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An important observation to be explained by any successful theory of the 
origin of the martian crustal dichotomy is the topographic dichotomy; i.e., much (but 
not all) of the northern hemisphere lies several km below the majority of the 
southern hemisphere. The actual topography of Mars is, however, not as simple as the 
above statement might appear to suggest. The northern hemisphere topography is 
complex, with several km of variability superimposed on the overall "lowness" of the 
north. Prominant in this variation is the highstanding region which includes the 
Elysium volcanic complex, and the relic cratered terrain immediately to the east. 
These characteristics alone make the origin of the northern lowlands by a single 
giant impact (1) unlikely. An alternative model, that the crustal dichotomy was the 
result of overlapping large impact basins (2,3,4) is more successful in explaining the 
observed topography and its variations. 

We describe a model for the origin of the northern lowlands in eastern Mars 
and their relation to the overlap of two large impact basins. Schultz (5) and McGill (6) 
have suggested an Elysium Basin and a Utopia Basin, respectively, which together 
dominant the topography of the northern plains. Our own independent assessment of 
large impact basins on Mars (3,4) supports the existence of these two impact basins, 
but we disagree with McGill ( 6 )  on the choice of diameter for the Utopia Basin. Using 
the smaller lunar Orientale Basin as a model, we suggest that the diameter of the 
Utopia Basin is about 4750 km, with the rim lying along part of the highlandPowland 
boundary between 240 and 290" W. The rim of the Elysium Basin (D = 4970 km) lies 
along this same boundary from 180 to 240" W; together these two better mark the 
highlandPowland boundary (3,4) than does the Borealis Basin (1). 

Figure 1 shows these two basins in a rectangular, equal area projection 
centered on the Utopia Basin. Note the large amount of overlap between the two 
largest basins; it is in this region of overlap that the central volcanoes of Elysium and 
the youngest, Amazonian age Elysium volcanic flows (7) lie. This is one of the highest 
areas within the northern lowland plains (8); explaining this highstanding volcanic 
complex is important for any model of the origin of the northern lowlands. Due east 
and due west of the elevated region, the lowlands drop to -3 km where the Arcadia 
Basin and the Utopia Basin overlap the Elysium Basin (Figure 1). Our model provides at 
least a qualitative explanation for these highs and lows, and also explains why the rim 
portions of the Utopia and Elysium Basins lie several km below much of the southern 
hemisphere .  

The model is illustrated in Figure 2 with on important geometrical aspect not 
shown: impact basins with D Z 5 0 0 0  km stretch for nearly one quarter the 
circumference of Mars. In the interest of simplicity we have ignored the curvature of 
the martain surface (A); this may be important for quantitative models of long-term 
thermal and mechanical evolution of overlapping impact basins of this size. 

The first major event in the region was the impact that produced the Elysium 
Basin (B). Because no viable scaling relations from an Orientale-size impact _to the size 
of the Elysium Basin exist, we have not included a vertical scale. Perhaps the original 
basin was 10 km deep; whatever the true depth, Figure 2 has great vertical 
exaggeration in order to show the subsequent evolution. In addition to forming a 
large and deep basin, the impact also badly fractures the lithosphere to great depth 
and deposits a great deal of heat (horizontal bars) (9). Again the lack of scaling 
relations (especially for energy partition) prevents us from being more quantitative. 
Over time the basin topography will even out (C) due to viscous relaxation (10). In an 
earlier, hotter Mars, volcanism will probably accompany the uplift. The Utopia Basin 
impact (D) occurs sometime later, significantly altering the original Elysium Basin 
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structure on its western side (Figures 1, 2D), again fracturing the lithosphere and 
depositing heat (vertical bars). In the overlap region between the two basins these 
effects are multiplied and the lithosphere becomes weakest and hottest. This weakened 
region will later become the site of the prolonged Elysium volcanism. 

Volcanic flooding of the combined basins will continue (E), but volcanism will 
likely become concentrated in the overlap region where the weakened lithosphere is 
most easily penetrated (F). Loading of the basin by volcanics, combined with thermal 
subsidence as - the impact-deposited heat is lost (9), will reverse the relaxation of the 
basin, leading to subsidence and perhaps significant downwarping over even larger 
areas. In this way the basin rim areas may also be lowered such that they ultimately 
lie below the original pre-impact surface level (G) .  Over time the basin-volcanics 
decline, subsidence slows, but construction of Elysium continues (H) due to prolonged, 
enhanced volcanism in the overlap region between the basins, finally producing the 
central volcanic constructs which lie there. 
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