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Abstract: This paper presents a brief historical review of various attempts to estimate the age of the Earth,
and reappraises the study of Patterson (1956) which revealed for the first time that the age of the Earth
is 4550+70 Ma by measuring Pb isotope ratios of several meteorites and a marine sediment. The standard
model for the planetary formation of early solar system is: formation of solid particles condensed from the
cooling of hot nebular gas -> formation of planet-sized bodies by accretion of those solid particles. The
Moon is supposed to have formed from the accretion of the relicts produced by the collision of proto-Earth
with Mars-sized body. It is not easy to pinpoint the age of the Earth, considering the series of events
related to the formation of the Earth. So, I propose that the collision age as that of the Earth, since the
present status of the Earth is thought to be the direct product of the collision. According to the previous
studies, the collision age can be broadly constrained between the age (4567.30+0.16 Ma) of the earliest
condensates (CAI, calcium-aluminum rich inclusion) of the nebula gas, i.e., the age of the solar system,
and the oldest age (4.456+40 Ma) among rocks and minerals of the Earth and the Moon. We need more
precise estimation of the collision age, since it is important in estimating time scale for the formation of
planet-size body and in revealing thermal evolution of magma oceans of the Earth and the Moon
presumably developed right after the collision.
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Table 1. The oldest ages reported for meteorites, Earth and Moon

Material

Method

Age (Ma) References

Meteorite
Calcium-aluminum rich inclusion in Allende

Earth

Clastic zircon in metasedimentary rock in
Narryer Gneiss Terrane

Pb-Pb isochron
Calcium-aluminum rich inclusion in Efremovka Pb-Pb isochron

SHRIMP U-Pb

4,567.18+0.50 Amelin et al. (2010)
456730+0.16 Connelly et al. (2012)

4,404+6/-8  Wilde et al. (2001)

Meta-mafic and ultramafic rocks in Nuvvuagittuq “Sm-'*Nd whole rock isochron  4,406+14/~17 O’Neil et al. (2012)

Greenstone Belt

Moon

Matrix zircon in Apollo 17 breccia
Noritic anorthosite

SHRIMP U-Pb
47Sm-*Nd mineral isochron

441746
4,456:£40

Nemchin et al. (2009)
Norman et al. (2003)
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HE mdejEHol7| sy UsE AI7IE A4
g3tz ke =EE itk &S v|E 7R
BHEIRW FULAE Gl Hgste] 4T
ANE BYA g4 F 52Myr ©]FZ(Touboul et
al., 2007) f114 &gk A7) el EFHET) 28
U o] FAE AT 2 Hohis}t RUERT) ¥
& Zlo] Folth

2 B

Patterson (1956)°] =22 A|2] L}o]7} 4550+
70 Mas HQl o]F AtSA 7se] Il pEo
B =go] Aoy AAl FEEE A4 Yele
Patterson o] 2apAfle] AA WHoAAUR] Xsh=
A Atk 47 A vpolo] #gk g-gle] x|2jo] &
o] I AXH HolAvt AARE Ao o
ol¢} HAHE YA sl or Hrh & Aok
Aot} ko g g5 A dF=e] AIV7IE Bok
s &7] flsiMe Bt B =go] aFHr)

A A}

A2 volE HFoZ AE Wl Patterson
(1956) v=2] Fzto] vl A YTt 1988 2
glofl 4] Patterson HAMS SHH ¥l o] el HAY
’Jo] Mol = SRR AR o] whge It =

oL wHAelA A2l wel7t 459del2t ule-
71990l U O& ZA3Egioh A2 33 e
Cosmos: A Spacetime Odysseyoll~] Patterson HFA}
o] FE AFAT dol % o E o)t AdE
8ol 11og nheofet g et Hekrte] o
s & gk vt AZET v o] A3 E
Patterson HPAROlA] BEA|GLA} Sk BEEE, S22 A4S
g e 7 AARIAE FALERT

References

Allegre, C.J., Manhes, G, and Gopel C., 1995, The age of
the Earth. Geochimica et Cosmochimica Acta, 59, 1445-
1456.

Amelin, Y., Kaltenbach, A., lizuka, T., Stirling, C.H., Ire-
land, T.R., Petaev, M., and Jacobsen, S. B., 2010, U-Pb
chronology of the Solar System's oldest solids with vari-
able 2*U/°U. Earth and Planetary Science Letters, 300,
343-350

Bowring, S.A., and Williams, 1.S., 1999. Priscoan (4.00-4.03
Ga) orthogneisses from northwestern Canada. Contribu-
tions to Mineralogy and Petrology, 134, 3-16.

Chambers, J.E. and Halliday, A.N., 2007, The Origin of the
Solar System. In Encyclopedia of the Solar System 2nd
edition, Academic Press. 29-52.

Connelly, J.N., Bizzarro, M., Krot, AN., Nordlund, A.,
Wielandt, D., Ivanova, M. A., 2012, The absolute chro-
nology and thermal processing of solids in the solar pro-
toplanetary disk. Science, 338, 651-655.

Darymple, GB., 1991, The Age of the Earth. Stanford Uni-
versity Press.

Hartmann, W.K. and Davis, D.R., 1975. Satellite-sized plan-
etesimals and lunar origin. Icarus, 24, 504-515.

Nemchin, A., Timms N., Pidgeon R., Geisler T., Reddy S.
and Meyer C., 2009. Timing of crystallization of the

J. Petrol. Soc. Korea



A7-8] Yol g7t 277

lunar magma ocean constrained by the oldest zircon.
Nature Geoscience 2, 133-136.

Norman, M.D., Borg, L.E., Nyquist, L.E. and Bogard, D.D.,
2003, Chronology, geochemistry, and petrology of a fer-
roan noritic anorthosite from Descartes breccia 67215:
Clues to the age, origin, structure and impact history of
the lunar crust. Meteoritics & Planetary Science, 38, 645-
661.

O’Neil, J., Carlson, R. W., Paquetteb, J.-L., and Francisc,
D., 2012, Formation age and metamorphic history of the
Nuvvuagittuq Greenstone Belt. Precambrian Research,
220-221, 23-44.

Patterson, C.C., 1956, Age of meteorites and the Earth.

Vol. 23, No. 3, 2014

Geochimica et Cosmochimica Acta, 10, 230-237.

Touboul, M., Kleine, Bourdon, T., B., Palme, H. and Wieler,
R., 2007, Late formation and prolonged differentiation of
the Moon inferred from W isotopes in lunar metals.
Nature, 450, 1206-1209.

Wilde, S.A., Valley, JW., Peck, WH., and Graham, C.M,,
2001. Evidence from detrital zircons for the existence of
continental crust and oceans on the Earth 4.4 Gyr ago.
Nature, 409, 175-178.

20144 78 14 =
20141 78 152 MAHA|
20144 97 42 xfEY



