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Workshop at Newcastle Univ., UK, 2016

Early history of the Earth and origin of life(35+15+10m.)
S. Maruyama (Earth & Life Science Institute, Tokyo tech., Japan)

Early history of the Earth: A summary

Research for the origin of life : Complexity science

The issue cannot be solved by only biologists

—>Our strategy is to reveal “the cradle of life (Hadean Earth
environment)” and physical necessity of environmental fluctuation

What is life : Definition and requirements to emerge life

Combine our results with genome science and experiments of
prebiotic chemical evolution

Introduction of 3-step model to create life

Next strategy:
Laboratory experiments (nuclear reactor, toxic ocean etc)
Numerical simulation of prebiotic chemical evolution
Falsifiability + Upgrading of working hypothesis

- We will be able to reach the truth
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Planetary science Life science

AOD4 : Post-Hadean AO03 : Modern analogue of

% Proposal for the model of Hadean microorganisms
primordial continent Input about modern
e AD01 Hadean Earth analugue of Hadean
E environment
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% surface environment
= nput about conditions
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9] A0S : Habitable Trinity Plane AOD2 : Prebiotic evolution
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1. Early history of the Earth: A
summary



Classification of meteorite

. bio-elements Chondrites Nonchondrites
Class —» Carbonaceous Ordinary Enstatite Primitive Differentiated
Grop = CILCMCOCRCECHOVEK HLLL EHEL R K = )
Petrtype - 1 12 3412 3 3 34 36 36 36 36 3 Single d,iACHPUICOIlCS
Subgroup —» ICB, | CV, i '|quram_tes
ICB, |CVp - inonalies
| CV g Single |1 AB silicate inclusions

teroid? | T i i
WETEAIICD silicate inclusions

Achondrites Stony irons Irons
Angrites Mesosiderites pallasites %B*
Aubrites o [TAB
Brachinites .2 I
Ureilites ° 382
HED S e
Single Howardites CESS 15
asteroid? Eucrites E m = [IIAB
(Vesta?) | Diogenites [ICD*
Martian (SNC) [IE
Shergottites {L}i*
Nakhlites
e Chassignites IVB
Orthopyroxenites

Moon Lunar

*irons with silicates

images: Wikipedia, Center for Meteorite Studies, Meteorite Recon 1 .05, 83 (2005)

Krot et al.,, in 7reatise on Geochemistry
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Earth was dry when formed
Y

Fe Ni metals
Anhydrous silicates
Clay minerals
Organic materials
ice

H2

Condensation from protoplanetary disk

(Crystallization of minerals)

RHO10b

4 /]\ 6
.. Asteroid belt 52
"""" remained unaltered
A |

301\

Distance from the Sun (AU)

U \Z

Dust/volatile iRz e _l_v_l_?_rf Jur:lf?r‘ Sit_lf_rln
R=10km @ @ @ @ @
H,0
Caln
gas mantle
Asteroid belt
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A7 ITERNRYAENSD ?

Accretionary process of Earth

start from gas (vapor)

(2) meteorite
{mixtured sandstone (lb-1 Okm)

’.-'g.’ LA in space)
L I.; t .
Fe and CI mineral like as

lowrencite{(Fe, Ni)CL)
and djerfishernite
(K,{Cu,Na)(Fe Ni),,(S, Cl),,)

(1) dust (mineral)

(6) Mars size
(®=~6000 km)

(7) Giant Impact
(®=~12000 km)

Mars
size

& |

magma ocean

Index_
real size

@) G) 6

.OO

(7)3(8)

(3) planetesimal (4) asteroid

(5) Moon size

(®=200km) (®=~3000km)
subsolidus
sphemldal 1 recrystallzatlon Impact
shape X\
,, @ @
volatlles \ 600°C
escape 2-3 kbar

(8) Late veneer
(®=12700 km)
C1 chondrite

N
)\ A

I A~—primodial
ocean

upper
mantle
(H,0 and Cl)
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Oxygen isotope fractionation

15 T T T T T T T T
® H .
OLOrdlnary  —
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0l yr . S T
@ EH I § 3
N Enstatite 5 MOOI’V
= -—
s St ) 4 A‘; Carbonaceous 1 f . y
4 ” ¢ A CR =
. @
- o % L4 ¢ CM e
O A O CK
~ ’
» OF Q@éﬁﬁ‘,o . & Co |
o Ak O Cv 0}ttt
8 * CB % : N 18 % o !
4 - 0 °0 (%o rel. SMOW)
5L v CI §
© o/ 0 ¢ metam. CM—CI
L QCF* ® unique
o K
_]0 1 [ " 1 M | 1 I 1
-5 0 5 10 15 20 25 Chondrites
4180 %
smow (%) ass = Carbonaceous Ordinary Enstatite

Krot et al., in Treatise on Geochemistry 1.05, 83 (2005)
Clayton, in Treatise on Geochemistry 1.06 129 (2005)

Group >CICMCOCRCBCHCVCK HLLL EHEL

Peir fype —» 1 12 34 12 3 3 34 36 36 3-6
Subgroup —» |CB, | CVy
ICB, |CVp
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Late veneer
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(a) hot-jupiter system
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(b) cool-jupiter system
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asteroid belt cool jupiter

(¢) jupiter-less system
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Figure 4 | The compositional mass distribution as a function of size
throughout the main belt out to the Trojans. The mass is calculated for each
individual object with a diameter of 50 kim and greater, using its albedo to
determine size and the average density™ for that asteroid’s taxonomic class. For
the smaller sizes we determine the fractional contribution of each class at each
size and semi-major axis, and then apply that fraction to the distribution of all
known asteroids from the Minor Planet Center (http://minorplanetcenter.org/)
including a correction for discovery incompleteness at the smallest sizes in the

middle and outer belt". Asteroid mass is grouped according to objects within
four size ranges, with diameters of 100-1,000 km, 50-100 km, 20-50 km and
5-20 km. Seven zones are defined as in Fig. 1: Hungaria, inner belt, middle belt,
outer belt, Cybele, Hilda and Trojan. The total mass of each zone at each size is
labelled and the pie charts mark the fractional mass contribution of each unique
spectral class of asteroid. The total mass of Hildas and Trojans are
underestimated because of discovery incompleteness. The relative contribution
of each class changes with both size and distance.

DeMeo and Carry (2014)



Chemical zoning in the asteroid belt

Carry, 2010&DeMeo et al., 2012505
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RHO44

Hydration of upper mantle through asteroid bombardments at 4.4Ga
Late Veneer:1,000-100 times
More volatiles and platinum

elements Oy | ) Q
Upper mantle
“ =
Lower mantle & iﬁa Hvd
¥ ydrous

(Anhydrous)

% upper mantle
)
. . Hydration
Primordial
continent
KREEP
lower crust

Basal magma

ocean Primordial

Atmosphere
(CO,+H,0)
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A short summary(geochronology)

e 1. Formation of our solar system=4.57Ga

e 2. Formation of dry Earth (4.567Ga) and solidification
of magma ocean (4.53Ga:Birth of primordial continents
for nutrients supply)

e 3. Advent of Bio-element Landing (around 4.4Ga: Birth
of ocean and atmosphere)

e 4, Oldest records of possible life (613C= - 20-30%o) at
4.2Ga

 @The Earth was born as a naked planet ca. 4.56Ga,
followed by delivery of bio-elements landing at 4.4Ga.



Carbon isotope 613C as a tracer of life is back to 4.2Ga by our group. It ranges ca. -20-30%o

3.5Ga
J,  seawater

Organic matter

Kawahata (2011)



2. Our research strategy for origin of
life

e Research for the origin of life is complexity science
The issue cannot be solved by only biologists

—>Our strategy is

to reveal

1: “the cradle of life (Hadean Earth environment)”
2: physical necessity of environmental fluctuation

A HOREFEL. AP EET TR TEREH R
¢ STORORELBELHOMBNBAETELE 2 OB




3. What is life?
Definition and requirements

1. Definition
membrane, metabolism, self-replication

2. Requirements
(DSupply of bio-elements (C,H,O,N)
(@)Non-stop material circulation system driven
by the energy source (Habitable Trinity)
— Biosphere is the sub-system to create
a phenomenon as life



Habitable Trinity environment
present day vs Hadean Earth

Life: A phenomenon of biosphere as sub-system

on Earth which is driven by the Sun

outer space

Solar energg;'

atmosphere (CO2,N2)

material-energy
circulation

landmass (P+K etc)

ocean (H20)

Dohm and Maruyama (2014)
present day Earth

Hadean Earth: Due to unavailability of the Sun,

7

natural nuclear reactor functioned as “small Sun’

Cherenkov radiation

Ko-Gb

Maruyama (2016)
Hadean Earth



Huge landmass is necessary on Hadean Earth
to provide nice place to bear life

komatiite shield volcano phosphorous ore

folded mountain

~

’ Cloud . .
g NH;, Amino acids, membrane
% ;EJD' Reduced Nutrients ki

e P 7~

Gabipe

Phosphorus ore
desert

. Evaporite Lake

Phosprus ore




4. Combine our results with
genome science
and
experiments of prebiotic chemical evolution

bhhh OBRHRIS
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Process o the off lfife
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5. Introduction of
3-step model to create life

ZEEBETILOERE



Nuclear geyser model

Non-thermal energy (ionizing radiation) is necessary to facilitate the reaction
B TRV — (B RSTIR) BABE (F-Z DR R OF REETIEARA)
CO2, H20 and N2 are very stable materials thermodynamically on the Earth’s surface.

Serpentinization active

(Ni-Co metal, REE minerals,FeS)

CO,, H,0, N,

Concentration of Macromolecular organic

compound 55 L 55 : (o
(amino acid — protein) y P '.', :

Surface gas
water CO,NH3,CH4, HCN :3
N\ L
An ‘ ‘
: e Tty
Ko-Gb /8

Ko-Gb

Natural reactor can destroy those into elementary particles in the broad sense, i.e., proton,
neutron and numbers of electrons near the reactor, but those were react to form complex
Organic compounds away from the reactor.



Low Radiation Iev.el

inorganic

purines
H,O HCHO
‘ pyrimidines
nitrj/es
(cyanohyd,.,-n) aminO
co, HCN acids

fatty acids

Ebisuzaki (2015)




High Radiation level

purines
H.O HCHO
) pyrimidines
nitl’i/e
(:+{Zl kyanohydﬁéf EarT]ir]C)
co, HCN acids

fatty acids

Ebisuzaki (2015)




3 step model

15t primordial life in nuclear geyser
2" primordial life under the Sun

3" primordial life is the first prokaryote



Material circulation at 4.4Ga
between surface environment and geyser

P [1]COs, H20, Nz atmosphere ot

ray. X ray. a. (3. proton beam. nestron ray. heavy particle beam

Wet/Dry cycle
Protein
Membrane

_ Hz g™ ‘ y |ix =i
el 5 /L ~CO, NHa, CH4,HCN [m]Macromolecular organic | =
g Yo compound (Ribozyme) |/
Ko-Gb N , (/ Ko
.
y :
e (] Reducing gasl

FesP y

KREEP

(Ba-Gb) Cerenkov light (Day and Night)

W Ko-Gb

@ Reaction of organic materials is accelerated through material circulation between surface
environment and inside of geyser.

@ Building blocks of life can be produced in geyser main room.

@ Due to closer Moon, strong tidal force create wet/dry to polymerize amino acids and
membrane by evaporation, those of which are transported to the small room for the birth
nlace of life



15t primordial life in nuclear geyser at 4.4Ga

[1] €02, H:0, N atmosphere /f,— ‘

//ul Hz _Gas conceﬁtratlon |I\\, )
e _ﬁ/\// _ (co NH;, CH4,HCN etc) @ Macromolacular organic f//
© /\ -

=

@ Reducing gas

~ Energy source

/,,,

compound (Ribozyme) «é

(Underground small Sun drives day/night cycle)

Protein and membrane
due to wet/dry cycle

EES

3 0 tldal flat

. V| 1st primordial life

i 1st primordial life (RNA World)

\

‘\

Ri~R..
Ribozyme=>30

Mg Q/lcjf 2
Ca® J@ &\// -~
K* R )

Na* ‘extracellular symbiont/

@ Necessary 20 ribozymes should have been produced at this stage in this small room
(temperature less than 80 °C).

@ Primordial life created extracellular symbiont to survive (symbiosis like virus)

@ 1st primordial life periodically transported to the surface by the geyser to die.



2" primordial lite unaer the Sun at
4.3Ga

Lo ]
[ \j..
- -+ Solar plasma
;_ = y ray. X ray. a. 8. proton beam. neutron ray\heavy_ ticle beam

,N

2nd primordil life
$1 1tidal wet

1st primordial life

Tahr

Cerenkov light (day/night cycle)

Ko-Gb

@First stage life was transported to the surface periodically through geyser explosion.

@ Transition period from 15t primordial life to 2" primordial life which can utilize solar energy
by application of principle of semiconductor (electron bank). Night has come to use ATP
stock in daytime.

@still in symbiosis with others.



Ocean was not mother of life

e 1 Highly toxic (pH<1, 5-10 salinity, and high
abundance of heavy metals) in nature to be
demonstrated by calculation and experiments
(heating experiments of Cl chondrites: on-going)

e 2 This has been true even ca.600-500Ma for
emergence of metazoans (Cambrian explosion)

* 3 Even today, most biomass is around continents
because of nutrients supply from landmass;
Ocean is desert!



4.2G

2nd primordial life move in rift valley (with
non-toxic water) from lucstrine environment

. N

_

@ To prevent from entering toxic elements
such as Na inside the cell, Na-pump was
invented, as well as cell wall.

@ Multiple mass extinction and severe

@ environmental change made a series of pro
spiral DNA shape and process of self-replica

@ Minimum gene ca. 100-200 entered into DN

Ocean was not mother of life

Bithrofe3idipnimendialflifiel(Rickanyoite)

Influx of toxic ocean and mass extinction

£

mODETIEAEL g

Adaptive evolution

RNA—DNA

cell wall

From symbiont
to prokaryote
chemical composition of
toxic ocean is pH<T,
salinity is 10SU, and enriched
in heavy metals.

plasmid

CeSS

-

ucleoid(DNA;




Circulation/migration of produced organic matters

<— Influx of toxic ocean

Toxic ocean

Magma
chamber

Oceanic crust

Factory to supply evolved building blocks of life




Change of Factory from |, through Il and lll, and finally to IV
for building blocks of life

W
I Sun - Moan v
: i (_) Aioml-cbomB
Concentration of gas <3 B
Surfacelwater CONH3CH4, HCN 7 n “ Toxic : __ . magma .
e - T ocean ocean " - o ..
A : _Lake + A\ A ; + .
: ’_,-—""_' + ] ¢ -
— o P i o= + ~
P — - < e o +
" . +  Super- + 0 +
P lonizing , continent * _|_
Ko-Gb - = .radiatio.n . : / + + (o
) /—'" p e / S + +
./ S 7t +
Fe,P /; }
’ a Metasomatic mantle
. = a (enrichedin U, K, Th)
Hadean — Archean Earth Earth since 2.0Ga

@ Nuclear geyser continues to produce further advanced building blocks of life
( until 2.0Ga) to create Eukaryote, then stopped by half life of U decay.
@ After the emergence of super-continent, new site of much more evolved
building blocks of life (metazoan and plant) appeared, it is a continental
rift where atomic bomb magma erupts to promote mutations, 100 times
faster evolution . Principle of life evolution is radiation same since its birth.



Strocls about birth place of life

Tidal flats

On primordial continent

Birth place of life
F e

‘I‘a kes with
ure water
g

Hydrothermal system

primordial &
atmosphere’™




Clear the condition for the emergence of life

Where is the birth place?
EeDFEREE L TORMEIUTTESH

Environmental factors On primordial | Hydrothermal
RIGNESR continent system

IRI8ABE £ R FRRiGIRERIK TR

1  Energy source (ionizing radiation+ thermal energy) O X O ?
THILF—IR (BRERSTHR + BT RIL+—)
2 Supply of nutrients (P,K, KREEP etc) F&EI&HiA O X O X
3 Supply of enough nitrogen +57RXEDEREIR O X O X
4  Life constituent elements £apt@EmEZE t57(CHON) O /A O O
5 Concentration of reducing gas ExSADEREL O X ? X
6 Dry/wet cycle 822 1EIRIE O X ? X
7  Non-toxic water environment J&& T (373 VKRR O X ? X
8 Na poor water 7KMDK/Natt (Nah“ iy k) O X O X
9 Diversified environments (Ocean: pH, salinity, heavy O X ? X

metals, Atmosphere: T& P, Continent: varied
geology)

SRR (8F : pH, EDEE. E€BTE. AX:
mE. £, KE  SRQHE S31YD)

Mars kept ocean for the first 400million years after the formation
Universe does not have liquid water in the matrix

NE  RYID4BEUNEENIN DI

FH : ¥ MW I RTRIADKDIRN



Conclusions

e 1 Birth place of life at mid-oceanic ridge has already
been collapsed (Falsifiability)

e 2 Panspermia origin: a fantasy. Life is a phenomenon
as biosphere (subsystem) in the Earth system back to
its origin. Hence its transportation to the Earth must
have been Ecosystem transportation. The Earth must
have waited to accept it just as evolved to adjust
rapidly evolving environment for the evolving
ecosystem. Virtually impossible.

e 3 Birth place of life was not ocean, geyser system in a
lake on the primordial continent.



6. Next strategy

1) Reproductive experiments with nuclear reactor to demonstrate the working hypothesis
RFFTHRER

Strategy: Tissues (membrane, cell all, double spiral etc) and processes (self-replication, sodium
pump etc) record previous evolutional process. #i#is 7O (FIRFILR

@ Bottom up group (Reproductive experiments for prebiotic chemical evolution)
RIBRA L ZEILDEIR
input: N2,CO2,H20,KREEP,Anorthosite, catalytic minerals, 30 kinds of ribosome etc
- monitor the reaction process and identify produced materials

@ Top down group (monitoring the reaction of modern species) BAELE YD RiGEEER
input: OD1, bacillus subtilis, hepatitis virus etc OD1HMEMHER. FRXDAILREGE
- monitor the reaction process and identify produced materials

@ Survival in toxic ocean

2) Numerical simulation of prebiotic chemical evolution based on laboratory experiments
under the condition of changing pH, salinity, abundance of heavy metals and pO, and
catalytic minerals.

3) Falsifiability + Upgrading of working hypothesis &iFrI&EMEICk> TIEEREREIRETE
— We will be able to reach the truth of complexity science ##ZFEZODEZEIZEYLHGEDL



End



Step to the emergence of first life

Life Size Time (Ga)
| Extracetular symbignt " 4.4
1st proto-life 1/30 Virus
(in nuclear geyser)
' 4.2

2nd proto-life

(under the Sun) Lisd

3rd proto-life
(First Prokaryote) 1

- 2.0
(.GIRRENE The Differing Evolutionary Parameter Spaces Occupied by
RNA and DNA Viruses®
Characteristic RNA (and ssDNA) viruses dsDNA viruses
Mutation rate (per nt) High Low
Genome size Small (<32,000 nt) Can be large (>100,000 nt)
Population sizes Usually large Can be small
Recombination Often low rates Often high rates
Epistasis Antagonistic Synergistic’
Gene duplication Apparently rare Common
Lateral gene transfer Apparently rare Common
Overlapping reading frames Common Relatively rare

dsDNA, double-stranded DNA; ssDNA, single-stranded DNA.

3Note that the properties shown are "average” ones, and cannot be applied to every taxon in each category (particularly for
DNA-based organisms).

'By inference only: the extent and sign of epistasis has not been measured in dsDNA viruses. Holmes (2013)
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5. What is new discoveries
BB mHAFHLILVD(EERE LDERE)

1. Suggestion of birth place and 3 step model
(testable model)

. ABEL model (dry planet + bio-elements landing)
. Habitable Trinity model

Proposal of basic framework for Astrobiology

. Special Issues 2016 (Origin of life and
astrobiology) from Geoscience Frontier
(Elsevier) 62 papers



Major (CHON), minor and trace bio-elements

1. Most nutrients were supplied from TTG
2. P, S, and Mg were absorbed in hydrothermal water at mid-oceanic ridge

Nutrient Major construction
5 elements elements

101 =

e ® Riverine Flux
- ® Hydrothermal Flux

(mollyea r) (modified after Wheat etal_, 2002; Klinkmammer et al., 1994b; German
et al., 1990; Nozaki et al., 1997; Sholkovits, 1993; Sholkovits, 1992;
Elderfield et al., 1990; Fantle and DePaolo, 2004)

@ Need landmass which is a source of nutrients!
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Numerous kinds of combination by diversified environemnts
—promote prebiotic chemical evolution







TABLE 11.1 B

Characteristic RNA (and ssDNA) viruses

dsDNA viruses
Mutation rate (per nt) High Low
Genome size Small (<32,000 nt) Can be large (>100,000 nt)
Population sizes Usually large Can be small
Recombination Often low rates Often high rates
Epistasis Antagonistic Synergistic’
Gene duplication Apparently rare Common
Lateral gene transfer Apparently rare Common
Overlapping reading frames Common Relatively rare

dsDNA, double-stranded DNA; ssDNA, single-stranded DNA.

“Note that the properties shown are "average” ones, and cannat be applied to every taxon in each category (particularly for

DNA-based organisms).

“By inference only: the extent and sign of epistasis has not been measured in dsDNA viruses.

Holmes (2013)



[ ] retroviruses

| | ssRNA (segmented)
B | ssRNA (unsegmented)
[ EEERI
FIGURE 11.12 Distribution of genome sizes
in RNA and DNA viruses. Note the similarity BRI SR DA
in (small) genome sizes between RNA viruses, ' ; . ’
retroviruses, and single-stranded DNA (ssDNA) 102 103 104 105 108
viruses.

Genome Size

Holmes (2013)
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Step to begin and evolve life

Life Size Time (Ga)
4.4
. Extr_agg_l_lglﬂis_ymbint .
1st proto-life 1/30 Virus
(in nuclear geyser) DS oa
2nd prOtO'life Ex‘rracellularsyrfw}w/b'ig;\ \RNA >
(under the Sun) 130 @
4.0
3rd proto-life
(First Prokaryote) 1
2.0
6 ‘
Eukaryote 10
7
Metazoan 10
Plant
Human being 10"

present



Kawahata (2011)
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Ice sheet

komatiite volcanism

Super-homogeneous Earth
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“Habitable Trinity” ®TJL

(Dohm and Maruyama, 2014)

KRR - BF - KEOXFERGEIRILF—ICLSEEMNERIR

A xErrLr—
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Step to the emergence of first life

Life Size Time (Ga)
| Extracetular symbignt " 4.4
1st proto-life 1/30 Virus
(in nuclear geyser)
' 4.2

2nd proto-life

(under the Sun) Lisd

3rd proto-life
(First Prokaryote) 1

- 2.0
(.GIRRENE The Differing Evolutionary Parameter Spaces Occupied by
RNA and DNA Viruses®
Characteristic RNA (and ssDNA) viruses dsDNA viruses
Mutation rate (per nt) High Low
Genome size Small (<32,000 nt) Can be large (>100,000 nt)
Population sizes Usually large Can be small
Recombination Often low rates Often high rates
Epistasis Antagonistic Synergistic’
Gene duplication Apparently rare Common
Lateral gene transfer Apparently rare Common
Overlapping reading frames Common Relatively rare

dsDNA, double-stranded DNA; ssDNA, single-stranded DNA.

3Note that the properties shown are "average” ones, and cannot be applied to every taxon in each category (particularly for
DNA-based organisms).

'By inference only: the extent and sign of epistasis has not been measured in dsDNA viruses. Holmes (2013)
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1) Prebiotic chemistry in modern analogues
Serpentinization field (ONSEN project)

Team: Pls Maruyama/Kurokawa/Yoshida/Hongoh/Ueno & 5 students

A Valcana
- =-Valcanic front
—Trench, Trough| .

Quaternary

| Sediment
| Igneous rock

Neogene
0 Igneous rock

|:| Pyroclastic rock
Jurassic

|| Sedimentary rock
Permian

B uitramafic rock
I Sedimentary rock
B Metamorphic rock

- Fault
~ (broken where inferred)

@ Hot spring
Courtesy of Suda@TITECH

Shiroumadake Area i




Taxonomic composition of the 3H
microbiota over 3 years

100%

90% —
80%

70%

60% Others
“Elusimicrobia
50% 1 EFirmicutes
Proteobacteria
40% Nitrospirae
B Candidate division QD1
30%
20%
10% -
0% - ' '

2011 GA llx WGA 2012 HiSeq 2013 MiSeq



%)
- . ) ]
Universal single copy genes (4 genes £
\a
v
concatenaged)
e
. . 2 S
Ribosomal protein L6, L18, S5 3 E;
° O@"’ Hakuba Nitrospirae
| SecY (total 904aa) ) ) &
@ o &
5 Iy @ &
] g '§ (%)40 ’776)@
& g s &
% 2 R gL
% % 5 2 P % )
% % = 3 2 g o §F &
% % % 3 3B §F§888 &
” v 325y F5¢
(s) ’%’ »
>
A
ner/cu, /7;,-00’
Oe\e n\'\Sphae
aneosa)
\entisPt o
Verrucom\crob\a
Firmicutes - Erysipelotrichia, Clostridia Actinobacteria
yda”SPV_
- etaprofeobact
Parcubacteria bacterium SCGC AAA036-E14,AAA01 1-J21 o er
oot o 1
s
\erE2Y %
GC [\- OO%\/E)D(
qeriu™ ?odb;
- oo
parast2®® W S
RO A" 16 0 %
SN2 P %
5.06\‘\0\ BOEON DAREN 2

- . " . )
We can not find any acetyl-CoA module in OD1 (Parcubacteria)
draft genome sequences from other environments (soil, river

Kwater, gold mine)

j




Brown et al., 2015
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OD1 could be identified as monophyletic lineages ?
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Implies different ribosome structures and biogenesis mechanisms.
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Primordial ocean is toxic

pH<0.1
Salinity=5-10 SU
Super-rich in heavy metals

super-acidic composition,
like mineral solution in the furnace
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RHO44

Hydration of upper mantle through asteroid bombardments at 4.4Ga
Late Veneer:1,000-100 times
More volatiles and platinum

elements Oy | ) Q
Upper mantle
“ =
Lower mantle & iﬁa Hvd
¥ ydrous

(Anhydrous)

% upper mantle
)
. . Hydration
Primordial
continent
KREEP
lower crust

Basal magma

ocean Primordial

Atmosphere
(CO,+H,0)
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Programmed Research PrOJeCtS YYYYYYYYYYYYYYYYYYYYYYYYYY

Planetary science Life science

AOD4 : Post-Hadean AO03 : Modern analogue of

% Proposal for the model of Hadean microorganisms
primordial continent Input about modern
e AD01 Hadean Earth analugue of Hadean
E environment
= g

Bl-l"l‘.h Place o
(S, Input about Hadean
% surface environment
= nput about conditions
S create HT planet (Reductive/Oxidative sitas)
9] A0S : Habitable Trinity Plane AOD2 : Prebiotic evolution

4.6Ga =2
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Pb isotope chronology of asteroids
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History of asteroids suggests timing of blow-
out of nebular gas H2
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Blow-out timing of nebular gas clouds?
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FIG. 6.—Mass-position diagram of solar system. The masses of the silicate-metal cores of the giant
planets are taken from Hubbard and MacFarlane (1980), Gehrels (1976) and Slattery (1977). Note that the
suggested mass distribution is shown in this way merely to give a pictorial comparison with the planets, and
that the volume of each planetary zone must be taken into account (Weidenschilling 1978).

Smith (1982)
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Figure 4 | The compositional mass distribution as a function of size
throughout the main belt out to the Trojans. The mass is calculated for each
individual object with a diameter of 50 kim and greater, using its albedo to
determine size and the average density™ for that asteroid’s taxonomic class. For
the smaller sizes we determine the fractional contribution of each class at each
size and semi-major axis, and then apply that fraction to the distribution of all
known asteroids from the Minor Planet Center (http://minorplanetcenter.org/)
including a correction for discovery incompleteness at the smallest sizes in the

middle and outer belt". Asteroid mass is grouped according to objects within
four size ranges, with diameters of 100-1,000 km, 50-100 km, 20-50 km and
5-20 km. Seven zones are defined as in Fig. 1: Hungaria, inner belt, middle belt,
outer belt, Cybele, Hilda and Trojan. The total mass of each zone at each size is
labelled and the pie charts mark the fractional mass contribution of each unique
spectral class of asteroid. The total mass of Hildas and Trojans are
underestimated because of discovery incompleteness. The relative contribution
of each class changes with both size and distance.

DeMeo and Carry (2014)



Chemical zoning in the asteroid belt

Carry, 2010&DeMeo et al., 2012505
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Primary asteroids must be circular orbits not have been disturbed by Jupitar, and
those preserve the compositional change of chemistry.
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Towards the establishment of Astrobiology
- Universal Formation Model of Habitable Trinity Planets
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