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Uplift and Rifting on Venus:
Role of Plumes

Venus, although Earth's "twin" in size and composition, lacks plate tectonics. However, Venus does show evidence of recent uplift as well
as both tectonic and volcanic activity. The planet's most pronounced geoid and topographic highs, Atla and Beta Regiones, lie at nodal
points in a network of chasmata. The chasmata, linear to arcuate troughs, extend 1000's of km and may be sites, of current rifting. Great
circle arcs fit the chasmata system at the 89.6% level. These arcs total 54,464 km in length, when corrected for Venus' smaller size this
comes within 2.7% of the 59,200 km estimate for Earth's spreading ridges. Hundreds of coronae, enigmatic circular features, adorn Venus'
surface, ranging in diameter from 60-2600 km with a median of 250 km. Coronae have been modeled and attributed to diapiric-upwellings;
however, ancient impacts have been proposed as an alternative explanation. The distribution of coronae over Venus' surface is highly
non-uniform, with an excess near chasmata. Indeed, some coronae have rims that intertwine with chasmata walls, suggesting contemporaneous
formation. The raised areas of both of Atla and Beta Regiones are ringed by numerous coronae, but neither has coronae at or near their
crests at the highest geoid levels. Using an evolutionary classification of coronae, we use inferred coronae stage to assess the relative
activity at Atla and Beta, and we conclude that Atla has been active more recently.

Venus' craters, unlike coronae, have nearly a random distribution over the planet's surface, with a slight, but statistically significant deficit
close to chasmata. A minority of craters are modified, but an excess of the tectonically or volcanically disturbed craters occurs near
chasmata and the uplifted regiones. Impact craters on Venus can independently determine relative age, degree of modification, and
reorientation of an area. Low crater densities exist with coronae and surprisingly, even out to 4 radii, whereas we would expect locally
higher densities of craters if coronae were themselves very old impact features. Furthermore, modification of craters adjacent to and within
coronae argues for the existence of long-term tectonic and volcanic activity, as opposed to formation of coronae by instantaneous, ancient
impacts.

We attempt to relate coronae formation to the existence of plumes on Venus. Our goal is to clarify the mechanism of uplift on Venus, and
in turn to link the process to the global system of rifting.

Abstract

Uplift and Rifting on Venus:
Role of Plumes

DeLaughter and Jurdy [2] have classified
394 coronae based on the morphology of
the interior - domal, circular, and calderic.
They proposed that these differing styles
reflect different stages in the evolution of a
corona, with the domal representing the
youngest, possibly active features, then
progressing through increasing degrees of
collapse to the calderic coronae. Comparison
of elevations of these features shows the
domal coronae, on average, to occur at
higher elevations and calderic at lower
elevations, with circular in between.

Coronae differ from impact features:

Corona distribution is distinctly non-random
Locations well correlated with geoid and topo highs
Strongly clustered in BAT region

Corona morphology shows a continuum from uplifted to collapsed
features

Evolution scheme based on uplift correlates with size, shape,
dip, geoid and topography of features

Coronae exhibit less circular symmetry than craters

Crater deficit in and around coronae inconsistent with ancient age
Deficit continues out to 4 radii of coronae
Modification of craters apparent near coronae
Few pristine craters associated with coronae

The alternative hypothesis [3] - the interpretation of coronae 
as ancient impacts - has different consequences:

An old surface near such features should record many 
subsequent impacts, both interior and exterior to coronae

The region of coronae would be the oldest surface of Venus

Ancient impact features should not show signs of active 
uplift

Conclusions
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Background: Magellan
radar imagery overlain

by topography

Dip of coronae as a function of length of
corona’s longest axis.  Colors correspond to
classification scheme (above, left).  Small,
black symbols are unclassified.  Note that blue
coronae are generally shorter and have higher
dips than yellow and green.

Comparison of geoid and topography at coronal
locations.  Colors correspond to classification
scheme (above, left).  Cross hairs indicate
mean values and standard deviation.  Blue
coronae tend towards lower elevations and
geoid values, yellow towards higher values.

Model for evolution of regio features, such as Atla and
Beta.  Two independent schemes for assessing the relative
timing of the uplift of these regiones, percentage of craters
altered, and style of coronae, suggest a younger age
(t=0?) for the uplift of Atla. Another test of this result,
looking at the dip directions of coronae near each uplift,
is consistent with a younger age for Atla.

Map of tectonic and volcanic features on Venus.  Chasmata
are shown in light purple.  Coronae: yellow, domal; green,
circular; blue, calderic; gray, unclassified.  Craters:  upward
triangles, embayed; downward triangles, tectonized; stars,
both; squares, pristine. Contours are geoid order 10.

Population density functions on a slice along the equator for each
type of coronae. BAT region lies between 180° and 315° longitude.

Chasmata show greatest relief on Venus (7 km vertical
over 30 km horizontal)

Linear to arcuate troughs, extending 1000s of km

Can be fit by great circle arcs [12], totaling 54,464 
km in length [5] (When corrected for Venus' 
smaller size, this comes within 2.7% of 59,200 
km estimate [9] for Earth's spreading ridges)

May be sites of current rifting

Coronae are intertwined with chasmata walls

Abundance of coronae with 10 degrees of chasmata
(56% more than expected) [5]

Atla and Beta Regiones, geoid highs lie at nodal points
of chasmata network

Chasmata

Coronae applies to 100s of circular to elongate Venus features ranging
from ~60-2600 km in diameter, averaging 230 km [16]

Marked by a central plateau surrounded by annular rings of ridges
and troughs

Associated with volcanism and tectonism [7]
Modeled as diapirs [4,6] or secondary plumes [15]

Evolutionary classification scheme (above), based on morphology  [2]
Characteristics differ by type:

length vs. dip and geoid vs. topography (shown right)
Shapes observed are gradational, implying a continuum

Distribution of coronae is strongly non-random (shown farther right)
Peaks in the Beta-Atla-Themis (BAT) region [13]
Domal (inferred as youngest) are most strongly concentrated:  

24/50, or 48%, on 1/6th of the planet's surface area

Plumes tend to concentrate - the Coanda effect [17]

Coronae

Craters can be used to determine relative age and modification,
and uplift for a region [8]

Venus hosts ~940 craters, apparently randomly distributed
Most are pristine, some suffer tectonic or volcanic 

modification
Only 18 rank as both tectonized and embayed [10]

BAT region shows a slight deficit of craters [5], but an 
excess of modified craters (10 out of 18, or 56%, 
over 1/6th planet’s surface)

Additionally, craters, initially flat, show dips around 
regiones

Interiors of coronae, as well as regions out to 4 radii [1], 
display a deficit of craters; few pristine craters are 
adjacent to coronae

This suggests coronae are young, active structures, 
modifying and erasing craters

Craters

BAT Region encompasses Beta, Atla, and Themis 
Regiones

Venus' most tectonic and volcanic region
Marked by topographic and geoid highs
Although ringed by many coronae, neither Atla nor 

Beta has coronae at their crest
Atla has a partial ring of four domal coronae;
Beta has a partial ring of 6 or so calderic coronae
In both instances, the corona rings parallel geoid

contour lines.

An excess of coronae occur here: e.g. 24 out of the
planet’s 50 domal are in the BAT region

A slight deficit of craters, but also evidence of both 
tectonic and volcanic modification (10 of the
planet's 18 strongly modified craters are in 
the BAT region)

BAT Region

Cross-correlations of perpendicular profiles across sample
calderic and domal coronae and an impact crater.  All
features are approximately 250 -300km in diameter.  Note
the high degree of correlation between profiles for Mead
crater, indicating circular symmetry lacking in both the
calderic and domal coronae.  (Features chosen for
similarity in size and distance from topographic influences.)

Chasmata, coronae, craters, and geoid for the Beta-Atla-
Themis (BAT) region.  Colors and symbols as in the
previous map.
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The Great
Plume Debate

t1: Initiation of plume activity
uplift begins
formation of new coronae

t3: Plume activity waning
regio slumps
no new coronae
inward tilting of pre-existing features
compression at crest Beta

Stage

t2: Peak plume activity
continued begins
formation of new coronae
outward tilting of pre-existing features
extension at crest Atla

Stage
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