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Effect of tectonic environment on chemical composition of OIBs in the Pacific: implica-

tion for a deep mantle origin
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The Pacific Ocean is known to contain numerous ocean islands, seamounts and several oceanic plateaus and rises those 1
have formed during the large-scale magmatic event in the South Pacific. Proposed origins for this magmatism can be divide
into two categories. One is mantle plume from the Earth’s deep interior that is governed by mantle dynamics and the plume
sometimes referred to as "superplume”. The other is upper mantle process that is controlled by lithospheric dynamics, such ¢
surface lithospheric fractures, melt focusing under broad upwellings condition and small-scale sublithospheric convection. Ir
either case, documenting the large-scale magmatic event over both space and time may provide clues into understanding matel
recycling throughout the silicate Earth.

The South Pacific region is referred to as a "superswell” or the "South Pacific Isotopic and Thermal Anomaly” (SOPITA) due
to its unusually shallow ocean floor, evidence of active intraplate volcanism, and the occurrence of isotopically anomalous mag
mas. These geophysical and geochemical features are usually attributed to a plume activity or lithospheric dynamics. Althoug
it is unclear whether the process that is now operate in the South Pacific has been active since the Cretaceous, distinct isotoj
signatures of the Cretaceous seamounts can be traced back to the magmas of SOPIAT. It might follow that single process h
been active since the Cretaceous.

The notable geochemical character of this magmatism is quadratic correlation between elemental ratios (La/Yb, Sr/Y, Nb/Zr
Ta/Zr and Th/Ta) of the seamounts/island and "relative age” that can be an index of the thickness of lithosphere beneath hot spot
As the thickness of oceanic lithosphere is a function of square root of its age, these correlations suggest importance of tecton
environment to determine the chemical composition of the magmas. In addition, these correlations suggest the genetic relatiol
ship between oceanic plateaus and island/seamount chain because the elemental ratios of oceanic plateaus are on the tre
Other important geochemical feature is that the elemental ratios of mid-ocean ridge basalts (MORBSs) from the East Pacific Ris
(EPR) are not on these trends. This observation suggests that source material of the EPR MORBs is different from that of th
seamounts and islands. Since the source material of EPR MORBSs can have a representative composition of upper mantle bene
the South Pacific, this difference could imply the material flow from the deep mantle. Therefore melting of mantle plume from
the lower mantle, which melting condition depends on thickness of lithosphere, can be a plausible origin of the magmatism ir
the South Pacific.
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K, U and Th concentrations in bulk silicate Earth (BSE) are significant for isotope geochemistry, including noble gases and Pt
isotopes, as well as for geothermal study as internal heat sources. While the concentration of U in BSE has been estimated frc
the chondritic value, K concentration of BSE is poorly constrained due to its volatility during formation of the Earth. Instead, K
concentration in BSE has been calculated using U concentration in BSE multiplied by the canonical K/U ratio (13000) deducec
from the relatively uniform K/U of crustal and mantle-derived rocks (e.g., O’Nions and Oxburgh, 1983). However, if subducted
and dehydrated slab with low K/U occupied a considerable volume in the mantle, the presence of this "hidden” reservoir would
result in a significant reduction in K/U, and hence in the total amount of K, in BSE compared to the previous estimates (Lassiter
2004). This hypothesis has been debated (Arevalo et al., 2009). However, He-Ne-Ar isotope systematics of the HIMU reservoit
which was produced from subducted old oceanic crust, demonstrate that K/U of this reservoir should be much lower (3000) tha
the canonical K/U ratio (Hanyu et al., in submission), supporting Lassiter (2004)’s hypothesis.

In this presentation, | discuss the impact of subducted oceanic crust on the K and U(+Th) budget in the mantle. Since the
subducted oceanic crust is enriched in U, but not in K by dehydration, the preservation of the subducted oceanic crust in th
mantle, that is HIMU reservoir, affects the K and U budget in the silicate Earth. Mass balance calculations of K and U were con-
ducted, assuming four major reservoirs, continental crust, depleted mantle reservoir, primitive mantle reservoir and subducte
oceanic crust, after Lassiter (2004). The differences between the model presented here and that presented by Lassiter (2004)
twofold. (1) We assume variable U concentrations in the subducted oceanic crust, from U-poor dehydrated N-MORB (0.05 ppm
to U-rich bulk crust observed in natural eclogite (0.12 ppm). (2) We assume some depletion in U and K for primitive mantle
reservoir, because it is not necessarily unmodified BSE, but may be moderately depleted due to it making a small contribution t
the formation of continental crust (Class and Goldstein, 2005).

The estimated K/U of BSE is modified from canonical value of 13000 down to 8000-10000 by taking the presence of subductec
slab into consideration, irrespective of the values chosen for the compositions of the abovementioned reservoirs, if all the ocean
crust ever subducted has accumulated, occupying 6-9 % of the mantle. In this case, K concentration in BSE is also lower than tf
previous estimate of 250 ppm. The fraction of primitive mantle reservoir in the silicate mantle is also estimated from the mass
balance calculations. It is highly dependent on the concentration of U in the subducted crust. In particular, if U concentration in
the subducted oceanic crust is relatively low (0.05 ppm), the primitive mantle reservoir should occupy at least 30% in the mantle
to balance the K and U budget in the silicate Earth. This suggests that considerable amount of primitive mantle reservoir has bee
unmixed and isolated in the convecting mantle.
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Noble gases in olivines in Udachnaya kimberlite, Siberia
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Evaluation of parent body processes on presolar components in chondrites
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Chondrites and differentiated meteorites at the bulk meteorite scale commonly show small but resolvable mass-independe
isotopic deviations from the terrestrial values in refractory elements (e.g., Cr, Ti, Mo, Ru, Ba, Sm). At least some of these
anomalies are nucleosynthetic in origin, and have been interpreted to reflect incomplete mixing of isotopically diverse presola
materials in the protosolar nebula, although uniform, terrestrial isotopic compositions in bulk chondrites have been reported fo
some elements (e.g. Sr, Os). Processes that occur on parent bodies such as thermal metamorphism and aqueous alteration car
potentially affect the isotopic compositions of bulk chondrites. Isotopic investigation of acid residues from primitive chondrites
may shed light on this problem. The residues are rich in a variety of isotopically anomalous presolar grains which can contro
the isotopic composition of bulk chondrites. In this study, we analyzed Os isotope compositions in acid residues from four CMs
(MET 01070, ALH 83100, Murchison, QUE 97990) and three CRs (GRO 95577, EET 92042, GRA 95229).

All the CM/CR-residues are characterized by positive epsilon-Os (eOs) values that are resolvable from the solar (= terrestrial
component, suggesting the enrichment of Os isotopes produced by the s-process. There are significant variations in eOs valt
across CM-residues. The magnitude of the positive Os isotope anomalies in the residue of the ALH 83100 (CM1/2) (e1880:
= +3.10) is nearly twice as large as those present in residues from Murchison (CM2) (e1880s = +1.66). The residue of MET
01070 (CM1) has eOs values (€1880s = +2.31) larger than those of Murchison, whereas that from QUE 97990 (CM2.6) has th
smallest deviation in eOs values from zero among all CM chondrites (€1880s = +0.95). Variations in the magnitude of the eO:s
values are also observed in residues from CR chondrites, where the residue from GRO 95577 (CR1) showed the largest positi
Os isotope anomalies (e1880s +2.64). We propose that the observed isotopic variation was caused by the destruction of presa
phases via progressive aqueous alteration on the CM/CR parent bodies, rather than any nebular processes creating heterogen
distributions of presolar grains that predate the planetesimal formation. Some petrologic observations of CM chondrites poin
to the occurrence of aqueous alteration prior to parent body accretion. However, destruction of presolar phases during preacct
tionary alteration would result in the modification of Os isotopic compositions at the bulk meteorite scale, which is evidently not
the case. The enrichment of s-process Os isotopes in the residues from highly altered CM/CR chondrites implies that aqueot
alteration on the parent body preferentially destroyed the r-process-Os carrier(s) and modified it into an acid leachable phase
the chondrite matrices, while acid resistant s-process-rich grains (SiC, graphite) survived. This process, however, did not distur
the Os isotopic composition at bulk meteorite scale. Even though bulk chondrites are isotopically homogeneous in Os, our ne\
results suggest that parent body aqueous/metamorphic processes have acted on the distribution of Os among presolar phases.
suggests that isotopic anomalies reported for some other elements that have been interpreted as reflecting nebular heterogenei
may partly or wholly be the result of parent body processing. Presolar phases that are enriched in certain nucleosynthetic comp
nents could release these components upon destruction of the hosting phases. If the element is more highly soluble than Os, flt
transport could lead to the formation of isotopically modified bulk samples whose isotopic compositions are not representative o
the whole parent body. Thus, isotopic heterogeneities among bulk chondrites should not automatically be interpreted as eviden
for nebular heterogeneity.
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Fractal distribution of mercury inclusions in quartz by in situ X-ray computed tomogra-

phy (CT) system
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Developement of tin isotopic analysis for cassiterite and its archaeological application
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The rare earth elements (REE) have two long-lived decay system&i"Bm-43Nd and'38La-'33Ce. The combination of
those isotope ratios provides information on ages, initial ratios, and enables estimation of the time-integrated REE evolution o
complex geological reservoirs in the mantle or crust. However, the variation of Ce isotopic't&@ef*>Ce) due to secular
radiogenic decay t&*3Ce is smaller than those of Nd isotopic ratio because of the low abundatitéafand its long half-life.
Therefore, highly precise determination of Ce isotopic ratios is necessary to obtain reliable data for application of geochemica
studies.

For precise determination of Ce isotopic ratio, it is necessary to separate Ce from the matrix and isobaric interfering element:
A three-step chemical separation procedure was developed for Ce separation in this study, which was proved to be able to suf
ciently remove the isobaric interfering elements with low procedural blank. Ce was first separated as a REE fraction via catior
exchange column with HCI. Then Ce alone was isolated from other REEs by selective extraction technique with chelating resir
(Tazoe et al., 2007). In this step, Ce was separated easily from other REEs by oxidation frorto @& using KBrQ; in
nitric acid. Ce was further purified using a third cation exchange column with HIBA as the eluent, which was modified from
Makishima and Nakamura (1991).

The Ce isotopic ratios were measured by multicollector static measurement using TIMS (TRITON TI, Thermo Fisher Scien-
tific Co., Germany) equipped with nine Faraday cups at IFREE, JAMSTEC. The Ce ion beams were measured as oxide speci
(CeQO") to obtain stable and large ion beams. During the Ce isotope measurement, Ce oxide ion beams were obtained at the i
tensity of 3710 X 16! A for 142Ce'%0 using a double Re-filament technique. The mass-dependent fractionation of Ce isotope
ratio were normalized t&*Ce/42Ce=0.01688 an#‘°Ce/*2Ce=7.947 using the power law. Th&O/'6O ratios were obtained
in situ measurement. The data acquisition time for 450 ratios was about 1.2 hours. The analytical reproducibility and precisior
in the measurement of JIMC 304, which is Ce isotope reference material (Tanaka and Masuda, 1982), were obtained +/- 0.008
(2S.D., n=46) ane: +/- 0.003 %, respectively.

The Ce isotope measurements of the Ames Laboratory Ce metal reference material (Willbold, 2007) were performed with ar
analytical reproducibility of +/- 0.007 % (2S.D., n=36) with normalization to JMC 304 in order to eliminate any inter-laboratory
biases. The Ce isotope ratio for BCR-1, the USGS geochemical reference samples, was 0.0225646 +/- 0.0000004,(2 siguma
n = 7) and consistent with previously reported data (Makishima and Nakamura, 1991). We also performed the measurement
Ce isotope ratios in seven geological reference materials (JB-1a, JB-3, JA-1, JA-2, JR-1, JG-1a, and JMn-1) and the results we
consistent with reported data but with improved analytical precision.
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Two primary magmas derived from Samoan mantle plume: less-degassed tholeiitic an

EM2-type alkalic magmas
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Hiroshi Kawabat&, Takeshi Hanyt, Qing Chang, Takashi Miyazaki, Toshiro Takahashj Yuka Hirahard, Jun-Ichi Kimura,
Yoshiyuki Tatsumi
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Alkali basalts from Tutuila Island, American Samoa are interpreted as products of binary mixing of magmas derived from iso-
topically distinct source components (Farley et al., 1992): PHEM (primitive helium mdstie}3{/suptHe/ sup}4{/suptHe
>24 R{sub}A{/sub})-type and EM2-type. Our new data show that the isotopic ratios in these lavas correlate with trace ele-
ment ratios, clinopyroxene compositions, and phenocryst assemblage. PHEM-type basalts have lower Nb/Zr, LREE/HREE, an
{sup}87{/sup} Sr/{sup}86{/sup}Sr and highefsup} 143{/sup;Nd/{sup} 144{/suptNd and{sup} 176{/sup;Hf/ { sup} 17 7{/sup} Hf
ratios than EM2-type basalts. PHEM-type basalts include augite and orthopyroxene, while EM2-type basalts contain diopsid
together with olivine and/or plagioclase. The presence or absence of othopyroxene and the difference in Ca-Ti-Na contents i
clinopyroxenes suggest that the PHEM- and EM2-type end-member magmas are of tholeiitic and alkalic compositions, respec
tively. The reaction rims around the orthopyroxene phenocrysts indicates that PHEM-type tholeiitic end-member magmas mixe
with EM2-type alkaline magmas before they were erupted. These results suggest that formation of tholeiitic basalts associate
with the Samoan mantle plume can be detected by phenocryst assemblage and mineral compositions. Lack of systematic cor
lation between isotopic ratios and stratigraphy suggests that the end-member magmas were generated in the same period.
coexistence of tholeiites and alkaline magmas places important constraints for melting conditions and source materials for th
Tutuila basalts.
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Magmatic processes of mafic dykes in Ryoke belt at Awaji and Shodo Islands, southwes
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Improvement of web application of KML generator for visualizing geochemical data of

rocks and sediments in Google Earth
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At present, cross-disciplinary researches are popular for constructing a new structure model on the Earth’s interior. To promot
these researches, visual presentation of different kinds of geochemical/geophysical data at once will be a great help to integra
and understand the research results from different fields. The layer system of the various virtual globes, e.g., Google Earth, eas
provides the overlaying image of different types of geographic data on the same area. To plot the geographic data in Googl
Earth, the data should be written by Keyhole Markup Language (KML). For compiling various research results from different
geoscience fields in Google Earth, we have developed several applications generating KML from original analytical/observationa
datasets. Our project launched in 2007 and we have already developed successful applications, called KML generator, for visue
izing seismic tomographic model, geomagnetic field model, and geochemical data of rock and sediment samples in Google Eart
One of the KML generators converts geochemical and isotopic datasets in several online database systems into KML and allow
users to visualize those data easily in Google Earth. The generator accepts data files produced by the database systems Pet
SedDB, GEOROC, and GANSEKI and template data files that users themselves make. The data are plotted three-dimensiona
as a bar graph on the surface of the virtual Earth at the sampling site for the rock and sediment samples. The major element cor
positions of samples can also be displayed as a stacked bar graph. A web application for the generator has already been availa
since 2008, so anyone can set the parameters for visualization over the Internet. Here we have improved User Interface (Ul) ¢
the web application to set the parameters of the generator intuitively. The sampling sites of the samples existing the uploade
data file will be plotted in map on the web Ul of the generator, and the data range of selected composition or isotope ratio will
also be graphically illustrated. For visualizing of one type of the composition or isotope ratio, histogram will be illustrated, and
for ratio between two types of them, two-dimensional scattergram having x-axis for one type and y-axis for other type, will be
constructed. These graphical images will help user to set the parameters, e.g., the data range to be plotted and the color of t
graphs, for visualizing the data in Google Earth. Moreover, the visual image of the geochemical data in Google Earth can be
confirmed on the web browser by using Google Earth API before the downloading the KMZ file.

00000:0000000,000000,000, Google Earth, KMLOOOOOODOOOOO
Keywords: geochemical data, isotopic data, visualization, Google Earth, KML, web application
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