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Introduction 
Reanalysis of Viking Orbiter and Mariner 9 tracking data has led to a series of improved 

gravity fields for Mars [1,2]. This paper discusses free-air gravity anomalies from an 
unconstrained 50x50 field, designated MGM-574, which is an improvement on an earlier 40x40 
version (MGM-515, shown in [2]). MGM-574, and a more recent model MGM-633 which 
includes 18 additional Viking 1 low altitude tracks with periapsis near W S ,  have significantly 
higher resolution compared to earlier published fields [3]. Study of the Tharsis volcanoes and 
other regions shows the new field is truly resolving features at the 50x50 wavelengths. 
Comparison of the two recent fields demonstrates the importance of the low altitude data 
included in each: MGM-574 and MGM-633 are very similar except south of 3WS, where 50 
mgal differences between the models are common. North of 300s the fields are so similar it is 
unlikely that further improvement can occur before Mars Observer. 

The long wavelength anomaly pattern bears little direct resemblence to either the major 
physiographic or broadscale topographic dichotomy of Mars. This is not surprising: this gravity 
field represents all of Mars and not just crustal contributions. There is a crude longitudinal 
dichotomy in the gravity anomaly pattern: longitudes 210 to 3600W (Elysium and westward into 
Arabia) and 70 to 1 W W  (largely Tharsis and Alba) are dominated by positive anomalies and 
the remainder of Mars by negative anomalies. There is also a crude topographic relation: the 
highest volcanic and tectonic regions have positive and the deeper impact basins mostly negative 
anomalies. The relationship is imperfect, however, with strong positives in Isidis and Utopia and 
broad regions of highstanding ancient cratered terrain having both strong positive and moderate 
negative anomalies associated with them. Below we examine correlations of the gravity 
anomalies from MGM-574 with topography, physiography, and location of large impact basins. 

Gravity A nomalies and Topography 
The highest amplitude positive anomalies lie over elevated volcanic features: the Tharsis 

Ridge volcanoes (400-700 mgal), Olympus Mons (>I000 mgal), Alba Patera (315 mgal) and 
Elysium. Elysium is the weakest (260 mgal) and spatially correlates with the southern half of the 
broader elevated Elysium tectono-volcanic complex. The next strongest features lie at -2 km 
elevation in the Utopia Basin (225 mgals) and in the Isidis Basin (170 magals). Most of the 
cratered highlands east of the Argyre Basin and surrounding the Hellas Basin between +3 and +6 
km elevation are overlain by weak positive anomalies (-50 mgals) with some intervening 
localized negatives (< -SO mgals). Cratered terrain at the same elevations southwest, south and 
southeast of Tharsis have weak negative anomalies (-50 to -100 mgals) with an occassional 
isolated weak positive (< 50 mgals). Stronger negative anomalies (> -100 mgals) are found in the 
lower portions of the Chryse, Acidalia and Amazonis basins, but there is no systematic 
relationship (i.e., the deepest basins are generally not the strongest negative anomalies). The 
Hellas Basin has two -85 mgal peaks within a broader low, in the middle of which sits a 50 mgal 
positive. The Argyre Basin is a -95 mgal anomaly with no offsetting positive, but the pattern in 
MGM-633 is quite different and not so well related to topography. 

Gravity Anomalies and Physiography 
Cratered terrain is generally associated with weak (c 100 mgal) positive or negative 

anomalies. The lowlying Tempe Terra region (unit Nple) reaches -170 mgals, the maximum 
value (positive or negative) achieved for Noachian cratered terrains. Small scale negative 
anomaly peaks correlate well with Elysium knobby terrain (HNu, Apk, some AHpe) and Phlegra 
Montes (HNu), with amplitudes up to 210 mgals for particulary prominent HNu outcrops in 
Arcadia. Hesperian-age plains (except Solis Planurn), especially ridged plains (Hr), have only 
weak (c -50 mgals) if any anomalies. Amazonian age plains generally have stronger negative 
anomalies (> -100 mgals). The Chryse outflow channel region has 100-150 mgal negative 
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anomalies, but the source region at Capri Chasma and Eos Chasma has a -220 mgal anomaly. 
The wide central portions of the Valles Marineris also show a strong negative anomaly (-260 
mgals) compared with 50-100 mgal positive anomalies over the narrower eastern and western 
portions. 

The physiographic dichotomy boundary has an inconsistent relation to gravity 
anomalies. West of the Isidis Basin weak (50 mgal) positive anomalies lie in cratered terrain just 
south of the boundary transition zone (TZ) from 280 to 3250W. The TZ itself is a region of 
relative negative gravity by contrast with the adjacent cratered terrain (no anomaly peaks). North 
of the TZ strong positive anomalies in Utopia (150-200 mgals) and to the northwest in Vastitas 
Borealis (100 mgals) overlie the plains. West of 32WW the anomaly amplitudes are generally 
weak along the dichotomy boundary at roughly 0 km elevation. 

East of Isidis linear anomalies alternating in sign parallel the dichotomy boundary at 220 
to 2500W. Positives generally overlie the cratered terrains (Npld, Npll) with a weak negative 
(50-100 mgal) over the intervening HNu unit. Small scale and low amplitude positive and 
negative anomalies lie along the physiographic boundary further to the east. The variation in 
these appears to roughly correlate with changes in units along the boundary (positives over the 
volcanic Hr and Medusa formation units Aml, Amm and negatives over knobby terrain Apk). In 
western Mars the dichotomy boundary through Chryse and Tempe generally follows the trend of 
weak negative anomalies (except in Tempe itself where the negative anomaly becomes strong), 
but these anomalies appear to be of more regional character than on a scale directly related to the 
physiographic dichotomy boundary. 

Gravity Anomalies and Impact Basins 
The improved gravity field confirms the existence of a very strong feature (225 mgal) 

related to the Utopia Basin [4], but with much higher amplitude than shown in [5]. This 
prominant positive anomaly is located where the central part of the Utopia Basin overlaps the 
outer two rings of the Elysium impact basin. The relation is like that for the Elysium tectono- 
volcanic complex, which, along with its positive anomaly, lies where the rings of the Utopia 
Basin overlap the central parts of the Elysium Basin [6]. The Elysium anomaly appears stronger 
(260 mgals vs 225 mgals for the strongest Utopia peak), but these are free-air anomalies and no 
correction for elevation has been made. It may be the Utopia positive is related to excess mass 
due to mantle uplift and volcanic filling of the basin, which contributed to its subsidence over 
time [7]. The Isidis positive also lies within the overlap region of the Isidis Basin and proposd 
Scopulus Basin [6] and not within the narrow overlap of the Utopia and Elysium Basins. The 
central positive in Isidis is surrounded by four separate negative anomalies (50-120 mgals), all of 
which lie between the inner and outer ring of this basin. Outside the outer ring weak positive 
anomalies generally are found. 

As described above, the Hellas and Argyre Basins have 85-95 mgal negative anomalies 
overlying them. Negative anomalies are found over most of the moderate-sized basins in Aeolis 
and Mernnonia. The much larger Chryse Basin and the proposed basin in Acidalia Planitia [6] 
are characterized by negative anomalies. Even the largest basins, Utopia and Elysium, have 
generally negative anomalies over them except for the localized Elysium tectono-volcanic 
complex and Utopia mascon described above. 
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