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A giant impact basin underlies Oceanus Procellarum and much of the lunar 
nearside terra [I-31. Terra ridges and the west "shoreline" of Procellarum 
define a basin rim 3,200 km in diameter [2], and ridges west of the shoreline 
suggest an even larger diameter. Arcuate ridges in or near Procellarum, Sinus 
Medii, Mare Frigoris, Mare Insularum, Mare Serenitatis (near the Apollo 17 
site), and elsewhere define inner rings 1,700 and 2,400 km in diameter 121. 
The basin center lies under Mare Imbrium at lat 23' N., long 15' W. [2]. 

Any basin impact alters terra structure and influences subsequent geol- 
ogic evolution by thinning the crust and causing a compensatory uplift of the 
mantle [4]. These effects have been especially profound for Procellarum, 
which is almost equal in radius to the Moon itself. I enumerate some observed 
or hypothetical consequences of the pre-Nectarian Procellarum impact and indi- 
cate the need for additional data and study. 

1. The most evident result of a basin impact is to lower the surface. 
The limited available data show depressed elevations inside Procellarum. 

2. The depression was a likely site of basalt extrusions. A concentra- 
tion of KREEP in the Procellarum-Imbrium region has been ascribed to early 
KREEP volcanism in the Procellarum ("Gargantuan") basin [I]. 

3. Well-exposed basins like Orientale indicate that a basin excavation 
creates a steplike structure in the target crust. Excavation depth increases 
and postimpact crustal thickness decreases from the rim to the center. The 
sparse seismic data are consistent with this structure in the three depressed 
interring zones. of Procellarum. Seismometry suggests a 75-km crustal thick- 
ness near the Apollo 16 site [5], in the outer zone; this value is close to 
estimates of the average crustal thickness, which range from 61 to 86 km 
[6,7]. The most precise seismic data suggest a 50-60-km thickness under a 
tract of southern Procellarum [8] that lies mostly within the middle zone. 

4. The steplike structure is also consistent with a relation between 
terra compostion and crustal thickness [9]. The material richest in Al was 
collected at the Apollo 16 site. The Apollo 15 and 17 samples, from younger 
basin rims that formed closer to the Procellarum center, are richer in mag- 
nesian ANT and low-K KREEP. Central Procellarum is the most KREEP-rich zone, 
judging by the Fra Mauro Formation derived therefrom. These correlations are 
consistent with exposure in Procellarum of a roughly 1ayered.terra crust in 
which aluminous ANT is highest, magnesian ANT is intermediate, and KREEP-rich 
material is deepest (or was extruded as volcanic basalt). Compositions in the 
2,500-km "Big Backside" basin [9] suggest similar relations. 

5. Rock composition on basin peripheries is affected in a complementary 
way, in that aluminous material stripped from the upper crust is added to the 
surrounding terra [ I ] .  The crust is thickened by a few kilometers near the 
basin. This crustal overplating around Procellarum is detected by the X-ray 
spectrometers as a high Al/~g ratio on the limbs and far side [1,10]. 

6. The mantle is probably nearer the surface in the center of Procellar- 
um than anywhere else, and may 5e elevated out to the - >3,200-km basin rim. 
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7. Nevertheless, the absence or paucity of mantle samples [ll] suggests 
that the crust was not completely destroyed even by superposition of Imbrium 
on central Procellarum. Thus, these large basins were relatively shallow [3]. 

8. The terra configuration and mantle uplifts created by Procellarum and 
superposed basins set the stage for later volcanism. Crustal thinning and 
mantle uplifts are additive where basins are superposed. One consequence is 
that mare basalt is much more voluminous in basins inside Procellarum (Imbri- 
um, Serenitatis) than outside (Nectaris, Orientale, Smythii, far side). 

9. Most young mare units are inside and most old ones outside the basin. 

10. Compositional belts of mare basalt, as indicated by telescopic and 
orbital geochemical data, are concentric with Procellarum and cut across the 
younger superposed basins. Basins that are the immediate hosts of the maria 
only modulate the pattern established earlier by the giant basin. 

11. Lithospheric thickness inherited from the Procellarum excavation has 
determined the degree and style of tectonic deformation. The crust is gener- 
ally assumed to deform elastically and was probably equivalent to the elastic 
lithosphere during most mare volcanism and tectonism. Arcuate grabens were 
opened by isostatic subsidence of mare basalt, which was aided by a weak and 
inhibited by a strong lithosphere [12]; consequently, most arcuate grabens 
formed inside Procellarum. Because subsidence was hindered by the thick lith- 
osphere outside Procellarum, such maria as Orientale, Nectaris, and Smythii 
display large mascons despite their relatively small masses of basalt [12]. 
Most straight rilles and uplifted crater floors are also in or near Procel- 
larum. Many mare ridges [2] and even some gravity anomalies [13] are concen- 
tric within the basin. 

Although the existence of the Procellarum basin is well established, its 
role in lunar evolution needs further investigation. The differences in crus- 
tal elevation, thickness, and composition that are commonly attributed to a 
nearside-farside dichotomy are partly or entirely effects of Procellarum. I 
further suggest that the large subbasin mantle uplift might be responsible for 
the observed earthward offset of the Moon's center of mass. The relation 
between basalt composition and age to crustal thickness, depth of mantle 
sources, and geochemical provinces is another fruitful field for research. 
Many more topographic, seismic, and geochemical data are needed to test these 
and other hypotheses concerning fundamental lunar features. 
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