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.Laser δ18O Data
+ SIMS δ18O Data

“Mantle Zircon”
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SIMS Analytical Precision
40 years of Improvement

Oxygen Isotopes
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Secondary Ion Mass Spectrometer
SIMS

Ion Microprobe

CAMECA IMS-1280
UW-Madison
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Ga

206Pb/238U

207Pb/235U

Hadean detrital zircon
GaGa

Ga
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Atom Probe Tomography
APT
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zircon APT
Y & Pb clusters

in zircon
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SIMS
vs.

APT

FIB
lift-out

SIMS APT

Valley et al. 2019 GSA

Va
lle

y 
et

 a
l. 

20
14



Theoretical Limit:  Precision vs. Pit Volume
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Radiation damage: a-recoil
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~ 25 nm

Clusters in 4.4 Ga Zircon
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Y in clusters

C1

C2

2 Generations of clusters
4.4 Ga zircon

C1  207Pb/206Pb ~ 1.4
C2  207Pb/206Pb ~ 0.9
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SIMS APT
207Pb/206Pb            207Pb/206Pb

JH 4.4                                                   10,255 Pb atoms
4374 Ma core                 0.548 0.52

inside clusters 1.2

outside clusters 0.30
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Jack Hills zircon
Peck et al. 2001
Cavosie et al. 2005

Ocean Crust  zircon
Cavosie et al. 2005

Mantle olivine
Mattey et al. 1994

Hawaii olivine
Eiler 2001

Kimberlite zircon
Valley et al. 1998
Page et al. 2007

Moon
zircon

Ocean crust zircons
Grimes et al. 2011

Oxygen 
Isotopes
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These Hadean zircons are pristine (CL, concordant ages, low-magnetism, Raman, low-[OH])

Below p1, the first percolation point.                                                  Not hydrous. 

Mantle-like
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Blum et al.  2020

Did these Hadean zircons ever exceed the first percolation point?

p1 p1

p1
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“Mantle Zircon”

Hadean

Valley et al. 2005, 2015 

Unaltered Igneous Zircon

.Laser δ18O Data       + SIMS δ18O Data
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Archean Hadean

When was the end of 
the Hadean Eon?

Archean
Hadean

ê

ICS 2013
Valley et al. 2019 GSA
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Solar Wind

X-ray

EUV
Luminosity

Zahnle 2006
Faint Young Sun

~70% luminosity @ 4.4-4.0 Ga

Hadean vs. Snowball 
Earth?

Darwin’s pond?
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What Destroyed Pre-4 Ga Rocks?

Melting ?

Meteorite Impact ?

Subduction/ Mantle Overturn ?

But, 
the zircons survived.

Weathering ?
~50oC +
CO2-rich atmosphere

=  Acid Sauna
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Cool Early Earth
4.4 Ga  Protocontinental Crust

>4.3 Ga  End of Hadean, Oceans, Life?
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