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Two sites of life system on the Earth
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Abstract
Life is a phenomenon occurring only in the space of water-rock interactions driven by magma underneath or surface materie
circulation driven on the top by Sun.
Nutrient supply
Life cannot be synthesized and sustained by only water and CO (COZ2). Moreover, nutrients are necessary such as P, Fe, (
K and others, in addition to N. Most nutrients are concentrated into the final residue of fractionated magma ocean, hence near
absent in mantle peridotite or chondritic meteorites.
Furthermore, the life is a metasomatic phenomenon possible only in the space of water-rock interaction where both materi
(nutrients and water) and energy are supplied constant. If they are stopped, life stops to die immediately.
It is noteworthy to point out that the size of nutrient supply on the surface system is more than 106 times bigger than the
mid-oceanic hydrothermal system.

Subground ecosystem
Recently the idea of subground ecosystem has been proposed as an independent third life system. Subground hydrotherr
system is right such as mid-oceanic ridge and as hotspot, because of the steady-state supply of magma underneath, but no
general because of absence of material circulation of nutrients and thermal and chemical energy.
History
Under the extreme environment right after the birth of consolidation of magma ocean, UV could have been eight times
higher than today. First life was not possibly synthesized near the surface, but in the deep-sea hydrothermal system, presumal
in the Hadean time. Emergence of huge landmass was 800-500Ma, by the return-flow of seawater into mantle as documented
the appearance of high-P/T regional metamorphic belts along the subduction zone. This was the timing of extensive enlargeme
of life system using the driving force of Sun, and the golden time of life on this planet. After the establishment of the surface
ecosystem, metazoan and evolved bacteria invaded the deep-sea hydrothermal system.
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acids with pyrrhotite in aqueous solutions

Formation of iron-sulfur clusters from amino acid
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Iron-sulfur (Fe-S) clusters are agents that affect many biochemical processes as they are the active sites in relatively smze
proteins with molecular weights of 6,000 to 12,000. They are common to most ancient components of living matter and are
present in a host of other organisms such as photosynthetic organisms, nitrogen-fixing bacteria, and submitochondrial fractior
of mammalian origin [1]. The chemically simplest Fe-S clusters are the rhombic [2Fe-2S] and the cubane [4Fe-4S] types, ant
are usually integrated into proteins through coordination of the iron ions by cysteine or histidine residues. Interestingly, these
biological Fe-S clusters resemble the iron sulfide minerals such as mackinawite (&3 and greigite (F£5,), which have
been assigned an important role in the geochemical theory of the origins of life [2].

Cody et al. [3] reported the formation of carbonylated Fe-S species in the aqueous formic acid with nonanethiol and synthe-
sized troilite (FeS) under hydrothermal conditions. They identified the carbonylated Fe-S species by UV-visible light and Ramar
spectroscopy. Here, we describe the results of the separation and identification of feredoxins-like Fe-S clusters in amino aci
aqueous solutions with pyrrhotite (ke,)S) by using liquid chromatography-mass spectrometry (LC-MS).

Our experiments were run in glass vials charged with amino acid containing aqueous solutions and laboratory synthe
sized pyrrhotite (Fg_.)S). Separation and identification of FeS clusters were performed with the use of ultra-performance
liquid-chromatography (UPLC) coupled to UV spectroscopy and electrospray ionization-mass spectrometry (ESI-MS) detectior
(ACQUITY UPLC and TQD system, Waters).

Serine aqueous solution with pyrrhotie recovered from the reaction show clear yellow color. UV and ESI-MS spectra of the
colored solution reveal the formation of Fe-S clusters, very similar to [2Fe-2S] and [4Fe-4S] units of ferredoxins. Proteins that
contain ferredoxins are smaller than most other enzymes, having only 55 amino acid units, therefore, have been thought by son
to be the most primitive enzymes [4].

Amino acids that include serine have been synthesized under hydrothermal conditions [5]. Pyrrhotite is one of the abundar
sulfide minerals around sea-floor hydrothermal systems. The facile synthesis of ferredoxins-like Fe-S clusters from amino aci
aqueous solutions with pyrrhotite in the present experiments suggests that these potentially catalytic species will form in nature
settings, where reduced hydrothermal fluids with abiotic amino acids pass through metal sulfides-containing ore deposits. Ot
results lend support to the theory that the Hadean sea-floor hydrothermal systems could have provided an environment for t
chemical evolution promoted by ferredoxins-like Fe-S clusters.
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Development in the early Archean of the modern-styled geochemical cycles of Fe & U
through the crust-ocean-mantle system
Development in the early Archean of the modern-styled geochemical cycles of Fe & U
through the crust-ocean-mantle system
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Modern oceans are U-rich but Fe-poor, because U is leached from, but Fe is retained in, rocks during weathering under a
oxygenated atmosphere. The oceanic U is removed by three major processes: (1) co-precipitation with carbonates in shallo
seas ("60%); (2) adsorption/reduction by carbonaceous matter in black shales, which deposited in euxinic basins ("20%); and (
adsorption by F&!-(hydr)oxides that formed in submarine hydrothermal systems on mid-ocean ridges (MORs) ("20%). Many
researchers have assumed that before "2.4 Ga, the oceans were Fe-rich but U-poor, because the atmosphere was presumn
reducing.

Here we report the results of our investigations on "3.46 Ga jaspers (low-grade oxide-type BIFs) and associated submarir
basalts from ABDP #1 drill hole at Marble Bar, Pilbara, Western Australia. These samples exhibit the mineralogical and geo-
chemical characteristics that are essentially identical to those of jaspers and hydrothermally-altered basalts on modern oce.
floors, including: (a) enrichments of Fe(lll) as ferric (hydr)oxides; (b) enrichments of U, Mo and Li with Fe(lll); (c) enrichments
of Ba, Cu, Zn, Pb and Ag; (d) depletions of Ca and Sr; (e) anomalies (both positive and negative) in Ce concentrations; and (f
the 206PpPY4Ph, 207Pp PO Ph, 208Pp Y Ph and?32U/232Th ratios that significantly deviate from those of the bulk Earth. These
data suggest that by 3.5 Ga, the modern-styled geochemical cycles of the redox sensitive elements through the continental cru
oceans, oceanic crust and mantle had been established. This suggestion is further substantiated by the data on U/Th ratios and
anomalies in submarine volcanic rocks that are associated with volcanogenic massive sulfide deposits of 3.2-2.7 Ga in ages.

Subduction of oxidized and U-enriched oceanic crust has created the large-scale heterogeneity of the mantle since 3.5 Gyr (
earlier), including the features known as 'the lead paradoxes’ where Pb in the mantle is more radiogenic and has higher ratios ¢
uranogenic Pb/thoriogenic Pb compared to Pb in the bulk Earth. Therefore, through the creation of the oxygenated atmosphe
and oceans, aerobic microbes have influenced the geochemistry of the deep Earth since at least 3.5 Ga ago.

OO0O000:Archean, Pb, U, Fe, Marble Bar
Keywords: Archean, Pb, U, Fe, Marble Bar
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There remain uncertainties about atmospheric conditions in the early Earth, though numerous researchers have been tryil
hard to elucidate. The Paleoproterozoic era (especially between 2.5 and 2.0 Ga) has attracted much attentions due to intrigui
oxygen rise, multiple global scale glaciation events and co-evolution of early atmosphere and organisms. The concentratio
of atmospheric C@is a factor that affects the above events and surface temperature, as known as 'faint young sun paradox’.
Atmospheric photochemical modeling and paleosols as geological records have given certain constraipts leaels, but
some of them conflict with one another (e.g., less than 100 PAL (meaning 100 times present atmospheric level) at ~ 2.2Ga (Ry
et al., 1995); 7 - 70 PAL at 2.5 - 1.8 Ga (Sheldon, 2006); more than 100 PAL at 2.8Ga (Haqg-Misra et al., 2008)). To estimate
the most likely P02 levels in the Paleoproterozoic, paleosols constraints must be re-evaluated.

We used the data of the Cooper Lake paleosol (formed at ~ 2.45Ga, from Utsunomiya et al. (2003)) as this paleosol is
diagnosed as well preserved from physical erosion (Murakami et al., 2011). To extfactcBnstraints, we firstly estimated
ion concentrations in pore water at steady state. Considering the mass balance between solid and water phases, the loss
elements from solid (mol/L (bulk)), which can be obtained from a paleosol, must be the same as the amount transported oL
from the paleosol by fluid. The amount transported can be expressed by the product of the following parameters; steady sta
concentrations of ions in water phase (mol/L (water)), transport rate by fluid flow (/yr), porosity of the paleosol at the time of
weathering (L (water)/L (bulk)), and total weathering time (yr). Assuming dissolved Si concentration at steady state-as 10
102 mol/L, Na, Mg, Ca and P concentrations in pore water in a paleosol can be obtained from this mass balance method. A
for K concentration, two extreme scenarios were considered, which are no weathering of K scenario and complete weathered
scenario, because K recorded in the Cooper Lake paleosol is affected by K-metasomatism after the paleosol formation. As a ne
step, we calculated the pHs at which charges of pore waters are maintained, changirfgpbh 0.1 PAL to 1000 PAL. Anions
considered other than carbonate species included phosphate species, concentrations of which were obtained by mass bala
method from the paleosol, andChssumed as non buffering anion in the range @.002 M, although Ct concentrations only
caused the charge balanced pHs to shift by at most 0.3 in pH unit. As a final step, these charge-balanced waters were check
for saturation state with respect to secondary minerals, and here, kaolinite and smectite were chosen for such minerals. Tt
calculations have revealed that 10 - 1000 PAL ofGiPe the most likely levels operating at the time of the formation of the
Cooper Lake paleosol for the above two extreme scenarios for K. These estimatéel/€®are not inconsistent with more than
100 PAL of R-p- at 2.8 Ga estimated from atmospheric photochemical modeling (Hagg-Misra et al., 2008).

goooo:gooo,0o, 0o ooo,toooo,oonboog
Keywords: paleosol, weathering, faint young sun paradox, carbon dioxide, Paleoproteorozoic
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Nitrogen cycles in hadopelagic sediments
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Arts & Sciences, Yokohama City Universitifaculty of Agriculture, Tokyo University of Agriculture & Technology

Nitrogen cycle in deep-sea sediments is still uncertain while that in the aphotic oceanic water has intensively been investigate
A hadopelagic sediment core (1.1m in length) was taken by the ROV ABISMO from the Ogasawara Trench at a depth of 9760m
Interstitial water chemistry indicates that nitrate reduction occurred in the upper parts of the sediment core, but significant
sulfate reduction did not even at the bottom of the core column. Comprehensive molecular analyses including clone analyse
and quantitative PCR for SSU rRNA genes and functional genes (amoA, nirK, hao/hzo) present unique distribution patterns o
nitrifers, denitrifers and anammox in the nitrate reduction zone. The maximum abundance of both aerobic nitrifers (archaeal an
proteobacterial ammonia oxidizers, and nitrite oxidizing bacteria) and proteobacterial denitrifers occurred in a same horizon, an
stable isotopic analyses for nitrate also suggest the occurrence of nitrification in the nitrate reduction zone. On the other hant
anammox population decreased with increasing depth. These results suggest that the abundance of aerobic nitrifers is regula
by both oxygen and ammonium concentrations, and the anammox population is suppressed as a result of competition for nitri

with nitrite oxidizer and denitrifer except for surface layer in the hadopelagic sediment.

gooobo:0b0,000,0000,00,00
Keywords: deep-sea, sediment, nitrogen cycle, nitrification, denitrification
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Pyrite spherulites found in the Nishi Kannondo Kuroko deposit in the Hokuroku district:

Comparison with Suiyo Seamount.
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Pyrite spherulites are often observed in modern seafloor hydrothermal vents as well as ancient hydrothermal ore deposit
Sulfide spherulites are often considered as an important material in the origin of life by catalyzing metabolisms or acting like a
cell. However, formation processes of the pyrite and their association to biotic processes are not well understood due to a lac
of detailed investigations on mineralogical and geochemical characteristics of the pyrite. We found possible fossil of chimneys
including much pyrite spherulites in the Nishi-Kannondo deposit which is one of Kuroko-type massive sulfide deposits Nishi
Kannondo deposits generated by an ancient ("13Ma) hydrothermal system. It is located in the Hanaoka mining camp in th
Hokuroku district, Akita Prefetcure, Japan. The same spherules were also found in sulfide-sulfate mounds at modern submarir
hydrothermal field of the Suiyo Seamount in the Izu-Bonin Arc, Western Pacific. Objectives of this study are (1) to reveal detailed
mineralogical and chemical characteristics of spherulitic pyrite, and (2) to examine the relationship of the formation of spherulitic
pyrite and biological activities.

In the Nishi Kannondo deposit, we collected various ore samples. Pyrite-rich ores are commonly found in the western anc
northern part of the ore deposit. Black ores (consist essentially of sphalerite and galena) are found in the center of the ore depos
and barite ores are from southern side of the deposit. These lithological variations correspond to the paleo-structures of chimne
and mounds. Pyrite spherulites are found in barite-rich ores which may be located at the chimney out wall or mound inside: thos
were formed in low temperature and sulfate-rich environments, thus in distant from black smoker activities.

Based on microscopic observations, an individual pyrite spherulite, a few mm in diameter, is divided into core, and outer
envelope parts. Core parts of 134 spherulites were grouped into 3 types according to morphology and constituent minerals. Tt
most are i) multiple sulfide microcrystal type (69%, e.g., pyrite and tennantite), ii) pit or porous type (22%), and iii) sulfide
single crystal type (9%, e.g., pyrite and tennantite) to the least. The pit or porous type is associated with pyrite, covellite, quart:
and organic carbon (TOC ~ 0.1wt%) around the pit. Outer envelope parts are composed of radial pyrite crystals, and some hay
concentric layers with other minor minerals (e.g., chalcopyrite, tennantite and molybdenite). In chemical mapping of the pyrite
layers, concentric zonings of As and Cu were observed. These characteristics of outer envelope parts of the pyrite spherulit
indicate that the pyrites record periodical precipitation processes, which occur rapidly or slowly. We also propose that these
differences of characteristics of core and outer envelope parts reflect changes in surrounding environments during the formatic
of pyrite spherulites, such as periodic discharge of "hot” hydrothermal fluids. Some pit or porous types contain organic matter.
However, it is still uncertain if microbial activities initiated spherulite formations.

At the Suiyo seamount, black smokers are actively discharging, resulting the formation of large sulfide mounds on the seafloo
We collected various samples different in the formation phase, such as a freshly-formed chimney and aged sulfide mound:
Based on microscopic observations, spherulites are recognized in the matrix comprising barite, similar to that of Nishi Kannondc
deposit. An individual spherulite, a few mm in diameter, consists essentially of pyrite and sphalerite. Those suggest to be pet
forming similar process in case of the Nishi-Kannnodo deposit.
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Ferrihydrite, iron oxyhydroxide nanominerat ( 100 nm in size), is ubiquitous on the surface of the Earth. Ferrihydrite has a
large capacity to adsorb heavy metals in solutions because of its large specific surface area. The adsorbed metals onto ferrihydi
are transported in ground and river waters, affecting the redistribution of the metals in surface environments. Ferrihydrite forms
aggregates with various sizes and this can affect the uptake behavior of heavy metals and the subsequent transport. Furthermc
filtration with 450- or 220-nm pore, which is the most frequently used to physically separate ferrihydrite in adsorption measure-
ments, can give incorrect concentrations of adsorbates because of the extremely small size of ferrihydrite primary particles.

For the present study, ferrihydrite was investigated by various methods to understand the size distribution and the influence
metal adsorption on the size distribution, and then a possible impact on the transport of adsorbed metals was discussed. Size c
tribution of ferrihydrite and its aggregates were examined by gravitational settling, centrifugation, dynamic light scattering and
transmission electron microscopy (TEM). Adsorption experiments of Zn at acidic to neutral pH were performed with ferrihydrite
of various concentrations.

Direct observation by TEM revealed that individual, spherical ferrihydrite nanomineral of 5 nm was indeed present, but they
formed aggregates of around 100 nm. Meanwhile, the other methods for size distribution indicated that suspended ferrihydrite i
solution formed aggregates of several tens of nm to a few tens of microns. The size distribution varied with pH and Fe concen
tration; smaller aggregates were formed at lower pH and lower Fe concentration. Despite the size distribution, most aggregate
did not pass through filters with 450-nm pore.

The amounts of Zn adsorbed on ferrihydrite were measured for solutions with aggregates fractionated by size, and then, the
were calculated on the assumption that the adsorption occurred on the surface of individual 5-nm ferrihydrite nanominerals
Good agreement between the measured and calculated amounts of Zn suggests that the structures of the aggregates are |
enough for Zn ions to diffuse into the aggregates and reach to individual nanominerals. It turned out that conventional adsorptio
experiments with relatively high Fe concentrations could describe metal adsorption almost correctly.

Sedimentation of particles depends on the size, in general; it takes about ten days for ferrinydrite aggregates of 100 nm i
diameter to settle down on the bottom of solution of 10 mm height. This implies that heavy metals adsorbed on the aggregate
with 100 nm or larger sizes are not transported further in water systems, whereas those on smaller aggregates are transpor
further.
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Marine ferromanganese crusts (FMCs) consist of iron (Fe) hydroxides and manganese (Mn) oxides with various minor anc
trace elements. Especially for tellurium (Te), which is recognized as one of the rare metals, it has been reported that this eleme
is concentrated about 105 times in FMCs compared with earth’s crust, and the host phase might be Fe (oxy)hydroxide (Hein e
al., 2003). Actually, in our previous study, the high concentration of Te in very surface layers of FMCs was found from the top
to halfway down of a seamount in the Pacific Ocean. However, the concentration of Te in surface layers through the seamour
showed good correlation with that of Mn instead of Fe. In this study, we attempted to clarify the enrichment mechanism of Te in
FMCs with some methods including X-ray absorption fine structure (XAFS) technique for synthesised/natural samples.

Seventeen FMC samples were collected from the Takuyo-Daigo seamount, from 950 m (summit) to 3000 m in water depth
with hyper-dolphin (remotely operated vehicle) equipped with live video camera and manipulators. The growth rates of all FMC
samples were estimated to be about 3 mm/Ma. Very surface layer (less than 1 mm) of all FMC was analyzed with XRD and XAFS
to confirm the mineral composition and speciation of Te. Furthermore, to serve as an aid to clarify the adsorption mechanism o
Te on FMCs, distribution coefficients (Kd) and oxidation states were determined through the adsorption experiments of Te(IV)
and Te(VI) on ferrihydrite and delta-MnQln all the experiments, pH and ionic strength were adjusted to pH 7.5 and 0.7 M,
respectively. The oxidation state of Te in water phase was determined with HPLC-ICP-MS. As for the analysis of oxidation and
adsorption states on the solid phase, XAFS was employed.

The major mineral composition of Fe and Mn had no significant variation through the water depth of Takuyo-Daigo seamount.
The oxidation state of Te in all samples showed hexavalent, and there was no significant difference of adsorption state independe
of the DO, salinity and temperature in water. It has been reported that Te exists as tetravalent and hexavalent in sea water of t
Pacific Ocean (Lee and Edmond, 1985). Thus, it can be said that the Te in sea water is oxidised and incorporated into FMCs. £
a result of the adsorption experiments in laboratory, the Kd of Te on ferrihydrite was larger than that of deltaakici@e(1V)
was adsorbed to a larger degree than Te(VI) on both minerals(Fig.1 a). The adsorption experiments of Te(IV) on delta-MnO
showed that the solid phase has only hexavalent Te (Fig.1 b), although the water phase has both tetra and hexavalent spec
of Te. Te(IV) on ferrihydrite was not oxidized to Te(VI). From these results, it can be suggested that Te(IV) was oxidized by
delta-MnQG and would be adsorbed onto ferrihydrite. Actually, the results of double-cell adsorption experiments support this
hypothesis. The detail of our results and discussion will be given in the presentation.
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Fig. 1(a) The adsorption isotherm for Te on synthesized ferrihydrite and 5MnOj, and
(b) the chemical species of Te in adsorbed oxides and natural ferromanganese crust
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Toxicity of arsenic is significantly variable depending on its speciation and it is important to understand the migration behav-
iors of this speciation, where diffusion can control transport mechanism in the impermeable layer such as in the pore waters c
sediments and rocks. Diffusion coefficienf3q) of arsenite, arsenate, methylarsonic acid (MMA), and phenylarsonic acid (PAA)
as a function of pH were determined in this study, which contributes to the better understanding of transport of various arseni
speciation in the environment. By aid ab initio molecular orbital (MO) calculations and Monte Carlo (MC) simulations, this
study sheds light on the origin of pH dependence on the diffusion coefficients for the arsenic compounds.

Diffusion experiments were conducted by diffusion cell method, Bsdvere determined by measuring the concentrations of
arsenic species every 10 minutes during the diffusion. The concentrations were measured by ICP-MS. The molar volumes ar
electrostatic potential maps were calculated by mearabahitio MO method to estimate the molecular size and the degree
of polarization of arsenic compounds. Radial distribution functions of distances between arsenic and oxygen atoms in wate
molecule for arsenic compounds were determined by MC simulations to obtain hydration structures of arsenic species.

The Ds of arsenic compounds decreased with increasing pH, and the trends were different depending on the type of com
pounds. With particular reference to the arsenate derivativesas different reflecting difference of functional groups at low
pH, butD became similar at high pH even though they have different solute sizes. The molecular simulations indicate that for
the neutral speciation at low pH, the diffusion is dominated not only by the molecular size but also by charge distribution in the
molecule (degree of polarization). On the other hand, for the dissociated speciation at high pH, the diffusion is dominated by
charged oxyanion due to high association of water molecules regardless their functional groups. This effect is common for all the
arsenic species, which causes that the differences infileeirecome smaller as the pH increases, especially for arsenate, MMA,
and PAA.
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Organic matrices regulating the biomineralization -Structural and functional analyses of
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A wide variety of organisms use biominerals to generate hard tissues that function in the maintenance of body structure
protection from enemies, sensing magnetic fields and gravity, and the storage of minerals. In addition to their mineral compo
nents, biominerals contain a small amount of organic matrices that likely play important roles in biomineral formation. These
organic matrices have been identified from a wide range of biominerals, such as bones, teeth, coccoliths, otoliths, the exoskelet:
of crustaceans, seashells, eggshells, the exoskeleton of corals and bacterial magnetite. Acidic matrices, which are necessary
mineralization, are included in these biominerals. These acidic matrices can interact specifically with the mineral’s crystal surfac
to induce axis-oriented nucleation, intercalate into the crystal lattice, determine the mineral phase, or function as the framewor
of biomineral formation.

In molluscan shells, these organic matrices play a role in the formation of calcium carbonate crystals. In turn, these crystal
are necessary for the formation of the nacreous layer contained in the pearl oyster shell, which is used for production of jeweln
pearls. Within the nacreous layer, aragonite calcium carbonate crystals are sandwiched between sheets of the organic matrix, &
the c-axis of the crystals is perpendicular to the shell surface. Within molluscan shells, the major components of organic matrice
are Asp-rich calcium-binding proteins and chitin. Previous studies suggested that unidentified acidic proteins induce aragonit
formation and control the direction of the c-axis.

In 1960, Watabe and Wilbur first reported that the whole organic matrices extracted from the nacreous layer induced aragonit
crystal formation. Later, it was suggested that Asp amino acid residues of the organic matrices interact with calcium atoms ir
the calcium carbonate to regulate its polymorph. Recent studies imply that a few organic matrices in the nacreous layer pla
important roles in the formation of such characteristic aragonite crystals. Although a number of matrix proteins have been iden
tified from various mollusk shells, any fully identified proteins which induce aragonite crystal formation characteristic of nacre
as mentioned above have not yet been found out, nor has any Asp-rich acidic macromolecule been discovered from the nacrec
layer. Therefore, the molecular mechanism of formation of the characteristic structure of the nacreous layer remains unknowr
To clarify the formation mechanism of the nacreous layer, we searched for a key molecule in the nacreous layer and identifie
a novel acidic matrix protein, Pif, if. fucatathat specifically binds to aragonite crystals. The Pif cDNA encoded a precursor
protein, which gave Pif 97 and Pif 80 posttranslationally. The results of immunolocalization, a knockdown experiment by RNA,
in vitro calcium carbonate crystallization studies and the existences of orthologs in closely related species strongly indicated the
Pif regulates the nacre formation such as stacked compartment structure, polymorph switching and crystal alignment.
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gogogob:bobodoodo, oo b, oo b, o000 bob
Keywords: stromatolite, cyanobacteria, travertine, microbial mat

1/1



Japan Geoscience Union Meeting 2012 /6 9 ’

(May 20-25 2012 at Makuhari, Chiba, Japan)
©2012. Japan Geoscience Union. All Rights Reserved. J;g‘;;gime

Union

u04-20 0 0:303 O00:50 250 13:45-14:00

0000000000000 o0ooooo _
Drying behavior of a rock and its effect on weathering

ooot,oooot
YOKOYAMA, Tadashi*, NISHIYAMA, Naoki!

00000000000 00O0o0Ooo0ooon
! Department of Earth and Planetary Science, Osaka University

0000000000000000000000000000000000000000000000O0O000000
dobodooobooooobooooobboooboboooobo oo b oo b oo uooooooa
000000000000 00D0000000000000000000026%]00000000.20 260 madOO
00000000000000002000000000000000000O0O0O0O0O0OOOOOOOOOOOO000
000000000 (constant-rage stage) 1 0 OO0 000 (falling-ratestage) D0 O 000000000 O0OOOOOO
0000000000000 000000000000o000o000oo0oooooooo0000000000O0O00Od
oot oo bbb ooobbobuooooooa
oo oo b oo b oo oo booon
00000000000 0o0oooooooooooooooooooooooo000000o00Ooooooooogg
0000000000000 00o000000oo00oo0o0o0o0o00oo00o0ooooooo0o00000000o0o0ooOOgQ
00000000000000000000000000000

goooobo:oob,00,0040,bboobo
Keywords: drying, weathering, pore water, pore structure

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]'ggg;gience

Union

uo04-21 0 0:303 00:50 250 14:00-14:15

00-00000000000000000000000 _
Effect of water saturation on mineral-water reactive surface area: role of water film
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