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2 .  EXPERIMENT S-5, SYNOPTIC TERRAIN PHOTOGRAPHY 

Paul  D Lowman, Jr . , Ph .D . 
NASA Goddard Space F l i g h t  Center  

The Synoptic Te r ra in  Photography Experiment (S-5) w a s  success fu l ly  
conducted during t h e  GeminiV mission,  t h e  second of t h e  Gemini f l i g h t s  
on which it w a s  c a r r i e d .  This  r e p o r t  summarizes b r i e f l y  t h e  methods and 
r e s u l t s  o f  t h e  experiment. I n t e r p r e t a t i o n  of  t h e  many e x c e l l e n t  p i c t u r e s  
obta ined  i s  i n  p rogres s ,  and a f u l l  repor t  i s  not poss ib l e  at t h i s  t i m e ;  
i n s t e a d ,  r e p r e s e n t a t i v e  p i c t u r e s  w i l l  be presented  and descr ibed .  

The purpose of  t h e  experiment was t o  o b t a i n  a l a r g e  number of high-  
q u a l i t y  color photographs of  s e l e c t e d  land a r e a s  f o r  geologic  and geo- 
graphic  s tudy .  Southern Mexico, ea s t e rn  Af r i ca ,  and A u s t r a l i a  were 
g iven  h igh  p r i o r i t y ,  b u t  it w a s  s t r e s sed  tha t  good p i c t u r e s  of any cloud- 
f r e e  l and  a r e a  would be  use fu l .  The same camera (Hasselblad 500 C )  and 
f i l m  (Ektachrome MS) used on t h e  G e m i n i  I11 and IV missions were c a r r i e d  
on t h e  Gemini V f l i g h t .  

* 

The experiment can be considered h ighly  success fu l .  Despi te  f u e l  
and power l i m i t a t i o n s ,  which prevented spacecraf t  o r i e n t a t i o n ,  approxi- 
mately 170 usable  p i c t u r e s  of l and  areas  were t aken ;  a l a r g e  p ropor t ion  
of  t hese  a r e  of  e x c e l l e n t  q u a l i t y ,  and a few a r e  even usable  f o r  s t e reo -  
scopic  s tudy.  The l o c a t i o n s  and t imes of  a l l  70-mm Hasselblad p i c t u r e s  
a r e  l i s t e d  i n  re ference  1. 

Figure  2-1, t aken  over I r a n ,  shows an a r e a  approximately 90 miles  
on a s i d e  of the  Zagros Mountains, about 50 miles  e a s t  o f  t h e  c i t y  of  
S h i r a z .  The two l a r g e  l a k e s ,  p a r t l y  surrounded by s a l t  f l a t s ,  a r e  t h e  
Daryacheh-ye Tashk ( t o  t h e  nor th)  and the  Daryacheh-ye Bakhtegan. The 
northwest- t rending ranges a r e  mostly Mesozoic and T e r t i a r y  sedimentary 
rocks  fo lded  i n t o  a s e r i e s  of a n t i c l i n e s  and sync l ines .  The dark h i l l s  
a t  bottom c e n t e r  a r e  composed of  volcanic  rock.  

This  p i c t u r e  appears  t o  be p o t e n t i a l l y  u s e f u l  f o r  r e f i n i n g  e x i s t i n g  
maps of  t h e  a r e a .  It shows considerably more geologic  and topographic  
d e t a i l  t han  t h e  Geological  Map of I r a n  ( r e f .  2 )  whose s c a l e  (1:2 500 000) 
i s  c l o s e  t o  t h a t  of t h e  Gemini photograph. The p i c t u r e  would be  espe- 
c i a l l y  u s e f u l  i n  mapping Quaternary alluvium and evapor i t e  d e p o s i t s  and 
i n  d e l i n e a t i n g  major f a u l t s .  

F igu res  2-2 and 2 - 3 ,  taken over southwestern I r a n ,  show an a r e a  of 
g r e a t  geologic  i n t e r e s t .  The mountain ranges a r e  Cenozoic sedimentary 
rocks fo lded  i n t o  a n t i c l i n e s  and syncl ines  of  remarkable complexity.  O f  
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p a r t i c u l a r  i n t e r e s t  i s  t h e  f a u l t  s ca rp  a t  t h e  l e f t .  This  f e a t u r e  r e -  
f l e c t s  a r e c e n t  and probably s t i l l  a c t i v e  f a u l t  of t h e  " sc i s so r s "  type  
i n  which movement has oppos i te  d i r e c t i o n s  a t  oppos i te  ends.  
bottom of t h e  p i c t u r e ,  t h e  right-hand f a u l t  block has moved up; toward 
t h e  top ,  t h e  le f t -hand  s i d e  has  moved up. The recency of t h e  f a u l t  i s  
shown by t h e  v i r t u a l l y  n e g l i g i b l e  amount of d i s s e c t i o n  of t h e  sca rp .  
l i n e a r  f e a t u r e s  t o  t h e  l e f t  of t h e  f a u l t  a r e  probably t r u n c a t e d  s t r a t a  
r a t h e r  t han  sand dunes, s i n c e  they  can be seen t o  cont inue under t h e  a l -  
luvium. 

Toward t h e  

The 

Figure 2-4 shows t h e  mouth of t h e  Yangtze River and t h e  E a s t  China 
Sea,  looking toward t h e  e a s t .  This  p i c t u r e  i s  t y p i c a l  of many taken  
during t h e  Gemini V mission which show submarine topography and t u r b i d -  
i t y  cu r ren t s .  
va lue  f o r  hydrologic and oceanographic s t u d i e s  ( r e f .  3 ) ,  s i n c e  they  
permit a simultaneous view of l a r g e  ocean a r e a s ,  wi th  t h e  added advan- 
t a g e  of c o l o r .  

Such photographs a r e  be l i eved  t o  be of g r e a t  p o t e n t i a l  

Figure 2-5 ,  t aken  over New Mexico, i s  one of t h e  most n o r t h e r l y  
p i c t u r e s  of t h e  United S t a t e s  ob ta ined  on any of t h e  Mercury o r  Gemini 
f l i g h t s .  It shows a wide v a r i e t y  of rock types  and s t r u c t u r e s .  The 
white  patch a t  t o p  c e n t e r  (marred by a f l a w )  i s  t h e  gypsum sand of t h e  
White Sands Nat ional  Monument. West of t h e  Monument a r e  t h e  San Andres 
Mountains, which a r e  bordered on t h e  south by t h e  T e r t i a r y  vo lcan ic s  of 
t h e  Organ Mountains. West of t h e  R i o  Grande, a t  t h e  t o p  l e f t ,  a s e r i e s  
of norther ly- t rending f a u l t s  i n  t h e  v i c i n i t y  of Magdalena Peak are 
v i s i b l e .  F i n a l l y ,  a t  l e a s t  two u n i t s  can be d i s t ingu i shed  i n  t h e  Quater- 
nary basa l t  f lows west of t h e  Rio Grande a t  t h e  l e f t ,  a l though t h e  most 
recent  geologic  map of New Mexico ( r e f .  4 )  shows only one map u n i t .  

The a v a i l a b i l i t y  of a r ecen t  geologic  map of t h i s  area makes t h i s  
photograph of p a r t i c u l a r  va lue  f o r  comparison purposes .  
s tudy i n d i c a t e s  t h a t  many of t h e  major l i t h o l o g i c  u n i t s  and s t r u c t u r e s  
( e s p e c i a l l y  f a u l t s )  shown on t h e  1:500 000 s c a l e  geologic  map are 
v i s i b l e  on t h e  photograph, whose o r i g i n a l  s c a l e  w a s  about 1:2 000 000. 
The photograph, moreover, shows many f e a t u r e s  of Quaternary  al luvium 
which are not  shown on t h e  map and permi ts  r a p i d  de te rmina t ion  of t h e  
ex ten t  o f  t h e  pediments surrounding t h e  mountains, f e a t u r e s  which a r e  
not  shown c l e a r l y  on e i t h e r  topographic  o r  geologic  maps. 

Pre l iminary  

Because of day l igh t  r e s t r i c t i o n s ,  photographing southern Af r i ca  w a s  
not  poss ib le  during f l i g h t s  p r i o r  t o  Gemini V. However, a l a r g e  number 
of exce l len t  p i c t u r e s  of t h i s  a r e a  were obta ined  during t h i s  mission.  
One of t h e s e  i s  shown i n  f i g u r e  2-6, t aken  over South West Af r i ca .  
includes a cons iderable  p a r t  of t h e  Namib Deser t ,  which extends f o r  
s eve ra l  hundred m i l e s  along t h e  coas t  of southern Af r i ca ,  and p a r t  of 
t h e  Precambrian s h i e l d .  This  p i c t u r e  demonstrates t h e  p o t e n t i a l  va lue  

It 
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of h y p e r a l t i t u d e  photography f o r  s tud ie s  of r eg iona l  sand dune d i s t r i b u -  
t i o n  and s t r u c t u r a l  geology. The conspicuous f r a c t u r e  p a t t e r n  a t  t h e  
r i g h t  i s  covered more completely by an ad jo in ing  photograph. An i n -  
t e r e s t i n g  c i r c u l a r  f e a t u r e  i s  shown at t h e  t o p  r i g h t ,  vaguely sugges t ive  
of t h e  Richat  s t r u c t u r e  photographed on t h e  Gemini I V  mission.  

CONCLUDING REMARKS 

This  r e p o r t  covers  only a very  small p a r t  of t h e  immense amount of 
geologic  and geographic information contained i n  t h e  t e r r a i n  photographs 
taken  dur ing  t h e  Gemini V mission.  Further  d e t a i l e d  s t u d i e s  a r e  i n  prog- 
r e s s  t o  eva lua te  t h e  r e s u l t s  of t h e  experiment. The crew a r e  t o  be com- 
mended for t h e i r  i n t e r e s t  and competence i n  car ry ing  out t h e  t e r r a i n  
photography under d i f f i c u l t  condi t ions .  
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Figure 2-1.- South-central Iran, showing the Zagros Mountains. 



Figure 2-2 . -  South-eastern I r a n ,  showing folded mountains c u t  by scissors faul t  ( l e f t ) .  



Figure 2-5.-  Soutri-eastern Iran, snowing an area o€ folded mountains overlapping the area 
shown in figure 2-2. 



Figure 2-4.- Mouth of the Yangtze R i v e r ,  showing bo t ton i  topography and!or tm.:?idily c i r r a n t  s .  
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Figure 2-5.- South-cent ra l  New Mexico, showing t h e  Rio Grande v a l l e y ,  t h e  Sari Andres 
and Organ Mountains, and t h e  White Sands Nat iona l  Monument ( t o p ) .  
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