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The spatial distribution and structural characteristics of 
tectonic surface features on Venus provide a basis for 
understanding the thermal, mechanical, and compositional 
structure of the lithosphere. Tectonic features in many areas of 
t h e  surface consist of sub-parailel lineations [I-41 which 
exhibit wel I-defined wavelengths [5-73, Continuum deformation 
ns~oleis suggest that these features formed in response to unstable 
h o r i z o n t a l  extension or compression of the lithosphere, and that 
the wavelengths are controlled mainly by the depth distribution 
of I!thospheric strength [5,61. Surface features that exhibit two 
wavelengths indicate that the l lthosphere contains two strong 
layers, which may correspond to the upper crust and upper mantle, 
separated by a weak layer which may correspond to the lower 
crust. Features that exhibit a slngle, short wavelength (10-20 
km) spacing may be explained by a lithosphere which contains a 
thick crust overlying a weak mantle. 

The Ilthospherlc strength stratification is sensitive to 
crustai t h i c k n e s s  and vertlcal thermal gradient. Surface 
topography, which is also related to the crustal thickness and 
temperature, may provide an important observational constraint on 
the I ithospherle structure. A high thermal gradient and/or a 
thick crust, both of  which correspond to a hlgh lsostatic surface 
elevation C81, will reduce the strength and thlckness of the 
strong upper mantle layer. A low thermal gradient and/or thin 
crust, which csrrespond to a low surface elevation, will reduce 
t h e  t h i c k n e s s  of the weak lower crustal layer. 

T o  investigate the relatlonshlps between crustal thlckness, 
thermal gradlent, and topographic elevation on Venus, we consider 
two simple llthospherlc tilerma1 structures. The first is a 
transient cooling halfspace In which the surface thermal gradient 
i s  defined on the basis of the characteristic depth of the 
temperature distribution. The second is a conducting steady state 
thermal boundary layer whleh contains a crust with radiogenic 
heat-produc!ng elements. In the latter case t h e  lithosphere is 
underlain by a convecting asthenosphere t h a t  supplles a constant 
h e a t  f l u x  to the base of the i lthosphere. Flgure 1 shows the 
isostatic elevation d as a function sf crustal thickness c for a 
range of surface thermal gradients for the cooling halfspace 
model. Note that surface topography Is more sensitive to crustal 
thickness than to thermal gradient, and that observable 
differences in lsostatic topography may indicate significant 
crustal thickness variations. 

The domlnant wavelengths of tectonlc features, whlch are 
contrslied by the llthospherlc strength stratlficatlon, should 
also vary with crustal tklckness. Figure 2 illustrates this 
relationship far an unstably extending Venus lithosphere. For 
small crustal thicknesses, either two or three dominant 
wavelengths are expected, depending on whether the upper mantle 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



VENUS TECTONICS 
Zuber, M . T .  and Parmen t ie r ,  E .M.  

LPSC X V I i I  i14! 

l aye r  I s  v l scous  (de fo rm ing  m a l n l y  by c reep )  o r  p l a s t i c  
(de forming m a i n l y  by faulting). For l a r g e r  c r u s t a l  th icknesses  a 
s i n g l e  wavelength o f  f o u r  t imes t h e  upper c r u s t a l  l aye r  th l ckness  
i s  p r e d i c t e d  f o r  b o t h  models. F l g u r e  2  was c o n s t r u c t e d  w i t h o u t  
r e g a r d  t o  t h e  amp1 l t u d e  o f  t h e  growth r a t e  a s s o c i a t e d  w i t h  a  
g l ven  dominant wavelength.  However, i f  m u l t i p l e  dominant 
wavelengths develop,  t h e  dominant growth r a t e s  shou ld  be o f  
comparable magni tudes.  T h i s  a d d i t i o n a l  c o n s t r a l n t  may r e s u l t  i n  
l i m i t s  on t h e  range o f  l i t h o s p h e r e  r h e o l o g i e s  which can produce 
m u l t i p l e  wavelengths o f  de fo rma t ion .  

Domlnant wavelengths and s u r f a c e  topography a r e  measurable 
q u a n t i t l e s  on Venus. F i g u r e s  1  and 2  I l l u s t r a t e  t h a t  these 
q u a n t i t i e s  shou ld  be c o r r e l a t e d ,  and t h a t  t h e  r e l a t i o n s h i p  
between them would p r o v i d e  c o n s t r a i n t s  on Venus' c r u s t a l  
t h l ckness  and l i t h o s p h e r i c  s t r u c t u r e .  
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F i g u r e  1 .  I s o s t a t i c  e l e v a t i o n  d vs .  c r u s t a l  t h i c k n e s s  c f o r  t h e  
c o o l i n g  h a i f s p a c e  model f o r  s u r f a c e  thermal g r a d i e n t s  o f  12 and 
22 K  km-I . The ca l  cu  l  a t  I  ons assume Tsurface= 700 K ,  Tmantle-1350 

3  K, ~ ~ ~ ~ ~ ~ ~ - 3 0 0 0  kg  rn- , and ~ ~ ~ ~ ~ ~ 8 3 3 0 0  kg  m-3. For a  man t le  heat  
f  I  ux qm=74E-3 W m-2 and c r u s t a  l  heat  p roduc t  l  on H-1 . E-7 W m-3, 
t h e  s teady  s t a t e  conduc t i on  r e s u l t s  a r e  s i m i l a r  t o  those o f  t h e  
coo l  I  ng ha l  f  space model f o r  dT/dzo 20 K km-I . 
F i g u r e  2 .  Dominant wavelengths (Ld/hl) and wavenumbers (kd1=2.nhl/ 
Ld) V S .  c r u s t a l  t h l c k n e s s  ( c )  f o r  v i scous  and p l a s t i c  upper 
man t le  l a y e r s  f o r  t h e  Venus l i t h o s p h e r e  I n  e x t e n s i o n .  Assumes 

4  p l a s t i c  (nl-10 ) upper c r u s t ,  and v l scous  (n2-n4-3) lower c r u s t  
and mant le  s u b s t r a t e ,  hl=5 km, and hl+h2+h3-25 km where hl, hp, 
and hg correspond t o  t h e  upper c r u s t a l ,  lower c r u s t a l ,  and 
upper man t le  l a y e r  th i cknesses .  
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