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Electrical conductivity structure of a seafloor hydrothermal system at the southern
Mariana Trough spreading axis
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In the seafloor hydrothermal system, it is considered that seawater penetrates in vast inflow
areas at the seafloor into the crust, is heated by a magma chamber, and erupts rapidly in narrow
outflow areas (Lowell et al., 1995). The relationship between crustal porosity/seawater
temperature in the porosity and electrical conductivity observed indicates that higher porosity
and higher seawater temperature yield higher electrical conductivity observed (Seama et al.,
2003). Therefore, the electrical conductivity structure of the shallow crust around a
hydrothermal system allows us to estimate the porosity of the crust or seawater temperature
within the crust, and then reveal the scale of the hydrothermal circulation and the circulation
pathways of seawater. In this study, we estimate the electrical conductivity structure of shallow
crust around a seafloor hydrothermal system at the southern Mariana Trough spreading axis
(Snail site ; 12°15.2'N, 143°37.2'E) using the Magnetometric Resistivity (MMR) method.

The observational system of the MMR method consists of the vertical bipole source and
receivers. Five ocean bottom electro-magnetometers (OBEMs) were deployed as receivers
around the active hydrothermal site, and successfully recorded variations of magnetic field
induced by currents generated by the bipole source. The study area is about 3,000%3,000m
square including the active hydrothermal site, and the maximum distance among OBEMs is
1,000m. We used two kinds of electrical current sources; one is a stationary source and the other
is a towing source, and focus on the towing line along the spreading ridge in which four of five
OBEMs recorded variations of magnetic field induced by the bipole source currents.

We estimated the electrical conductivity structure of the seafloor hydrothermal system as
follows. First, we calculated the source-receiver separation between the locations of the source
(each transmission station) and the receiver (OBEM). Second, we calculated amplitudes of
magnetic field induced by the bipole source current, which were recorded on each OBEM. By
comparing the observed relations between the source-receiver separation and amplitude of
induced magnetic field with the analytical solution of Edward et al.(1981), we determined the
average crustal electrical conductivity of 0.16S/m. Magnetic field anomalies were calculated
from differences between the observation and the prediction from the homogeneous structure of
0.16S/m. The obtained magnetic field anomalies have different trends among the OBEMs
despite their close deployment. These heterogeneities in the electrical conductivity structure,
which are expected by the magnetic field anomalies (the positive magnetic field anomalies
relate to the high electrical conductivity area, while the negative anomalies relate to the low
electrical conductivity area), probably show common outflow zone of the hot seawater or inflow
zone of the cold seawater . We carry out the three-dimensional forward modeling of
conductivity structure to explain these heterogeneities in detail.
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Estimation of 2-D resistivity structures beneath the Lau back-arc Basin
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In subduction, island arc, back-arc systems, some factors such as dehydration from the slab, corner flow
at the mantle wedge and melting region beneath island arc, which do not come up for mid ocean ridges, are
considered to constrain the process of the seafloor spreading. The aim of our research is to constrain the
cause for the process of the seafloor spreading in the back-arc basin by estimating 2-D resistivity structures
of upper mantle beneath the Lau back-arc Basin.

The Lau back-arc Basin is an active back-arc basin, which has been formed in association with the
subduction of the Pacific plate at the Tonga Trench. There are 3 spreading systems, the Central Lau
Spreading Center, the Eastern Lau Spreading Center (ELSC) and the Valu Fa Ridge within the basin. There
are some clear transitions in spreading rate and crustal structure along the spreading axes in the Lau back-arc
Basin (Jacobs et al., 2007; Martinez et al., 2006). Until now it has been showed that the fast spreading mid
ocean ridges produce more pressure-release melt and show axial high morphology. In the case of Lau back-
arc Basin, however, the southern segment with slower spreading rate shows axial high morphology like fast
spreading mid ocean ridges, thus this region shows an opposite correlation to the previous theories on the
relationship between spreading rate and ridge morphology. As a cause for these features, the proximity
variation of the trench and the island arc which control melt production beneath the spreading axis is
suggested (Jacobs et al., 2007; Martinez et al., 2006). We can show how the proximity of the spreading
center to the trench and the island arc effects the melting condition beneath the back-arc basin by bringing
out the difference in upper mantle structure beneath the southern and northern in the Lau back-arc Basin.
Resistivity in the upper mantle reflects mantle temperature, the presence of melt and the content of volatile
elements such as water. Therefore, we can reveal the degree of melting by obtaining the resistivity structure
beneath the Lau back-arc Basin. We used the magnetotelluric (MT) method, which images resistivity
structure beneath the seafloor by measuring variations of magnetic and electric fields at the seafloor.

For the electromagnetic (EM) observation in the Lau back-arc Basin, we deployed 6 OBEMs (Ocean
Bottom Electro-Magnetometer) and 11 OBMs (Ocean Bottom Magnetometer) in total on the 2 survey lines
across the ELSC, which are located at 21.3°S (southern region of the ELSC) and at 19.7°S (northern region
of the ELSC), and the length of both lines are about 150 km. The OBEMs measure 3 components of
magnetic field and the horizontal component of electric field, and the OBMs measure 3 components of
magnetic field. We obtained about 12 months data from 2 OBEMs and 8-10 months data from 11 OBMs.
The OBEM data shows clearly daily variations and disturbances of magnetic field, and variations of electric
field induced by them. The OBM data also shows similar variations, suggesting that the data quality of both
OBEM and OBM is high because remarkable noises cannot be seen. After cleaning up the raw time data
series, we calculated the MT response functions using a bounded influence, remote reference algorithm
(Chave and Thomson, 2004). MT response functions were calculated with small standard deviations at the
periods of 480-81920s. The spatial variation of MT response functions in each line suggests that they are
distorted by the topographic effect as the observation site approaches the island arc. We will correct the MT
response functions for the topographic effect, and estimate 2-D resistivity structures by a 2-D inversion.

In this presentation, we will show the overview of the EM observation and data analysis, and 2-D
resistivity structures beneath the two survey lines. We will show how resistivity structures beneath the basin
are controlled by the proximity of the spreading center to the the trench and the island arc.
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Development of a ductile shear zone in Oman: a geological analogue of detachment

faulting during mid-oceanic extension
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A ductile shear zone across the crust-mantle boundary occurs in the Fizh massif, Oman
ophiolite. The dunites in the ductile shear zone were classified into coarse granular texture,
medium-grained texture, protomylonite, mylonite and ultramylonite. The average grain sizes of
olivine decreased toward the shear zone, by which a high strain zone was estimated
approximately 15 m. Amount of hydrous minerals (amphibole and chlorite) and spinel Cr# in
the mylonites increased toward the gabbro boundary, suggesting that water infiltration into the
ductile shear zone could occur from the gabbro boundary. The amphibole porphyroclasts show
deformation structures, indicating that the water infiltration and subsequent water-induced
metamorphic reactions occurred before or during shearing. P-T estimate and equilibrium
temperatures show that the shear zone could preserve higher deformation temperature (around
900 °C) for outside of the high strain zone and lower deformation temperatures (around 750 °C)
for inside of the high strain zone. Olivine CPO pattern evolutions indicate the following
continuous deformation scenario. First, the deformation by dislocation creep at high temperature
condition have formed A-type CPO or E-type CPO (more close to high strain zone). Next, the
deformation by dislocation creep at low temperature and wet conditions have formed C-type
CPO. Finally, superplastic deformation by grain boundary sliding at low temperature and wet
conditions have occurred and formed random CPO.
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Insight into the thermal structure of the upper oceanic crust using crystal-size
geothermometer — 1. Method and Application
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Elucidation of hydrothermal system beneath the seafloor is critical to understand cooling of
lithosphere and physico-chemical evolution of the earth’s surface and interior, and migration of
deep bioshpere. Recent seismic studies on the northern East Pacific Rise suggest along-axis
hydrothermal pathways, which are provided by fractures and fissures induced by dike intrusions
[1].Hydrothermal circulation is driven by thermal gradient within the upper oceanic crust that
increases toward the segment center as indicated by the shallowing magma chambers.
Accordingly, thermal structure of the oceanic crust plays a fundamental role in hydrothermal
circulation and thermo-chemical evolution of the oceanic crust.

Thermal structure of the upper oceanic crust have been estimated by numerical modeling
constrained by measurements of heat flow and hydrothermal fluid temperatures and chemistry
as well as metamorphic temperatures based on mineral assemblages, geothermometers,
homogenization temperatures of fluid inclusions. However, metamorphic temperatures may be
different from the ambient temperatures of the host rocks as they are in equilibrium with the
fluids that supply or remove heat from the host. Secondary minerals may record a higher
temperature than the ambient host rocks where upwelling hydrothermal fluids concentrate,
while lower temperaturesare indicated in a recharge zone, which may overwrite earlier
high-temperaturemetamorphic records [2].

We present a new approach of estimating the thermal structure of the ancient upper crust
formed at the Oman paleospreading axis on the basis of the crystal size variations of the sheeted
dike complex. A numerical simulation of crystallization in a dike shows that a wall rock
temperature is correlated with logarithm of crystal size in the center of a dike [3]:

logRncenter = 0.44Tnwall — 1.19

Rncenter isnormalized modal crystal size in the dike center, and given by Rn= R/(UD?/k),
where U is growth rate, D is dike thickness and k isthermal diffusivity. Tnwall is wall rock
temperature normalized to the liquidus of magma. This enables us to estimate the wall rock
temperatures at the time of the dike intrusion using the crystal size variations in the dike:

Twall =Tm {logRc—logRc(0)}/0.44 + Tnwall(0)

Where Rc is crystal size in the dike center and Tm is the liquidus temperature. A variable with
(0) means a reference value.

Because dike intrusion is limited to a narrow volcanically active zone (less than 1 km in
width) beneath the fast-spreading ridge axes, the groundmass crystal sizes of the sheeted dikes
represent the thermal structure of the upper crust at the ridge axis. Unfortunately, exposures of
the sheeted dikes on the present ocean floor are only known from a few places (e.g. Hess and
Pito Deeps). Application of the newly proposed “Crystal-size geothermometer” requires intense
sampling of sheeted dikes, which is virtually impossible from the present oceanic crust.



Alternatively, well-exposed and preserved ophiolites such as Oman Ophiolite provide ideal
samples for the crystal-size geothermometry.

A critical issue is raised when we applied the crystal-size geothermometry to the groundmass
plagioclase in the sheeted dikes. The groundmass plagioclase is generally finer in
plagioclase-phyric dikes than in dikes which lack plagioclase phenocrysts. The
plagioclase-phyric dikes show that the variation in the average maximum plagioclase crystals
between individual dikes at a single location is as large as that between positions in the sheeted
dike complex.

On the contrary, the non-plagioclase-phyric dikes show marked coarsening in the groundmass
plagioclase just above the upper gabbros, which solidified in the roof zone of the magma
chamber. This is in accordance with a large geothermal gradient expected through the sheeted
dike-roof zone transition.

The difference in the plagioclase crystal size of plagioclase-phyric and non-phyric dikes
inherits from the different thermal history of these dikes prior to the intrusion. Because critical
diameter of nuclei is large near the liquidus, only a few molecular clusters can grow into nuclei
of plagioclase. As plagioclase phenocrysts grow slightly below the liquidus, the number density
of clusters smaller than the critical nucleus is large in the plagioclase-phyric magmas before
dike intrusions. Upon emplacement of such magma into the cooler host, the magma is
significantly undercooled where the critical nucleus becomes smaller. However, relaxation time
of the melt structure upon the temperature decrease is long enough for clusters larger than the
critical nuclei to grow into plagioclase crystals. Because the number density of nuclei is
inversely proportional to the growth rate, this results in a number of small crystals. In contrast,
non-plagioclase-phyric magmas were above the liquidus of plagioclase where the density of
cluster was small. This lead to a small number density of nuclei which could grow into large
plagioclase crystals.

Application of the crystal-size geothermometry demonstrates that the estimated geotherm
along Wadi Hayl shows consistently high temperatures ranging from540 to790°Cthrough the
sheeted dikes, in accordance with the paleoridge segment center. In contrast, the geotherm
through the dikes at a paleoridge segment end along Wadi Fizh shows constant
low-temperatures in the upper dikes and remarkable high gradient 1.2°C/m in the lower dikes
toward the gabbros. These are in agreement with the geotherms expected for a recharge and
discharge zone, respectively. Details are presented in our companion paper.

Keywords: Sheeted dike complex, Oman Ophiolite, Crystal size geothermometry, Thermal
structure, Oceanic crust, Mid-ocean ridges.
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Insight into the thermal structure of the upper oceanic crust using crystal-size
geothermometer — 2. Thermal structure beneath the Oman paleospreading axis
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Application of the crystal-size geothermometry to the sheeted dike complex in the northern
Oman Ophiolite is presented here, that shows a significant difference in thermal structurewithin
the upper oceanic crust along a paleoridge segment.

Samples were collected from the sheeted dikes along Wadi Fizh and Wadi Hayl, which were
formed at a paleoridge segment end and center, respectively. Phenocrysts are clinopyroxene,
plagioclase, olivine and magnetite, in descending order of abundance. The amount of
phenocrysts is less than 32 vol% with the average of 7.4 vol% and the mode at 5 vol%.
Pervasive hydrothermal metamorphism yielded metamorphic minerals by replacing plagioclase
and clinopyroxene, with a sporadic remnant of primary clinopyroxene in cores. Upper sheeted
dikes possess a typical greenschist assemblage ofalbite, epidote, chlorite, quartz, actinolite and
titanite. Secondary hornblende after clinopyroxene is present only in the lowermost dikes from
Wadi Fizh, which coexists with calcic plagioclase and clinopyroxene, indicative of higher grade
of amphibolite facies. In spite of pervasive alteration, primary igneous textures are generally
preserved except some severely altered and intensely veined samples.

In order to apply the crystal-size geothermometry to natural rocks, we need to define and
measure a characteristic crystal size for the sample of interest. We use plagioclase laths in the
groundmass of samples which are considered to have nucleated and crystallized upon
intrusion.Because plagioclase crystals are ubiquitous and generally show euhedral bow-tie
shapes, which easily allow us to define the maximum and minimum lengths. As shown by our
companion paper, we selected only those without plagioclase phenocrysts. We use an average
maximum crystal size(AMCS) as a characteristic crystal size defined by Umino (1995)[1]. Ten
circular areas of ~Imm® were chosen from each thin section. Selection of measured areas was
made so as not to overlap each other. The length and width of the largest crystals of plagioclase
were measured under the microscope, which were averaged to give an AMCS. The AMCSs thus
determined coincide well with the maximum lengths obtained by the CSD method of Cashman
(1991) [2]. This validates the utility of the average maximum crystal size as a characteristic
crystal size. This method is practical because it is easy and quick to be measured than CSD and
is applicable to altered volcanic rocks.

Assuming the liquidus temperature of 1150 °C for the basaltic dikes and the ambient
temperature of the top of the sheeted dike complex to be 100 °C, the ambient rock temperatures
at the time of dike intrusion were estimated.The ambient rock temperature remains 110 °C
until670 m below the boundary (mbb) between the effusive rocks and the dike complex,
whereas it rapidly increases to 622°C at 1080m at the boundary between the dike complex and
the upper gabbros. The thermal gradient is estimated to be 1.2°C/m for the lower 390 m of the
sheeted dike complex.The estimated temperatures are significantly lower than the metamorphic
temperatures inferred by the greenschist mineral assemblage in the upper sheeted dikes, but are



consistent with the amphibolite facies metamorphism in the lowermost dikes. In contrast, the
estimated geotherm along Wadi Hayl is consistently higher than that along Wadi Fizh and does
not show any stratigraphic variation but remains in a limited range from540 to790°C.These
temperatures are well above the metamorphic temperatures suggested by the mineral
assemblage.

The thermal structure of the sheeted dikes along Wadi Fizh indicate two-storied regimes of
advective heat transfer by hydrothermal circulation of cold sea-water above 670 mbb and
conductive heat transfer below.This is in agreement with the paleoridge segment model in the
northern Oman Ophiolite[3].The discrepancy between the thermal structures indicated by the
crystal size geothermometry and the metamorphic mineral assemblages can be reconciled with
some recent models and observations of hydrothermal systems on the present fast-spreading
ridges [4, 5]. Hydrothermal system is relatively short lived and may migrate from one place to
another within a decade or so. Metamorphic minerals once formed in a recharge zone may be
overprinted or overwritten by low-temperature hydrothermal alteration which took placein a
discharge zone later on.

Keywords: Sheeted dike complex, Oman Ophiolite, Crystal size geothermometry, Thermal
structure, Oceanic crust, Mid-ocean ridges
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KLEFER~ )T 58 5 O AN HRICIRD H U 7=~ U 7 Y, SERIKIEDY 6000mE E X, Rl
iﬁ%imﬁlmmmﬁwﬁhﬁﬁﬁﬁf%éu]vﬁﬂﬂ@%@% VDA AETRE DI~ T 4 73Dy
LA X, 3] EZ< DRy R AKMEFE L DA T TE . AR TITEE 30 Fiic~I7T )
W R A D DB IS VT AU D A 100 éftﬂ TOVNVTHHRRBIEE, & aa 7 AT, B4 3 2o MR & %
TV, I EOFERER LG DT THADAS OGS A FRFEICE T 2B 8517 o 72, BREMRIIRE
<3DNTHT B, HBPEIZ A>T Sitel, Site2, Site3 EL7-. Sitel IZHAE 144°FH0T [4]THY, Site2 (FIK

% 143°20°F130T[5, 6], Site3 1 X Site2 JVHESITFEHID HAR 143°FH1T CTH 5.

A A I 2 HER CE RN DWW I i | SR, SRS (ST XZ T CIERR L 72, 2Rk
FEIDA DA, BT, ARV DZ F AR~ LI NN—=U v ANTHY, — iR EALCEER DRI
iz, DABATITFEEAE ORENC AL (Imm BilT#) e LI Mak-CI B e 2 R, — oA
DAAIZITBEB A RS LT

P FEFEILFRARLIZDOWNT, DABAA Mgh(=Mg/(Mg+Fe))L AL /L Cr#(Cr/(Cr+Al)DAEN S~ T -
MR OP GBI MVEIERODADAE THDLI LN DT, Fio, IDALAADIEBE%
ARTAE L Crifld Site2 & Site3 TIE 0.2 LLF[7]72°5 0.6 LA EDOfEA R LU7=. B Sitel OFEFCIZ 0.6 LLF
DOEZRLT. ZIHORERIZ, Site2 & Site3 D PERIOFEHZE LVFEVEL TIY Ohara & Ishii [5] Ciams417c
INZATT MDD BELE TR Z T T-AHEIR ChHZ LA RE T 5. —J7, BMO Sitel (2K Crhd ik
THIEL, ZNHDONALAEDEIVEIROE O THh 2D AIREMEZ "2 L 72 Michibayashi et al. [4]DifE 5 & FH 1
BICTHD. DS A A DRSS TALE AELSIE F12(010)[100]/ 37—, (001)[100]/ 3% —2, {0kI}[100]/ & —
VISHERSSAUTZ. E72 Michibayashi et al. [6] THE S4172(010)[001]/ 35— (B A7) 26 DalkH It £ L

MROMNST, IFEAEN a il T D TR SINTZDADAE ThHoTz. ZOZEX, <7 T HEHERTER A B A
A OREGE R ZREITIT AV RO D BN T E A E I o T- 2 b _me 45,

Fiz, ETORBIESCELIER 2510 TWOA M, MERCAIE Sitel TIEVY X AR-ZUIHANDIHRThH-7T
73, Site2 & Site3 TIELT VT ITAMRALIVE. MERCA7RE D ZIRIZREEM O AE DOREIL, MU EIER
D SRR DIENE IR L TVA. Sitel TIX ) < EH- L7 ITIRIE CTRESCE{EL, Site2 & Site3 Tl
DV ERULIZZETRT T DK LI K2 EI L TR CRERCE L L 72 FTREME N B 5. Z i
127 s DA PRI B VR THER 52 L EBIFRL TO D E LALZR .

[1] Fryer et al. 2003, EPSL, 211, 259-269. [2] Gvirtzman & Stern 2003, Tectonics, 23, TC2011. [3] Bloomer &
Hawkins 1983, AGU Monograph, 27, 294-317. [4] Michibayashi et al. 2009, G3, 10, Q05X06. [5] Ohara & Ishii
1998, Island Arc, 7, 541-558. [6] Michibayashi et al. 2007, Tectonophysics, 444, 111-118. [7] #IHE7>, 2007,
Higk, 29, 615-627.
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I N T 7 EEHEUKIEERIROWE T TR 2 2 BKEE Kt

=“HBTY, AREM—BR ', Expedition 331  RMRAFFAE °
TIUNKRFERZFMERREAFEL, *HE EERTR%EHE B E (I0DP)

BOKISEYR T, HiN CEUK & A A DI FRUG TH 2 BOKEBRIENE Z 0 . BOKE BT DGR
END, MTOBOKEGIEMOHBLIAIL, b & OEGOFMERIZT TR, T OREC(LFER
BARMT 5EEZE2 0TS, i FTEIZBKEERIGEZHLNNCT S22 LT, HTOIRE - 1k
FHEEAHE L, BUKOBENRREAZHR T A LN TE L EWIfFTE S,

HEREAR N T 0%, BB S S AFAET D 5L - WINOIEENC AL - THEE L 72 KBRS B
WD 1oTHD, FEHHE N T 7 ik, 2010 4 9 HICHA EESRMEIREIGHm (T0DP) 45 331 WRHFZEMT
W (Exp. 331) |2 X BUREHRHIAIT DAL, HARRE 134m IZ K SR FREA G LN, Bill - Filo
WEBUKIEEIRIY. 77 > F 7 — BRI RANL—EUKIRO X 95 22 OTEENIC > CREL-
WIS EKIG B & (X REE OB EOREN R > T D Z LB TV D, RBFSETiE, 10DP
Exp. 331 TG bV HIRUE O BUKZEE S 2 it L. Bl - B ilo BUKiE B sEE T Tt 2 28Uk
BERISIZOWT, MEO DO L LTRSS 5 Z L2 HIEL T 5,

Bk~ 7 Ry 5#) 100m BEdL7- Site C0013 & 450m B4 7= Site C0014 THF BN -7k 2. X #RIE]
P15 (XRD) & N THRENT L, (PR ALY i T O SRS B L O tHBLAM G % O 7 0 BIEIZBL T o &
972 32D Zone ({243 1F 7= (LLF D Zone DIEMEIL Site CO013 D H D),

Zonel (0 - 7 mbsf) : WAV F A ~, BUYA M-ZARXT XA NEBEIW, AAT XA K
Zone2 (7 - 40 mbsf) : 7 BT A4 h=-ARX 7 XA NMEAREIEY., 7274 b
Zone3 (40 mbsf LIER) : 7w Z A ., U HA |

71T A & Zone2 & Zone3 |[ZREIZHBL L, Zil M E 7 BAMEIE (TEM-EDS) % H W7o b 253 i
L0 Mg IZETLFMEE b2 N oTe, ZTOXIRKED g7 1 T4 FOHEIX, HBEOE
JERKIEEIE CHLEBIICA SN TE Y, KD Mg DIVAEFNTIEREINEEZ LN TS,

Zone3 TIX, 7 m I 4 L& blZB UV A RRHBLTWD, B U A MIK ZEREREOMICET
BUKEEHWTH Y | MR O EBUKTEEIE T O HBLTEHE S Tuh ey, B -7 7 Bukigo
BOKIZ, WA OBUKIROBUK & g L CKIRERENZ ERMEINTEY (A1, 1990) . Zoneld
D VYA MIBUKFTOK 2o TSN EHESND,

Zonel DAY F A ME, BYERM T CLERBOKEEIY T Y | MEEOE/KITBYR T o H BT H
HEINTWZRY, Wi N7 7 OEUKIL, MEEOBKIEOEUK & g L T H,S R C0, &\ o 7o ARG 23
ERETEEN TS E W) K3 H Y (Ishibashi et al., 1999). Z L5 2SHEREE T DO RBEIBRKICER
FiAteZ & T, AV T A MO LERBHERENMED WS t#HE S D,

EDX ST, Mg v T4 MIMFEOEUKIER & @ L CTHELT 228, BV A RemA Y F A ME
MR O BRI TITHBIE T, il b 7 7 BUKIBICREEIC BT 2, 20 X9 RiEia o BukiEk & il
N7 7 BUKIRIZ BT B BUKEE I O MBS bE OE WX, BUKOLZRHEOE W TH T 2
ZLENHEETH D,
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A FEBERITE ~F < A7 B~
NAMASTE project

JIBEN (BEENRHEREE S VI T RKEBEEERE S a7 )
Shinsuke Kawagucci, (JAMSTEC PEL&SRRP)

[T~ 27 FHH ] &I, 2009 DA > FIEFTREUK 2 ERFE IR E L < Lok
ARBERZEZ D WUBER D 2009 £4F 11 H 16 FIZJIA BIZs TWCTHRBE SN, A
¥ NS ARTE CTH D, FSUIEARB MO 2 —2T7 3 T b kX T
HY, ETHOAREEMIIINEY b0, BERAEHH LB T 5,

A v REOWERFZ BIEE L, BENLAE EXY OA > FEMAREL FEhiT 5,
=7 @ NIO (National Institute Oceanography) H1H¥g4ahoE 2 L — T MN/X— K F—
LRDIEAD, HEMEERIIEZSLS B, Y VI —=x &fio7= CTD BRAEMIEZ 5
SUCHEMLTH B 9, Gueel BIXHFEMIEIZSIM L, CID/Gamos PN £ 5 (I L—
BVEE), CTDERAERERZ b L1, Kairei F 7213 Yokosuka M2 GG, 18T 2 520,

THRAFEBTNIE BAMO port call A7 Npa—F Al I L—IEIT&7RD
DT, ZOEHHE %, F~ AT 3H (Namaste Project) & FER/= W& BnE4, ok, X
— I FEbAFRE L TIE, Namaste ODFEHRE LTIV RICW-LTEY £7°

(Wikipedia JEREIRZ )

BOKIEEN B ROWFIE & LTt HLWEUKE RO UEZEN TR E W S R TIE72R
WS, MBI EOKME IR XN S B R B 72 B RE SR O AE M B 1 7o i e & 9 5 BTl
KLERE & KPEPEREASFE TR S0, AN EAGEE VI > TV D A > REEIE, #
HOX—27y N2 ZOBRICEBWTEKEEZIT) ZEICEMRH LA,
BOKBEEDHKARIINI LIRS &, ETIEHF - R CTHED BRI FHBIETH L~ 7 A
RN DA v REECTONH AT 20BN D 5, WL T, B 20 EAFT
DA v REEREWT LTS X OHGE A o REEREEETIO 2 OB H En->TEY, Thvé
HETLHZENEFTLWWEAS D,

— 5. A 2 REEMERER O M 18713 FElk (Segl7720) X, EERKZR hT VAT 4 — A4
Wrglzix S Fav, ERERO Dodo KK EL T Yy T 4 7B ROND 2D, HIH
baallHZ—47y bEKVIAALTEEF v U5 TOFEMBUKEES AWV ORI, A&7
Exaxtgrl LT2EoK, GAMOS 72 EBUGHTER) 2 F L T, BB NI L
72\, CTD BeKk+E U TOBUKBEEBR THIURX, A > ROEE O 2 v 72
FEDBHEIFICA-TLS B7EAH 9,

IR-J] 2 a2=74¢& LT A2 FEEENEEZEINICHEST XX Ln ) IER
DD BIE, T ATEEE, ERETOKE TIE2RL< . BEANOFEN LR
DY AT AT T LTNRTRETHA D,
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NEPTUNE Canada ErEIZ X %
7 7 T 7 — ¥4 Main Endeavour ZEUKHiE TOEHIEH

Rt —" (EEEEINR S HIERT)

NEPTUNE Canada &+ Chfigk &4 CHK7=47—7 /LA Main Endeavour BUKHHF £ THE
E&h, &AIO—#HOBIMESE DR E D 2010 45 9 H @ R/V Thompson/ROV ROPOS #iifE i
Lo TEMENIZ. FHE SIS 1 » AR, ERICT — 2 285% 510 TREE,
JEIRT — B EEDEIRHEDNE = > 72, 2011 4F 7 H 4~25 H T3 & #2172 Thompson/ROPOS fifi
W CEHL L7-F 58, junction box IZIEWIZHEHEE L TR Y, Endeavour node (ZEEFE T 5
SER S — 7 VTN B S LW S, FIRE 7z, 2011 2 9 H 9~30 HO
Thompson/ROPOS MVFIZRIEICEENT, BMALWAT Y a— L Tldbo72ny, T L,
10 A 3 BBUETIZT =Nk SN THETUWD Z & 23 NEPTUNE Canada DR — L_— D
Data Search ECHERTHZ ENTED. SFEZFZII N T TIANBRAELRZNWI L &EFHED
RETH 5.

HEIZTU v b RZUW) @ Marvin D. Lilley A% NEPTUNE Canada & 3% L C%E
Jii L CVv% Benthic and Resitivity Sensors (BARS) Z &R ™ black smoker (24 A L
THMNZT 5 AT LI Eh BRZ M L Tuv5. Lilley & O3:[EHAFFEIL Archean Park
HE o TR &, Main Endeavour =° EPR 9N TEUK O il IR HE DA 82 % L T ik
72 resistivity sensor, BIFEE AT LN L DOKFEE Y —, EEE P —% UN IR
Eh FHHIZEE DY T2 LW FETITb TR, 2o 0BUIGEBRIIE VW n 14F
BREOATZ A4 BN CHEEICRE & BN A B IK L TRz, Eh FHEIEEE R T —
Zuaff—ttrmmAEEH L, W RO —nof— Mg #Hiilz2 L Tskizn
NEPTUNE Canada (Z#EIATBEIC UN OF — & 1 A —I|T Eh B O Ak 2 F 72 IS A 0A
ATHEBWY, T4k L7z. U TIEHBREORNEEZM O Dol e 4774
COBBEBE TG L TWDEN, ToTF—4ual—t— KL, EENET 2P0
BER Sm 7 —T NV DOONWTASEREB N — T L OOWNWESREMRT T2/ > T
. 10 <172 5 Z OLFEFFEIZ B THEE R O B ERE L A A BB O A af o >
— )LD )7 T o 7=. Main Endeavour OEUKDIRE D 300 FEA#iz 50 THARITHED
BOK AL TRET 70 0 OIMET 2 —7NMEM L CLE ) ORRETSH - 72, B4E
HiDNDF & OMIE OFIZE 0. 5mm O HBMREZHAL, AGMRE T ¥ OMfixIIFFEL
TN a=T OR/NRE—= XTI ToTWA. £72, ZTNTREENE I MTHEA LT =T
— X DOENELEL IR VO Tl CTE TIXW W, F—T & SRR S EEd 7=
W, HEMORE ST 50em 2z 52 &b, B EOSBBRZTMT 52 083K
#ELUN, Ak ZRBIHITC Eh LIRS resistivity & OZEBOMBEIZHEY DL ENT
X720, WL O OBIEI A BT 5.

NEPTUNE Canada @ H'CiX Barkley Canyon |ZHEH, B A Z#17- benthic crawler,
Wally IT |Z#5#; X472 MPT marine microbiology, Bremen @ Dirk de Beer D& & v
Y= 2T DIBREMARM L T D, Wally 11 130EE 9 HORBEERZICES
T =V AT LENDET DN ONOBEGRITRERENEAEL, T — RGN TE 2
Sl AFTHICER S, i ETIEIREGEZET Z LN TEFICHAER 9 AICHK
AENT-. Data Search L THALE L —I 2T MIBERZT, RRIZFHTH .



13
ME~Y7F 77 - W 5 7 OMEBUKILR D U-Th i I EEENR

B¥E ¥ - hHER— GRRMBEHFA) - SHF -
EECHE (BILEX) - Bl — (FuHX)

WA, MEEZEVKSLRIC I T 2 EIRBATE DAL, BUKRITHET 5 EWICEET 207805
ATV D, EBIKILR DI 0E O JEBICART 2 AWM OFAE - EILOMRIIZIX, 2ok
EEDOZ A LA —NVENDZENEETHDH, MEHSKILIRIZE T HHEMRAEICITN D
INDIFENRE BN TNDH N, BUKIEEI OB IIHOARM ) DB E L ERIENH D70, B
BOERNEEEZMAEDEDL Z L BMBETH L, — 5T, PURFHEZLERSIFH DO Th & U
O [ 0 JSC it FE S AR AR B V1R 2004F ~ 20 7 AE O AR R E 23 T HE C L, BUKTEEh OAERBE I
MHThz, ZNETIZY T - MU U LB IEFEFARNE N B ST 2 EEUKLR
1%, KPEFE T R 58 O TAGHIEK T, 2000~ 150004FFif > & BLAE F CRIBRIF 72 BUKIEEh 235\ C
WD ZENRE STV D (You and Bickle,1998)

AARBELTIET L— FRERY HU, KRIEFERREEOTAGHIE (1.1em/4F) XV &iEwW
LA (B 2 XV HRAT MR Clddem/4E) DBIES N TR Y . HAJEL CIXEEKEVKIEE)
DX A LA —)LRTAGHIE L D 4N ERTHISH TN D,

AR TIZT T A~ A A U FERESHF 2O T, 10004 X 0 BV EES P18 S 0025 il
N7 7 LB~ VT T N T T OWEFOKIE BN O BUKIE AL & BRI L 72 ISR & S EkEL
EEETOHCED O T v - N U U AR IEEEER EZRIE LTz,

iR~ 7 7 oA &R OBUKILRRE L ~ U 7 T 7 OPika, Archean, Snail,
Urashima® 2K LR B 2 JE Le, FHRAREBILIIMNE, T XTHILERRFEOT A Y XA
FI v RN —F—FHNTHBEL, oLz, AT oES A (BaSO,) IZH 1 5Ba
X, IR A A VFEESNEFNCL DT T - MU U AORNLIR WIS E e & 72 D
T2, FEORVAERBIEICIIBaD sy HER LI L 72 5, BRELOEBR ORI EiS A 2 LD bR
T, IHIRBEN T L u~ NI T T 4 —T, Ty - U U LORRELZM ELT,

FHEAME R OFREFO 0 HIX10004E L 0 B WERBIE STz, Lo LUThEEMEL |
RS EE D BWVFEARBIE IR, FRIIE ORISR & 2 D ThUDHIEOREI R HLETH D Z &
MNh o7z, Archeansite DFREITIX, ®mWU/Th a2 FF>T — 4 NG 67—, RRICERDEE
AEHZ, 77 VIREHEEICE < 720, U/Th kb @EonoT-, BRI K 23ED8 S
HliX, 740~1800 HiiD> © Archean site DEKILRNEB) L TV D Z EBNRB I NIz, 7
FUBHI L EEA K CESRAEMRMIEZ 1T > TEB Y, TORELE LFMMTH 72,
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HEZKEEME A Z AW ESR £RAIE

ERESCE" - @XEL - BEEF - AE (A ILEBXSE),
BT - FHE— RRKXE), ABM—E (JLHKFE)

M EBAKIEENZ DWW T OMZED R B TlE, BUKIFEIORFRIZENIC SO\ TIE D £ 0 #im
SNpinote. LinLans, EBKIEES N EWEICG 2 2B W THm SN D &9
272> CTRUKIEEN ORFMZBOFEM A G205 2 &%, EEARELE - TER., £2
T, BUKMESEMITxE LTIk X < AW AL TWIZAERRNEEITN A T, B LWAERHIEED
VB LR o7z,

A DFE A E IS (ESR: Electron Spin Resonance) I & @ Al gEME I DWW T,
Kasuya et al. (199112 X > TR IV TWo. £D%%, Okumura et al. (2010)12 X > THREEK
PEEMmAZHAWTEEROISHIO TRADNTZ. 2O TIE, FRE L ToHEITRkD
LN DD, BAbTF b =—IZE N D EHALAOERSCELEREE) b O BRI #R (o #%, B
LTy IOV TEE L, BEOLREMHIZONTOEM DRI TWRNo T,

AR, FLr=—OHMAE Y, MY OS5 B L O O REHRE R K2,
W BUKRIC T D BRI OERBEROFM 21T\, BukME S A 2 Hviz X0 E
72 ESR FARHEZ T 72,

AREBRICHWZ3EHL, EE~ U 7+ F T 7 @ Archaean-site, Pika-site, Snail-site D Z 11
MO ST A =— (YKO05-09 #fi#F, 2010 4F 6 H % — F44L/BMS #i#E, YKI10-11 fitifE
WZX0) oih L7 E S A (Barite) TH 5. fliHATO F A =—3k 2 XRD ¥ X O EDS 4347
L& 2 A, HiaA(BaS0s), HEIL(FeSy), PIHESAFL(ZnS)EN R iz, fli L7 kBHIE
A CHDLZ LR L. Fr=—R BRI MEA A=V 77— N2 HOTHE
Bl A, BERANDORBEMOBE PR SN, By 7 7T 7 R Ge YK
e A AW CHESA RO TREOEZRIE LT

Z OFER, PRa BRI S, B Y T ARSI YK ICOWTIHIEE A SR SR o T2,
Fh=—HOHICBT 2FEMBRERIL, b, PR EZREIRERE L, FHEDHG 2 81
L7z, yBICOWTIERBOBRESZEL, o RICKDBEOEMDFMICONTL, ¥
T AIERRIC L D He' 4 AV BHERIC I 2R E AV CTHEMBRERLRE T L. TOkE
& ESRMBIEIC Lo TR SN BB TOERBED LAEREZHEE Lo ARITEhEh 107
ENS 10 EDENREHEN TN D.
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< U7 F I NS TICBITIBTAE A OEFEEICET AR

HEARE R RZERKREEDRA) - MEME CGULEHERE) -
R (VBIEHT 7R EBE) -
FERA - ABEH CERKXZRKEHEHFERT)

B I TR ZE RIS R ICFE L TV D IC L b B, £ 213 < OEARE T 5
ZERSAERLTWS, FOHA L LT, FilFshAENE BN T-BUKIR 2 0B L TWD Z EnE
ZBNDHN, ik AE EEIICEHME L7FFRIX E 724, RAFZE Tk, TEE0 A EE O Bk g ik o
REVREFEOOEDTHY . BWNAA A~ REH{TDHTIVE A Alviniconcha hessleri % %5
& LT, BUKMEHIE O AN ED L D ITHAEINTHE L TERMZEHR L TWL0NEl 60T 5
ZEREME L THEMBRFENENT 2 2 o7, AFIL Alviniconcha J& THE— DO FEHEFE T, H3HB
U7 F I 7MY T T 7 OBKEHIR TORIER SN TND, TFRD Alviniconcha J&
KL CIX, ~ X A& LA T 4 =R OEFMICEBRMER R S ho e 2T M b,
B WA SBEE 2 FFD 2 EAURIBR S LTV 528, RlEN IR 5 BN e RIS ST e
VY,

MENTIZIE, 2010 42 9 HIZ T4 72 YKI10-11 fiifElc B8V TEREE L=~ U 7 b 7 7 (Archaean
site, Urashima site, Snail site) D7 /L E A 45 20 il {& & Kojima et al. (2001) THEH 4172
~ U7+ 77 (Alice springs site) 3 X UFH~ Y 77 F 7 7 (Forecast site) D7 /L E > 7 A 4 20
R Z N Tz, SRS ERRAT D72 D4y f~—H—IZiE, S b2 KU 7 DNAIZH D 7DD tRNA
B LV 12S rRNA OB T2 FeEll A E3 2 FERERmEEL (154 ) & COI fElk (491 ik
%), ¥ DNA £V RV — 2L RNA &fnf OO ITS-1 (8% (337 # %) 2 Az, fdric v
722 b2 KU 7 DNA OIEFRRERIZ, Y7 F7 7 RNA 22— RT58E R EEE LD
CICESTAELTEEZZXONAHEETHY | BTS2 EREB IR WSREEREZET 52
EMNIRENRTWS (HENZ2 7—T7—2R2011),

BoHN7= bz FY 7 DNA O RESNIZ S W CHUSEM B OB ERMEERE LTZ & 2 A,
BIAMER ISR VRSN eholz, ZOZ Lk, AENRFE~ D T ~T7 7 L
<~V 7F 7 7OMEHRBRICOBLTWS Z EA2RLTEY ., YKIO-11 fiifE TERE S, Histone 3
S TR O RSN ESWCRE SN T AV E v B A ORENEOT RS E & —F LT
W5, — 5T, BETXRY NU—TITNL, KEOERPBENICORCRLD 2207 0 —T )
OIS TN D Z LR S L7z, F72, Coalescence theory (233 < A XMEHTIZ L 0 Hli AL [ [
DB EEHEE LT Z A, HEi~ U T F 7 700~ 7+ NT7 7 ~O5En g4
HTEMRENTZ, TR ORERND | WEITHE & i OE R RREES LT RIS HER O
FIZEBE R AN ECTB, ~ U T b7 7 2R EHENEAC DB TE DRI, Bl
ETIEHAETOEMMPBBIICHERL TS b0 LHEE I,

BAE, ITS-1 fHIk DT — X ZMZ -T2 O T\ 5, F-, MIREMOERZ L U IEMEICE T
THDIL, SLICRBEODEW~A 7 aYT I h~—h—ORBEEZED TN D,
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HEHE NS 7REFERICERICFEET SRR TAEMNE
-I0DP Exp331 #EHIFHAEHE R -

ISR FIRARRRE, I DA, PHRME B ‘I
PRAKRFEREEE EFERHAR MRIERFEFR
P METERTEBR RS B - MIRREAYE SR B - MBRNEME VR T A
HroEF — A

TREEVKME H L2 HIE 3 2 @R EVKIZIE, IR T2 OiEIEN TE 2 L BE SN 184D
DRI TEY , BUKEH AL T ICBAEDB OFENPHIFF STV 5, 201049 A I 5EHE S 1
T A E RV YR M 5 18 55 33 1R MifE (TODP Expedition 331) Ti&., Syl b 7 7 gHEEAL
BKIEBEhIEE & kS AER = 7 RRE N EUS S v, BRMEEVKIE AL IR B~ BN T T e —
F ORI BT,

FOKE AL L D 450mfffAL72Site C0014 TlX, ¥EE F50mC200 5 O miRREE NS S 41T
BO ., KEFENZBUKBHENES> TWDEZ ENTRENTZ, 207 ik ClIEilE KR
W UM MIIZBE SN0 > T2 b OO, EREBUVKEREE 2 Kk L C % OREEME G X 8hE
I L LTz, Fa, A X AR BRI A X iRl BEER A RIS ME S EER B 0> O Fe
RBIN, TNHIEIREFTOKBE 0 7 7 AV EESHRIEEEZ R L TV,

BOKMEHFL L Y 1. SkmffEFL7=Site CO017 TliL, MR ABOMENT L 0 | MEEBUKIEER ICLE S F£
JEHERE ~DWE K DY A BB E TV D EE 2 BTV D, BEICHH 2 73k 5,
BB KO EEREE & B 2 O PEEEHED Ik E VR e R R RSN, 51
RAIENT DGR, VEIE T 20mE TOEREHEFREREE Tl W% O EHEREY F CHZBICHR T S
DHREBRET =7 20ME S L. B FOEAE TlINitrosopumilales?¥5Ai LT\ 5 Z & A3
BN o7, EHICTFEOHEREY TITH O FEAREEE 7 — 728 L Tz 2 &
5. A IR EROBALI 22 KN AL, FERAAEM AR RN REEL TV L PRI
N5, £z, RaTiEABHZIX, BUKOREIZR S0 > TWRWnb OO, EE150mTIX90E T
WETRBRBENFIEL TH V| Site CO014D mIREREEICHLL L o MAMBHE N R S -, 2
5 LA OB L., Bkl T EMBEOFEERREZRIIOR LTS EE2 BN D,
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HRWEE TOEAFEMEOBRIR L FE
RS (BEX)

HR e R L PE R FE L2 L > T il - HRaE - AR - RS E R RR I 0 T A 2 S
K 2 D3 YERGEFE & s O KIEME H LTV 2 5 AR O RIS iﬁ%#%é &#ﬂ%
Z}”L’Cb\é (Bl 21X Klein and Langmuir, 1987), ZaULiE~ > kLIRS DS Bl L Kl ae

o AR - ﬁﬁ@#k@%fﬁw ETHAMICIFFIATE D, Z0XH72Z &%ﬁ
,LE — ﬁfif Eljy%{'ﬂing 9 7B_‘/\/I/7L£/£’f[ﬁ7b§nﬁﬁéﬂ Luu éﬂf%f\_o

*ﬁf\ﬁﬂ_ﬁ“ék\@ﬁﬂ@@W%ﬁ% R0 EBIEEE T~ Lo
FOE, JEREEEDE, T —AE OHEERR ETHA I TWS, 200 04
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InterRidge #H1H Tl 2004 4-~2013 255 2 WD 10 4F5HE & LE T TWDH R, 0
AT 1K 10 £ DR %, FHENLD BIFOZ A2 PLITIRY o THW.

1970 EROBUKIFBEI DI RLIOK, WOk TR RIEFEOBIZEIL2 72 0 FEl Sh Tz

25, 1980 RO DY 25, T RMGEFEOIEENICLE ALY TRFE A2 H BT, ik
HNCOITEZ HEES 2 Z LIS X VBT Z BIRZ 9 LW O B & 20K [E & R E T £
Sz, KETIH 1987 FICEDDDT — o v a vy TRLULTO X 5 IZBE S .
The idea of an interdisciplinary program to study ridges and associated hydrothermal systems
began in 1987 at a workshop convened by the National Academy of Sciences at the Salishan
Lodge in Oregon. More than 80 scientists from the United States and abroad attended to discuss
our understanding of oceanic lithosphere evolution, and to identify primary objectives for
ridge-crest science for the next decade. Participants agreed that the global spreading-center
network operated as a single, dynamic system, one through which energy flows from Earth’s
interior to the lithosphere, hydrosphere and biosphere. They concluded that major strides in
understanding this system would demand an interdisciplinary approach to research (Hassler et
al., 2011, Geotimes).

ZDU—7 v a vy EEHELEOIE, BIE Neptune 32 FE L TWH T bk
%@ John Delaney KK Th o7z, TN & RZHICFHELEZNHED 541, RIDGE (Ridge
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DB EZFHAIMD Z LN TE DN, EEREKEIZH DD T TRORAT v 7
Hde Z EMNFEB L 2T, 1980 4E{%D R A 2/ Preussag f1:72 FLISEDE 2 o B 3-8
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Hh R [ O PRELERIE DR BB DS AR 215 E) 7 & A BV TR I RIS B
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IRVBEHSLR O BUKTIE B 245 1k LTS R 2 BRI R & T 5 BER S BT 5.
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