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Exploring the hydrogen isotopic composition of deep-sea corals
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Despite the widespread use of hydrogen isotopic analyses in environmental investigations, no
previously-published work has attempted to measure or utilize the hydrogen isotopic composition (& D) of
deep-sea corals. Geographically widespread, forming annual growth rings, and having lifespans on the
scale of hundreds of years, § D measurements of deep-sea coral skeletons have the potential to elucidate
oceanographic parameters at well-resolved spatial and temporal resolutions.

We present a method for the determination of annually-resolved & D in gorgonin, a complex
proteinaceous material making up the horny skeletal component of gorgonian corals. We address the
issue of exchangeable hydrogen in gorgonin by controlling the isotopic composition of the exchangeable
fraction of the total hydrogen pool using a heated batch equilibration technique. Coupled with seawater
6 D profiles, the & D of particulate organic matter (POM) filtered from seawater, and the & D of plankton
trawl samples, we attempt to identify the relationships between trophic exchange, physical oceanographic
parameters, and the & D of gorgonin from 3 species of live-collected coral.

Results include a 43-year record from a Primnoa pacifica colony collected from the Gulf of Alaska, three
10-year records from Primnoa resedaeformis colonies collected from the Labrador Sea, and a 40-year
record from a Keratoisis grayii colony collected from southern Baffin Bay. Preliminary data show an
unprecedented range of & D values in all three species, ranging from -40%o to -110%. Final results will
determine the suitability of gorgonin & D as a potential marine environmental proxy by testing the
reproducibility of § D values between adjacent colonies.
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Evaluation of heterogeneity of reaction-transport phenomenon in rock
by sequential pore water extraction
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Heterogeneity of dissolution/precipitation and solute transport in rock pores has been drawing attention
in recent years. This phenomenon has been often studied using numerical calculation, but direct analysis
of pore water is important to know what is actually occurring in pores. However, most previous studies
have analysed the composition of bulk pore solution and it is difficult to discuss the detail of
reactive-transport behaviour in pores using the bulk composition. In the present study, an experimental
technique to sequentially extract pore water by applying various gas pressures to wet sample was used.
With this technique, pore water can be extracted for each pore radius, which provides information on the
heterogeneity of reaction and transport in pores. In the experiment, pure water was first passed through a
sandstone core to induce dissolution in pores (flow-through reaction), then pore water was extracted for
each pore size and solute concentrations were measured. The result of the experiment showed that the
concentrations of Na, Ca, Mg, and Si increased with decreasing pore radius and that the concentration
increases of Ca, Mg, and Na were greater than that of Si. Qualitatively, this result can be explained by a
numerical model of the advection and dissolution in a single tube for different pore radii. However, the
observed concentration increases were significantly greater than the model calculation, and it seems
possible to evaluate the extent of the mixing of solutions in narrow pore and large pore by comparing the
model calculation and experimental result.
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Subseafloor weathering of cretaceous basaltic basement revealed by
nanomineralogical and conventional clay characterizations
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Microstructure and geochemistry of organic matters associated with
iron minerals in 3.2 Ga banded iron formations, Moodies Group,
Barberton Green stone Belt, South Africa
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BIRERELB DA ISR & DRIGTHEHEB I N, WEILCEHRI A LM T AN D B =D (Perry et
al., 1973, Kohler et al., 2013). E£¥IHFERFEHD L DREBIELEIDERDIFTRIND, LHLADNSRERIED
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Depositional environment of graphite-bearing metasedimentary rocks
and banded iron formations in >3.7 Ga Isua Supracrustal Belt, West
Greenland
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Biogenic graphite in > 3.7 Ga metasedimenrary rocks, Isua Supracrustal Belt (ISB), West Greenland, has
been reported as the oldest remnants of life (Rosing, 1999; Ohtomo et al., 2014). However, ecosystem
spreaded in the >3.7Ga ocean is still poorly understood. Depositional environments of metasedimentary
rocks containing biogenic graphite and surrounding banded iron formations (BIFs) could give an insight
into microbial activities in the >3.7Ga ocean. Graphite-rich schist reported by Ohtomo et al. (2014)
contains rare earth element (REE) minerals such as monazite, zircon and xenotime. These REE minerals
could have been deriven by one or some of the following processes: detrital transport, precipitation from
a seafloor hydrothermal fluid, generation during diagenesis and precipitation from a metamorphic fluid.
Occurrence, geochemical composition and chronological information of the REE minerals might constrain
their origin and provide information of depositional and/or alteration process of the graphite-rich schist.
Here, we performed a geological survey in the west side of the ISB and investigated the petrographic and
geochemical characteristics of sedimentary rocks to reconstract the depositional environment. Chemical
Th-U-total Pb Isochron Method (CHIME) was conducted on monazite to determine the age.

Samples collected in the whole west side of the ISB consist of alternate layers of
magnetite-amphibote-chlorite-rich and quartz-rich layers. The samples were roughly divided into
magnetite-rich type, which distributed at northeast to south, and silicate-rich type, mostly distributed at
northwest, based on the dominant minerals. Bulk chemical compositions of the examined samples
showed that magnetite-rich type are abundant in Fe, whereas silicate-type are rich in Mg. Magnetite-rich
type primarly composed of Fe-rich amphibole, grunerite, whereas silicate-rich type contains more Mg or
Ca-rich amphibole. Similarly, chemical compositions of chlorite in magnetite-rich type are Fe-rich,
whereas that of silicate-rich type are Mg-rich. Amphibole and chlorite compositions in graphite-rich
metasedimentary rocks are Mg-rich, which is similar to silicate-type BIF samples. The results suggest that
Mg-rich characteristics of BIFs and graphite-rich metasedimentary rocks at north west, and Fe-rich
characteristics of BIFs at north east to south are a primary signature. Ti and Al concentrations in BIFs and
graphite-rich sedimentary rocks showed a positive correlation, indicating contribution of detrital
components to them. Graphite-rich schist sample consisted of graphite-chlorite- and
quartz-cummingtonite-dominated microlayers, containing high amounts of REE compared to samples
showing low graphite content. The graphite-rich sample contained euhedral monazite, zircon and minor
xenotime 2-10 wm in diameter, which were accumulated in graphite-chlorite microlayers and concordant
with orientation of lamination, whereas most of the monazite in samples showing low graphite content
were anhedral. CHIME age of the monazite in graphite-rich schist samples indicated 3630+91Ma, which
ranges in the ages of prograde metamorphism and detrital zircon in previous report (Nutman et al., 2009).
Considering monazite occurrence concordant with lamination of the graphite-rich schist, it is most likely
that monazite was syngenetic with host rocks, probably derived from detritus and the age was modified
during metamorphism, or crystalized during diagenesis to early metamorphism. Our results suggest that
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BIFs and graphite-rich schist at north west of west side of the ISB deposited where clastic components
such as Mg, Al, Ti and REE were supplemented at a relatively high rate, evoking that photosynthetic
microorganisms might have been flourished in >3.7Ga shallow ocean.

[1] Rosing, M. T. (1999) Science 283, 674-676.

[2] Ohtomo et al. (2014) Nature Geoscience, 7, 25-28.

[3] Nutman et al. (2009) Precambrian research, 172, 212-233.
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Detailed studies of Mars in recent years have provided many progress on understanding the possible view
of environment on early Mars. With the fact that liquid water was present on early Mars, and the discovery
of organic molecules as well as nitrogen-bearing compounds on Mars, there is possibility that life could
have emerged on early Mars. Thus, it is important to understand the abiotic organic synthesis and
nitrogen fixation process to evaluate the possible origin of life on Mars or other terrestrial planet. Previous
studies suggested that organic matters can be produced by photochemistry. Total pressure of Martian
atmosphere is lower than Earth. Thus, UV may penetrated down to the surface and can directly photolyze
liquid water. This suggests that UV-induced photochemistry may have been more important. However,
little is known about abiotic nitrogen fixation by UV light. This experimental study examines the nitrogen
photochemistry at the surface of water. In the experiment, initial gas contains N,O or N, with or without
CO under the presence of liquid water. The starting condition may have existed on early Mars. The results
showed that NH,, methylamine, glycine and other amino acids was produced from N,O + CO + H,0,
whereas only trace amount of NH, was formed from N, + CO + H,0. When gas phase do not contain CO,
nitrate and nitrite were produced instead of NH,. A numerical model including 296 photochemical
reactions was constructed, and can qualitatively explain the formation of NH, from N,O. However, the
concentration of NH, in the model is order of magnitude lower than the observed amount in the
experiment, suggesting that current photochemical model still lack some possible reactions to generate
NH,. The results provide important insights on chemical evolution theory that lead to the origin of life and
the atmospheric evolution on Mars when the reaction pathway of NH, starting from N,O and N, by UV
light is confirmed.

Keywords: Mars, Nitrogen fixation, amino acid synthesis, UV
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Distribution of Ammonium-Bearing Clay Minerals and their § '°N
values Occurred in Shallow-Seafloor Hydrothermal System in
Kagoshima bay, Southern Kyushu, Japan.
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The seafloor hydrothermal fluids occurred in the arc and back-arc systems where are often covered with
thick sediments contained organic matter are characterized by a high concentration of ammonium which
is considered to originate from decomposition of the sedimentary organic matter. Under these conditions,
ammonium cation can be fixed in interlayer space of 2:1 clay mineral during their formation associated
with hydrothermal mineralization. However, the role of this process with respect to the nitrogen cycle
around the Earth’ s surface has not been well understood until today. In this study, we measured
ammonium concentrations and their isotopic ratios in the venting hydrothermal fluids and clay fraction in
the hydrothermal altered sediments obtained from Kagoshima Bay, southern Kyushu, Japan.

The submarine volcano, Wakamiko, located in the submerged Aira Caldera, which formed during the late
Pleistocene (ca. 29 ka) resulting from the huge eruption of the Ito pyroclastic flow, and about 200 m in
water depth of depression area as well as it is filled with thick unconsolidated sediment layer up to 80 m.
The hydrothermal activity of this area is associated with the Aira magmatism, and the emitting fluid has
been characterized by a high ammonium concentration up to 17 mM, respectively.

All of samples were collected around vent expect for typical marine sediments of PC-4 site. Clay minerals
were recovered as a clay size fraction (2 wm) by hydraulic elutriation from the core sediments and then
samples repeatedly treated by 30 % hydrogen peroxide solution and finally KOBr-KClI solution to remove
organic matter and exchangeable ammonium. After that clay fractions were measured by XRD for
identification of clay minerals as well as their chemical composition were measured by EPMA. And NH
group were detected by FT-IR. Nitrogen contents and their isotopic ratios were measured by EA/irMS.
Total nitrogen (TN) contents and inorganic nitrogen (IN) contents were ranging from 0.03 to 0.28 ug/g
and from 0.002 to 0.01 wg/g, respectively. And & 15NTN and & 15NleaIues were ranging from -6.2 to +4.6
%o(av. +0.3 %0) and from -1.7 to +5.1 %s(av. +1.2 %), respectively. The & '°N values of venting
hydrothermal fluids and porefluids were ranging from -1.8 to +1.9 %o(av. -0.2 %o) and from +2.4 to +2.9 %o
(av. +2.7 %o), respectively. Particularly, § 15NIN values can be divided two groups, relatively 15N-enriched
and 15N-depleted. And those trends were consistent with the difference of & '°N values between
hydrothermal fluids and pore fluids. Further study, it is required that understanding of nitrogen
fractionation between fluid and mineral in hydrothermal system through the synthesis of
ammonium-smectite.

F—T7— R BRERBKIZRT LA, BRER. 21 LY. 7VEZD LA BREGMK
Keywords: seafloor hydrothermal system, nitrogen cycle, 2:1 clay mineral, ammonium, nitrogen isotope
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The uptake behavior of antimony with earth surface materials at
Ichinokawa mine in Saijo city in Ehime prefecture
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Role of amorphous silica in forming calcium silicate hydrate for
strength development of steel slag-dredged soil mixtures
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Dredged soils consists of minerals including clays, organic debris and seawater, and are excavated
beneath ports to maintain the waterways. Partially they are landfilled due to its soft physical properties
disabling its usage as construction materials. Indeed its characteristics differ greatly depending on the
sampling areas due to the variation in its composition. Recently, it is discovered that mixing dredged soil
with steel slag, that is also partially treated as waste produced as iron smelting process’ s by-products,
develops strength. This discovery may turn dumped fraction of both materials to resources by expanding
their application into building materials for undersea constructions. Nonetheless, different combinations
of a type of steel slag and dredged soil from various areas show gaps in the strength development even in
under the identical mixing condition. The relationship between mixing condition and strength
development is not yet clarified, making it difficult to be utilized for the above application.

Clarifying the hardening mechanism of the steel slag-dredged soil mixture will enable prediction of the
strength with a particular combination of steel slag and dredged soil. In order to achieve it, clarifying the
secondary mineral formation that contributes to hardening is essential. Previous studies suggest that the
strength development is related to the pozzolanic reaction, which results in cementation by the formation
of calcium silicate hydrates (C-S-H). Key factors in the pozzolanic reaction include the increase in pH of
the pore water, and the supply of calcium and silica ions to pore water. Steel slag contains Ca(OH),, which
supplies calcium and increases pH of the mixture. Silica is said to be supplied from the dredged soils, but
it is not clarified what is being the silica supply.

Focusing on the variation of dredged soil affecting the strength development, the objective of this study is
to understand the effects of amorphous silica in dredged soils, which has faster dissolution rate compared
to crystalline silica phases, to the early strength development of steel slag-dredged soil mixture.

In this study, dredged soils from various sampling locations (A, B, C and D) and steel slag from iron works
1 were mixed for the investigation. XRD analysis showed no significant difference between the
mineralogical compositions of all the dredged soils. The unconfined compressive strength showed
mixtures with soil A exhibits the highest strength, followed by those with B, C and D. Formation of C-S-H in
mixture A was found to be denser than mixture D through scanning electron microscope, filling up pores
in the mixture. In addition, the measurement of mixture’ s pore water pH transition showed decreasing
trend in pH from 12.5 in only mixtures A and B but not C and D from 1 day curing onward. This suggests
stronger mixtures’ (A and B) pore water’ s pH were influenced by formed secondary minerals, such as
C-S-H which expels H" when it forms, indicating that its formation was notably greater in stronger mixture.
In our mixtures, the silica ion was most likely supplied from dredged soils. The silica concentration
dissolved from diatom frustules were measured. Soils A and B showed higher dissolved silica
concentration compared to C and D. Inorganic amorphous silica such as volcanic glass content is also
discussed. From geochemical modelling which treats amorphous silica dissolution kinetically, it was
clarified that stronger and weaker mixtures show significant difference in the volume of C-S-H forming. We
suggest that the silica supply from amorphous silica in dredged soils may be the driving force for the
pozzolanic reaction for early strength development.
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Localization of magnetite from Fe-rich brucite induced by pH changes
during serpentinization
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H,-rich fluids from ultramafic-hosted hydrothermal vent is important for understanding generation of
hydrocarbon and biosphere in deep sea floor. Key to the formation of hydrogen in such system is
magnetite formed serpentinization reaction. Magnetite distribution in serpentinized peridotite is usually
heterogeneous; randomly scatted, and/or localized at former olivine-grain boundaries. However,
formation mechanism of magnetite segregation during serpentinization remain poorly understood.

In this study, hydrothermal experiment of olivine -H,O system was conducted with varying initial solution
pH from under conditions of 250 °C and vapor-saturated pressure of 3.98 MPa. In the autoclave, 1.0 g of
olivine powder (F091;38-75 wm) were set with solutions. Six solutions with varying initial solution pH at
room temperature were used; pH at room temperature is 5.7, 6.8, 9.0, 10, 11, and 12. pH were adjusted
by diluting NaOH solutions. The run time up to 63 days.

After the experiments, for solutions of initial pH = 5.7-9.0, pH increased to around 10. In contrast, for
solutions of initial pH >10, the pH after experiments weren’ t changed. SEM observation revealed that
Serpentine + Brucite + Magnetite were formed and no significant difference was not observed by
changing pH of initial solution. Magnetite occurred with 5-10 wm, and seems that no localization of
magnetite occur. After 63 days experiments, amount of serpentine and brucite, measured by
thermogravity, were increased with increasing the pH of initial solutions. Amount of magnetite, which was
measured by Alternating Gradient force Magnetometer, was increased with increased with increased with
increasing initial pH up to 11. At initial pH = 12, the amount of magnetite after 63 days reaction was lower
than that of initital pH = 11.

From EPMA analysis, the presence of ferric ion in serpentine and brucite were not observed. the iron
content of the serpentine was almost similar with varying initial pH. In contrast, the iron content of the
brucite roughly increased as pH was increased. The amount of products were almost proportional to
reaction progress, indicating that reaction rates were approximately constant during the experiments.
Mass balance calculation revealed that iron partitioning varies with pH; at initial pH = 6.8, the Fe partition
ratio ween brucite and magnetite was 3:7. With increasing the initial pH, the ratio gradually decreased to
6:4 at initial pH = 12.

Klein et al. (2013) suggests that magnetite was formed at >200 °C by breakdown of Fe-rich brucite formed
at <200 °C. Our experiments revealed that Fe-rich brucite could be formed by reaction with alkaline
solution (pH>11). This indicates that pH changes from alkaline to neutral could from magnetite from
Fe-rich brucite. To test this hypothesis, further hydrothermal experiments were conducted. The solid
samples, which reacted with initial pH = 12 for 27 days, was reacted with water for 14 days. As a result,
two type of magnetite were observed; magnetite with 5-10 micro and magnetite with < 1 uwm. The later
magnetite was occur within brucite grains, which was not observed reaction with initial pH = 12 for 27
days.

Our experiments revealed that, by changing pH in solution from alkaline to neutral, magnetite were
formed from Fe-rich brucite. Two stage process of magnetite formation were suggested; (1) low fluid-flux
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serpentinization of olivine changes the fluid to alkaline to form serpentine and Fe-rich brucite. (2)
Reaction with fresh fluid which were transported via newly-formed cracks to form magnetite and hydrogen
is generated.
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Nano-scale observation of interface between lichen and basaltic lava
by TEM and STXM
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EUHIC: KUEXKIZK > TRE LEBEIR, REICHRICK 2B %ZZ (T, TNITHVER 4 RTtFk(e.g. Ca,
Mg, Fe, Si, AVPSBHT 2. 5D D BS, Al Id#a 18 E L T&H L (Wilson, 2004), Ca, Mg, Feld#t 814
ICRESIND. ZD&DIC L THRDERIEN EH, TEHIFK S 15 (Kato et al.,, 2005). 55, XA A =T 7
ZUNELTHONZMEAEIRAILEZREL TWERERE L TEHINT WS (Chen et al,, 2000; Vingiani
and Adamo, 2013; Jackson, 2015). ZN X TOHEIN L, BABEMBELCEEREFEME (SEM) ILL> T,
T/ 0OLRNIIOMARERY D HIKIE —AERE CEELEBEER L TOEHEFIESHICA S

(Vingiani et al., 2013; Vasconcelos et al., 2015) . LA LAA S, th&KIE - REHEEERA X D= X LDHERBAIC
&, ZTNSOREMO T / AT —IVERCILEREBENNANEAETH 5. AR TIE, SBEBEFEMEE(TEM), E&E
BFEBXIREEBER(STXM)IC &K 2 KREF—AERED T / AT —IVERZTo 7.

KRFE FERXEO=RIUTII8CFICEH LLAEDI bHMKEINEELLEDERVWTEREZTo .
hKREAEREDPERRB & VER L 7=, FIBUEOL: JEM8530FIB)IC#tER L, thk$E —ASREOEBEFHE
BER(TEM)BEE S L CEER B BXRIEEMEE (STXM) BaEBE/ER L. STXMIEKEO—L v R/1N—2
L —# 22 AT (LBNL) MAdvanced Light Source (BL 5.3.2.2), TEMIZ ¥ & # R 2448 (NIMS) D E FBA#ER (JEOL:
JEM-2100F) 2 ZhZFh A .

HEREER: EEUEBEFHEMBEERICL 2 TRILF—DBEXIEOH(STEM-EDX) & & U'HIPRIEEF EF ROl
IT(SAED)IC & V), HhKREE —AE R EDEH2 u mDIRIHICE W THREMIZ, goethite (RAFEMNT.4um) ,
amorphous alumino-silicate (RAEM1.3um) &P a-quartz (RAFRHWTIum) PRI NEL. £
STEM-EDX®D#ER, amorphous alumino-silicateld £ ICSiEAINSER I N, PEDMg, FeEBEDKEZA T
We. ZNETICH, MKRFEAEQOREICITSKBRILIEM LTIV / T ABBRILMOERNBREINTSY,
NSIIHMKREN DN T 2EMYEE EADRIGICE Y EMRT B AREMH IR S T L % (Adamo and Violante,
2000; Vingiani et al., 2013). XFFR TR S N/-h&KEE (S. vesuvianum) 7 =/ — VBB Z DT
% 2 EHHI SN (Solberg, 1976; Szeczuga and Olech, 1990), Zh 5 DAY E HigoethiteXPamorphous
alumino-silicate DEMKICEES L7 EZ b3, —F, MARXIREITOFBERM SBEFIC a-quartzDEFEEIZER
5NY, TR E LTa-quartzhERKT B Z & IEZEZICS W, LA > T, a-quartzid, BEE L THRICH
BLAERICHKRBICLZ2BEEZITZEDEEZ 5N B (Vingiani et al,, 2013).
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Distribution of arsenic and uranium between lake waters and
sediments in saline lakes in south Mongolia.
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The health risks associated with toxic chemicals in saline lake become environmental problems (Barber et
al. 2009). In saline lakes, the dissolved matters are enriched in solutions because of the evaporation of
lake water. The enrichments result in the formation of the contaminated lake water and salts deposits
containing high levels of the toxic chemicals (Barber et al. 2009).

The toxic elements distribution between the sediments and lake water are essential for the
understandings of the enrichment processes and the mobility of toxic species in surrounding
environments. In present study, we investigated the distribution processes of arsenic and uranium by
analyzing the lake waters, suspended matters and sediments in saline lakes (Olgoi, Boon Tsagaan and
Orog lake) in south Mongolia.

The solid and liquid samples from the lake waters were separated by centrifugation. The solid phases
were measured by XRD. Morgan and Tao extraction were conducted for solid phases and the extracts
were analyzed by ICP-OES and ICP-MS. XRD profile shows that each sample has authigenic minerals,
including calcite and Monohydrocalcite. The extraction experiment showed that arsenic and uranium are
distributed into calcium carbonates rather than amorphous iron oxide.
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