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Early Solar System chronology

CAl formed in < 10° yrs at 4567.80 +- 0.5 Ma (t,)

chondrules formed in 0.5- 5 Ma after t,
182\W: Moon formed in 30-150 Ma after ¢,

List of the oldest on the Earth

fossil: 3500 Ma
biomarker: 3950 Ma
sediment: 3950 Ma
rock: 4100 Ma CAKLYZTIOEHIZHL !
mineral: 4370 Ma
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World record: 4.4 Ga mineral-bearing conglomerate in W. Australia

Late 20t century: advance in dating technique, grain-by-grain (> 10 micrometer)
Early 215t century: the world record @ 4.4 Ga from Westrn Australia

even after the old rocks are gone,
hard mineral grains remain in younger sediments

Oﬁ

ﬂ’f?’aﬂx&

| Jack Hills,—#®

iBarbenor}' Narryefr

—Napier /



[EERE B
@ 4379 +- 26 Ma
Hadean zircon from Jack Hills
by ANU group
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AA Nemchin et al. / Earth and Flanetary Science Laters 244 (2006) 218233
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BAMLDODILA S BEVEZE still primitive, dependent on pain-staking human labor,
In particular, hand-pick under binocular .
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@ break down @ crush+sieve

® hand-pick unar binocular
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High-Reliability Automatic Zircon Separator (Hi-Re AZS)
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Empirism : dark-color in older grains
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Limit in human hand-picking ------ >
Robotics replacing human labor
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Bl > 4.3 Ga zircons captured by AZS machine
from the Jack Hills conglomerate, W. Australia

Isozaki et al. (2018 in press)
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Short-cut method for getting
approximate ages
before resin-mounting
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Isozaki et al. (2018 in press)
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Age limit or
much older
one??

4150

Fb-Pb age (Ma)




Possible age limit @4.37 Ga common in Earth and Moon
implications?

Age spectrum of lunar zircons from Apollo samples
40 —1——
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1.4.50 - 4.45 Ga Feldspar-rich,

Late-stage
KREEP
melts

: ur-KREEP
Olivine and ! reservoir?

., Pyroxene cumulates ;

»
J

« primary lunarcrust  General belief

> 4330 Ma

2. magmatism/resurfacing

@4250 Ma

3. later impact

2.c.4.34 Ga

Resurfacing, reworking of
primary lunar crustal lithologies.
Formation of NWA 3163 (PS) protolith?

Shock melting? / e

Re-melting of primary lithologies?
I g

N s
W

Small volume
[/ REE-enriched Olivine and

: Olivine and Szl X
. Pyroxene cumulates /
% ¢

% 3
' Pyroxene cumulates S
P i

k! 3 S 3
Meteorite Impact? Density driven overturn?

@3950 Ma

Mare valcanism
"

McLe

1. consolidation of magma oce



geochemical trend in > 4.0 Ga zircons

- + 1 [ I | ' Marmalized ta Chondrite

Nb | [0 Ee Ti

Not yet clear but may have a particular secular trend

----=2> faint memory of lost primodial continental crust?? ....




The oldest 4.3 Ga zircons
containing mineral inclusions,
such as apatite Cas(POa4)3(F, Cl, OH)2
w/ boessential elements e.g., P and OH

. »
: 4 '- - . .
.. . - N
) 2 3068 AL
a R A

Isozaki et al. (2018 in press)



continental crusts were inevitable for life!

“habitable trinity” model

(Dohm and Maruyama, 2014)

co-existence with direct contact among atmosphere, ocean, and continent

continents as
nutrient source

atmpsph.-ocean

contact for resolving
nutrients into water
thru surface erosion

continental crusts (+KREEP) with

nutrient elements; e.g. P, K etc.




Models on formation process of the Earth

2 step formation of the Earth.

. . solid Earth first
Convent|0na| VIews: 0 ABEL model
[45363 1st step: completely dry Earth was formed ]
No continent on the Early Earth no atmosphere
no ocean KREEP

but solely with komatiitic/basaltic oceanic
crusts occupied

the surface of the young planet

primordial continent
(anorthosite)

In contrast, ........

4.4Ga 2nd step: ABEL bombardment delivered
’ oceanic and atmospheric components

atmospheg Q. \{olcano

/% .

lower crust komatiite

Q{P volcano

komatiite
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episode 2: Archean-Proterozoic
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Detrital zircon age spectra in river sand
reflect age structure of continents

Rino et al. (2004; 2008)
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detrital zircon age spectra of modern river sands

0 Ga16 area, Rino et al., 2008)
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Secular change in lifetime of granitic crust

and the continental growth:
a new view from detrital zircon ages of sandstones

production'of
continental crust

3 2
age (Ga)
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subduction'of
continental,crust
into the mantle

1.8Ga 1.0Ga

Sawada, Isozaki et al. (2018 in press) Geoscience Frontiers



the compilation

Data integration with previous studies
=> Compilation of 5 periods (2.9, 2.6, 2.3, 1.0, & 0.6 Ga)

1 -0 Ga MNorway
—

Hadmark gp.

Siberia Uy gp.

——

ME. Greenland

. . Eleonore Bay Sgp.
Previous studies only y— X UK Mo 5gp.
1.0 Ga : 9 samples g \ e - [South China
: Tianli schist
0.6 Ga: 9 samples > %
RTbeshed W. Africa Ty
Unkar gp. Anti-Atlas gp. India

Vindhyan Sgp.
E. Australia
0-6 G Soldiers Cap gp.

UK Darladian Sgp.[— Bohemian Massif ~_
' 7 ‘ North China m

Zhuozi Shan

Newfoundland
South Brook fm.

it
.

}-u
«“§ South China
= Fanjingshan

Yuertus fm. ~
Sahara
Tassili Ouan

Ahaggar basin o

Grand Canyon \
Bright Angel shale ;

NE. Brazil
Serid gp.

Sawada, Isozaki et al. (2018 in press)




the compilation

Data integration with previous studies
=> Compilation of 5 periods (2.9, 2.6, 2.3, 1.0, & 0.6 Ga)

2.9 Ga

This study + Previous studies
2.9 Ga 2+4 samples
2.6 Ga 2+3 samples
2.3 Ga 3+3 samples

&

Eastern Slave
Point Lake Quartzite

Western Slave . T
Bell Lake Quartzit

Zimbabwe
Buhwa Quartzite

Kaapvaal
Pongola gp. Yilgarn
Jack Hills GS belt
Superior
Assean Lake crustal complex
2.3 Ga
- —= 4 —
= [ Karelia
Brazil Jatulian Quartzite
Minas Sgp. -
Zimbhabwe _ 3
Belingwe GS belt Yilgarn _ Superior ! *
Eastern gold field Roe ~= Marquette Range Sgp \ North China
i .
W" « Marmuc Bay gp. \'\\ - Wutai Gp.
! S
oming
nowy Range Sgp. ﬁ
=4
Kaapvaal Pilbara
Makganyen fm. Turee Creek gp.

Sawada, Isozaki et al. (2018 in press)
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detrital zircon age spectra of 2.6 Ga sandstone
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Sawada, Isozaki et al. (2018 in press) Geoscience Frontiers



detrital zircon age spectra of modern river sands

0 Gas area, Rino et al., 2008)
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- Compilation of detrital zircon age spectra for 5 periods: 2.9, 2.6, 2.3, 1.0 and 0.6 Ga

Clear difference between 2.9-2.3 Ga & 1.0-0 Ga
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detrital zircon age spectra from sandstones
for 6 time slices; i.e. 2.9, 2.6, 2.3, 1.0 and 0.6 Ga
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Clear difference between 2.9-2.3 Ga & 1.0-0 Ga
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=> Short life of continental crust between 3 and 2 Ga.
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Secular change in size of continents

B. ca. 3.2-1.8 Ga

embryonic continent
(composite arc)

small preservation

A €

embryonic continents preserved old crust

C.ca.1.8-1.0 Ga
stable large continent

large preservation

14 7/
arc accretion stable large continents

J 72_C 9000 km

subduction orogen trench mid oceanic ridge

Sawada, Isozaki et al. (2018 in press) Geoscience Frontiers
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Vast granitic subduction into the mantle

in the early Archean & Hadean

—

much shorter life of
continental crust before 3 Ga

production'of

a .
~  continental crust \

100

growth of continents

Kawai et al. (2013)
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volume of continental crust (%)

subduction'of
continental,crust
into the mantle
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granitic
subduction

3.2Ga 1.8Ga 1.0Ga

MMF: Metasomatic Metamorphic Factory
SZMF: Subduction Zone Magma Factory
BMW: Big Mantle Wedge
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episode 3: Phanerozoic
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