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Sinuous rilles of the Harbinger Mountains Region are located in mare 
materials of eastern Oceanus Procellarum. The rilles were studied using 
Lunar Orbiter and Apollo metric and panoramic photography; the NASA Lunar 
Topographic Orthophotomap at 1:250,000 scale (Prinz); and detailed topo- 
graphic data taken from the 1:50,000 scale map. These maps provide for the 
first time the necessary information for the construction of profiles along 
and across the rilles. The names given to the rilles (Figure 1) on the 
1:250,000 scale map are provisional and have not yet been adopted by the 
International Astronomical Union (IAU). However, they are used here for 
practical reasons. 

Five rilles or rille segments lie to the north and northeast of the 
crater Prinz, a large probably Imbrian Age crater flooded by Eratosthenian 
mare materials. Rugged terra massif units of the Harbinger Mountains are 
scattered throughout the area. These massifs are most probably remnants of 
the main ring of the Imbrium Basin. The.rilles occur mostly in a smooth, 
probably Eratosthenian mare unit which exhibits relatively sharp contacts 
with an older, probably Imbrian, roughly-textured unit. The maria exhibit 
a general slope of approximately 0.5 degree to the north. The large 
depressions at one end of the rilles are all located at the top of a large 
(approximately 85 km in diameter) dome which rises above 1,736,100 meters 
from the center of mass of the Moon. Rima Telemann, the only rille that 
does not display a large depression at one end, does not reach this dome. 

H A L F T O N E  - NOT P R I N T E D  

Figure 1. Apollo 15 metric photograph of the Harbinger Mountains 
Region of the Moon. Rille names are provisional pending IAU approval: 
1) Rima Prinz, 2) Rima Beethoven, 3) Rima Handel, and 4) Rima Telemann. 
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Figure 2. Longitudinal profile of Rima Beethoven. Arrows indicate 
the small rise where the rille crosses the Harbinger Mountains. Note that 
the height at the southern end is never exceeded. Vertical exaggeration = 5. 

The rilles range in length between 12 and 77 km and are 1.7 km in 
width on the average. Average depth is 156 meters. Both Rima Prinz and Rima 
Handel show evidence of two episodes of rille formation, where a small rille 
is visible within the major one. In Rima Prinz the second event apparently 
started within the same depression as the first, while in Rima Handel the 
smaller rille started in another depression outside. the major rille. 

Transverse profiles indicate that the rille walls have gentle slopes 
avei-aging approximately 14 degrees, which is much smaller than the angle 
of repose. These slopes appear to decrease downrille. Depth of the rilles 
also decreases northward as the termini are flooded by the surrounding mare 
unit. Detailed longitudinal profiles of all the rilles indicate a consis- 
tent northward slope of less than 1 degree, following the general slope of 
the mare units. This fact holds true even in the case of Rima Beethoven 
which crosses the Harbinger Mountains. The profile of Rima Beethoven 
(Figure 2) shows that although a small rise is indicated where the rille 
intersects the Mountains, the elevation of the rille floor never exceeds its 
height at the dome. 

There is evidence of structural control on the rilles (Figure 3), 
where a strong, regional, north-south trend may have exercised influence on 
rille direction. Figure 3a shows a second strong trend between N45OE and 
N75OE. This corresponds roughly to a minor trend observed in the rilles 
(Figure 3b) and may explain the elongate structure crossing Rima Handel. 
The relatively straight east-west segment of Rima Beethoven may be merely 
the result of local slope as the rille rests on the western limb of the 
large dome. However, roughly east-west trending scarps and depressions in 
the area may indicate some local structural control. 

The geologic history of this region may be summarized as follows. One 
of the major events to affect the area was the formation of the Imbrium Basin. 
The basin's main ring is only preserved in the form of the massifs of the 
Harbinger Mountains. During Imbrian time the crater Prinz was formed and 
the roughly-textured mare unit was emplaced. Following this and during the 
Eratosthenian Period another mare unit was deposited. Structural factors 
most probably influenced rille formation in this mare unit, although both 
northward and westward slopes may have been determining factors. 

Faulting in the Harbinger Mountains probably produced a structurally 
weak zone that allowed the passage of Rima Beethoven. The Mountains to the 
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southwest of the rille are lower in elevation than those to the northeast. 
They also differ from those to the northeast in that they appear to be 
mantled by mare-like materials. It is proposed that the southwest block was 
downdropped, and later mantled by the volcanic mare materials, leaving a 
path for the rille. 

It is believed that the sinuous rilles in the Harbinger Mountains 
Region originated at large depressions on top of a topographic dome of 
volcanic origin. These depressions may have acted as vents supplying lava 
which, as the profiles indicate, could flow downhill unhindered. The mag- 
matic activity centering on the dome resulted in at least two stages of rille 
formation. Although rille direction may have been influenced by general 
slope, structural~factors appear to have played a role. 

Figure 3. Rose diagrams indicating total length and direction of 1 
structural features in the region: a) the five rilles; and b) all structures 
except the five rilles. I 
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