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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.

This work was performed under the auspices of the U. S. Department of Energy by University of California,
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48.
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Outline

1) Factors Leading to Lunar Magma Ocean Model for
Planetary lefer'enhaﬂon o

2) Rationale for Magma Oceans on Other Planets
Means for early efficient differentiation
(Works on Moon why not here?)

3) Some Inconsistencies between the Lunar Magma
Ocean Model and Observations
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* * /Factors Leading to Lunar Magma Ocean Model

1) Role of Plagioclase
Large amounts of plagioclase-rich crust
Eu anomalies in basalt sourcefrégions

2) Role of KREEP -
Mechanism to produce large volume evolved component

3) Role of Experimental Petrology
Permits predictions (E.g., ilmenite in high Ti sources
Low pressure, volatile depleted, limited fO,

4) Ability to account for observed compositional variations
by mixing experimentally produced sources with observed

(KREEPY) materials



MAGMA OCEAN MODEL

/’Early Rapid, & Extensive Differentiation on a Planetary Scale
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Magma Oceans on Other Planets

Little strong evidence that requires dlffer'enha'non by
magma ocean solidification 4
No Plagioclase-rich crust, I(REEP or hlgh Ti sources

Instead differentiation by magma ocean solidification
simplifies differentiation models
Examples:
(1) Core formation on large bodies
(2) Satisfies criteria.-for _rapid and extensive
differentiation



b / Examples From My Research on Martian Meteorites

Model Isochron
suggesting
differentiation
of Mars occurred
at ~4.52 Ga
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Inconsistencies Between LMO Model and
Compositions of Some Lunar Rocks

Olivine-plagioclase cumulate
Plagioclase 58% Angy,
Olivine 37% Fog,

MASAlJohnson Space Center photograph



Conclusions

1) Differentiation via solidification of a magma ocean is
derived from geologic observations of the Moon

2) Although geologic observations on\ other bodies are
often consistent with differentiation via magma ocean
solidification, it is not generally required.

3) There are some fundamental inconsistencies between
observed lunar data and the model, that will require
this model to.be modified

4) Nevertheless, the Moon is the only location we know
of to study magma ocean process in detail





