
LROC TARGETING OF LUNAR DOMES, CONES, AND ASSOCIATED VOLCANIC FEATURES. 
J. D. Stopar1, B. R. Hawke2, S. J. Lawrence1, M. S. Robinson1, T. Giguere2, L. R. Gaddis3, B. L. Jolliff4, 1School for 
Earth and Space Exploration, Arizona State University, Tempe, AZ. 2Hawaii Institute for Geophysics and Planetol-
ogy, University of Hawaii, Honolulu, HI. 3Astrogeology Program, U.S. Geological Survey, Flagstaff, AZ. 4Dept. 
Earth and Planetary Sciences, Washington University, St. Louis, MO. (jstopar@asu.edu) 

 
   Introduction: The Lunar Reconnaissance Orbiter 
Camera (LROC) is one of seven instruments aboard 
the Lunar Reconnaissance Orbiter (LRO). The first 
year of the LRO mission is focused on exploration 
objectives enabling future human exploration and utili-
zation of the Moon; it is expected that the nominal 
exploration mission will be followed by a multi-year 
extended mission with a focus on scientific objectives. 
The LROC cameras are ideally suited to these tasks 
with the two Narrow-Angle Camera (NACs) providing 
~0.5m/pix resolution in a combined 5×25-km swath, 
and the Wide-Angle Camera (WAC) providing 
~100m/pix resolution in five VIS bands and 
~400m/pix in two UV bands with 60-km wide foot-
prints (in color imaging mode) for context imaging and 
composition [1]. Occasional stereo image sets (both 
geometric and photometric) are possible with the 
NACs but will be limited to select sites due operational 
constraints [2]. Domes, cones, and associated volcanic 
features (e.g., sinuous rilles, depressions, vents, and 
collapsed lava tubes) are important as potential explo-
ration sites, in part because of the potential for re-
sources associated with these features, and because 
they represent a high-viscosity volcanic end-member 
that may yield information about the volcanic history 
of the Moon. Several prominent domes (e.g., Marius 
Hills, Gruithuisen Domes, and Rümker Hills) appear 
on the preliminary Project Constellation (Cx) "Priority 
1" targeting list as possible sites for future human ex-
ploration [3]. 
   The Marius Hills Example: The Marius Hills re-
gion is a volcanic plateau in Oceanus Procellarum that 
contains the highest concentration of low-relief domes, 
cones, sinuous rilles, and depressions, which may pro-
vide clues to the lunar interior, evolution, and volcanic 
history. Because these types of volcanic features are 
relatively rare on the Moon, they have immense scien-
tific value that makes them important targets for the 
LROC cameras. 
   Previous studies of the Marius Hills utilized tele-
scopic, Lunar Orbiter, Apollo, and Clementine imagery 
to study the morphology and composition of the vol-
canic features in this region [e.g., 4-12]. The discus-
sion focused on the method of formation for the domes 
and cones. One theory suggests that the domes are of 
different composition (more silicic) than the surround-
ing mare [6]. The opposing (and now favored) theory 
suggests that the domes formed via eruptions with a 

lower effusion rate (i.e., a low-temperature, high crys-
tal-content lava) rather than with lava of a more silicic 
composition [7-10, 12]. Two different types of domes 
have been identified in Marius Hills: low domes and 
steep-sided domes [6]. The range in dome morpholo-
gies might imply a range of eruption styles and effu-
sive events over a long period of time [10-11]. In addi-
tion to the domes, cones with a "classic cone" mor-
phology, possibly constructed from pyroclastic materi-
als, are present in the Marius Hills (e.g. Fig 1). LROC 
will contribute to previous studies by providing new 
high-resolution NAC (~0.5m/pix) images that may 
resolve dome flow-fronts and cone details as well as 
WAC multispectral UV/VIS imaging for regional con-
text imaging and compositional information. 

 
Figure 1: Example of domes and a cone (arrow) in the 
Marius Hills (14.77°N, -56.55°E). [Lunar Orbiter 
basemap, USGS] 
   Targeting Strategy: In the Marius Hills alone, more 
than 80 domes and 15 cones were identified for NAC 
imaging (~50 sites are shown in Fig 2) from [4, 10-12]. 
The Marius Hills targets cover the morphologic array 
from low dome, to steep-sided dome, to the "classic" 
cone, and include features with central pits. Additional 
targets focus on sinuous rilles, depressions, and possi-
ble lava tubes. The bulk of the LROC NAC requested 
observations favor morphology (with incidence angles 
typically between 45° and 80°) in order to study flow 
fronts, layering, dome and/or cone structure, and su-
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perposition relationships with the surrounding basalts. 
In addition, several key LROC NAC targets request 
geometric and photometric stereo for morphological 
dome and cone archetypes. These requested stereo 
observations could provide image sets with m-scale 
topography [1]. 
   Other Lunar Domes: Many domes and related vol-
canic features are found in areas other than the Marius 
Hills region on both the lunar near- and farsides [11-
14]. These domes could result from a wide variety of 
extrusive or intrusive eruption mechanisms and may 
consist of a wide range of materials. 
   Targeting Strategy: Several hundred domes, cones, 
and associated volcanic features are currently targeted 
by the NACs, with more being added every week. 
These domes extend over a wide latitude distribution, 
and the lighting conditions available at each location 
will vary during imaging. In general, LROC NAC 
domes and other volcanic feature targets will be im-
aged at both high and low sun angles to emphasize 
both morphology and albedo variations. In addition, 
each location will have associated multispectral WAC 
imaging.  
   Summary of Targeting Objectives: Studies of lunar 
domes and related volcanic features with LROC im-
ages may provide clues into the interior and evolution 
of the Moon as well as the composition of the lunar 
crust. LROC NAC images have the potential to pro-
vide new insight into the structure of lunar domes and 
cones including lava or pyroclastic layering, flow 
fronts, and vent morphology. In addition, NAC images 
can be used to search for small, short-lived pyroclastic 
deposits that did not result in cone formation [e.g., 10] 
and investigate the nature of "dark spots" that may be 
associated with lunar cones [e.g., 9]. Finding these 
small features would provide important insight into 
how domes and cones form. LROC WAC multispec-
tral data (particularly in the UV) will provide a meas-
urement of the color variations within and amongst 
deposits and possibly allow interpretations of the com-
position of lunar volcanic features [1]. 
   The scientific importance of the Marius Hills region 
makes it a  prime candidate for future human explora-
tion. The Marius Hills offer considerable resource po-
tential, including easy access to Ti-rich mare regolith, 
the potential presence of easy-to-process pyroclastic 
materials, and the inferred presence of lava tubes that 
could be used as convienent locations for human habi-
tats [15].  LROC data will be used to place important 
constraints on the availability and accessibility of these 
exploration-enabling resources.  
   LROC NAC and WAC images will complement 
Apollo and Lunar Orbiter imagery as well as the mul-
tispectral global Clementine dataset, which are the 
basis for much of our current knowledge about mor-

phology and distribution of domes and volcanic fea-
tures on the Moon. Spacecraft imagery has been 
greatly aided by recent Earth-based telescopic and ra-
dar efforts [13-14, 16]. Interpretations of domes and 
associated volcanic features will also be greatly aided 
by new imagery and multispectral datasets from 
Kaguya and Chandrayaan-1 [e.g., 17-20]. 

 
Figure 2: A portion of the Marius Hills region (cen-
tered at 13.36°N, -55.75°E) showing NAC target re-
quests (yellow) and dual NAC 5×25-km NAC footprint 
(red) for scale. Small boxes outline geometric and pho-
tometric stereo requests. Yellow lines and the large 
box just off-center highlight NAC target requests for 
rilles and depressions. [Lunar Orbiter basemap, USGS] 
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