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Introduction:  Lunar surface features imaged from 

space can provide important new constraints on lunar 
structure and dynamics over the history of the Moon. 
While the surface of the Moon is dominated by impact 
craters and  basins, tectonic landforms attest to basin 
localized stresses and global crustal contraction result-
ing from slow cooling of the lunar interior (see [1] and 
references therein). In addition, seismometers em-
placed during the Apollo era recorded numerous 
moonquakes (see [2, 3] and references therein). While 
the maximum recorded body wave magnitude is 
around 5, it is conceivable that surface features associ-
ated with known moonquakes may be identified.  

Wrinkle ridges, graben and lobate scarps:  As 
shown in the Figure 1,  tectonic landforms are mostly 
concentrated in the mare on the lunar nearside. The 
wrinkle ridges and graben appear to associated mostly 
with emplacement and  subsidence of  mare basalts, 
while the lobate scarps, although few in number, are 
less clearly associated with the maria and may express 
global tectonic stresses. 

Lunar wrinkle ridges are complex structures in-
volving thrust faults and folds resulting from compres-
sional stresses in the maria. They are found in mare 
basalts and  consist   of a broad arch and a superim-
posed narrow ridge. While sinuous rilles in the maria 
are believed to be volcanic in origin, linear and arcuate 
rilles  are graben, resulting from extensional tectonics. 
The wrinkle ridges and graben appear to result from 
basin-localized compressional and extensional tecton-
ics associated with subsidence and flexure. 

Unlike the wrinkle ridges and graben, the lobate 
scarps are not directly associated with the mare basins 
and may have origins similar to those for parallel land-
forms on Mercury and Mars. Lunar lobate scarps are 
generally asymmetic and are often lobate and seg-
mented. With lengths of only a few tens of kilometers 
and maximum relief of only a few tens of meters, they 
are generally significantly smaller than their counter-
parts on Mercury and Mars. Lunar lobate scarps ap-
pear to be the result of shallow thrust faults, and are 
sometimes associated with wrinkle ridges, although 
they are found predominantly in the lunar highlands. 
The compressional stresses that formed the lobate 
scarps may have resulted from thermal stresses due to 
global cooling. If this model is correct, the spatial dis-
tribution and scale of the scarps may  have important 

implications for the Moon's thermal history and con-
strain models for its origin. The  relatively small scale 
of  lunar lobate scarps  makes identification and char-
acterization of these structures difficult. Because less 
than about 10% of the lunar surface has been imaged 
at high enough resolution and optimum illumination 
conditions to detect small-scale tectonic landforms, the 
global distribution of the lobate scarps is unknown. 

High resolution images from the Lunar Reconnais-
sance Orbiter Cameras (LROC) will make a global 
survey of lunar lobate scarps possible. Because of their 
generally small size, the lobate scarps may not be well 
characterized by Lunar Orbiter Laser Altimeter 
(LOLA)  data. Thus, stereo derived topography ob-
tained from the LROC Narrow Angle Cameras 
(NACs)  will be used to characterize lobate scarp mor-
phology  and relief. LROC high resolution stereo im-
aging of the larger scale wrinkle ridges and graben will 
allow much more detailed characterization of associ-
ated small-scale structures.  Wrinkle ridges and graben 
and their long wavelength topographic setting in lunar 
mascons  will be well characterized by LOLA  data. 

 Moonquakes:  Seismometers were emplaced on 
the Moon at Apollo sites 12, 14, 15 and 16 as shown 
by the open triangles in Figure 1. The seismometers 
form a triangular array with apices around 1100 km 
apart. The modest geographical coverage limits our 
ability to see deep within the lunar interior and locate 
events on the lunar farside. Epicentral locations and 
moonquake depths are also relatively poorly con-
trained. During the 8 year history of the seismometers, 
over 12,500 events were recorded, including 28 shal-
low and >1360 deep moonquakes. The shallow moon-
quakes occur at depths up to ~100 km and have been 
interpreted as tectonic in origin; some of these quakes 
may occur in the lunar crust. A number appear to be 
associated with the edges of larger craters or impact 
basins. The deep quakes occur at depths between 700 
and 1000 km and seem to originate in around 100-200 
discrete source regions. They appear to be correlated 
with tidal phases. 

Locating surface features that can be directly asso-
ciated with the deep moonquakes seems highly unlike-
ly. However, it may be possible to correlate shallow 
quakes with structural features that can be identified 
from orbit. Analysis of all 28 shallow moonquakes 
indicates Richter magnitudes in the range from around 
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1.5 to near 5.  Stress drops of around a few MPa to 
over 100 MPa for the 3 largest events have been calcu-
lated. As some of the quakes may be directly associ-
ated with crustal faults, it might be possible to corre-
late epicentral locations and surface manifestations of 
faults. Such correlation is hindered by poor resolution 
of epicenter location and rupture depth, and especially 
by resolution of surface imagery in the region near the 
epicenter. Higher resolution images of the regions near 
the epicenters of larger shallow moonquakes may pro-
vide evidence for a connection between moonquake 
generation and pre-existing fault structures, as well as 
indications of the stress state at depth in the lunar inte-
rior. Correlation of moonquake epicenters with in-
creased occurence of slumping and landslides may also 
provide information on regolith properties. 
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Figure 1: Map of the lunar surface with tectonic features and earthquake epicenters. Hollow triangles are the sites of the Apollo 
12, 14, 15 and 16 landings where seismometers were emplaced. Pale blue dots and red stars show the epicenters of shallow and 
deep moonquakes, respectively. Black lines are graben and yellow lines are wrinkle ridges. The dark blue lines are lobate scarps. 
Figure from [1]. 
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