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The evolution of planetology

The astrophysical approach

The Earth science 
approach

21st century 
planetology

This evolution could be reflected in the choice of IDIS ‘show-
case’ 



The question

Experimental
simulation

Theoretical
modellingObservations

The data



The data
To what extent should one distinguish ‘raw’ data sets from 
‘treated’ or ‘derived’ data sets? 
e.g. OMEGA data vs. derived mineralogy….?

gravity + topography = crustal thickness….

Individual
institutes The literatureNASA/ESA

The data bases



DWG8 Planetary Interior and Composition

Science cases

•Large scale compositional gradients

•Planetary volcanism and tectonics

•Internally produced magnetism
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Science case 1) Compositional gradients in the solar system
Questions Requirements and suggestions Target Interactions 

Are there systematic gradients of 
Fe/Si;  volatile/refractory; 
(ice)/silicate/metal; oxidation states:
at the scale of the solar system ? 
at the scale of Jovian moons ? 

•Sample return 

•Internal structure: crust(icy or 
silicate)/mantle (solid or liquid) / core: 
seismology; radar; geodesy

•Comparison with meteorites

•Process of core formation
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Mars

Moon

Titan

Mars
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•DWG3+5

•DWG4+9

•If there are large scale compositional 
gradients, what does that tell us about 
formation mechanisms?

•Models of solar system formation

•How do surface rocks compare in 
composition to the (deep) interior? 
(Vertical compositional gradients)

•Surface mineralogy and composition

•Models of differentiation and large 
scale movement.

•DWG3+5

•DWG4+9

•What is the role of surface alteration? 
(composition of the atmosphere, 
volatiles etc...)

•Surface mineralogy and composition 
(Remote sensing and in-situ 
measurements) 

•Effect of atmosphere on signal and 
mechanisms

•DWG3+5

•DWG4+9

•Role of distribution of dust through 
global "weather systems".

•Circulation models and observations •DWG1

•DWG3+5

•Giant planets - Is there a silicate 
(rocky) core? If so, how big?

•Equations of state at very high 
pressure (ab-initio calculations and 
shock experiments)
•Seismology

•DWG6+7

•DWG2



Science case 2) Planetary volcanism and tectonics
Questions Requirements and suggestions Target Interactions 

•Why is there plate tectonics on Earth, 
but not other planets?
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•How can we explain the spatial and 
temporal evolution of volcanism? 

•What are the implications for the 
chemical differentiation of the planetary 
system (mantle - crust -atmosphere)?

•Geochemical constraints (including 
meteorite collections)

•Numerical modelling 

•DWG3+5

•DWG4+9

•Resurfacing of planetary surfaces 
through volcanism

•Surface mineralogy, composition, 
craters, ….

•Internal structure (seismometers…) 

•Direct evidence for deep liquid layers 
on icy planets

•DWG3+5

•Link to tectonic features observed at 
the surface

•Morphology of surface volcanoes

•Experimental constraints on 
rheological properties 

•DWG3+5

•DWG6+7

•Phase relations and partial melting 
reactions (P, T, composition) with 
particular accent on cryovolcanism

•Determine nature of heat sources 
(internal radioactive decay/tidal) and 
quantify rate of heat loss. 

•Quantify role and dynamics of solid 
(and maybe liquid) state convection. 
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A science case for the IDIS prototype?

Chemical distribution in the solar system

….. too vast a subject?



N2-N7 Workshop: Villafranca;  April 2006

A science case for the IDIS prototype?

Focus on a well defined part of the solar
system? 

….. Mars, the moon

Not forgetting that from a scientific perspective what we
are interested in are processes, which are not ‘object specific’

Nor forgetting that IDIS should support but not try and 
anticipate initiatives by individual scientists 
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A science case for the IDIS prototype?

Objective: Quantifying the Martian 
geochemical reservoirs 

Lots of data (old/new/to come)
European scientists heavily involved
At the meeting point of astrophysical and Earth 
science approaches
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A science case for the IDIS prototype?

Objective: Quantifying the Martian 
geochemical reservoirs 

a) Surface-atmosphere interaction/surface composition
b) Tectonics/volcanism/internal composition
c) The bulk composition



Needed data and data sets
a) Geological mapping of the surface 
(composition/mineralogy)

PDS/PSA data archives
Ground-based observations



Needed data and data sets
b) Some understanding of the primary (magmatic) and 
secondary (alteration) processes:

Geoscience-type data bases (geochemical 
characterization, experimental data)



Needed data and data sets
c) Constraints on the internal structure

Primary data:
Gravity data
Topography (as map or spherical harmonic models)

Derived data:
Crustal thickness models
Profiles of density, compressibility, shear modulus, T
Convection models

Diverse data bases



Current solutions (geoscience data bases)

















Quantifying the Martian geochemical 
reservoirs 

a) Surface-atmosphere interaction/surface composition
b) Tectonics/volcanism/internal composition

c) The bulk composition

Experimental
simulation

Theoretical
modellingObservations

Individual
institutesPDS/PSA The literature
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Other ideas for science cases (ISSI)

Chemical variability and planet building 
processes in the early solar system. 




