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Physicochemical states of H20 are divided into three phases, solid, liquid and vapor. Especially, the vapor-liquid phase bounc
ary is called the saturated steam pressure curve. The terminated point of this curve is called the critical point. Liquid density
becomes equal to gas density at that point. The fluid’s state above the critical point is called supercritical fluid (water). Supercrit
ical fluids exist near the deep-sea hydrothermal vent or in the deep earth’s crust.

Supercritical fluid has a characteristic property that chemical reactivity, solubility and/or ion product. It is very important for
the understandings of fluid/crustal rocks interaction. Therefore, decision of supercritical point of crustal fluid and characterizatior
of fluid’s state is very important.

The fluid near the critical point has intense density fluctuation, so, it is considered that the optical transmissivity is very low.

In present study, spectroscopic measurements for pure H20, CO2 and C2H50H fluids under high temperatures and high pre
sures up to 400C/30 MPa were carried out by using visible-type autoclave. It was observed the state of the optical property of
the fluid near the critical point. In addition, it was considered a method for the critical point determination of multicomponent
fluid by the spectral measurement of the transmitted light through the fluid. On the critical point, intensity of transmitted light
though each fluid became low drastically. The minimum intensity of transmitted light was corresponded to critical temperature
and pressure of each fluid. Differences between experimentally determined critical temperature and reference data in literatu
of pure fluids were within about 18C, and pressure differences were less than 0.3 MPa. It is practically well coincide and it is
possible to evaluate critical temperature and pressure of multicomponent geofluids by using spectroscopic measurement unc
hydrothermal conditions.

Intensity between about 940 and 960 nm of H20 and of C2H50H was always dark through entire temperature range in botl
cases of heating and cooling stages. Those absorptions in near-infrared region were corresponded to a combination of fundame
tal vibrations of -OH. It indicates that spectral measurement of multicomponent fluid will also lead to a further understanding of
the fluid composition and the molecular structure.
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Development of solubility measurement technique of rare earth element (Ce) in supe

critical aqueous fluids
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ica minerals

ooo™ooohooool,oooooz?ooo2oooo03,0000!
Ryo Yamad&®, Atsushi Okamotb, Hanae Saishy Michihiko Nakamurd, Satoshi Okumura Osamu Sasakj Noriyoshi
Tsuchiya

l0ooooOo000000o00,?2000000000000,30000000
Touhoku University? Tohoku university>The Tohoku university museum

Fractures are dominant fluid pathways in the upper crusts. Ubiquitous occurrences of quartz veins suggest that precipitatic
of quartz provides significant effects on the hydrological and mechanical properties of crustal environments. For example, ¢
model has been proposed that fracture sealing processes control the change of pore fluid pressure and thus earthquake cy
Previous studies on quartz veins have focused on the P-T conditions, stress and strain fields and fluid compositions; howeve
details of dynamics of fluid flow and how fractures are sealed during vein formation are still unclear. In this study, we carried out
the hydrothermal experiments to synthesis quartz veins, and observed the aperture structures by using X-ray CT. The purpo
of this study is to clarify how aperture structures evolve by quartz precipitation in fractures and to understand the behavior of
permeability evolution during vein formation.

We conducted the hydrothermal flow-through experiments for quartz precipitation from Si-supersaturated solutions at 430C
and 30 MPa (supercritical region). The experimental apparatus consists of two vessels for preparation of the Si-supersaturatt
solution and for precipitation, respectively. The precipitation vessel has double-structure: the main flow path was the inner alu
mina tube, and the outer SUS tube was filled with static solutions connected with the flow path. A granite core (Westerly granite
diameter=3.6mm, length=50mm) with a slit of 300 micro-meter width was placed in the alumina tube. Inner and outer pressure
of the inner tube was almost same (31MPa). Precipitation occurred preferentially within the alumina tube (mainly in the slit of
granite), and alumina tube was broken when fracture was sealed and upstream fluid pressure was raised toward “35 MPa. T
fluid pressure was recorded by the second to calculate the change of the permeability during run. The advantage of this system
that we can take out the non-destructive sample. We observed the aperture sizes of fractures before and after of run by compu
tomography.

The mineralogy and aperture structures changes systematically along the fluid flow path. Near the inlet of the precipitatior
vessel, only amorphous silica precipitated predominantly. From the inlet to 35mm of fracture, nucleation and growth of quartz
predominantly occurred, regardless of vein wall minerals. In this region, precipitation of quartz occurred preferentially on top
wall rather than bottom wall, indicating the effects of the gravity on the density fluctuation of supercritical water. From 35mm to
outlet of fracture, silica precipitates occurred as epitaxial overgrowth from quartz crystal. The wavelength of aperture structure:
is controlled by distribution and grain size of quartz of the host granite. Accordingly, fractures are not sealed homogeneously, bu
complex 3D flow pathways are evolved during vein formation.
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Geofluids have compositions in C-H-O system, mainly composed of H20, CO2 and CH4, and the compositional variation of
fluids within the Earth’s interior is of special importance for understanding the global carbon cycle. In this study, we characterized
the C-H-O fluids in the ancient subduction zone, that were trapped in mineral veins as fluid inclusions within the accretionary
complex, Shimanto belt, SW Japan. Although calcite-bearing veins commonly occur in the Shimanto belt, it is known that fluid
inclusions were mainly composed of H20 and CH4; therefore it is unclear why calcite precipitated from the fluids in absence of
CO2.

The Muroto Peninsula belongs to the Tertiary (Paleogene and Neogene system) Shimanto belt, and it is mainly compose
of sandstones, mudstones and conglomerates with small amount of basalt. The ages of accretion become younger toward 1
south, and maximal temperature evaluated from the vitrinite reflectance increased from north(214C) to south(278C) in this are
(DiTullio, 1993). Mineral veins were mainly composed of quartz, with small amount of calcite. We collected the mineral veins
from the 9 outcrops along the coast, W1 to W5 in the western side, and E1 to E4 from the eastern side from Paleogene systel
Lewis (2000) reported the fluid inclusions of CH4 and CO2 mixture at the locality W5, but the regional distribution of CO2 fluids
is not clear.

The mole fraction of CH4 and CO2 gasses in the two-phase fluid inclusions in quartz veins and carbonic(one-phase) fluic
inclusions in quartz and calcite were measured by the Laser Raman Spectroscopy (HoloLab, KAISER OPTICAL SYSTEMS
Co.) with thin sections of veins. Homogenization temperatures of water-rich inclusions were measured by microthermometric
techniques.

Two-phase fluid inclusions in the mineral veins in the Muroto area show the following features: (1) The gas phase of fluid
inclusions are composed of pure CH4, or CO2-CH4 mixture, with various XCO2(=nCO2/nCO2+nCH4) values ranging from O
to 0.8. Fluid inclusions with pure CH4 gas were found in the northern parts of the Muroto area (W1 - W4 and E1 - E3). (2) The
average XCO2 values increased toward south, and the most southern points W5 and E4 shows XCO2 of 0.370.8. (3) The XCC
values are various within individual veins; fluids including CO2 (XC®B) were located only close to vein walls, whereas gas
phase of fluid inclusions composed only CH4 were located in the center of the vein. Even in a single quartz crystals in minera
vein, the XCO2 values are scattered, 0.1870.88.

One-phase carbonic fluid inclusions were composed of CH4. Calcite veins also contain this type of CH4 one-phase inclusion
Primary fluid inclusions were composed of CO2 and CH4 mixture as mentioned above, but gas phase of secondary inclusior
were all composed of only CH4 in the whole Muroto area. The average homogenization temperature of W1 and W5, are 216 (
at W1, and 226 C at W5, respectively.

The increase of CO2 gas with increasing temperature (W1 to W5) and occurrence of CO2-bearing inclusions near vein wal
imply that CO2 fluids were generated by diagenetic processes of carboniferous materials in host rocks. We will discuss the timin
and controlling factor to produce variation in C-H-O fluid inclusions both in regional and local scales.

Referances:DiTullio L., Laughland M. M., Byrne T., Thermal maturity and constraints on deformation from illite crystallinity
and vitrinite reflectance in the shallow levels of an accretionary prism: Eocene-Oligocene Shimanto Belt, southwest Japan
Geological Society of America, special paper (1993), 273, 63-82

Lewis J. C., Byrne T. B., J.D.Pasteris, (2000) Early Tertiary fluid flow and pressure-temperature conditions in the Shimanto
accretionary complex of south-west Japan: constraints from fluid inclusions, J. metamorphic Geol., 2000, 18, 319-333
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In situ X-ray diffraction analysis of the experimental dehydration of chlorite at high pres-
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1. Introduction
Water in hydrous minerals is transported to deep Earth by subducting slab, which dehydrate at certain pressure and tempet
ture. Exist of deep Earth’s water affect the physical properties of Earth’s minerals such as melting point, viscosity, elastic velocity,
and so on. Therefore it is important to study the effect of water for the subducting slab materials. Moreover determination of the
stability region of hydrous minerals is important to understand the mechanism of transport of water.

Serpentine (MgSisO1¢(OH)s) is major hydrous mineral in subducting slab. There are many experimental reports for
serpentine under high pressure. The stability field has already determined by in situ X-ray diffraction experiments. Chlorite
((Mg,Al)s(Si,Al)40419(OH)g) should be also an important hydrous mineral in the subducted slab, because Al is included in slab
materials. However there are few experimental reports for chlorite under high pressure.

So in this study, the dehydration reactions of chlorite have been studied by time-resolved X-ray diffraction analysis under
high pressure and temperature.

2. Experimental

Time-resolved dehydration experiments of chlorite were conduced by in situ X-ray diffraction using the high-pressure ap-
paratus MAX80 at PF-AR, KEK. Natural chlorite was used as a starting material, and sealed by Au caps plus diamond sleeve
Temperature was measured by W-Re thermocouple, and pressure was calculated by equation of state of NaCl and Au. Expe
ments were conduced between 3 to 8 GPa and up to 900 deg C. Time-resolved X-ray diffraction was measured at intervals «
50 deg C with checking diffraction change. When dehydration occurred at each pressure, it kept a few hours, and quenched. Tt
guenched sample was analyzed by scanning electron microscope.

3. Results and discussion

In all experiments, chlorite was quickly dehydrated to forsterite + pyrope + fluid within 1 hour. Dehydration boundaries of
chlorite were determined at 3 to 8 GPa, with compared with the previous works. The boundary has negative P/T slope at 5 to
GPa. Chlorite was stable at ~ 800 deg C below 4 GPa. The dehydration boundary in the present study is consistent with previot
phase equilibrium boundary by quench experiment. This means that, chlorite become to equilibrium state rapidly when slab cros
the dehydration boundary.

The dehydration boundaries of chlorite and serpentine are compared. Pressure range of dehydration of chlorite is narrows
than that of serpentine, which means that dehydration depth of chlorite does not change so much compared to serpentine |
temperature profile of slab.

gooooD:000,000000,00000,X000000
Keywords: Chlorite, Dehydration, High pressure phase relation, In situ X-ray diffraction

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

SCG63-P07 go:booboboobo 00:50 220 18:15-19:30

000oo00opooooooooooon _
Elastic-wave velocity of serpentinites under high pore-fluid pressure

OoooobLhoooo',oooo?
Yuya Harada, Ikuo Katayamé&*, Yoshio Koné

!DpDoDOD0D0D0000000,200000000
!Department of Earth and Planetary Systems Science, Hiroshima Univé@égphysical Laboratory, Carnegie Institution of
Washington

goooooooobooboboooooooooobooboobooboobooboDoboboboob0ooobDOoDbUuboOoo
oboooooooboboboooooooboobobooooooooobobooboooooobOoboboboooon
goooo31goooooooopoogooo2gobooooooooooooobooooooooooobobooOooDo
boocooooobobooooooobooboboboooboooobOobOobooooooooboOoboboooon
gbobooboooobobooooboooobobooobooboon

O000o00oo0ooooOoo0o0oDooooOoooOoO 10-200MPEAID O OO 10-100MPAIDOODOCOOODODOO
COo0oooooog 20mmJO0 1OMmMMOO0O00CO000OCO0O000DOCO 0005mmIOOCO0OOOOOOODODOd
oboooooobOoboboooooooooboboooooooobooboobooooooobooboboboooon
ocooboooooooooooooooobobooDbOoboOoOoooooDsSsvOoDOOOOOOOOODODODOOOOOOD
OoO00O0000D0 wavel-timeOOOOOOOOOOO0O0O0O0O0OO

0000000000000 00000C00O00000O00O00O0O00O0OO0 PO SOOOOOOOVP/NsOOODO
goobobooooboooobooboooooobboooooooooobooobboooooooOooboobDboboooDbOoOoD
oboooooooooooooobobobobooooooooooooboboboboobobooooooobooboDbo
goooOoOoOOoQOQOOQOOOOOCOOOOOOO0OODOOO0OL0 PO SOUOOUOOOVPNsOOOOOOOOO
0000 O’ Conneland Budiansky (19740 000000000000 QCOCOODOO0OCOOOOOOOOOOOOO
00000 Vp/NsOOOOOODOOOOOOOOOoO VvVpNsOOOOOO

goooooooooboooboooboooboooboobobobobobobOobobboooboobooboooobooooooo
coooooO0ooooOooDboooOooDO 1oMPaO D 1I0OMPAO O OO OOOODOOODODODO 0.27800 0.2810
cooooogooooooo3nipbOoOOoDObOOOOOOOODOOOOOoDo o3IO ODOOOODbOOOO
go300OfdObOOO0OOO0ODOOO0DOOOODOOOO0ODOOOOOODOOODOOODOOOOODOOODOOObOODOO
booooobooboboboooooooboboboooooooboboboooooOoboobOoboboooooon
goooooobooobooobooboooooooooboooobooobDOooDoOooboobOooDbDOogoboobDobooO

Oo0000:00000,0000,Vp/Vs, 000
Keywords: Elastic-wave velocity, pore-fluid pressure, Vp/Vs, serpentinite

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

SCG63-P08 go:booboboobo 00:50 220 18:15-19:30

0000-H20000000000000000000000000000 _
Dihedral angle of garnet-H20O fluid in eclogite: Implication for low S-wave velocity re-
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Determination of the reaction boundary Mgg¢® SiO, = MgSiO; + CO; in the upper
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