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Seafloor hydrothermal systems are known to play a major role in elemental exchange be-
tween ocean and crust through the interactions of circulating seawater with oceanic crust at
various temperatures. It has been recognized that the seafloor hydrothermal activity signifi-
cantly affects not only the ocean chemistry but also subduction zone magmatisms, mantle com-
position, and activity of chemolithoautotrophic microorganisms in hydrothermal vents. There-
fore, elucidating the elemental behavior during hydrothermal reactions between ocean and
crust is important to understand chemical evolution of ocean, crust, mantle, and life on Earth.
Hydrothermally altered rock is a key product of the seafloor hydrothermal reactions, providing
important information of the chemical exchange processes in the seafloor hydrothermal sys-
tems. In this paper, I summarized geochemical studies on (1) altered mid-ocean ridge basalt
(MORB) from the Southwest Indian Ridge in the Indian Ocean, (2) altered greenstones from the
Archean Pilbara Craton in Western Australia, and (3) altered ultramafic rocks from the Central
Indian Ridge in the Indian Ocean.

The results of the investigations on the Indian Ocean MORB clarified the elemental behav-
ior between oceanic crust and circulating seawater during hydrothermal alteration of oceanic
crust in modern seafloor hydrothermal systems. On the other hand, the Archean seafloor al-
tered greenstones from the Pilbara Craton showed quite different elemental behavior during
seafloor hydrothermal alteration, reflecting the difference in chemical compositions of atmos-
phere and ocean between modern and the Archean Earth. Moreover, studies on altered ultrama-
fic rocks from Central Indian Ridge revealed that ultramafic rocks presented in oceanic crust as
a minor component have a significant impact on hydrothermal fluid chemistry, especially H.
concentrations. This, in turn, affects biological activity at seafloor hydorhtermal vents. Results
of these studies on seafloor hydrothermal systems, as well as my recent investigations, por-
trayed geochemical relationships among ocean, crust, and life, providing important insights into
co-evolution of Earth and life throughout the Earth’s history.

Key words: Seafloor hydrothermal system, Fluid-rock interaction, Elemental behavior,
MORB, Archean greenstone, Ultramafic rocks
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Fig. 1 Schematic drawing of a typical seafloor hydrothermal circulation system.
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Fig. 2 SeaBeam bathymetric map showing location of the dredge site KH93-3 DR10

(after Tamaki and Fujimoto, 1995).

-oxyhydroxide 2°i8% 5115 (Fig.3a). 72, —#
OBRFTEIHREON VT VARSI A ML o TE
WEANTVLOPBEEINS (Fig.3b)e INLHD
REW O BBIZ, L-type O3 A L EALYE H %
HEHREOZEEN (<150°C) 2% Twb I L%
RLTWS (Alt et al., 1986; Teagle et al., 1996;
Hunter et al., 1999; Talbi and Honnorez, 2003) .
H-type OiRFHZE, B0 BKZEHEIC X 550VkkTR
ffbx 2 ChER e S ikkkfaz 2L TBY, <D
AEHTIZWIR CTHERIEATERR T & 50 BEME DA ~
SV, ZLAMRRBAICE o TEBRBIATED, &
BAfmd —HERAMLLTWS (Fig. 3c). fi2kD
BHEEVEL, 7T AL OB T 5
FHIL v, T20F 4 71, HE TS 2%
TV T4 T4y JHBEET S FL I A FEH
WS, ATRE D 5 B E VR TRD LNz
(Fig. 3d) o H-type ®#EHTIL, FEBAIWCHE->TL
ELIET 7 F 7 WAPBIE SN S22, fAEOMIRDS
RO 5N LB (15 R, kA DMK A LD
LB BIE) b T 5o KRR I1Z33
BHCH I O 70 Z2BR 2 SEWRL N AR < DR H
5723 Tdh o720 H-type DRFHCIZ T 72, Hgksh &
PIHEREE % F & L2 b8l IC RO b5 13

», EIEE L EAENA TR FAF A4 MBI
SNTWwb,

2.2 FL v IJEREBOEZREE

ZE L Tw5b Ltype & H-type DAL K % Hifif
7 F-type & WX L 72X % Fig. 412/R§5 L-type @ i
FHZIZ, %< DILFEIZDWT F-type 5 5 O 2%
LIZBD SN RS, K, Rb, UDAKIZIZEHZE %At
RO 5N S (Fig. 4a). KON, ZHEIZL -
TRIEELET FFH A PR ZERICHELTWS
ZEIZHIBLTWwWS, £72, Rooffizzots ©
T4 POEHICE S TRERICRELZDDTH
o €7 FFA Fofie £2HIHE) KDE,
PRI B L % 32 UF 72 i gt i BRI I 22 e ©
%% (Robinson et al., 1977; Humphris et al., 1980;
Mevel, 1980; Pertsev and Rusinov, 1980; Alt et al.,
1986; Laverne et al., 1996) .

HERBRORREBEI L > TUNRET LI L
b, HLSABNWT WS (Bloch, 1980; Hart and
Staudigel, 1982) . {BEDKIRAE ZRA~ND U Ol
H£JE K2 DWW Staudigel et al. (1996) (&, REEH
SRR A P E RO TWDLERBLTVS, LAL,
AFFEARHIIT E A EIRBBIESEM 2 EATE ST, &K
BESMA U DKRR Ml oTWb EIZEZ SNL



BRI BT B K—E 40 DUS D ERIL 5

L-type

= N R

W, —7J7, Teagle et al. (1996) X[k DIKIREE S
D U OPEEN Fe,04/FeO L EBIRTH I L0 5, Fe-
oxyhydroxide ~DOWHE P L L LK E L >TWDH E
ERELTWD, ALK D Fe-oxyhydroxide i%
FEGICHBAL TV B Z e s, KRB U
&4 5% Fe-oxyhydroxide ~NOWEIZL 5D TH 5
WEEEPBWEZEZ NS,

H-type O FHIIZ, L-type & IERTIHHIZLL D
TLREZODWTH ML P2 @E O 51 %, MO,
Na;O, MnO, Zn, Cu, UIZIZPEZE 2 M0 5
NBDITH LT, CaO, KO, Cr, Co, Ni, Rb, Sr,
Ba i3 LTws (Fig. 4b). K.O & Rb DA i,
L-type DI & I TH Y, KO & FWisr &3 5%
BB L 2 wWEiREEER T, IhboxHk
WERENEZEAREND, 72, Bad KO, Rb
EEBITHA LTS, K—ahAUBERIZE S &,
ZHEIZEHIN5DTHEDERIFL50°C DL TREI
ITRZZZEAVRENTEY (Mottl and Holland,

H-type

Fig.3 Photomicrographs of basalt and dolerite samples (after Nakamura et al., 2007).
(a) Celadonite filling veins and vesicles in the L-type basalt. (b) Saponite re-
placing olivine phenocryst in the L-type basalt. (¢) Chlorite pseudomorphs after
olivine phenocrysts in the H-type basalt. (d) Ophitic texture in the H-type
dolerite. Mineral abbreviations: Cpx=clinopyroxene, Pl=plagioclase, Cel=
celadonite, Sap = saponite, Chl = chlorite, Act = actinolite. Scale bar: 1 mm.
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Fig. 4 Bar chart showing average enrichment factors of the L- and H-types (after
Nakamura et al., 2007). Values<1 indicate depletion and vice versa. Gray ar-
eas represent the compositional range (* 10) of the F-type. Noticeably enriched
and depleted elements that are discussed in text are highlighted as red and
blue bars, respectively. Fe.O;* =total iron as Fe,0:.
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Fig.5 Results of calculated seawater-basalt reaction at 350°C and 500 bar, showing
abundance of product alteration minerals as a function of water/rock weight ra-
tio. The mode composition of alteration minerals was corrected by removal of
anhydrite to make them directly comparable to natural altered basalts from
which anhydrite has typically been leached out. Calculations were performed
with the aid of the computer program EQ3/6 (Wolery, 1992).
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Fig. 6 Downhole variations of selected major and trace element concentrations and
H:O content in the DSDP/ODP Hole 504B together with histograms of those
elements in the F-, L-, and H-type samples (modified from Nakamura et al.,
2007). Dashed lines with arrowheads in the histograms represent the average

concentrations of the F-type.

IO THIRHBETERENTHD LV T EERELT
w3 (Fig. 7)o

72721, AWFRAERMO F Ly VB CHIBNIC
R HN D Mg OigsE72171%, Hole 504B OB H
F ) HIBRICIERRD Sz v (Fig. 6) o Hillo X 9 (2,
R END Mg OIREIK CEHLOREVIRETEY
L, fRADE—FL Mg#d < %252 LITRERT
% (Fig.5)0 AWfZEAMZ L FL v VERHE, 12
EALNWIBEDSIRME N2 DTH D, HEEEK
RIIBWTIE, BIBIRKDFEE RoTWEEEZZLD

N5720, MERTCORAIEE ) BuK AaETE
32133 Ths, ZHITHLT, FUYVZICED
R E 72 Hole 504B Ok, WiEED X 9 o
B D S AR SN B EH SRS N2 b DT
Gwnizd, LDERWK EAKTEELTwSEE R
bbb, TOXI K TAAKDOED, BHICLS
Mg DML DE N E 72 > THR TV AW RENEIE 45
WZEZOND, FEBE, ARWIFEORBHIRRIEA & KD
BB LR RO LN 2R, MEAIEEAL
HHLZWZ LIE, Bk SAETERELZZLE



HEEEIKCRIZ BT B K—E 40 DUS DM ERIL 9

Ridge-axis

Upper volcanics

Lower volcanics T<150 C and T>250°C

Oxidizing low-T (<150°C)
alteration @UVZ
celadonite, oxides

Reducing low-T (<15°C)
alteration @LVZ
sapomte |te

hydrothermal fluids mixing

Transition zone

Upper sheeted dikes

Lower sheeted dikes

Gabbro

Fig. 7

FHNTH B, F72, BRI > THWAIHEALTL
LA, W OB X0 P2 KR
OBKRE T ZDIZx LT, WifEr sEkh /8o
FHOREMOEA L OIS EA L DB ORE S
TeBRERIBT 53T TH D MUK EBALTEY
L72%6Th, BUBT 2 BKOMBIC & - TEHICHE
T 5B AD Mg#I3R2 D, XSO A 725k
KEKIBT HIFEZDOMg#IZIEL B, ZDZ
i3, BRADE— FOLAIIHT HEHD Mg iRED
EREWET S LS, FUY YRR O S
v Mg DK D —D & 2o TV B REMEA D
%o

3. BA—XPFUT7 - EIWNSHEEDS
B3 K RBERAKEE

tﬁﬁ@ BOKZEHOFARIZ, B4 Y FiED
e & 1R R LS LTAZ — MLz B0 D,
ﬁﬁ@i&fm:i&wf%ﬁiﬁ%&ﬁf&%}(%t%:f“ﬁ':
LR—EARIGE VD) DO, MEICH->THR U %
DL V) BRI GEMPT - OREIIH o720 FL
T, ZOBEZCHMBHIA—ZA T ) TDOELNT
W B - 720 REETIE, TR - I (2000, 2002),
Nakamura and Kato (2002, 2004, 2007) Tiibh
720t —Z N5 Y 7T OENNT LI BIT B K

ngh T (>250°C)
alteration @U&LSDZ
greenschlst parageneses
IID,,
. Leaching of
| metals and S
'MmmmfA..II-__»

Schematic illustration showing hydrothermal alteration of oceanic crust at mid
-ocean ridge axis (modified from Alt et al., 1986). Abbreviations: UVZ = upper
volcanic zone, LVZ =lower volcanic zone, TZ = transition zone, USDZ = upper
sheeted dike zone, LSDZ =lower sheeted dike zone.

and sulfide deposltlon @TZ

JE BB OWEIE 2 i S8 TTH

3.1 RAEHISOMEBIE

N dlix, Wt —2 b5 7MHoILERIC
183,000 km*IZ H. o T/ 9 % KU - B E R
TdhY, LI RER (3.5~3.0Ga) DR E—
FREOETTAOA L, TN CRE R~ A
£ (2.7Ga L) o KIls - HERE BB ICARE TH
bhTwb (Fig.8) (Hickman, 1990). AKiftoik
A, FEICBEEE~EEEOKRLEDLS %S
A3, HE~EREKIIEE R R D LI LIEE Eh 5,

WrFeHIg, YN 7 L © Marble Bar 4%
WHELTWw5 (Fig. 8)o AHIKIZIZ, HHH S
JEBLZ #3508 4F /i DA & 7R 97 Warrawoona Jig #f:
FROEHDIL S A L, NS EmIHICB VT
Kb (2.77 Ga) 12768 L 72 Fortescue J& # O
Mount Roe ZRAICELN TS (Fig.9). WFIExt
G L7-0iL, Wrgehik g Bz 554 3 % Warra-
woona JE# Salgash WO L RS (3.46Ga) TH
%, Salgash MEROXIAEITIE, AR E % PRI
AT LONLLABOLNDL, TS DMRIRED
T A Y73 ETHEMNEZRTIENL, ThH6D
JEDSH S PEIZ[A5 T R EAFI L TnD 2 LRt
bhb, TNSOXREE, ESICUBOHETE /L
ZEZoNBVVLTA VEGLERE,P DAL=y b
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Indian Ocean

Carrathalo

l:l Yunger rocks
l:l Turee Creek Group
l:| Hamersley Group Late Archean~Proterozoic

l:l Fortescue Group

_ 100km
- Pilbara Supergroup — Archean ———

Fig.8 Simplified Geological map of the Pilbara Craton (modified from Hickman,
1990). Archean granite-greenstone terrane distributed in the northern part is

overlain by the Late Archean to Proterozoic volcanosedimentary successions in
the southern part.

-
Nanamni’

e nnus?

Mount Roe Basalt

Basalt
- Conglomerate

Salgash Subgroup
Panorama Formation
Sandstone/mudstone

Towers Formation & Apex Basalt

[ Chert & chert dike
[ ] Thoteitic basalt
I Komatitic basalt

Spinifex texture

Duffer Formation
Dacite, basalt,
l:l & conglomerate

m Stream
- Fault
A1

Shear

_%  strike & dip
—8—  Overturned)

85

Fig.9 Geological map of the study area (after Kato and Nakamura, 2003). Sampling
area of the studied altered basalts (Nakamura and Kato, 2004) is shown as yel-
low box. Solid yellow circles along east-west trending stream represent sam-
pling points of the least weathered samples (Nakamura and Kato, 2007).
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(V74 b=y ) &, AULLEL HBAETHD
LEzoNh3axF 74 VEZRELHRDL=y b

(a=F74 b=y M) IZHF515 (Kato and
Nakamura, 2003) .

VL7 b=y ML, FICHRERE»S %50
—HICHROZREZMES . & EALI2IE, EIEHLS
mDEVERF ¥ — KL TB Y (Fig. 9-A),
THROZRAPTICEESL IKOr 2T 28RO
Fr—FPERRICFITLTC20RRBDHNS
(Fig. 9-B)o TNHOHEMKT ¥ —MiE, YL 7 A4
L=y MIFEETSIEME SR> TH/mLTHY,
BOkMBIRF v — MYV A2 L7228k 7 1 —
¥—Thhre# 2515 (Kato and Nakamura,
2003), YL 74 b= FOWAISATHITF
74 bx=v + (Fig.9) T, 6~THREDH W (&
JE:1~6m) BIRF ¥ —tH»a~F74 FELLR
HEHELTWS (Fig.9-0). kkfumicix, v 7
A b=y FERHBICHIREET 2 b0 LBRE 2T
2H0DFEL, WRKOZRAICIILIILITEZ10
mm BEORFELAD A =T = v 7 AR ED
bhb, aXFTA4 b=y MIiE, KBEEZERK
F v — POFGEVIZEAERONT, TOHBEIIIFER
K1~2m, RERKBEIOME /NS, 2O &Hh
5, Wl HEERFEE TAARL= Yy MIKBIEZ
BOKIERBRADVFEZE L o722 EARIE S NS (Kato
and Nakamura, 2003) o
AW FEHITN 54 3 5 TR AT, REBELIER %
FETHEKREEERZHE-> TV 5, ZOEEEH
13, BUKMEEIRT v — PO TFROZREICB W T
MLRBOOLNDD, BRF vy — 282 CEMEOZR
EANTEB LV, T ERS, Ao REBREL
PEF Y 02 W M Y IR O Vi I B K FE BR (2 X B 28 BB
WEoTHHEINDDTHL I EHBIRIBEIN
%o WIEHEHNZ, YL 74 MEAZRAEZ=y MZBW
TRIRFXY—PFOETIAOARLI= Y FOHELLT TO
EBEDPS FARALZLERMLZ: (Fig. 9).

3.2 KERBAKZEEAEDERFNEE
FRHBRIDOGIS I 1X, AIREE S 2 BRI OR T R a2
JIK AL TWBH, —EBIC L T4 MERIRZ R
BOMBT S, FETICBVWT, TOLREEFL IS
MIWBICX &b (Fig. 10a,b)e KL 54 bRk
BHIIZBER 22 KK T B 2 HAHE A 25 A L T»
LRKDAEAET 5 (Fig. 10a) . ZH8:W1%, T2k
h, WEA, A, 777 /WA, A%ET, —#F

DB RIS & K-E2/05580 58 b fF
5%, —F, TRAZKEEHBER PRI NT
WLLDTH-> T, WAENREEEWITE TR
Pzl oTEBEIN TS (Fig. 10b)e TRAEIEF
LIA4 MR RBIEAEH ZHE > TBY, 8
TIZBWTRO SN L ELEEHW, RN,
K-Z8, [k, fkEh, WEATH S, KIRIESED
i, FELTEAEM T EBRLTCHBELTEDY
(Fig. 10c) , k& LTHIAET 2 b D3P %\, 72,
ZRAREHIIAENSE & L ClSkL b o oN 5
(Fig. 10d) - 8k L Ok % & A 72 RERIES (2
FIA4 N, TUrI4 M) 1, LIELIEEo—iE
BFEHEEEIICER SN TS (Fig. 10e, ). &
NS DEERILDFIENE, ARWFFEEE S BALEH % # -
TR0 R ERIE LY % PSS LTE I X o TR o T
HZElrRRBELTWS, 727201, EALITHD TV
EDRHONBEHRIEB LN TIA N " TrI4 b
MFBERAE L TV D & v ) FIE, SRR E O
B o 72 )AL DS IR NS o 72 2 & R L T 5o
AT & £ N2 R BRIR S I TR A, T
Y94 bh, YFIAL VOMEHTHY, MglilE
*T7AFA MR FEYA MIMBALLZ Y (Fig. 11,
IS DRMBIEHY O RFFEMAILIEZ wihd
—34~+19% & V) IEHWITHRVFEMIZ Ty S
N, ZOFMEIZITIZ0% & #HEKREREORED I E
F AR DOFERHIC—F L TWwd (Fig.12), 2D &
"o, INSORMIEAER%Z & 725 L7zikFEANEK
HMORZEFREEETLEIOTHY, <2 bV (=7~
—5%0; Fig. 12) BLXUOAEWRFEORKFE (< -40~-6
%; Fig.12) IZEAL TRV EDb2 b, T4b
L, RFFROEE LR T O RBIESEYN, HEEKEK
WL BBIEALEHIC L > THER SN2 D TH
D, HROAT— T OAEMETHE R BAEHE I - T
BEREINTDDTIEIRWEEZ LI ENTE b,

3.3 KRB KEESEDLFA4FR

WA THLHEFEAZEL L IA M ERDE
BICXBHEEPLHRCERELT, ThEBL A
DEADMEEEST T 7 TELZZD D% Fig. 131K
L7ze COLE, WAENRERAZEERNIL T
A b % altered dolerite & U720 T/, XRFITWE
B 7 KR O RAE E N Tw B b D % slightly  al-
tered basalt, f#-fFf SN TV 7%\ b D% highly altered
basalt & L T\ %, 9, altered dolerite ® Hl
RTADE, ZEORDIHENFL T A MIHXRT
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_a -

Fig. 10 Photomicrographs of dolerite and basalt samples (after Nakamura and Kato,
2004). (a) Primary clinopyroxene phenocrysts with holocrystalline ophitic tex-
ture in a least altered dolerite sample (cross nicol). (b) Primary olivine phenoc-
rysts replaced by carbonate, chlorite, and quartz and primary plagioclase
laths replaced by K-mica, carbonate, and quartz in a basalt sample (open ni-
col). (c) Carbonate minerals scattered in groundmass in a basalt sample (cross
nicol). (d) Pyrite grain in a dolerite sample (reflected light). (e) Goethite pseu-
domorphs after pyrites in quartz vein in a basalt sample (open nicol). (f) Iron-
rich carbonate minerals partly replaced by goethite in a basalt sample (open
nicol). Mineral abbreviations: Ab = albite, Cpx = clinopyroxene, Ep = epidote,
Carb = carbonate minerals, Kmc=K-mica, Qtz=quartz, Chl=_chlorite, Py=
pyrite, Goe = goethite. Scale bar: 1 mm (a, ¢, e) and 0.4 mm (b, d, f).

CaCO,

= plagioclase

o mafic/glass
vein/vesicle

= interpillow

°
S
°

ankerite
-

magnesite siderite

MgCO;, FeCO,

Fig. 11 Classification of carbonate minerals on the
CaCO0;-MgCOs-FeCO; diagram for carbon-
ate minerals replacing plagioclase, replac-
ing mafic minerals/glass, filling veinlets/
vesicles, and filling interpillow space (after
Nakamura and Kato, 2002).

K:0, H.O, Ba = EOEHENATHIML T2 b
DO, EERMITIITEOEE NP v (Fig. 13a).
—7, TLERXFIL KO, CO, Rb, Ba, UIZHHZH
ZHIMARD 51, 72 Na,O I I 22 kA H3 380
55 (Fig. 13b,¢)o ZH I > TKO 2SN L
Na.O 2543 % & v g, Bt siRsoke g L
FFE SR FEOENTH D, UL, FEFICBVTH
FEOAPK-ZRICEBRENLZZEICHIGLTWS &
AN, REAOEEEZNIHE) K-EHOAKD
B2, KASBK2 SIS, Na 23K IER S
NTWVoltERLTWS, T2bbh, Kiftoz
KREBEMFCTIERALID D KEBPREL 2572
DIZ, NaTlIZR KB ahICiRET L EE2 bR
5. %3, RoO¥MIZZ O K OEIMIZHEL7-d o
THY, F7Bad KEDHICIEDOHBEED S
52 lnn, KERMBICK-ZROERIZHE > THK
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Fig. 13
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Histogram of carbon isotope ratios of carbonate minerals in dolerite and ba-
salt (after Nakamura and Kato, 2004). Typical ranges of the 6°C values of ma-
rine carbonates, mantle carbons, and biogenic carbons are from Criss (1995).
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(a) altered dolerite
10 ¢ E
1 = ] P e [l i
E — [ ‘ 77\; ‘ L
01 F .
0_01 S T Y Y S [ Y S Y N e N Y oy v |
. 100 LIS L L L L L L U U I N N N N N I U B N B B |
£ (b) slightly altered basalt
& 10 ¢ _
[
g - BN = 0
1 = . e n N
_% | UUUIIJ [ ‘ ‘I_I B
c i ]
o 0.1
0_01 Y N I Y S [ A S [ S S e N Y Iy i |
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(c) highly altered basalt
10 ¢ 3
1 JhI~II—|
= | Diie 'R
01 ¢ =
001 L v v v v v
NN ¥, 00000 L N0 0> QI COLE>NOTEBEOTQAFATESA>0EEQS

Bar chart showing average enrichment factors of (a) altered dolerite, (b)
slightly altered basalt, and (c) highly altered basalt (after Nakamura and
Kato, 2004). Values<1 indicate addition and vice versa. Gray areas represent
the compositional range of the least altered dolerite. Noticeably enriched and
depleted elements that are discussed in text are highlighted as red and blue
bars, respectively. Fe.O;" = total iron as Fe,0;.
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PoEAPIHMLEEEZBNS,
ZHLAZZRACEHAUSGHEOHMLAD S
n2 (Fig.13). Ll L72& 912, ZAUIHIED I
ZEIREEMBEOEIMTH Y (Fig. 4), FEII454
IRALIY 72 K DAFAE 2 7R T U OIREDS KO
AR ZRAICDEDOND L) B REFEDOTR
R RWIZHELZ, LA2L, UDORENREDS
NoRKOEEEZRTADL L, HEOEEAETIRIEE
AEDRE (>80%) 12U DIEENHEDLNDL DI
LT, KiEROZRIZERST, MWEEEN%
o TwRIZH bbb d UomEr Ryl
i (30% A M E ko7 (Fig. 14). & 51T,
UoErRmT KEROEE A1, 3L ASHEIL
WX o THEB L728HkE % % LN LR L Tw
52t bbhroiz (Fig.1ha)e 2O END, K
REBEICHA OGN UDREILBREOWHKIZB VT
HEZ 5 72b DT AR L, HMBICENLABOEALER
o THEELICIRE L 2D DO TH BRI W &
EZONT, INESHICHGEY 572012, 20024

U-enrichment ——
WOV 12 3 4 5 6 T 8

(a) Marble Bar (tholeiitic basalt)
60 +

40 L

20 -

0 e T T T T T T
80

L L L L L 1 L

(b) DSDP/ODP Hole 504B |

]
]
-
i
604 *
:
40 :

i

i

Frequency (%)

20 & L
-ill.l.I_Il--_-_-_-—
0, L

o) (C) ODP Hole 801C |

40

20+ I -

o lm -
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Fig. 14 Histograms of U/Th ratios for (a) the 3.46
Ga seafloor hydrothermally altered basalts
and compiled modern fresh to altered
MORB from (b) DSDP/ODP Hole 504B and
(c) ODP Hole 801C. Dashed bold line indi-
cates average U/Th ratio of the compiled
modern fresh MORB glass (=0.31), and
the shaded area represents the data range
(+=20) of the MORB glass.

E oN:

DA TIZFRA MR Z FVG A 2 IRV O BRI B
WC, RO VAR E X EEO TS 1
i F CHBMICEIRL 72 (Fig. 9-D). Z0ikk %
WTHEUOREZRANRLEZS, WTFhoRKFD
WAERZUMhO FL Y FZFEFICHIRHFELTE
D, UDEEIIRE adh o7z (Fig. 15b) o 29 LT,
KEREZRED [0 74 == 1%, BEEND

0.6 : . . : -
(@) )
05 L ® + ® Reddish
+ Other colors
. 04 %° .
£ % o
S o3 C®e .
® .‘—
- 02 S "__-' ,
® 4 P A - 1
01 p & mﬁaﬁﬁﬁf .
0 l:‘** I . l . I ‘ \ X ]
0.6 (b) T T T T T T T
05 L ® Tholeiitic basalt | |
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—~ 04 - i
e L ]
S 03| -
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Fig.15 (a) U vs. Th for the Archean seafloor
altered tholeiitic basalts (data from
Nakamura and Kato, 2004). Note that the
U-enrichment is mostly from reddish-
colored highly weathered samples, and
most of other samples show no U-
enrichment despite the intense seafloor hy-
drothermal alteration. (b) U vs. Th for the
seafloor altered tholeiitic and komatiitic
basalt samples collected from outcrops
along a dried-up stream in an east-west di-
rection to aboid later-stage surface weath-
ering (data from Nakamura and Kato,
2007). In spite of the intense seafloor hy-
drothermal alteration, no enrichment of U
is observed in the least weathered samples.
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ROREENDTHo72ZEBNyFYLTCLEST
(Nakamura and Kato, 2007) o

< 7O U, MiAHSE C4filiT 4 F > B S B
TWw5 Th £ EFHZ T, 20720, KEEHD
U & Th OIZIZIZ DML L 5. —F, BLNZ%
HWERIZBWTIEXURGIDOA F > D KIZE->THE
BLRI 2572012, Uk ThOidkk4 1221 L
TLEHo LR EHIC L > T EELLTLE S
UTh by, ~7~=74 vy 7% 7utx (BlzE, #
BOTERM) DA THE—-E0 UTh kA2 ) R3 2
L3k LTimnd, <5 4 v 7 7% U/MTh a2
FLTWA2EHEE, UMM - B (Tabb,
WAL T CoRUL - ZHIEH) 2 —BEbRBRL Tw
I & WREIR T, KoK KL B A1
UDHMPBED SN WE WS Z 2, BUE DRI
WCBWTIREBIYISEZ > TW5, KEEAEDK
M X > COflid U DSt SN TEE A ICIRET S &
WABRIPTRZ o T ihh o/l bR LTWE, £
LT, THAEERT DXL KIZIZBAED LS
WKWURZLEIN TRV R/ nw) T ETH
bo —MEIICKEROMEREEIZE T TH - 7272
O, WROFAIZBWTUNIZEA LMD F+ I
Lo TKICHERL T hoEZLNTED
(Holland, 1984), KifOMEE#KEE S U B
BELZVORINEZ KL TV L EEENEW
(Nakamura and Kato, 2007), Z®Z & id¥ii2, Hy
RERDPBALS N WIRLO VTR ORI (IR
¥, ~2.45 Ga; Kump, 2008) %5, U 2S#EiEibikic
BT DL IR, SS5IIZEARAARIIES TV
FVICHEHBATENDE X ) holzl L2 BEWT 5, %
%, < ¥ Vo U R Po FAARDIIZED S, #20
BAERMMUBEIC Y PVICURISF A 2V ERD XD
W7o 72T RS LRI S M SN TB 0, HEkERE
DIBALIZPED) b DOTIE W EE R BEE LV 7% L
72\ (Collerson and Kamber, 1999; Elliott et al.,
1999; Nielsen, 2010), AHff7%ED U ZiEE L T W
KT R BOK B E A OEEIE, Tho OFiz FAF T
LHENGHNTHDEEZ LI ENTE D,
KTREE SRR, REEALIEN 2 )W L T CO.
LPWFEITHIML T3, CaOvs. COAMBBIZ B W
T, WRBELZH > TV WRDEEOH L I 4
i, CaO #%10 wt% T CO.2%12 130 wtZ% DL 12 7
oy FE3hb (Fig.16a), £72, 20O L 74
MY, REBEILE o TV B2 2 BT, )

50 : : —
-(a) e
L 0O 0"?,»' |
?\mi o |
< -
< B O
30 - O . -
s &
O o0
% 20 - éjx’o W the least altered dolerite | |
O ’,0" [@@) altered dolerite
»* ® slightly altered basalt
10 = C.‘%@ O. ) hwghlyya\tered basalt —
.))»’f. B interpillow
J‘ ».Q‘ @ highly silicified basalt
0 0 L | L | I |
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Fig.16 (a) CO. vs. CaO for dolerite, basalt, and in-
terpillow material (after Nakamura and
Kato, 2004). Dashed line represents CaO/
CO; ratio of pure calcite. (b) Enrichment
factors for CO. vs. CaO for dolerite, basalt,
and interpillow material. Symbols and
solid lines represent mean values and
ranges, respectively. Solid star represents
the mean value of all altered basalts. Hash
marks (#) designate enrichment factor of
each element.

LEHEDOTHT LI A M ERBREINZRT, 7,
FERFHL, Ca0 & CO.DEHEIMD THWIE
OMBEBEZREZRL, NLORFIETNS Cads
NTRBBIEHME LTHEL TWDL I D REN 5,
IS ORE O CaO/COIIE, FikeR HRA D ZEN
L3I —HT 5 (Fig.16a), 2D Z &iF, AW
FHIHI 2 RBESW I, B TOT7 7554, ¥
FI4 PHFHBT B L 00, BWIIZERWIHRA
BNV LERT, Thbb, REEAEHIIBY
T, BADFH - TWIz Caldili & A L& THRE S
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MIIESREEINEEZLNL, ZREDTFY
Ca0, COMM TR TA B & (Fig. 16b), LREH®D
FIHBIIEE O F LI A4 MIHRT COAZH
LLEATWS, I, REEESEY O AL
T, BOK GEAK) H2oaadhic < o COLM I
ENTWBEIERZRLTWS, —J, ThHDOEREA
D Ca0 EARIX, RELINTDONTIEVEHDD,
ZONEITHEELR LI bOENEIZEAEED
DA L0, R ERE L CQdRBEIC
BWTCaO DIHANDIEE AL Do EZ DN
b0 TDOZ NS, TORBIEILERZ, oK (HK)
FOCOEXLRADCaO LB EEL T EIZL-T
FI Y TTAEThHo72eEZOND, Thbb,
KR D HEEBARIEB R BT, A BRI B2
L o THEHEHAFTPIZ CO% & A ZHARDIEERL, £
WCERED Ca L BT 5 2 & TREEREALVEH 25k
ZoTWZ EHIIRENS,

3.4 KERBKEEEOEEERNG
KEROWBELEE LR EIRDOONDL I D XD ik
WIRBBEALTERNZ, IR 572D THS I He FL
A FRARHIRO SN B E WL, R, FREE
i, fisk, 727 /0A, WRATHY, ZHInid
DGR B A M BLS 5 2 B8 & AR
BHEBLTWS, —hH, TRECHHAT2EEEY
(e A, K-ERE, A3, REBIESLY) &, kBRI
e R-EREL &R, b1 I2 Ca-Al B L
W B2, B, 2950, CafiPflf) 4L
BERCT LRI E T B BTN T SR E IS
DR 25, ZHIZEL T COLEAME & Ca-Al
EERRIRSE & £ & 3 2 WM A G bEF BT 5 DI
LT, B & REREIY + AI-EERRIE S O M A S
bEPHBT 52 e HABEHIN TS (Blz
¥, Zen, 1961; Thompson, 1971; Seki, 1973), Z®
L9 ZfEiE, ARUFFEREHIRRD 5 LB WM A
EbEEERLTBY, RIEOREELL -XRE
W5, W COSMFTCEE L2 LSRR END,
COL ) HRKRKEROBKEEAICH SN 5 R ERE
TER A, B COHE F TOMKBRKELIZELE > T
Lo EINHDOTHLI L ERDICBHBL-D
¥ Kitajima et al. (2001) T3 %, Kitajima et al.
(2001) X, AWFREFLEANTHBLD ) — 2 K —
W EWHHIITIZ BT, EHKEE S O %
0, BHEAAFNELZITY, () Ko
EBKEE A X, BitoZNI2%E % Ca-Al B

FEE S A > T Ca iRBIRS AT 5 2 L,
ZLT (2 ZDFEHEABEEDBIKDE W Xl B B
CEEPMOTRBMWIIR L. % AT, Kitajima
HIZX B ORI, BHZOEEEETHLHILEE
B AL & FARICIERE G EO T Tlhd o, £
DHERTRIZBWTHEESIEZLDOTH 5,

EC, T TARMIZERFHI B % kgL % B> T
WRWRLIA b EHio> TWAEREICHET 288
T OFENIEHT S &, RBELERHZ L7257
BHEIGE LTUTOE) 8% EZ 5T ENTE
% (H1z1F, Nishiyama, 1990),

2Epidote + 3Actinolite + 10CO:¢ + 8H.O ¢ =
10Calcite(, + 3Chlorite, +21Quartz (1)

ZIT, mTo (s) FEAM, O ZRAEMEET,
B, Lo X5 ITARTIZERR O Al-EEERIE L 12
X, LA MCERAPHBET 2010 L TERE
WITK-ZEZRPERT2 LI EHIBEDH LN, 20
BB AEB ZAZLT D X 512 COLAMZ K B
5ot Ez N5,

3Albite + 2Epidote« + 2H:O ¢
+4CO:0 + 3Ky =
3K-mica +6Quartz. +4Calcite +3Na'y

(2)

KOME51%, K-EOMBICEERZHZRLT
WhEEZLNDH, REBEEWOLBIIIEEZE
Lawizd, ZOEEIZES K-Z80OHEEEEK
JEAND K DOBEIZDWTIE, RFEORMEIZED Tl
NHZEiZT 5%,

AWFFE AR I T 2 IR BRIE SIS, iR D
A Mg & Fe 2 &L RSN THET V714 +
BLOYTFIL MRBOLNL, TNSDREBRESY
i, HRAOEELD S CODFTENSHICHWE
HET 225N TEY B 21F, # 9,
1965), UTFDO L) LG TRT ZENTE %,

Actinolite) + 3Calcite + 7COqp =

5Ankerite + 8Quartze + H:O (3)

Actinolite) + 7COqp =
2Ankerite + 3Siderite + 8Quartz + H.O
(4)

EHIZCOTENETDE, TV rI54 FBLUY



HRECH KT 1 31T B k— AT SIS O HuIRAL 17

774 PRI E LT, LREo s A kg
ADHEEGLZZUTORIEDEZ DI ENTE D,

Chlorite +5Calcite +5CO:0 =
5Ankerite + Kaolinite + Quartze +2H.O«
(5)

Chlorite +5CO:¢ =
5Siderite + Kaolinite + Quartze + 2H.O
6)

72720, AMEOXR AT B W TR A X R Y
WCHBLTEY, REIFEL TR EEZLNDZ
EWS, T 74 MY TFIA POFHBIEEICOL
(3,4) ICkoTRI-72EEZ LN,

RIZ, TNOARDIERR ORI SEPNI-EE K
SO S E KD, REEEALE H > XA DEE
FIZOWTORHEEERIT) o EITICEEL T, B X
UHO-COR G DB F 8T A —F — 1
Holland and Powell (1998) ®»7—%+t v b
720 72721, H0-COARGWMMAD 7 7Y T4 — D HRAR
D D IZK LT, Holland and Powell (1998) THw
51 Tw 5% CORK (compensated-Redlich-Kwong)
IREEJ7#23 (Holland and Powell, 1991, 1998) i,
HOBIUPCOMMD T H YT 4 =IOV TITHE
BLAML AL TE2300, HERFEITICBIT
% HO-CO._ MO R A HHTE T, T OHI
2B %5 H.O-CORGMAKD 7Y 7 4 —DHID
DB L >TLE). ZD7D, RBIFETH S i
BE - RS T ORBHERNEZHCS Z L3 E L
{72\, #Z T, Connoly and Cesare (1993) 12X -
THEZ S M7z mixed equation-of-state approach 12 L
e, ZRENMMO 77T T 4 =120 Tk
CORKREHEX %, RAEWKLE2 7714 —f¥
D%AtiZ MRK (modified Redlich-Kwong) IREE /2
X (Holloway, 1977,1981) %\ TR 72,

KIS, EEOWE - ENFEMHIZOWTER TH D,
PR (RF AR AT 1X 2225w <, KA'H
HICIMAD TELZ b, EHEKEEEROIES
S, WAKOEKE OREICHYT ) 1I23IF%HL
WEEZDLILNTE D, Bz, BAEDHEDFY
B 72K IEH2,500m TH D Z L b, REEE(LEM
PEETHA m BEOLHITEZ > Tnwb I e h
bETERDLE, TOHEIIFMIL300 bar FEEZ L% 2
BT ENTEDL, 7, Kot & O

DKETH o720V TIE, BEL LR LT =783
EAEHEE LRV, 20720, T2 TIRBUE L IFIERN
U4tk RE L T300 bar IO WTHET21TH 2 & &
Tho %B, K—a8AUBIZBTBFENOFEL, i
FERHBAZ T LT/ E Wz, RIZH LR DKGE
31,000 m B CTBUE L o T2 e LTHHEROK
BAZED D Z LIy,

FL I A N OBESEWHAEG DD SRE SN Dk
A O R E R ISR L, KBORE R O X
) REFESEMTORIETIX, BB X %200~400°C T
HrrEZ2HNSE BIZIE, Spear, 1993), F7/z, &
RO FL 54 M7 7 F 7 RAEO 5N T
Wb T F A% &Rk GRS A O 2 E SE AL A
Hhei, RSO SHERBTHET S &f
K 2HEZLNTED, 74 AT ¥ FO Reykjanes
ML B A58 51, 300°C £ ) DERCTH
WA L2 EeHHwEZINTW D (Tomasson and
Kristmannsdottir, 1972; Kristmannsdottir, 1975) o
T/, IRELWAKEDOSERICBNTYH, Thi
BER R E SN TWS (Mottl and Holland,
1978; Hajash, 1975; Hajash and Archer, 1980), L
7o T, 7oF AR EUARNRRE O HiRE
X, e aMoEESE (D% <& $#300°C B
THoltb 2 DI ENTED, RBEALEH 2R
FTOWRLERCOTH YT 4 —I%, MEIEL LS
FEEL RDTEND, DT CEARIFZERE O i BIE
EEH 25 SR T OICLELRRKD CO7 4 ¥
T4 —%EED B0, WESME300°C & LTH
HEITIo

Fig. 17\ U 72 %28 B BUB T D W T o P 1t
R L7 300°C OEHMMESRMICB W TIE, REEE
OB L WL COMEE Kooy DIEH I
WK (0.04 mol%kidm) RO 5, F72, KEIE
FMELTT v I4 VBIXOVYTIA Ve Etay
MAEHLEO MY % H#HBI, Ao ) Hia o~
EELHEYHAGLEN BT 2 HE LD D E CO,
HNHFAET B0 AWFFERAEHI S —ICT 7 I 4 b &
VFESA MPHBT B2 05, AWERE ORI
LIZRS (4) OFHHMHEE D & COMTEI - T
Wt EZ bbb, E)1300bar D& X, ZOT V7
FA M ELHYWHAEDEIE COEEL4 mol% L
LofEETREE RS Fig. 17). b A, EHE
%200 bar ¥ 7213400 bar & L 723 & 124 7% CO,
BEEE, FNZFN1.8mol%ll kB X U1.2 mol% )l |
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Fig. 17

T-Xco, diagram showing boundary curves for the five carbonate-silicate reac-

tions (described in the text) at 300 bar. The yellow area represents the solvus
for H.O-CO:. fluid at the pressure (Takenouchi and Kennedy, 1964).

THY, 300bar DHH & HARTKE R LITENY,
D botminr s, KooK I brE I
G L7280ko COEEEE, %<t dlm%llL
ThHholtbZEZHLIENTEL, ZORKRI,
Kitajima et al. (2001) ASRAE D > 72 KR HEE 2L K
DCOMEMPEADOTRE —FHLTEBY, F/H320
AT DMK EK IR DA LAY S WD Sz
K fUiEZLK D CO.iE (de Ronde et al., 1997)
EBRC—HLTWwE, —F, BitodieiiiE oK
WL S BRI S N7z EOK O COREER, 207
DDEELDENRHLDOD, BB XZ0.01 mol%FifE
DOfi%7” % (German and Von Damm, 2004) . it
DBIKE KRERDEIK D COMERE % HiAIZ I LT
AbL, Pl RXKHTROWMEBKIIBEAEID b2
HiREEE COMEENSE VW E VWA T ENE L5, 2L T,
COKER COMEDE N T ZHBUE & KR
HEBKEEEROE Y KRB 2 R BRIEL/ER o fF
B) DB LTWVDEEEZDLILNTES, &5
2, SORGEREBSEALER G L7228k o jic
FFEAZHKICHETZ2HDTHE I L6, AN
ZETHED SN K REKD CORER, HRED
WAKDCOMEZRBLTVWEEERZDLIENT
&, KR oK BIE &L HRTAH R L $100

L COATEATWZ LR RIBENS,
RIBEALTER O#EITICHELB LI TERNE LT
X, BOROMBLIMNIK EARPEZ NG, KB
WALTERIASE 5 2 & e (AT T 57290121, COx &
LEKIZ X o THEICHIGIC ST 2 8 7251 COMLR
ENDUEND DL, BAROBIES TR, 2
KD COAET CICHIGTHEENTL v, K
DCOT AT 4 —1HMETF L, REEEACKIS A HE £
B BRBMLTHL, $hbhb, TORIGIIK EAH
AW E ST 5 Call a9 COZMMGT 52 &
WTELRVTDOIL, HEARILLEBEELZONS, K
RO LA, REEMEHICE > TIZEA L
FTRTO Ca DSRMBIESEMICH AR EINTBY, 20
EETRALkgDEHEIZ L - TH1.4mol ® Ca 2F
CaCO:ll%e > T\ b, —J, TOEHIILER CO,
FCal M U14mol TH 5o Ki R dilEsaE KD
COEEN 1Ml % THho7- 35 L, Wik~ AN
SUART#EZTL ZORBIZIZRH3DOK HhAlt
PBLETH Y, OGOV S ZE TV RK A
FRIEELICELS D, 2O LD, 22K
DY) T WAIRZ R A 12 B W Tl R ERE LR
REDHNDDITH LT, ZEEFEIME L ADE Y 1<
WHLR F LS4 FEIZBW TR RBEILER RS T 1
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RO LN WFHRIZ R - TV AU REMEDE WV, 8 , ‘ ,
KRB EEEICZAONE b ) —D2ORE % T=300°C o @@
= L\\' 4
B, K-EROMBLTH b, K-EFHABE O #EE 7| 7 o00bar g \
MBI HEKEE Tl ikht“%%h&uuﬁ%f‘ p o

BB DL T, KoMK EE A II3W
EAIRboTEEICHE L TWS, &, j(ﬁfﬁ@
KA KEER I KERPHBET20THA)

Mo WEALE K-EFOMBUL, KIG$ % %KD Na'
hiUK%E&pH_iM§hfwéoﬂﬁ®@$

~ﬁ%&ﬁrﬁﬂ%ﬁT’ﬁwTﬁﬁakK@?
ﬂ@**ﬁﬁ%%ibb?# AT %
HoTws mg1&0;®@*#zﬁatﬁM?é
L, RIBd 2 ahmom Ok aalkofT) 2
tho THADPOHERENLHBA + Y I2X > TpH A L
HALTWE, P TRELAEERAONY 77—
Lo THWD Na iEoMIMAIEE % (Fig. 18, W/
R=10), X LK/ HADFA-T1% TH2 &,
KigERTIEL R0 A2 ) EAadSELIE L, W
ERENVEADNY 77 =2 o THBEOMEI%E
T Do KGR HZ O TR0 TC AR A B 0 Z
nNERKasLLEboLnwET L% 51F (Kato and
Nakamura, 2003), GAD/NY 7 7 —IIXE I N5
vk EA (B 213 WR<1) ToOBUKRIKIZZE
boLRVIETTHAH, —J, Na'& K- OB E A
2Ny 77— ENBWEK AR B2 1E W/
R>10) Ti&, KD K/Na A BAELFR L TH 5
BRY, 72& 2 pHGEMUPZELLTD K—@ﬂwékﬁii
RISV, TO0, KiifOZEAEICKZR]%
%méﬁéﬁlabfu,éh@@m#ﬁﬁw%n;
DLBVK /Na'lbzfHoTnwhZilhbsrbeE2%
ORI EZYTHHES2S (Fig. 18),

3.5 XKeREBEHRKZEEERANDCO.>>7&ELT

DEEM

K RIS B K A O MU 541 - mﬁm%mﬁn

Lo TRENT, TDLX) GiERBKEEERIC
5@@% %O R AL, éh@ﬂﬁﬁﬁwcmﬁ

RIZED L) BBEE R LTODES ) D Kl
ﬁ@ﬁﬁﬂ%mﬁ@ﬁﬁ%tbfﬁ%éntcm®
75y 7 AL, BEHERO COEARE, VEMICE

B a5 iSO 2 AT 5 2 £ T3.8x10%mol
fyr EHLFED b b (Nakamura and Kato, 2004).
—77, BIEOMIRO KA —ERIIBWTEEL CO.
DYV ERoTWADIL, R AILII X 5 KB
HHARY O & AW ARIKFOBRBETH Y, 20

o Albite
T 6
©
~
+
(ZU 5 modern SW
T @300°C *O
8’ 4+ Paragonite
- K-feldspar
3L
Kao- K-mica
linite
2 . . . .
1 2 3 4 5 6

log (aK*/aH")

Fig.18 Phase diagram for K.0-Na,O-AlQO;-SiO.-
H:O system in equilibrium with quartz at
300°C and 500 bars. Phase boundaries are
calculated with SUPCRT92 (Johnson et al.,
1992). Blue star represents modern seawa-
ter composition at 300°C and 500 bars, and
pink solid line with solid circles shows vari-
ation in predicted composition of hydrother-
mal fluid reacted with basalt as a function
of water/rock ratios from 0.1 to 30. Possible
Archean seawater composition and compo-
sitional variation of the Archean hydrother-
mal fluid are also shown as yellow star and
orange dotted line with solid circles, respec-
tively. Calculations of the modern seawater
and hydrothermal fluid were performed
with the aid of the computer program EQ
3/6 (Wolery, 1992).

79 v 7 A131.2X10%mol/yr & RFED SN Tw 3

(Berner, 1989, 1991), L7:4%->T, Kl
BORBEALIC X o THEE SN TV CoA, P 7%
L LHMORKERERE 7 T v 7 AT % BT
HotzltEZHN5,

B A, BtOWmEBIC D RBEE G T h
TWLIEPHMBNTEY, THHARK—MEED CO,
IR KT2— 3% 10”mol/yr FREER E L T\ A W A
B I T3 (Staudigel et al., 1989; Alt and
Teagle, 1999). 7272L, Bt OieE bk ik FRiE L
W, 1Z2&AEHHD S E G ED LRERDEE - 725
WCEINH Z R L TR L2 b o Th ), Kiifk
DZENEIZRHHD D% ) Bl o Tnd, ZOBHDIRK
RIRBRIE SR o W DI, HERIESEW & LT CO,



20 S YN

LR DNWT WS Ca BAARBITHEEBRICHE L Ty
LOPHBARLEZLTHB, bL, COLKVDL Ca
PERETOHEBELEWICHE L T itiug, »w<
5% O REESEM DAL L T T HERIC L 5
IERD COMEEIIE 7 5 v, $HiZ, 20 Ca OFEH
BT T <, WM O LICHERE L Tw b R
FRIEAR I 72 5 7235, U E Tld 7% R o
HEHTHY, COLOLEKRDOEZEIIELTTH D, T
7z, WEAKPICHEFTCWS Ca LT HHED, €
N FEBOEILIZCE > TH2bENEZ En
5 (Berneretal., 1983), 130 iR X 58072
HREEE IR SRV L2285 T, CODWILEE L
T OB & G 2 BRI, Ca DS % 4§
ET B WLEN DD, ZOREIIH LT Staudigel et al.

(1989) 1%, REEYEHLM D Ca/Sr kb 547 & 150
U EREREBEICHELTWE EEZERLTWE, —
77, Alt and Teagle (1999) IRIEIESLY @ Sr [FAL
RitB L OB E i R TP O Ca & CO.DT AINT »
AR5, TREHED CaDELG%20%D»5HRKTH
30% A & WA D > THB Y, WEEHZIC X 5 IEKRD
CO. [l 52 B 13 R IR h O COAITR L THh 7k K
WD B B BIAEE T, 2D Cadilfil v &E
PR MBI 2RI SN TR WS, hRIEH,
(2007) TIiX Hole 801C I 7 D EEIZ X % Ca % H)
EIRAT L7242 5, B0O%RREDESH D 5 L i
LTwd, WINIZL T, BltoimifEiEic X3
CO.D[E I, HRMICLHDDLY DBHEVIT/HE
{, FERI V7 EE R TR,

KRB OHERIC BWWTIE, RERIEHER Y DI
7Ty 7 AL EWEERRZOMRE T T v 7 A3 LL
o TRV, BUEE TR CHE AR 5455
NTVBHWEFHED2 S, P75 E Ko
INBDOT Ty 7 AIBELD /NS h o 72D
BWIZ EARBINTWS (B 21F, Ronov and
Yaroshevsky, 1969; Veizer et al., 1989 a, b)s —77,
U0 JE R R 2 L TS ) Tl PR 3 o B RRAL IS & o
T, BitOBRREBET T v 7 AT 5, HbHW»
2N E Lo CBBTRE D COA M H78
WKHEZEENTWZ EAVRENT, TDTERH, K
KD COLMEFEDIET T A o 72 KR o HER 12
BT, o RBEERN 2 CO.Y v 7 &
LCEELREEHZRZLTCOWRTRENEVWEERZD
n3 (Fig. 19),

4. 1 RELPOVNVEKT 1 —ILRD
SHHEKEBY T4V VA

REBRZETLTHL, FHIZHYMAZZDH
A ¥ FHBEDO PV CEIK T 1 — )V FIZB W CTE
FT5HEHAKOEKNE S CHMIETH 572, 2O
7eiE, ThETMYMAZFEOBNEY T 1 v 75D
ZENIGEFEE LTI MR -722 L L, HIOTO
RIEW e i3 (HLERMBE, 2ok ks, AWpp) O
TeH L OB R TH o728 ) HT, RAICE > TH
TeleFx LT lhol, FIT, ThETEKOME
o T HEM RS E & oL, DEOROWIEDT
MEEZRD D E o0 &b ko7 WFTI,
Nakamura et al. (2009) TiT-7z, itk
74— FIZBUT % & HaAAK O BRI FE D v
TR S THEL

PONVEKT 4 =V FiE, B FYFA=EHEEM
oM A Y PRS- 7 X ¥ MITHFEL
(Fig. 20), i CHIZE L7 A ~ FEiREsE—
XY EHBRE SIS b, ZOBKT 4=V
Fi&, 20004FICHAAMEHE F — 212X o THR S
N7zA ¥ FETHRMOBAKENILTH S (Gamo et
al., 2001; Hashimoto et al., 2001), Gamo et al.
(2001) 12X o THE SNV T 1 =)L FO#
AL, KPFERKAETINE TR o TS
FROLHESRBOK & 2RIICIE RSB D TH o720 L
ML, TOBROWMEIZE > THhVRWT £ =)L FOk
AT TR O H, (1R K8.5 mmolkg) 23&FEFNTw
HZ ENH SN E % 572 (Van Dover et al., 2001)
X 51, 20044 E VT 4 =L FIZBWTHE
BEOHACEZ 6N, Hok COEZANTF—B LY
REWRETHBIFAR Y V% —RERES &+ 540
A ERER hydrogen-based hyperthermophilic
subsurface lithoautotrophic microbial ecosystem
(HyperSLIME) DfEfEAVRIZ S M7z (Takai et al.,
2004), COMAEWERRPFET 5 HL CO.id,
ELLBKDADP ST RLTTETH L7720, Z
ODEBRIIKRGO T ANF—%—g)ffi 5 Z & 7  HiEk
WEHZ AN F—DATHIET L ENTE S, TDL
%, HyperSLIME (366 LA O WA HER D € ¥
y7Frurzs e LTRWICER SN (Takai
2006b) o

CD &) % HoATE AZZBOKIE, TR PG T P L i
HFIZBWTEOPEREN TS (Charlou et al.,

et al.,
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Fig. 19 Schematic illustrations showing the global carbon cycle in the (a) modern and
(b) early Archean Earth together with estimated carbon fluxes (modified from
Nakamura and Kato, 2004). The carbon fluxes of carbonate sediment precipi-
tation, organic carbon burial, and submarine hydrothermal carbonatization
in the modern Earth have been estimated by Berner (1991), Berner (1989),
and Alt and Teagle (1999), respectively.
TWV5bEW) HHad -7 (Gamo et al., 2001;

2002, 2008; Melchert et al., 2008), KFEEHED I NS
DHIZEALEKIEZ, »¥5ra0BbT 58T
HAELTWBIEDD, VT Y anmiaiblEmI
KXo THAEHEER TR EEZSRTVS
(Charlou et al., 2002; Douville et al., 2002) . —7,
PVNWELK T 1 — )V FORIBICIEINETH YT~
HOBRWLIIME SN T 4h o7 (Van Dover et al.,
2001; Gallant and Von Damm, 2006) . & 512, 2\
NWw7 4 — )L FOBKIE, SilicEACHICZ L WA
EHLUAORMB LD VT VIERA N OBKE
Db, LA B PIEEIRGOHKE RO

Gallant and Von Damm, 2006). €®D7:%, Wi
W7 4 =)V FOBKDB - HATE ATV S D0,
FolzlbhroTwidro7z (Van Dover et al.,
2001; Gallant and Von Damm, 2006) .

4.1 YKO5-16fiiBE 7T =TI ZDHER
P =V FOMBE¥NLERZHRL, &
HZK DB % B 5 22 F 5 72912, 2006412 JAM-
STEC A & 2922 & ANl (YKO05-16fi
) b, FHKFEML A V6500% Hv7z,
PVIGEIK T 4 — )V FEDO S 7 g A %
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Fig. 20 Bathymetric map showing the locations of the Kairei hydrothermal field,
Hakuho Knoll, and Uraniwa-Hills at the eastern off-axis of the Central Indian

Ridge.

fTolze VNV T 4 =V FOFEHET 5 HEER
(Fig. 20) OFAETIZ, Z O ESLIRE THE
WBINTHY, S VEa0BHREN Ebh o7
(Kumagali et al., 2008), Zhix, Zh T TOMFZEIC
BUTHHHEIN TV 0 LMW R TH - 72
(Van Dover et al., 2001; Gallant and Von Damm,
2006), L2°L, EHIZAFEHAOMEBIEZEHAEICL 5
T, HBEREOHR G5 km OIS, JLKFIE
B2 2 HINCMIEST 27 5 =7 L X EIEER 5/
X hE#FA L (Fig. 20), #HHHAEOME, 75
T e VAP LRFPEATFA MBI RS M4
NETREN D~ T 1 v 7 EVSERNESN, 2Ok
BLERAETIE R CHBRESOSAP LR ETH S S
EBRHShE R ST, TNIZE ST, 2T T
BYRELDPHEELZVWEZEZONTE VRV

74 =)V FOJBIZ, FEHEAPBEHELTWwAZ Lt
M THERR S N7z,

4.2 IS ZT87 T 1 v VBODBRENEH
TNV AP LIRS NIREAY T4 M B X
Fraz b4 hewIB~T 4 v 77, BEIRNE
RUYMVOEAR (RYMVAYTURE) TREL, H#
W< v PVEFUCHIT L EZ N HATH S
(Dick et al., 2000) . TNHDFHAIE, FICHEO S
VI VALENEROLIHEANOKY (Fig. 21a,
b), ZOMIIPEDOHFHEH L A ANV EED, T
NTORET, 7 ¥ 7 A B LrEH 2 8-
TBY, EFICBWTHAEP R X v 32— Az
295 (Fig.21c, d)o 7 ¥ J ¥ Ald, EICkEMA &
BRI X o THEIRINTWBEH, T 7IZRaL%
TN VTV AD RS TWARAE LD . RO



KB AGRIZ B 5 K—E 1 BUE O HERIL 5 23

Fig. 21 Photographs of (a) plagloclase dumte and (b) troctohte and photomlcrographs
of (c) plagioclase dunite and (d) troctolite from the Uraniwa-Hills. Mineral ab-
breviations: Serp = serpentine, Mt = magnetite, Ol =olivine, Cpx = clinopyrox-
ene, Pl1=plagioclase, Vn =serpentine + magnetite vein. Scale bars represent

0.5 mm.

Ly rvarb LIELIEEE N T V=26
i3, RO b7 M4 MIZRBDONLH -7
—77, BEOWADMESA & AT 2 WYY
bize AT UAERICHFETIREAD LR
EHoTHBY, FLLTHREIAD L3P RD O
YaT—IlLoTHEBRINTVE, T/, HUYIF VA
ERHEA QBRI IERITHR OO S 2 5
Na—RNLIXLIFRED NS,

4.3 IS8T T 1 v 7 ADIENAIERIE
BERAIL L2 KBRS ¥ 5 Viah S5k, ThETIC
AR LI LITLIET V—AAFHEER TV
(Bachetal., 2004)s L L, AWfgED ba s b5 4
MDD VTV IET TR & BRI X - Tl
s TBY, 7V—ALIEEEWE LTHBLT
WU

T — Z A1 Si0.12
&9, DFoRIS
LNTW5,

BARRECTIIREIHFIET
hlU%HE«kﬁ%?égkﬁﬂ

3Brucite« + 2Si0:¢ = Serpentines + H:On (7)

FDD, BEEWE LTIV —AF%2EF AN

BOIAZ T4 M, Si0EEL GALBUKEEY
L7z 2 &R S N5, AIFZERBHI WS SiO,
SMCRERWAVPDVERDOLNLIDY, TOEEL
HBMTH 5,

1.50livine + 2.5S10¢ + H:O = Talc (8)

a2z b54 VOE-EZ D25 L72E SiOSM
i, RIEAOHFEICE > THIERIENZLDTH D
WHEMEAE V. R RS, AR SND R
EIVAR L AREADOBERISE, £EmD Si0.D )
Mz o THb, 72, FIEAEDI YT VHORM
ZH HiERADNT —IZ, RHEA DRI X - THH
’éﬂ%AlkﬁV?VE@ﬁ}ﬁﬁchzo’Cﬁtffﬁéné

gllEoTAERTLEEZOND, RIEHEA VT
/E#&avﬁ&ﬁﬁﬁ W RENS v RHEA—
B UAOEERSE, DTOLH)ICELZENT
&%,

Anorthite + 1.250livine + 2.5H:0¢
=0.5Prehnite + 0.5Chlorite +0.25S5i0.¢
9
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C D &9 i SIOSRM BT B IEAALIER T,
BB O S I S, HOFRERPKT 52 &
ZRAbNbo

3Fe-Olivine ot 2HZO [63)

=2Magnetite +3Si0:0 + 2Hz (10)
2Fe-Serpentine . = 2Magnetite
+48Si0,¢ + 2H,0 ¢ + 2H (11)

Z Z T, Fe-Olivine & Fe-Serpentine (21121 Oli-
vine & Serpentine ® Fe %ii X 7 (Fayalite & Gre-
enalite) # %3, 2T, e b4 b X HIZH
ROz &G aa0sAtERICE > TH 545 ED
H8ET 2089 hEBGET 572012, bay b
T4 MRS OBI)FEY I 2L —va v &kfTo
720 TORRE, FaZ T4 NOEEITHED ko Si
BRI, MRS YT VEOZINED B RREL R
2500, HLOFRERIIA VI VECILHKT 52 &
Bhhol: (Fig.22). ThbbH, ThETHOHNT
Wl Ry PV h VTV ETIEEL, BERY
GZL b P4 FPOBKEBEIZL>TH HIEA
PEHKRDPERT 2 Z Ehbro7z,

L2 LEDS, vy 4 — )V FOBKO Siik
BIREFTVTTFHENZDOID B@EIICEHL, AE
OFAFERE & 1312% L\ (Gallant and Von Damm,
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Fig.22 Comparison of predicted fluid H. concentra-
tions during hydrothermal alteration of
peridotite, troctolite, and basalt for a range
of temperatures at 500 bar and a water/
rock ratio equal to one. Calculations were
performed with the aid of the computer pro-
gram EQ3/6 (Wolery, 1992).

PN

2006; Kumagai et al., 2008) o 2D X 9 L ERED Si
BERE LB L7223k I BB CIZEEMICED SR
5%, haZ b4 bMeEOLBY T4 IREEDOR
ISTTEZBKRE L TRAENVRLZVIEILEIIHVHETD
% (Wetzel and Shock, 2000), HHE, ZOEW SijE
I VW EKZRGEER ORto—>o &
TroTwlze LT, basz 54 bOEEIZ
Lo TTELHILELHKIS, 2EZIRAEOLHIC
BN EREOSIVEINLIONEHL,IITS
DR H B, b Y MEDWHWEIKT 4 — IV FAYEAE
LTWBHBERIIH -7z HBEERIX, ThFETo
B72bOREICL T, TRAETIRAMmMELUTHS S
Lo Tz (Kumagai et al., 2008) s 2D &
X, P74 =)V FOBKP DR < L b EIER]
DORBEBETERAE L IS LT 5 %2 REd
bo ZZT, PEZ FIFA PEDRIBIZE - TTE
HATE L 2K, TOBRZIREELTLEED X
LD AT B 002 BEt L7z, BHEOKE, Si
DHBIZIZADIEOZRELDOHIBIZE T, T
WCAFEIZBMLTLEIDICH LT, RLIVEOX
RAELOIBTIHIZEAEZLL W EdSbh o7z

(Fig. 23)0 ZMiE, TREVEEISIHE-> TH &
D Si0ZMMT 52 N TE L0, KD SijEE
BNy T 7 —FTBHRHIENTNSE KT, 8D
HA2MBILT 2 HMEVWC L ICRKT 2, 2ok
5, PVRNVnT 44— FD “HhA% VDI Si0.d
2" 20 WM OBKAS, WAL E 272
BARDBZOBLVEOIRE L IET 5 LV 28D
BKIEH ON 7Yy FEFIV) 2 - THEEINE
BEVH ZENbor: (Fig 24).

PENNT 4 — )V FOBKD S ) U & DD,
v CHUERETH B, B v T VEKRA FOBKTIZ,
R HE R & RIS E W CHARE 2R 2 & A% HE &
NTw3% (Charlou et al., 2002), —Ji, DWivnik
KO CHARE X HalREDV B WICO D LT, ZTRE
KA MBKDENEIZTEAELE DS\ (Van Dover
et al., 2001; Takai et al., 2004; Gallant and Von
Damm, 2006; Kumagai et al., 2008) . H.lZE A 727
Y5 UERA MNBKIZED SN B EiEE O CHIZ,

CODETIZ L o THEANINEEEZLNT WS,
COz0 +4 Hop =CHu + 2 H:O 9 (12)

OB X B COM S CHADZEICIE, — 7%
BOKOWRE - EHEMI2B W TSN HEEAIEH 1232
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Fig. 23 Change in H,- and SiO.-concentrations and pH of the hydrothermal solution as a
function of weight of basalt encountered and reacted with the solution at 400°C
and 500 bar (modified from Nakamura et al., 2009). Predicted fluid compositions
produced by hydrothermal alteration of troctolite and basalt at the condition of
400°C, 500 bar, and water/rock ratio of one are also shown. Note that reactions
with only small amounts of basalt (<5 g basalt per kg fluid) in a hydrothermal
upflow zone can drastically increase SiO, in hydrothermal fluids that previously
reacted with troctolite, whereas H, is not predicted to decrease notably during

interactions with such small amounts of basalt.
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Fig. 24 Schematic representation of the hydrothermal system at the Kairei hydro-
thermal field (after Nakamura et al., 2009). (1) Hydrothermal reaction of cir-
culating seawater with the troctolitic rocks in the Uraniwa-Hills results in the
unusually He-rich, but CH,-poor, hydrothermal fluid. (2) Subsequent reaction
with basaltic rocks underlying the Kairei hydrothermal field could cause the
high concentration of SiO. in the Kairei fluid.
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W2 EDPHOSNTWS (Seewald et al., 2006) . Z D
2, Y5 UVERAMOBIKRIIBITS CODE
T, £EE4L L RZFomit (Bl 21F, Fe-Ni
G4, WEKEE, 7 U A8kEE) O ER S EE R 5E
EFRELTWSE EEZZ 5N TWwWA (Horita and
Berndt, 1999; Foustoukos and Seyfried, 2004)., 3
FE, TRITHONTVE A VT VERA MEIKOEE
1L ITCIRRE L, REME L TCO L D b CHOFH
REBRFEMIH Y 2h S, EBRICIZCH L Y AR
£V COEHEATVD, 2O LIX, YT VER
A b #KTH O CHAEEE D BRI O A THF -
TWL DI TRV E 2R L TWh, Bk
BlckaE, o raomALIZEBELT, COM
CHADORIGIZIE Fe-Ni &4 (Bl iX, 77 V785
NiFe) DEELBZEHZ R LTV L WEE D S &
B XN Twb (Horita and Berndt, 1999), —#%1Y
BRYMAYTIUVEER, ZL{ONiZEALTVS
ZENRRLAMSNTWS, THIZHLT, bar bs
A PONIEGHERIITY PIVH VT VBT
12KV (Nakamura et al., 2009), ZDOZ 28, to
7 54 POBBAIICET) S Fe-NidEOHH %
HHIL, CODICFILA T ICHEE R WERIZ %2 -
TWAIREMYRD 5. T2, Fe-Ni A& I3MEHAILIK
IS A DR EE DTGBV TOA NI TS L
2 5N5H (Frost, 1985; Klein and Bach, 2008),
MO X2 ey b4 MIZEOEEOBIIREA
DOWBIZL)ESIOENTELLTEBY, At
FISAHIZBWTE <Y MV v T ViaIT LRSS
FHESEMGEL o 2 W REE I B Ve FEBRIZ, ARF
O Z FF A PHIZIEFe-Ni & IMERAINT
BOY, TOZLEPHILEALZ P VRWVT 4 — IV F
DOBKPIZCHBP LT VWRERRE Lo Twa2d LA
R\,

5. b WIS

KEERDBERFG L) BEEEAFE, BO%
W) P HOFTEIRRRETHLEEZD0b LNE
Vo WHhWBIERMIWAAFETH S, AV b—FEMHG
2 RBCEAEAFR, & U CHEM—REHEKS%H
) BB EAFOMIERIZE 5 TlE, BrSHLKk—4E
ARSI X AEEER L LAF ) VF volE#Hz L
HXLTHLTLE))MOREHALTHLYE L R
v, FAHEE, BEAEWIRE EHI, ) Vi
BADERZHZAWL 720D REDIT-oTHY FlL

X, HAFIEA, 2000; Kato and Nakamura, 2003),
ZOBICIZEEZHE LCBoTLE) 2L D IRER
WHIFTIE RV, LELEYS, RBICHAOKZ #
2B EABE THER] 2BV T, K—ansIEHRE
OYENERE TR T MO TEEL 7O A TH Y,
NIRRT 2 LI RELERIED L. Hl2IT,
RO K—E 0 KIS TH 2 BALERIE, FEWEMRER
RS, FLTHHENEEEZ S L TR EE L
57U AD—DOTHb, 72, HiROK—aAK
IS, ZOEWTH S BRMEEESLRAAIHICHE A
LEREBEEZRICE T, 2020, BROK—5
F BB ZWTET 5 AN D%  BEIRFOWMEHETH %
LB TOHELLZARVL BWIL, ZO5HOWED
FEIEIII SR EE OERAK E v, S 5 ITTRIKEL K
LD FE LR, K—EARIBIC X > THEAI I NS
BOKBRBEII LAy DR & RIS D B R RE 2 R L
TELIENDIoTETEY, K—EA ST HER
BB ORL ST EMFOMEEOBEK T THFIL X
I 577,

BbLAWIZ LI, K—aARSOWEIZFERT S
WREEZ DT TEIHL BB T L2 EH
T&5%, P23, EEBRTROEHITFEHTUL, &
BERDOBRHIZE S Z EATE, T LRFEOEHIC
FHTNE, RELZHOX X LIZHL I LR
0, 372 F o EGUETTEOREIER U, HiEk
EHAGOMLDOERICHEL Z LB TETLE ), FA
DINFTOWEDOEADHFTY, “K—E4IeD
HERALE” LWV EERERT A Z LD, B DHEIK
SENBRRLBEREZPLD, LALIOK—4AN
It & W) 7= DFORELRKT Yy VOBE
T, ALYV O SEMET —<ICR) M2 & 28
TE&, MREARKVIZELERETESL-TWDEEES,
ShED, K—EABERHA YY) OTRHTAZ
EIZEoT, BARFILWTF—<IZF XYLy YLTw
Xk FEZTWh, Z0—ok LTBARKEZ
TY HATVEDIE, WBEHEAKRIIBT 2Kk—ahH
bt Z0EEMTH 28K, L TEOEKE RN
LHEMETEMZ 7 Pafa—K—4Hdam] Bofbs v Z
FRT 4 7 AOBMBIZET e TH B MEBUKR
2B BILEEEMED, K—EaAREDOEYTH
LEIRICEEND A BWE & v bEROS (R
#) FRIL, FOIALVF-IZE - TEWEH 2%
ZATW5h, L2 oT, TRETO [K—ahDIL
1T [R—Hmofbd] 2z 52 & T, EUGE
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L ENETZ BEKIEE), SHIIEFOTERELLH
BIEEE T b B0k 2 bz ) v — L Tital
L, LT ZENTEDIETTHL, ZOHi7%:
WY R AE, WS B SRR O S A & 2RI
EDHTWLEZAHTHY, TOWRIP LT OIIR
DIED TS (A - |3, 2009, 2011; Takai and
Nakamura, 2010, 2011), AFHIZIE T L& EIEOWFSE
WZOWT ORI AT o723, b LEIRO D
LmENBOLNS, OISO S ENT:
W,

W

HH % AL A RBEFhEICHEE L CTT S - 72
FERTFE RSB DS AR E - &, FHIIATEZH L
W) REE L TT S o2 HARMEILES % S A
FERBOBRICEEH LT, RORFZEIE, 1
CIRF BRI B TR a4 (BIfE, HRF
T2 2w, BEAEOMELENFRIT L Vv
FeRTHWEZEIZETOmERELTVWET, $o
72 DTN REDL ONEHZAATTE 57200
A, D LEHLTBY T3, MEZIILD
THDZWT A, BEIS [R50, EEHAK
ZOBRICH R T - W H ] L Sbhbh/:
ZEESTHRLAREZTVET, R—~DEDD X
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DO HBZ D o TR FOMEICHEL, WKHAKR
NOBREROTWIT L L) HEERT TIT&20ne
BoTwnEd,

FHERROMRICB W TIE, 20 SR
b FT, BIARFRAENIZEAT O A IRk SE A &
FARBE R4 T SRR AT B i D FR ik 72 L2 IS
Wo TITHBEPTHEX T Lz ZOBIE, INLTRE
TREBLILDTELDP-72THAH %L ORHRN
LDOWHEVY, ZOBOMIEEANEIIBVTRE L
o TWET, KFE M, WM OH
RKBZHLDEZAICRA R Z E LTEWTHEWS
N, BHOOMEERKECBESERERICED L
720 RO LENTIRA N 2072120 Bb5T, 3
CHMRZANTT S ozguAilit &, HERNFBABITZE
v 5 — HERNEREREL T — & TR T 1 7 5 A
(CUFF) OFRRIIIAMITEH LTBD T3, SHikiE
Lo EBE LT, B LWIIRRE L £ oifses
EOMEVICETN, ROEEZ KX LTS &R
T&EF L7zo FMEmisehl 76 <, Rtk

1:1220064E D 4 ¥ FERUHICHE > THEWAZZ L 25FK
A K7 OO FH 2 D F Lz, DI,
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FE—HDE—Y ¥ X AFRERPSHRWVIIEICA ¥ R
OMRIZDD Y AL L2 > TWE T, e
BEMICBIT 539 —ookE A&V, AL
IZF o Tn7e72niz A v Rt 2 Ui
EMERTH I o722 TY, ZNETIELEA
EEZ 2L hho 2 EMOMRD, RoET 5
K—EAPO6 & B, Z LTI > T b
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i, ThEToO [EA) & K] amz< Har] %
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