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Gravity anomalies are important for exploring the interior 
structure and mass distribution within a planet. Orbiting sat- 
ellites indicate broad gravity anomaly patterns by the pertur- 
bations of their orbit paths. These patterns are usually ana- 
lyzed from sets of spherical harmonic coefficients calculated 
from orbit perturbation data. Spherical harmonic solutions for 
Venus to degree 7 and 10 have been determined [l, 2 ,  respect- 
ively]. These solutions provide nformation on the long wave- 
length portion of the gravity spectrum only. 

More detailed information on planetary gravity fields is 
~ontained in the D9pplar residual data from radio tracking of 
spacecraft. The acceleration (gravity) anomaly estimates deter- 
mined from the Doppler residuals are for components of the gra- 
vity field directed along the spacecraft-earth line-of-sight 
(LOS). The preparation of gravity anomaly maps, and analysis 
of the planetary gravity field, directly from the LOS data have 
been hampered by the fact that they are random mixtures of ver- 
tical, horizontal, and intermediate ~ompsnents of the accelera- 
tion vector depending upon where the xarth happened to have been 
at the time of the measurement; furthermore, they are at varying 
altitudes above the planet surface. 

We have solved this problem using harmonic spline method- 
ology which imposes a smoothness criterion to select a gravity 
model compatible with the LOS data. Some useful properties of 
this method are (1) any component of the gravity, vector p(r), 
can be calculated, (2) q(r) can be computed anywhere over tKe 
planet's surface, and the-resulting gravity model need not be 
restricted to the spacecraft's orbit height, thus maps at con- 
stant altitude can be made, (3) a direct calculation of the 
geoid can be made l~sing the same data inversion used in calcu- 
lating gravity, and (4) derivatives can be incorporated produc- 
ing explicit expressions for gravity gradients. Maps of geoid, 
gravity, and gravity gradients at spacecraft and at constant 
altitudes will be shown and discussed. The least squares fil- 
tering procedures originally applied to the Doppler data to ob- 
tain the LOS results reduce the true absolute amplitudes of the 
acceleration vectors [3]. This source of error is particularly 
conspicuous for the negative anomaly east of north of Beta 
Regio. We anticipate that when LOS data from several altitudes 
are available, this error may be estimated simultaneously with 
the gravity estimates. 

For Venus, the major geoid and gravity anomalies are coin- 
cident and coincide with the locations of positive topographic 
features. These anomalies at 300km altitude have significantly 
greater magnitude than corresponding anomalies for the earth. 
Another striking difference is that the major geoid anomalies 
on the earth do not coincide with locations of the earth's 
largest topographic features, including continents, whereas 
gravity anomalies of largest magnitude do occur at arc-trench 
systems and mountain ranges. These relations on the earth have 

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



Gravity F i e l d  o f  Venus 

Bowin, C .  e t  al. 

been explained [4] by mass anomalies in the core-mantle boundary 
region and lower mantle which contribute most significantly to 
geoid anomalies, and lithosphere mass anomalies which contri- 
bute most significantly to gravity anomalies. On Venus, major 
mass anomalies appear to be restricted to-near the surface of 
the planet. 

On earth, free-air gravity anomalies typically are within 
+75 - mgals of zero [5] indicating that the earth's surface fea- 
tures are generally in isostatic equilibrium. At 300 km altitude 
the range due to long-wavelength anomalies is typically +25 - mgal 
without a correlation to topographic height. On Venus, the 
range of gravity anomalies at 300km altitude is also typically 
+25 - mgal, but there is definite positive correlation of anoma- 
lies with topographic height. If the topography of Venus were 
simply sustained loads with assumed density of 2.7g/cm3 upon a 
strongcrust, then the expected anomaly for Aphrodite would be 
about ten times higher than observed, and over twice as high as 
observed for Beta Regio and Atla [6]. Thus the topography of 
Aphrodite is isostatically well compensated by mass variations 
at depth, and Beta Regio and Atla to a much lesser degree. Airy 
isostatic compensation implying a crustal thickness of 70 to 
80 km has been shown [71 to account for the Aphrodite anomaly. 
Beta Regio and Atla are inferred to be largely uncompensated, 
presently active volcanic loads upon Venus' thick crust. The 
substantially thicker crust on Venus, compared to the earth, 
explain its greater magnitude crustal gravity anomalies and the 
positive correlation of gravity anomaly with topographic 
height. 
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