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I .  I N T R O D U C T I O N  

The pu rpose  of t h i s  p a p e r  i s  t o  d i s c u s s  i n  d e t a i l  
t h e  g e o l o g i c  EVA connec ted  w i t h  a h y p o t h e t i c a l  s econd  Lunar 
Landing  Miss ion  (LLM2). The major g e o l o g i c  e x p l o r a t i o n  o b j e c t i v e s  
a r e  d i s c u s s e d  as we l l  a s  t h e i r  p o s s i b l e  a t t a i n m e n t  w i t h i n  t h e  
c o n s t r a i n t s  o f  a s t r o n a u t  m o b i l i t y ,  l i g h t i n g  c o n d i t i o n s  and 
l a n d i n g  l o c a t i o n .  The ear th  based  s y s t e m  o f  g e o l o g i c  mapping 
i s  n o t  d i r e c t l y  a p p l i c a b l e  t o  t he  moon. T h e r e f o r e ,  a s e r i e s  
of p r i o r i t i e s  must b e  e s t a b l i s h e d  f o r  f e a t u r e s  o f  i n t e r e s t  
and examined i n  l i g h t  o f  t h e  i n f o r m a t i o n  a t  hand ,  main ly  i n  
t h e  form o f  O r b i t e r  pho tographs .  

11. ASSUMPTIONS 

S e v e r a l  a s sumpt ions  and c o n s t r a i n t s  are used  as 
g u i d e  l i n e s  : 

1. 

2 .  

3.  

4. 

5.  

A s p e c i f i c  Apol lo  s i t e ,  1.1 P 6-1,  was chosen.  

Only emergency r e d e s i g n a t i o n  c a p a b i l i t y  i s  p r e s e n t  
w i t h  t h e  r e s u l t  t h a t  t h e  l a n d i n g  i s  random i n  t h e  
e l l i p s e .  

The ALSEP w i l l  b e  deployed  r e q u i r i n g  1 EVA p e r i o d  
o f  t h e  two a v a i l a b l e .  

A s t r o n a u t  m o b i l i t y  was t e s t e d  on t h e  f i r s t  l u n a r  
l a n d i n g  m i s s i o n  and no  major  r e s t r i c t i o n s  were p l a c e d  
on t h e i r  c a p a b i l i t y  t o  c a r r y  o u t  t h e  a s s i g n e d  tasks.  

Two and  a h a l f  hours  o f  EVA t i m e  are  a v a i l a b l e  f o r  
n o n - o p e r a t i o n a l  a c t i v i t i e s  and a s t r o n a u t s  may t r a v e r s e  
as f a r  as 1 km from t h e  LM. 

111. GENERAL OBJECTIVES 

The main s c i e n t i f i c  o b j e c t i v e s  o f  LLM2 are t o  deploy  
an  ALSEP, t o  i n v e s t i g a t e  a s  many d i f f e r e n t  g e o l o g i c  f e a t u r e s  
a n d  t o  r e t u r n  a s  v a r i e d  a s a m p l e  as t i m e  a n d  o t h e r  c o n s t r a i n t s  
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w i l l  p e r m i t .  The d e t a i l s  of t h e  s c i e n t i f i c  v a l u e  o f  ALSEP 
have been  t r ea t ed  e x t e n s i v e l y  elsewhere and  w i l l  n o t  be d i s c u s s e d  
he re .  

I V .  R E G I O N A L  GEOLOGY 

S i t e  I1 P 6 -1  i s  c e n t e r e d  a t  O o 4 5 ' N ,  23O37'E i n  
t h e  s o u t h w e s t  c o r n e r  of Mare T r a n q u i l l i t a t i s .  T h i s  r e g i o n  i s  
cove red  by t h e  geo1og'-c map o f  t h e  J u l i u s  Caesar q u a d r a n g l e  
a t  a s c a l e  o f  1:1,000,000. F i g .  1 shows t h e  I1 P 6-1 s i t e  
r e l a t i v e  t o  S a b i n e  D .  S t r a t i g r a p h i c a l l y ,  f rom the  o l d e s t  
t o  y o u n g e s t ,  t h e  u n i t s  d e f i n e d  are Imbrium mare mater ia l  o f  
t h e  P r o c e l l a r u m  Group, E r a t o s t h e n i a n  c r a t e r s  w i t h o u t  r ays  or 
l i g h t  h a l o s  and Copern ican  s a t e l l i t e  c r a t e r s .  The major  
s t r u c t u r a l  f e a t u r e s  are  a s e r i e s  o f  mare r i d g e s  which t r e n d  
NW-SE and a re  found t o  t h e  e a s t  o f  t h e  l a n d i n g  s i t e .  These 
r i d g e s  a r e  p a r t  o f  an e x t e n s i v e  sys t em c r o s s i n g  Mare T r a n q u i l -  
l i t a t i s .  An e l o n g a t e  d e p r e s s i o n  t r e n d i n g  NW and b o r d e r e d  by 
f a u l t s  i s  l o c a t e d  20  km NE o f  t h e  l a n d i n g  s i t e .  The Langley 
r e p o r t  on O r b i t e r  I1 compares t h e  r i d g e  and d e p r e s s i o n  sys t em 
t o  t h e  Western U n i t e d  S t a t e s  B a s i n  and Range p r o v i n c e .  T h i s  
r e g i o n  i s  c l a s s i f i e d  as a b l u e  mare and does  n o t  e x h i b i t  
anomalous c o o l i n g  d u r i n g  a n  e c l i p s e .  Su rveyor  V and Ranger 8 
a l s o  l a n d e d  i n  t h i s  r e g i o n ,  

V. SITE GEOLOGY 

F i g .  2 shows t h e  l a n d i n g  e l l i p s e  i n  d e t a i l .  The 
area i s  c h a r a c t e r i z e d  by l i t t l e  o r  no r e g i o n a l  s l o p e .  Albedo 
v a r i a t i o n s  are  r e s t r i c t e d  mainly t o  t he  areas s u r r o u n d i n g  
f r e sh  c r a t e r s ,  Blocks l a r g e r  t h a n  1 m are  found o n l y  i n - a n d  
a round  f r e s h  c r a t e r s  and  a t  t h e  bcrders  o f  l a r g e  p a r t i a l l y  
f i l l e d  c r a t e r s .  Flow s t r u c t u r e s ,  r i dges ,  r i l l e s  and domes 
are v i r t u a l l y  a b s e n t  i n  s i t e  I1 P 6-1. P a t t e r n e d  ground can  
be  found a b o u t  a few l a r g e ,  s h a l l o w ,  p a r t i a l l y  f i l l e d  c r a t e r s .  
S e v e r a l  c l a s s e s  o f  c r a t e r s  a r e  p r e s e n t :  

1. 

2. 

3 
2. 

Sha l low "ghos t  c r a t e r s "  u n d e r l i e  most o f  t h e  p r e s e n t  
s u r f a c e .  These s t r u c t u r e s  i n c l u d e  a c r a t e r  c h a i n  
n e a r  t h e  s o u t h w e s t e r n  b o r d e r  o f  t h e  e l l i p s e .  

P a r t i a l l y  f i l l e d  c ra te rs  w i t h  o b l i t e r a t e d  r i m s  and  
small d e p t h / d i a m e t e r  r a t i o s  are numerous. Two o f  t h e  
l a r g e s t  i n  t h e  e l l i p s e  have  d i a m e t e r s  of 600  meters. 

F r e s h  c r a t e r s  can  be d i v i d e d  i n t o  s e v e r a l  c l a s s e s :  

A .  C o n c e n t r i c  c r a t e r s  w i t h  r a i sed  b r i g h t  r i m s  and  
c o n t a i n i n g  blocky mater ia l .  I n  t h e  s i t e  area 
t h e r e  a r e  1 0  such  c r a t e r s  r a n g i n g  i n  s i z e  f rom 
55 t o  150 m e t e r s .  
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B.  F l a t  bot tomed o r  a r c h e d  f l o o r  c r a t e r s  h a v i n g  
r a i sed  b r i g h t  rims e x h i b i t i n g  some b l o c k  material .  
The s i z e  r a n g e s  from 30 t o  80 meters i n  diameter. 
Forty-one c r a t e r s  o f  t h i s  t y p e ,  h a v i n g  a diameter 
g r e a t e r  t h a n  30 meters, were counted  i n  t h e  s i t e .  

Con ica l  ( "d imple")  c r a t e r s  h a v i n g  ra i sed  rims, 
sometimes e x h i b i t i n g  b r i g h t  r a y s  b u t  h a v i n g  
no  b l o c k s  w i t h i n  t h e  1 meter r e s o l u t i o n  l i m i t .  
F i f t y - t h r e e  c r a t e r s  o f  t h i s  t y p e  r a n g i n g  i n  s i z e  
from 30 t o  55 meters were coun ted .  Craters 
h a v i n g  d i a m e t e r s  l e s s  t h a n  30 meters were n o t  
coun ted .  

C ,  

D .  Con ica l  ( "d imple")  c r a t e r s  w i t h o u t  d e t e c t a b l e  
r a i sed  r i m s  and r a r e l y  e x h i b i t i n g  b r i g h t  rays 
make up t h e  f o u r t h  c l a s s  o f  f e a t u r e s .  This  
c l a s s  c o n t a i n s  t h e  m a j o r i t y  of c r a t e r s  less t h a n  
30  me te r s  i n  diameter found i n  t h i s  s i t e .  A 
number o f  r i m l e s s  c r a t e r  c h a i n s  a re  p r e s e n t .  
The p r e f e r r e d  c h a i n  o r i e n t a t i o n  i s  NW-SE, i n  
a l ignmen t  w i t h  t h e  p r e v a i l i n g  s t r u c t u r a l  t r e n d  
s e e n  i n  s u r r o u n d i n g  areas. However, o t h e r  c h a i n  
o r i e n t a t i o n s  are a l s o  p r e s e n t  b u t  no p r e f e r r e d  
d i r e c t i o n s  are  a p p a r e n t .  The rimless c r a t e r  
c h a i n s  o r i e n t e d  a l o n g  t h e  g e n e r a l  NW-SE s t r u c t u r a l  
t r e n d  o f  t h e  area appear s imilar  t o  t h o s e  found 
by Surveyor  V and have been  c a l l e d  s u b s i d e n c e  
f e a t u r e s  by Shoemaker.' 
c r a t e r  c h a i n s  s u g g e s t s  s u b s u r f a c e  v o i d  s p a c e s  
p o s s i b l y  a s s o c i a t e d  w i t h  v o l c a n i c  f l o w s .  

The p r e s e n c e  o f  these 

S e v e r a l  c o n c l u s i o n s  abou t  t h e  s u r f a c e  and  s u b s u r f a c e  
s t r u c t u r e  can  be  made from i n v e s t i g a t i o n s  o f  t h e  c r a t e r  mor- 

were used  i n  c o n j u n c t i o n  w i t h  c r a t e r  diameter vs  morphology 
c o u n t s  t o  d e t e r m i n e  t h e  t h i c k n e s s  o f  t h e  d e b r i s  l a y e r .  It 
was found t h a t  i n  I1 P 6-1 t h e  o v e r l y i n g  d e b r i s  l a y e r  has a 
t h i c k n e s s  r a n g i n g  between 5 and 1 0  meters. 

pho logy .  The e x p e r i m e n t a l  r e s u l t s  o f  Oberbeck and Q u a i d e  2 

A s  s e e n  above ,  t h e  major  g e o l o g i c  f e a t u r e s  can  b e  
i d e n t i f i e d  from o r b i t a l  s i t e  pho tography .  
t h e  f e a t u r e s  t o  b e  i n v e s t i g a t e d  and documented by the  a s t r o n a u t  
can  be d e f i n e d .  

From t h i s  photography 

V I .  SPECIFIC OBJECTIVES 

1. Sample t h e  d e b r i s  l aye r  and  t h e  "basement ."  

A p r i m a r y  o b j e c t i v e  i s  t o  sample e a c h  u n i t  s u f f i c i e n t l y  
t o  i d e n t i f y  v a r i a t i o n s  and p o s s i b l e  f a c i e s  changes .  
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2.  

3.  

4. 

5 .  

O f  c o u r s e  t h i s  w i l l  p r o b a b l y  n o t  be p o s s i b l e  i n  t h e  
c a s e  o f  t h e  basement mater ia l .  However, w i t h i n  t h e  
l i m i t s  o f  t h e  a s t r o n a u t s '  c a p a b i l i t y  a c o n c e n t r a t e d  
e f f o r t  s h o u l d  be made t o  sample a f resh  c o n c e n t r i c  
t y p e  c r a t e r  t o  o b t a i n  a basement sample. 

Observe and photograph  d e t a i l e d  s t r u c t u r a l  r e l a t i o n -  
s h i p s  and  s u r f a c e  t e x t u r e s  n o t  v i s i b l e  on one meter 
r e s o l u t i o n  v e r t i c a l  pho tography .  Photography o f  
c r a t e r  r i m  s t r u c t u r e s  w i l l  g i v e  i n f o r m a t i o n  on t h e i r  
o r i g i n  and subsequent  e r o s i o n .  I n v e s t i g a t i o n  w i l l  
y i e l d  data on t h e  immediate s u b s u r f a c e  mare s t r u c t u r e ,  
i t s  degree o f  c o n s o l i d a t i o n  and t h e  t y p e  of material .  
Obl ique  pho tographs  of  p a t t e r n e d  ground as w e l l  as 
o t h e r  p o s i t i v e  f e a t u r e s  s h o u l d  be  made. 

I n v e s t i g a t e  and photograph  d i f f e r e n t  c r a t e r  t y p e s .  
A s  ment ioned i n  S e c t i o n  V t h e r e  are  a number of  
d i f f e r e n t  t y p e s  of c r a t e r s .  The o r i g i n  o f  c r a t e r  
c h a i n s ,  i n  p a r t i c u l a r ,  i s  a mat ter  of  d i s p u t e .  
I n v e s t i g a t i o n  of  t h e i r  f l o o r s  and  common r i m  r e l a t i o n -  
s h i p s  w i l l  e s t a b l i s h  whether  t h e y  are o f  v o l c a n i c  
or impact  o p i g i n  o r  are s i lb s idence  f e a t u r e s .  

Sample l a r g e  r o c k s  and  i n v e s t i g a t e  and pho tograph  
t h e i r  r e l a t i o n s h i p  t o  t h e  s u r f a c e .  I n  s i t e  I1 P 6-1  
large r o c k s  a r e  a s s o c i a t e d  on ly  w i t h  c o n c e n t r i c  c r a t e r s  
and  s e v e r a l  l a rge ,  s h a l l o w ,  p a r t i a l l y  f i l l e d  c r a t e r s .  
I n  t h e  c a s e  of o l d  c r a t e r s  t h e  o r i g i n  o f  t h e  r o c k s  
i s  n o t  c l e a r .  I f  t h e y  are  remnants  of  t h e  o r i g i n a l  
t h r o w o u t ,  t h e n  a s tudy  o f  t h e i r  r e l a t i o n s h i p  t o  t h e  
p r e s e n t  s u r f a c e  w i l l  make a n  i m p o r t a n t  c o n t r i b u t i o n  
t o  t h e o r i e s  o f  d e p o s i t i o n  and  e r o s i o n .  Samples 
s h o u l d  be t a k e n  a t  t h e  r o c k  s u r f a c e  as w e l l  as below 
t h e  s u r f a c e  i n  o r d e r  t h a t  s t u d i e s  can be  made o f  t h e  
e f f e c t  o f  t h e  l u n a r  r a d i a t i o n  env i ronmen t .  

Sample and  p robe  i n  pe rmanen t ly  shaded areas b e n e a t h  
r o c k s .  The p o s s i b l e  p r e s e n c e  o f  f r o z e n  v o l a t i l e  
mater ia l s  i n  t h e  permanent ly  shaded areas o f  t h e  
moon has been ~ u g g e s t e d . ~  
la rge  pe rmanen t ly  shaded areas w i l l  be found p r i m a r i l y  
a t  h igh  l a t i t u d e s .  However, unde r  t h e  n o r t h e r n  or 
s o u t h e r n  overhangs  o f  large r o c k s  permanent ly  shaded 
areas might  be found i n  t h e  e q u a t o r i a l  r e g i o n s .  

S u r f a c e  e x p o s u r e s  o f  

V I I .  V I S I B I L I T Y  

I n  o r d e r  t o  p l a n  t h e  s u r f a c e  EVA i n  d e t a i l ,  t he  
v i s i b i l i t y  o f  f e a t u r e s  of  i n t e r e s t  must b e  e s t a b l i s h e d .  I n  
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4 a n o t h e r  p a p e r ,  t h e  a u t h o r  has  d e t e r m i n e d  t h e  v i s i b i l i t y  of  
r imless  c r a t e r s ,  r a i s e d  r i m  c ra te rs  and b l o c k s  u s i n g  t h e  l u n a r  
p h o t o m e t r i c  f u n c t i o n  and c o n t r a s t  c r i t e r i a .  The v i s i b i l i t i e s  
were based on t h e  s i m p l e  model o f  a h o r i z o n t a l  s u r f a c e  p r o v i d i n g  
an u n o b s t r u c t e d  view of  t h e  f e a t u r e s  super imposed  upon i t .  
For  example,  f o r  most az imuths ,  a t  low sun  a n g l e s  a one meter 
diameter c r a t e r  i s  v i s i b l e  t o  a b o u t  55 meters by  an  a s t r o n a u t  
on t h e  ground.  Looking away from t h e  s u n ,  because  o f  t h e  h i g h  
b a c k s c a t t e r i n g  p r o p e r t i e s  o f  t h e  l u n a r  s u r f a c e  and t h e r e f o r e  
r e d u c e d  c o n t r a s t ,  a one meter  c r a t e r  i s  v i s i b l e  a t  a b o u t  40 
meters.  However, a t  t h i s  azimuth a washout o c c u r s  a t  less  t h a n  
a b o u t  20  meters. From t h e  docking  h a t c h  o f  t h e  LM, a t  7 meters 
e l e v a t i o n ,  t h e  a s t r o n a u t  cou ld  d e t e c t  a 1 meter rimless c r a t e r  
a t  a d i s t a n c e  o f  between 6 0  and 1 2 0  meters. 

P o s i t i v e  f e a t u r e s ,  s u c h  as c r a t e r  r i m s  and b l o c k s ,  
are v i s i b l e  a t  much g rea t e r  d i s t a n c e s  because  t h e r e  i s  no  
f o r e s h o r t e n i n g .  F o r  i n s t a n c e  a one meter b l o c k ,  because  o f  
t h e  i n h e r e n t  h i g h  c o n t r a s t  due t o  t h e  a l b e d o  d i f f e r e n c e s  o f  
r o c k s ,  i s  v i s i b l e  t o  2 km, t h e  a s t r o n a u t ' s  l i m i t  o f  r e s o l u t i o n .  
R i m s  o f  c r a t e r s  h a v i n g  d i a m e t e r s  g r e a t e r  t h a n  abou t  30 meters 
a re  v i s i b l e  t o  t h e  h o r i z o n .  

V I I I .  TRAVERSE PROFILE 

Many g e o l o g i c  features  o f  i n t e r e s t  are  v i s i b l e  t o  a 
d i s t a n c e  comparable  w i t h  t h e  a s t r o n a u t s '  1 km r a d i u s  o f  a c t i o n ,  
d e f i n e d  b y  t h e  emergency oxygen s u p p l y .  T h e r e f o r e ,  a s i t e  
i n d e p e n d e n t  p r o f i l e  w i t h i n  t h e  l a n d i n g  e l l i p s e  can  b e  deve loped  
which does n o t  r e q u i r e  a c c u r a t e  map l o c a t i o n  by t h e  a s t r o n a u t s .  

A t  t h e  commencement o f  t h e  g e o l o g i c  EVA a v i s u a l  
s u r v e y  o f  t h e  s u r r o u n d i n g  s u r f a c e  from t h e  LM r o o f  dock ing  
h a t c h  i s  made.* Major f e a t u r e s  o f  i n t e r e s t  are n o t e d  a l o n g  w i t h  
t h e i r  approx ima te  az imuths  and d i s t a n c e s .  A t r a v e r s e  i s  l a i d  
o u t ,  a p p r o x i m a t e l y ,  t o  cove r  as many of t h e  main o b j e c t i v e s  as 
p o s s i b l e  w i t h i n  t h e  2 1 / 2  hour  t r a v e r s e  time l i m i t .  A t r a v e r s e  
speed o f  3 km/hr i s  assumed. T h i s  approx ima te  t r a v e r s e  can  
b e  a l t e r e d  unde r  way, a t  t h e  d i s c r e t i o n  of  t h e  a s t r o n a u t s ,  t o  
i n c l u d e  new f e a t u r e s  o f  i n t e r e s t  which are s i g h t e d .  

* A t  p r e s e n t ,  t h e  docking  h a t c h  i s  n o t  s c h e d u l e d  t o  be used  
f o r  t h i s  p u r p o s e .  However, i t  i s  used  here  t o  d e m o n s t r a t e  
t h e  b e s t  v a n t a g e  p o i n t  f o r  - i n  -- s i t u  t r a v e r s e  p l a n n i n g .  The 
LM egress  p l a t f o r m  a l s o  could  be u s e d  f o r  a v i s u a l  s u r v e y .  
However, t h e  f i e l d  o f  view of an a s t r o n a u t  s t a n d i n g  on t h e  
p l a t f o r m  would be  l i m i t e d  t o  a p p r o x i m a t e l y  200'. T r a v e r s e  p l a n s  
s imi l a r  t o  t h o s e  d i s c u s s e d  l a t e r  i n  t h i s  p a p e r  c o u l d  be deve loped  
d i r e c t l y  from t h e  s u r f a c e ,  s i n c e  most o f  t h e  f e a t u r e s  would be 
v i s i b l e .  However, more t ime and  e f f o r t  would be  r e q u i r e d .  
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Two s p e c i f i c  t r a v e r s e s  are o u t l i n e d  i n  t h e  f o l l o w i n g ,  
b e g i n n i n g  a t  p o i n t s  chosen a t  random i n  s i t e  I1 P 6-1.  The 

h a t c h .  

T r a v e r s e  A 

I main f e a t u r e s  v i s i t e d  are a n  v i s i b l e  f rom t h e  LM dock ing  
I 

F i g u r e  3 A  shows a sample t r a v e r s e  l a i d  o u t  f rom a 
randomly chosen 1andir .g  p o i n t .  
a re  chosen ,  t h e  f i r s t  f o u r  of which are  v i s i b l e  f rom t h e  LM 
dock ing  h a t c h  and t h e  f i f t h  o f  which would be  " d i s c o v e r e d "  
d u r i n g  t h e  t r a v e r s e  f rom s t a t i o n  4 t o  t h e  LM. 
t h e  o b j e c t i v e s  a r e :  

F ive  s i t e s  f o r  i n v e s t i g a t i o n  

I n  t h e  f o l l o w i n g ,  

S t a t i o n  1: D i s t a n c e  from t h e  LM: 350 m .  C o n c e n t r i c  
c r a t e r  60  m i n  d i a m e t e r ,  s l i g h t l y  e r o d e d ,  c o n t a i n s  
s e v e r a l  small younger c o n i c a l  c r a t e r s .  Chance of  
f i n d i n g  basement t y p e  ma te r i a l  s c a t t e r e d  a round  r i m .  
Photograph  s t r u c t u r e  and  d e s c r i b e  t y p e  of e r o s i o n  
and f i l l i n g .  Sample. S t a y  t ime 2 0  m i n u t e s .  

S t a t i o n  2 :  D i s t a n c e  from s t a t i o n  1: 400 m. Con- 
c e n t r i c  c r a t e r  70 m i n  diameter .  S t r u c t u r e  and a p p a r e n t  
age ve ry  s i m i l a r  t o  s t a t i o n  1. O b j e c t i v e s  same as 
s t a t i o n  1. Observe s i m i l a r i t i e s  and d i f f e r e n c e s  
p a r t i c u l a r l y  w i t h  r e l a t i o n s h i p  t o  t h e  d e p t h  t o  
basement  and  t y p e  o f  mater ia l .  S t a y  t i m e  20  minu tes .  

S t a t i o n  3 :  D i s t a n c e  560 m .  Three  c r a t e r s ,  two w i t h  
diameters o f  abou t  2 0  m ,  w i t h  a p p a r e n t  common r i m s .  
Each c o n t a i n s  a s m a l l e r  younger  c r a t e r  i n  i t s  wal l .  
The t h i r d  c r a t e r  i s  a p r a c t i c a l l y  r imles s ,  30 m 
d iameter ,  c o n i c a l  c r a t e r ,  p o s s i b l y  c o n t a i n i n g  a small  
f l a t  f l o o r .  S tudy  s t r u c t u r a l  r e l a t i o n s h i p s  p a r t i c u l a r l y  
between c r a t e r s  w i t h  a common r i m .  Photograph  w i t h  
i n t e n t  t o  e s t a b l i s h  t h e  o r i g i n  of  t h e  d i f f e r e n t  
f e a t u r e s .  Sample.  S t a y  t i m e  20 m i n u t e s .  

S t a t i o n  4 :  D i s t a n c e  450 m .  A 25 m d i m  ra i sed  r i m  
c r a t e r  w i t h  a l i g h t  e j e c t a  b l a n k e t .  T h i s  i s  t h e  
on ly  b r i g h t  c r a t e r  w i t h i n  1 k m  o f  t h e  LM and s h o u l d ,  
t h e r e f o r e ,  b e  e a s y  t o  d e t e c t .  A s econd  smaller 
c r a t e r  i s  found on t h e  n o r t h  r i m  o f  t h i s  c r a t e r .  
Determine d e p t h  of  b r i g h t  mater ia l .  S t a y  t i m e  20  
m i n u t e s .  

S t a t i o n  5 :  D i s t a n c e  250  m .  N-S t r e n d i n g  c r a t e r  
c h a i n .  Craters abou t  1 0  m or l e s s  i n  diameter.  Also 
an i n t e r s e c t i o n  of  a n  E-W t r e n d i n g  c r a t e r  c h a i n  o f  



BELLCOMM, INC.  - 7 -  

s l i g h t l y  l a r g e r  c r a t e r s .  I n v e s t i g a t e  t o  d e t e r m i n e  
o r i g i n .  Sample i f  n e c e s s a r y .  Pho tograph .  S t a y  t ime 
20  m i n u t e s .  

Re tu rn  t o  LM. D i s t a n c e  300 m. T o t a l  d i s t a n c e  
t r a v e l e d :  2 . 3 1  km. Walking time : approx ima te ly  
50  m i n u t e s .  T o t a l  t ime a t  s t a t i o n  1, 1 h o u r  4 0  
m i n u t e s ,  T o t a l  t r a v e r s e  t ime:  2 1 / 2  h o u r s .  

T r a v e r s e  B 

F i g u r e  3R shows a s imi l a r  t r a v e r s e  l a i d  o u t  from a 
h y p o t h e t i c a l  l a n d i n g  p o i n t  approx ima te ly  1.9 km s o u t h  o f  t h e  
l a n d i n g  p o i n t  i n  t r a v e r s e  A .  I n  many c a s e s  t h e  t r a v e r s e  
o b j e c t i v e s  and  f e a t u r e s  v i s i t e d  a r e  s imi la r ,  which i s  due 
o f  c o u r s z ,  t o  t h e  homogeneous n a t u r e  of' t h e  mare s u r f a c e .  

S t a t i o n  1: Dis t ance  300 m ,  B r i g h t  r a i sed  r i m  
c r a t e r ,  d i a m e t e r  15 m.  T h i s  c r a t e r  i s  a t  t h e  head 
o f  an  i r r e g u l a r  cha in  e x t e n d i n g  NW-SE. Sample 
d i f f e r e n t  a l b e d o  mater:als. Photograph r e l a t i o n s h i p s  
t o  o t h e r  c h a i n  c r a t e r s .  S t a y  time 1 0  m i n u t e s .  

S t a t i o n  1 - S t a t i o n  2 :  D i s t a n c e  1 7 0  m .  T r a v e r s e  
west o f  c h a i n .  Photograph and  sample i f  wor thwhi l e .  
I n v e s t i g a t e  e l o n g a t e  c r a t e r  n e a r  s t a t i o n  2 .  If 
low v e l o c i t y  impact  s t r u c t u r e ,  a t t e m p t  t o  sample 
p r o j e c t i l e .  S t a y  t i m e  1 0  m i n u t e s .  

S t a t i o n  3 :  D i s t a n c e  6 0 0  m .  B r i g h t  c o n c e n t r i c  t y p e  
c r a t e r  s t r u c t u r e .  Diameter 35 m .  Appears somewhat 
e r o d e d .  B r i g h t  appearance  may b e  an a r t i f a c t  o f  t h e  
O r b i t e r  I1 pho tograph .  Crater i s  p o s i t i o n e d  i n  t h e  
w a l l  o f  a ve ry  sha l low g h o s t  c r a t e r .  Photograph  
s t r u c t u r a l  r e l a t i o n s h i p s  o f  t h e  two. Sample, a t tempt  
t o  r e t r i e v e  basement r o c k s .  S t a y t i m e  2 0  m i n u t e s .  

S t a t i o n  4 :  D i s t a n c e  770  m .  P a r t i a l l y  f i l l e d  c o n i c a l  
c r a t e r ,  60 m i n  diameter.  T h i s  c r a t e r  a p p e a r s  t o  
have  a smaller d i ame te r -dep th  r a t i o  t h a n  most e r o d e d  
str.-uct-ur>,Gs. Ii-*v-estigate f o r  ;;ubsider,ze =r draipAage. 

S t a t i o n  5 :  D i s t a n c e  1 2 0  m .  A s m a l l e r  v e r s i o n  of  
s t a t i o n  4 .  C r a t e r  d i a m e t e r  2 0  m. However, ra i sed  
w e s t e r n  r i m  s u g g e s t s  an e roded  impact  s t r u c t u r e .  
Also  e l o n g a t e d .  Photograph and sample as n e c e s s a r y .  
S t a y t i m e  1 0  minu tes .  

S t a t i o n  6 :  D i s t a n c e  350 m. Large s h a l l o w  g h o s t  
c r a t e r ,  approximate  diameter 180  m. A t  l e a s t  two 



BELLCOMM, INC. - 8 -  

' bou lde r s  are  v i s i b l e  on t h e  O r b i t e r  I1 pho tograph .  
It  i s  n o t  c l e a r  whether  t h e  b o u l d e r s  are remnants  
o f  t h e  o r i g i n a l  impact s t r u c t u r e  which has been  
e r o d e d  and f i l l e d  o r  whether t he  b o u l d e r s  o r i g i n a t e d  
o u t s i d e  t h e  immediate area.  The fo rmer  c a s e  i s  more 
p r o b a b l e .  
under  any overhangs t h a t  might  p r o v i d e  permanent ly  
shaded areas.  
pho tograph  d e p o s i t i o n a l  f e a t u r e s  i n  c r o s s - s e c t i o n .  
Sample b e n e a t h  b o u l d e r .  Photograph  any s t r u c t u r e s  
o f  i n t e r e s t  i n  c r a t e r .  S t a y t i m e  20  m i n u t e s .  

Sample t h e  b o u l d e r s  and  sample t h e  s u r f a c e  

I f  p o s s i b l e ,  move t h e  b o u l d e r  and 

S t a t i o n  7 :  D i s t ance  130  m. Small c r a t e r  c h a i n  
t r e n d i n g  NE-SW. Photograph r e l a t i o n s h i p s .  Determine 
if c r a t e r s  are s u b s i d e n c e  f e a t u r e s ,  

R e t u r n  t o  LM. D i s t a n c e  350 m. S t a y t i m e  1 0  minu tes .  
T o t a l  d i s t a n c e  t r a v e l e d :  2 . 4 4  km. Walking t ime 
a p p r o x i m a t e l y  55 minutes .  T o t a l  time a t  s t a t i o n s  
1 h o u r  35 minu tes .  T o t a l  t r a v e r s e  time 2 1 / 2  h o u r s .  

I X .  TRAVERSE D I S C U S S I O N  

Each t r a v e r s e  accompl ished  most o f  t h e  o b j e c t i v e s  
p u t  f o r t h  i n  S e c t i o n  V I .  
w i l l  b e  w i t h i n  1 km of  a f r e s h  c r a t e r  o r  a c r a t e r  c h a i n  o r ,  
because  o f  t e r r a i n  c o n s i d e r a t i o n s  w i l l  be  i n  view o f  such 
a f e a t u r e .  However, t h e  main f e a t u r e s  o f  i n t e r e s t  o u t l i n e d  
p r e v i o u s l y  are s u f f i c i e n t l y  numerous o v e r  t h e  e n t i r e  s i t e  
s o  t h a t  a p p r o x i m a t e l y  80% of them s h o u l d  be  e n c o u n t e r e d  on 
any t raverse .  

O f  c o u r s e  n o t  a l l  l a n d i n g  p o i n t s  

Some c o n s i d e r a t i o n  must b e  g i v e n  t o  t h e  c o n s t r a i n t s  
p l a c e d  on t h e  a s t r o n a u t  m o b i l i t y  by t h e  n e a r  f i e l d  v i s i b i l i t y .  
Because o f  t h e  z e r o  phase  washout phenomenon he p r o b a b l y  w i l l  
n o t  wish t o  walk  d i r e c t l y  away from t h e  sun  and, c o n v e r s e l y ,  
b e c a u s e  o f  t h e  p o t e n t i a l  v i s o r  g l a r e  problem the  v i s i b i l i t y  
may be  q u i t e  p o o r  while f a c i n g  t h e  sun d i r e c t l y .  T h i s  c o n s t r a i n t  
would,  f o r  i n s t a n c e ,  a f f e c t  t r a v e r s e  B .  The p a t h s  between 
s t a t i o n  2-3 and 3-4 would no t  be n e g o t i a b l e .  
t h e  t r a v e r s e  by  moving a i r e c t i y  f rom s t a t i o n  2 t o  4 wouia 
d e c r e a s e  t h e  t o t a l  d i s t a n c e  by a b o u t  1 km and t h e  t r a v e r s e  
t i m e  b y  abou t  20 m i n u t e s .  However, no f r e sh  c r a t e r ,  which 
i s  a h i g h  p r i o r i t y  o b j e c t i v e ,  would be v i s i t e d .  
a p r i o r i t y  d e c i s i o n  must be made i n  t h e  o r i g i n a l  rough m i s s i o n  
p l a n  which would e i t h e r  a l t e r  t h e  t r a v e r s e  p a t h  t o  i n c l u d e  a 
h igh  p r i o r i t y  f e a t u r e  a t  t h e  e x c l u s i o n  o f  o t h e r s  o r  bypass  
i t  c o m p l e t e l y .  

A s h o r t e n i n g  of  

T h e r e f o r e ,  

A .  F. H .  Goetz 1012-AFHG-kse 
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