
/



Å

Å

Å

Å

Å



Å

Å Ÿ

Ÿ

Å

Å



Å

Å

Å

Å

Å











Å

Å 45.3

44

Å 100 300



EH  

PresentEarth  

Dry and highly reduced Earth



Oxygen isotope fractionation

Krot et al., in Treatise on Geochemistry1.05, 83 (2005)
Clayton, in Treatise on Geochemistry1.06 129 (2005)

Carbonaceous

Ordinary

Enstatite Mars
Moon

Vesta





Å Carry, 2010 DeMeo et al., 2012

Å Enstatite 2.5AU

Å 2.5AU

Chemical zoning in the asteroid belt





Fig.16







2 ABEL

2







Å CaCO3

80-

100

Å
4 CH2O

Å













CO2

1. T>278K

2.

3. CO2

H2O

4. H2O

Å H2O

Å . 38 CO2 bar

Å 100bar CO2

Å F=0.7

Å A = 0.23



Å

Å

Å

ï

ï

Shibuya et al. (2012)

Sleep et al. (2001)

ⱴfi♩ꜟ

flux (mol/yr) 1022/flux

3.2Ga  1.5 x 1014    6,600

3.8Ga  3 x 1013    3.3

   2 x 1012    50

CO  (100bar, 1022mol)

CO2



Å

Å

Å 38
Ÿ

subduction

olderyounger
Duplex

. . . . . .

(1)

(2)

(3) VIIII

cherts

sedimentary  rock

basalt

thrusts

0 1km

N
   

I

II

III
IV1

IV1
IV1 V

VI

VII

VIII

Komiya et al. (1999)

Komiya et al. (1999)



Å

Å PT

ZoneDZoneCZoneBZoneA

chl

ep

cal

act

hbl

grt

cum

bt

qz

ab

Ca-plg

Gs Gs/Amp
metamorphic

facies Amp

Hayashi et al. (2000)

Hayashi et al. (2000)

Cherts

High-Mg Andesite dikes

Proterozoic  (2215Ma)

Early  Archean  (3400-3800Ma)

Amitsoq gneiss

Conglomearates

mafic sed. (turbidite)
Alt. mafic & felsic sed.

Dominantly mafic sed.

Hyaloclastites

Pillow lavas

Green rocks 
  (dikes, pillow lavas 
or hyaloclastites)

Basic dikes

Ultramafic rocks

Inter-unit thrusts

Inter-horse thrusts

0 1km

N   

Zone A

Greenschist facies

Zone B

Gs/Amp facies

Zone C

Gs/Amp facies

Zone D

Amphibolite facies

Amitsoq gneisses

Ikkattoq gneisses

Lake

Inland ice

65o10ôN

50o00ôW

Greenland

Archean
craton

ISB

ISB

a

b

c
(b)



Å PT 3kbar 380oC 6kbar, 560oC

Å 300oC

T(oC)

0

300 400 500 600 700 800 900

6

8

10

12

14

4

2

P
re

ss
ur

e 
(k

ba
r)

Pha
ne

ro
zo

ic
 c

ol
lis

io
na

l U
H
P-H

P b
el

ts

(M
ar

uy
am

a 
et

 a
l.,

 1
99

6)

Archean P/T Path

Zone D

K411

K415

K430

K452

K656

K70

K62

K755

K562

K260

Hayashi et al. (2000)

Boak and Dymek (1982)

Appel et al. (2001)

Zone A

Zone B

Zone C

Arai et al. (accepted)



Archean P/T Path

CO212wt% 5wt%

Carb. stability for basalt

0wt%
MOHO (30km)

Temperature (oC)

0

300 400 500 600 700 800 900

6

8

10

12

14

4

2

P
re

ss
ur

e 
(k

ba
r)

Å38

Å

CO



Å 200ϴ . 

Archean P/T Path

CO28wt%
7wt%

Carb. stability for komatiite

6wt%

5wt%

0wt%

Hadean P/T path?

MOHO (30km)

Temperature (oC)

0

300 400 500 600 700 800 900

6

8

10

12

14

4

2

P
re

ss
ur

e 
(k

ba
r)

CO  (100bar, 1022mol)

ⱴfi♩ꜟ

CO

flux (mol/ yr) 1022/ flux
3.2Ga  1.5 x 1014   6,600
3.8Ga  3 x 1013    3.3

   2 x 1012    50

CO2

1.

2. pH

3.

CO2



Å

Å

Å



2 What is life and necessary 

conditions to bear life 








