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Introduction:  In recent years there has been a con-

vergence of ideas and observations that show Venus to 

be both more complex and active than previously 

thought. The strong dependence of rheology on geother-

mal gradient leads to a wide variety of tectonic and mag-

matic styles, and hence landforms, across Venus, lead-

ing to conflicting views about its geological history. 

Subcrustal rejuvenation, the mechanism by which Ve-

nus loses most of its internal heat [1], broadly explains 

the locations of many landforms, such as wrinkle ridges 

in the lowlands, but much heterogeneity remains. 

Clearly, local geological history—contingency—is im-

portant, and very likely compositional variability is too, 

particularly in highland tesserae [2]. Despite the appar-

ently pristine surface, mass wasting and weathering are 

also significant factors in morphological change. Here 

we review how these different processes contribute to 

the present-day appearance of Venus. 

Subcrustal Rejuvenation:  Analogous to plate tec-

tonics below the crust, Venus loses most of its internal 

heat through the recycling of subcrustal lithosphere, but 

like terrestrial plates, there is considerable variability in 

‘spreading’ rates and magmatic activity, e.g. the ‘slow’ 

Dali Diana Chasma system consists of a series of tec-

tonic deformation belts but the ‘fast’ Parga and Hecate 

systems are characterized by magmatism—particularly 

coronae—over a wide sector, and are the primary reason 

for the high concentration of volcanoes in the Beta

Atla Themis (BAT) zone. 

Away from these subcrustal ‘spreading ridges’, the 

geothermal gradient is lower, magmatism less im-

portant, and traction stresses are transmitted through the 

subcrustal boundary. Characteristic networks of narrow 

tectonic bands surrounding less deformed plains—

campi (sing. campus)—are formed as crustal blocks jos-

tle together. Their large area-to-thickness ratio 

(~1000 km across but only 10–15 km thick) means 

these blocks readily fragment, buckle and shear, gener-

ating an appearance similar to continuous pack-ice [3]. 

Farthest from the chasmata, in geoid lows where ge-

othermal gradients are below 20 mK m⁻¹, are the low-

lying wrinkle-ridged plains. Inferred to overlie cold, 

downwelling subcrustal lid, the wrinkle ridges are prob-

ably inversion structures.  

Magmatism: Subcrustal rejuvenation explains 

much of the variability in magmatic style across Venus. 

Upwelling regions are characterized by extensive flows 

from coronae and large volcanoes. The largest volcanic 

clusters most likely overly core-mantle boundary 

plumes; several of these are associated with subcrustal 

ridge junctions, indicating perhaps a genetic relation-

ship. As noted, the ‘faster’ ridges are associated with 

disproportionately greater volcanism and coronae. 

Heterogeneity is most apparent in the network of 

campi, which may be dominated by intermediate volca-

noes, or coronae, and some appear to evolve into true 

whole-crust subduction-bounded structures. This vari-

ety may reflect both crustal heterogeneity and differ-

ences in styles of mantle convection and plumes [4]. 

Many of the low-lying wrinkle-ridged plains are rel-

atively featureless but where volcanism is observed, it 

often takes the form of shield fields and pancake domes 

(farra). Their associated thin flows may be the materials 

deformed by inversion, but recent reappraisals of Ven-

era lander images and Magellan data point to another 

possibility: sedimentary rocks.  

Sedimentary Processes:  Analysis of Magellan 

SAR [5] and altimeter [6] data combined with Venera 

lander panoramas [7 9] indicate that sedimentary pro-

cesses have a more important role in surface change 

than previously recognized, particularly in the lowland 

plains. Terrain above ~2 km elevation appears to be 

eroding material that is then deposited across the low-

lands. Relatively rapid lithification of this material—a 

function of the high surface temperature, and consistent 

with Venera landing site morphology—may be the rea-

son that sedimentary deposits have previously lacked 

recognition. 

Anomalies:  What is most obvious is that Venus de-

fies simple global models, and instead displays a highly 

heterogeneous nature. In modelling terms, it is charac-

terized by anomalies, features that don’t fit global para-

digms. It is in understanding those anomalies that we 

will learn most about the complex nature of Venus, and 

Earth-like planets throughout the galaxy. 
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