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THE PRIMORDIAL EARTH

Hadean and Archean Eons
Accretion and Differentiation

Origin of the Earth's Internal Layering

Earth formed by
accretion of dust and
larger particles of
metals and silicates.
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Disk of gas and dust
spinning around young Sun

Dust grains
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Vaporization and condensation of silicate phases under the condition of
primitive solar nebula are the key processes responsible for the very early
formation of pyroxenes and olivines in the undifferentiated bodies

(chondrites).

Starting minerals Products

hibonite corundum +vapor (C)
enstatite fosterite + vapor (C, Mo, W)
spinel corundum + vapor (C)

akermanite larnite (Ca2SiO4)+ vapor (C)
olivine s.s.(Mg, Fe)2Si0O4 more magnesian olivine + vapor (Mo, C)
plagioclase ss  / diopside ss non stechiometric calcic pl/ enstatite +vapor ( C)




Na
Mg

Al
S

%

S
K
Ca
T
Fe
N1

Sun*

0.067
1.089
0.0837
I
0.0049
0.242
0.0039
0.082
0.0049
1.270
0.0465

("It Average Cl1 chondrites

e e s e . (DCIEOES). .

0.0574
1.074
0.0849
1
0.0010
0.0515
0.00377
0.0611
0.0024
0.900
0.0493

Table from Lunine, 1999



As observed in many carbonaceous chondrites (Cl and

CV), roughly 20/% of the silicate portion is constituted by

enstatites and Ca-rich pyroxenes (O’Neill & Palme 1998,
Brearly & Jones, 1998).

A G W Cameran

Fragment (10gr) property Natural History

Fragment (2.4 gr) property Dip. Scienze Terra,
Museum of London
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THE PRIMORDIAL EARTH

Hadean and Archean Eons
Accretion and Differentiation

Origin of the Earth's Internal Layering
Differentiation is the result of heating and at least
partial melting.
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Radiogenic heat formation
in Earth over geologic time,
by decay of U, Th, and K.
‘The time scale is in billions
of vears.




THE PRIMORDIAL EARTH

Hadean and Archean Eons
Accretion and Differentiation

Origin of the Earth's Internal Layering

Iron and nickel sink to form core (lower T melting)

Liquid iron outer core

Lighter

matter  dolid iron inner core
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THE PRIMORDIAL EARTH

Hadean and Archean Eons
Accretion and Differentiation

Origin of the Earth's Internal Layering

Less dense material (silicon and oxygen mixed with
remaining iron and other metals) forms mantle
and lighter crust (primarily silicon and oxygen).
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(1)

MgO 36.77
Al203 4.49
Sio2 45.5
CaO 3.65
Feot 8.10
Total 98.41
RLE/Mg 1.21

(1)
()
©)
(4)
®)
(6)
(7)
©)

O’Neill & Palme, 2003
Ringwood , 1979
Jagoutz et al., 1979
Wanke et al., 1984
Palme & Nichel, 1985
Hart & Zindler, 1986

()
38.1
3.3
45.1
3.1
8.0
97.6
1.02

0.895

McDonough & Sun, 1995

Allégre et al., 1995

©))
38.3
4.0
45.1
3.5
7.8
98.7

1.03-1.14

4
36.8
4.1
45.6
3.5
7.5

97.5

1.1-1.4

5)
35.5
4.8
46.2
4.4
7.7
98.6

1.3-15

(6)

37.8
4.06
46.0

3.27

1.06-1.07

)

(C))
37.77
4.09
46.12
3.23
7.49
98.7

1.05-1.08



Model for the crystallization of a terrestrial magma ocean (Caro et
al., 2005, Wood et al., 2006)

| A |
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CaO = 0.35 wt¥%

L Uppermost mantle

CaO = 195 wt%
57% Ring, 43% Maj

(30-60 My)

73%
crystallized

Lower manle

a0 -3 5o,  BSEphase proportions

(based on Sm, Nd, Lu and Hf mineral/melt partition coefficients)




THE PRIMORDIAL EARTH

Hadean and Archean Eons
The Hadean Crust ... from magma ocean







THE PRIMORDIAL EARTH
Hadean and Archean Eons

Juck Hills, Australia  + Superior province
& Peck et al (2000) = Scotland
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From the Archean...

Pressure
GPa
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2 mm
Primary protogranular texture
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EMAW Ferrara 2007

PRIMITIVE MANTLE
(= ASTHENOSPHERE)

Xenolith
averages
Gnt Xenocrysts

Primitive Mantle
Estimates
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Courtesy of S. O'Reillly




Archean SCLM is not

subducted oceanic lithosphere

EMAW Ferrara 2007

Phanerozoic

Phanerozoic

Modern oceanic and arc
peridotites: Fe and Cr
constant or rise as Al
drops (increasing melt
depletion)

Archean SCLM: Fe and Cr
decrease with Al
(especially at high degrees
of depletion)

Implication: no garnet or
spinel present during melt
extraction - no buffer

High Pressure Process?

Courtesy of S. O'Reilly




Griffin et al., 2009




Secular change in SCLM?

Really two trends

EMAW Ferrara 2007

PRIMITIVE MANTLE

REWORKED FORMER
DEPLETED ARCHON

JUVENILE
FERTILE SCLM

(Residue from

moderate depletion
of Primitive Mantle)

DEPLETED ARCHON SCLM
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Courtesy of S. O'Reilly




gt-peridotites, Ramsay & ® Cpx CIl and CV3 ch
VOIS, S5 @ Priazovje-Ukranian Plateau
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Primary clinopyroxenes

Phanerozoic
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cpx1/chondrite

-craton

(gt)
Phaneorozoic

Primary Clinopyroxenes from SCLM




Data from GEMOC lab.

7p
c
0
7p
=
o
=
O
=
=
o
O
‘=
O
Q
o
c
o
S
&
©
=
<
a
O




|
|
; :

. T ] -hﬂrﬂl"ﬂ'lll'l.l =
achondrites, normalized o C1 chondrites, Uncertaingies are besed on counting staistics
-

L]




Crystallized cpx vs reacted cpx

react/carb

cpx/carb




clinopyroxenes

Ca- pyroxene CI1 and CV3 chondrite

Phanerozoic

Proterozoic

craton (Archean)




Clinopyroxene (and garnet) in the Earth
upper mantle does not, in fact, derive
from the segregation as liquidus phase
during the early stages of cooling of the
magma ocean: it is, probably, a
metasomatic (modal) product of a
subsequent enrichment of the
lithospheric mantle due to the efficient
recycling of the very early terrestrial crust
(or, alternatively, by the circulation of
ultra-hot mantle plumes).




the Earth’s Mantle up to Archean
period seems “isolated” and
iIndependent in the evolution with
respect to (Proterozoic) and
Phanerozoic periods.

Data on short lived radionuclides (i.e. 26Al and 60Fe; Wood et al., 2006) and
Lu/Hf and Sm/Nd isotopic systematics (Boyet & Carson, 2005; Caro et al., 2005)




