Geochemistry: Terrestrial budgets and evolution modeling

M antle evolution models

» Some broad generali zations about isotopes in the mantle

* |sotopic evolution and massbalance - the Sm-Nd system
and 670kn coincidence; e,y notation

* Box modelsfor average isotopic composition o mantle
and crust - limits on continental recycling and upper-lower
mantle exchange

» Heterogeneity and samplingincorporated into a box model
(Kellogget al. approad)

» (Brief) comments on rare gases

What iswrongwith this picture?

Qceanic

We will come back to this...

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Mid-ocean Ridge Basalts.....

The typical mantle that melts at MOR's...

- is not average mantle material; it is too depleted in LILE
- represents a small fraction of the total mantle (10 - 20%)
- probably contains recycled continental + oceanic crustal material

Mantle Plumes...

- Exist

- Bring materials up from depth that are different from the ambient upper mantle

- Consist of material that is not primitive (usually “less depleted” than MORB)

- Sometimes contain Helium that looks primitive (but with Nd, Sr, Pb, Hf that does
not look primitive)

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)



Geochemistry: Terrestrial budgets and evolution modeling

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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To tracebadk throughtime we need dder rocks

Not many MORB analogues, must use island arc analogues

MORB

Prim.
Arcs

Ancient depleted mantle representatives

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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A major problem

isthat most
everything
appeasto betoo
depleted

Bulk

Mantle

For Sm-Nd, Q =25.1,f,, 8§ 0.25for present day Earth
Sof,,Q86Gy! whereasdg,/dt § 2 Gy!

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)



Geochemistry: Terrestrial budgets and evolution modeling

Kellogget al., 20@

Sirring effed:

(turbulent)

(laminar)

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Effea of
sampling
scde

Effed of
stirring time
scde

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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The MORB
distributionis
recovered,
but there
neadsto be
some
chedingto
get an OIB
distribution

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Time evlution: f((U+Th)/He) ————

From VanKeken, Hauri, Ball entine, 2002

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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What iswrongwith this picture?

Bulk
Mantle

IVIOIBC:OIB%IB + MMORBCMORBQVIORB =- MCCCCCQIC

Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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Donald DePaolo, UC Berkeley (KITP CIDER 7/24/04)
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