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The Focus Group
ò Allan Treiman. Geology, atmosphere-surface chemistry.

ò Giada Arney. Atmospheres, Exoplanets.

ò Lynn Carter. Radar, geology.

ò M. Darby Dyar. Mineralogy, geochemistry.

ò Candace Gray. Aeronomy, space physics. 

ò Jim Head III. Geology, volcanology.

ò Stephen Kane. Exoplanets, habitability.

ò Kevin McGouldrick. Atmosphere dynamics.

ò Laurent Montesi. Geodynamics, geophysics. 

ò Joseph O’Rourke. Mineral physics, magnetism. 

ò Chris Russell. Space physics, missions. 



Ground Rules

ò Revise and Update GOI document of 2016 (Space 
Physics).

ò Consider New Results (e.g., Akatsuki, Venus Express).

ò Consider New Foci (e.g., Exoplanets, Comparative 
Planetology).

ò “If it ain’t broke, don’t fix it.”

ò Investigations must be prioritized.



Our Principles

ò Work from past GOI.

ò Try to capture whole “Venus Community.”

ò Make GOI clearly specific to Venus.

ò Make GOI Table non-prescriptive.

ò The data or result desired, not implementations.

ò Implementation suggestions in text.

ò Investigations must be actionable.

ò Perception is important. 



Example: Non-Prescriptive 
ò Former IIIA1 

ò Determine the isotopic ratio of  D/H in the atmosphere to 
place constraints on the history of  water. Determine 
isotopic ratios of  15N/14N, 17O/16O, 18O/16O, 34S/32S, and 
13C/12C in the atmosphere to constrain models of  
paleochemical disequilibria.

ò Current IA1

ò Determine the isotopic ratios and abundances of  D/H, 
noble gases, and other elements in Venus’ atmosphere to 
constrain its planetary accretion, atmospheric evolution, 
and the possibility of  ancient habitability. 



Prioritize Investigations
ò Criteria, somewhat ex post facto, following MEPAG’s.

ò 1. Significance of Investigation's result in the context of 
critical unknowns (knowledge gaps) about Venus, terrestrial 
planets, and Venus-like exoplanets.

ò 2. Perception of cost/risk/feasibility of the Investigation 
in the short to intermediate future, i.e. 10-15 years. 

ò 3. Relative value of an Investigation to achieving the 
Objective. 

ò How to prioritize?

ò Numerical order? Not practical, e.g. “4th-rate 
investigation.”

ò Group ranking: “higher, medium, lower.”



Investigation Priorities I
ò E – Essential.

ò Investigations that are necessary and sufficient to achieve the 
objective, and are likely to be feasible in the short- to 
medium-term (< ~10-15 years).

ò I – Important. Either:
ò 1) Investigations that address many aspects of  the objective 

and provide valuable context for other investigations, and are 
likely to be feasible in the short- to medium-term (< ~10-15 
years); or 

ò 2) Investigations that are necessary and sufficient to achieve 
the objective, but are judged unlikely to be feasible in the 
short- to medium-term (e.g., < ~10-15 years).



Investigation Priorities II

ò T – Targeted. Either:
ò 1) Investigations that address particular aspects of  the 

objective that significantly contribute to our overall 
understanding of  Venus, and are likely to be feasible in the 
short- to medium-term (< ~15 years); or 

ò 2) Investigations that address many aspects of  the objective 
and provide valuable context for other investigations, but are 
judged unlikely to be feasible in the short- to medium-term 
(e.g., < ~15 years); or 

ò 3) Investigations that are necessary and sufficient to achieve 
the objective, but are judged unlikely to be feasible except in 
the very long term (e.g., >20 years).



Goals: Not Prioritized

ò I. Understand Venus’ early evolution (including 
possible habitability), and in relation to 
evolutionary paths of terrestrial (exo)planets.

ò II. Understand Venus’ atmospheric dynamics, 
composition, and climate history.

ò III. Understand how physical and chemical 
processes interact to shape the surface of Venus.



Goal III

ò Understand how physical and chemical 
processes interact to shape the surface of 
Venus.

ò Objective A. What are the current geologic 
processes acting on the Venus surface? 

ò Objective B. What are the ages of  Venus’ surfaces? 

ò Objective C. How do Venus’ atmosphere, surface, 
and interior interact? 



Goal II

ò Understand atmospheric dynamics, 
composition, and climate history on Venus.

ò Objective A. What processes drive the global 
atmospheric dynamics of  Venus? 

ò Objective B. What processes determine the 
baseline and variations in Venus atmospheric 
composition and global and local radiative 
balance? 



Goal I
ò Understand Venus’ early evolution (including 

possible habitability), and in relation to the 
evolutionary paths of terrestrial (exo)planets.

ò Objective A. What were Venus’ initial and early 
states (including its inventory of  volatiles 
including water), and how, when & why did it 
evolve as it did? 

ò Objective B. How do Venus’s current state and its 
evolution (in comparison with those of  Earth and 
other terrestrial planets), inform us about 
planetary evolution paths in general and possible 
current states, including those of  exoplanets 
in other stellar environments? 



Goal I:
OBJECTIVE 
A. What 
were Venus’ 
initial and 
early states 
(including its 
inventory of 
volatiles), 
and how, 
when & why 
did it evolve 
as it did? 

INVESTIGATIONS
1. Determine the isotopic ratios and abundances of  D/H, 
noble gases, and other elements in Venus’ atmosphere to 
constrain its planetary accretion, atmospheric evolution, and 
the possibility of  ancient habitability. 

E

2. Determine whether Venus shows evidence for abundant 
silicic (granitic) igneous rocks and/or ancient sedimentary 
rocks (including carbonates), as markers of  abundant liquid 
water in its past. 

E

3. Characterize the processes by which the atmosphere of  
Venus has evolved (gains, losses, & changes) over time, 
including effects of  magnetic fields, and incident ions and 
electrons. 

I

4. Determine the structure and thermal state of  Venus’ mantle, 
and the size and physical state of  the core to place constraints 
on its accretion and early differentiation.

I

5. Search for remanent magnetism in Venus’ surface rocks, to 
constrain past tectonic regimes, composition of  the core, and to 
climate regimes related to atmospheric loss processes. 

T



Goal I:
OBJECTIVE B.
How do Venus’s 
current state and 
its evolution (in 
comparison with 
those of Earth and 
other terrestrial 
planets), inform 
us about planetary 
evolution paths in 
general and 
possible current 
states, including 
those of 
exoplanets 
in other stellar 
environments? 

INVESTIGATIONS
1. Investigate Venus’ unique volcano-tectonic surface features 
(e.g., coronae, tesserae, rigid block & mobile belts), to determine 
which physical parameters allowed them to develop on Venus, 
and when in Venus’ geologic history these conditions were 
present.  

E

2. Determine the current physical and thermal states of  Venus' 
crust and upper mantle (e.g., mobility, spatial variability) to 
constrain past processes (e.g., crustal overturn) and for 
comparison to other planets. 

E

3. Determine if  Venus transitioned over time between multiple 
regimes of  mantle convection or other modes of  mantle cooling 
— and what physical parameters govern(ed) such global 
transitions.

E

4. Determine Venus’ abundances and distributions of  heat-
producing and volatile elements (in crust, mantle, core), and 
how abundances and distributions influence differentiation, 
crust formation and rheology on Venus and other planets. 

I

5. Determine the atmospheric properties of  Venus that are 
remotely observable by contemporary and planned exoplanetary 
telescopes to constrain whether Venus (and Earth) represent 
typical or atypical states in planetary evolution. 

I



What’s Left?

ò Community Additions, Deletions, Corrections.

ò Community Consensus on Style of  Prioritizations.

ò Consensus on Prioritizations Themselves. 

ò Mapping to High-Level Documents.

ò Decadal, and Decadal Review.

ò NRC Exoplanet, Astrobiology Strategies.

ò Completion of  Text to Accompany Table.



Backup Slides



Goal II

ò Understand atmospheric dynamics, 
composition, and climate history on Venus.

ò Objective A. What processes drive the global 
atmospheric dynamics of  Venus? 

ò Objective B. What processes determine the 
baseline and variations in Venus atmospheric 
composition and global and local radiative 
balance? 



Goal II:

OBJECTIVE 
A. What 
processes 
drive the 
global 
atmospheric 
dynamics of 
Venus ?

INVESTIGATIONS
1. Characterize the dynamics of  Venus’ lower atmosphere 
(below about 75km), including: the nature of  the retrograde 
zonal super-rotation, the magnitude of  the meridional 
circulation, generation of  mountain waves, and interactions 
at Venus’ surface that affect the planet’s rotation rate. 

E

2. In Venus’ upper atmosphere and thermosphere, determine 
the role of  solar-atmosphere interactions by characterizing 
global atmospheric dynamics and the space environment, 
including the effects of  the space weather (fields and charged 
particles) environment. 

E

3. Determine the role of  the modes of  mesoscale dynamics in 
redistributing energy and momentum throughout the four-
dimensional Venus atmosphere system. 

I



Goal II:

OBJECTIVE 
B. What 
processes 
determine the 
baseline and 
variations in 
Venus 
atmospheric 
composition 
and global 
and local 
radiative 
balance? 

INVESTIGATIONS
1. Characterize Venus’ atmospheric radiative balance, and the 
nature of  the physical, chemical, and possibly biological 
interactions among the constituents of  the Venus atmosphere, 
the associated radiative interactions, and the atmospheric 
dynamics. 

E

2. Determine the products of  volcanic outgassing on Venus, 
and rates of  outgassing to constrain its effects on atmospheric 
composition. 

E

3. Determine the identity of  the unknown shortwave absorber 
in Venus’ upper atmosphere, and the nature and magnitude 
of  its influence on both local and global environments  

I

4. Assess Venus’ surface-atmosphere chemical interactions by 
determining the composition of, and chemical gradients in, 
Venus' atmosphere from the ground surface up to the cloud 
base, both at selected locations and in global perspective. 

I

5. Determine the physical characteristics and chemical 
compositions of  aerosols in Venus atmosphere as they vary 
with elevation, including discrimination of  aerosol 
types/components. 

I



Goal III

ò Understand how physical and chemical 
processes interact to shape the surface of 
Venus.

ò Objective A. What are the current geologic 
processes acting on the Venus surface? 

ò Objective B. What are the ages of  Venus’ surfaces? 

ò Objective C. How do Venus’ atmosphere, surface, 
and interior interact? 



Goal III:

OBJECTIVE 
A. What are 
the current 
geologic 
processes 
acting on the 
Venus 
surface?

INVESTIGATIONS
1. Search for current volcanic and tectonic activity on Venus, 
including active deformation and eruptions, and evaluate 
from them current resurfacing rates.

E

2. Determine elemental chemistry, mineralogy, and rock 
types on Venus’ surface, both at critical localities (e.g., 
tesserae) and globally, to understand the compositional 
diversity and origin of  the crust. 

I

3. Constrain Venus’ interior (i.e., mantle & core) processes 
that drive current and recent geologic activity. I

4. Determine the structure and thickness of  Venus’ crust, in 
three dimensions, to constrain lithospheric structure and 
processes and crustal volume.

I

5. Search for structural, geomorphic, and chemical evidence 
of  crustal recycling. I

6. Search for evidence of  current sedimentary processes 
(erosion and deposition) on Venus, including emplacement 
and redistribution of  impact debris. 

T



Goal III:

OBJECTIVE 
B. What are 
the age of 
Venus’ 
surfaces?

INVESTIGATIONS
1. Constrain Venus’ average surface age, and relative 
ages of surface units, by evaluating impact cratering 
rates & distributions, the relationship between impactor 
properties and crater morphology, and the processes 
that modify craters and their extended ejecta.

E

5. Determine absolute (radiometric) ages for Venus 
rocks at locations that are key to understanding the 
planet’s geologic history. 

T



Goal III:

OBJECTIVE 
C. How do 
Venus’ 
atmosphere, 
surface, and 
interior 
interact? 

INVESTIGATIONS
1. Evaluate the mineralogy, oxidation state, and changes 
in chemistry of Venus’ surface-weathered rock 
exteriors, including thicknesses of rock weathering 
rinds. 

E

2. Characterize the coupling of spin states (angular 
momentum) among Venus’ core, mantle and crust, and 
atmosphere, and how this coupling has affected Venus’ 
evolution. 

I

3. Determine the causes and spatial extents of global 
weathering regimes on Venus. I


