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1. Summary of previous works

What is life?



What is life?
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Fig. I-1. The design of the Urey-Miller experiment (Miller, 1953). which included the

use of flasks, a pair of electrodes, liquid water, methane, ammonia, and hydrogen. all of

which were connected into a loop by a glass tube, is shown. The liquid water was

heated to induce evaporation, sparks were fired between the electrode to simulate

lightening through the atmosphere and water vapor. and then atmosphere was cooled

again so that the water could condense and trickle back into the first flask in a

continuous cycle. Yoshizaki (2013)



Difficulty of synthesis of huge organic compounds

Molecular size barrier
Birth of ecosystem (deep sea hydrothermal system
—— ®—1¢— Establishment
9 DNA world (replication) [membrane] 1 gene A of ecosystem
10 = 1200 basepairs
B
105 = function = metabolism
RNA world (base pairs + phosphate + polysaccharide)
A @- Stable energy
104 Synthesis of protein, base pairs, polysaccharide, and material flow
| nucleic acid (3000 type) (N series) (C series) (P series) 3
— |
! \ 102 Synthesis of amino acid (20 type)
~nucleotide, lipid, carbohydrate 2
A ] Synthesis of simple organic matter
(CHg: FT reaction) etc  CO+H2+NH3 ®

— Deep-sea hydrothermal water
— Meteorite, stardust

—— Laboratory experiment

— Cosmic molecular cloud

Difficulty of synthesis of life in laboratory. Barrier 4, 5 and 6 are extremely difficult
because of stabilization of huge organic molecules. Natural processes more than
several thousands of reactions were coded finally into Genome finally to pass over
the Barrier 5 to become life.



What is life?

1. MWMembrane, @metabolism and @self-replication
2. @) Organic radicals: endless reactions over 4.4Ga

3. Outer condition:
(B Habitable trinity+®Engine to drive the system (Sun)



Life=Organic radical reactions

1. What s radical reaction? Analogy: Nucleids radiation
reactions making continuously unstable nucleids.
2. Organic radical reactions continue over 4.4 Ga
(e.g., Fertile egg—Baby chick—adult chicken,
Reactions occur in a restricted T range ca. 37°C)

3. Self-organizations
(Coordinate bond & organic compound:
Frontier of new material industry)

4. Nearly infinite number of organic radical reactions which
are possible only by C,H,N,O with metallic elements from

rocks, and impossible by silicates only.



Summary(Life)

e 1 Chemical evolution: Laboratory synthesis &
natural occurrence

e 2 Synthesis of membrane(oversaturation)

* 3 Coding the program (self-replication):
It took ca. 300 m.y. combining more than 300
organic radical reactions in the Hadean.



2 New concept, Habitable Trinity



Chemical composition of life

Table shows chemical composition of 70kg weighing human body.
C,H,O,N, Ca, Mg, P, K etc, all elements must be supplied from
three components, e.g. Ocean, Atmosphere, Rock (landmass)

Element Weight(Kg) Compose of

12.60 18.00 Atmosphere
2.10 3.00 Atmosphere
Ca 1.05 1.50 Landmass
P 0.70 1.00 Landmass
Minor* 1.05 1.50 Landmass
Total 70.00 100.00 -

*Minor elements: K, Na, S, Cl, Fe,Cu, Zn, Mo, Cr, Co, Ga, Se, |, Si, F, Cd, Ba, Sn, Hg, Ni, V

Life is not composed of water only.



Habitable Trinity:

Co-existence of three components
Steady-state supply of components by an engine (Sun)

Modern Earth Outer space

Climate system
Hadean atmosphere
Atmosphere (COZ, Nz) .

35-90 atm CO2-rich + N2

Ocean (all halogens, pH<1
F, Cl, Br, I, S; heavy metals,
Cd, Cu, Pb, Zn, Mo, Fe, Mg)

SR riple point
transportation Ocean(HZO)

Rock (P+K etc) Anorthosite + KREEP

This is essential minimum, not sufficient for the beginning of life, because the chemical
compositions for those were all different in the Hadean from the modern Earth.



3. Birth place of life on the
Hadean Earth
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How to make a naked planet Earth

|

snowline
]
]

Two steps:

First, formation as a dry rocky planet
inside of the snowline.

Second, bombardment of hydrous
asteroids.

! .
rocky | icy
planetesimals | planetesimals

(X X X
protoplanets

Cool Jupiter played a key role:
Shielding comet bombardments
not to add much water

to the inner rocky planets.

D/H ratio of Earth’s ocean supports
the idea.
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Two step formation of the Earth-Moon system
4.56Ga: Dry Earth-Moon system
4.4Ga: 4km thick thin skin of ocean and atmosphere

giant impact

magma ocean

atmosphere

hydrothermal water

komatiitic oceanic crust island arc

Birth of life on the
primordial continents



Anorthositic continents covered by KREEP basalt
with KREEP lower crust Primordial continents
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Anorthositic continents with KREEP are the excellent catalyzer to synthesize amino-acids

and much larger organic compounds. Amino acids can be synthesized under the
rifted lake on the primordial continents.
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Fig. xxx : Water from meteors. Distribution of the hydrogen isotopic ratio in
carbonaceous meteorites compared with Earth and comets. According to this
distribution, water on Earth seems mostly derived from a meteoritic source.

Robert, F. (2001)



Surface environment of the 4.4Ga Earth

Birth place of life: only one to satisfy numbers of conditions=Lake

[RiaEF
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@ Toxic Primordial Ocean (Ultra-acidic, high salinity, and
super-enriched heavy elements). Imagine an ore solution in a
blast furnace. Impossible for life to bear in the toxic primordial
ocean. Highly different from the modern Ocean.

@ Constraints: Geology of Moon, Earth , Mars and meteorites



Plate tectonics as a cleaner

Primordial ocean is (1) Ultra-acidic, (2)High
salinity,
(3)Ultra-enriched in heavy metals
Ore deposit

Water-rock interactio
gcreasing pH to neutral

Into mantle



4 Birth of life on the rifted lake on
primordial continents

Constraints:

1. Synthetic experiments: on-land, presumably lake,
because of oversaturation of lipids to make
membrane, and supply of sufficient nutrients
(K>Na).

2. Geology of Moon, D/H ratio of ocean, meteorite
and comet, and geochronology of meteorites.

3. Geology of Earth; role of tectonic erosion (destroy
primordial continents by PT)

4. Toxic ocean has been cleaned up by PT, until 3.8Ga.



Conflicted nature of life

1 Water is highly oxidized material, but amino-acids,
proteins and genome are stable under highly reduced
environments.

2 Miller’s experiment clearly demonstrated this.

3 Then a problem arose; Amino acids cannot be
synthesized in ocean.

4 Discovery of H2-producing hydrothermal system solved
this enigma., remaining one problem, i.e., temperature
(too high to produce NH3 >550°C.

5 Catalyzer solved this problem, An+water (CaAl zeolite or
cement, with helps by metals and brucite (Mg(OH)2:pH=12)

6 T<100°C, Shall we do experiments! (Prof. Hara, next talk)



g:’f{g (1) Need landmass (oversaturated P for membrane), (2) Need lakes (primordial
ocean is toxic; ultra-acidic, high salinity, ultra-rich in heavy metals), (3) Need
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Stage 1 (lake) Synthesis of amino acids and
Organic soup Membrane formation.
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Sun Stage 2 (lake, birth of steady-state nutrient-energy circulation)
RNA-World (more than 300 ribozyme)
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Birth of DNA: Taking time over 300m.y. by repeated mixture of
farming proto-cells in lakes with toxic ocean. This is a
try-and-error process to bundle several hundred organic radical reactions.

Birth of life

Stage 3 (Mixing of clean water lake with poison ocean)
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Stage 3 (DNA world):>300m.y.
Incubation stage

1 Toxic Ocean enters to mix with clean lake in which life was born,
leading severe survival time and mass extinctions.

2 Three hundred kinds of proto-cells (bubbles) aggregate to make
one single cell. Aggregation may be caused by electrification.

3 Birth of DNA spiral; spiral structure can be completed through
mixing by gradually changing toxic ocean.

4 Co-evolution of Earth and life over 300 m.y. changed surface
environment significantly toward one-direction, hence Panspermia
cannot be accepted; the problem of pre-established harmony
appears. Namely, not only one species, but also whole ecosystem
must arrive at pre-established environment on the Earth which
was made by the Earth’s life.



Golden age for life:
First and Last 600 million Years (Repetition of extinction)

Hadean Archean Proterozoic Phanerozoic
Birth of Ocean
(PT) Loss of Stromatolite Eukaryote
Magma | primordial 2.9 S.N Cambrian Explosion
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-Diversified microorganisms
-Extinction & evolution during 400 m.y.
-Finally, Archaea & eubacteria

-Loss of primordial continent

-Golden age for plants and metazoan

-Occupying on-land environment
(increase in oxygen content)

-Emergence of huge landmass



LUCA is wrong, commonotes

Mass extinctions in the Hadean,
remaining two species, Archea
(ancestor of animal) and
Bacteria(ancestor of plant)



Conclusions

The Earth-Moon system was born first by naked dry planets, followed by
addition of thin film of ocean and atmosphere.

Hadean surface environment of the Earth was proposed;
huge landmass of An+KREEP with rifted lakes with diversified
geochemical and geophysical environments where first life was born.

Hadean ocean was highly toxic, and plate tectonics played a critical role
of clean-up by 3.8Ga, hence life can live and survive in ocean afterward.

Through the mixing of toxic ocean with lake water where life was born,
severe survival race was repeated, remaining two kinds of micro-
organisms which used organic radical reactions using only 20 kinds of
amino-acids and restricted proteins.



What is the next?

e 1 Shall we do laboratory experiments,
considering Hadean surface environments,
i.e., catalyzers (An, KREEP, serpentinization,
brucite, a variety of metals, magnetite, clays,
zeolites, carbonates)!

* 2 Role of catalyzer(metal : supply of free
electrons, clay/zeolite:flask, B/Li: stabilization
of large C-molecule, brucite: pH increase, etc)

* 3 Next talk by Prof. Hara
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How to make the birth site of life

(1) Clean water can be made by evaporation of toxic ocean.

(2) Lake can be the site of birth place of life enriched by B and Li which
stabilize complex organic compounds. Diversified catalyzers are available.

(3) Highly reduced local environment can be made at rifted lakes where,
hydrogen-producing reactions with variety of catalyzers, such as metals (Fe,
Ni-Co, Fe304, REEs, ) and highly alkalic pH(up to 12).

(4) Shallow marine local environments are the site of large gradients of redox
environments where could be the birth site of life.

(5) Nutrients must be supplied from primordial continents (anorthosite +
KREEP) with variety of phosphorous ores. Under anoxic conditions, solubility
of PO2 increases 100,000 times more than oxidized environments.



First stage(Lake)

N-fixation (Highly reduced condition is necessary:
Komatiite + water = H2 + serpentine + metals (a series of
catalyzers available); formation of NH3<100°C) —amino
acids.

Evaporation (clean water=B, Li and other catalyzers,
Calcite is stable: L-type amino acids)

Sufficient amounts of nutrients, and energy-material
circulation by Sun. Peptides can be synthesized in this
system.

To make membrane, oversaturation of lipids (P) and its
sufficient amounts in shallow water environments is
necessary. Liquid immiscibility can make first membrane
as bubbles.



Stage 2

Birth of steady-state energy-material circulation at rifted lake in
which steady-state supply of large organic molecules.

Lake environments (clean water + nutrients) with rifts (Nutrients
can be reached to primitive MOR); RNA world can be made (300
kinds of ribozyme can be established). Ribozyme can be self-
replicated, and more than 300 bubbles can be formed. First
membrane is the boundary through which smaller organic and
iInorganic materials can enter inside to proceed organic radical
reaction to grow bigger then difficult to move outside, then proto-
cell split into the two (cell division).

Local redox environment in the oxidized environment (water)
(large pH gradient, Ni-Co, FeS, Fe304, Nitrogenase enzyme was
completed.

Late Hadean time could be under increased PO2 through
sediment accumulation to hide organic materials in the solid Earth.
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Fig: If another earth was created in asteroid belt
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Table 1. Approximate concentrations of key ions in various environments

lon, mol/L Modern sea water Anoxic water of primordial ocean Cell cytoplasm
Na* 0.4 >0.4 0.01

A Li— K* 0.01 ~0.01 0.1
ca** 0.01 ~0.01 0.001
Mg?* 0.05 ~0.01 0.01
Fe 1078 (mostly Fe3*) 1075 103 to 107*
Mn?* 1078 1078 to 1078 1076
Zn?* 107° <10~ 1073 to 107
cu 107° (Cu?) <1072 (Cu™) 10~
cl- 0.5 >0.1 0.1

Jo— PO, 107® to 107° <107 ~10~2 (mostly bound)

The intracellular concentration is defined here as the total content of a particular element divided by the cell
volume and should be discriminated from the much lower free ion concentration, which does not account for the
ions that are bound to biological molecules. The reconstructed chemical composition of the anoxic ocean
includes data from refs. 14, 15, 58, 14T. The data on intracellular concentrations of different chemical elements

=
are based on refs. 14, 142-145.
Ny

Armen Mulkjjyanian, et al., 2012
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Two step formation of the Earth-Moon system
4.56Ga: Dry Earth-Moon system
4.4Ga: 4km thick thin skin of ocean and atmosphere

Aste[’oid impact

Giant Impact

peridotitic o T fo e o i
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komatiitic ocean]

Birth of life on the
primordial continents
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Fig: If another earth was created in asteroid belt

- - .-

: !
Venus Mars =
[ J ® o> ® & iy e L 15 C. \‘ o
Mercury Earth Astéroid % \P Pluto Kuiper belt
beltw Neptune

comet

Uranus

Jupiter Saturn

Oort's cloud

nother Earth
cean: 1200km thick

Made from 3H,0%
chondrite

Ocean: 4km thick



EnREREDEER

30000}
§ water
| dominated
20000
T i
- i
~ 10000} !
[7,] \
= -
© L
[¢+} \
o L
- Earth
A rocks
i Mars = metallic
. core
[
3000 1Mars I
0.1 1 10

Mass (Earth mass unit)

REEEY~DER : KETETHL/NSTETITA

Maruyama, lkoma, Genda, Hirose, Yokoyama, 2013






FHEMFDOERILED

* 1 EYEBCHONEERLY B 7 A RETRD
RS CE R AT FENIELN, A BB 5. & B 1g

SEM) . A5 R (D RS (4B B AN i

* 2 TABRIBRIMERERIRIYITIEZUNILR

WZERINGU MEIERIGE TR IR RKR

ICoOUNILRIDEESINERS NIV

#1ET (5 LHEDC),

» 3 [RIREMDZHRIEIE, (1)T7/ . ()3

NIE. Q) RIEHILDDEBISAA—NDIEED

HAHShHE CERDZIER

e 4 EILIZKDZHREDILK




FHEMFDERIED

e 1 WBkEYEIMTREZTETHT . TREE:
DRt (T RILERD I TR ELIZFRYMNT
TENEGDITR). QFEFE = GknEDiE
) QAR (R—/S—HIRIIA A) @ELLE
FIXEE (PTORE)

+ 2 KIGREYEMNSTRBMEFEEZHT, Dall
or nothing(ﬂbiﬁg) QREDIBkF BN S AN
R L. QF#E = (revised concept of habitable) .

BDREBETD % (IRZBEDFER KR BRvsE
#%)VSE:”L\E@%DD




% EHE

. 1
Y

2

iﬂjd)z\% I%.

)

zone)

« 3 RYPIELEEDGE

. 4
=

=]
% r

S an ({5l : thEk——A%1E)

anDIEFERIG(K+C, N+REFIE=

ap
CNZERABEIZT BIC
31855 (3—SkmB)EREB=ZFb . [E
ANBEHvo D EREE (habitable

(RihEk YD
35%1)400ppm)

X, BOTRELNT=

ENEYPOREFFA

B CRDFE (MK




(km)

=

%

HBRIZKBNTBEGZNVERARE

EDLSIZRIZM? .
BIE & XEE2
HFE=24,764km ¥&ZF =25,559km
FHEE =1.64 FHHEE =1.28
12
e KT+ AU L

10 E IALZR +IK+ ATV

8 (E¥5¥)

6 K+ ATV

il +KF+NIYDL

2 =

600Ma OMa
O N e 250Ma - l
2 L
JKiAIHA
4 SRR e A e Ry PSR PGSR e oo e o A it et ey
6 =
3.8km DEZ DifE

8 n

10 A ] Y ] ] ] ] ] U7 BE 39 3
10 20 30 40 50 60 70 80 90 100
$ZE =6,400km
RER (%) FEE =5.52

X4



400ka_0)/ /i’&
FF DR #EE Bk + F K Hh EK

* 1 snowline® A{EI&E4MEITall or nothing

¢ 2 TOREZEZMIKCHE=INKERTNLE
KIER DEIRE

e 3 habitable zone—= XK EBIEHIG AT L




Fig: If another earth was created in asteroid belt

-T= comet

. [ '
venus Mars 3 - | -
® . i!) ® T ~L ) 15
Mercury Earth és{éroid Pluto Kuiper belt
elt

Neptune

Oort's cloud

cean: 1200km thick

Made from 3H,0%
chondrite

Ocean: 4km thick



FEHAMEOERRIED (HRERZ)

Fi0 & (M,G,00000) ENEAZT)LEL 2 DB &
(ilﬁf,&w 7J< TEMREZFORENHD
?\;)—CHO FEEILEEFEDIBE SR
R 7IN

2 MELEERBIEDEGRIRVATL(EHS VN
LG DEREN) Hidp HhV:revised concept of
habitable planet,

3 AR ENIEDOER EL&MKOWK) BIEQ
B*ﬂiﬂ,d)ﬁ?':l_:) 5 E@JE @?E*E(EJIL,\EUDI—Iﬂn
FUDR) @SR (BLTE. BR R, 19604
RiZ/Nvh)




Radius (km)

30000

20000

[
o
(=]
3

3000

water
dominated

rocks

i Mars metallic
° core
; Mars 1 1 1 1 l
0.1 10

Mass (Earth mass unit)




FHEMFORRIED

+

« 6 Galactic habitable zoneMD#EL

e 7 SRAOBEEEILNREREZIRIE (EWY)
ICEZHEE((DnEBHERKE. OEBEE
ELDEZE., Gstarburst: KD 1| £R 8] L45& /)
FRIAI400EDFEZR) Ik EEGED EF AT

« 8 FHEMEBHODTEAEKNIZREILED
ElESIESRER




R

Andromeda l\
(

‘ 7 ROX TR

/ r{ ®+*§ : - |
dark matter I % &‘&V \ L
\_} o'\ 4 g 4 N

! '""m""'f"z’;l.-)ear scale







PIEE REBFZREAILED
New Concept of Planetary Tectonics
- Deeper concept of habitable planet -

Type Il : Europa (No Life)




volume of continental crust

Gondwana

embryonic Nlina Rodinia
» continent — = Pangea
» 0 e — T /=W g 600m
__________ 0
- 1
magma L.
ocean ] | - 2
: - 3
: \subductlon
100 4 '3 ' % 'S X 4km
—>
Supercontinent
80 - Huge
landmass
No continents >
90 intra-oceanic arcs
sedimentary
rocks
40 -
20 - Granitic rocks
(andesitic)
' ==‘/ ' ' ' ' '
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Age (GPa)

Fig.6



FHEVFORR (XHDEFES)

* 1 Jx)LEM /NS X(Fermi, 1950)
e 2 Drake® A2z (Drake, 1961)

e 3 Hart (1975)D¥L5RERIE
¢ 4 %F‘nﬁtt,’cwiaﬂt(ﬂﬂsm) BITHLD)D
+ CEw

« 5 LML, K#ZILFIEH (Fermi & Hart &[REIL)

. 6 B2 (BHXBIL)EDIIRADHT—,
FUROAMIZ1 —2BB2H ? SHBEED
M THRT 512557




=/

BANSRTFURET

+ 1 BHESAREBR(REDOREHESRTZAND)

¢ 2 NEFEBRETEINSD ? AN RET
73<7{5T$ﬂz7/ﬁ)bJRFBODfL/\-I-fLFnﬁ E(7|<
E). LIl (£ =G, 8

B :B,Li, AL, 000, DIEHE Eh\”w







I HLLVRR. EXRSNHEM?

o Adn&lEfarh ?

* CNFTOREMICHIDERIL() ETRBENSMREES
N BBl TRABREYEEIRILF—ZPYRY, (2
aaié 5. (3 BECHELETE. N3DOTHD, NTlE
TR THE, #H1zI<, (4)5E%i’='(4%§5k7“
VG ) DEFRBHS (ABLMEDLERE
;Hmiﬁgﬂﬁ)s&Ui (5) £apcld
ILVRIGT®HD, #MASD, (5) iﬁn%#— [T& =
lif;< EMALDELDEHH KD (THIEFERILT
BEDERIL. FEEYMFEORRIED

. %ufﬁﬁﬁ%@nﬁjgbeEO)T Ao 5
D Efmt#SA O planetary tectonics]ZF— F_IQ

(James Dohm) .

=

HF
ap

DiE

d+
A

S
il

o>

4

#mhr
o} gt
NI
S\
N o

)

Ppe]

>
o

I
H

m‘ b2
*"HEé St
2
Bt




[RIgHMEKIRIZ D 1E JT (2EX[i8)

Albarede(lﬁ “FG)+Maruyama et al. (2013):
[RIgEFAMESINIENL : Ch(X/-7-F 5 T.
%EJL# [R5 = TELSIET ILZEIS




Rig@F - AJDE= LM

Titech IVIodeL(?%OD:SZE—’/J\:Y'E'FE'#’QMP
EHIZ BEE—CJ;/S\) E‘iélkmo)/ /iﬁi

9BHE.CO2EN2ERFESD

FREE 1 [RIB KRS DE(FCO2/N2LLTEE.
ik ok BE T 2EHMNE=355F (B4

JNE=)

*ﬁ% [2: Bk NoIEZHHY (B a-Ba.
Ka. Aile E}I)@g#b@%'l%’](CtN)

NBF IR (ECISH ABTELN FEFTT)
Brx—RIgEFDOMETE

h‘r —

SO+ >Fer°° N

ﬁﬁr\Fl




fREE Bl HETE

* 1 L%‘i'::'g&lﬂwﬁ—c Eéhf’ib\/kié@ﬁiﬂilm

EEPR) ~HIKE DRI LIZETTES,

e 2 REIIEFKTIEEBFTERETELL GREEZD

CHREIRIYIE A RE THRL. ARERIAANFE
E)J) kéﬁ*guhd)i’ﬁ ERICHEHEY RERIEREL
B E ST,

. 3 BRI FHETKRRIC Lh‘]\b&b\ faE K&

BEL. —EAE#MELTHBERICEEINT=,
HEIZRE(IE &KLY,

c 4 EYOME(INNAFIR)IFEHFEINDIVDET

RED,



fREE Bl HETE

e 1 Eynj(_l, /h/:—(it%ﬂﬂ)o)jﬁﬂili i’H_j,
Bk backward model M HIREET= 5,

* 2 TDHEKFEHNT,HEITRILTNS
DT.BOHTHER
« 3 BIC\XREEMOFMAEEESED




HhIk A4 an D Fan

1 [RigEFEER[DELALFHEBENRENIE
_'f%:’C%ZD

EBEXR(IKRRICLMGE SN
RFRIIRE > EF>EARMMEBR (B=1X5])
N s ERET
R%RISEARRNPEIREGRS
MREAEMODFHRETILNEINS
Backward model ({1 2k 50 G2 &%) THREETE S

N O OB WD



e 1 MEKAEGDFamho GEEZET)
e 2 HhFkE D Fan

« 3 —MIE(PTORE|. RIBRXRKDER/KFKL. £
NENDE. BRI KEDES. B FfE=1h)

« 4 RHAXREAGMOFa(FIDE., BFEDEIYA:al
or nothing, KIGRZZEELDERDTTFDEE)
« 5 SARIEHNYD B FTHATMETDIRRE (FELL/
FA3H/K7%)

6 NNAXEFOREMRDOEFEEDRR. @Y 1X.
Bcool Jupiter® L E t,ﬁE\ @)




EHERBFOMEFE

+ 1 EBHOEHTFMTIEAZN

* 2 RYVERGERZTHEA. TEHIZITE

EICTHS

JLHNINER B

. 5 REFAIAEM

R

NHETILEEIS
e 3 [RIgHIERDIFZ AT E DD (snowlineD A
] &4 BIC. all or nothing®D B EMNTES)

+ 4 TOREOFINHNEBEFEEZED

B3 - A

£E T iC

/ﬁo)/ —+j(_\.

-l

NEITNIEE=TILIZEKRIE







L1 DD B FMBRZTRIDTTIE

e 1 DNVATUMMUNIFTERMEITRZR
X9 (A)

c 2 FDET . EEHRADKEEMERAERH
bfé?? YDK, ZEEIEIRZRTEIESHE T
TR BT AN ? EL AT
//\7I~’C?EH%|’ TTREMIELTES, HBKA
IR T RIS ADE,







1 £omdDER. BEFD

fn&lXfarh ?

m

1
¢ 2

A
« 3 Z(IRIRE) DFRF

MeEEieEIh L& EIFTOTOE




Rocky planet

Outer space Outer space Outer space

Atmosphere Atmosphere
Triple point

Ocean Ocean

Rock.. Rock. Rock

Gas Giant planet Ice Giant planet

Outer space Outer space

Atmosphere Atmosphere

Ocean

Outer space




Rocky planet (basic structure)

Outer space

Atmosphere

Triple point

Rocky planet (subtype)

Outer space Outer space Outer space Outer space

Atmospher Atmosphere Atmosphere
e

Atmosphere

Ice

A: thick ocean B: adequate ocean C: little ocean D: Covered by ice



Mechanism to supply nutrients é -~
Through weathering, erosion and transportation, - \ &
nutrients( landmass) turn to ion to be utilized by life - _
River system transport nutrients to ocean ’ '
, Q
Planetary spa//‘// |
Atmosphere

CO,, H,0O, N,
(major components of life)

Nutrients supply

. Weathering, erosion and transportation

Life utilize nutrients

Mantle driven (ion) Ocean
Dome up

Broaden a surface area to supply
more nutrients




Ice sheet inhibits material circulation for life *) ‘ig
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Dynamic equilibria

Input : C, H, O, N, nutrients
Atmosphere

Ocean/On-land
Metabolism

Apparent equilibria
(constant PO2 etc)

Output : Solid earth



The Allende carbonaceous chondrite, partly covered in
jet-black fusion crust. This contains numerous white
inclusions called CAls. This stone is about 10m (4 in)
across.

Smith et al., (2011)



A CAIl from the Leoville carbonaceous chondrite. It is 2
cm across (3/4 in).

Smith et al., (2011)
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Except for gases such as hydrogen and helium, the
chemical composition of carbonaceous chondrites such

as lvuna and the sun is very similar.

Smith et al., (2011)



Image of the asteroid Itokawa as imaged by the
Hayabusa (Japanese) space mission. This is very small
asteroid of about 500m (1640ft) long. The surface of
the asteroid shows a rubbly texture.

Smith et al., (2011)
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These images show changes over only a five-year period in the disc can jets of
this newborn star, which is about half a million years old. The young stars are
obscured by a dark disc of dust. Because of changes in the local magnetic field,
violent jets of material are ejected from near to the central star.

Smith et al., (2011)
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Enstatite achondrites

/ 4 Vesta
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(basaltic achondrites)
433 Eros
ordinary chondrites,
/-\,

increasing reflectivity ———
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stony-irons

Enstatite chondrites, irons

16 Psyche
/_/ 1 Ceres

Carbonaceous chondrites

increasing wavelength e

visible infrared

|
|

Spectra of asteroid show some similarities with the measured spectra of
meteorites. The strong similarity between the basaltic achondrites (eucrites and

also the related howardites and diogenites) suggest that these meteorites were
derived from 4 Vesta.
Smith et al., (2011)
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Secular variation of P-T conditions of regional metamorphic belts
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The subduction zone geothermal gradient has cooled gradually with time. UHP metamorphism has

only occured after the Late Proterozoic.

Maruyama et al., 2013
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== Extensive erosion (nutrient supply)

Before 600Ma @ After 600Ma
1 troposphere == folded mountains
11km ';/ sea-level

v landmass
—/N

continental crust
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@ Deposits estimeted to contain more than 100 million tonnes of phosphate rock
o Deposits estimeted to contain between 1 million and 100 million tonnes of phosphate rock
- Minor occurrences, including deposits for which resources estimates are not known
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From Starburst to Cambrian Explosion
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Birth site of life: New viewpoint (ELSI)
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Distribution of asteroids in the inner solar system.
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Habitable Trinity
Dohm, J. (ELSI)

Contents
1. Concept habitable
2. Habitable trinity proposed

3. Application to the solar planets
and satellites

4. Application to the exo-solar planets

5. Conclusions



Habitable zone

<Previous works>

Dole: Habitable planets for man (1964), Dole & Asimov: Planets for Man (1964)

Hart: Explanation for absence of extraterrestrials on Earth (1975)

Hohlfeld & Terian: Multiple stars and number of habitable planets in the Galaxy (1976)
Kasting et al: Habitable zones around main-sequence stars (1993)

Leger et al: A new family of planets “Ocean-Planets” (2004) etc etc
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Chemical composition of life

Table shows chemical composition of 70kg weighing human body.

C,H,O,N, Ca, Mg, P, K etc, all elements must be supplied from
three components, e.g. Ocean, Atmosphere, Rock (landmass)

Element Weight(Kg)

Compose of

12.60

2.10

Ca 1.05
P 0.70
Minor* 1.05

18.00
3.00
1.50
1.00
1.05

Atmosphere
Atmosphere
Landmass
Landmass

Landmass

*Minor elements: K, Na, S, Cl, Fe,Cu, Zn, Mo, Cr, Co, Ga, Se, |, Si, F, Cd, Ba, Sn, Hg, Ni, V

Life is not composed of water only.



Habitable Trinity: three components
Steady-state supply of components by an engine (Sun)

Outer space

thosphere (Cm

Triple point

Rock (P+K etc)




Toxic primordial ocean

1. Ultra-acidic
2. Highly enriched salinity

3. Highly enriched heavy metal elements
(Cd, Cu,Pb, Zn, etc)

@ How to clean-up toxic primordial ocean=
Plate tectonics (ore and water-rock interaction).
Need time

@Birth place of life: Lake
We need landmass= initial mass of ocean<5km

(naked planet)



Plate tectonics as a cleaner

Primordial ocean is (1) Ultra acidic, (2)High
salinity,
(3)Ultra enriched in heavy metal
Ore deposit

Water-rock interactio
gcreasing pH to neutral

Into mantle



Application 1: Solar planets and
satellites
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Ocean: 4km thick
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Europa / Enceladus / Ganymede
(No Life on those satellites)

Toxic ocean




Titan



Application2:Exo-solar planets

1. 60/3600=habitable zone planet (2013)

2. If Habitable trinity is applied
= how many left?
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Very narrow window to find life-sustaining exo-planet
Maruyama, lkoma, Genda, Hirose, Yokoyama, 2013



Extremely tight condition:

Ocean thickness must be 3-5km = Naked rocky planet
Fig: If another earth was created in asteroid belt
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Conclusions

. Habitable Trinity (coexistence of atmosphere,
ocean and landmass) is new concept to verify
the presence of life

. Index to verify Habitable Trinity
- the size of planet

- initial mass of primordial ocean
- snowline & origin of ocean

. Application of the new concept to solar planets/
satellites & exo-solar planets to explore life
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Dynamic equilibria ™ ¢
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Habitable trinity: a New Concept

(a) How to supply nutrients, (b) How to clean up toxic ocean
[

Life = H,O = Ocean, + CO,(CO), + N,, + Nutrients (P, K, Fe etc)
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(c) Two sites of ecosystem, but on-land surface was the first.



