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Introduction. We have tested the hypothesis that the topography of Bell Regio, Venus is 
supported by thermal isostasy in the lithosphere (e.g., 1). In this type of model, excess heat flux 
leads to increased temperature gradients, replacement of normal lithosphere with hot, low density 
material, and an increase in elevation to maintain isostatic balance. The model is tested using 
Pioneer Venus topography and gravity data to constrain the thinning of the lithosphere for a given 
reference thickness and temperature. 

Gravity Data. In order to put line-of-sight (LOS) gravity data into a convenient format 
for interior modeling, we have inverted the LOS data in a region bounded by 40- 100° E longitude 
and 15-500 N latitude for a point mass model. The solution was obtained by Singular Value 
Decomposition and the required partial derivatives were obtained using the ORBSIM program (2) 
within the Geophysical Data Facility at the Lunar and Planetary Institute. The 308 estimated point 
mass values were used to generate the vertical gravity component at 350 km altitude. 

Modeling. If the topography is supported entirely by thermal isostasy, then a model for 
the lower boundary of the lithosphere (z is positive downward) is given by: hL(x,y) = Lo - 
hT(x,y)pL/Ap, where Lo is the thickness of a reference lithosphere, hT(x,y) is surface 
topography, p~ is lithospheric density, and Ap is the density contrast of lithosphere and 
sub-lithosphere (= pL - pA). Here p~ = pA(l + aAT/2), where a is the coefficient of thermal 
expansion, and AT is the temperature change across the lithosphere (= TA - To ). The gravity 
signal, gp(x,y) from this model is the sum of contributions from hL and hT. In principle, gp(x,y) 
depends on both LO and AT. We calculated the gravity signal from hL and hT using a power 
series representation of the Green's function (3). However, the resolution of the gravity data is 
not sufficient to distinguish between the three dimensional surface of hL and a surface density 
product, Ap hL, at a depth Lo. In effect, a low density region of high heat flow which extends 
upward, thinning the lithosphere, can not be distinguished from a low density crustal root (Airy 
compensation). Thus the resulting apparent depth of compensation (ADC) can be interpreted in a 
variety of ways, and cannot be uniquely attributed to thermal isostasy. 

Results. The standard deviation of the isostatic anomaly for Bell Regio (defined as 
22-39 N latitude and 40-61° E longitude) was used to select the best ADC (Figure 1 .). The best 
fit for the entire region was for a depth of 120 km; 160 km gives a better fit for the southern 
"swell" (26-330 N latitude by 44-55O E longitude). As Figure 1 shows, the best depth of 
compensation varies considerably over the region. The depth shallows to the north, and 
increases to the south. The best fitting model, which has a standard deviation of -5 mgal, can 
account for only about 80% sf  the gravity signal, which has a maximum of -22 mgal. Most of 
the region appears over-compensated (areas with a positive isoatatic anomaly), implying that an 
additional compensation mechanism is also operating. Flexural support may not be very 
important, as the wavelengths of features that can be supported by Venus's mechanical 
lithosphere may be too small to contribute much to the observed gravity signal. Dynamic support 
will be considered below. 

Interpretation. If we interpret the ADC as Airy compensation, the low density crustal 
root extends down below a reference lithospheric thickness of 160 km. Pratt compensation, in 
the long wavelength approximation requires double this thickness. Even if we use the ADC of the 
entire region, 120 krn, rather than that for just the southern swell, this may be an improbably large 
thickness for Venus, even in comparison to liberal estimates of crustal thickness(4). 

If we interpret the ADC in terms of thermal isostasy, then the compensation is produced 
by a hot region which replaces the lower portion of the lithosphere. This implies a thermal 
lithosphere thicker than 160 krn in the southern portion, or 120 krn for the whole region. For 
thermal isostasy to produce the highest topography observed at Bell Regio, the relief on the 
sub-lithospheric boundary (the amount of thermal thinning) has to be over 100 km, for a AT of 
1OOOO K. 
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Either of these interpretations of the ADC require a thermal gradient of 6-8 OK/km in the 
reference lithosphere, outside of the root or the thermal thinning. These low values led us to 
consider the possibility of thermal isostasy in combination with dynamic support. These two 
effects are both likely to accompany a hot mantle "plume". The ADC can be then be interpreted as 
the mean depth, LC, of a hot, low density blob, (pA), overlain by a thermally-thinned lithosphere 
(see Figure 2). The reference lithosphere, Lo, which results from thermal boundary layer 
modeling is approximately 100 krn thick, with a AT between the surface and the bottom of the 
lithosphere of around 1000° K (5). This fixes the reference dT/dz at 10 O K b .  The AT from 
the thermal boundary layer model can be combined with an assumed density in the normal mantle 
(3.25 gJcm3) to fix the density of the lithosphere. A plausible average temperature contrast 
between the plume and the surrounding mantle is 300° K (6). This AT determines the density of 
the normal mantle. In the thermally-thinned region, the temperature we use to calculate density is 
the average of that at the base of the lithosphere and the temperature in the hot region. These 
density contrasts are used to determine the dimensions of a low density region, relative to the 
ADC, which compensates the maximum topography of Bell Regio. The 'plume' which supports 
the topography extends down 192 km below the ADC, and 90 krn above it. A reference 
lithosphere 100 km thick is thus thinned by 30 krn (the ADC is 60 km below the bottom of the 
reference lithosphere). 

Conclusions. Gravity modeling of Bell Regio cannot distinguish variations in crustal 
thickness (Airy compensation) from thermal thinning of the lithosphere. The fit of the isostatic 
anomaly further implies an additional compensation mechanism, and variable depths of 
compensation. The crustal thickness variation interpretation requires an average crustal thickness 
of 1 20- 160 km. The thermal thinning model requires a thermal lithosphere of 120- 160 krn which 
is locally thinned by up to 100 km. Both of these models require a reference thermal gradient of 
6-8 OK/km. A combination of thermal thinning and dynamic support requires less drastic thermal 
thinning, has a somewhat higher regional thermal gradient, and may be the most plausible 
interpretation of the gravity data 
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Figure 1. Schematic view of a hotspot region Figure 2. Isostatic anomaly (mgal) for an 
isostaticly supported by thermal thinning of ADC of 120 km. 
the lithosphere and a low density plume. 
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