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ABSTRACT 

The Geological Survey i n  cooperation w i t h  the National Aeronautics 

and Space Administration and with ,the Raytheon Company h a s  prepared a 

mosaic from photographs taken during the Gemini I X  mission. 

1:1,000,000-scale photo-mosaic extends from t h e  Sechura Desert i n  no r the rn  

The 

Peru t o  northern Ch i l e  and from t h e  P a c i f i c  Ocean t o  t h e  headwaters of  

t h e  Amazon. 

I n  a d d i t i o n  to, a wide variety of  geo log ica l  f e a t u r e s ,  such t h i n g s  

a s  l a n d s l i d e s ,  roads,  snow f i e l d s ,  i r r i g a t e d  lands,  j u n g l e  a g r i c u l t u r a l  

s i tes ,  a rcheo log ica l  sites, and smoke (brush burning) have been i d e n t i -  

f i e d  on t h e  photo-mosaic. A l i n e a t i o n ,  i n t e r p r e t e d  h e r e  a s  a major 

f a u l t ,  extends a c r o s s  s e v e r a l  photographs and f o r  s e v e r a l  hundred miles. 

The magnitude o f  t h i s  l i n e a t i o n  was n o t  r e a l i z e d  u n t i l  t h e  photographs 

were r e c t i f i e d  and the mosaic constructed.  

For many purposes t h i s  mosaic i s  s u p e r i o r  t o  t h e . b e s t  e x i s t i n g  

1:1,000,000-scale conventional maps o f  t h e  area.  

This  mosaic w i l l  supplement, n o t  r ep lace ,  e x i s t i n g  convent ional  

Mosaics of photographs .taken from space maps and a e r i a l  photographs. 

should b e  of cons ide rab le  i n t e r e s t  t o  t h e  s c i e n t i f i c  community and of 

immense p r a c t i c a l  u s e  i n  t h e  e f f i c i e n t  management of  n a t u r a l  resources'. 



A PHOTO-MOSAIC OF WESTERN PERU FROM GEMINI PHOTOGRAPHY 

by 

J u l e s  A. MacKallor 

INTRODUCTION 

The U.S. Geological Survey, i n  cooperation with t h e  Nat ional  

Aeronautics and Space Administration and t h e  Raytheon Company has  

prepared a 1:1,000,000 s c a l e  semi-controlled mosaic o f  much of Peru 

and p a r t s  of  Bo l iv i a  and C h i l e  (F igu re  1) from twelve photographs 

taken from space. The a rea  covered extends from t h e  Sechura Desert 

i n  northern Peru t o  northern C h i l e  and from t h e  P a c i f i c  Ocean t o  t h e  

headwaters of  t h e  Amazon. 

t a g e s  of  mosaics made from conventional a e r i a l  photographs, and f o r  

many purposes t h i s  photo-mosaic i s  supe r io r  t o  t h e  b e s t  e x i s t i n g  

1:1,000,000 s c a l e  conventional maps of t h e  area.  

r e s u l t  of  t h r e e  minutes of f l i g h t  by Gemini IX. 

experiment conducted during t h i s  space f l i g h t  had a very low p r i o r i t y ,  

and no f u e l  was a l l o c a t e d  f o r  o r i e n t i n g  the s p a c e c r a f t  so t h a t  t h e  

camera could be  pointed i n  a d e s i r e d  d i r ec t ion .  

no assurance t h a t  any s p e c i f i c  a r e a  could b e  photographed, D r .  Paul  D. 

Lowman, Jr. of  t h e  Goddard Space F l i g h t  C e n t e q a f t e r  c o n s u l t a t i o n  with 

t h e  s c i e n t i f i c  community, prepared a l i s t  of  a r e a s  o r  t a r g e t s  f o r  which 

photographic coverage was h i g h l y  des i r ab le .  

Geological Survey pointed o u t  t h e  need f o r  cloud-free photographic 

This  mosaic overcomes many of t h e  disadvan- 

The mosaic i s  a 

The photographic 

Although t h e r e  was 

W. D. C a r t e r  of the 
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coverage of  t h e  Andes, and Dr .  Lomar? ass igned  t h a t  a r ea  a high 

p r i o r i t y  on h i s  l i s t  of targets fur- tl~e SStianSLitS. 

P r  epa r.a t i o  n o f Photo -Mo sa  i c 

During t h e  Gemini I X  mission Lieutenant  Colonel S t a f f o r d  and ' 

Lieu tenan t  Commander Cernan took a s e r i e s  of 32 p i c t u r e s  from 20:17 

t o  20:24 Greenwich Mean Time on June  5, 1966, from an a l t i t u d e  of 

about  150 n a u t i c a l  mi les  while  t h e  spacec ra f t  was t r a v e l l i n g  g e n e r a l l y  

southeastward. The a rea  was r e l a t i v e l y  cloud-free a t  t h e  time of 

photography. 

t o  more than  50 degrees from t h e  v e r t i c a l ;  consequently,  t h e  amount of 

o v e r l a p  i s  n o t  uniform. 

The tilt of t h e  photographs ranges from a few degrees  

The f i r s t  p i c t u r e  ( G I  I X ,  Magazine C, frame 28) was of t h e  no r th  

c o a s t a l  a r ea  of  Peru,  and t h e  l a s t  p i c t u r e  of t h e  s e r i e s  (frame 59) ,  

'was of nor thern  Paraguay. 

t o  Lake Poopo i n  Bo l iv i a  i s  good t o  e x c e l l e n t ,  b u t  the q u a l i t y  of  t h e  

photographs south and e a s t  o f  Lake Poopo i s  poor. 

photographs of t h e  s e r i e s ,  taken e a s t  of t h e  Andes, a r e  of l i t t l e  va lue  

because of t h e  low sun ang le  ( l a t e  af ternoon l o c a l  t ime)  and t h e  l ack  of  

ground r e l i e f  . 

The photographic coverage from nor tnern  Peru 
0 

The l a s t  s e v e r a l  

The photographs were taken with a hand-held Hasselblad camera 

u s i n g  a Zeiss p lanar ,  80mm f o c a l  length lens .  , The f i lm  was 70mm Eastman 

Kodak Ektachrome (S.O. 217) wi th  a 55 by 55mm frame format. 

overlapping photographs from Gemini I X ,  Magazine C, t h e  fol lowing 14 

frames were s e l e c t e d  by the Geological Survey f o r  i nco rpora t ion  i n t o  a 

Of t h e  32 

0 -3- I 



A c o n t r a c t  was signed by t h e  Geological Survey and t h e  Raytheon 

Compdiij- far &\e latter t o  p repa re  t h e  mosaic, and t h e  following m a t e r i a l  

was s e n t  t o  them: 

. ,  I..-- ( a )  1:1,000,000 s c a l e ,  se t  o f  World Aeronaut ical  Charts  
(,Lambert Conformal Conic P r o j e c t i o n )  of t h e  a rea  

( b )  enlarged c o l o r  p r i n t s  of t h e  14 photographs 

( c )  b lack  and white  70 mm negat ives  

( d )  b lack  and whi te  f i lm  p o s i t i v e s ,  enlarged exac t ly  3 t imes.  

6 

, 

The mosaic was made under t h e  d i r e c t i o n  of D r .  Gordon Gracie  of the 

Autometric OpeSation of t h e  Raytheon Company. 

( January  27, 1967, personal  communication), 56 c o n t r o l  po in t s  were i d e n t i -  

According t o  Gracie  

f i e d  on both t h e  c o l o r  enlargements and t h e  a e r o n a u t i c a l  char t s .  Cont ro l  

p o i n t s  on the 70 mm negat ives  were measured on a Mann Comparator t o  

0.001 mm. 

t o  t h e  n e a r e s t  10 seconds o f  a r c  and t h e  a l t i t u d e  t o  t h e  n e a r e s t  100 f e e t  

The l a t i t u d e  and longi tude of each c o n t r o l  p o i n t  was obta ined  

from t h e  a e r o n a u t i c a l  cha r t s .  

and o r i e n t a t i o n  determined f o r  each photograph us ing  computer programs 

from t h e  Autometric l i b r a r y .  

A photogrammetric space r e s e c t i o n  was made .. . 

Each r e s e c t i o n  and o r i e n t a t i o n  was r e f e r r e d  

t o  a l o c a l  space  r ec t angu la r  coord ina te  system, t h e '  Z-axis co inc id ing  

w i t h  a v e r t i c a l  l i n e  pass ing ' th rough t h e  camera s t a t i o n  and t h e  o r i g i n  

The ou tpu t  

I 

, b e i n g  a t  t h e  mean sea l e v e l  n a d i r  po in t  of t h e  photograph. 

da t a  a r e  t h e  e l e v a t i o n  of t h e  camera s t a t i o n  above mean sea l e v e l  and 

t h e  o r i e n t a t i o n  matr ix  of t h e  photograph. 

p o i n t s  were used f o r  each photograph, a l e a s t  squares  s o l u t i o n  was 

Because more than 3 c o n t r o l  

employed. The r e s i d u a l  e r r o r s  i n  the c o n t r o l  p o i n t  coord ina tes  i n d i -  

ca ted  how w e l l  t h e  r e sec t ed  p o s i t i o n ,  and o r i e n t a t i o n  of  each photograph 

f i t t e d  the control..  Res idua ls  of  severa l  millimeters were obta ined  f o r  
. .  

-4- 
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two photographs, frames 32 and 33. The excess ive  r e s i d u a l  e r r o r  i n  

. t h e s e  two pnoiograpkLS a s  r= t t r i kn tod  t~ pnnr i d e n t i f i c a t i o n  and d i s t r i -  
0 

bu t ion  of c o n t r o l  po in t s  which was impossible t o  improve. Consequently, 

+hese two photographs were omitted from t h e  mosaic. 

f o r  t h e  12 photographs f o r  which good c o n t r o l  was obtained,  were computed 

by Raytheon,using a program s p e c i a l l y  w r i t t e n  f o r  t h e  p ro jec t .  

R + c t i f i e r  s e t t i n g s  

R e c t i f i -  

c a t i o n  was made i n  one s t e p  on a n  instrument loca t ed  a t  t h e  Geodesy, 

I n t e l l i g e n c e ,  Mapping Research and Development Agency ( GIMRADA) , 
F o r t  Be lvo i r , 'V i rg in i a .  According t o  Gracie,  an image from t h e  t h r e e  

times enlarged f i l m  p o s i t i v e  was projected t p  an easel so t h a t  minor 

adjustments  could be  made on t h e  r e c t i f i e r  t o  i n s u r e  maximum sharpness  

of image. 

1:1,000,000-scale r e c t i f i e d '  nega t ive  t ransparency 'was pade. Figures  2 

and 3 a r e  r e s p e c t i v e l y  u n r e c t i f i e d  and r e c t i f i e d  cop ie s  of  frame 38 of 

Magaz,ine C, Gemini Mission I X ;  t h e  photograph was taken a t  an i n c l i n a t i o n  

from t h e  v e r t i c a l  of between 40 and 41 degrees. 

u s ing  these p r i n t s  i n  conjunction with a p o s i t i v e  f i lm  transparency of  

t h e  World Aeronautical  Charts. I t  appeared from t h e  t r i a l  mosaic t h a t  

A f t e r  t h e  f i n a l  adjustments were made on t h e  instrument ,  a 
e 

6 
; ', 0 

A t r i a l  mosaic was made 
I\ 

some o f  t h e  r e c t i f i e d  p i c t u r e s  would f i t  together ,  b e t t e r  i f  t h e i r  s c a l e s  

were s l i g h t l y  modified, , s o  t h o i e  p i c t u r e s  were r e - r e c t i f i e d  and c o n t a c t  

p r i n t s  made f o r  t h e  f i n a l  mosaic. I 

A f t e r  t h e  mosaic was received b y . t h e  Geological Survey, it was 

evaluated and annotated by s e v e r a l  e a r t h  s c i e n t i s t s .  

arrow, and p l a c e  names have been added, and numerous f e a t u r e s  have been 

Scale ,  no r th  

i d e n t i f i e d  on t h e  mosaic; namely, Paleozoic rock; folded s t r a t a ,  d i o r i t e  



0 i n t r u s i v e ,  vo lcan ic  cone, t a l u s  cones, l a n d s l i d e s ,  major l i n e a t i o n s ,  a 

c i r c u l a r  a r e a  of unknown o r i g i n ,  intermittari i  l a k e ,  $21: f l a t s ;  w a t e r f a l l s ,  

mine a r e a ,  roads,  i r r i g a t e d  lands,  j ung le  a g r i c u l t u r a l  s i tes ,  g ra s s l ands ,  

snow f i e l d s ,  a r cheo log ica l  s i tes ,  and smoke from brush burning. 

i s  n o t  v i s i b l e  on t h e  mosaic, b u t  t h e  metropol i tan a rea  i s  marked on t h e  

Lima . 

c o l o r  f i l m  t r anspa renc ie s  by a cloud of smog. 
* I  

0 .  

,.' Eva l u a  ti on o f Pho to-Mo s a i  c 

The photo-mosaic, a t  a 1:1,000,000 s c a l e ,  i s  approximately 8 f e e t  

long and d e p i c t s  a s t r i p  1500 miles' long i n  western Peru and Chile.  I t  

extends from t h e  c o a s t  i n l and  for.lOO miles i n  no r the rn  Peru and 350 t o  

400 miles i n  c e n t r a l  and southern Peru. There a r e  t h r e e  small  gaps i n  

t h e  mosaic (Fig.  1). 

T r u j i l l o  ( f rame.35)  i n  northern Peru because it was impossible  t o  r e c t i f y  

frames 32 and 33. 

contained no c o n t r o l  p o i n t s  n o t  i n  the  o t h e r  two p ic tu re s .  

t o  40 a r e  sepa ra t ed  from frames 35 and 36 t o  t h e  n o r t h e a s t  and from t h e  

A gap e x i s t s  between Chiclayo (frame'31)  and 
. . -.... 

0 
No a t t empt  was made t o  r e c t i f y  frame 34 because it 

Frames 37 

. 
I 

o t h e r  frames t o  t h e  southwest by narrow gaps r e s u l t i n g  from incomplete * 

photographic coverage. 

The image matching of  a,djacent photographs along j o i n  l i nes  i s  , 

exce l l en t .  

photographs a r e  somewhat analogous t o  photographs taken along one 

The t a s k  of  j o i n i n g  was s i m p l i f i e d  by t h e  f a c t  t h a t  t h e  

f l i g h t  l i n e  of  an a i r c r a f t .  

match a l l  f o u r  s i d e s  of any photograph t o ' o t h e r  photographs. 

d i f f e r e n c e s  i n  greyness and tone on oppos i t e  s i d e s  of  some j o i n  l i n e s  

Consequently, it was n o t  necessary t o  

S l i g h t  

d e t r a c t  very s l i g h t l y  from t h e  appearance b u t  n o t  from t h e  u t i l i t y  o f  

-6- 
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t h e  mosaic. Since some of  t h e  photographs were taken a t  a very ob l ique  

a n g l e  and t h e  c o l o r  and tone changes s i i gh - i iy  s f r ~ s s  these p h o t c y a p h s !  

it was n o t  p o s s i b l e  t o  match p r e c i s e l y  t h e  c o l o r  and tone  along j o i n  

l i n e s .  

Sc ra t ches  on t h e  o r i g i n a l  f i l m  show on the .mosa ic  a s  s t r a i g h t ,  

dark l i n e s .  

Foas t a l  c i t y  of  Pisco. 

Huanzo . 

The most conspicuous one passes  j u s t  e a s t  of  t h e  Peruvian 

Another flaw occurs n o r t h  of  %he C o r d i l l e r a  d e  

The s c a l e  (1:1,000,000) of t h e  mosaic was well-chosen. The ' 

photographic imagery has  n o t  begun t o  d e t e r i o r a t e ,  y e t ; . i t  i s  doub t fu l  

i f  f u r t h e r  enlargement would a i d  i n  the i d e n t i f i c a t i o n  of  f e a t u r e s .  

The mosaic is'somewhat awkward t o  handle because of  i t s  l eng th  ( 8  f e e t ) ,  

and t h i s  disadvantage would be compounded without  any compensating ga in  

i f  a l a r g e r  s c a l e  had been s e l e c t e d .  
I 

I t  i s  d i f f i c u l t  t o  judge t h e  o v e r a l l  planimetry of  t h e  photo-mosaic. 
U 

I n  p r o j e c t i n g  a curved s u r f a c e  ( a  port ion of  t h e  earth.), t o  a f l a t  plane 

t h e r e  a r e  i n h e r e n t  d i s t o r t i o n s  of s c a l e  and d i r e c t i o n ,  t h e  amount 
6 

i ' ,  

depending upon t h e  s i z e  o f , t h e  a r e a  and t h e  t y p e  of p ro jec t ion .  

comparing t h e  mosaic with a t r a n s p a r e n t  ove r l ay  o f  t h e  1:1,000,000 

I n  

n 

s c a l e  World Aeronautical  Char t s ,  t h e r e  a r e  some s l i g h t  d i s c r e p a n c i e s  

i n  d i s t a n c e  and d i r e c t i o n .  For example, when t h e , o v e r l a y  i s  superimposed 

on t h e  mosaic so t h a t  t h e  c o a s t  l i n e s  a r e  co inc iden t ,  t h e  p o s i t i o n  of 

Lake Titica.ca does n o t  coincide.  

l a k e  a r e  s i m i l a r  on both,  t h e  d i s t ances  and d i r e c t i o n s  between p o i n t s  on 

Although t h e  shape and s i z e  of  t h e  
I 

t h e  c o a s t  and on t h e  l a k e ' a r e  n o t  q u i t e  t h e  same. 

World Aeronaut ical  Charts may be  more a c c u r a t e  f o r  determining d i s t a n c e  

Although t h e  

-7- 
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and d i r e c t i o n  bek&een widely separated p o i n t s ,  t h e  mosaic, i n  a d d i t i o n  

t o  showing informa-i;iuil iict shswr! ZT? t h e  World Aeronautical  Charts  o r  any 
I 

0 

o t h e r  maps i n  ex i s t ence ,  po r t r ays  more a c c u r a t e l y  many n a t u r a l  f e a t u r e s  

such a s  s h o r e l i n e s ,  streams', and h i l l s .  To c i t e  an exfrnple, two n e a r l y  

v e r t i c a l  photographs (frames 32 and 33) t h a t  portrayed many sharply-  

. a  8: 
i ' r  

def ined  f e a t u r e s  s u i t a b l e  f o r  c o n t r o l  p o i n t s  could no t  be r e c t i f i e d  

because t h e  World Aeronaut ical  Chart  did not, show t h e s e  f e a t u r e s ,  and 

t h e i r  geographic coord ina te s  could not b e  determined. 

CONCLUSIONS AND RECOMMENDATIONS 

For many purposes t h e  1:1,000,000 s c a l e  photo-mosaic is s u p e r i o r  

t o  t h e  best  e x i s t i n g  maps of  t h i s  a r ea ;  complete conveqtional a e r i a l  

photographic coverage is  lacking. The g r e a t  v a r i e t y  of  f e a t u r e s  

( p r e v i o u s l y  enumerated) t h a t  have been i d e n t i f i e d  on t h i s  mosaic a r e  

an i n d i c a t i o n  of i t s  p o t e n t i a l  usefulness .  I t  should b e  o f  s p e c i a l  

i n t e r e s t  t o  s c i e n t i s t s ,  economists, i n d u s t r i a l i s t s  and a d m i n i s t r a t o r s  

concerned with land use ,  mine ra l  r e sources ,  and hydrologic  i n v e s t i g a t i o n s .  

The va lue  of t h e  photo-mosaic i s  g r e a t e r  than th.e sum of  t h e  va lues  of  

t h e  i n d i v i d u a l  photographs. 

a synop t i c  view of  a l a r g e  a r e a  a t  a. s i n g l e  glance;  b u t  c e r t a i n  l i n e a r  

f e a t u r e s ,  inconspicuous on t h e  ind iv idua l  photographs, combine and form 

long conspicuous l ineaments on t h e  mosaic. 

a c r o s s  s e v e r a l  photographs and t r ends  no r thwes te r ly  f o r  s e v e r a l  hundred 

miles from t h e  c o a s t a 1 , a r e a  of  southern Peru i n t o  t h e  Andes. This  

l ineament,  i n t e r p r e t e d  a s  a manifestat ion o f  a m'ajor f a u l t ,  i s  no t  

shown on t h e  1:1,000,000-scale geologic map of  Peru (El Comite Peruano 

d e  La Carta  Geologica d e l  Mundo, '1960). , 

Not only does t h e  mosaic a l low one t o  have 

One such l ineament extends 
. ,  

, . '  

0 
-8- 



0 I t  should b e  emphasized ' t h a t  t h i s  typ; o f  photo-mosaic w i l l  n o t  

r e p l a c e  more d e t a i l e d  s p e c i a l  purpose maps and conventionai a e r i a i  

photographs any more than a conventional small-scale  map r e p l a c e s  

l a rge - sca l e  s p e c i a l  purpose maps and conventional a e r i a l  photographs. 

The 1:1,000,000 s c a l e  photo-mosaic w i l l  be u s e f u l  a s  a ,reconnaissance 

and planning aid.  

a r e a s  f o r  ground i n v e s t i g a t i o n s  and fo r  coverage by conventional a e r i a l  

S p e c i a l i s t s  can use t h e  mosaic t o  select  sma l l e r  

. 
photography. Furthermore, t h i s  mosaic demonstrates t h e  f e a s i b i l i t y  o f  

mapping l a r g e  i n a c c e s s i b l e  a r e a s  from space i n  a s h o r t  per iod of time. 

To e x t r a c t  t h e  maximum amount of information,,researchers should 

u s e  the mosaic i n  conjunction with enlarged c o l o r  t r anspa renc ie s  o r  

p r i n t s  of t h e  u n r e c t i f i e d  photographs. 

placed i n  open- f i l e  i n  t h e  Geological Survey l i b r a r y ,  Washington, D.C., 

and photographic copies  of  t h e  mosaic can be obtained. 

The o r i g i n a l  photo-mosaic has  been 

The c6pies  a r e  
0 .  

good, b u t  no t i ceab ly  i n f e r i o r  t o  t h e  o r i g i n a l  mosaic. 

recommended t h a t  r e s e a r c h e r s  a l s o  obtain r e c t i f i e d  black and white  p r i n t s  

o f  the i n d i v i d u a l  photographs. 

and b e  a t  t h e  same s c a l e  a s  t h e  p r i n t s  used i n  making t h e  o r i g i n a l  

Therefore,  it i s  
. I  

, * a  

These p r i n t s  will have t h e  same c l a r i t y  

mosaic and can b e  used a s  work sheets.  

Maps compiled from space imagery may well meet a d e f i n i t e '  need of I 

t h e  s c i e n t i f i c  community and b e  of immense p r a c t i c a l  u s e  i n  t h e  

economic management of n a t u r a l  resources.  

pa r ing  a mosaic showing a region of t h e  Near E a s t  t h a t  contgins  l a r g e  

The Bureau of  Mines i s  pre- 
, ..- 

phosphate and petroleum reserves .  

photographs were used, the a rea  o f  coverage i s  l a r g e  because two of  t h e  

photographs were taken w i t h  a wide a n g l e  (38mm) l e n s  and one with t h e  

Although on ly  three Gemini space 

' 

normal 80m lens .  The Geological Survey is prepaxing anzther  mosaic  

-9 - 



from 30 Gemini photographs taken from s e v e r a l  d i f f e r e n t  missions. 

a rea  t o  b e  covered, a l a r g e  po r t ion  of tit: southviestern !hiteC! S t a t e s  

The 
. .  

and adjacent, a r e a s , i n  Mexico, i s  s l i g h t l y  sma l l e r  than t h e  a r e a  covered 

by t h e  Peruvian photo-mosaic. Using such a l a r g e  number of  photographs 

i n c r e a s e s  t h e  d i f f i c u l t y  o f  image-matching t o  make t h e  mosaic, b u t  s i n c e  

on ly  t h e  b e s t  po r t ions  of each photograph w i l l  b e  used, t h e  a d d i t i o n a l  

work i s  j u s t i f i e d .  

par ing mosaics from space photographs taken a t  d i v e r s e  and low ang les  of 

i n c l i n a t i o n  w i l l  be  g r e a t l y  reduced o r  e l iminated by e a r t h  r e sources  

obse rva t ion  s a t e l l i t e s ,  now being developed,by t h e  National Aeronautics 

and Space Administration and t h e  Department of t h e  I n t e r i o r  (Uda l l ,  1966). 

a 

The d i f f i c u l t i e s  of r e c t i f y i n g  pIio,tographs and pre- 
‘ ‘ 6  
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GEMINI  PHOTOGRAPH OF LAKE JUNIN AREA, PERU 

Figure 2 



M l E D  GEMINI PHOTOGRAPH 
IF LAKE JUNIN AREA, PERU 

Figure 3 


