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Several conf l ic t ing  scenarios currently e x i s t  f o r  the development of the 
mu1 t i p l e  rings of large basins and consequently the ident i f ica t ion  of the rim 
of the excavation cavity ( 1  ,2,3,4,5).  The proper ident i f ica t ion  of the t rans ient  
basin rim i s  important in estimating the input energy represented by such 
enormous impacts, determining the provenance of lunar samples, and understanding 
the formational history of mu1 t i -r inged basins in general . The resu l t s  presented 
here of fer  additional observations tha t  may aid in identifying the primary 
basin rim. 

The Russian spacecraft ,  Zond 8, returned an invaluable new perspective of 
the Orientale Basin under f u l l  so lar  il lumination. Of par t icular  i n t e r e s t  i s  
an enigmatic dark annulus tha t  crosses the outer Montes Rook in the southwestern 
sector  of the basin (Fig.  1 ) .  Low illumination Lunar Orbiter photography 
complements t h i s  view and reveals tha t  the low albedo ring corresponds t o  a  
dark deposit mantling the hummocky in ter - r ing  fac ies  and the f issured Maunder 
Formation ( 6 )  between the inner and outer Montes Rook, where the deposit i s  
generally darker. Along the ring the mantle appears to  be local ly concentrated, 
and a t  one of these s i t e s  in the southeastern portion of the r ing,  a  c ra te r  i s  
nearly completely buried by the deposits.  In general , we1 1-defined topographic 
features do not correspond with the dark annulus although a poorly defined 
system of arcuate f r ac tu res ,  scarps, and c ra te r  chains may be re la ted .  More 
notable i s  the discontinuation of the outer Montes Rook within the annulus, a  
feature tha t  i s  readily seen in oblique Zond 8 views. The annulus i s  surrounded 
by what appears t o  be the broken rim of a  large c ra te r  t h a t  forms a pronounced 
scal lop of the Montes Cordillera r i n g .  

The origin of the dark annulus could be a t t r ibuted  t o  a  variety of imagined 
processes. However, the annular placement of volcanic vents characterize 1 unar 
c ra te r s  tha t  have been modified volcanically ( 7 ) .  Drawing on t h i s  analogy, we 
in te rp re t  the ring as a  remnant of a  system of vents established pr ior  t o  the 
formation of the Orientale Basin within an old basin having an inner ring diameter 
of 175 km and perhaps an outer ring diameter of 350 km. In order fo r  such a 
vent system t o  survive the Orientale impact, the original basin rim must have 
been within the outer Montes Rook, perhaps corresponding with the present inner 
Montes Rook, which i s  not well defined in the region of the dark annulus. Sub- 
sequent collapse of the t rans ient  cavity producing the outer Montes Rook and 
Cordillera scarps did not destroy the conduits of the previously established 
vents. The poss ib i l i ty  tha t  Orientale postdated ear ly  mare-flooding stages i s  
suggested by the presence of mare-basalt c l a s t s  in some lunar highland breccias 
tha t  predate or  are  contemporaneous with the Imbrium Basin ( 8 ) .  I t  i s  a1 so 
suggested by dark-haloed impact-like c ra te r s  ( e .g . ,  west of Schickard, south of 
Einstein) tha t  have excavated dark, pre-Oriental materials be1 ow the Orientale 
e jec ta  fac ies .  Final ly,  another s l i g h t l y  smaller dark annulus can be ident i f ied  
tha t  has been buried by Orientale e jec ta  (see Fig. l a ) .  

Although other c ra te r s  overlapping the Orientale inner mountain rings are 
not ident i f ied ,  large degraded c ra te r s  can be identif ied up  t o  the outer Orientale 
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r ing where the  Montes Cordi l le ra  becomes a discontinuous scarp ( 1 ) .  This 
perhaps i s  bes t  i l l u s t r a t e d  j u s t  west of the c r a t e r  Lowell where a newly iden- 
t i f i e d  300 km hummocky p l a ins - f i l  led c r a t e r  i s  bisected by the  outer  scarp 
(Fig.  2 ) .  I f  the  outer  Cordi l le ra  ind ica te  an excavation rim, then i t  seems 
highly unusual t h a t  a pre-exis t ing c r a t e r  could remain i d e n t i f i a b l e .  Such 
preservation i s  more cons is ten t  with the  Cordi l lera  representing an adjustment 
of the  lunar c r u s t  t o  the impact cavi ty .  Similar  c r a t e r s  can be iden t i f i ed  
along Montes Cordi l le ra  and cont r ibu te  t o  i t s  scalloped plan (Fig.  3 ) .  Similar  
r e l a t i ons  a r e  seen in  the presence of highly degraded pre-Imbrian c r a t e r s  in  
the Imbrium Basin Montes Apennines ( 9 ) .  An addi t ional  c lue t o  the primary basin 
rim i s  provided by a rad ia l  furrow and scarp t h a t  cross  both Montes Cordi l le ra  
and Montes Rook in  northwestern Or ien ta le .  This f ea tu re  i s  exposed in only the 
l a s t  medium-resolution frames from Lunar Orbi te r  IV (LO-IV-193, 194-M) . The 
t ransec t ion  of t h i s  l i n e a r  s t r u c t u r e  across  basin r ings  again ind ica tes  the 
t r a n s i e n t  rim locat ion within the  outer  Montes Rook r ing .  

In summary, preserved c r a t e r s  and c r a t e r  remnants revealed in  the near- 
terminator Lunar Orbi te r  and f u l l  - i  11 umination Zond 8 photography suggest t h a t  
the excavation basin rim was within the  outer  Montes Rook r ing .  The remaining 
outer  r ings  appear t o  be bes t  in te rpre ted  as  c rus ta l  adjustments t o  the impact- 
produced cavi ty  as  previously suggested (1,4,5 , l o ) .  
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F i g u r e  l a )  Zond-8 photograph showing t h e  da rk  r i n g  (A) o f  O r i e n t a l e  t h a t  c rosses 
t h e  i n n e r  Montes Rook r i n g  and a  da rk  r i n g  b u r i e d  by O r i e n t a l e  e j e c t a  ( B ) .  
F i g .  I b )  Lunar O r b i t e r  IV-194-M r e v e a l i n g  l o c a t i o n  o f  da rk  r i n g  and p o s s i b l y  
r e l a t e d  o u t e r  r i n g  o f  o l d  bas in .  

F i g .  2 )  Large severed c r a t e r .  (300 km) 
c o n t a i n i n g  hummocky p l a i n s  and 
O r i e n t a l e  e j e c t a  f l o w .  (LO-V-22-M) . 
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F i g .  3 )  Rad ia l  f u r r o w  c r o s s i n g  
C o r d i l l e r a  and o u t e r  Rook r i n g s .  
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