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Why ? 
As a Geological wonderland 
Oldest rocks: Canada, Greenland, Western Australia;  
     most accessible locality!  
⇒In Japan, no rock of this era.   
Economic Ores: Gold, Diamond, Platinum etc.  
Gondwana homeland of continental drift 
Oldest magma intrusion “Bushveld igneous intrusion” 
Meteor impacts Crater 
Banded Iron Formation(BIF) 
Ancient ice age remnants  etc.  

 Global distribution of Archean 
rocks in modern continents. 
Known (red), suspected (pink). 
Areas with rocks or zircons older 
than 3.6 billion years are labelled 
by name. 
http://www.earthsciences.hku.hk/shmuseum/eart
h_evo_03_archean_intro.php 
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https://www.researchgate.net/profile/James_Ogg/publicatio
n/233524897/figure/fig1/AS:300141383831555@144857069
0944/Fig-1-The-Precambrian-chronometric-scheme-used-for-
Eon-Era-and-SystemPeriod.png 

Pre-Cambrian Time scale 

 

原生代 

 

 

太古代（始生代） 

 

 

冥王代 

 



Why recently is the early earth 
so revealed. 
After 1990’s; A radiometric dating tool is 

developed; “SHRIMP, Sensitive high-resolution ion 

microprobe”  ->20μm Zircon 

Also isotope ratio geochemical techniques are 

advanced; 146Sm-142Nd: 182Hf-182W: 142Nd/144Nd, 
182W/184W -> use for evolution of early earth 

crust and mantle system 

<Applying Mass Spectrometry>  

A new window is opened for  

the early earth! 



Photos by Prof. Fujioka 

SHIRIMP II 
at ANU (Australian 
National University) 
Geoscience Lab. 

http://rses.anu.edu.au/highlights/view.php?article=394 



Early Earth (Part 1) Hadean eon 

Forming of Earth 4.6Ga 

Giant Impact (the birth of Moon) 4.5Ga 

Cool Early Earth 4.4-4.0 Ga 

Late Heavy Bombardment (LHB) 3.9 Ga 

 

CEE? 

GI 

LHB 

Japan! 



i) Earth's spin and the Moon's orbit have similar orientations. 
ii) Moon samples indicate that the Moon once had a molten surface. 
iii) The Moon has a relatively small iron core. 
iv) The Moon has a lower density than Earth. 
v) Evidence exists of similar collisions in other star systems (that result in 
debris disks). 
vi) Giant collisions are consistent with the leading theories of the formation of 
the solar system. 
vii) The stable-isotope ratios of lunar and terrestrial rock are identical, 
implying a common origin 

Supporting evidence includes(wiki): 

Canup,2004 



Wilde et.al., 2001 Nature 

Valley et. Al., 2002  

4.4Ga Zircon 
by SHRIMPII: 
 
Oldest mineral 
Granitic rocks 
 
Why Zircon? 
 
Resist against 
weathering 
U, Pb rich 

Linewever & Norman, 2008 

Abramov & Mojzsis, 
2009 



Sterilizing Impacts and life 
“Panspermia Hypothesis” 



Hadean Earth (4.0 Ga) 

http://www.boulder.swri.edu/~marchi/ 

Figure 1. An artistic conception of the early 
Earth-Moon system. The Earth is pictured as 
surface pummeled by large impacts, resulting in 
extrusion of impact-generated deep-seated 
magma onto the surface. At the same time, 
distal portion of the surface could have retained 
liquid water. The Moon is pictured as a dry, 
heavily cratered body. The Moon is far less 
geologically active than the Earth and its older 
surface and rocks have been used to calibrate 
our bombardment.  

Dr. Simone Marchi kindly allow me to use this gif-images. 



<Evidence> 
Moon rocks (Apollo 
mission):  
 The ages of impact melts collected 

at these sites clustered between 
about 3.8 and 4.1 Ga. The apparent 
clustering of ages of these led to 
postulation that the ages record an 
intense bombardment of the Moon. 
They called it the "lunar cataclysm" 
and proposed that it represented a 
dramatic increase in the rate of 
bombardment of the Moon around 
3.9 Ga.  

Late Heavy Bombardment (LHB) 

http://public.media.smithsonianmag.com/legacy_blog/age-
histogram.jpg 



Late Heavy Bombardment part2. 

http://rsta.royalsocietypublishing.org/content/372/2024/20130315 

https://s-media-cache-
ak0.pinimg.com/736x/8b/a2/b4/8ba
2b48ced3d7a12a167c00d568724ec.j
pg 



Simulation : “Nice model” 
R.Gomes et.al, Nature2005 
A migration of the giant planets 

In this dynamical simulation of the late heavy bombardment, the Sun is in the 
center, the colored circular rings represent the orbits of the four giant 
planets, and the green dots represent the disk of planetesimals between 15.5 
AU and 34 AU.  
 
Each panel represents the state of the planetary system at a different time, 
starting at t=100 million years. Saturn and Jupiter migrate slowly, reaching 
2:1 resonance. This scatters Neptune and Uranus. Their extreme migrations 
scatter planetesimals in a short time interval--a cataclysm.  
 
The four panels below correspond to four different snapshots taken from 
the simulations. From left to right: The beginning of planetary migration (100 
Myr), just before the beginning of the scattering (879 Myr), just after 
scattering has started (882 Myr), and 200 Myr later, when only 3% of the 

http://www.psrd.hawaii.edu/Aug06/cataclysmDynamics.
html 



Early Earth (Part 2) Archean eon 

First life? 3.7-3.5 Ga 

Banded Iron Formation (BIF) 3.8 to 1.9 Ga  

Free Oxygen 2.5-2.4 Ga 

 

GI 

First 
Life? 

BIF 
Free O2 

Japan! 



Barberton Geological Map 
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Moodies Group（3.2Gy） shallow marine tidal  rhythmites 

South Africa 2010  
At Barberton 



Williams 2000: Australia 0.6Ga  
At first, he thought the lamina 
records an acient sunspot cycle  



Williams 2000: Australia 0.6Ga  



Verify the Giant Impact Theory 

In the Archean eon,  
Moon was more closer   
to earth. 
So, these periods were 
shorter than today.   
How to examine? 
The tidal records in the 
sediments reveal the secret. 
 
length of day (LOD)= ? 
Length of month (LOM) = ? 
 



Moodies Group（3.2Gy）Analysis of tidal rhythmites 

Eriksson,2000より 

９日のピーク 

・現在より早い月の公転（約18日!） 

・未知数は１月の長さ，１日の長さ  

・月の軌道が円軌道に近い 

 



Komatiite: A Rock from a hot mantle!  



Komatiitc basalt: Pillow Lava 



High temp. (1600℃) of early mantle 
Super Cooling; Spinifex texture 

Question:  
What does these  
Komatiite mean? 

First Oceanic Crust! 

http://aginnovators.org.au/sites/default/files/Spinifex 
(triodia) grass in NT 



High temp. (1600℃) of early mantle 

Super cooling -> Spinifex texture 

Special thanks to 
Prof. Konishi (OKU) 



A Spherule sample at Barberton, South Africa (3.5-3.2Ga)  

• Sample from Fig Tree G (3.4 Ga,  
Barberton) 
   

  

Pictures by Tony Ferrar 
Dr. Dion’s friend 
He sent me these 
pictures.  



A Bio-mat sample at Barberton, South Africa (3.2 Ga)  

Javaux et. al., Nature 2010 

 



Banded iron Formation(Sample) 

Oxygen in the Ocean 
Photo-synthesis by Ciano bacteria 



 One scene, at the Kruger national park, South Africa  

• We enjoyed the game drive in the Kruger National Park 
• Our driver opened the both side doors to view and made us to take picture 
easily---. 
• Unfortunately we came across a patrol car, we got stopped. 
• Two young black police men walked to our car, One police man said to our 
driver Dr. Dion, “ You commit a traffic violation. The rule prohibit driving car 
with the door open. Opening the door is very dangerous.  Because the wild 
animals running into the car!“.  
• Then we all asked to the police“Please forgive our violation. Could you just 
let him off this one time?” 
• Of course their answer was “NO!”. Our driver had ticketed. 
• However, at that time I was deeply moved this sight! -----. 

Question:  
   Why was I deeply 
moved at that time? 



Early Earth (Part 3) Archean to Proterozoic 

Gold deposit 3.0Ga 
Chromium and Platinum: Bushveld Igneous Complex (BIC) 2.0Ga 
Vredefort impact crater 2.0Ga 
Diamond kimberlite 1.2-0.1 Ga 

(Coal 0.25 Ga) 
 

Japan! 

Vredefort crater 

2.0Ga 


