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ü Potential next target of in-situ robotic exploration 

ü Poor orbital data (clouds and dense atmosphere)

ü No meteorites (Sun gravity)

ü 1st rank scientific questions:

Ø Life potential in the clouds

Ø Why so different from Earth

A few keywords



Mariner 2-10, 

(1962-1975)

Magellan (1990–1994)

Pioneer Venus Orbiter 

(1978–1992)

Akatsuki

Venus Express since 2006

Russia’s Venera-D Mission

EnVision: radar & spectrométrie

SAGE (surface & atmosphère)

VERITAS (topographie surface) & 
DAVINCI (chimie atmosphérique)

Galileo  (to Jupiter, 1990)

Venera soviet missions (1961-1983)

Messenger ( to Mercury, 2004)

Vega (to Comet Halley, 1985)

VENUS 
exploration

flyby

past missions

incoming missions





radar mapping by Venera



ü Global resurfacing by volcanism between 1 and 0.5 Gyr
(shield volcanoes, spectacular lava flows)

ü Low plains = 80% of the surface

ü Geodynamics led remarkable structures: Coronae, extension shear zone

ü No relative or absolute chronology => surface geodynamics is misunderstood

ü Are tesserae felsic or altered ? 



Ground observations Venera 9 (1975)

Dynamic penetrometer 
(physical properties, 
electric resistivity)XR-fluorescence 

(Venera 13-14)

γ-spectrometry (Venera 8-10)

basalt

granite ?

altered basalt

=>  old, scarce, incomplete data



Radar emissivity anomaly, another interesting feature

A variety of radar-bright lava flows radiate from the 
summit area down the flanks of a shield volcano on 
Venus. (NASA Magellan image.)

FeS2 Bi2Te3 (Ca,Na)PO4 PbS ?  



The atmosphere of Venus:
a complex and stratified medium

Zolotov et al., 2015



Open questions

Thermal signature of wave breaking above Aphrodite Terra as observed by Akatsuki

ü Gravity waves

ü Planetary scale structures

ü UV absorber

ü Life in the clouds



ü Gravity waves

ü Planetary scale structures

ü UV absorber

ü Life in the clouds

Night side thermal imaging of lower clouds, showing unexpected 
sharp boundaries extending over thousands of km.

Open questions



ü Gravity waves

ü Planetary scale 

ü Unknown UV absorber

ü Life in the clouds

365-nm image: the contrast is originated from the unknown absorber

More generally, the missing reservoirs in atmospheric cycles is a challenge for sulfur 

Open questions



ü Gravity waves

ü Giant structures

ü UV absorber

ü Life in the clouds

an old but still relevant story

l 50 km conditions favorable to 
acidophilic life forms

l Might account for issues in chemical 
cycles ?

l Could the 365-nm UV absorber be a 
photosynthetic pigment?

Open questions



Experimental
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ü Even in the dry modern atmosphere, some 
rock constituents (olivine and glass) are 
chemically modified in the first µm of the 
surface

ü Deposition of iron oxide and sulfate coating

ü Consequence for the remote sensing ?
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Key lesson

What measure remote sensing ?
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ü In wet atmosphere (early Venus or beginning 
of resurfacing) water may have accompanied 
degassing 

ü Hydrated secondary phases is a possible sink 
of water, in addition to atmosphere erosion

ü Once formed, hydrated phases may persist in 
the modern dry atmosphere

X	H2O	=	0.75	(V6)	

50	�icron	

anorthoclase	

hornblende	

Ø Consequences for the water cycle ?



Measurement requirements and mission type:

Analyzes for significant advances in previous scientific issues

• Bulk mineralogy of different geologic units 

• Surface analyses to evaluate possible bias in remote analyzes due to surface modifications

• Volatile content of volcanic lavas 

• Mineralogy of the minerals surface versus elevation 

Ø Venus geodynamics parameters, the surface mineralogy

• Detailed elementary and isotopic composition of atmosphere and clouds

Ø Biologic or mineral reactions affecting the halogen, carbon, water and sulfur cycle 

• Elementary and isotopic composition of noble gases 

Ø Escape and endogenous processes affecting the atmosphere 



Measurement requirements and mission type:

What is realist ?

• 2 projects in the running for the next future, EnVision (ESA), Venera-D (IKI), perhaps 
VERITAS (NASA)

• But current limitation of instruments on the ground

• analytic bias due to surface modifications

• No possibility to run a rover like Discovery on Mars

Ø Pertinence of a return sample mission in the far future



LPI Conference 2017  (atmosphere sampling)

The concept has already been evaluated by NASA, mainly for the atmosphere sampling



Venus Aerial Platforms Study
By James A. Cutts, JPL JPL report D-102569 ,  2018

“Not only are Venus Aerial Platforms feasible, but they offer a rich menu of scientific opportunities for studies of 
the Venus atmosphere, its surface and interior as well as their mutual interaction”.

Surface sample return missions would require a surface ascent vehicle (balloon?)



by R.M. Jones & K. T. Nock (JPL) and J. Blamont (CNES)

Venus Sample Return Mission Studied (1986)

ü return to Earth at least 1 kilogram

ü small samplers parachuted to the surface

ü then be carried aloft by balloons 

ü retrieved by small robotic airplanes

ü transferred to an ascent rocket

Ø the return pass and energy source for the return fly ?



Venus sample return missions—a range of science, a range of costs
(Sweetser et al. 2003, Acta Astronautica)

• Launch on 2004-03-19
• flies by Venus on 2004-07-10  (11:8km/s altitude:110km) 
• Returns to Earth on 2005-10-28 

A free return trajectory to Venus and back without maneuvers 

But for rock sample we need a real technological leap



Technology challenges and synergies with 
existing or planned space missions:

• huge energy required to leave  terrestrial planets

• = huge mass launched from the Earth

• the complex trajectory due to the proximity of the Sun

Till today, the only vehicles that return to the Earth were the Apollo 
CS-Modules and dust collectors under low gravity (Stardust). 

Ø An alternative in the propulsion concept ?

• Nuclear propulsion has long been considered, note only for space 
application but also for military rockets and even commercial 
intercontinental flights.  



Nuclear pulse propulsion:

• External pulsed plasma propulsion

• Uses nuclear explosions for thrust  

• Past projects: Orion, Daedalus, Medusa, Lonshot, 

etc…

Nuclear thermal rocket:
• Nuclear reaction replaces the chemical energy of the 

propellants

• A working fluid, usually liquid hydrogen, is heated to a 
high temperature

• And then expands through a rocket nozzle to create 
thrust

The conversion from the actual chemical reaction to nuclear reactions will 
provide a significant energy gap.



Mars return program
Lunar COTS : An Economical and Sustainable Approach to Reaching Mars 
A.F. Zuniga et al., NASA, 2017 



High temperature electronics, the second challenge for Venus



Robotic assistance

… after Robonaut 2 (2011-2018, NASA) and Kirobo (2013, JAXA)

FEDOR, a Russian humanoid robot, the last member of the ISS crew (last month) …


