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Introduction:  The crust of Mars can be divided 

into the southern highlands, northern lowlands, and 

Tharsis volcanic rise. However, the Arabia Terra re-

gion stands apart as a broad region south of the dichot-

omy boundary, with topography and crustal thickness 

intermediate between the highlands and lowlands. The 

coincidence of the northern edge of Arabia Terra with 

the dichotomy boundary, and the path of its southern 

edge parallel to the boundary indicates that the origin 

of Arabia Terra is related to the origin of the dichot-

omy. Recent work suggested that the elliptical shape of 

the pre-Tharsis crustal dichotomy is evidence for an 

impact origin, and suggested that Arabia Terra is a 

partial multi-ring structure around this Borealis basin 

[1]. This study now provides supporting evidence 

through a comparison to lunar and martian multi-ring 

basins, and uses the crustal structure of Arabia Terra to 

shed light on the mechanism of basin ring formation. 

Topography of multi-ring basins: Ring structures 

are traditionally identified as scarps and massifs sur-

rounding basins. This study focuses instead on their 

topographic expression, which reflects the underlying 

crustal structure and is more likely to be preserved in 

ancient basins. Azimuthally-averaged topographic pro-

files were constructed from gridded Kaguya LALT [2] 

topography, building on an earlier analysis using 

Clementine topography [3]. Lunar multiring basins 

exhibit a range of topographic morphologies, which 

can be subdivided into three major basin classes.   

Orientale (class 1) exhibits a set of nested rings in a 

stair-step pattern rising from the basin floor, each ac-

companied by a ring of massifs and inwards-facing 

scarps at the inner edge. Hertzprung (class 2) exhibits a 

single ring structure, with the central basin surrounded 

by a ring-massif, which forms the inner edge of a to-

pographic bench intermediate in elevation between the 

basin center and the surrounding surface. Other class 2 

basins include Humboldtianum. Class 2 basins are dis-

tinguished from peak-ring basins by the elevation dif-

ference between the bench and the basin interior. Fre-

undlich-Sharonov (class 3) exhibits a broad topog-

raphic bench surrounding the central basin cavity, but 

lacks a pronounced ring of massifs at the inner edge of 

this bench. Mendel-Rydberg is another example of a 

class 3 basin. Each basin class is characterized by a 

gently sloping to concave upwards bench surrounding 

the basin at an elevation intermediate between the ba-

sin floor and the surroundings, upon which may be 

superimposed one or more ring massifs. 

Some basins exhibit azimuthal asymmetry, with 

clearly developed ring structures around only a portion 

of the basin. An example of a partial ring structure is 

found around Nectaris, which exhibits a clear class 3 

ring structure to the southwest, while to the northeast 

the ring structure is lacking. Smythii and Crisium also 

exhibit partial ring structures. Similarly, partial tec-

tonic rings are found in photogeologic mapping of lu-

nar basins [4]. Other basins lack topographic rings 

altogether, including the South Pole-Aitken basin. 

Martian multi-ring basins. Mars possesses a num-

ber of giant impact basins. While these basins gener-

ally lack ring scarps or massifs, MOLA topography 

reveals a concentric bench structure surrounding Ar-

gyre and portions of Hellas [1], revealing these basins 

 
Figure 1. Lunar and martian multi-ring basin topography from Kaguya LALT (a-d) and MOLA (e) in map view (top) and azi-

muthally averaged profiles and ±1 standard deviation (bottom). Profile locations for partial averages are denoted by the wedge in 

the top panels.  
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to resemble the class 3 lunar basins. However, no such 

structure is seen around Isidis, which is intermediate in 

size between Hellas and Argyre. 

Topography and crustal structure of Arabia 

Terra:  Arabia Terra is a broad, gently sloping bench 

perched at an intermediate elevation between the 

southern highlands and northern lowlands. An aver-

aged radial profile from the Borealis basin center 

through Arabia Terra reveals that it is separated from 

both the lowlands and highlands by distinct breaks in 

slope, with the northern edge following the dichotomy 

boundary [1]. The topography of Arabia Terra matches 

that of the class 3 basins on the Moon and Mars, char-

acterized by a broad inwards-sloping bench outside the 

basin rim but lacking a ring of massifs. 

While Arabia Terra does not fully encircle the Bo-

realis basin, this is consistent with the observation of 

asymmetric and partial ring structures on the Moon 

and Mars. The existence of similarly sized basins with 

and without ring structures demonstrates that ring for-

mation is not an inevitable outcome of basin formation. 

The conditions that govern ring formation and mor-

phology may vary from one part of the planet to an-

other, leading to partial or asymmetric ring structures. 

The correlation of the partial ring around Nectaris with 

the thicker crust to the southwest suggests that crustal 

thickness or rheology may play a role.  

The mechanism of basin ring formation: Distin-

guishing among the proposed mechanisms of ring for-

mation based on observational evidence has not been 

possible due to the low resolution of gravity and 

crustal thickness models relative to the rings. Arabia 

Terra presents a unique opportunity to study a basin 

ring that is fully resolved in gravity data. A pro-

nounced negative gravity anomaly lies north of the 

northern edge of Arabia Terra [5]. In crustal thickness 

models [6], this anomaly manifests as a 300 km north-

wards shift of the dichotomy boundary at the Moho 

relative to the boundary at the surface. This inwards 

displacement of the basin rim at the Moho provides a 

key constraint on the process of ring formation: 
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Figure 2. Polar projection of the global topography of Mars 

showing the elliptical shape of the Borealis basin. Average 

profiles of the surface and Moho topography (scaled by 

1/4.8) reveal the inwards displacement at the Moho. 

Megaterrace [7]: The inwards displacement at the 

Moho is inconsistent with sliding of “mega-terraces”, 

which would form through an inwards displacement of 

the upper rather than lower crust.  

Rotated fault blocks: The displacement of the basin 

rim at the Moho cannot be explained by fault block 

rotation, since the differential displacement (~300 km) 

is greater than the crustal thickness (~50 km).  

Ring tectonics [8]: In this model, the depth-varying 

rheology results in a stiffer upper crust overlying a 

more viscous lower crust. Stresses following the exca-

vation of the basin transient cavity would drive in-

wards-directed flow of the lower crust towards the 

basin center, acting to thin the crust within the ring 

structure. This lower crustal flow exerts a traction on 

the upper crust, resulting in a peak radial extensional 

stress at the approximate location of the ring scarps. 

The predicted inwards-directed lower crustal flow is 

confirmed by the inwards displacement of the Borealis 

basin rim at the Moho at the northern edge of Arabia 

Terra (Figure 2). This process is supported by prelimi-

nary finite element models that confirm the results of 

[8]. This lower crustal flow may be accompanied by 

either mega-terrace formation or block rotation in the 

upper crust to produce the ring scarps and massifs. 

Conclusions: The topography of Arabia Terra 

closely resembles the topography of basin ring struc-

tures around basins such as Nectaris and Hellas, and is 

consistent with the existence of other partial or asym-

metric ring structures around other basins. At present, 

there is no other viable hypothesis to explain the to-

pography of Arabia Terra. While there is geologic evi-

dence for surface erosion [9], this erosion cannot ac-

count for the topography and crustal thickness of Ara-

bia Terra [10]. The gravity and crustal structure of 

Arabia Terra provides strong support for the ring-

tectonics theory of basin ring formation. Thus, Arabia 

Terra both provides a key confirmation of the impact 

theory for the origin of the martian dichotomy, and 

sheds new light on the process of basin ring formation.  
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