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Sub-seafloor methane biogeochemistry and unseen archaeal methanotrophic processe:
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AR D A 2 > DEYHERL R T O A2 P> THIz0 159RDT Ty 7Ry 7 XAz ey M, GO T
LANVDT Ta—FIh b Z5 ThHb,
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Exploring life at its limits in the subseafloor biosphere through scientific ocean drilling
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of Geosciences, University of BremeiGraduate School of Oceanography, University of Rhode Isti@DP Expedition 329
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Deep drilling of marine subsurface offers unique opportunities to explore how life persists and evolves in the Earth’s interior
ecosystems. There are very few natural environments on Earth’s surface where life is absent; however, the limits to life are
expected in the subsurface world. Processes that mediate genetic and functional evolutions of the deep life may be very differe
to those in the surface ecosystems on our planet. Previous studies of the subseafloor sedimentary biosphere have demonstr:
that activity of microbial communities is generally extremely low, mainly because of the limit of nutrient and energy supply.
However, the limits and habitability in deep subseafloor sediments have still remained largely unknown; subseafloor microbia
biomass, activity and functional/taxonomic/physiological diversity are possibly constrained significantly by each or the combi-
nation of multiple geophysical and geochemical factors, such as temperature, pH, pressure, salinity, porosity, and availabilit
of nutrient and energy. In addition, understanding of the limits and habitability of life in the deep subseafloor biosphere may
hold the clue to the issue regarding the origins and evolution of subseafloor life and its ecological consequences in Earth’s histor

The Integrated Ocean Drilling Program (IODP) Expeditions 329 and 337 were the microbiology and biogeochemistry-dedicate
scientific ocean drilling, targeting on very distinct oceanographic settings; in 2010, usid@tB&S ResolutionExpedition
329 explored deep-water sediments (water depth: 3,74075,695m, sediment depth: "131m) down to the basement at 7 sites in t
ultra-oligotrophic South Pacific Gyre. During Expedition 337 in 2012,@fekyu explored ultra-deep sediments (water depth:
1,180m, sediment depth: “2,466m) associated with deeply buried coalbeds in the northwestern Pacific coast. The samples a
data collected during these drilling expeditions, as well as rapid technological developments, provided unprecedented opportun
ties to study the limits and habitability of life in the subseafloor sedimentary biosphere.

The number of microbial cells is measured by newly developed cell separation and fluorescent image-based cell count tect
nigues, revealing that cell abundances in both ultra-oligotrophic and deep coalbed-associated sediment samples are several orc
of magnitude lower than those previously observed in shallow sediments of the ocean margins. The finding of very small micro:
bial populations under two distinct extreme subseafloor conditions leads to subsequent questions: What are the environmen
constraints for habitability of subseafloor life? What are ecological roles of subseafloor microbial activity in biogeochemical
carbon and other elemental cycles? What are genetic and metabolic functions and its diversity of microbial communities? Hov
and why can they live in such deep and extremely energy-limited conditions?

F—"7—F: IODP, i N dke]
Keywords: IODP, The deep subseafloor biosphere
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Unprecedented Zipangu Underworld of the Moon/Mars Exploration (UZUME)
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Challenges to Predict the Long-Term Uranium Migration in Deep Terrestrial Crust

SEGORILT BN P
KOUDUKA, Mariko! ; SUZUKI, Yohey!*

USROS RIS

!Department of Earth and Planetary Science, The University of Tokyo

Our understanding of uranium mobility in the near surface environment has been rapidly expanding in the past decades, e
pecially due to problems associated with environmental remediation of U-contaminated sites. After Fukushima Daiichi nucleat
disaster, it is becoming important to study the environmental behavior of U even in Japan, because meltdown debris mainly con
posed of UQ need to be disposed of in a deep geological repository. Recently, it has been demonstrated that our understandir
of U in deep granitic rocks is limited, as exemplified by an unexpected finding of high concentrations of uranium in reducing deep
granitic groundwater at a Swedish geological disposal site. As Japan is located at tectonically active plate boundaries, geologic
factors influencing the mobility of uranium remain to be clarified.

Biogeochemical processes mediated in the deep granitic aquifer at the Mizunami underground research laboratory (URL) wel
studied in details and published in Suzuki et al. (2014). Briefly, large extents of sulfur isotopic fractionation between sulfate
and sulfide and zinc sulfide precipitation clearly indicate that the aquifer is under sulfate-reducing conditions. Groundwater
concentrations of U were measured to be exceedingly low at the ppt level. To constrain factors determining the low U concen
trations, fracture-filling minerals were investigated by scanning electron microscopy (SEM) coupled to energy dispersive X-ray
spectroscopy (EDS) for focused ion beam (FIB) fabricated samples. At 300 meter below ground level (mbgl), pyrite and chlo-
rite were associated with U-bearing loci. One of the samples was FIB fabricated for transmission electron microscopy couplec
to EDS, and selected area electron diffraction (SAED) patterns, chemical compositions and spacings of lattice fringes were a
indicative of the formation of a U(IV) silicate mineral called coffinite. High-resolution TEM observations also revealed that
coffinite was crystalline. The solubility of crystalline coffinite was thermodynamically calculated by Phreeq C with our selected
database and consistent with the U concentrations in the deep granitic aquifer. It is therefore concluded that U is stable as i
reduced state and immobile in the present groundwater.

Tono uranium ore deposits are adjacent to the Mizunami URL, and geological settings of the two sites are almost the same
10 Ma U mineralization occurred in the overlying sedimentary formation where lignite is a reducing agent for U(VI). It is well
established that U is mobilized from granite under oxidizing conditions and transported to downstream ore bodies with abundar
reductants such as organic matter and pyrite. However, the current redox state of granitic groundwater at the Mizunami ULR i
under stably reducing conditions, and the established concept involving oxidizing groundwater appears not to be a case. As
significant transgression event is known to have occurred 10 Ma, there is the possibility that the intrusion of seawater into the
freshwater aquifer might be important as suggested for the Swedish repository site after the last glacial maximum. We investi
gated the paragenesis of cofinite, pyrite and chlorite within calcite grains formed during the 10 Ma transgression by SEM-EDS
carbon and oxygen stable isotope measurements of microdrilled calcite and field emission elemental probe microanalysis (FE
EPMA). Results will be shown to discuss about the reconstruction of geological events and their influences on U migration in
the deep granitic rock.

Suzuki, Y, Konno, U., Fukuda, A., Komatsu, D. D., Hirota, A., Watanabe, K., Togo, Y., Morikawa, N., Hagiwara, H., Aosai,
D., lwatsuki, T., Tsunogai, U., Nagao, S., Ito, K., Mizuno, T. (2014) Biogeochemical Signals from Deep Microbial Life in Ter-
restrial Crust, PloS one, 9(12), e113063.
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Biomineralization of corals and paleoenvironmental studies
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BT REL 72 % IEFEDIHTEE DR AEYIEREOERZ EN S, FRRICHER S NI BEIRROEHE O &L
ELfron, BAEDOSKUERECRARIGERICE I 2 F R 3 X OBREZIICN I 3 LR OEIGIEE EIS DWW T & i
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Ultra-high resolution past environmental reconstruction-Insolation extracted from giant
clam shells-
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YOI HMHE EOWHEEYNZ, RS % B0 OKIR P 75 £ OBIERZ Rl U a0 b Rtz o) &
T LHEPRZNED. —EIED NI AR ELA & LTROMERZRETT 5. LVRIRORE IV > L
OMETCRRFNAAIHTIC K 2 HERBE OB T, MRS K ZBHAD XX S THARFERSDKKRITICK S T—2HZ L
WA BT TR 2 R U IPCCx E DRURZEIRHIiIC K E CHEBLZ [1]. LA LINE TOHETDZE
RS Te eI 7 ay, R RABICHARG 2 L ADRA TH o7z, ATV =7 M TR, YRR
FIV D NERSROMETTEZHECR E { R TREENIC W ZEBIDREE TN 2 Lic Kb, BHEEMDKET 5B
DK, 7 EEREIE IR e LNV O @R RETEIT S 2 T 2 HINE Le. BAAIICIE, TERODHTFikL
PR U CIRHIS m 22 0 e C AR oA il e & — ot e —RA A& 2 E &% (NanoSIMS 2 WA
Ykl etz i U7z,

AWFZETIE, HIDIC NanoSIMSD 74T 2 — =7, FEHERRLORTE - fEK, METCRIM RO LZIT 572 [2].
C DN FEZ 200240 5 20054 I TR AIEE PEE TG Lz v aH (e L) ofte REERIES
T 20074 8 HICHHLL7efbaiDy vy aH (FA T v ) IGH LTz, flE Ley v AR TlE, KREREOSHT (Ui
AES0X 7 H2) ICKD Sr/CattWEICK S, KiCEmWERZTN IS NIz, KicaBEOn Orfe23I /1)
T, SrCattMBICEME MBI TIKL, KIIF&E < &2 HEZEMNGHIIE NIz, 77— 2O, ThbOLH)
FHBHRIIGE S % C e 72 [3]. ALY v TEBROEMENUE, HBEPERZRIC X DK 50004 1] & ffEE TNz, K
BHEN S RBE 57K 2 7 Oadkl 210 H UREIC o L7z, ZOfER, fH L7zalkl & [AkkD Sr/Calt D28
B & HEZEMNE E Nz, FEGRO BHICEREE LY T 5580 OERIGIET — 2 5, 2-3IFHI D fRAET,
# 50004 D H & DZLMETLTE S T L 2R LT [4].

EBCN

[1] Henderson (2002karth Planet. Sci. Let203 1-3. [2] Sano et al. (200%nal. Sci.21, 1091-1097. [3] Sano et al. (2012)
Nature Commung3, 761. [4] Hori et al. (20155cientific Reportsin press.

F—U— Flre i ERE, A, 7/ Y LA, Ty 2 R
Keywords: past marine environment, insolation, NanoSIMS, giant clam shell
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Full-Depth Biogeosciences for Profound Life in Ultradeep Terrain of Ocean (PLUTO)
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Searching for habitable worlds in the solar system
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New observations from spacecraft missions enable us to examine habitability in the solar system. The icy satellites with
geological activity, Europa and Enceladus, are considered to possess subsurface liquid oceans beneath the icy crusts. Rec
findings of water-rich plumes erupting from Enceladus would allow us to investigate biogeochemistry of the subsurface ocean
Mars is also highly likely to have been another habitable terrestrial planet in the first several hundred million years after its
formation. The combinations of in-situ geological and geochemical analyses by the rovers and high-resolution remote sensin
by the orbiters help us to understanding the drastic environmental changes on early Mars. Future explorations of these habitak
worlds in the solar system would provide insights into understanding not only the possibility and variety of life in the universe
but also the concrete pathways of chemical evolution toward life, which was occurred on early Earth. Here, | will review recent
progresses in the search for habitable worlds in the solar system and discuss the scope for the assessment of planetary habitab
by spacecraft missions.
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Geochemistry of trace elements at the seawater/ferromanganese oxide interface
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Chemical reaction on the surface of ferromanganese oxides, which are widely present in a variety of forms such as crust:
nodules, and precipitate particles, strongly affects geochemical behaviors of trace elements in the marine environment. Accl
mulation of some valuable metals into ferromanganese oxides is closely related with the formation of mineral deposits includinc
Co-rich crust, Mn nodules, and REY-rich mud, whereas scavenging of trace elements from seawater sometimes controls the
concentrations and isotopic compositions in seawater. Molecular structures reveled by synchrotron X-ray analysis can explai
the mechanisms of incorporation and isotopic fractionation of trace elements at the seawater/ferromanganese oxide interface. F
example, the extreme enrichment of Te among oxyanions can be explained by structural substitution into Fe (oxyhydr)oxide:
via coprecipitation reaction because its molecular geometry is similar to Fe octahedron, in contrast to other oxyanions incor
porated via adsorption reaction. In the adsorption reaction, on the other hand, the mode of attachment (inner- or outer-spher
is an important factor, where the formation of inner-sphere complex causes the larger adsorption than outer-sphere comple
as observed in the case of Mo, W, As, Sh, and Se. We found the correlation between these molecular structures at the se
water/ferromanganese oxide interface and chemical properties of elements including pKa, and pKOH, which can lead to th
systematic understanding of variable behaviors of elements. In this presentation, | will talk about the chemistry of trace element
at the seawater/ferromanganese oxide interface and its significance in the study of marine environment and submarine resourc
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Microscopic analyses of radioactive contamination in Fukushima soil
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Effect of pore size on ion adsorption properties of nanoporous silica
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mM AT 0.006 MMD K+ 14 > &) iRz A, pH 7% 4.0, 4,5, 5.6, 6.4, 7.3, 8IZF#E L 72121 30 R L.
BB 2B Uz, B UT2IERIE T 2 )V Z— (0.20pum) I, A4 27 7S5 71k KT A4 ViEx
HIE UTze ZOREHR, P2 L nmORIRERAD KT Ol &=, % 25 nmORR & b TRAT 2 520 B Uiz,
AMROFERIE, F / HR%Z & DIYIND A F Vg2 E 2% LT, MRBEOMBROELEEZ/RL TV,

F—T— R A& 2Was, RindEw, B _EE, >V A, F /R
Keywords: lon adsorption, Surface charge, Electric double layer, Silica, Nanopore

1/1



