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Venus:  Exploration 



Geology of the Moon,  
Mercury and Mars: 

“One-Plate Planets” 
in contrast to Earth. 

Where does Venus 
fit in the context 

of planetary evolution? 



Pioneer-Venus Global Topography (1978) 



Initial Comparisons to Earth Hypsometry and Topography 

(Head, Yuter and Solomon, 1981) 



Arecibo Radar Images 

(Campbell et al., 1983, 1984, 1989)  



Soviet Venera/Vega Spacecraft Exploration 

(Basilevsky et al., 2015) 



Soviet Venera/Vega Spacecraft Exploration 



Venera 15/16 (1983): 
Lakshmi Planum and Surrounding Folded Mountain Belts!

High-standing volcanic plateau; central calderas, 
surrounded by very high folded mountain belts. (Barsukov et al., 1989) 



Venera 15-16 Radar Geological Imaging and Mapping  



Mechanisms of Lithospheric Heat Transfer:!

Earth	


Moon, Mercury, Mars	

LITHOSPHERIC CONDUCTION	


PLATE TECTONICS	
 VOLCANIC HEAT PIPES	

Io!

Venus?!

(Solomon and Head, 1982) 



Magellan Mission Mapping of Venus!
Sept. 1990 - Sept. 1992     !
    Global coverage!
-Side-looking radar!

-Altimetry!

-Radiometry!
•  Surf. material emissivity!

-Altimetry & Radiometry!
•  Surface roughness!

• Gravity!



Magellan Reveals Venus Terrain Types and Settings!

a) Ridge belts 
among the 
regional plains. 

b) Tessera terrain 
of Beta Regio 
uplift, cut by rift. 

c) Maat Mons 
volcano, rift 
zones, radar 
bright lavas. 

d) Coronae of 
Parga Chasma 
rift zone. 



Areal Distribution of Features!

Coronae (blue); Arachnoids (green); Novae (red)!



Establishing the Geological History of Venus 
•  Absolute ages: 

–  Sample return and radiometric dates. 
–  Impact crater size-frequency distribution.  

•   Relative ages: 
–  Impact crater density.  
–  Stratigraphic relationships: Embayment, cross-cutting. 
–  State of degradation of landforms: Fresh to degraded. 
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Impact Craters of Venus  

Mean global surface age T ≈ 0.5 - 1 b.y. 
Derived from number of craters per unit area, 

calibrated by lunar data.!
(McKinnon et al., 1997) 



Craters on Venus!

-One plot is the 
observed distribution 
of impact craters on 
Venus.!

-Five other plots are 
random distributions !
of impact craters on 
Venus.!



Impact Crater Distribution on Venus !

-Areal distribution is indistinguishable from random (?). 
-No major differences in the age of the majority of target 
units. 
-Most impact craters pristine and unmodified, unembayed. 
-To many this suggested rapid global resurfacing, then 
relative quiescence.!



Models for the Transition from Early to Late History on Venus	

<1. Catastrophic, Uniformitarian. 

-Heat pipe (Turcotte) 
-Hot spot (Phillips, Grimm) 
-Equilibrium (Romeo, Ghail, Grimm) 
-Coronae-Rises (Smrekar/Stofan) 

<3. Catastrophic, Episodic. 

-Episodic regime (Weller, Lenardic) 
-Stagnant lid (Airey) 

2. Uniformitarian, Evolutionary > 

-Mobile lid to stagnant lid (Herrick,  
Solomatov, Moresi, Reese) 
-Thin-->thick lithosphere (Hansen) 
-Role of impacts (Gillmann) 
-Ductile and intrusion (Mikhail) 
-Microplates (Daville) 



Establishing the Stratigraphic and Geological 
History of Venus 

•  Absolute ages: 
–  Sample return and radiometric dates. 
–  Impact crater size-frequency distribution.  

•   Relative ages: 
–  Impact crater density (not easily used).  
–  Stratigraphic relationships: Embayment, cross-cutting. 
–  State of degradation of landforms: Fresh to degraded. 



Stratigraphic Approach to the Geological History of Venus 

Basilevsky and Head (1996, 1998, 2000) 
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-Compile geologic maps of 36 randomly distributed, 1000x1000km regions. 
-Identify geologic units and establish stratigraphic sequences.  
-Attempt stratigraphic correlation between 36 randomly distributed stratigraphic sequences. 
-Assess geologic history on the basis of the correlated stratigraphic sequences.   



Regional and Global Stratigraphy of Venus - Basilevsky and Head 



Distinctive Phases of Volcanism and Tectonism 
-Tessera, Shield Plains,  
Regional Plains, Wrinkle Ridges,  
Lobate undeformed flows. 



The Geological History of Venus: 
Contrasting Views 

•  Non-Directional Model:  (Guest and Stofan, 1989): 
–  Geological units and structures occur randomly in space and 

time. Although there may be local sequences, they are not 
globally time-correlative. 

•  “Directional” Model: (Basilevsky, Ivanov and Head): 
–  Regional and global geological mapping reveal that some 

specific geologic features, units and structures (e.g., tessera, 
shield plains, regional plains, wrinkle ridges,etc.) dominate at 
different times in history, and thus form distinctive phases during 
certain periods of geological history. 
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-How can we distinguish between these “end members”?  
-Is there a global correlation of geological units? 



------------------Map Global Geotraverse--------------------- 

Ivanov and Head (2001) 



V-3: Meskhent Tessera	


Shield Plains:	

-Occur in association with and embay tessera. 	

-Occupy local highs, tilted toward lowlands.	

-Embayed by regional plains. 	

-Represent distinct phase of early volcanism.	


M. Ivanov 



Distribution 
of units in 
space 

Distribution 
of units in 
time 

Global Geologic Map of Venus 

Ivanov and Head 
(2011, 2013, 2015) 





Resurfacing  
Regimes 

The visible history of Venus consists of three distinctive regimes of resurfacing: 

(1) Older: Global Tectonic Regime, 

(2) Middle:  Global Volcanic Regime, 

(3) Younger: Network Rifting-Volcanism Regime. 



Chronology of Venus: Summary 

Kreslavsky et al. (2015) 
Ivanov and Head (2015) 



Global Tectonic Regime 

•  Intensive and extensive tectonic deformation at the beginning of visible 
geologic history. 

•  Tectonics dominated, overwhelmed volcanic activity. Tectonized units formed. 
•  Majority of coronae formed during the later phase of Global Tectonic Regime. 

Kreslavsky et al. (2015) 
Ivanov and Head (2015) 



Global Volcanic Regime 

•  Volcanism dominated, subordinate tectonic activity. 

•  End of Global Volcanic Regime: ~85% of the surface was resurfaced. 
•  Global change of volcanic style from shield to regional plains. 
•  Crater densities: rapid transition from Tectonic to Volcanic Regimes. Rapid 

resurfacing during the first 1/3 of visible history. 

Kreslavsky et al. (2015) 
Ivanov and Head (2015) 



Network Rifting-Volcanism Regime 

•  Volcanism and tectonics are about equally important. Only ~15% of the 
surface was modified and resurfaced.  

•  Global-scale change of volcanic style from regional to lobate plains. 
•  Crater densities: prolonged but local resurfacing during ~2/3 of visible 

history. 

Kreslavsky et al. (2015) 
Ivanov and Head (2015) 



Network Rifting-Volcanism Regime 
Recent / current volcanism 

-Shalygin et al., 2015: VMC, 
short-term thermal anomalies. -Bondarenko et al., 2010: radar, 

lava flows that still may be hot. 

Venus:  
•  Likely  a volcanically active planet. 

-Smrekar et al., 2010: Unaltered lava flows. 



Geologic and Geodynamic Evolution of Venus 

Kreslavsky et al. (2015) 
Ivanov and Head (2015) 

Ivanov and Head (2011, 2013, 2015) 



Models for the Transition from Early to Late History on Venus	
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-How similar are the geological histories of Earth and Venus?  When and 
how did their geological histories diverge? 

-Did Venus ever have oceans, and a more Earth-like climate? 

-If so, when and why did it transition to its current conditions?  Are traces of 
this transition manifested in the currently exposed geological record? 

-Does Venus, like the Earth, have both mafic secondary crust (derived 
from mantle partial melts) and tertiary felsic crust (derived from reworking 
of primary and secondary crust and potentially involving water)? 

Some Fundamental Outstanding Questions 

(Grinspoon and Bullock) (S. R. Taylor) 



Outstanding Problems to Address 
General geologic history of Venus and the role of volcanism is emerging. 

However, several important problems still remain: 

•  What is the current level of the endogenic (volcanic and tectonic) 
activity on Venus? (orbital monitoring). 

•  How many craters are indeed embayed and by which materials? (high-
resolution SAR and topo). 

•  What are the sources of regional plains? What is evidence (if any) for 
episodic formation of this unit? (high-resolution SAR and topo). 

•  What is the composition of the major varieties of volcanic plains? How 
do they compare with volcanic products from different geodynamic 
environments on Earth? (landers). 

•  What is the composition of tessera materials? (landers). 

•  Is there additional evidence for non-basaltic volcanism on Venus? 
(high-resolution SAR, landers). 




