VEXAG Goals, Objectives & Investigations

Goal Objective Investigation
Characterize elemental composition and isotopic ratios of noble gases in the Venus atmosphere,
'8 8 especially Xe, Kr, 40Ar, 36Ar, Ne, 4He, 3He, to constrain origin and sources and sinks driving evolution of|
@ g g the atmosphere.
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'g g > Determine isotopic ratios of H/D, 15NIMN, ”Olleo, 180/150, %3/%23 and *c/**C in the atmosphere to
o = o constrain paleochemical disequilibria, atmospheric loss rates, the history of water, and paleobiosignatures|
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= ) c 8 Characterize the structure, dynamics, and history of the interior of Venus, including possible evolution
g ; ; é from plate tectonics to stagnant-lid tectonics.
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% L] % % Characterize the nature of surface deformation over the planet's history, particularly evidence for
= % 8 o significant horizontal surface movement.
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(@) ) g ] Characterize radiogenic “He, “°Ar & Xe isotopic mixing ratios generated through radioactive decay to
(%] = determine the mean rate of interior outgassing over Venus’ history.
8 "5 O At the surface, identify major and minor element (including H) chemical compositions, petrology, and
= 3 2 o minerals in which those elements are sited (for example, hydrous minerals to place constraints on past
§ 5 <] g habitable environments).
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8 = 2 o Characterize gases trapped in rocks for evidence of past atmospheric conditions.

Venus as a Terrestrial Planet

Understand what the chemistry and
mineralogy of the crust tell us about
processes that shaped the surface of
Venus over time

Characterize geologic units in terms of major, minor, and selected trace elements (including those that are
important for understanding bulk volatile composition, conditions of core formation, heat production, and
surface emissivty variations), minerals in which those elements are sited, & isotopes.

Characterize the chemical compositions of materials near Venus’ surface as a function of depth (beyond
weathering rind) to search for evidence of paleochemical disequilibria and characterize features of surface
rocks that may indicate past climate or biogenic processes.

Assess the petrography (shapes, sizes, & mineral grain relationships) & petrology (formation
characteristics) of surface rocks to aid in interpretation of chemical and mineralogical characterization.

Determine the physical properties and mineralogy of rocks located in a variety of geologic settings,
including meteoritic and crater ejecta, volcanic flows, aeolian deposits, and trace metals in the high radar
reflectivity highlands.

Characterize surface exposure ages through measurements of weathering rinds.

Assess the current
structure and dynamics of
the interior

Characterize the current structure and evolutionary history of the core.

Place constraints on the mechanisms and rates of recent resurfacing and volatile release from the interior.

Determine the structure of the crust, as it varies both spatially and with depth, through measurements of
topography and gravity to high resolution.

Measure heat flow and surface temperature to constrain the thermal structure of the interior.

Measure the magnetic field below the ionosphere and characterize magnetic signature of rocks in multiple
locations.

Characterize subsurface layering and geologic contacts to depths up to several km.

Determine the moment of inertia and characterize spin-axis variations over time.

Characterize the current

rates and styles of
volcanism and
tectonism, and how they
have varied over time

Characterize active volcanic processes such as ground deformation, flow emplacement, or thermal
signatures to constrain sources and sinks of gases affecting atmospheric evolution.

Characterize active tectonic processes through seismic, ground motion, or detailed image analysis.

Characterize the materials emitted from volcanoes, including lava and gases, in terms of chemical
compositions, chemical species, and mass flux over time.

Characterize stratigraphy of surface units through detailed topography and images.

Assess geomorphological, geochemical, and geophysical evidence of evolution in volcanic styles.

Characterize current processes in the
atmosphere

Characterize the sulfur cycle through measurements of abundances within the Venus clouds of relevant|
gaseous and liquid/solid aerosol components such as SO,, H,0, OCS, CO, and sulfuric acid aerosols
(H,S0,).

Determine the mechanisms behind atmospheric loss to space, the current rate, and its variability with sola
activity.

Characterize local vertical winds and turbulence associated with convection and cloud-formation
processes in the middle cloud region, at multiple locations.

Characterize superrotation through measurements of global-horizontal winds over several Venus days at|
multiple-vertical levels (day and night) from surface to thermosphere.

Investigate the chemical mechanisms for stability of the atmosphere against photochemcial destruction of
CO2.

Characterize local and planetary-scale waves, especially gravity waves generated by underlying
[topoaraphy.

Measure the frequencies and strengths of lightning and determine role of lightning in generating
chemically-active species (e.g., NO,).

Search for and characterize biogenic elements, especially in the clouds.

Climate Change and the Future of Earth
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() g Determine radiative balance as a function of altitude, latitude, and longitude.
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ﬁ % Measure deposition of solar energy in the atmosphere globally.
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% O vertical profiles at several locations.
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O o Determine vertical-atmospheric temperature profiles and characterize variability.
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9_-" [%)] Determine isotopic ratios of H/D, 15NIMN, ”Olleo, 180/150, 34523 B¢/12¢ in solid samples to place
g -% [} E constraints on past habitable environments (including oceans).
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é L2 8 Identify and characterize any areas that reflect formation in a geological or climatological environment
21-.) n C © significantly different from present day.
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g -8 o Determine abundances and height profiles of reactive atmospheric species (OCS, H,S, SO,, SO3, H,SO,,
E g ‘6' © g © S,, HCI, HF, SO3, ClO, and Cl,), greenhouse gases, H,0, and other condensibles, in order to characterize
g ; 5 8 % g sources of chemical disequilibrium in the atmosphere.
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O " IS Determine rates of gas exchange between the interior, surface and atmosphere.




