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Introduction: Mariner 10 provided the first view of 

the distribution of lobate scarps on Mercury from imag-

es of one hemisphere obtained during three flybys [1]. 

The three flybys of the MErcury Surface, Space ENvi-

ronment, GEochemistry, and Ranging (MESSENGER) 

spacecraft prior to insertion into orbit about Mercury 

revealed many more broadly distributed lobate scarps 

[2]. The global distribution of lobate scarps remained 

poorly defined, however, because the flyby images were 

of variable spatial resolution and many had lighting 

geometries that were less than ideal for the identifica-

tion and characterization of tectonic landforms. Several 

MESSENGER orbital imaging campaigns with the 

Mercury Dual Imaging System (MDIS) wide-angle and 

narrow-angle cameras have provided global mono-

chrome and high-incidence-angle mosaics along with 

targeted high-resolution images [3]. These mosaics and 

images, combined with topography from the Mercury 

Laser Altimeter (MLA) [4] and stereo imaging [5, 6], 

have facilitated the production of comprehensive global 

maps of readily visible contractional lobate scarps and 

structurally related, though rarer, high-relief ridges.  

The number and distribution of these large-scale tecton-

ic landforms help characterize the accumulated surface 

contractional strain on Mercury, their contribution to 

the decrease in planetary radius, and the degree of het-

erogeneity of crustal deformation. 

Spatial Distribution: Broadly distributed lobate 

scarps and high-relief ridges are surface manifestations 

of deeply rooted thrust and reverse faults and deform 

heavily cratered terrain and intercrater plains emplaced 

before the end of heavy impact bombardment, as well as 

younger, Calorian-aged smooth plains [7-9]. Wrinkle 

ridges, the third type of broadly distributed contraction-

al feature on Mercury that accommodated some portion 

of global contraction, are likely the expression of more 

shallowly rooted thrust faults and are generally confined 

to smooth plains.  

Several observations can be made from the number 

and global distribution of prominent lobate scarps (Fig. 

1). Such scarps and high-relief ridges are not uniformly 

distributed on Mercury. There appears to be a minimum 

of three pronounced concentrations of scarps and high-

relief ridges that occur in longitudinal bands (centered 

approximately at -110°, -30°, and 120°E) separated by 

regions where there are distinctly fewer such tectonic 

features (Fig. 1). The global high-incidence-angle mosa-

ic obtained largely during the third solar day of 

MESSENGER’s orbital mission confirms that some of 

the gaps in the number of scarps noted in earlier studies 

[7, 8] are not an artifact of lighting conditions. Within 

these longitudinal bands, the scarps exhibit a strong 

tendency toward north–south orientations. At high 

southern latitudes (south of ~60°S), there appears to be 

a latitudinal band where orientations are more nearly 

east–west (Fig. 1). Another distinctive feature of the 

global distribution of these structures is the difference 

in number and scale of scarps between the northern and 

southern hemispheres (Fig. 1). The greatest concentra-

tions of lobate scarps, and the scarps with the largest 

lengths, are located in the southern hemisphere.  The 

total length of mapped scarps in the southern hemi-

sphere is more than a factor of two greater than the total 

mapped length in the northern hemisphere. 

The distribution of prominent lobate scarps within 

broad bands suggests that mantle convection may have 

exerted some control on the localization of strain [7, 

10]. Although reductions in estimates for the thickness 

of Mercury’s mantle reduce the expected vigor and lon-

gevity of convection [11-13], recent models indicate 

that mantle convection was nonetheless active over 

much of Mercury’s history [14]. Alternatively, tidally 

induced despinning may have resulted in an early popu-

lation of north–south-oriented thrust faults in low-to-

mid latitudes that could have been reactivated by post-

heavy-bombardment global contraction [15, 16].  

Estimates of Radial Contraction: The number and 

distribution of lobate scarps is clear evidence of wide-

spread contraction of the crust and lithosphere of Mer-

cury. Previous estimates of the global radius change were 

based on regional values of horizontal shortening and 

contractional strain extrapolated to the entire surface [1, 

8, 17, 18]. It is now possible to estimate the radial con-

traction using this global population of prominent lobate 

scarps. The value of the ratio  of the estimated fault dis-

placement to the measured fault length for large-scale 
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lobate scarps and high-relief ridges is used to determine 

the total contractional strain [8, 9, 17]. Updated values 

of  obtained by linear fit to fault length and fault dis-

placement, estimated from measurements of scarp relief 

from MLA [4] and stereo-derived topography [5, 6], 

range from (~7.1–9.7)  10
-3

 for values of the fault 

plane dip  of 25 to 35 [see 17], with   8.2  10
-3

 

for  = 30.  For a given , the standard deviation of the 

slope () is (~1.0–1.4)  10
-3

.  The total length of the 

mapped lobate scarps and high-relief ridges (assumed to 

have comparable values of ) is ~47,000 km, and the 

areal contractional strain over the entire surface of the 

planet is estimated to be ~0.06–0.09% (~0.08% for  = 

30°). This range in contractional strain corresponds to a 

radius decrease of ~0.8–1.1 km (~1 km for  = 30). 

These global values of contractional strain are generally 

consistent with previous estimates of regional strain and 

radius decrease by extrapolation to the entire surface [8, 

9, 17]. The smooth plains are dominated by wrinkle 

ridges that likely formed in response to some combina-

tion of load-induced flexure and subsidence and global 

contraction [8]. Thus, a more conservative estimate of 

the strain accommodated by structures formed from 

global contraction alone may be obtained by eliminating 

the area covered by smooth plains, estimated to be 

~27% [19]. The total length of the lobate scarps and 

high-relief ridges outside of and partially crosscutting 

smooth plains is ~42,000 km, and the areal contraction-

al strain is estimated to be ~0.08–0.12% (0.1% for  = 

30°). This range in the contractional strain corresponds 

to a radius decrease of ~1–1.5 km (~1.2 km for  = 

30). Higher estimates of the radius decrease of ~2.4–

3.6 km have been recently reported from estimates of 

contractional strain in an area covering ~21% of the 

surface and then extrapolated to the entire surface [18]. 

The difference may be in part because the location of that 

study area corresponds to one of the longitudinal bands 

with a large concentration of lobate scarps (~45°E–

130°E). If so, then the areal strains appropriate for that 

longitudinal band need not be for the surface as a 

whole.  

Summary and Conclusions: The estimated con-

tractional strains and range of radius change may be 

taken only as lower limits because of the conservative 

approach in mapping only the most prominent lobate 

scarps and high-relief ridges (Fig. 1). Other landforms 

lacking definitive evidence of associated faults were not 

included in the survey. The estimated radius change of 

~1.2 ± 0.3 km, although higher than previous estimates 

[8, 9, 17], does not lessen markedly the mismatch with 

thermal history models showing that 1–2 km of radial 

contraction since 4 Ga can be met with at best a limited 

subset of models [20]. The global contractional strain 

may be larger than expressed by the population of lo-

bate scarps and high-relief ridges presented here if other 

landforms not included in this study account for sub-

stantial horizontal shortening [21, 22]. 
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Figure 1. Tectonic landform map of lobate scarps (black) and high-relief ridges (gray) on Mercury.  Such features are distributed in broad, longi-

tudinal bands.  Smooth plains units [19] are shown in tan.      
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