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Geochemistry and
Geodynamics

 Historically has been focused on
reservoirs (primitive mantle, EM1, EMZ2,
HIMU,D"...)

 New data constrain ages and
timescales of mantle processes
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Main points

* Helium isotopes do not require a primitive
mantle or layered mantle convection

« Mantle evolution is punctuated by large
melting events in the Archean/Proterozoic

* The source of plumes (ocean islands) has
ancient (> 2 Ga) heterogeneities in it

* Mixing time in the convecting mantle is < 2
Ga old
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Pattern of Mantle Convection?
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Layered mantle convection
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So what's the problem?

20
YW Durham
l,'lli\'el'sil)‘



- lower
mantle
i

Central America
-0.5% T +0.5%
&‘SgDurham van der Hilst et al., 1997

University



-
-

"<
E=
)
Q
20
-
S~
L
s
[,
oy

(I
-

Graham, 2002

Revkjanes

{

Kolbeinsey

Iceland

O

Selardalur

\

ihi Smt

Galdpagos
Mauna
" Loa

Juan
Fernandez

Mauna

\

Samoa

o
e

o
L
<

140,000

120,000

100,000

80,000

60,000

Undegassed

==,

’, Kea \\
=

Atlantic African—
MORBE L — T}Sum xenoliths
1. Helena sfgﬁda Gough
0.703 0.704 0.705 0.706 0.707
20
W Durham 87S1/86St

University

2

3 4

age (b.y.)




‘He/*He
R/R,

140,000 ’I
Ellam and Stuart, 2004 120,000
@ 100,000 -
60 % 80,000;
L 60,000
. < U
50 i b . 40,000 -
i . - 20,000 : U"degassed
0 1 | 1 I‘
40 1 0o 1 2 3 4 5
- .0“. age (b.y.)
30 (5) O
i ] .
i m A
20 o =m "
i + . L] ‘ =
Yl pmm
0 1 1 1 1 1
07025 07030 07035 0.7040 0.7045 0.,7050 00,7055

20
W Durham

University

7SI/,



Layered mantle convection
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If He more compatible than U+Th...
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If He more compatible than U+Th...
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Implications

* Primitive mantle not required by He
Isotopes

* \Whole mantle convection is consistent
with data

Davies, 2002
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He isotopes do not require the
existence of primitive mantle
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If He more compatible than U+Th...
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Parman, Nature, 2007
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Implications
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Where is plume source?
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relative probability
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Implications

* Plume source Is ancient

» Convecting mantle (MORB source) is
<2 Ga old

Ferrachat &
Ricard, 1998

0 26 39 52 65 84 104 11.7 13.6 17.5 65.
Finite Time Lyapunov Exponent x 10-3
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The End
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