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Introduction: Lunar domes have long held the in-
terest of the lunar science community, but their origin 
and composition are still not well understood. Previous 
studies, using Lunar Orbiter, Apollo, Clementine, and 
LRO data, have proposed several formation mecha-
nisms, and all agree that most lunar domes are volcanic 
features [1-9].  

We investigated the morphometry and morphology 
of Gruithuisen, Mairan, Compton-Belkovich, Horten-
sius, Rümker Hills, and Marius Hills domes using Lu-
nar Reconnaissance Orbiter Camera (LROC) Narrow 
Angle Camera (NAC) derived digital terrain models 
(DTMs). These six regions cover two distinct classes 
of domes, mare and nonmare. The nonmare 
Gruithuisen, Mairan, and Compton-Belkovich domes 
have a higher albedo and a strong ultraviolet absorp-
tion. These domes generally have steeper slopes, are 
high in silica and thorium [3,10,11], and low in iron 
and titanium [6]. In comparison, mare domes have 
shallow slopes, lower albedo, and generally weaker 
UV absorption, presumably due to lower-viscosity 
mare basalt [1]. 

Data Sources: NAC stereo pairs were reduced to 
DTMs with a posting of 2.0-5.0 m using standard pho-
togrammetric techniques and were controlled to the 
LOLA reference frame [12]. The vertical precision 
error for the 2.0 m/post DTMs is <1 m, and the vertical 
precision error for the 5.0 m/post DTMs is typically <5 
m. The absolute accuracy of the DTM largely depends 
on the accuracy of the LOLA data, currently within 1 
m radial [13] and 50 m horizontal [14]. 

Figure 1 illustrates the topography and slopes of a 
dome in Compton-Belkovich as an example of the re-
sults.  Figure 2 illustrates examples of the topographic 
profiles that can be extracted from the DTMs, in this 
case for Gruithuisen NW and Hortensius.  Data for 
each of the domes examined are presented in Table 1. 

Results: Mairan T dome is located west of Mairan 
crater, is symmetrical in planform, and is interpreted to 
have originally formed on highland material and sub-
sequently embayed by mare basalt [2]. Slopes on the 
flank range from 22° to 27° and have a well-defined 
contact with the mare. At the summit is a depression, 
~3.8 km wide and up to 450 m deep, likely formed 
from collapse associated with magma withdrawal. The 
slope of the walls of the depression are 13° to 25° and 
the depression has a flat floor.  

Gruithuisen NW dome is a small dome relative to 
Gruithuisen δ and Gruithuisen γ. The smaller dome is 
situated on highland material and is similar to Mairan 
T with slopes of 22° to 27°. The dome exhibits a sum-
mit plateau  ~2.5 km in diameter.  

The Compton-Belkovich region is a localized tho-
rium anomaly located on a topographic rise between 
Compton and Belkovich craters [15]. The largest of 
several domes is located on the northern edge of the 
region. Its diameter is ~6.8 km, with a height of ~575 
m from the southern base and ~950 m from the north-
ern base. Flank slopes are generally 20° to 26° except 
on the northwest flank where slope gradually decreases 
from ~16° to 12-13°. Unlike the Gruithuisen NW and 
the Mairan T domes, where the dome has an abrupt 
change in slope near the base, this dome has a gradual 
change in slope, merging with the surrounding surface.   

  

  
Figure 1. Color-shaded relief map (top) and slope map 
(bottom) of Compton-Belkovich Dome 1. 
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The Hortensius Domes are mare domes located 
north of Hortensius crater in Mare Insularum. The four 
domes that were analyzed are numbered Hortensius 1, 
Hortensius 2, Hortensius 3, and Hortensius 4. These 
domes are broad low-relief features having a grada-
tional contact to the mare. Hortensius 2 and 3 each 
have one summit crater, Hortensius 1 has two summit 
craters, and Hortensius 4 has no summit crater. All of 
the summit craters are slightly offset from the dome 
peaks, and the depth of the craters are the same or 
slightly smaller than the height of the domes. The d/D 
ratio for all four craters is between 0.14 and 0.17. All 
of the summit craters but one are rimless, implying a 
non-impact origin. The crater on Hortensius 1 has a 
rim up to 35 m high, which may indicate an impact 
origin or late stage viscous materials. 

The Rümker Hills are situated on an elevated mare 
region in Oceanus Procellarum [16]. Flanks of the 
domes show a distinct ridged texture, and the majority 
of summit craters are degraded with low d/D ratio. The 
three domes that were analyzed are the western flank 
of Rümker Hill 1, the eastern flank and summit crater 
of Rümker Hill 2, and the western flank of Rümker 
Hill 3. The NAC DTM overlaps with the summit crater 
in Rümker Hill 2, and its d/D ratio is ~0.08. 

The Marius Hills complex, located in Oceanus Pro-
cellarum, has the largest concentration of volcanic fea-
tures on the Moon [5,7,8]. The majority of domes are 
irregularly shaped, suggesting changes in lava compo-
sition or eruption rates (or both). Two domes were 
examined: Marius Hill 1 and 2. Both have irregular 
slopes varying between 5-23°. Both of the analyzed 
domes have a rough summit plateau; Marius Hills 1 
has a smaller cone-like feature superimposed, possibly 
representing multiple vents, compositional changes, or 
variability in eruption rate.  

Discussion:  Flank slopes on the domes fall into 
two categories: steep (>20°) and shallow (<10°).  For 
terrestrial volcanic constructs [17], steep slopes are 
typically associated with relatively silicic (e.g., rhyoli-
tic) domes such as those of the Owens Valley [18-20].  
Shallow slopes are typically associated with low-
viscosity, basaltic-style eruptions.  In fact, the mare 
domes may be more accurately referred to as low 
shields rather than as domes. The composition of all 
the lunar domes currently is not well understood.  
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Table 1. Height is relief with respect to the surround-
ing terrain. D is average basal diameter. Slope is av-
erage flank slope measured across the width of the 
entire flank.   

Profiles: 5x vertical exaggeration

 
Figure 2. Profiles of Gruithuisen NW dome (top) and 
Hortensius 1 (bottom). 

Feature 
Lon  
(°) 

Lat 
(°) 

Height 
(m) 

D 
(km) 

Slope 
(°) 

Mairan T -48.4 41.8 765-785 6.6-7.1 22-27 
Grui. NW  -41.1 37.1 1280-1400 8-9 22-27 
Compton-
Belkovich 
Dome 1 99.8 61.6 

560-590, 
925-975 6.4-7.2 20-26 

Hortensius 1 -27.8 7.5 307-375 16-20 2.1-4.0 
Hortensius 2 -27.6 7.5 200-215 7.5-9.0 3.5-7.3 
Hortensius 3 -27.6 7.9 250-350 12-13 4-11 
Hortensius 4 -27.4 7.8 200-250 12-13 2.7-3.7 
Rümker 1 -58.4 40.3 >350 8.5-15 5.5-7.0 
Rümker 2 -58.7 40.1 250-280 9.5-11.5 3-7 
Rümker 3 -58.4 39.9 ~250 ~9 7-8, 0-14 
Marius Hill 1 -55.9 13.5 230-280 9-10 5-20 
Marius Hill 2 -56.2 13.3 170-220 6-10 7-23 
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