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Introduction: The MErcury Surface, Space ENviron-
ment, GEochemistry, and Ranging (MESSENGER) mis-
sion after three flybys and over four years in orbit revo-
lutionized our view of the innermost planet. 
MESSENGER revealed Mercury to be a planet with a 
truly remarkable tectonic story to tell. Orbital imaging 
campaigns with the Mercury Dual Imaging System 
(MDIS) wide-angle and narrow-angle cameras [1] pro-
vided global low-, moderate-, and high-incidence angle 
mosaics and targeted images. During the last 18 months 
of the mission, the spacecraft's periapsis altitude was 
lowered, providing the opportunity to image the surface 
at much higher spatial resolution [see 2]. The images and 
mosaics combined with topography from the Mercury 
Laser Altimeter (MLA) [3], stereo imaging [4, 5], and 
image-based control network techniques [6] have facili-
tated the production of regional and global maps for use 
in identifying and mapping tectonic landforms. Global 
mapping using high-incidence angle imaging (65° to 
88°) with opposite solar azimuth directions and topogra-
phy shows that Mercury’s tectonic landforms can be di-
vided into two spatially distinct classes, broadly distributed 
and basin-localized. 
Broadly Distributed Tectonics: Contractional tectonic 
landforms are widely distributed on Mercury [7-13] and 
include lobate scarps, high-relief ridges, and wrinkle 
ridges. Of these, lobate scarps are the most broadly dis-
tributed (Fig. 1) and have the greatest range in scale with 
over 3 km of relief on the largest scarp [14] and only tens 
of meters of relief on the smallest [2]. These thrust fault 
scarps and the closely related, rarer high-relief ridges, are 
globally distributed, occuring dominantly in intercrater 
plains, having been active since the end of the late heavy 
bombardment (LHB) [15] and likely still forming [2]. 
The spatial distribution and areal density of the largest 
contractional landforms is not uniformly distributed, and 
the total length of mapped scarps is more than a factor of 
two greater in the southern hemisphere [13]. 

The most commonly cited model is global contrac-
tion which, absent other influences, would result in uni-
formly distributed population of randomly oriented lo-
bate scarps [see 13].  It is clear from the distribution of 
orientations that global contraction alone cannot account 
for the spatial distribution and orientations of the lobate 
thrust fault scarps [13]. A combination of global contrac-
tion and tidal despinning can best account for the fault 
scarps [16-18]. The distribution of equatorial N-S and 
polar E-W oriented thrust fault scarps can be accounted 
for by extending equatorial thinning of the lithosphere 
poleward [17], consistent with the large latitudinal vari-
ation in surface temperatures [19], and avoids the need 
for an unrealistically weak brittle lithosphere (invoked 

by [18]). The observed transition from N-S to E-S thrust 
faults at about ±60° [13] suggests roughly equal contri-
bution of stress from global contraction and tidal despin-
ning [17]. This combination does not account for the 
nonuniform areal density of the contractional landforms 
(Fig. 1). Mantle convection is a plausible mechanism to 
concentrate faults. With Mercury’s thin mantle, how-
ever, cells of comparable spatial scales to the distribution 
of fault scarps are problematic [20-24].  The distribution 
of faults correlates with regions of greater crustal thick-
ness suggesting mantle downwelling might be a contrib-
uting mechanism [25, 26]. No single or combination of 
proposed models can fully account for both the spatial 
distribution and the orientations of the fault scarps. 

Wrinkle ridges dominate Mercury’s smooth plains that 
cover ~27% of the surface and are largely volcanic in 
origin [27-29]. The largest expanses are found in the 
northern high latitudes and exterior to the Caloris basin 
(Fig. 1). Mercury’s ridged plains likely formed by 
stresses resulting from some combination of load-in-
duced subsidence in response to thick accumulations of 
flood volcanic deposits and global contraction [10, 29]. 
Typical wrinkle ridges on Mercury have greater relief 
than their counterparts on the Moon [30] and far exceed 
lobate scarps and high-relief ridges in number.  

Within many areas of volcanic plains encircled by 
rings of wrinkle ridges localized over the rims of buried 
impact structures are graben, commonly in polygonal 
patterns. These ridge-graben systems may result from a 
combination of thermal contraction of thick lava flow 
units and global contraction [31, 32].  
Basin-localized Tectonics: Mercury’s largest, well pre-
served impact basins Caloris and Rembrandt have com-
plex arrangements of contractional and extensional tec-
tonic landforms (Fig. 1). The interior volcanic plains of 
the Caloris have basin-concentric wrinkle ridges that ex-
tend to the center of the basin, and a system of basin-
radial graben, Pantheon Fossae, radiating outward from 
the basin center, with some contributing to polygonal pat-
terns near the basin margin [9, 33-35]. Rembrandt also 
has a complex arrangement of basin-radial and basin-
concentric wrinkle ridges and graben that form a unique 
wheel-and-spoke-like pattern in its interior plains [36]. 
The pattern of ridges and graben in Rembrandt and Calo-
ris is in stark contrast to those in lunar mascons where 
flexure and subsidence result in basin-interior wrinkle 
ridges and graben near and outside of basin-margins [see 
37]. Unlike lunar mascons, inward lateral flow of the 
lower crust [11, 38] or loading by exterior volcanic 
plains [39, 40] contributed to the basin tectonics. Smaller 
basins, Raditladi, Rachmaninoff, and Mozart, have gra-
ben confined to smooth plains material interior to their 
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peak rings [9, 41]. Rachmaninoff and Mozart also have 
wrinkle ridges in their interior plains. 
Mercury’s Great Valley: The largest fault scarp on-
Mercury, Enterprise Rupes, crosscuts the Rembrandt ba-
sin and a second scarp complex, Belgica Rupes, extends 
to the basin’s rim. Stereo-derived topography shows that 
these tectonic landforms bound a broad, relatively flat-
floored valley with a mean width of ~400 km [42]. The 
bounding fault scarps have opposite vergence, and the 
valley floor is significantly offset below the elevation of 
the back-scarp terrains. This offset and the localization 
of the widely spaced thrust faults suggests Mercury’s 
great valley is the result of long-wavelength lithospheric 
buckling [42]. Topographic undulations that extent into 
the interior smooth plains of Caloris have wavelengths 
of up to 1300 km and amplitudes up to 3 km [35]. This 
scale far exceeds those expected from lithospheric buck-
ling given the current estimates of Mercury’s interior 
structure and thus they are likely not tectonic in origin 
[35]. Their association with positive gravity anomalies 
suggests support by deep-seated dynamic flow [26]. 
Radius Change: Some recent estimates of radius change 
expressed by Mercury’s contractional landforms have 
reached epic levels. Estimates as high as 7 km have been 
reported [12] with speculation of even larger amounts 
due to putative unexpressed contractional strain [18]. 
Here tectonic landforms were mapped using a single pol-
yline assigned to each landform to represent a primary 
fault. This is in contrast to other mapping efforts where 
multiple polylines are assigned to a single tectonic land-
form [12, 43] and weighted equally in assessments of 
contractional strain. The ratio g of estimated maximum 
fault displacement to the measured fault length for lobate 
scarps and high-relief ridges is used to determine the total 
contractional strain [10, 11, 44]. Values of g range from 
(~7.1–9.7) ´ 10-3 for values of the fault plane dip q of 
25° to 35°, with g @ 8.2 ´ 10-3 for q = 30°. For a given q, 
the standard deviation of the slope (g) is (~1.0–1.4) ´ 10-

3. The areal contractional strain over the entire surface of 
the planet expressed by the mapped scarps is estimated 
to be ~0.063–0.096% (~0.08% for q = 30°). This range 
in contractional strain corresponds to a radius decrease 
of ~0.8–1.2 km (~1 km for q = 30°), consistent with pre-
vious estimates [10, 11, 44]. The wrinkle ridge domi-
nated smooth plains likely resulted from some combina-
tion of load-induced flexure and subsidence and global 
contraction [10]. An estimate of the strain accommo-
dated by global contraction alone may be obtained by 
eliminating the area covered by smooth plains. The areal 
contractional strain excluding lobate scarps within 
smooth plains is estimated to be ~0.08–0.12% (0.1% for 
q = 30°). This range in the contractional strain corre-
sponds to a radius decrease of ~1–1.5 km (~1.2 km for q 
= 30°). The contribution of the small, young scarps to the 
radius change is relatively small due to their scale [2]. 

Long-lived, distributed thrust faulting, continuing to 
present day, and realistic estimates of radial contraction 
since the LHB are significant constraints to thermal his-
tory models. The discovery of a 3.9-Gyr-old remnant 
magnetic field poses a significant challenge to thermal 
history models that predict high rates of interior cooling 
[45]. The super contraction of Mercury, inferred post-
LHB radius change >>2 km, is likely incompatible with 
thermal models that must account for Mercury's long-
lived core dynamo and current contraction by slow cool-
ing of the interior [2].  
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Figure 1. Tectonic landform on Mercury with lobate scarps and high-
relief ridges (red), wrinkle ridges (blue) and graben (purple). Topogra-
phy is shown in shades of grey, black (lowThe) and white (high) [6].
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