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Multiringed basins and e jecta  from them have had a profound effect  on 
large areas of the  Moon. Volumes excavated during t h e i r  formation and distri- 
bution of the  ejected volumes are, thus, c r i t i c a l  t o  understanding the  geology 
a t  most Apollo landing s i t e s ,  o rb i t a l  remote sensing data, and lunar topogra- 
phy. Geologic mapping of the  Orientale basin, theoret ica l  considerations, and 
t e r r e s t r i a l  analog studies reveal several complicating factors  affecting sim- 
p l i s t i c  approaches t o  these problems: (1) lobes and ray-l ike deposits of 
e j ecta are  concentrated along cer ta in  azimuths, (2)  the  general d is t r ibut ion 
of e jec ta  may be asymmetric, (3)  e jec ta  from cra ters  i n  horizontally layered 
targets  are  zoned and compositions of the  e jec ta  vary i n  a regular mannerfrom 
the cra ter  rim cres t ,  and (4 )  the interaction of e jec ta  traveling a t  high vel- 
oc i t i e s  along various t ra jec to r ies  with the  lunar surface i s  complex. 

Preliminary analyses of lunar o rb i t a l  gravity data (Sjogren e t  al., 1972, 
and unpublished data)  indicate the  mass deficiency of Orientale i s  equivalent 
t o  a volume between 1 and 3 mill ion cubic kilometers f o r  the  present basin 
within the Cordillera ring. The analyses involve a n  estimate of the  gravity 
anomaly p r io r  t o  the  introduction of a plug of volcanic material  i n  the  center 
of Orientale. One analysis using the  t h in  disk formula yie lds  volumes near 
2 t o  3 million cubic kilometers. The second analysis uses mass points fur- 
nished by W.L. Sjogren fo r  the  northern par t  of Orientale and yields volumes 
of 1.3 t o  1 . 4  mil l ion cubic kilometers. Here, the  effect  of dense volcanic 
material i n  the  basin center was accounted fo r  by reversing the  sign of mass 
points over the  centra l  mare material.  A second estimate of the  volume of 
Orientale assumes the  equations f o r  the  relationships between cra ter  depth- 
diameter and rim height-diameter f o r  cra ters  larger  than about 17 km across 
(pike, 1972) are  applicable t o  large  basins which a re  curved disks. For a 
basin radius of 450 km, cra ter  depth measured from the  rim i s  7.35 Inn and rim 
height above the  l oca l  surroundings i s  2.71 Inn. The volume of the  curved disk 
4.64 Inn deep i s  about 3.0 million cubic kilometers. Another estimate f o r  a 
parabolic-shaped basin, ignoring curvature of the Moon, y ie lds  a c ra te r  volume 
of about 0.9 mil l ion cubic kilometers. A t h i rd  estimate of volume, employs a 
model fo r  e jec ta  thickness a t  the  rim and an inverse cube f'unction fo r  varia- 
t i on  of e jec ta  thickness with distance from the  cra ter  ( ~ c ~ e t c h i n  e t  al., 1973) 
For a basin with a radius of 450 h, the  e jec ta  thickness a t  the  rim i s  2.0 km 
and the  volume of the  e jec ta  i s  about 2.6 million cubic kilometers. Thus, it 
appears t o  us t ha t  the  volume ejected from Orientale was greater  than 1 t o  3 
million cubic kilometers and, i f  post-basin formation adjustment occurred, the  
volumes estimated using gravity and cra ter  s ize  could be low. 

Near the Cordillera Mountains, 500 t o  600 km from the  basin center, e jec ta  
thicknesses estimated from buried cra ters  range from 3 t o  4km.  a able 1). 
Ejecta on the north and south Cordillera rim may be very thick.  Here the  
buried cra ters  a re  not seen and may be so completely inundated tha t  they can- 
not be recognized. Ejecta t h in  outward. Local lobes of e jec ta  thicker than $ 
km are present l l 7 5  km from the basin center. The fa r thes t  measurable thick- 
ness was a lobe 0.1 lan th ick  1420km from the  basin center. 

The great thiclpesses of e jec ta  a t  variou distances a re  incom $Able 
with the volume estrmates above. Indeed, equations used f o r  the  esgunate of 
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volume using the e jecta  model above yields an e jecta  t h i c h e s s  of only 0.8 t o  
1.5 km a t  600 t o  500 km from the  basin center and a thickness a t  the rim tha t  
i s  smaller than those estimated from buried craters outward of the  rim. I f  the 
e jecta  average thickness a t  600 Inn i s  3.0 km, as implied by buried craters,  
and e jecta  thickness varies as the  inverse of the  cube of the distance from 
the  basin center, the  e jecta  thickness a t  the  Cordillera would be 7.0 Inn and 
the  e jecta  volume would be 9 mill ion cubic kilometers. Thus, it i s  e n t i r e w  
possible tha t  the  e jecta  from Orientale i s  much larger  than a few million cub- 
i c  kilometers. 

Considerable amounts of ejecta, pa r t ly  ba l l i s t i c ,  may have traveled far-  
ther  than 1420 Ism. An equivalent thickness of more than 8m may have impacted 
the  lunar surface 3,000 km from the  center of Orientale. Concentration of 
e jecta  on selected azimuths as lobes and rays imply such e jecta  need only 
occur locally. This e jecta  would impact the  lunar surf ace a t  velocit ies of 
about 1.6 km/sec t o  2.3 km/sec depending on the  trajectory.  Interaction of 
ejected debris with the  lunar surface i s  complex and depends on velocity a t  
impact, t rajectory,  grain and fragment size-frequency distr ibutions,  sequence 
of impacting grains, loca l  concentrations of ejected debris, and other factors. 

Simple extrapolation of e jecta  thickness resul ts  from Orientale t o  the  
Imbrium basin indicates substantial  thickness of e jecta  (~0.3-0.5  km) could be 
deposited up t o  1700 lan from the  center of Lmbrium. This, when combined with 
photogeologic evidence, shows tha t  large amounts of material from Imbrim 
reached the  Apollo 16 landing s i t e .  Such a conclusion suggests a potential  
confl ict  when considering the  difference i n  samples returned by Apollo 14 and 
16. A confl ict  does not necessarily exis t  i f  the  lunar crust i s  layered or 
inhomogeneous. Ejecta from r a d i a m  s w e t r i c a l  t e r r e s t r i a l  impact and ex- 
plosive cra ters  i n  layered materials a re  zoned with materials from the  deepest 
horizons near the rim and those from more shallow horizons far ther  out. Obli- 
que impacts could a l t e r  t h i s  general zonation of e jecta  and deposit materials 
from deeper horizons chiefly on the  "down-range" side of the  crater .  Thus, sam- 
ples from ~ p o ~ o  14  and 16 may represent materials from different  layers on 
the Moon. 

Smooth plains a r e  par t  of the  ejecta from large impact basins ( ~ g g l e t o n  
and Schaber, 1972) as  well as  smaller craters ( ~ e a d ,  1972). This i s  c lear ly  
i l l u s t r a t ed  a t  Orientale where plains uni ts  occur: (1) as isolated patches i n  
the braided and l ineated ejecta, (2)  as  surfaces of flow lobes clearly re la ted 
t o  Orientale, and (3) possibly, as cra ter  f i l l i n g  materials beyond the  lobes 
and braided-lineated ejecta,  Thus, smooth plains are par t  of the e jecta  from 
multi-ringed basins and no additional mechanisms are required t o  produce them. 
However, other mechanisms, such as secondary impacts, downslope mass movements 
volcanic flows, and e jecta  from countless lunar impact craters may affect  
pre-existing plains, and form some plains. 
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I. Table of thicknesses of Orientale e jecta  estimated from buried cra ters  and 
flow lobes using depth-diameter model of Pike (1972). 

Latitude Longitude Range Thickness Diameter 

Orient a l e  lgOs 94Ow 0 0 900 km 

Lamarck D 

Lagrange K 

Rocca 

Unnamed crater  

Darwin B 

Near Rocca J 

Rocca Z 

Unnamed crater  

Unnamed cra ter  

S u n h a  

Unnamed crater  13.5 '~ 91.2 '~  989 2.4 18 
Unnamed crater  14 .6 '~  9 1 . 5 O W  1022 1.5 30 

E. of Bouvard 40.5's 77 .TOW 780 3.2 5 1 

Inghirami Q 48.5's 73. OOW 1032 3 . 1 47.5 
Ejecta Lobe 5 1 . 0 ~ ~  69. oOW 1140 0.3 na 

Unnamed cra ter  51.6's 79. OOW 1051 1.8.2.2 15 
Unnamed crater  38.5'5 85. 5OW 6% 3-3 60 
Thin flow 54OS 50°w 1420 0.1 na 

Lagrange L 32's 65Ow 883 0-7 18 

Unnamed crater  18. OON 95.5Ow 115 3 3.1 45 
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