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See next talk by Peter Driscoll

Early Earth?



AGE OF GEODYNAMO?

Early atmosphere loss to entrainment in the solar wind?
Trade-offs with accretion and core formation scenarios?
Dependence upon geochemical reference models?
Alternate dynamo mechanisms/buoyancy sources?
Should we expect dynamos on other terrestrial planets?
Etc.

•
•
•
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•
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Many connections to other important issues...



EARLIEST PALEOMAGNETIC EVIDENCE

Was the early geodynamo weak, 
yielding a smaller magnetosphere?



EVIDENCE OF EARLY ABSENCE?

Moon



SOURCE OF THE GEODYNAMO
Aubert et al. (2008)

Convection in the liquid metal outer core
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DRIVING FORCE FOR CORE CONVECTION?
Thermal convection: Top-cooling by the mantle, but must

exceed conducted heat to avoid stratification.

Chemical convection: Release of light elements upon inner core
crystallization...but inner core is only ~1 Ga in age.

Core Radioactivity: Potassium-40 may enter core, but inefficient
and anyways not much allowed by geochemical budgets.

Exsolution: Cooling-induced saturation in some core alloys, but
not yet well-documented by experimental evidence.

•
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Cartoon by PD Lankovsky
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STRUGGLE FOR AN EARLY DYNAMO

Goal: Core Convection
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A large amount of heat is conducted
down the adiabatic gradient because

the core is metallic.

Core convection sets up an
adiabatic gradient.

-k dT
dr A

~ 5-13
TW
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Present day: ~20TW

Early Earth: ~60-80TW
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Age

Fractional crystallization may release
buoyant light elements that help

drive convection and prevent thermal
stratification
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ELSI GEOPHYSICAL MODELING PLANS
Formation and Evolution of the Early Atmosphere:  Model the

trade-offs with initial conditions, degassing, geomagnetic field
history, to assess stability and suitability for life.

Chemical Geodynamics in the Accreting Earth: Models of
accretion and core formation, assess element partitioning, core
chemistry, possibility for exsolution, and thermal evolution.

Deep Earth-Deep Time Evolution: Models of deep Earth
evolution to understand how present structures are related to
ancient events and evolution scenarios, and test hypotheses.
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