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The distribution, mode of occurrence, and style of emplacement of lunar 
mare deposits provides evidence for the characteristics and significance of 
lunar volcanism in time and space1,2,3. In particular, the location, charac- 
terization, and comparison of the sources of surface mare deposits may pin- 
point the location of significant zones of interior melting. Previous work- 
ers have documented the location and characteristics of three major volcanic 
complexes4 in Oceanus Procellarum: Rumker ~ills5 3 6 ,  the AristarchusIHarbin- 
ger region7,8, and the Marius ~ i l l s ~ .  The purpose of this study is to com- 
pare and contrast the styles of volcanism indicated by the characteristics of 
these complexes. 

The Marius Hills complex is approximately 35,000 km2 in area and com- 
bines the most diversified and numerous volcanic structures of the three com- 
plexes (Table 1). Low domes on the Marius Hills are 3-20km in diameter and 
50-100m high. Some of these domes have summit craters; those craters on low 
domes on the eastern side of the complex appear to be collapse pits. The 
domes are more numerous in the center of the complex. Marius steep domes are 
2-15 km in diameter, 200-250m in height, and many are located on low domes. 
Cones are up to about 3km in length, have heights of up to 300m, and are, in 
many cases, also located on steep domes. Sinuous rilles are located predomi- 
nantly on the western and eastern edges of the complex and their widths are 
shown diagramatically in Fig.1. The complex is scarp-bounded and the surface 
materials are intermediate in colorlo. Its albedo is not significantly dif- 
ferent from adjacent mare lavas. 

The Rumker Plateau has an area of 5,000km2 and its volcanic edifices are 
all domes. These have been divided by smith6 into three types: 1) eumorphic; 
irregular to convex upward and less than 2km in diameter, 2) subcircular; ir- 
regular, flat-topped to convex upward with sharp outer contacts and diameters 
of 6-9km, and 3) low subcircular; irregular, flat-topped with indistinct out- 
er contacts and diameters of 1.7 to 7.8 km. The plateau appears to contain 
pre-mare materials of the Fra Mauro Formation and is intermediate to red in 
color. Again the albedo of the plateau is indistinguishable from adjacent 
lavas . 

The Aristarchus Plateau is approximately 40,000km2 in area and is bound- 
ed by the NW and NE trending scarps, the southeastern part of the complex is 
separated from the Montes Agricola by red lavas filling what is apparently a 
fault trough. The sources of sinuous rilles are mainly located on the nor- 
thern and southern edges of the complex. Their widths are also indicated in 
Fig.1. Some rilles appear to have been the flow route for more than one lava. 
Dark mantling material covers the region but predates ~ristarchus~. Three 
low domes up to lOkm in diameter with sumit depressions are located near, 
but not on,the complex. The plateau surface has a higher albedo than the 
adjacent mare lavas. 

The characteristics of the three complexes are compared in Table 1. The 
most significant observation is that each complex varies dramatically 
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in terms of the type and abundance of volcanic features in spite of their com- 
mon location in Oceanus Procellarum. Thus, the problem is to explain not only 
the common location of major complexes in this area, but their contrasting 
styles of volcanism as well. The three major volcanic features associated with 
the complexes are domes, cones, and sinuous rilles and these features provide 
some information on the style of volcanism. The insignificant difference in 
supra-liquidus viscosities of both Apollo 11 (blue) and Apollo 12 (red) lavas 
(Fig.2) suggests that lava composition variations did not play a significant 
role in shaping the morphologies of the different types of volcanic edifices 
of the complexes. By analogy with terrestrial volcanic structures12 it is pos- 
tulated that eruption rate, volatile content, and the time lag between explo- 
sions of volatiles were the major determinants of edifice morphology. A Mari- 
us Hills rille-producing flow has been estimatedl1 to have an eruption rate of 
4,000m3/s [4-300m3/s has been obtained for Hawaiian flows]. There are no da- 
ta for single eruption Icelandic domes though it has 'been postulated13 that 
steep Icelandic domes were produced at lesser explosivities and higher temper- 
atures than low shield-like domes. The formation of tephra on terrestrial 
volcanoes is by the explosion of gas bubbles near the surface of the vent mag- 
ma. Many cinder cones have lava erupted simultaneously with tephra. If the 
explosions producing the tephra are infrequent and involve a small quantity of 
volatiles (Strombolian-type), a semi-coherent layer may form and the vent sur- 
face layer and the tephra will be larger than when explosions are more rapid 
and volumetrically larger (Plinian-type). The age sequence of old, low domes, 
steep domes and young cones (determined by superposition) in the Marius Hills 
is most readily explained by a decreasing eruption rate and a relative in- 
crease in the explosivity of the magma. It is not known whether cones were 
being produced in one part of the complex while domes were forming in another. 
In addition, variation in the width of sinuous rilles may be related to varia- 
tions in eruption rate, with wider rilles indicating relatively higher erup- 
tion rates. Comparison of rille widths in Marius and Aristarchus (Fig.2) sug- 
gest higher average eruption rates at Aristarchus. By similar reasoning, the 
variation in morphologies between complexes indicates a great variability in 
eruption rate at Marius, a high eruption rate at Aristarchus and a low erup- 
tion rate at Rumker. 

In terms of the age sequence of old blue lavas, intermediate and red lavas 
of intermediate age, and young blue lavasl4, the complexes predate the young 
blue lavas, are associated with the intermediate and red lavas, and are loca- 
ted too far from surface outcrops of the old blue lavas for any significant 
appraisal of their interrelationships. These observations suggest ages of 
late Imbrian-early Eratosthenian. A major problem is the reason for the loca- 
tion of the complexes in Procellarum. Some observations that may be signifi- 
cant include a) location on or near the central Procellarum ridge complex; b) 
they appear to be fault-bounded; c) the center of each is approximately equi- 
distant from the next (approx. 400km), and d) they are situated in the deepest 
part of the ~rocellaruml4. Though no large craters are visible in central 
Procellarum, their position may be related to a ring fault of the ~ar~antuanl~ 
or Imbrium basins. 
References: l)Head, J.W. (1975) Origins of the Mare Basalts, 61. 2)Head, J .W. 
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Fig.1. Frequencylwidth plot of 
-lo sinuous rilles. A=Marius, B=Aris- 

A - 8 tarchus . Includes estimated 
-6  f eruption rate for rille 500111 in - 4 width (11). 
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Fig.2. Calcula- 
ted supraliquidus 
viscosities (af- 
ter 16) of Apollo 
11 (black), Apol- 
lo 12 (dotted), 
and Apollo 15 
(ruled) basalts. 
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