
 
 Overview and Observational 

Constraints on Venus’ 
Geodynamics and Tectonics!

Sue Smrekar 

Jet Propulsion Laboratory/Caltech 



Venus: Earth’s evil twin or distant 
cousin?   

 

 

 

 

 

 

 

!  Twin: 
!  Diameter is 5% smaller 
!  Same bulk composition 
!  Once had a shallow ocean’s worth of  

water 

!  Evil Twin: 
!  Surface T ~460°C 
!  Surface P ~90 bars 
!  Atmosphere: CO2 greenhouse 
!  No magnetic field 

!  Distant Cousin: 
!  No terrestrial style plate tectonics 
!  Little measurable water (3 ppm in atm.) 
!  Young, diverse tectonics 



Why Venus? 
!  How Venus and Earth diverged is one of the essential questions in 

understanding planetary habitability. 
!  Geology (volcanism and tectonics, not comets) – releases volatiles into the 

atmosphere. 
!  Plate tectonics cycles volatiles between the interior and atmosphere, and 

thus may be needed for extended habitability. 
!  Why does Venus lack terrestrial-style plate tectonics? 

!  SURFACE AGE: Only rocky planet (besides Earth) with a young 
surface (< 1 b.y.);  Geologic processes on Mars, the Moon, Mercury 
were largely confined to the 1st b.y. 
!  Venus is likely active today (more on this later) 

!  TECTONICS: Venus has major tectonic features, and perhaps even 
elements of  plate tectonics 
!  Rifts up to 10,000 km long 
!  Mechanisms for initiation of  subduction? (see poster) 
!  ‘Hotspots’ 

!  HIGH T: provides an analog to early Earth? 
!  Lithosphere is hot 
!  Mantle is likely hot as well 



Focus: Why doesn’t Venus have 
Plate Tectonics? 

!  Plate tectonics occurs when the mantle convects 
vigorously enough to break the lithosphere 
!  What is the rheology of  the lithosphere? How vigorous 

is conection? 
!  Composition, Volatiles, Strain rate, Heat flow, Viscosity 

!  “Venus lacks plate tectonics because it is too dry” 
!  Lithosphere too strong to break 
!  Mantle lacks a low viscosity zone 

!  But, what do we know and how do we know it?  
!  “Knowns”, Unknowns 



Convection Schematic 

(Thermal) plumes require a thermal boundary layer 



The Elastic (Brittle) Lithosphere 

Deformation is a function of  composition, 
volatile content, temperature, and strain rate  



The Elastic (Brittle) Lithosphere 

Stain rate effect similar 
to T, volatiles 

Little constraint on  
strain rate 

Somerville Crater,  
37 km diam 



Thermal Lithosphere 

Volcanism is a function of  T and volatile content 



Data & Geologic Overview 
Data:  

!  Magellan Mission: Early 1990s 
!  Topo (12-25 km footprint, 10-1000+ m vertical accuracy) 
!  Synthetic Aperture Radar Imaging (~125 m pixel) 
!  Gravity (Deg. & Order 40-90, ~500-250 km) 

!  Venus Express: 2005-2015 
!  Surface emissivity, derived from surface brightness 

Main Geologic Features 
!  Tessera Plateaus (highly deformed, isostatically compensated) 

!  Analogs to continents? – see Gilmore 
!  Chasmata  (Troughs with fractures), Ridge belts 

!  Rifts– see Herrick 
!  Volcanism  

!  ~80% of  surface volcanic plains – see Mouginis-Mark 
!  Hotspots (analogs to Hawaii, etc) 
!  Coronae (smaller scale upwelling, delamination, combo) 
!  Subduction? (analogs to ocean-ocean subduction – see poster) 



!  (Rifts) 
!  Tessera 

Plateaus 

!  Hotspots 
!  Coronae  

 



“Knowns” 
1.  Avg. resurfacing age is 0.3-1.0 b.y. 

2.  No ‘terrestrial style” plate tectonics 

3.  Crust is dominantly basaltic, avg. thickness ~ 
10-50 km 

4.  Earthlike elastic thicknesses: 5-45 km where 
measured 

5.  There is little surface erosion 

6.  Core may be liquid, diam. ~3120 km (Konopliv & 
Yoder, 1996) 

7. There are ~10 active mantle plumes 



K1. Average resurfacing age is 0.3-1.0 b.y. 

Phillips et al., 1992 

•  Distribution of  
craters cannot be 
distinguished 
from a random 
one 

•  Apparently few 
craters modified 

•  (A majority of  
studies finds no 
compelling 
evidence for 
catastrophic 
resurfacing..) 



K2: No ‘terrestrial 
style” plate 
tectonics 

 

No Interconnected Plate Boundaries 
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Soviet era: Venera 13 

•  Soviet landers (1970s) had x-ray fluorescence and gamma-ray 
spectrometers. 

•  Basalts to alkaline basalts identified in 7 locations. 
•  Layers in most sites: aeolian deposits? Weathering horizons? 

Platey lava flows? 

K3. Crust is dominantly basaltic.. 



Venus - Gravity 
!  Gravity and topography are 

more highly correlated 
than on Earth 

!  Highlands: 
!  Shallow compensation: 

isostatically compensated 
plateaus 

!  Deep compensation: large 
volcanic rises or ‘hotspots’ 

!  Geoid to Topography ratios 
for hotspots are much 
larger than on Earth> No 
low viscosity zone 

Wieczorek 2007 



K3 Avg. crustal thickness: 10-50 km  
 

From gravity and topography modeling-  James et al., 2013 

Phillips [1998], and is defined to have a value of 0.5 at the
critical degree lc such that

lWl ¼ 1þ 2l þ 1ð Þ2

2lc þ 1ð Þ2
R
RW

! "2 l%lcð Þ
" #%1

: (26)

[45] We use lc = 70 for our crustal thickness solution.
A similar filter is used for mapping the mantle load Ψ, with
lc = 40.
[46] Crustal thickness is plotted in Figure 10 and the man-

tle load is plotted in Figure 11; these plots emphasize crustal
plateaus and volcanic rises, respectively. The addition of
bottom-loaded flexure does not appreciably change the mag-
nitude of crustal thickness, but finite amplitude corrections
changed the calculated crustal thicknesses by as much as 6
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Figure 10. Crustal thickness map (in km) for a mean crustal thickness of 15 km and a mantle load depth
of 250 km. Contour spacing is 5 km.

Table 4. Parameter Values for the Two-Layered Inversion

Parameter Value

Crustal density, rc 2800 kg m% 3

Crust-mantle density contrast, Δr 500 kg m% 3

Mean crustal thickness, R%RW 15 km
Mantle mass sheet depth, R%RΨ 250 km
Effective elastic thickness, Te 20 km
Poisson’s ratio, n 0.25
Young’s modulus, E 60 GPa
Core-mantle density contrast, Δrcore 3000 kg m% 3
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Figure 11. Mantle load distribution (in units of kg m% 3) for a mean crustal thickness of 15 km and a
mantle load depth of 250 km. Warm colors indicate a mass deficit in the mantle and positive buoyancy;
cool colors indicate mass excess and negative buoyancy. Contour spacing is 2& 106 kg m% 2.
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Deep Compensation 

Phillips [1998], and is defined to have a value of 0.5 at the
critical degree lc such that

lWl ¼ 1þ 2l þ 1ð Þ2

2lc þ 1ð Þ2
R
RW

! "2 l%lcð Þ
" #%1

: (26)

[45] We use lc = 70 for our crustal thickness solution.
A similar filter is used for mapping the mantle load Ψ, with
lc = 40.
[46] Crustal thickness is plotted in Figure 10 and the man-

tle load is plotted in Figure 11; these plots emphasize crustal
plateaus and volcanic rises, respectively. The addition of
bottom-loaded flexure does not appreciably change the mag-
nitude of crustal thickness, but finite amplitude corrections
changed the calculated crustal thicknesses by as much as 6
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Crust-mantle density contrast, Δr 500 kg m% 3
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Effective elastic thickness, Te 20 km
Poisson’s ratio, n 0.25
Young’s modulus, E 60 GPa
Core-mantle density contrast, Δrcore 3000 kg m% 3
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From gravity and topography modeling-  James et al., 2013 



K4: Elastic thicknesses: 5-45 km 

From gravity and topography modeling-  Anderson and Smrekar, 2006 



Flexural bending provides estimates of  elastic 
thickness in numerous environments 

Sandwell and Schubert, 1992 

South Sandwich Trench 

Latona Corona 



K5. There is little surface erosion 
!  Dunes and wind streaks are rare.. 

dunes? 

wind streaks 



K7. There are ~10 active mantle plumes 

    Type 1 Coronae    + Type 2 Coronae        Flow fields!
    N. Hemisphere Hotspots        S. Hemisphere Hotspots!

~ 500 Coronae 

~10 
Hotspots 



“Hotspots” –Large volcanic rises 
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Hotspot: W. Eistala Regio 
!  Diam. 1000-2500 km 

!  Broad topo. rises 

!  Large positive gravity 
anomalies 

!  Abundant volcanism  

!  Some have rifts 



New Data: Surface Emissivity (1.02 µm) 

!  Derived from VIRTIS 
spectrometer observations  

!  Emissivity is retrieved from 
surface brightness by 
correcting for stray light, 
viewing geometry, cloud 
opacity, and elevation 

!  1µm coincides w/the FeO 
absorbtion band, and is a 
function of  mafic mineral 
content (and grainsize) 

!  Low/high e means low/high 
FeO 

!  Geologic correlations: low 
emissivity w/most tesserae; 
high emissivity with some 
volcanic flows.  Mueller et al., 2008;  

Helbert et al., 2008 

Tessera: 
Alpha 
Regio 
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High Emissivity Anomalies 
Topography & Radar 

Emissivity (topo from Rappaport et al., 1999; mean emissivity set to 0.58)  



25"

Evidence for Recent Volcanism  
!  Δe due to primary compositional differences, or differential weathering? 

!  Compositional differences requires very high Mg, Ti, or Fe.  
Possible, but would still weather.. 

!  Preferred interpretation: Weathered (avg. e) vs. unweathered 
basalt (high e) 
!  Predicted weathering products include calcite, quartz, dolomite, 

hematite and anhydrite, all with lower emissivity relative to mafic 
minerals in basalt. 

!  Note: Δe due to active flows is highly unlikely due to 
averaging of data over 1.5 years. 

!  Using estimated volumes of volcanism, the range of available 
estimates of resurfacing gives an age range of 2.5-2500 k.y. 
!  Laboratory experiments suggest they are very recent 
 



Supporting Evidence 
!  Context: 

!  Gravity data implies mantle plumes 

!  Anomalies are associated with stratigraphically young 
flows 

!  Atmospheric sulfur increased substantially during 
the Venus Express mission (Marq et al. 2012) 
!  Interpreted as volcanic or climatic 

!  Sulfuric acid/water clouds require outgassing of  S 
in the last 20-50 m.y. (Bullock and Grinspoon, 
2001) 



Implications of  Recent Volcanism -1 
!  All hotspots (N & S) presumed active 

!  Presumed to come from the core-mantle-boundary 
!  Implies thermal boundary layer and heat loss from core 

!  So.. Why no magnetic field?  
!  Contradicts theories that require subduction to produce 

upwelling from the core 

!  Multiple scales of  upwellings..  Implications for the 
interior? 



The Terrestrial Plume Debate 

!  The study of plumes has undergone 
a paradigm shift in the last ~15 yr, 
from all volcanism related to plumes 
to no plumes at all… 

!  Courtillot et al. (2003) suggested a 
model with three depths of plume 
origin:  
!  Deep or core-mantle 

boundary plumes (~10) 
!  Intermediate or secondary 

plumes that originate at the 
base of the upper mantle 

!  Shallow or tertiary plumes 
that originate in the 
lithosphere.  



Venus a la Courtillot 

 
Stofan, E.R., and S.E. Smrekar, Large topographic rises, coronae, large flow fields  
and large volcanoes on Venus: Evidence for mantle plumes?  In Plates, Plumes, and Paradigms, eds. G.R. 
Foulger, J.H. Natland, D.C. Presnall, and D.L. Anderson, Geol. Soc. Am. Special  Vol. 388, pp. 861, 2005. 

 

Imdr Regio 

Dione Regio Themis Regio 

Mylitta Fluctus 

Note: upper mantle not to scale 



“Unknowns” 
!  Is there evolved (Si-rich) crust? Are the tesserae 

“continents”? 
!  Implications for planetary evolution & habitability 

!  Was there a global resurfacing event? Was there 
past or episodic plate tectonics? 
!  Motivation for episodic plate tectonic models 

!  How is the interior coupled to the lithosphere 
!  Formation mechanisms for key tectonic features 

(tesserae, rifts) 

!  What is the interior volatile content?  



U1. Coupling 
of  convection 
& lithosphere? 



Coronae: Volcano-Tectonic Features 
!  Circular to semi-circular 

fracture annulae, some w/ 
radial fractures 

!  All have volcanism 

!  Highly variable topographic 
shape 

!  ~500 globally, 1/3 at rifts 

!  Majority occur in association 
with rifts 

!  Diam: ~75-2600 km;  Mean: 
~250 km 

!  Formation: small upwelling 
plumes?  Downwelling? 
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Nalwomga Corona 
Diam. 380 km 
Concentric fractures 
Topographic depression  



Coronae Topographic Classifications 
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Atete (500 km) 

Yavine (300 km) Smrekar and Stofan, 1997 

(groups 1 and 2 and some in group 3; about
25% of coronae). Koch and Manga (15)
modeled the formation of a depression with
an outer rim (group 4; 25% of coronae),
where the depression forms as the rising
thermal upwelling spreads out beneath the
lithosphere. However, the models above

predict only domes (10, 11, 13, 14), sim-
plify the thermal and viscosity structure
such that surface deformation may be over-
estimated (15), or require topographic re-
laxation of an initial steep plateau (10, 12).
The shapes not predicted by previous mod-
els and the lack of evidence for a plateau

stage at many coronae necessitate other
explanations for corona formation.

The annuli of coronae are also more
complex than previously thought. First ob-
servations of coronae indicated that the
annulus was composed of concentric com-
pressional ridges (16, 17); later studies with
Magellan data indicated that ridges are
present, but extensional graben are more
common (6, 8). Recent mapping studies
indicate that some coronae may go through
multiple stages of annulus formation (17).
At several coronae, the topographic rim
and the tectonic annulus do not coincide.
At Idem Kuva Corona (Fig. 1), which be-
longs to group 3a, the older annulus seg-
ment lies outside the deformed, upraised
rim (17). This annulus location and multi-
ple phases of annulus formation are not
predicted by prior models (10–15).

Coronae are not uniformly distributed
on Venus (6, 18). They occur at hot spots
(21%), along major rift zones (chasmata) or
minor fracture belts (68%), and as relatively
isolated features in the plains (11%) (7).
Chasmata coronae generally formed coinci-
dent with extensional deformation (7, 19).
The deep troughs around some coronae as-
sociated with chasmata have been inter-
preted as evidence for subduction (9, 20).
Schubert and Sandwell (9) proposed that
chasmata originate at the thinned litho-
sphere near hot spots; propagation of the
rift into the cooler, thicker plains litho-
sphere results in foundering and subduction.
They explain the circularity of coronae to
be a coincidence of oppositely subducting
arc segments and suggest that chasmata co-
ronae have a fundamentally different origin
than other coronae. However, coronae oc-
cur all along chasmata, including quite near
and on hot spots, portions of the annular
moats of chasmata coronae are not located
along the chasmata, most coronae along
chasmata are not surrounded by deep
troughs, and all coronae are nearly circular.
Also, some coronae in the plains and at hot
spots are surrounded by deep annular moats.
This, combined with the continuity of frac-
tures across alleged subduction zones (21),
suggests that an alternative explanation for
trough formation should be sought.

If coronae formed by different mecha-
nisms, one might expect distinct correla-
tions between annulus shape, topography,
and geologic setting (22). The only corre-
lation between annulus shape and topogra-
phy is that depressions with or without rims
(groups 4 and 8) are almost exclusively
concentric features. However, all other to-
pographic groups also contain concentric
coronae. In addition, no strong correlation
exists between the annulus shape classes
and geologic setting. The exception is the
radial/concentric class, found only along

Fig. 1. Perspective im-
age of Idem Kuva Coro-
na, diameter 280 km.
This corona has a raised
rim and an inner dome-
like structure and is the
source of several long
lava flows. The main por-
tion of the fracture annu-
lus lies along an elevated
outer rim. A portion of an
older, flooded annulus
can be seen in the fore-
ground (middle right),
outside the current topo-
graphic rim. This image
was produced by com-
bining the Magellan radar
image and altimetric
data; the vertical exag-
geration is 10�. The false
color is based on images
of the surface returned by
Venera landers.

Table 1. Topographic groups. Vertical tick marks on topographic profiles indicate the typical location of
annuli for each group.
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Subduction Zones on Venus? 
!  Many large coronae proposed to be subduction sites. 
!  Delamination proposed to form some coronae. 

Artemis 

Latona & Dali/Diana 

Quetzelpetlatl 

Sandwell and Schubert, 1995  



U2. Is Venus’ Interior Wet or Dry? 

!  Atmospheric water ~30 ppm 
!  Does outgassing continue? Water, sulfur have to be 

resupplied, but at poorly constrained rates 

!  Tectonic deformation studies yield Earthlike Te 
!  Could imply: low strain rate, thin crust, or dry interior 

!  No Low Viscosity Zone > dry ? 
!  Inferred from very large Geoid-to-Topography Ratios at 

hotspots… 

!  Ar Isotopes – indicates Venus is about 25% degassed > 
wet  (Earth more like 50% degassed) –see O’Rourke 
!  Contradicts the dry Venus idea..? 
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Comparison to Earth 
VENUSIAN HIGHLANDS: GEOID TO TOPOGRAPHY RATIOS

The validity of this method of GTR estimation
is confirmed by comparing the results to those
from a study [17] in which we formally inverted
the LOS gravity data over a region containing
Bell and Tellus Regiones in order to estimate a
surface density distribution (approximated by
point masses). From the surface density, the geoid
is directly calculated and used to obtain the GTR
by a linear regression of geoid against the topog-
raphy. This time-consuming approach allowed for
a more accurate estimation of the ADC and GTR
as it incorporated information from orbits over
the entire region rather than looking at a single
orbit, and also allowed for a variety of ap-
proaches to modeling the data. The agreement in
estimated GTR between the two studies for Bell
Regio is excellent. The GTR estimated in this
study is 21.2 + 5.8 m/km and is 20 + 0.3 in/km
in Smrekar and Phillips [17]. The GTR found for
Tellus in this study is 10.5 + 5.6 in/km and is
4.8 ± 0.24 m/km in Smrekar and Phillips [17].
Although these values do not agree as well, Tel-
lus represents an unusual case: a negative re-
gional signal had to be filtered out in Srnrekar
and Phillips [17] to obtain a well-constrained,
though subjective (based on choice of high pass
filter cutoff), GTR estimate.

3. Results

In this section, the estimated GTRs are com-
pared to terrestrial values and interpreted in
terms of Airy, thermal and dynamic compensa-
tion models. Flexural models are not considered
because, given the long wavelengths resolved at
spacecraft altitude and reasonable estimates of
the elastic lithosphere thickness [e.g. 26, 27], the
LOS gravity data are insensitive to a flexural
signal [17].

3.1 GTR as a function of size and comparison to
terrestrial values
Two recent studies produced GTRs for a large

number of oceanic features. Sandwell and Mac-
Kenzie [9] calculate GTRs for 53 terrestrial topo-
graphic highs associated with oceanic mid-plate
hot spots, swells and plateaus. The topography
and gravity data are band-pass filtered to include
only wavelengths in the 400-4000 km range [9],
similar to those in our study. The largest topo-
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Fig. 4. Estimated GTR versus maximum topographic height.
Asterisks indicate Venusian highland features; triangles indi-

cate terrestrial oceanic swells, hot spots and plateaus [9].

graphic grid considered in this study is 3500 km
across, and the smallest wavelength detectable in
the gravity data at periapsis is approximately 500
km. In another study, Cazenave et al. [12] found a
similar GTR range for 28 mid-plate swells,
troughs and aseismic plateaus, although they pro-
cess their data somewhat differently. Data in
Cazenave et al. [12] have been corrected for the
effects of sediment loading and cooling of the
oceanic plate, and thus presumably reflect pri-
marily the effects of hot spot activity. Cazenave et
al. [12] also remove high amplitude topography
before calculating GTRs in an attempt to miti-
gate the effects of volcanic construction. As will
be discussed below in detail, upward continuation
of the topography to spacecraft altitude in this
study has a similar effect.

Figure 4 shows estimated GTRs for Venus and
terrestrial oceanic features [9] as a function of
topographic height. Estimated GTRs for Venu-
sian highland features are much larger (up to a
factor of 5 greater) than those for terrestrial
oceanic hot spots. The lack of oceans on Venus
contributes to this difference. If the oceans were
removed from the terrestrial features the density
contrast between the mantle density, Pm, and the
material at the surface would increase by a factor
of pm/(pm - p.), where p, is the density of
water. For typical density values, this factor would
increase the GTR by - 1.5, giving an adjusted
range of - 1.5 to 7.5 m/km. Even if this adjust-
ment were made, only one Venusian feature,
Ulfrun Regio, would fall in the terrestrial range.

* Beta

* Asteria * Nokomis * AtIa
*Bell

*Sappho

*Tei ul * Thetis
*Phoebe
*Ulfrun

Terdrsri O Fe4 c a

Terrestrial Oceanic Features

Smrekar and Phillips, EPSL, 1991 

!  Low Viscosity 
Zone under 
oceanic crust 
decouples the 
lithosphere from 
the plume, 
reducing dynamic 
uplift 

!  But is this the 
right comparison? 
!  No moving 

plates, so as 
melt products 
build up, a LVZ 
could be 
displaced 
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The validity of this method of GTR estimation
is confirmed by comparing the results to those
from a study [17] in which we formally inverted
the LOS gravity data over a region containing
Bell and Tellus Regiones in order to estimate a
surface density distribution (approximated by
point masses). From the surface density, the geoid
is directly calculated and used to obtain the GTR
by a linear regression of geoid against the topog-
raphy. This time-consuming approach allowed for
a more accurate estimation of the ADC and GTR
as it incorporated information from orbits over
the entire region rather than looking at a single
orbit, and also allowed for a variety of ap-
proaches to modeling the data. The agreement in
estimated GTR between the two studies for Bell
Regio is excellent. The GTR estimated in this
study is 21.2 + 5.8 m/km and is 20 + 0.3 in/km
in Smrekar and Phillips [17]. The GTR found for
Tellus in this study is 10.5 + 5.6 in/km and is
4.8 ± 0.24 m/km in Smrekar and Phillips [17].
Although these values do not agree as well, Tel-
lus represents an unusual case: a negative re-
gional signal had to be filtered out in Srnrekar
and Phillips [17] to obtain a well-constrained,
though subjective (based on choice of high pass
filter cutoff), GTR estimate.

3. Results

In this section, the estimated GTRs are com-
pared to terrestrial values and interpreted in
terms of Airy, thermal and dynamic compensa-
tion models. Flexural models are not considered
because, given the long wavelengths resolved at
spacecraft altitude and reasonable estimates of
the elastic lithosphere thickness [e.g. 26, 27], the
LOS gravity data are insensitive to a flexural
signal [17].

3.1 GTR as a function of size and comparison to
terrestrial values
Two recent studies produced GTRs for a large

number of oceanic features. Sandwell and Mac-
Kenzie [9] calculate GTRs for 53 terrestrial topo-
graphic highs associated with oceanic mid-plate
hot spots, swells and plateaus. The topography
and gravity data are band-pass filtered to include
only wavelengths in the 400-4000 km range [9],
similar to those in our study. The largest topo-
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graphic grid considered in this study is 3500 km
across, and the smallest wavelength detectable in
the gravity data at periapsis is approximately 500
km. In another study, Cazenave et al. [12] found a
similar GTR range for 28 mid-plate swells,
troughs and aseismic plateaus, although they pro-
cess their data somewhat differently. Data in
Cazenave et al. [12] have been corrected for the
effects of sediment loading and cooling of the
oceanic plate, and thus presumably reflect pri-
marily the effects of hot spot activity. Cazenave et
al. [12] also remove high amplitude topography
before calculating GTRs in an attempt to miti-
gate the effects of volcanic construction. As will
be discussed below in detail, upward continuation
of the topography to spacecraft altitude in this
study has a similar effect.

Figure 4 shows estimated GTRs for Venus and
terrestrial oceanic features [9] as a function of
topographic height. Estimated GTRs for Venu-
sian highland features are much larger (up to a
factor of 5 greater) than those for terrestrial
oceanic hot spots. The lack of oceans on Venus
contributes to this difference. If the oceans were
removed from the terrestrial features the density
contrast between the mantle density, Pm, and the
material at the surface would increase by a factor
of pm/(pm - p.), where p, is the density of
water. For typical density values, this factor would
increase the GTR by - 1.5, giving an adjusted
range of - 1.5 to 7.5 m/km. Even if this adjust-
ment were made, only one Venusian feature,
Ulfrun Regio, would fall in the terrestrial range.
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!  Low Viscosity 
Zone under 
oceanic crust 
decouples the 
lithosphere from 
the plume, 
reducing dynamic 
uplift 

!  But is this the 
right comparison? 
!  No moving 

plates, so as 
melt products 
build up, a LVZ 
could be 
displaced 



!

Implications,for,Volatiles,in,the,Interior,

•  Currently volcanism ,appears> to occur primarily at hotspots 

•  Did pervasive melting create the plains and dry the upper mantle? 

•  The upper mantle is ~25% of  the mantle volume, equal to the 
amount of  Ar lost 

37,

•  If  the upper mantle is degassed, this may 
require somewhat wet material from the  
lower mantle to produce melting 



Questions for Venus?  
Tectonics:  

!  How do key tectonic features (tesserae, rifts) form? 

!  Are there elements of plate tectonics? 
!  Subduction, spreading centers, strike-slip zones? 

!  Did Venus have plate tectonics, is it episodic? 

!  What are the key parameters that permit plate tectonics 
initiation and perpetuation?  Volatiles, temp., strain rate? 

Interior:  

!  How vigorous is convection? How does it couple to the surface? 

!  How wet is the interior?  

!  What is the role of other key variables (phase transitions, heat 
producing elements, heat flow from the core, plumes)? 


