Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

U04-P0O1 go:booboboobo 00:50 250 15:30-17:00

Jobogobuoboboobtoobuobbooboobuobboooboood

0 [
Changes in lead uptake during transformation of monohydrocalcite to aragonite

oooo,.ooot
MUNEMOTO, Takashi*, MURAKAMI, Takashit

'ooooooooooooog
The university of Tokyo

INTRODUCTION

Monohydrocalcite is metastable and transformed to aragonite in aqueous solutions [1]. The uptake of phosphate and arsena
oxyanions, by monohydrocalcite has shown that it depends on the concentration of sorbate whether or not the transformatio
occurs, and in addition, that the uptake characteristics may vary with the presence or absence of the transformation [2]. Thi
strongly suggests the uptake of oxyanions by monohydrocalcite is not a simple process. On the other hand, there have been fe
studies for the uptake of cations by monohydrocalcite. We conducted uptake experiments of lead ion by monohydrocalcite t
examine changes in uptake behavior of lead ion during transformation of monohydrocalcite to aragonite.

METHODS

To minimize changes in concentrations of carbonate ions and pH, buffer solutions were equibrated with atmospheric CO
using NaCO3, NaHCQ; and NaNQ); the solution pHs were adjusted to pH 8.50, 9.00 and 9.50 by NaOH and; HN@IL of
synthesized monohydrocalcite was added to each solution for the experiments. The transformation kinetics was examined at
uM of initial P>+ and pH 8.50, 9.00 and 9.50. The apparent sorption isotherm experiments were conducted at 0.5 to 100 uM
of initial Pb?>* and pH 9.50. The concentrations of Pb were measured at the end of each batch experiment. The durations of th
kinetic experiments were up to 15 hours, while all isotherm experiments were carried out for 24 hours.

RESULTS AND DISCUSSION

Monohydrocalcite was transformed to aragonite in several hours in aqueous solutions. Aragonite increased in amount gradual
while monohydrocalcite decreased with time. Monohydrocalcite was almost completely replaced by aragonite in 15 hours. The
growth rates of aragonite were almost the same between the three different pH conditions. Before, during and after the phas
transformation, the amounts of uptake of Phwere almost the same at different pH.

The solutions with more than 3 uM of Pbwere supersaturated with respect to cerussite (lead carbonate) which was, however,
not identified by X-ray powder diffraction. Therefore, the precipitation of lead carbonate was not predicted in solutions with
less than 3 uM of Pb. Despite the supersaturation in 10 uM initial?Pbsolution, SEM observation of the reacted solid
showed that the contrast of BSE image was homogeneous, suggesting Pb was associated with aragonite probably by sorption
coprecipitation. At 100 uM of initial Pb", fine grains with high contrast were observed by BSE, showing the formation of lead
carbonate. Some amount of Pb was considered to be associated with aragonite because of the reasons as follow4t (1) the Pl
concentration at the end of the experiment at 100 uM of initidRvas about 4 uM, of which the concentration was similar to
that for the 5 uM initial-PB* experiment where about a half of Pb was associated with aragonite and (2) the transformation was
completed in 15 hours.

The transformation mechanisms of monohydrocalcite to aragonite are dissolution and precipitation [1]. Depending on the
initial Pb?* concentrations, portion of Pb forms lead carbonate and some other portion is associated with aragonite after the
transformation. Because aragonite increases in amount gradually and because aragonite and cerussite are isostructural to
another, it is possible that the Pb with aragonite forms solid solution during the transformation, which will be clarified in the near
future.

REFERENCE
[1], Munemoto and Fukushi, 2008, Journal of Mineralogical and Petrological Sciences, 103, 345-349
[2], Fukushi, et al., 2011, Science and Technology of Advanced Materials, 12, 064702
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In Japanese transuranic (TRU) waste disposal facilities, 1291 is the most important key nuclide for the long-term safety as
sessment. Thus, the Kd values of | to natural minerals are important factor in the safety assessment. However, the degradation
cement materials in the repositories can produce high pH pore fluid which can affect to anion transport behavior. Therefore, i
should be necessary to understand behavior of anions such as I- under the hyperalkaline conditions.

Natural hyperalkaline spring water (pH 1) has known to generate from the partly serpentinized peridtite in the Oman ophi-
olite. The spring water is characteristically hyperalkaline, redusing, low-Mg, Si andsHC@nd high Ca, while the river water
is moderately alkaline, oxidizing, high-Mg and HGQ The mixing of these spring and river water caused the formation of
secondary minerals. Naturally-occuring hyperalkaline conditions near the springs in Oman were used as natural analogue for tf
interaction between cement pore fluid and natural Mg-HCQ@roundwater.

Anrakuet al. (2009) said that calcite(CaGQ) aragonite (CaCg¢), hydrotalcite[MgAIl,CO3;(OH),4] were observed in the pre-
cipitates, and their mineral compositions were varied depending on the difference of sampling points. Moreoverefakaku
(2009) also said that lodine can be remarkably fixed in aragonite. If aragonite can also form in disposal condition, safety ratio in
the long-term safety assessment will be increased by generation of aragonite.

The main goal of this work is to incorporate the effect of fixing iodine by aragonite into safety assessment. With this aim,
we carried out the in-situ synthesis experiment in order to simplify the condition of secondary minerals formation in Oman.
Moreover, we tried to model which can express the reaction of the in-situ synthesis experiment.

The in-situ synthesis experiment was conducted by mixing different ratios between spring and river water. The precipitates
were synthesized by letting mixing solutions stand for 2days. The mineralogy of the precipitates was determined by X-ray diffrac-
tometer (XRD), scanning electron microscope (SEM). In addition, mass of minerals in the precipitates were obtained by Rietvelc
method. In the result of this experiment, aragonite formed in all precipitates, and increasing the percentage of river water cause
decreasing the percentage of calcite in the precipitates.

The geochemical reaction modeling was performed by using Geochemist’'s workbenchR8.0 based on the result of the in-sit
synthesis experiment. Aragonite is well-known as more unstable phase than calcite in earth’s surface condition. In equilibriun
state, aragonite will not form. Berner (1975) said that Magnesium ion is a inhibitor of calcite growth kinetics. And there is no
inhibition of aragonite growth by magnesium ion. Our result showed the same tendency with Berner (1975). Thus, We incorpo-
rated Mg inhibition model calculated by Lin and Singer (2009) into our models. the percentage of calcite/aragonite in modeling
results corresponded approximately to experimental results. Since generation of aragonite can be possible to calculate, safe
ratio in the long-term safety assessment can be increased by generation of aragonite.
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Chemical weathering of silicate minerals has been recognized as one of the most important processes in the long-term ge
chemical cycles in the Earth system. However, field-based studies on different spatial-scale watersheds have shown that tl
chemical weathering rates are different according to the scale of observations. Long-term mineral dissolution experiments an
compilation of chemical weathering rates estimated for different weathering durations suggested that the chemical weatherin
rates decline significantly with time. The discrepancy may be explained as a sum effect of several phenomena such as increase
surface roughness with time and difference in reaction affinities between natural and experimental conditions.

We are developing a process-based chemical weathering model to study behaviors of the geochemical cycle system in respor
to changes in modern- and paleo-environment. This model consists of soil physics (heat, moisture, and gas transport) module
chemical reaction (mineral dissolution/precipitation and aqueous speciation) modules, and a simplified soil biological activity
module. We consider difference and variation in hydraulic parameters depending on soil texture and moisture content. The mod
has been applied to several different small {0 kn?) watersheds to verify the model to reproduce major ion concentrations
of modern streams. We introduced a free parameter which represents a ratio of field-scale weathering rate to mineralogical di
solution rate to fit the observational data. Sensitivity analyses show that riverine ionic concentrations of base cations are we
reproduced from the model by tuning this parameter alone. This parameter may represent erosional effect which, in turn, contro
age of the weathering environment. That is, the time dependency of silicate weathering can explain the difference in this pararn
eter. The obtained parameter is also comparable with the ratio of the effective surface area to the BET surface area estimated
previous studies. Methods of determination of the effective surface area from environmental parameters such as an erosion rz
and lithology will be discussed.
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Previous study suggested that the bottom water locally become anoxic after the formation of Kuroko deposits in the Hokurokt
district, Akita in Japan (Komuro et al., 2004). However, the temporal and spatial distribution of anoxic water during 15 to 10 Ma
are still poorly understood. Anoxic bottom water may be a critical factor in the initial preservation of volcanogenic massive sulfide
deposit (VMS) (Eastoe and Gustin, 1996). Therefore, the importance exists as to if the Kuroko deposits were also preserved |
anoxic conditions or not.

Size distribution of pyrite framboids in carbonaceous sedimentary rocks is one indicator to identify the presence of anoxic
ocean water. Carbonaceous sedimentary rocks, which age range from 15 to 10 Ma, are availabe in the Hokuroku district. |
addition to age distribution, the same-aged carbonaceous sedimentary rocks are largely extended. Therefore, those carbonace
sedimentary rocks have potential to examine temporal and spatial distribution of anoxic water in the past Hokuroku district.

In this study, geological, geochemical, and mineralogical investigations were carried out on mudstones in the Hokuroku district
In particular, the size distributions of pyrite framboids were analyzed using SEM. The mudstones from M3, M2 Ma and M1 were
collected from outcrops in the large area of the Hokuroku district. The M3 mudstone, which age is most likely between 15 to
14 Ma, was deposited before the formation of Kuroko deposits. M2 mudstone was deposited soon after Kuroko hydrotherma
activity (ca.14 to 13 Ma). Ma and M1 mudstones, which ages are ranging from 13 to 10 Ma were deposited with no relation to
Kuroko hydrothermal activity.

Detailed size analyses showed that mean sizes of pyrite framboids in the M2 mudstones (5.0 to 5.2 micro meters) were small
than those of M3, Ma and M1 mudstones (5.0 to 9.7 micro meters). The standard deviation of pyrite framboids in the M2 (2.0),
were also smaller than those of others (2.4 to 4.2). These results above indicate that M2 mudstones were deposited under euxi
conditions, and M3, Ma and M1 mudstones were deposited under oxic conditions. The examined M2 mudstones were collecte
both near and far from the ore bodies and all show the same size distribution of framboidal pyrite. This suggests that anoxi
water were rather widespread at the bottom of the Hokuroku ocean between 14 to 13 Ma. On the other hand, anoxia of bottor
ocean water only restricted during sedimentation of M2 mudstones. The total range of sulfur isotopic compositions of pyrites
were range from -44 to -15 per mil. In particular, the sulfur isotope compositions of pyrites in M2 were range from -37 to -34
per mil. Such light values indicate microbial sulfur cycling by sulfate-reducing, sulfur-oxidizing and/or sulfur-disproportionating
bacteria in the anoxic water column. On the other hand, S(pyrite)/C(organics) in M2 mudstone is not high compared to Black Se
sediments, which deposited in euxinic conditions and redox boundary reached to photic zone. Those facts indicate that euxin
bottom water at the pale-Hokuroku ocean were created by microbial activities, not submarine hydrothermal activities. The anoxit
water at this age was limited at the bottom of deep ocean and did not reached to photic zone, so that the magnitude of microbi
productivities (and pyrite precipitation) at redox boundary were limited.

On the other hand, the sulfur isotope compositions of pyrites in the upper part of Ma and M1 range from -30 to -15 per mil.
M1 mudstones contain the secondary pyrite (e.g., pyrite overgrowth on primary framboidal pyrite). Such secondary pyrite ofter
contain unusual amounts of Mn. Texture and chemistry of secondary pyrite suggest that those were formed during late diagenet
stage by dissolving and reprecipitating primary framboidal pyrite. Such diagenetic process, accompanied with change of clasti
sediments and sedimentation rates, may affected on sulfur isotope compositions of M1 and Ma.
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Subseafloor hydrothermal system may host active and abundant microbial community. Sulfate reduction may be one of th
dominant microbial metabolisms among the subseafloor ecosystem. In order to demonstrate and quantify the potential sulfa
reducing activity, we analyzed sulfur isotopes (32S/33S/34S/36S) of pore water sulfate extracted from core samples at the Ihey
North hydrothermal system in the Okinawa drilled by CHIKYU, 2009 (IODP Leg 331). After drilling, core samples were divided
into several sections. Then, pore water was extracted on board, and stored with cadmium chloride for fixing hydrogen sulfide
In our laboratory, the samples were first divided into sulfide precipitate and supernatant liquid by centrifugation. Then, dissolvec
sulfate was precipitated as BaSO4 by addition of barium chloride into the supernatant liquid. After weighing, the barium sulfate
was converted into silver sulfide and subsequently sulfur hexafluoride, which was purified by GC and then introduced into mas:
spectrometer (MAT253) through newly developed microvolume inlet for precisely determining quadruple sulfur isotopic com-
position.

Based on pore water chemistry and temperature profile, the subseafloor environment are divided into Unit-1, -2 and -3 witt
depth below surface. In Unit-1 (0-10 mbsf), fresh seawater is circulated, whereas in BB3(bsf), hot hydrothermal fluid
(>1507C) is stored below anhydrite cap. The Unit-2 is the mixing zone between the hydrothermal fluid and seawater.

We found that the d34S value of sulfate in the mixing zone was higher than those expected by simple mixing between sea
water sulfate in Unit-1 (-20 permil) and the hydrothermal component in Unit-3 (-16 permil). The observed 34S-enrichment and
decreased sulfate concentration suggest sulfate reduction took place in this hydrothermal system. Based on our model calculati
assuming the mixing and reduction, apparent isotope effect for 33e, 34e and 36e are estimated to be -16.5 permil, -32.2 pern
and -62.5 permil, respectively. These large fractionations together with slight D33S enrichment and D36S depletion all sugges
that the sulfate reduction is microbial and not thermochemical process. Our numerical simulation also indicates that the sulfat
is reduced before mixing with high temperature fluid, probably within the recharge zone of seawater. Based on these results, w
will discuss microbial sulfur cycling in this subseafloor environment.

Keywords: Microbial sulfate reduction, quadruple sulfur isotope, subseafloor hydrothermal system, Iheya North hydrothermal
system in the Okinawa
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Change of host phase of REE and preservation of REE pattern during the diagenesis ¢

marine sediments
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TAKAHASHI, Yoshio!*

lgooo
I'Hiroshima University

Relative abundances of rare earth elements (REE) in geological materials are used widely to investigate geochemical probler
such as the origins of sedimentary rocks and REE behavior during processes such as weathering and diagenesis. One of the R
cerium (Ce), can exist in either trivalent or tetravalent from depending on the redox condition. Thus, knowledge of the oxidation
state of Ce in rocks and minerals could potentially be used to constrain the redox states of past and present geological enviro
ments. In this study, we examined validity of REE pattern as geochemical indicators reflecting sedimentary paleoenvironment.

For this aim, we discussed the behavior of REE under diagenetic environment by using Ce and Mn distributions in sedi-
ments, and oxidation states of Ce and Mn determined in X-ray absorption near edge structure (XANES). Sediment core sample
used in this study were recovered from North Pacific at Site 1179, ODP Leg 191. Sediment at these core sites consists of siliceo
ooze, clay, and thin volcanic ash layer. According to XRF data, the concentration depth profiles of Fe and Mn show that they
have high concentration peaks. Manganese is accumulated at 0.20 m, and then decreases toward deep due to reductive dissolu
of MnO2. The oxidation state of Mn from 0.60 m to 7.18 m is mostly divalent, which is consistent with the low concentration
of Mn layer. Marine ferromanganese nodule is known to have a high absorption capacity for REE. Among the REE, Ce tends tc
accumulate in Mn oxide due to oxidation from soluble Celll to insoluble CelV. Cerium concentration in sediments is relatively
constant from top to bottom of the core, but Mn concentration is not. These results imply that the host phase of Ce changed fror
Mn-oxides to the other phase.

We confirmed that host phase of Ce changed from Mn oxide to phosphate based on the chemical leaching experiments. A
ditionaly, positive Ce anomaly were observed in both Mn and P phases determined by laser ablation (LA) -ICP-MS, suggesting
that the anomaly was conserved during change in the host phase of Ce. Micro-XANES study also showed that Ce in Mn oxide
is tetravalent, but trivalent in apatite found at the depths of 0.70 m and 0.80 m.

Overall, the shapes of REE patterns were similar from the surface to the depths studied here, though the host phase of RE
changed from Mn oxides to phosphate. Thus, the phosphate having high affinity for REE is important to keep the initial REE
pattern during the diagenesis.
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