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VENUS TECTONICS: ON THE RELATIONSHIP OF [SOSTATIC
TOPOGRAPHY TO THE WAVELENGTHS OF SURFACE DEFORMATIONAL FEATURES;
M.T. Zuber, Geocdynamics Branch, NASA/Goddard Space Fllight Center,
Greenbelt, MD 20771, and E.M. Parmentier, Dept. of Geological
Sciences, Box 1846, Brown University, Providence, RI 02812.

The spatial distribution and structural characteristics of
tectonic surface features on Venus provide a basis for
understanding the thermal, mechanical, and compositlional
structure of the |ithosphere. Tectonic features in many areas of
the surface consist of sub-parallel |ineations [1-4]1 which
exhibit well-defined wavelengths [5-7]. Continuum deformation
modeis suggest that these features formed in response to unstable
horizontal! extensl!on or compression of the |lthosphere, and that
the wavelengths are controlled mainly by the depth distribution
of lithospheric strength [5,6]. Surface features that exhibit two
wavelengths indicate that the |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 l|lower
crust. Features that exhlblt a single, short wavelength (10-20
km) spacing may be explained by a |ithosphere which contains a
thick crust overlying a weak mantie.

The |lthospheric strength stratification Is sensitive to
crustai thickness and vertical thermal gradient. Surface
topography, which Is also related to the crustal thlickness and
temperature, may provide an Iimportant observational constraint on
the |ithospheric structure. A high thermal gradient and/or a
thick crust, both of which correspond to a high Isostatic surface
elevation [8], will reduce the strength and thickness of the
strong upper mantle layer. A low thermal gradient and/or thin
crust, which correspond to a low surface elevation, will reduce
the thickness of the weak lower crustal layer.

To investigate the relationshlips between crustal thickness,
thermal gradlent, and topographic elevation on Venus, we consider
two simpie |llthospheric thermal structures. The first is a
translient cooling halfspace In which the surface thermal gradient
is defined on the basls of the characteristic depth of the
temperature distribution. The second is a conducting steady state
thermal boundary layer which contalns a crust with radiogenic

heat-producing elements. In the l|atter case the |ithosphere is
underlain by a convecting asthenocsphere that supplies a constant
heat flux to the base of the Iithosphere. Figure 1 shows the

Isostatic elevation 4 as a function of crustal thlckness c for a
range of surface thermal gradients for the coollng halfspace
mode!l . Note that surface topography Is more sensitive to crustal
thickness than to thermal gradient, and that observable
differences in Isostatic topography may indicate significant
crustal thlickness varliations.

The dominant wavelengths of tectonic features, whlch are
controlied by the |ithospherlc strength stratification, should
also vary with crustal thickness. Figure 2 illustrates this
relationshlp for an unstably extending Venus |ithosphere. For
small crustal thicknesses, elther two or three dominant
wavelengths are expected, depending on whether the upper mantle
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layer |Is viscous (deforming malnly by creep) or plastic
(deforming mainly by faulting). For larger crustal thicknesses a
single wavelength of four times the upper crustal layer thickness
Is predicted for both models. Figure 2 was constructed wlthout
regard to the amplitude of the growth rate associated with a
glven dominant wavelength. However, [f multiple dominant
wavelengths develop, the dominant growth rates should be of
comparable magnltudes. This additlonal constralint may result In
limits on the range of |ithosphere rheoclogles which can produce
multiple wavelengths of deformatlion.

Dominant wavelengths and surface topography are measurable
quantities on Venus. Flgures 1 and 2 illustrate that these
quantitles should be correlated, and that the relatlionship
between them would provide constraints on Venus’ crustal
thickness and |lthospheric structure.
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Filgure 1. |sostatic elevation d vs. crustal thlckness ¢ for the
cool Ing Talfspaca model for surface thermal gradients of 12 and
22 K km™'. The calculations assume Tg,rface=790 K, Thant/e=1350

K, Peruyst=3000 kg g_s, and 2 mant | g~3300 kglﬂ_q For a mantle heat
flux g,=74E-3 W m™“ and crustal heat production H=1.E-7 W m_s,
the steady state conductlion results are similar to those of the
coolling halfspace model for dT/dz, 20 K km™ !

Figure 2. Dominant wavelengths (Lg4/h;) and wavenumbers (kgy'=2nh ,/
Ly) vs. crustal thickness (c) for viscous and plastic upper
mantle layers for the Venus lithosphere In extenslion. Assumes
plastic (n;,=107) upper crust, and viscous (npo=nyg=3) lower crust
and mantle substrate, h,-5 km, and h;+ho+h3=25 km where h,, ho,

and h3 correspond to the upper crustal, lower crustal, and
upper mantle layer thicknesses,
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