FEHTOERORELEL
L FBAE

- iy g

g




Are we alone In the universe?

Fomld. FETHELEZITN?



FARANAAOD—
« RXF

« REF|F, HBKYIEE
 #EKIEZ. 1EFEAL

o Hh=pRIFE R

« FEFHIBHATE

« BKHFEDMEMERE

« BIZFDIEH., 1 FHILF
s FEH TCTOMEMFEER
« M EMAEER




HhF BB 3T
SEHLIZE DT
BAB



EREZEDHR TKIZEARE







W

““"gt‘ .'.

-
o >y
. \‘

| ﬁ_&._ : 45‘6135533




EFRICHMondsmvER (TLRE. AEk17:441 & UYERE)

4K E it p=gal
40 BEE h+45. bEEE ThARZHRHA
38 BE GN—=2Z5 0K, ART 4 RT7HBER
A RT—dyRinT T IYFr—IRHE
37 B& IR TL TILE UERT =
hE, Adkd 5953=3174F
36 B 3. 5T R7— =

34 BF F—R SN 7L ALEEED EILANS#REE




REEHFZDREE : 4 4 — 4 5 EER]
BEERYVILAZ=ZDLORBRTIL,

T. M. Harrison et al. (2005) Science 310, 1947-1950

e '\ ‘3972:10

‘3‘64“34 3954 + 34







) HA Hh Bk 35 15 [ F A< BA

- FEAERD KK/ : CO,, CO, H,, CH,
- ¥HAMMERKDIRE 7

« MIHEAKFDRER?

o #NHEAHEBR D KRE ?

c J0EFRIFETERAEERE?
« BRFRIL?




5 —F&
th =
SFRLZE DL\ T
BA5



B th DA a5 D FEHL

LK~
OER
EILINS 127 7F¥UTE
32.5(BFLIET  38MEFR 38.5(5 Al

(%o0)

BOJIWES
Mojzsis, S. J. et al. 1996



arafxBa®h (I5EFHI) OERLTOMILR
(J. W. Schopf)

14



27" 7 OHRAERE

ITE5UT /N

REF

15






BEA LAY LS4 FODTE TSGR

CA—RESUT. AAYL T




J—RAR—=ILDIY) halk (FEEEITH)

EIRF+—Hbr3
| B

v ) HhEMK3

V) hEk?2

MR R
(TELRE)

ST 2 NG T T TR



/—2RR—)L QSEEFHI OWMMER
(LEpiE—EBR)

b
»

“

s o
. i
i

19



BB EEKIE - FL




STENTIELISEERD LML ?

BIEEK it E TR R Sh7-Beggiatoa-likei
HEKR AW (Nelson et al., 1989)

Beggiatoa (FiZE &L H) (Kalanetra et al., 2004)

* Beggiatoa
- WMiEE{CHE

o BEVKEHMTFICERROU-EMHNEE SN TLD (BER)

21



35{E 4 ﬁuO)WHk,ﬁEb\b

(Furnes et al. 2004)

=1i= N Egitﬁﬁﬁf:h\? 2



OO0 — —-

‘Beggiatoa Tl i<, RRIZITTH :

Kato, Yamagis

hi unpublished

23



A3 EREDFE : 3 S{ESER]

Y. Ueno et al. (2006) Nature 440, 516-519
ERDOHDLO * 4 > OREGKRH

24



‘“ i /"" ‘
i

v

- K

EEEFRFEA N ERHEE
Tice and Lowe (2004) Nature 431, 549-552

25



KEKRIZTHRLIHD

FE R

KIS e TR F—
CO9+ H9p0 )A» BHEEM+ 09

HEMDIELE K= (BEF) BRit & Rl
Bk

HE¥) 7K e

VTIRGTFIT K e

E;!-
N

26



35{E R

2IKFBRNIH T,
IJ]]]JX ‘j:o I&1$0)7K‘j:&07—-0

EMIFLT=,

— T IINDTIYT
ERME (REREERILE. REE

—1|:.

L&)

- J'EAEHEH* ?

EATRE

ESWN3

Efh b o7iLy,

[alé

JTHE . A%

27



Disequilibria around hydrothermal system

Earth crust Ocean Atmosphere

Reduced Oxidized
Today
H,, S, Fe? O, Photosynthesis
Achaean

H,, S, Fe> S0,>,CO, Photolysis H,0O
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These oxidized sedimentary rocks formed at a time when the atmosphere is thought to have
been oxygen-free. They may have arisen in special ways, such as at localized 'oxygen oases'
where photosynthesizing organisms enriched waters with oxygen. But they could indicate
problems, also raised by Ohmoto and colleagues' datal, with the consensus that Earth's
atmosphere was oxygen-free until 2.4 billion years ago. a, Strelley Pool chert at Pilbara
Craton, Western Australia, is 3.43 billion years old, and is draped over older cherts holding
oxidized iron. b, Sedimentary jasper beds in the Barberton Mountains, South Africa, are
3.227 billion years old.

Nature 442, 873-874(2006) L. Paul Knauth
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3.4-Billion-Year-Old Biogenic Pyrites from
Barberton, South Africa: Sulfur Isotope Evidence

Hiroshi Ohmoto,* Takeshi Kakegawa, Donald R. Lowe

Laser ablation mass spectroscopy analyses of sulfur isotopic compositions of micro-
scopic-sized grains of pyrite that formed about 3.4 billion years ago in the Barberton
Greenstone Belt, South Africa, show that the pyrite formed by bacterial reduction of
seawater sulfate. These data imply that by about 3.4 hillion years ago sulfate-reducing
bacteria had become active, the oceans were rich in suffate, and the atmosphere
contained appreciable amounts (>>107" of the present atmospheric level) of free

OXygen. |
Science 262, 555 (1993)
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