 89, 240-255.

[5] Saal A. E., Hart S. R., Shimizu N., Hauri E. H., and Layne G. D. (1998) Science, 282, 1481-1484.
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How to build a habitable planet for geochemists in Japan ?
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K2 LS5, TOMBEMRMNES, WHEEEH BT LN, B THEHICE - FHER(EAED, Bzl
THOSOHHL AT 2T 5 C L OHEEN 2, RMRUCHT T LMD EEITZ2REDNDH DTS5, ZERORFEDH
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Is it representative of the Earth? -Necessity of ultrahigh-speed massive analysis in petrolc
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HIERNERRLY: & Geochemistry
Studies of the Earth’s Interior and Geochemistry
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In this presentation, | would like to discuss the following points, in terms of the relationship between studies of the Earth’s
interior and geochemistry, referring to several examples from the combined studies. First, geochemistry concerns both geoscien
and chemistry. How we balance the two does matter for both geochemists and the others. Second, how we relate mechanisms
processes of an elemental scale to global scale-phenomena requires some concrete methods which lie often outside geochemi:
An approach bridging the two scales may play an important role. Third, since the Earth (and the planetary) system is highly
complex, there is no doubt that combining information available from all geoscience fields (including geochemistry) is crucial.
As an example, ‘Geofluid Map* in the crust and mantle is discussed.
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We are always on the frontier!
We are always on the frontier!

VNI E
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'Hokkaido University

Oxygen isotope anomaly in the solar system was found from a meteorite by Clayton et al. (1973). The origin is still unknown
and it is principally unsolved although we can infer it precisely. More interesting puzzle for the oxygen isotope anomaly than
the origin may be the anomalous distribution among minerals and within a mineral in a Ca-Al-rich inclusion (CAl). CAls are the
oldest rock in the solar system, and are largely mm to cm in size. The CAls formed in the solar nebula by crystallization from
liquid droplet or from surrounding hot gas. However, nobody has been succeeded to describe how to establish heterogeneo
oxygen isotope anomaly in a CAl according to known chemical reactions so far because the oxygen isotopic distribution is
apparently inconsistent with phase relation and crystal growth in the chemical system of CAls. This is mysterious becaust
the chemical system of CAls seems to be much simple comparing with terrestrial rocks. In this talk, | show an attempt to
clarify this mystery predicts that oxygen isotope anomaly distributes globally but changes the degree systematically on all sola
system objects including outer planets. The global change of oxygen isotope anomaly in the solar system should involve isotop
anomalies of hydrogen and nitrogen. The attempt also predicts that isotope anomalies of these three elements are universa
observed in exoplanetary systems, which degrees may be an indicator for habitability. These predictions can be proved &
development of planetary explorations and astronomical observations, which are parts of cosmochemistry, even if the origin o
the oxygen isotope anomaly in the solar system is principally an unsolved issue.

References:

Yurimoto, H. (2014) That's One Thing, This Is Something Else! Kakenhi NEWS 2014, vol. 2, 7.
http://lwww.jsps.go.jp/j-grantsinaid/28ssay/no63.html
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Yurimoto, H. (2009) Anatomy of Protosolar System. JGL 5 (3), 8-9.
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My identity as a geochemist in mineral physics
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In the long-standing progress of earth sciences, the interplay between seismology and high-pressure mineral physics grea
contributed to understanding of deep earth. It is my understanding that scientists in these fields establish the communities ar
share the observational data, large facilities and so on. In contrast, it seems to me that many of geochemists, including myse
in a sense, construct their own laboratories equipping state-of-the-art device. The difference in research style is noteworthy ar
may give a clue to the breakthrough of traditional geochemistry.

One of my research interests is to investigate the structure and properties of hydrous materials which potentially exists in dee
earth. To achieve these research projects in Japan, | joined to a research consortium and we have constructed a new high-pres:
beamline at the spallation neutron source, J-PARC for deep-earth mineralogy. We have been studying structures of hydrot
materials and ices; recent progress will be introduced in my talk.

Recently, our attention is focused into chemical evolution of organic materials during planetary shock bombardment pro-
cess generating high pressure and high temperature simultaneously. We try to understand temperature-induced reaction &
pressure-induced reaction independently. Our recent study on pressure-induced reactions on organic compounds and insig
into evolution of organic materials will be introduced.

F—U— R &g, BT, AEY
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Professor V. M. Goldschmidt is a father of geochemistry. He wrote in 1954#athemistry is the study of the distribution and amo
Based on this concept, he discussed (i) substitution of trace elements into major element within a certain crystal, (ii) reaction o
metal ions with the ligands in water in terms of ion potential (= z/r; z: charge; r: ionic radius), and (iii) classification of all the
elements in the periodic table in terms of chemical bounding nature such as ionic, covalent, and metallic bonding. Using X-ray
emission spectroscopy, which was the state-of-the art method at that time, he determined abundances of trace elements in varic
geochemical samples.

However, his discussion on the distribution of these elementthe basis of the properties of their atoms and iomsld not

be proved by any methods, since it was difficult at that time to clarify the chemical species (bonding nature and structure) of
trace elements. At present, on the other hand, we can determine the neighboring atom and interatomic distance of trace el
ments in various samples by advanced speciation methods such as by X-ray absorption fine structure (XAFS) spectroscopy. /
shown in our recent studies, abundances and isotopic compositions of various elements in natural samples strongly depend on
chemical state of various elements in nature. This fact shows that we can predict behaviors and isotopic fractionation of variou
elements based on physic-chemical properties. This field can be called as "Molecular Geochemistry”. This field includes (i)
identification of organic polymolecules in nature which can be used for the paleoenvironment reconstruction, (ii) isotopomers of
various molecules, and (iii) fundamental understanding of isotopic fractionation such as mass-independent fractioation. Thus,
propose "Molecular Geochemistry” as an important future topic of geochemistry, which cannot be conducted by researchers il
other fields in earth and planetary sciences and must be conducted by Prof. Goldschmidt if he could use the methods to reve
the atomic- and molecular-level information in geochemical samples.

Fm T R PHIERIEE, TR a3y b
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Simultaneous determinations of 58 elements in volcanic glass shards using the femtose
ond laser ablation ICP-MS

UL RHSE 1 IR (EEARED 2 5 S sl 25 $aOK BE 3 MR Y
MARUYAMA, Seiji * ; HATTORI, Kentar@ ; HIRATA, Takafum? ; SUZUKI, Takehikd ; DANHARA, Tohru!
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IKyoto Fission-Track Co., Ltd2Department of Geology and Mineralogy, Faculty of Science, Kyoto Univefdtgpartment of
Geography, Tokyo Metropolitan University

BEIURAET 7 S EE NS NLH T ADH D HEIZ T NE T, BFE—L0ME (EPMAX EDX) 12X % Al,O5
CaO E T SARICE DO TITOhNTE, KU ACEFNSWMETCEEEOREIZ. INAA 1 ICP-AES
. L—Y'—7 7L —3 3 Y ICP-MS(LA-ICP-MS)iE & W o B T RIS K » TITbNTELD, HlEns iz
BMEICRIIES, HTHTER SR Th, UK EEODHDOILRICBEIN TV, AW TIE, 7 L M LA-ICP-MS
EERVT, AT RACEENSFEFHE8tE (VFILHhEYTVET, TELEEMETCEOm S ZET) Z[HkE
ICEEIHT UTzo LAIICP-MSIEIC K % FEK D OEEIHTE L BT B — LI KD HEMD LI DT dIC.” INTAV
FL “(Kuehn etal., 20112 #Hfli7270HK) IS~ > XN TWB 4FEONLA S ZGRENCBE L TlE Z 1T o Teo T ORER.
LA-ICP-MSEIC X % FHR T OE R 10 Yok DEAHICINE % T EDERE Nz, AWIZEORGERHE K O | LA-ICP-MS
FBREIMEBETEOAEST, CNETEFBREHOTHEINTERTE CREOTEOMCELTE, TIEMTRET
HBTENRENTz, BUEETHE Tn T 7 0k 4 77 F75 £ 220D HAS BN O 00 7 7 Z 5k & kK
FED 4 R ZHIE LTRSS . RETTEDEEE L ZTNEDIRZ— T K > Ty KU T RGBSR - S0%Ehva]
RECTH BT EDMERTE Iz, MIUATADTE « MEICRFEE L ZTNEDINZ—=Z, 77 FidBD X 0 IEfE7R0]
SDEIC RN DE DA TE S,

F—I—= R KA T A, 777, LA-ICP-MS I, TTHRIHEE, TN\ Z—2, T LWL —5—
Keywords: volcanic glass, tephra, LA-ICP-MS, element abundance, element pattern, femtosecond laser
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Attempt to measure magnetization of single poIIen In microgravity condition

=it}

REFR TRk 1 5 KT Bllsl b5 A iR
UYEDA, Chiaki'* ; OGINO, SatosHi; HSAYOSHI, Keiji

URBORAHEWT R
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HIERRLE TG T BadRHE, BN FORIEAICEA S NIEEGRTH A0 E | EEEEHYPY A/ /7n70—
7®ﬁmkxbmﬁ#ﬁbhf%toLﬁbiﬁ@ﬁmfﬁ A2 RS B T2 & MR CERAIT & TV 2 D HERED
%m&w%Aﬁgm MOTTL—Y—IhFNEOEEZAERT 5 L THDTRINENHHZRTE, Lid#l
I N DWFEET B L RHSHNTH %, Z T THMOVIHERE Th rEaRM L DR 2L, ZhbZ
&%ﬁégaﬁmih% e bld, DX Gikhz KRBT % 729 OJFHl 2 Kt 1 3 K CH MR I DV THRZE L
TEIZ[1]. TORHETIE, WNETZEN T Tl 201, A2 IR UikE & N5 litE#EE) 2 v 5. Z o
W7 fiftrd 2 T & TYHEER ORERDBIH S N, Tz ikE e g 2 HTYEMNFEES NS [1]. SR, ZOFE
ZHWT, YO LA i T anhiat Uz, FMO K S ICTEbbald, Z OMERIFHOMAE « &% -
REiZHEOET 5AMETFERLELTHSN, aHicBLT—EmOHEYH S E N 2taDEORNZ2 T L
NEENS. WX BEMOFRINZEET 2014 LT, ZORMLRENHEREY) (BRiES V) oZFhe KEER
BZRENDH %, NGRS B, REN G2 O CEREH OB E DI O LEBZ5HII L7z & T 5, faY)ofE
FUC KD AR DMEDMGENT. —7, MNENFREENEO/NTE Y v 7 2T o7z, ¥ PiEEEZ 1.8mT
%@W@ﬁ&%ﬁﬂ%%%@ﬁosﬂfﬁé.%ﬁ%§@3m<%x2mm®ﬁﬁ%®@T$/7xwmmﬁf%%;5
aeat U7z, 2EEIE, NdFeBRGARIOREIE (B < 0.6T), Wiz U7 rl#h=XGiRG 220 L 7c 52T v >3 —,
ﬁ&@a%ﬁHVb%7T%mém5 5B FRLORSEIROEAIC KD, UNET) FOKEERD, @HOMHAET
BUHTHMAREL IR >Tce TOEEZHWIZERICKD, ORI ZEHD, MILROAETHITZ 20E5T %,
[1] K. Hisayoshi & C. Uyeda, J. Jpn. Soc. Microgravity Appl., (2012).
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Development of new ion collector for U-Pb Age cytometry

PEE AR T AR KRR T S R RS 2
HIRATA, Takafumi* ; HATTORI, Kentard ; SAKATA, Shuhet ; ORIHASHI, Yuiji2

VENTREAEANGUHRREE, 2 BN RSB NGO A R WSl
IKyoto University,2Earth Research Institute, The University of Tokyo

Age distribution (age cytometry) is one of the most principal and versatile information to decode the geological events un-
derlying the Earth evolution. To take full advantage of the age cytometry, both the high analytical throughput and the better
precision in the age determination is severely desired. Combination of laser ablation sampling technigue and the high-sensitivit
ICP-mass spectrometer (LA-ICPMS) enables us to measure precise U-Pb ages directly from the small area in the solid sample
Recently, both the precision and reliability of the U-Pb age data was dramatically improved by both the newly developed ion
counting technique using the attenuator device and the correction technique for the initial disequilibrium for the U-Th-Pb decay
series (Sakata et al., 2014). Moreover, magnetic sector-based mass spectrometry equipped with the multiple-ion counting syste
results in much higher analytical precision in the Pb/U and Pb/Th isotope ratio measurements. With the multiple-ion counting
system, the analysis time for the U-Pb age determination could be dramatically shortened down to 1 - 5 sec, which was almos
1/4 - 1/10 levels over the conventional U-Pb age determinations using the single collector ICPMS instruments. This suggests th:
both the higher analytical throughput and the better precision in the Pb/U ratio measurements could be achieved. The proble
associated with the multi-ion counting technique would be a time-dependent changes in the gain and the background (dark nois
of the multipliers. This is one of the large sources of analytical error in the U-Th-Pb age determinations. To overcome this,
multiple-ion counting system using Daly ion collectors was employed in our MC-ICPMS system.

Several unique features could be achieved by the Daly ion counter, such as (a) wider dynamic range of the ion counting up t
<10 Mcps, (b) smaller time-changes in gain and background level of the collector, and (c) better peak parallelism (peak flatnes:s
over the conventional multipliers. Only the problem associated with the Daly counter is that the width of the Daly collector would
be significantly larger than the mass dispersion for the heavier elements. In this study, two pairs of ion deflectors were used t
obtain wider mass dispersion for the ion beams. With the multiple ion counting using the Daly ion counters, better precision anc
smaller contribution of the time-dependent changes in the gain and background counts could be achieved.

In this presentation, new ion collector system was applied to the MC-ICPMS system, and the preliminary results on the Pb/L
and Pb/Th isotope ratio measurements and age determinations on zircon samples will be described.

Keywords: Age Cytometry, Multiple lon Counting, Laser Ablation, U-Pb Dating, Zircon Chronology
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