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Metal-silicate partitioning of U, Th, Nd, Sm at high P-T: Implications for heat and chem-
ical budget in the core

BPAE 1 SRR R B2 A2
NOMURA, Ryuichi* ; HIROSE, Ket ; KIMURA, Jun-ich? ; CHANG, Qing?

AU AR HERA AR TR, 2 HPERTTEBRFEREAS, MIERPNTES 1 0 2 &7 il
LELSI, Titech,2IFREE, JAMSTEC

The excess abundance of siderophile elements in the mantle has been proposed that the core was equilibrated with the mar
at “3500 K, "30GPa and fOXIW-1 at the Earth s formation (e.g. Righter, 2011 EPSL). Much more severe conditi@»00
K) is supposed immediate aftermath the moon-forming giant impact based on the study of numerical simulation (e.g. Canup
2012 Science). The occurrence of high-temperature equilibrium between the core and the mantle evoked that the early core h
once incorporated heat-genic radionuclides (U, Th) and rare earth elements (e.g. Nd, Sm), which are know as highly lithophil¢
elements, suggesting profound implications for the thermal history (Nimmo, 2007 Treatise on Geophysics) and early-formec
geochemical reservoirs (e.g. sub-chondritic 142Nd/144Nd, Boyet and Carlson, 2005 Science).

However, partitioning of these elements between liquid metal and silicate melt has been investigated only up to 20 GPa an
2500 K using multi-anvil apparatus (Malavergne et al., 2007 GCA). Here, we extended pressure and temperature conditions u
to 138 GPa and 5200 K dtIW-2"-1 using laser-heated diamond cell (LH-DAC) and field emission-type electron probe microan-
alyzer (FE-EPMA, JXA-8530F, JEOL) and laser-ablation inductively coupled plasma mass spectrometry (LA-ICP-MS, Kimura
and Chang, 2012 JAAS). K (4wt%) and trace elements (U, Th, Nd, Sm, Hf, W, Pb) doped pyrolitic gel, and pure iron were
used as starting materials. Iron-free pyrolitic gel was used as a thermal insulator. After high P-T experiments using LH-DAC,
recovered samples were analyzed by FE-EPMA and LA-ICP-MS for major and trace elements, respectively. Fe and Mg wer:
used as internal standards for metal and silicate, respectively for LA-ICP-MS. The diameter of ablated area was about 10 un
small enough to measure each (silicate melt/liquid metal) phase.

The results are summarized as follows;

(1) Partition coefficient of U and Th are 10-3-10-2 at 3500-4000 K Atidl/-1 to -1.5, resulting in 0.02-0.2 ppk<0.03 TW)
U and 0.08-0.8 ppb<0.04 TW) Th into the core assuming that the abundance of U and Th are 22 and 83 ppb in the Earth
s mantle (McDonough and Sun, 1995). Totd).1 TW (present-day) heat flow in the core has negligible effect on the thermal
history of the Earth with<50 K change in the initial temperature at core-mantle boundary (Nimmo, 2007 ToG).

(2) The ratio of partition coefficients, fa;(metal/silicate)/Rd,,,(metal/silicate), was always unity despite of large temperature

dependence for each D, suggesting that the core could not be a candidate for an early-formed (with sub-chondritic 142Nd/144N¢
hidden reservoir.
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Element partitioning between mantle minerals and melt under deep lower mantle condi

tion
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Melting is a primary mechanism of chemical evolution of our planet. Earth’s mantle would have been completely molten due
to moon-forming giant impact, leading to a global magma ocean. Resultant fractional crystallization by secular cooling progres-
sively induced the chemical evolution of the Earth. As a consequence, remnant silicate melt left at the present day at the base
the mantle is a possible explanation for the seismically observed ultralow-velocity zones (ULVZs). The knowledge of melting
phase relations and element partitioning between mantle minerals and partial melt is crucial to understand the chemical evolutic
in the early Earth and the nature of ULVZs. However, melting experiments under the middle to deep lower mantle conditions are
quite limited.

Here we carried out the melting experiments on KLB-1 peridotite and basalt to deep lower mantle conditions up to 179 GPa by
a combination of laser-heated diamond-anvil cell experiments and chemical analyses of recovered samples. Textural characteriz
tion and chemical analysis on major and minor elements were made by a field-emission-type electron microprobe (FE-EPMA)
Trace element abundances were determined by a laser-ablation inductively coupled plasma mass spectrometry (LA-ICP-MS
Typical crater diameter was 2 ornBn by using ArF Excimer laser.

Results shows that the liquids phase was MgSi@rovskite at least above 34 GPa and further to post-perovskite in KLB-1
peridotite. The Fe-Mg distribution coefficient& () between perovskite/post-perovskite and melt decreased considerably with
increasing pressure, leading to strong Fe-enrichment in partial melts. It supports dense partial melts in a deep lower mantle, whic
migrate downward to the core mantle boundary (CMB). Furthermore, Gagivskite (CaPv) was found to be a liquids phase
under whole lower mantle condition in MORB bulk compaosition. We then investigated the minor/trace element partitioning be-
tween CaPv and melt in basaltic composition. Partition coefficient of alkali elements such as Na and K increases with increasin
pressure. In particular, potassium, known as highly incompatible element, become compatible with pressure, whose partitio
coefficient exceeded the unity at 90 GPa. Although pressure effdRisgnandD 4 was not found even to 80 GPA,s,,/D g
decreases with increasing pressure and will reach to the unity at around 100 GPa. Our results shows that Sm and Nd was eque
partitioned to partial melt and residual solids upon fractionation of CaPv from primordial deep magma ocean. This has profounc
implications for the origin of the super-chondriti€ Nd/*4*Nd for all terrestrial rocks.
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Melting relation on FeO-SiO2 system at high pressure and the fate of the subducte

banded iron formations
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Subduction of banded iron formations (BIFs) may have played a significant role on the evolution of the core-mantle bound-
ary (CMB) region and the chemical stratification at the topmost core. Almost all of the BIFs that had been deposited on the
seafloor must have been subducted into the mantle and only a small portion was left at the surface today. Because of their hig
density, BIFs may have fallen down toward the CMB region. The amount of subducted BIFs is estimated-1®%kn?,
which roughly matches with the total volume of the ultra-low velocity zones (Dobson and Brodholt,/2808¢). BIFs would
be composed mainly of FeO and Si@ the lower mantle because its oxidation state is close to iron-wustite buffer. We have
performed melting experiments on FeO-gi§ystem by laser-heated diamond-anvil cell technique at 25 - 140 GPa. FE-EPMA
and FIB-SEM chemical analysis and observation of the texture of the recovered samples revealed that the liquidus phase wi
SiO; when starting from F£5i0, fayalite, and compositions of the quenched melt suggested that the composition of the eutectic
point was extremely FeO-rich0.6 wt% SiGQ). The solidus curve was constrained by observing the existence or no-existence
of tiny quenched melt pools in each recovered samples. The solidus temperature at CMB pressure was 3,100 to 3,300 K th
were lower than the solidus of pyrolite and the geotherm (Nomura et al., Z2lecg. These results imply that when the BIFs
reach the CMB, they generate FeO-rich liquid that would be mixed with the basal magma ocean (Labrosse et Alat2@).7,

This liquid would form a thin layer spread along CMB and react with the topmost core. Silicon content in liquid iron varies
inversely to the oxygen fugacity when equilibrium with silicate melt (Ricolleau et al., ZHASL). Assuming silicon-rich bulk

core, exchange of silicon and oxygen would occur between the topmost core and FeO-rich silicate melt. This mechanism ma
account for the seismic wave speed anomaly observed at the topmost core which is thought to be honor to chemical stratificatic
(Helffrich and Kaneshima, 201Rature Buffett and Seagle, 201.0GR).
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Standardless determination of Nd isotope ratios in glasses and minerals using LA-MC
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We investigated an appropriate instrumental setup for a laser-ablation multiple-collector inductively coupled plasma mas:
spectrometer (LA-MC-ICP-MS) and found that a reduced oxide setting allowed accurate and precise analysis of Nd isotope ratio
in samples with or without concomitant interfering elements. We used an Aridus Il solution?excimer laser dual-intake system.
The ICP interface used normal sample and skimmer cones with torch shield switched off and an additional large interface rotar
pump. The setting accomplished reduced oxide levels NdO+/Nd+ 0.0170.05%, without significant sacrifice of the instrumenta
sensitivity ("70%). Oxide molecular ions for the lighter elements were negligible and accurate internal mass bias corrections
were achieved for both Sm and Nd using isotopic ratios derived from thermal ionization mass spectrometry measurement:
This report reveals a novel setup that requires no external mass bias corrections (standardless analysis) for Sm and Nd isotc
analyses by both solution- and LA-MC-ICP-MS methods. Solution analysis of La Jolla Nd standard gave a 143Nd/144Nd ratio
of 0.511860 +/- 0.000026, which is in excellent agreement with the reference value (relative deviation (RD) = +6 ppm). JMC
Nd standard solution yielded a 143Nd/144Nd ratio of 0.512216 +/- 0.000044 (RD = -14 ppm) while a Sm-doped JMC solution
showed 0.512211 +/- 0.000030 (RD =-23 ppm). For LA analyses, the observed ratios and RDs were 143Nd/144Nd = 0.51192
+/- 0.000013 (RD = -12 ppm) for NIST SRM 610 glass standard (430 ppm Nd/453 ppm Sm); 0.512490 +/- 0.000018 (RD = +14
ppm) for Durango apatite (1121 ppm Nd/147 ppm Sm); 0.512200 +/- 0.000009 (RD = -26 ppm) for Fish Canyon Tuff sphene;
0.512232 +/- 0.000003 (RD = +65 ppm) for EDR monazite; and 0.512890 +/- 0.000147 (RD = +34 ppm) for groundmass of a St.
Helena lava (22.7 ppm Nd/"5.01 ppm Sm). All measurements were in good agreement with the reference values. Examinatior
on Sm/Nd elemental fractionation have also been made and we confirmed that this was originated from the ICP interface regio
rather than at laser ablation site.
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Keywords: LA-MC-ICP-MS, Nd isotope, glasses, minerals
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Grain boundary diffusion of polycrystalline ice Ih under confining pressure of 100 MPa
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Ice I, is a primary constituent of surfaces of the icy Galilean satellites and ice sheets at the Antarctica. Thus understandin
rheological behavior of ice Ifwill contribute to better knowledge about the dynamics and tectonics of the surface of the icy
satellites and ice sheets. Stress applied by the tidal deformation to the surfaces of the icy satellites was predicted to be very lo
“1 MPa (Sotin and Tobie 2004), and diffusion and grain-size-sensitive creeps probably control the deformation of the surfaces c
the ice satellites. The deformation map under such a low stress condition can be constructed, based on two diffusion constan
grain boundary and volume diffusion coefficients, of polycrystalline jce The volume diffusion coefficient of ice, lwas
determined from experiments using a single crystal of jc€Ramseier 1967; Itagaki 1967), while the grain boundary diffusion
coefficient has not been determined yet. Thus we carried out experiments to determine directly the grain boundary diffusior
coefficient of polycrystalline icel

The diffusion couples have been composed of a pair of disks of pore-free polycrystallihard B,O ices. The glass beads
with a diameter of 2:m were doped in the diffusion couples to prevent the grain growth during diffusion experiments by Zener
pinning effect. The volume fraction of the glass beads was approximately 1 %. The diffusion experiments were carried out unde
the confining pressure of 100 MPa using a gas apparatus surrounded with a cryostat (Durham et al. 2001). Temperatures were
in the range from 235 K to 256 K. After keeping the diffusion couples in the deformation instrument for 20 “94 hours, we shaved
off thin sections from the diffusion couples. Two-dimensional diffusion profiles of the thin section were determined with micro-
and imaging- Raman spectroscopes and a cryo-stage. The Raman mapping or Raman imaging measurements were carried
with keeping the thin sections at -90. The concentration of deuteron can be determined from the relative intensity of Raman
band of OH stretching mode to that of OD stretching mode using a quantitative curve. The two-dimensional distribution showec
enrichment of deuterium at the grain boundaries near #®@/B, O boundary. It indicates that grain boundary diffusion of ige |
is rapid. The diffusion profiles obtained by the experiments enable to estimate the grain boundary diffusion coefficiept of ice |
which is essential to construct the deformation map.

F—T — FOK, L8, B SHERYL, AKERINIE, < >0t LAy —
Keywords: ice, diffusion, grain boundary diffusion, hydrogen isotope, Raman spectroscopy, rheology
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Trace elements and Sr-Nd isotopic compositions of the pre-Komitake volcano
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The chemical charecteristics of magmas from pre-Komitake Volcano, which is a buried and old volcanic body benarth the
northeastern ?ank of Mt. Fuji, show the differences to those of Mt. Fuji (Yoshimb#h, 2010). According to Yoshimoto
et al. (2010), incompatible elements of former magmas increase with increasing SiO2, whereas those of later magmas increa:
at nearly constant SKD They emphasized that those changes of the magma chemistry at this area from 250 ka to recent may
have occurred due to a change in regional tectonics around 150 ka, although this remains unproven. To elucidate this probler
geochemical study for the magmas from pre-Komitake is essential. Therefore, we analyzed trace element and Sr-Nd isotop
compositions of those magmas.The samples are selected from the entire group, which are classified by lithology and chen
istry (Group 1-3, Yoshimot@t al., 2010), and from 188-412m (core ERI-FJ2) and 426-624m (core ERI-FJ3) in depth. Trace
elements are analyzed using by quadrupole inductively coupled plasma mass spectrometer following by the method of Char
et al. (2003). Sr-Nd isotopic compositions are measured by thermal ionization mass spectrometer following by the procedure o
Shibataet al. (2007) and Yoshikawa and Shibata (2003). The enrichments of LILE’s, Pb and Sr, which are general character-
istics of island arc magma (eg. Wood et al., 1979), are observed from the analyzed samples in the primitive mantle normalize
multi-element diagram. High Sr/Y ratios (70 in max.) and the weak positive Eu anomalies (Eu]x/([Sm]x/2+[Gd]n/2; N
means condrite normalized value) are also found from several samples. The Sr and Nd isotope ratios show the variations fro
0.703320-0.703476, and 0.512885-0.513087, respectively.

The Sr-Nd isotopic compositions of pre-Komitake volcano show a similar range of Mt. Fuji presented byelal§2004),
indicating that those magmas can be generated from the same source materials. Although the variations of Sr isotope compo
tions are small, significant differences are found. Most of the samples show similar Nd isotope ratios, whereas few samples sho
lower significant differences. These observations can be explained by 1) difference of slab derived fluid and 2) different degree
of crustal contaminations. It is unlikely that Nd isotope ratio of slab derived fluid is changed, because it is difficult keeping
isotopic heterogeneity during the deep processes. Crustal rocks, which have similar Sr-Nd isotope ratios of Tanzawa tonalitie
(Kawate, 1996), are the candidate producing the whole isotopic variation of pre-Komitake volcano. Therefore, we prefer the
contributions of crustal materials to explain the Sr-Ns isotopic variations of pre-Komitake volcano. A$teof&s positive cor-
relation with AI203. This may indicate the plagioclase accumulation contributed the magma genesis of pre-Komitake volcano,
and cause the elevation of Sr/Y ratios.

This study is supported by fund for collaboration from Earthquake Research Institute, The University of Tokyo.

F—U— R e/ M, METTER, SN RN, &l
Keywords: pre-Komitake, trace elements, Sr-Nd isotope
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Geochemical connection between HIMU-FOZO-PREMA: link to chemical and water
content variation in oceanic crust
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One of fundamental concepts of the geochemistry is an existence of mantle reservoirs. Namely, isotopic composition of the
ocean island basalts (OIBs) are explained by mixing of distinct and isolated reservoirs in the Earth (White, 1985; Zindler and
Hart, 1986; Hofmann, 1997; Stracke, 2012). In early research on the mantle reservoirs, the isotopic composition of OIBs wa
mainly explained by the mixing of depleted MORB mantle (DMM) and three enriched reservoirs, those are HIMU (high-u: u
= 238U/204Pb) EM1 (Enriched Mantle 1) and EM2 (Enriched mantle 2) whose isotopic compositions are enriched extremes
In addition to these reservoirs, importance of reservoirs whose isotopic compositions are common and intermediate has bec
pointed out, these are, FOZO (Focal Zone, Hart et al., 1992), C (common component; Hanan and Graham, 1996), PREM:
(Prevalent Mantle, Zindler and Hart, 1986) and PHEM (Primitive Helium Mantle, Farley et al., 1992). Although the existences
of these intermediate reservoirs are still in debated, the isotopic compositions of these reservoirs, in particular FOZO, have bee
frequently used to describe the isotopic distribution of OIBs. Therefore, elucidating the origin of these reservoirs should be
important from the perspective of production of mantle heterogeneity (e.g., Hofmann, 1997; Stracke et al. 2005; Stracke, 2012)

To evaluate the origin of high-u (HIMU), focal zone; (FOZO) and Prevalent Mantle (PREMA), geochemical modeling was
conducted from the perspective of chemical fractionation at mid-ocean ridges and subduction zones. For the modeling, MORI
compositions from the Mid-Atlantic ridge are compiled for seven trace elements (Rb, Sr, Nd, Sm, Pb, Th and U) and used
as representatives of oceanic crust compositions. Effect of chemical fractionation at a mid-ocean ridge is estimated based ¢
magnesium number and frequency distribution. The results suggest that the chemical fractionation at a mid-ocean ridge ce
produce moderately depleted isotopic compositions those are suitable for PREMA if the age of recycled MORBs is1-2 Ga. I
may follow that subduction modification is unnecessary for the production of PREMA, suggesting the importance of recycling
of dry MORBs. Dehydration process at a subduction zone can produce FOZO isotopic signatures if degree of dehydration i:
high (4 %) that may represent maximum amount of dehydrated water. Thus, FOZO-PREMA isotopic array can be explainec
by mixing between recycled strongly dehydrated and dry MORBs. Consequently, PREMA-FOZO arrays could be produced by
mixing between dry and dehydrated MORBSs. For the production of HIMU, U and Th enrichment during crystal fractionation
at mid-ocean ridge and Pb depletion owing to removal of sulfur during subduction is required in addition to FOZO production
condition. As sulfur content in MORBSs should be controlled by degassing process at a mid-ocean ridge, key processes that ce
differentiate HIMU from FOZO may be magma evolution process at mid-ocean ridge.

F—7— R: HIMU, FOZO, PREMA, OIBs, ¥ > b))V sy, VYA 7L
Keywords: HIMU, FOZO, PREMA, OIBs, recycling, mantle reservoirs
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REY-rich mud deposits around Minamitorishima Island -General overview and future re-
serach plan-
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We report general overview and future reserach planof REY-rich deposits around Minamitorishima Island.
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Keywords: REY rich mud, Minamitorishima Island, chemical composition, research cruise, deep-sea mineral resource
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Distribution and characteristics of REY-rich mud in the Mlnamltorlshlma EEZ inferred
by sub-bottom profiling
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In recent years, particular attention has been paid to the "REY-rich mud” (deep-sea sediment enriched highly in rare-earth an
yttrium (REY)), because of its high potential as a REY resource. The REY-rich mud was originally reported from the central
Pacific Ocean in 2011 (Kato et al., 2011). In January 2013, during KR-13-02 cruise, the mud was also discovered at southern pa
of the Minamitorisima within the Japanese exclusive economic zone (EEZ) (Kato et al., 2013; Fujinaga et al., 2013; Suzuki et al.
2013). Then, in the late 2013 and early 2014, we further conducted two more research cruises (MR13-E02 Leg2 and KR14-0
cruises) in the northern and eastern part of the Minamitorishima EEZ. During the cruises, we performed an acoustic survey usin
sub-bottom profiler (SBP), together with mud sampling by piston coring. In this presentation, we report the distribution and
characteristics of the REY-rich mud in the northern and eastern part of Minamitorishima EEZ inferred by the SBP survey.
Keywords: rare-earth elements, REY-rich mud, Minamitorishima, EEZ, sub-bottom profiler
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Geochemical features of rare-earth elements and yttrium-rich mud from north region of
Minamitorishima EEZ
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FUJINAGA, Koichiro'* ; KATO, Yasuhird ; NAKAMURA, Kentaro? ; SUZUKI, Katsuhiké ; MACHIDA, Shiki* ; TAKAYA,
Yutaro' ; YASUKAWA, Kazutak& ; OTA, Junichiréd ; HARAGUCHI, Satord ; ARAKI, Shuuhet? ; LIU, Hanjie2 ; USAMI,
Ryo2 ; MAKI, Ryota2 : IIIMA, Koichi? ; NISHIO, Yoshird® ; USUI, Yoichi? ; NOZAKI, Tatsud ; MR13-E02 LEG2, Cruise
members ; KR14-02, Cruise membets

VR R A LSRR 3V — - BT 0 VT« 7 22—, 2 QR ARER L 2R ZER S A7 LRI
I, 3 MRERT ST RTINS, ¢ SRR AIE R TR R AR

LFrontier Research for Energy and Resources, University of Tokyepartment of Systems Innovation, University of Tokyo,
3JAMSTEC,*Department of Resources and Environmental Engineering, Waseda University

Recently, deep-sea sediment enriched in rare-earth elements and yttrium (REY) (called REY-rich mud) has been reported frol
a central part of the Pacific Ocean (Kato et al., 2011). Due to its great potential as a completely new REY resource, the REY-ricl
mud attracts particular attention from a wide field of scientists and non-scientists. In 2013, we have discovered the deep-se
sediments that are extremely enriched in REY (76,600 ppm) from the south region of the Minamitorishima within the Japanese
exclusive economic zone (EEZ) (Kato et al., 2013; Fujinaga et al., 2013; Suzuki et al., 2013). In 2014, in order to investigate
the detailed distribution of REY-rich mud in the EEZ of Minamitorishima, we further conducted research cruises (MR13-E02
Leg. 2 and KR14-02) in the north region of the Minamitorishima. Here, we report the distribution, mineral composition, and
geochemical features of the REY-rich mud from the north region of the Minamitorishima EEZ.
Keywords: rare earth elements (REEs), REY-rich mud, Minamitorishima, deep-sea mineral resource
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TR AT O T R B KOS E L 7 77— AR DMIER(L A7 — 2 it
Independent component analysis to decouple geochemical components of REY-rich mu
in the Pacific and Minamitorishima EEZ

2 FN2E b @ HERER 2 K #B—BR L Bk N —BB L dkh GERER L bk 283 2 AAAR O3
YASUKAWA, Kazutakad™* ; TAKAYA, Yutaro? ; OTA, Junichird ; FUJINAGA, Koichiro' ; NAKAMURA, Kentaro! ; KATO,
Yasuhird ; IWAMORI, Hikaru?®

VHOK « T AT LA, 2 /K « T3x)VF— - BRT 02T 0 7 22—, 3 W e TS
ISys. Innovation, Univ. of Toky®FRCER, Univ. of Tokyo2JAMSTEC

FA SRR K ORI OEBIERICIL 24535 L7 7 —RJe) &, BRBNA T ISR RIZL T 77—
A BEICER, HilaELRERE L THEHINTVS (Kato et al., 2011) 20134EIid, KR13-02fjiifFic X v,
H 7S i B0 0D 1 2 s JE S C© B MBS T R 10 mLURIC L 7 7 — AR DEED R S Nz (BKIE D, 2013, 35 AKIED,
2013) COMEBEEMEEOL 7 7 — AP, FAOE O A BFEN T RER PRt K (EEZ) NICTFEL, M DORF
PEOMMOUHE THERE N T W LT 7 — AR DR iRz (2,230 ppmyz k& < _EHI%$) 6,600 ppm& W9 #iieh TrEis L
TT7—RAREEZE DT LT, KEREHZEDTNS.

Kato et al. (2011}, FEEBEHERYINCL 7 7 —ADEEICHES L TV B EHEE S 57291, MV 0H % v
TL7 7 —ARZEBZUREO R EHREY O 2 A LA T — 2 2t Uiz, 2 OfEHE, EYR Cads KUY Silc
TNENETHEZ RLL T 7—AEHRT MV &, FeBXU Al KZNFNETHEMZERL LT 77— ADEEIC
59 2N K DRF A Dt E Nz, D55, L7 7 —ADRHCIBET AR Lz Al ESHN I
W, FESCEHEMOBELCIED SIEPEMEM TISERF & N5 phillipsite B> EEZ SNz, LHLAEND, HkE
MHRE T NS phillipsite B DL 7 7 — ARETIIBIIE N5 2EHREYIHOL 7 7 — RBEZFIHATE 2. ZD7k
& Kato etal. (2011}, L7 7 — A% 4L UIRIOIYIH phillipsite DEEEAKICH D IAE NS T & T, phillipsite HSHERY)
HOL T 7 —AREICHG LTS LR LTz, D%, BEDtZ W XAFSHIEB KT p-XRF TRy ¥ JIc K
O, HERYIHTL Y 7 — AL EHEEG L TV DX apatiteTH % T LAVRE N7z (FH, 2013; Kashiwabara et al., 2014)

O LIz ST A, AWZETE, KEELEB XU EEEL EEZ D 515 5 N7 EEERHERTY) O iGi 2 bl
LT —2 %y MU, MV RS2 U T2 ORERY O 2R LTz, iz, L7 7 —RARBRICHEGT S
M RG 72 K O IEREICHRIRS % 728, HEREYIT o phillipsite 35 X U apatiteZ N Z N O AN & DIL22HKE LA-ICP-MS
THHTL, #Fizldhikas e LTV, ARETIE, ThSDRRICOWTIET 5.

F—T— R GEEIEMEREY), L7 — R, M b
Keywords: deep-sea sediment, REE, independent component analysis
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rA SIS EEZWIC BT 5 L 77 77 — ZJe DR i DRl 3 X O DR IANORME
Mineralogical features of REY-rich mud in EEZ around Minamitorishima and implica-

tions for its genesis

K BE—BR b ey HERER 2 ik I —BR 2 Z2J1 fn22 L okt GERER L s WTH kst 3 5 BRI 18 1 g 287 2
OTA, Junichird* ; TAKAYA, Yutaro? ; FUJINAGA, Koichirc® ; YASUKAWA, Kazutakd ; NAKAMURA, Kentaro! ; MACHIDA,
Shiki® ; HARAGUCHI, Satord ; KATO, Yasuhir@

VEGORE TR S AT LAIBCAEIR, 2 SR AR V¥ — - R T a7« 72—, 3 BfEH
KRG T 2 BRI T2 R

IDepartment of Systems Innovation, University of TokyBrontier Research Center for Energy and Resources, University of
Tokyo, 2Department of Resources and Environmental Engineering, Waseda University

The KR13-02 cruise was conducted in the southern part of the Minamitorishima to explore rare-earth elements and yttrium-
rich mud (REY-rich mud) within Japanese Exclusive Economic Zone (EEZ) on January 2013. During the cruise, seven sedimen
cores were successfully collected. The results of bulk sediment analyses showed that one of the cores (PC05) has an extrem

REY-concentrated layer with 6,596 ppm total REY (Kato et al., 2013; Suzuki et al., 2013) which is three times higher than the

maximum concentration in the mud previously reported for the eastern South and central North Pacific Ocean (2,230 ppm; Kat

et al., 2011). In addition to REY, P concentration in the layer is also noticeably high (Kato et al., 2013; Suzuki et al., 2013),

suggesting that Ca phosphate (apatite) is mainly responsible for the REY-enrichment in the layer, as in the case for the mu
presented in other areas (Kashiwabara et al., 2014). However, factors contributing the extreme enrichment of REY, which in tur

might provide important insights into the genesis of REY-rich mud, are still uncertain. In the present contribution, we report
mineralogical features of Minamitorishima REY-rich mud including the extremely REY-concentrated layer and discuss about its
genesis.

F—T—F: LT T =X, L7 7 — X, YR
Keywords: rare-earth elements (REEs), REY-rich mud, deep-sea mineral resource
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MORB&UEHI DN 7 L\« N AR _
Helium and halogen compositions in MORB vesicles

FEEVRES ¥BIE T s wm B B Ae] !
KAGOSHIMA, Takanort* ; TAKAHATA, Naoto! ; SANO, Yuijit

P BRURA RS ITET

LAtmosphere and Ocean Research Institute, University of Tokyo

N7 BRI B OB ZARERIZ X K b > TV, B iR DONTT v OHEZFIRT % 7=
HIZ MORB DXUAICEENZENY T L« 0T VA ZRE Uz, RO 8 Al GRS D 130N-170S;KP4
FEH IR IERAD 150N-370N;H A > RYFERED 24-2508 THRENE N7zadRlZ NaOH F 7213 NH3 /8l HICRA L. ik
R OE TYARZ Bifs X B 7IRE TR L T&Uah o EmE 2 it Ulze 2 L TAY U LORINAH A Z F 7T A
HERHEF VG-5400TC, 7 v - HREROTHEEZAA 70X N7 57 4 —ICS2100CHIE LTz, T HICHT A5
DT w3 - WRBEZ KA EEDHEF NanoSIMSTHIE U 7z,

Ao 3He JEREIX (4.5+ 2.1) X 107° mol/g, FPHe [t & CIPHe Ltid (1.4+ 0.5) X 10%, (2.9+ 0.6) X 10" &fH5H
Teo ZLTINHEDLLERBIHID 3He & 530 mollyh 5. 7w - lEOMIEE LT (7.1 2.8) X 10° molly, (1.5+
0.4) X 10'°° molly 55Nz, TNHIREBHEISOMHBED FEEE L TEAIALNS, B¥ELIETVvE - BEOHS
A EARRBAIATNEARICN L TZNZN 70001504 F, 100650 ETH b #rEtiih o Z N5 O rEo—ahvErET
NERTHTZI THHEDKEL EN>TLESI NS TH B, Kidh e AT AHhD FICI LD #EIE 7 v 3 - RO
—H T AN B B0EROENZ KL TED, TNHOILEOUHEICE I B AR KETEVLH B &
FEABbN%, £72MORBICH UL THAAE (M2 U TR ONO T Y 2T ANE L, ZN5 DO/
ADFNHESHZ1TS T & TrDONa 7 VR ZTET 2F1E) 2175 7%t [1] OFEERM 5. X3arho Br/Cl kb & 1/CI
LBiE (1.84+0.1) X 1073, (5.4£ 0.1) X 107° LEIHE I Nz, TS DMEIFZFEIZE THE SN TV SERA T AhDit#k
DFEHEIZIFFECTHD, O LRBEOLXREER I RICB T 5HHE - BRE - IUEOKIE—H T XD HR
BIMUTWBE T L ZRLTWS, BriClLL, IICI LEB X UAWNE CEONIEROMINREZRIC, BE - VRO
5OfittEIE (2.7 £ 0.8) X 10" molly, (8.3+ 2.4) X 10° molly LFHHE I NIz, TN 5 He DFUHEIIH U TRIZIIC
BT 2 C L THELNIADTORSE - AVEDIFRICB I ZMEEOHEMTH ., HELFACHME T FRETSH
HEEZBEND, AWFEOTIE LT H AL BHAGDR TR Z 0T % 2 & T, HNa T Y eEORFE KRR
D DR ARER, « WEIBBRIC DWW TCHTERBENMESLNBE A5,

£E R [1] Kendrick et al. (2012) GCA 81, 82-93.

F—U— R bR RIlE, N U L,oNa Ty, i, YA
Keywords: Mid-ocean ridge basalt, Helium, Halogen, Flux, Geochemical cycle
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ABLHNIC U B H AR E G Sk D < 7 7ot A _
Magmatic process of Cretacious plutonic complex in lkoma mountains, SW Japan

IR R B BT NITERST !
KOIZUMI, Naoko'* ; OKUDAIRA, Takamotd ; OGAWA, Daisuké

LRBR N R B b
LOsaka City University

BN AN SRR, KO & R RIROREEINE T 5 BB L 049 % iR DER AR T, AFICB S RA
HROESEEATH S, EEIZANOEREICIE, BN 2 EIEH 5 JEPIC 09 % WP RIS & iRIRIIC & 7
BAfRAGRD 5N D (B HIESERH IS 7 L—, 198675 E). T Dz, KFECld NS ZERIZANWESSK L
LT, SO, Ao, SR Z21T0, 2077 A DN TERE L.

EENIANNEGERIEOEIZ, (1) BEAF2—LLA b (Plcumulate) (2) E@BAARIEAF 2 —LLA
L (Hbl-Pl cumulate, (3) E@MARIGIZANN ./ —F 4k (Hbl gabbronorite O 3 21 1253 51 %. Plcumulatgd
KT, BHEAZERIE LTEH, TN5OKBIIIREADOMICAKGPEAZEN R S5N%. Hbl-Pl cumulated i
K CHEENSYBEOREAB I UMAOEERIY &S 5. £, Hbl gabbronoritéZ i 5 Hki ¢, Hbl-Pl cumulate
S ERINCELT 5.

AR ANWES RIS 5 A LRI, SIo, BH & 44-63wt. YD HEIPH Z/Rrd. LA L, SIO, BH =R
50wt %25 & LT, SiOp<50wt.%Wc BT, D EEB X UMERDICHT 2 SO, ZHREDZ(EADV/NE WV,
SiOy>50Wt.%Tld, SiO, A RITHMT & HICTKE AT %, Pl cumulateds & T Hbl-Pl cumulateld F21C SiO, <
50wt. %D TEIIC & F 1, Hbl gabbronoritdd 321 SiO, >50wt. D FEIKIC & E N 5.

Plcumulated Z E£ N2 BIEMHEO BORHENAIE, Ang_ss HIICHKE— 7285, COREAOHKIE, et
ARSI B Pl cumulated t L ROERRICIEFIE—KT 5. £z, REAOT— FHEKEEEHKRICET % CaOF
HRICMHEPR NS T EnD, 2O MDD, PlcumulateDik b L RIEKICBW TIRBHEADERBRIC K S
FENRBEND. TTIIVEIEZITo 28R, SIO, A =i 50wt YDfHRZ HRYIE & LT, WA 70 %REEOREA
DEFCE > TEEHK N L Y FOFHENEETH 5 Z EHHLENICE 572, Pl cumulatdd AR T H 25 D @ WG RT
WKL TED, 2EHEKRICBITS CaOFARLIEGSICHWVERN LS EOMBERR SN 5, ITIIEXEHICE
FAREADERGIZ KM L TS EEZBNS. —J5T, Hbl-Pl cumulate’s & U Hbl gabbronoritdc & £ N2 RHEA
&, NAE—FIVsHEKZRL, TOHIE Ang_rs (BEICERRKDE—7 7%, Z LT Angs_go HEIC/NE R E— 7 Z2FED.
cDTeh B, ERZANOEESEERICE T Z2READRBICIZDEL L 2DDEMMNH -k, LT, AnIKE
OREANER LTz Pl cumulateDIERLIC Hbl-Pl cumulates X OF Hbl gabbronoriteMERR X Nz LA RBE NS, L
L, Hbl-Plcumulatdc DWW Tid, ARG EREADERIEHOATRE/MK ML Y F2HEBIT5 2 LIdWHTHD, £
DFEBGAFIC DOV TIZHE R B Mt DB TH 5.

82Mall B B AENI ANWESHEERD SrRINARIEEE SIO, A EORICIE, SHWHBEMNRS5NS. coT e
NS, EEZANOCESSEROERRICEREY V< &, KDEEE T SrEMAYEMHOEWIE EDRENH -T2
EMRBEND. FENIANOCESEREDCE, RERICED LEREENM G LTED, NEOEERORE
ERERE, AEBNEANWESEIRD SiOy>50wt.%W BT 2 kL > FOEEEEMOEER FicfiEd 5. UL, £
TIVEMEDRER, N5 DOEARD SrEMAYIAEMEEE, BEOHEEERKT E LTEZRICXKKTELZ T ENbho k.
M- T, EFNFANNES SR, FRMROEREEEI D & &V SrRNAYEMEZ R OMRIE LIRE LTV eE X
5.

(iR BB LIBESRAFFE 7 )L — T (1986)HIERF}#, 40, 1022114,

F—U— FHEEK, YTV R, KRR
Keywords: Ryoke belt, Magmatic process, cumulate, accumulation
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Bk ALK PR HER Y R D 77 7 S 2 A - OFFENE eI _
\olatile compositions of apatite grains from pyroclastic flow deposits of Aso volcano

/N VN RO
DOKYU, Marie'* ; KOGISO, Tetst

VRN - BREEATSER

!Graduate School of Human and Environmental Studies, Kyoto University

AWZETI, AV AV T)I— 3 YOI KD A )V F DEKEDHEE X N TV BBk A AR 0 77 7%
A NEDHIL, 7INZA4 D OH&EE X)L FDEKE L DRI DWW THRET L -.

BRI, REPNIBICBOTEMEHOY Y MVAAF I 7 AR CICKEREEZRIEFL TN D, TDX S K&
ERDIKDRLIROMEIAD Tz b1 iE, WIHHIERNERO/KDEZHSMNICT T ENEETH 5. FIHHHERNERODI/KDEICD
WTHIZ TN D & LT, HEREHOIYITHEEA—A TV T « V¥ v 7 )VAEHSThOY )V IV HhaaT %8
IR T IRZA WD D, TI8Z A MEZOREHICHRMN R (F, Cl, OH) ZHiDizd, v v 7))V AD7I8%A
~ A EYD S AEARBRNERDKIC DWW T DIEIRAE L NS T LI NS, LI L, 783214 FD OHEMS ALk
DEIKBEHEET BB L 155 T I8Z A F-A )V RO OH DB DWW T OHERIIA T TH 5728, ThEiS
MMCT BT ERARHFEOEHNE T 5.

AWFZEDFK T H 2 Pl M LI FRHERNE, ~ T« v Zidkle ) vy 7R H 0, BEAHhD AV N1V 7 )b—
Ta VD AINIC LS TEKERZI T 4 v T AV E ST Uy T AV R THS EHEESNT WS, FillG R N5 78
2 A FZH O LT EPMA CTHOM UTaRER, 13RO 7 8% 14 F O CLHEEIZIZIF—ETH D/, FIEEICEIS->
fz. THUIF & OH EMRHEIRICH B T LR L TWVD. iz, T7/8% A FD OH & & X))V F D& /KR HHES %=
L7z,

COFKE LT, XIVEHOD CatF &(bEWZEDLD. TISZA FAD FOLEEGTIEnS T ehEZHNS
(Mathez and Webster, 2005)X )V + @ CailfEld~ 7 ¢ v 75k T 3.34wt% 2V 2w 7Rl T 1.44Wmt%CTH D, <
T4 7 AV DS CalBENEh o727z, FOTIRZA SADFEHEL PHEETN, RO DICOHMBTIRZ A FA
IhLENTATREMEN D 5.

F7z, AIVHEREHEE T H72DICHHT LIz AV A U 7)b—2 3 Y OEKER, EERIE AV MERZ KL T
Moz WS T EEZLNS. AV AV 7)IV— 3 YHICIREIENE SFEL, KGEHZValilg & a7k v e
WHOEMIDA NS, Thkbb, AIVEA V7)) —" 3 HhoKIE&GEELTIRITLE>TEHED, AV MEKED &5
kEZE HEE > TV A AHEEDD 5. £z, RIEADOHRIED X)L MEK, HENSFHREI N AL FDOEKEIZY
T 4w 7T A4L-T.TW% ) 2w VKT 4.1-5.7Wt%C, X7 0w 7 XAV DS EKENE > REL BN
T3 (Kaneko et al., 2007) &> T, FEBUEZT /3% A4 RO OH & & X)L FOE/KRIZIEOHBRGR TS 2 aJHEDH 5.

10RO FIERE & OHEEEICIED D 2 KIS DWW TIE, B AICHED F-OH O LRSS EEF OHEFFIC X %
A MHEEOZ L Z KL TNE EEZ B NS,

AWZEOFER L UT, PR L PEREERITH D7 7832 4 D OH & & X)L O EKEIEWHHEZ /R L, 158060
FIsE L OHIEEICIEN D B LS T ebh oz, 5% AV FDOEKEEHE LTe T — X OERENES®, X))V hHo Ca
RFDMDITENT )82 A F-A)U MO FMTCEDBIC G Z 258095 EZ2 Mt L T BN H 5.

F—T—F: TSR A b, K, EFEECR, IR, <7<
Keywords: apatite, water, volatile component, the early Earth, magma
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RIRZHERAAYEY R (VR F F) OF A I LFRIGAKRELHIITE DRl
Measuring osmium isotopic composition of natural polycrystalline diamond (carbonado)

and implications for its origin

'ElLl

Fifa &7 e &7 2 8 s L A s b sk B 2
SHIRAISHI, Nor|k01* : SENDA, Ryok& : KAGI, leoyukl : SUMINO, Hirochikd ; SUZUKI, Katsuhikd

VGRS R AR R W SR s b2 SRR RS, 2 ST A TIBGE NS BT RS HILER N 21 F X 7 A
LGeochemical Research Center, Graduate School of Science, University of Toistiute for Research on Earth and Evolu-
tion, Japan Agency for Marine-Earth Science and Technology

The origin of natural polycrystalline diamond, carbonado, has long been enigmatic. Carbonado is characterized as high poro:
ity, no genetic relations to kimberlites, light carbon isotope ratio, and lack of mantle-derived mineral inclusions. Based on these
observations, several hypotheses about the origin of carbonado have been proposed: transformation of subducted organic cart
into diamond in a cold slab (Robinson, 1978); shock metamorphism of organic carbon by meteorite impact (Smith and Dawson
1985); radiation-induced diamond formation by spontaneous fission of uranium in crustal environment €daima991);
formation in an interstellar environment (Gagtial., 2006); crystallization from C-O-H fluid in cratonic upper mantle (Ishibashi
et al,, 2012). However, no conclusive evidence has been provided to settle a controversy about the origin of carbonado. In thi
study, we first tried to measure Os isotopic composition of carbonados collected from placer deposits in the Central African
Republic in order to identify its origin.

Natural samples have a wide variety of Os isotopic rati®s/*#Os, depending on their origin becauséRe, the parent
nuclide of radiogenid®’Os, is a mildly incompatible element during mantle melting whereas Os is a strongly compatible ele-
ment. 1870s/880s ratio of upper continental crust ranges from 1.0 to 1.4 (Peucker-Ehrenbrink and Jahn, 2001), whereas tha
of primitive upper mantle is about 0.13 (Meised al., 1996). Os isotopic ratio of the micro diamond crystal itself can reflect
the environment where diamond grains crystallized. Carbonado is a porous aggregate of micrometer-size diamond crystals al
original chemical characteristics of the grain boundaries could be heavily altered after the diamond growth.

This study was designed to determine Os isotopic ratios within diamond crystals of carbonados and in the grain boundarie
separately. Two-step sample chemical leaching was carried out by Carius tube method (Shirey and Walker, 1995). First, ca
bonado samples were crushed to submillimeter grains and were sealed in a Carius tube with spike solutions and inverse aq
regia (HCI + 3HNQ). The solution was heated at 2ZDfor 24 hours. This procedure was for extract Os in the grain boundaries.
Second, the residue of solid samples was heated in a vacuum chamber to convert diamond to graphite. A graphitized sample w
decomposed in acid solution in the same way as the first leaching process. The second process was to extract Os within diamo
grains. Osmiums in the both solutions were purified with the solvent extraction (Cohen and Waters, 1996) and microdistillation
(Roy-Barman, 1993). Osmium isotopic compositions of the samples were determined using thermal ionization mass spectrom
try (TIMS). Blank levels of Carius tubes and inverse aqua regia solutions prepared from several chemical regents were checke
As aresult, a quartz glass tube was found to have the lowest blank level compared with other glass tubes made from borosilica
glass.

In the presentation, we will report preliminary results of Os isotopic ratios of the carbonado, which have the potential for a
decisive evidence to close the debate on the origin of carbonado.

Keywords: carbonado, TIMS, Os isotope, diamond
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ZnTiOz D ik e AR L .
High-pressure high-temperature phase transitions in ZnTiO

Baf 6 fioe ;MRS 3 15 Rk ke !
ABE, Kohei'* ; KOJITANI, Hiroshi' ; AKAOGI, Masakit

AL L

!Department of Chemistry, Gakushuin University

a7 ZAHA MIMGSIO; I I~ > MIVOFERERSEI TH 5 EEZ 5N TS, MgSIOs 1E, 22-24GPa 1400-1800
CTANATFTA NN EROT A KA NUCHER T 5, 1IVATF A M MgSIOs D7 Fa7WETHZAIVAF A+
1 ZnTiOs 1. 9 20-25 GPaC ZnO + TiO, I 73f#3 % (Ito and Matsui, 1979) UL L. Z DFBERIZFENAR SN T
Wiholz, T T, AT ZnTiOs D&EiREE N COMBRERTE LTz,

HIFPIE DA IV AF A R ZnTiOs 1X, ZnO & TiO, ZE/VEE 1:1 TEA L. 800°CT 32K IINEAT 2 T LI K D &k
UTzo NIHEL 6-8 IVF 7 E)bmEFeAEREZ v, R 2 13-35 GPa 1000-1400C DZ&4-T 1-2 RFE AR %,
AEEIY U7z, B U 7230RHS DWW T, iR X #RIEHTE 2 O THORIEZTT - T2,

15-20 GPa 1000-1400°C T2k L 7z mIERHE . LiNbOs BIHGE THh o720 IV AT A FELE LiNbO; BRI DRI IZ
P(GPa) =19.9-0.0038TQ) kT E Nz, AIVAF A Ml FeTiO; &, 15 GPal TR 7 A H A MUCHFE L, JE
R T LINDO3 T L 72D, ANV AF A S eRaT R4 b OHBEFFRIADAR ZHD (Ming et al., 2006) —f&IIC,
WAFA MINERTT A H A MINDEERE TIE 2 Wil A4 > OBENED 6 05 8\HEINT 572, EDOTLY haE—
2l ind, TORH, HERIBAOHE D, —J7. LiNbOs BID 2 i1 4 & 6 EidiiTdH D . {KIC LINbO; %!
MEEWNLZERE L LIz &, THRINSHEFROARIZIEE %S, Lizh> T, FeTioy LRI, ZnTios XL R T
RXOTAHA MUITH-T=H DM, TEEFE T LINbO; UCHE LIz & EZ 5N %5,

#4120 GPall L Tirb N7 REDO EIGIRNE, IV ET ZnO & a-PbQ, B! Tio, TH o7z RBT A A FHLIE
ZnO+TiO, DL AL P(GPa)=9.5+0.010TC) & IRE SNz, ZnOEH 6 GPaT )LV EEI M S k) MU 7 LANIC
i5f% U (Kusaba et al., 1999) TiO, (3% 17 GPaT a -PbQ, Hh 537 L7 A MMlIC#EzFS 9 % (Tang and Endo, 1993)Z D
Tz, FHOZERE TIE, ZnO & TiO, X ZFNZFNHELF NV T LR ENRF LY A MNITHEHET B EEZ 5N,

F—7— R: ZnTiOs, LiNbO3, R T X4 A b, @EiE
Keywords: ZnTiQ, Perovskite, LiINb@, High pressure
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Quantitative multi-element imaging of geological materials by femto-second LA-ICP-

MS

G R N
CHANG, Qing"* ; KIMURA, Jun-ichit

L HBETERTIE R FE RS
1 Japan Agency for Marine-Earth Science and Technology

Elemental mapping analysis of geological materials using X-ray related methods (EPMA, XRF) or SIMS suffers from insuffi-
cient sensitivity and poor quantification. LA-ICP-MS has advantages of high sensitivity and less matrix effect, therefore has beel
developed for elemental and isotopic imaging analyses over the last decade. However, quantification problem by this metho
remains unsolved because of the lack of a suitable sampling volume correction method and necessity of matrix-matched standa
This work presents multi-element imaging/mapping analysis of orthopyroxene and plagioclase minerals by femto-second LA-
ICP-MS using a novel normalization process. Laser sampling volume is corrected for by analyzing ten major elements (SiO2
TiO2, Al203, FeO, MnO, MgO, CaO, Na20, K20, and P205) followed by normalization of the analyzed total sum to 100
wt% to obtain correction factor. This correction method is free from any external analysis (e.g., EPMA) for at least one internal
standard element (e.g. Ca), and can be applied for both spot and line scanning LA mode. This allows LA-ICP-MS method
standalone and liberates from errors inherited from any local heterogeneity of the samples picked up differently by the differen
analytical techniques used. Use of USGS basalt glass as a standard eliminates matrix effect in the levels less than 10% RD f
these silicate minerals. Two-dimensional elemental distribution images of 43 elements were acquired fiondégih of the
sample surface with a “40m lateral resolution. An area of 58®00m can be scanned simultaneously for 43 elements in less
than 2.3 hours. Trace elements in silicate minerals can be imaged at sub-ppm concentration level, while major elements we
mapped at sub-percent concentration.

Key words: femto-second LA-ICP-MS, elemental mapping, minerals
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