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Free air gravity anomaly harmonic coefficients are now available to order and degree 90 [I]. The 
half wavelength resolution at this order is approximately 210 km, allowing determination of the dominant 
gravity signature of most coronae and related features. We have examined the signatures of the seventeen 
Radial features identified by Stofan et a/ .  [2], which we test a s  representatives of the initial stage of corona 
formation given by Squyres e t  al. [3], namely diapiric uplift and the production of radially fractured domes. 
Furthermore, we have examined the seventeen Radial/Concentric features listed by Stofan et  al. [2], as 
well as ten additional features which we have identified as also falling into this class, and test them as 
representatives of the middle stage of corona formation, namely diapir flattening and plateau formation. 
We compare the observed gravity anomalies with predictions of the gravity determined from the subsurface 
structure models thought to be responsible for each stage of corona evolutionary surface expressions. 

G r a v i t y  Mode l ing :  

Our gravitational model follows a derivation similar to that of Turtle and Melosh [4] for the gravita- 
tional potential of a ring mass anomaly. The vertical component of the gravitational acceleration due to the 
ring is given by: 

where, G is the gravitational constant, M is the mass of the ring, a is the radius of the ring, and R and z 
are the radius and height, respectively, of the point at  which the gravity is calculated. E [  ] represents a 
complete elliptic integral of the second kind. We treat the corona structure as axially symmetric, dividing 
it into rings, and determine the gravity anomaly due to each ring by solving the above equation numerically 
following Press et  al. [5]. We then sum the contributions of the individual rings over the entire structure. 
This process was repeated at increasing radii (R) to generate the radial profile of the gravitational anomaly. 
For the purpose of comparison to the gravity data, we carried out the calculations at the elevation of the 
surface topography. We find that when the point at  which the gravity is calculated is very close to  the ring 
itself, the result is very sensitive to the size of the ring. To minimize this effect (while keeping computation 
time short enough to be feasible) the ring size was varied throughout the structure. At depths below 1 km, 
rings 1 km high by 1 km wide (radially) were used, between 1 km and 100 m depth, rings 100 m high by 
100 m wide were used, and above a depth of 100 m the rings used were 10 m high by 100 m wide. 

E x a m p l e  

As an example of the results of our modeling we here present the the gravity expected due to litho- 
spheric uplift above a spherical, low-density diapir. Following the modeling of Janes et a1 [6], we modeled 
topographic profile for radially fractured domes as a gaussian shaped uplift and assumed that the base of 
crust follows the same profile. We varied four parameters, crustal thickness, diapir radius, diapir density, 
and the depth to the top of the diapir, over the range of plausible values given by Janes and Squyres [7]. 
Figure l a  shows our calculated gravity anomalies for three cases. The solid line is for a crustal thickness of 
1 km, and an 88 km radius diapir 40 km below the crust having a density contrast of 30 kg/m3 with the 
surrounding mantle. The long-dash line shows our results for a 12 km thick crust and an 82 km radius diapir 
having a density contrast of 30 kg/m3 impinging on the base of the crust. The short-dash line is a crustal 
thickness of 17 km, and a 63 km radius diapir having a density contrast of 60 kg/m3 with the surrounding 
mantle, also impinging on the base of the crust. Figure l b  shows the actual gravity signature for the corona 
Carpo, located at 37.3S, 3.OE. The main differences between the observed and predicted gravity profiles is 
that the observed profile is lower and broader than any of the model predictions. While one source of the 
differences is undoubtedly the resolution limits of the current harmonic solution, this is probably not the 
sole cause. 

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



606 LPS XXVII 

Fig. 1: a )  Free-air gravi ty  a n o m a l y  profiles derived for  various  choices of  m o d e l  parameters  (described i n  
t e x t )  o f  crustal  uplif t  over  a spherical  nant le  diapir  and b) Observed free-air gravi ty  along a NW-SE profile 
across  t h e  Rad ia l  feature, Carpo .  
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In fact many radially fractured domes show no distinct gravity anomaly. This may be due to  several 
factors. The primary source of the positive gravity anomaly is the raised topography which is counteracted by 
a negative anomaly due to the mass deficit of the diapir. If the uplift significantly lags behind the diapir rise 
then the actual anomaly will be smaller than predicted. Conversely, many of the Radial features show little 
topographic signature and may be 'failed' coronae which did not proceed to develop concentric fracturing, 
but which have nonetheless relaxed to equilibrium. 

Radial/Concentric features, on the other hand, are more consistent in showing strong positive gravity 
anomalies of approximately 50 mgal, and those that show the most tectonic and topographic development 
are the most likely to have these signatures. We take the Radial/Concentric class to  represent the mid-stage 
of corona development, when the diapir has flattened against the base of the lithosphere and is actively 
supporting the topography. This phase of corona evolution is expected to last several tens of Myr with only 
viscoelastic relaxation required to produce mature coronae. However, as the feature continues along this 
evolutionary pathway, relaxation produces a central, bowl-shaped depression and the volcanism associated 
with coronae would cover the central area of radial fracturing, removing the feature from this class. Thus, 
it is less probable that there would be 'failed' coronae falling within the Radial/Concentric class. 

Not surprisingly then, not all the features which exhibit the tectonic patterns associated with each 
stage of corona development demonstrate both or either of the topographic or gravitational signatures of 
that stage. If at any given stage the corona formation process may or ceases, the tectonic, topographic and 
gravitational signatures of that stage may have formed but they are not all as equally likely to  persist in the 
geologic record . Due to the lack of significant erosional processes on Venus, fractures formed during initial 
stages will persist even if the source of dynamic support is later withdrawn, leaving little topographic or 
gravitational evidence. However, we believe that we have identified several features in both the Radial and 
Radial/Concentric classes of coronae and related features which exhibit all three signatures which modeling 
of the 'standard model' predict for the initial uplift and diapir spreading stages of corona formation. The 
gravitational signatures of these features are well matched by our gravity modeling which is based on the 
subsurface structure predicted by the 'standard model'. 
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