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Gravity Anomalies on Venus and their Relation to Geologic Structures. D. A. Senske and J. W. Head, Department 
of Geological Sciences, Brown University, Providence, RI 02912. 

m- Variations in the Venus gravity field expressed as line-of-sight (LOS) accelerations of the orbiting 
Pioneer Venus spacecraft have been mapped in the equatorial region of the planet (1). These data cover a region from 
30" S to 55' N in latitude and 0" to 360' in longitude and have a resolution of 300 km to 1000 km. Gravity anomaly 
maps produced from this data set (1, 2) can be analyzed in terms of the stn~cture and amplitude of individual anomalies or 
classes of anomalies, and these can then be correlated with topographic and geologic data in order to understand the 
origin of the different classes of gravity anomalies. In this study, we have made an assessment of positive gravity 
anomalies, subdividing them into three general classes on the basis of areal distribution, relative amplitude of 
anomalies, and strucmre of anomalies. We first describe the classification scheme, and then examine the associated 
geologic features of each class. Finally, we use the anomalies along with other gwlogic information to assess models 
to explain structures found in the different classes. 

In order to make useful geologic interpretations from the LOS data, effects on the data due to changes in spacecraft 
altitude along wit11 variations in LOS viewing geometry must be considered. Since the orbit of the P-V spacecraft is 
ellipitical, the altitude over which LOS acceleration observations are made varies from 150 km at periapsis. 15' N, to 
800 km at 50' N and 20" S (1). Due to this variability in spacecraft altitude the magnitude of a gravity anomaly for a 
given mass excess may be less at high latitudes where the spacecraft is highest in its orbit than for a comparable mass 
at low latitudes when the spacecraft is near periapsis (3). The most useful data from which geologic interpretations can 
be made falls in a region from 10" S to 40" N. Due to the varying altitude of the spacecraft and the changing geometry 
of the LOS direction with respect to a surface mass, anomalies are often not aligned with surface features (2) when the 
data is overlayed with topographic data. This displacement can be on the order of several degrees or more with the 
anomaly commonly displaced toward periapsis. 

Classification- 1) Sub-circular anomalies are characterized by the highest gravity values on the planet (+73 to +64 
mgal), a "bulls-eye" structure, and a wavelength on the order of 3600 km (4). The two major anomalies (Beta Regio and 
Atla Regio) are located in the area (15" S to 40" N and 180" and 300') and correlate with topographically-high, rifted 
domal structures. Each structure occurs at the focus or junction of at least three chasmata (5) and has individual peaks 
associated with the domal rise (Beta Regio: Theia Mons and Rhea Mons (6); Atla Regio: Ozza Mons and Maat Mons). 
These peaks are interpreted to be of volcanic origin. 

2) Rectangular anomalies are characterized by peak gravity values between +25 and +28 mgal. Two anomalies of this 
class fall along the equatorial highland rise ( 30' S and 10' N and 70' E and 160" E ) in Western Aphrodite Terra and a 
third is centered at 15' N. 15' E (Sappho Patera in Eastern Eisila Regio). The anomaly associated with Western 
Aphrodite Terra correlates with the highest topography in the equatorial region. Peak anomalies are centered over Ovda 
Regio and Thetis Regio. Gravity contours parallel the trend of topography of these rectangular highland blocks. A 
major NNW linear trend in gravity contours along the eastern edge of Ovda Regio parallels the trend of a topographic 
depression separating Ovda Regio and Thetis Regio. This topographic feature correlates with a cross-strike discontinuity 
described by Head and Cnunpler (7). At On, 105" the contours diverge from this trend becoming perpendicular to the 
strike of the depression. A similar orthogonality of contours is observed at 95', 15' S. 

3) Elongated anomalies are tentatively divided into two subclasses, Elliptical and elongated sub-circular although the 
distinction between the subclasses is subtle (Table I). These anomalies are found throughout the equatorial region and 
will not be beated further here. 

-- By defming different classes of gravity anomalies, examining corresponding depths 
of compensation, and assessing the implications of observed gwlogic features, we hope to establish the processes (eg. 
thermal uplift or passive support) associated with the formation of these structures. 

Sub-circular anomalies have maximum gravity values of +64 mgal and +70 mgal which correlate with regions of high 
topography. An apparent depth of compensation of 330 km has been estimated for Beta Regio (4). Physical 
implications of the depth of compensation are that it could represent a crustal thickness or dynamic support of 
topography. The presence of the two volcanic peaks, Theia Mons and Rhea Mons, and their associated volcanic 
deposits on the crest of a domal high suggests surface loading and crustal thickening as a possible mechanism for the 
formation of Beta Regio. Observations from high resolution radar images however suggest Theia Mons and Rhea Mons 
and their associated volcanic deposits are superimposed on the domal high (8). Constructional volcanism thus appears 
to be localized and limited to a veneer, arguing against a thick crust built up of volcanic deposits from such edifices. 
Additional observations show the surface of the dome appars  to be composed of the same material as the surrounding 
plains (9). suggesting formation of the rise by uplift rather than construction. The rift valley, Devana Chasama, is a 
north-south extensional feature which forks to the SSE and WSW in the vicinity of Theia Mom. This pattern of rifting 
shows similarities to converging terrestrial continental rifts m d  is thought to be associated with uplift (10). The 
relative sequence of events established by the nature and superposition of volcanic and tectonic features (9) suggests 
Theia Mons formed after rifting, and represents a relatively thin veneer of volcanic material. We interpret this as 
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suggesting that volcanism associated with Theia Mom post-dates an episode of uplift and rifting and argues against 
formation of Beta Regio soley by constructional volcanism and crustd thickening. The presence of the plains material 
similar to adjacent regions on the dome, the evidence of broad extension and convergence of rifts on the dome crest, and 
the late-stage superposed volcanism all argue for a thermal uplift origin and for a deep thermal anomaly to account for 
the broad long-wavelength, high amplitude, sub-circular gravity anomaly of Beta Regio, and perhaps Atla Regio. 

The rectangular anomalies associated with Western Aphrodite Terra correspond to a region of highest topography in 
the equatorial region with elevations slightly higher than those for Beta and Atla. The gravity anomaly amplitude 
however, is approximately half that for these structures (Table I) and suggests a different mechanism for supporting 
topography. A depth of compensation on the order of 75 km (11) has been estimated for Western Aphrodite. The 
gravity anomaly and calculated depth of compensation can be interpreted in terms of crustal thickness or shallow 
dynamic support of topography or a combination of these processes. Mechanisms to account for the high topography 
and gravity anomaly associated with Western Aphrodite include, 1) crustal divergence (7), 2) a single thermal anomaly or 
hot spot (12), and 3) constructional volcansim and crustal thickening with no thermal anomaly or hot spot. 
Observations from topographic and radar data show Western Aphrodite to be characterized by a bilaterally symmetric 
plateau-like structure with central en echelon rift-like features offset along cross-strike discontinuities (CSD's) (7). The 
CSD's are interpreted to be analogous to terrestrial oceanic transform faults (13). There is no evidence of converging 
rifts as observed at Beta and Atla; this absence of converging rifts and the presence of the en echelon pattern argues 
against uplift by a single hot spot type mechanism and favors possible crustal divergence. A number of dome structures 
are observed along the crest of Western Aphrodite. The low resolution of the data in this region precludes conclusive 
interpretation of these features as volcanic however, they are similar to volcanic features adjacent to the Beta rift (8). 
The similarity of tectonic features in Western A p h r d t e  to features associated with mid-ocean ridges argues against an 
interpretation of crustal thickening soley by volcanic loading from these constructs. The radar characteristics of surface 
material on the plateau is different than that of the surrounding plains suggesting different mechanisms of emplacement 
and arguing against formation entirely by uplift. 

An inteqretation of Western Aphrodite as a zone of crustal divergence as suggested by Head and Crumpler (7) can be 
tested by comparing geologic structures and gravity anomalies associated with Western Aphrodite with features and 
gravity anomalies associated with terrestrial divergent plate boundaries. Iceland shows characteristics similar to Western 
Aphrodite: a plateau structure, a central rift, lateral offset of the rift along transform faults, and a positive correlation 
between gravity and topography at long wavelengths. The presence of bilaterally symmetric topography, cross-strike 
discontiuities, a linear en echelon rift system, the difference in material between the plateau and surrounding plains, and 
the possible presence of local volcanic constructs argues for a mechanism of crustal divergence along with variations in 
crustal thickness to account for long wavelength, low a m p l i ~ d e ,  rectangular anomaly. We are presently analyzing 
gravity data in detail to test the idea that Western Aphrodite may have formed in a similar manner as Iceland. 
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For Recta~uiar and Elongated elliptical anomalies, the first set of numbers 1s for the wavelength 
mrreepndlng to the short axis d the anomaly and the second to the long axis. 
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