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Photointerprel~tion of the superb images acquired by the panoramic camera 
on Apollo 15, combined with preliminary measurements from the metric camera 
and laser altimeter, results from S-band tracking and X-ray spectrometry, a s  
well a s  f i rs t  looks at  analysis of returned samples from Apollos 14 and 15, allow 
more rigorous testing of many hypotheses on the origin and development of the 
Moon. 

The high-resolution photographs and returned samples seem to confirm the 
hypothesis that the Imbrium basin formed a s  the result of the hypervelocity im- 
pact of a cosmic body. The Fra  Mauro Formation a t  the Apollo 14 site may be 
the ejecta blanket deposited by the base surge generated by the impact. The frag- 
mental debris apparently retained enough heat to weld on coming to rest.  The 
fact that the matrix recrystallized seems to confirm the hypothesis of an impact- 
generated nu6e ardente (hot debris cloud). Debris from the upper levels (0-10 km) 
of the crust  was carr ied farthest out, and is present, for example, a t  the Apollo 14 
site; closer to the original c ra ter  rim, a s  a t  the Apollo 15 site, materials from 
deeper crustal levels (20-30 km) were deposited. 

This hypothesis, derived from study of te r res t r ia l  natural and experimental 
craters,  may be confirmed by the observation that a t  the Fra  Mauro (Apollo 14) 
site many of the samples consisted of breccias within breccias such a s  might be 
expected if previously brecciated near-surface materials had been re-brecciated 
during the Imbrium event. The breccias at  Apennine/Hadley a r e  simple and derived 
from greater depth by one impact--that which formed the Imbrium basin. 

The linear ridges arranged radially to  the Imbrium basin a t  the F r a  Mauro site 
a r e  part of the ejecta blanket whose surface form ranges from equidimensional 
hummocks closest to the original c ra ter  rim, through braided ridges, and finally 
transverse ridges a t  the outer margin of the ejecta sheet. The varied forms r e -  
flect flow velocities and turbulence in the mobile base surge. According to this 
hypothesis the highest velocity and turbulence produces the equidimensional hum- 
mocks, and the lowest produces the t ransverse dunes at  the outer edge of the 
deposits. This mobilized fluidized deposit, i. e. ,  the material carr ied in the base 
surge, is the upper portion of the overturned flap generated by the shock wave. 
The observed depositional patterns at  Imbrium and Mare Orientale a r e  similar to 
those formed a t  the base of turbidites in te r res t r ia l  marine landslides. 
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The laser tracking data confirm the tracking datg from Apollos 8-14 and the 

Ranger, Orbiter, and Surveyor data and indicate that the earth-based hemisphere 
is low with r e s p c t  to the nominal lunar radius of 1738 km and that the far side 
is high. The laser data indicate that the front side is 2 to 5 km low and that the 
average level is 2 km low on the west limb in Oceanus Procellarum, descending to 
5 km low at Mare Smythii on the east limb. The far side is 2 to 5 km high with 
a 9. 5 km difference between the floor of Smythii and the rim of the crater Gaga- 
r i n  on the far side. There appears to be a central depression along the 180" 
longitude line as well a s  a central high in the region of Descartes on the front side. 
Preliminary analysis by Sjogren and Wallenhaupt indicates that the center of 
figure is displaced by more than 1. 5 km from the center of mass. 

The distribution of the low density crustal material indicates that it was 
affected by a gravity field similar to the present one. This distribution indicates 
that the differentiation of the lunar crust took place after the Earth and Moon were 
in positions at least somewhat like the present ones. 

The large positive gravity anomaly (mascon) in the Imbrium basin is confined 
to the center of the original crater and results from the central uplift analogous to 
the central peaks of smaller craters. Mantle material, rich in olivine and pyroxene, 
is lifted up into the differentiated felsic crust. The whole inner basin is  covered 
by later mare basalt derived by partial melting of the mantle induced by impact 
unloading of the crust. The Apennine front appears to be a tilted crustal block 
covered by layered Fra Mauro Formation formed by minor surges within the major 
base surge like the "white sands" in the deposits around Meteor Crater, Arizona. 
Rings of positive and negative gravity anomalies surround the inner basin except 
where they are masked by the adjacent Mare Serenitatis structure. These rings 
reflect warps and dislocations in the crust-mantle interface developed by the out- 
ward spread of the shock front following the impact. The location of the anomalies 
is determined by the shock mechanics that produces lateral flow in the crust and 
underlying mantle and is only slightly modified by the emplacement of the post- 
impact basalts. 

Variation in regional elevation of terrain and the morphology of the geologic 
units correlate closely with regional variations in the silicon/aluminum ratio as  
determined by the orbital X-ray fluorescence experiment of Adler and Trombka. 

Hadley Rille, like ocher sinuous rilles photographed, has an extremely ir- 
regular floor apparently caused by intermittent eruptions along a fault controlled 
course. The thinly layered basalt flows in the rille walls photographed by the 
astronauts on the surface indicate that the rille formed largely in response to the 
channelized flow of mare material. However the shape of the channel has been 
appreciably modified by the transportation of fragmental debris by gaseous erup- 
tions. 
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The major t rends of many r i l l e s  appear to be determined by the local tectonic 
pattern. In many places they c r o s s  the regional slopes diagonally. The inner 
meandering valley on the floor of some r i l l e s  indicates that there  may have been 
extensive modification of the original tectonic control by the flow mechanics of 
the extruded volcanics. The i r regular  longitudinal profile of the floors of many 
r i l l es  indicates extrusion a t  many s i tes  along the channel in the fashion suggested 
by Schumm. 

Near-terminator panoramic and met r ic  photographs indicate that the lobate 
basaltic lava flows imaged by earth-based telescopic photographs and shown in 
Lunar Orbiter V photographs in the center of the Imbrium basin a r e  ubiquitous 
in the western par t  of the basin and the north end of Oceanus Procellarum. In 
places there  a r e  a s  many a s  six superimposed highly digitate flows whose patterns 
suggest eruption from f i ssures  along m a r e  ridges. 
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