
OCEANUS PROCELLARUM: VOLCANIC AMB TECTONIC EVOLUTION. James L. 
Whitford-Stark and James W. Head, Department of Geological Sciences, Brown 
University, Providence, Rhode Island 02912 

Oceanus Procellarum is the largest area of mare lavas on the Moon, and is 
verydistinctive in relation to circular maria in its irregular shape, lack of 
mascons, and presence of distinctive centers of igneous activity (1,2). The 
origin of the depression containing the Procellarum lavas is enigmatic, and 
the mode and history of lava emplacement is not very well understood. The 
purpose of this study was to map volcanic and tectonic features associated 
with Procellarum in order to understand its origin and history. Results of 
the first phase of mapping are shown in Fig.1 and 2 and the following aspects 
appear significant: General Characteristics - Oceanus Procellarum can be sub- 
divided into three distinctive regions: a southeast portion (SE of the 
Kepler-Flamstead region) characterized by mare lavas separated by abundant 
interspersed remnants of highland crater rims and associated topography. The 
abundance of pre-mare topography suggests a relatively thin maria. Centers of 
igneous activity (abundant lava sources) can be identified near Herigonius and 
Tobias Mayer. The boundary between the central and SE section is very dis- 
tinctive (Figs. 1,2), separating the SE section of abundant highland remnants 
from a region generally devoid of these features. The northern section, north 
of Rumker, is more similar to the central region in this respect and is dis- 
tinguished by the transition from a linear to a polygonal mare ridge pattern. 
On the basis of lack of upland remnants, the maria in the C and N sections 
appear to be considerably deeper than the SE. However, if the polygonal ridge 
pattern reflects underlying topography, the N section appears shallower than 
the central section. Three major igneous complexes characterize the central 
section (Marius Hills, AristarchusIHarbinger, and Rumker); although all appear 
to be important sources of mare lavas, each show distinctively different char- 
acteristics (2,3). Emplacement of Mare Lavas - Earth-based remote sensing 
information (4) combined with crater degradation ages (5) and stratigraphic 
mapping indicate that Procellarum was filled in three stages: 1) an early 
series of high-titanium lavas, presently exposed only around parts of the wes- 
tern edge of the C and N sections. The original extent of these flows is un- 
known. 2) an intermediate age series of low-titanium lavas; thisseries is the 
most voluminous and forms the major deposits in Procellarum. Source areas in- 
clude most of the major centers of volcanic activity. 3) a late-stage series 
of high-titanium lavas that are relatively thin but emplaced over wide areas, 
particularly NW of Aristarchus Plateau, around FlamsteadIKepler, near the 
mouth of Mare Humorum, and in E. Nubium. Many of these flows are associated 
with extremely long sinuous rilles. Tectonic Characteristics - Two major fea- 
tures dominate Procellarum: a series of linear rilles developed on the up- 
lands adjacent to the mare, and a series of mare ridges developed within Pro- 
cellarum (Figs. 1,2). Linear rilles developed subsequent to the formation of 
Imbrium and Orientale, and to the emplacement of the earliest lavas, but prior 
to the emplacement of the latest mare lavas. These observations suggest a mo- 
del of post-Orientale sinking of the Procellarum depression, accompanied by 
linear rille formation and sinking and possible compression of the emplaced 
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lavas . Preliminary results indicate that although Procellarum has a number 
of distinctive features, nevertheless it shares the following characteristics 
with several circular mare basins: 1) a three stage compositional sequence of 

lava emplacement; 2) a relatively deep 
central area; 3) a tensional marginal 
phase possibly accompanied by a central 
compressional phase of deformation. 
However, other differences (shape, 
volcanic complexes, etc.) suggest 
that the origin of the Procellarum 
basin is different from that of 
the circular basins. 

Fig. 1. Sinuous rilles in Pro- 
OCEANUS cellarum; directions and sour- 

P R O C E L L A R U M  ces indicated. Linear rilles 
and internally-rilled cra- 
ters in adjacent highlands 
are marked by heavy lines 
and inf illed circles, 
respectively. 

H U M O R U M  MARE NUBIUM 
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Fig. 2. Mare ridges and 
igneous complexes (R,A,M) in 
Procellarum. T to S = 
boundary between S.E. and 
C. Procellarum. 
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