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Venera D: A Single Lander

Scientific Goals (Senske et al., 2018)
• • Perform chemical analysis of the surface material and 

study the elemental composition of the surface, including 
radiogenic elements;

• • Study the interaction between the surface and the 
atmosphere;

• • Investigate the structure and chemical composition of 
the atmosphere down to the surface, including 
abundances and isotopic ratios of the trace and noble 
gases

• • Perform direct chemical analysis of the cloud aerosols;

• • Characterize the geology of local landforms at different 
scales.
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Venera D: A Single Lander 

Scientific Objectives (VD-JSDT, 2019)
“The geologic objective of Venera-D is to 
understand the geologic processes and history of 
Venus. Within the context of this objective, a 
number of specific questions are put forward:

• (1) What geologic processes have shaped the 
surface of Venus from the regional scale to that of 
a landed element and what does this imply about 
the resurfacing history of Venus?

• (2) What is the composition of surface material 
units and how might they vary across Venus?

• (3) Are there significant volumes of evolved, 
silica-rich volcanic deposits?” 2



Venera-D Lander: Mission Success Criteria
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1) A controlled safe landing on the Venus surface, with all 
systems (power, communications, observations) 
operating nominally. (Spacecraft engineering, site selection)

2) Acquisition of specified observations and analyses within 
mission constraints (duration, power, data volume, etc.) 
and receipt of those data by science & engineering 
community. (Instruments, communications)

3) Interpretation and application of those data to solve, or 
approach a solution for, (a) significant problem(s) in 
Venus science.  (Scientific goal[s])



1) With engineering constraints, safe landing 
possible (300km ellipse) on:
1) Regional Volcanic Plains (+ canali)

1) Lower Unit (rp1)
2) Upper Unit (rp2)

2) Volcanic Shield Plains (psh)
3) Shield Clusters (sc)
4) Lobate plains (pl)
5) Smooth volcanic plains (psv)
6) Dark parabolas & haloes (psi)
7) Ridge & Groove Belts (pr/RB)

2) NOT safe on units including: 
1) Tesserae (t)
2) Maxwell Montes & Ishtar Mountain Belts (mb) 
3) …

Part 1a: Landing Site Selection 
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1) 1

Part 1b: Landing Site Constraints: Safety  
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1) Safe landing site of broad applicability:
1) Regional Volcanic Plains (+ canali)

1) Lower Unit (rp1)
2) Upper Unit (rp2)

2) Volcanic Shield Plains (psh)
3) Shield Clusters (sc)
4) Lobate plains (pl)
5) Smooth volcanic plains (psv)
6) Dark parabolas & haloes (psi)
7) Ridge & Groove Belts (pr/RB)

2) NOT safe on units including: 
1) Tesserae (t)
2) Maxwell Montes & Ishtar Mountain Belts (mb) 
3) …

Part 1c: Landing Site Selection
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1) Safe site, broadly applicabile, simply 
interpreted:
1) Regional Volcanic Plains (+ canali)

1) Lower Unit (rp1)
2) Upper Unit (rp2)

2) Volcanic Shield Plains (psh)
3) Shield Clusters (sc)
4) Lobate plains (pl)
5) Smooth volcanic plains (psv)
6) Dark parabolas & haloes (psi)
7) Ridge & Groove Belts (pr/RB)

2) NOT safe on units including: 
1) Tesserae (t)
2) Maxwell Montes & Ishtar Mountain Belts (mb) 
3) …

Part 1d: Landing Site Selection
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1) 1

Part 1e: Landing Site Constraints: All 
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1) 1

Part 1f: Landing Site Constraints: 
Scientific & Orbital Dynamical
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Part 1g: Rabinovich & Stack (2021) analysis
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1) Interpretation and application of those data to 
solve, or approach a solution for, a significant and 
current problem in Venus science.  (Scientific goal)

2) What significant problem will be solved by 
observations and analyses on Venus’ regional plains 
units ? (rp1, rp2)

3) Possible analogy of Venus’ plains units with 
terrestrial large igneous provinces (LIPs). See R. 
Ernst talk !

Part 2: Scientific Goal of Landed Mission
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1) Surface expression of a 
massive mantle plume.

2) Enormous volumes of lava 
erupted in short time (e.g., 
106 km3 basalt, <5 106

years).

3) Huge release of volatiles.

4) Examples:
1) Columbia River

2) Siberian Traps

3) Ontong-Java (8.4x106 km3!)

Part 2b: Large Igneous 
Province
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MacLellan L. et al. (2021) Volcanic history of the Derceto large igneous province, 
Astkhik Planum, Venus. Earth-Science Reviews 220, 103619

Part 2c: A Venusian LIP
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Part 2d: Regional 
Plains
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What data would we need to validate / falsify / refine  the LIP model? 
“LIPs represent large-volume, short-duration pulses of intraplate 
magmatism, but there is no unique geochemical signature that is 
diagnostic of all LIPs (Ernst, 2014 and references therein).” Ernst 
(2021)

1) Bulk chemistry
1) Major elements?
2) Trace elements?

2) Mineralogy
1) Proportions?
2) Mineral compositions?

3) Stable isotope ratios?
1) O, S, Cl, H ?

4) Age (Rb-Sr)? (K-Ar will not work)

1) What sort of place within a LIP should we target?
2) What will the test results tell us about Venus? What scientific goal 

would they serve?

Part 2e: Testing a Model: LIP 
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1) Meteoroid impact onto tessera could deposit 
tessera material onto plains units (mapped as 
psi).

2) Landing on psi plains unit could be safe. 

3) Simple chemical analysis of tessera material 
addresses a fundamental question for Venus –
are tesserae granitic, and thus provide evidence 
that ancient Venus had abundant surface water.

4) Are there such sites on Venus that fit landing site 
engineering constraints? (not much tessera, not 
many impact craters)

Part 3: Tessera Impact Debris on Plains Units
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1) 1

Part 3b: Tessera Impact Debris on Plains (psi)
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1) Not very many targets.

2) Cleopatra crater (105 km) in Maxwell 
Montes, ejecta on Lakshmi Planum (?). 
Cleopatra likely older than Lakshmi surface.

3) Joliot-Curie (91 km) crater in Ovda Regio, 
ejecta on internal plain. J-C ejecta embayed 
by plains.

Part 3c: Possible Tessera
Ejecta Targets 1
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1) Mostly small targets.
1) Could require smaller landing ellipses, 

e.g. modified landing system, e.g. 
terrain-relative navigation (radar ?)

2) Gina crater (14.6 km) on Oddibjord
Tessera, ejecta on Snegurochka
Planum. Crater eject on plains units; 79°N –

is landing possible, are winds as modeled?

3) Odikha crater (10.6 km) on Sogbo
Dorsa, ejecta onto rp2 unit. Crater 
ejecta visible. Crater on edge of fold belt, 
maybe not true tessera.

Part 3d: Possible Tessera
Ejecta Targets 2
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Venera-D Lander: 
Mission Success Criteria
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1) Controlled landing on Venus surface, with all systems 
(power, communications, observations) operating 
nominally. (Spacecraft engineering  & site selection)

2) Acquisition of specified observations and analyses within 
mission constraints (duration, power, data volume, etc.) 
and receipt of those data to Earth. (Instrumentation)

3) Interpretation and application of those data to solve (or 
approach a solution for) a significant and problem in 
Venus science.  (Scientific goal)



1) Venera-D should be capable of multiple 
observations and geochemical analyses
1) Insurance against single-point failure

2) Insurance against an unrepresentative sample

3) Understand diversity of surface materials

4) May require AI or Ground-In-Loop

Part 2: Acquisition & Delivery of 
Observations & Data

21


