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INTRODUCTION 

The primary o b j e c t i v e  of t h e  CSM Skylab Program is t o  analyze  

EREP d a t a  f o r  geo log ic  i n f ~ r m a t i o n .  T o  t h i s  end, t h e  r e s e a r c h  

has  been subdivided i n t o  t h e  fo l lowing t a s k s ;  

Task I. 

Task 11. 

Task 111. 

Task SV. 

Task V. 

Task V I .  

The P I  s h a l l  a s s i s t  NASA/MSC i n  mission p lanning 
a c t i v i t i e s  r e l a t e d  t o  t h e  proposed i n v e s t i g a t i o n .  

The i n v e s t i g a t o r  w i l l  s c reen  a l l  EREP d a t a  ob ta ined  
over  Colorado cad w i l l  s e l e c t  frames f o r  d e t a i l e d  
s tudy.  

The i n v e s t i g a t o r  w i l l  p repare  photogeologic maps 
us ing  s e l e c t e d  S-190 photographs, and w i l l  ana lyze  them 
t o  d e t e ~ m i n e  what geo log ic  informat ion  may be con ta ined  
i n  them. 

The geological i n t e r p r e t a t i o n s  ob ta ined  i n  Task 3 
w i l l  be compared t o  i n t e r p r e t a t i o n s  ob ta ined  from 
S-192 imagery, and t o  i n t e r p r e t a t i c n s  made from ERTS-I 
imagery. 

The g e o l o g i c a l  i n t e r p r e t a t i o n s  w i l l  be v e r i f i e d  by 
means of  i n t e r p r e t a t i o n  of a e r i a l  photographs,  
publ ished g e o l o g i c a l  r e p o r t s ,  and f i e l d  obse rva t ions .  

The i n v e s t i g a t o r  w i l l  p repare  recommendations f o r  
t h e  optimum t y p e ,  s c a l e ,  and r e s o l u t i o n  of  imagery t o  
be used f o r  s t u d i e s  of r e g i o n a l  geology and 
e x p l o r a t i o n  f o r  minera l  d e p o s i t s  and water  r e sources .  



PROGRESS 

Overa l l  S t a t u s  

With t h i s  r e p o r t ,  Mi les tones  1 through 24  have been achieved,  w i t h  

t h e  fo l lowing except ions :  Miles tones  1 4  and 16 have n o t  been 

achieved because t h e  Skylab 4 d a t a  have n o t  y e t  been rece ived ;  

Miles tone  1 8  h a s  been p a r t i a l l y  completed; Miles tone  20  h a s  n o t  

been ach.ieved due t o  l a c k  of  r e c e i p t  of  S192 processed  d a t a ;  

Miles tone  2 3  h a s  been achieved i n  some p a r t .  

P a s t  Month's A c t i v i t i e s  

Some t i m e  was s p e n t  i n  t h e  o f f i c e  and l a b o r a t o r y  i n  a n a l y s i s  of 

s t r u c t u r a l  t r e n d s  i n  l i n e a r s  f e a t u r e s  on o r b i t a l  and h igh  a l t i t u d e  

photography. Most of t h e  e f f o r t  i n  J u l y  and August, however, 

was d i r e c t e d  toward f i e l d  i n v e s t i g a t i o n s .  These f i e l d  i n v e s t i g a -  

t i o n s  were conducted p r i m a r i l y  i n  t h r e e  a r e a s :  t h e  Colorado F r o n t  

Range, a c e n t r a l  p o r t i o n  of t h e  Colorado minera l  b e l t ,  and i n  

southwestern Colorado and s o u t h e a s t e r n  Utah. 

F i e l d  work i n  t h e  Colorado Fron t  Range i n v e s t i g a t e d  l a r g e  l i n e a r  

f e a t u r e s  i n  t h e  Rampart Range and sou the rn  F r o n t  Range. S t r u c t u r a l  

f e a t u r e s  a s s o c i a t e d  w i t h  t h e  l i n e a r s  i n  t h e  Rampart Range have been 

mapped p rev ious ly  i n  p a r t ,  and t ime was s p e n t  i n  t y i n g  t h e s e  segments 

t o g e t h e r  us ing  o r b i t a l  and a i r c r a f t  photography. Ground i d e n t i f i c a -  

t i o n  o f  crushed zones and c l a s t i c  d i k e s  a long t h e  l i n e a r s  i n  t h e  

P i k e s  Peak g r a n i t e  was n o t  t o o  d i f f i c u l t ;  however, i n  t h e  sou the rn  

Fron t  Range, t h e  i d e n t i f i c a t i o n  of t h e  o r i q i n  of t h e  l i n e a r s  i n  t h e  

metamorphic t e r r a i n  was more d i f f i c u l t .  IL i s  concluded t h a t  t h e  

l i n e a r s  have a s s o c i a t e d  w i t h  them h igher  f r equenc ies  of p rospec t  

p i t s ,  mafic  d i k e s ,  green m i n e r a l i z a t i o n  and 'crushed zones. One 

l i n e a r  a l s o  is a s s o c i a t e d  w i t h  a major long l i n e a r  v a l l e y .  

An a r e a  i n  t h e  c e n t r a l  Colorado minera l  b e l t ,  n e a r  Weston Pass ,  was 

selected.  f o r  i n t e n s i v e  ground s tudy  because i n  , e r p r e t a t i o n s  of 

Skylab photos r evea led  complex s t r u c t u r e  and c o l o r  anomalies.  Within 

t h e  s tudy  a r e a  t h e r e  a r e  s e v e r a l  through-going, n e a r - v e r t i c a l  f a u l t s  



w i t h  d isplacements  on t h e  o r d e r  of  1,000-2,000 f e e t .  The Weston 

f a u l t  zone and o t h e r  f a u l t s  w i t h  l e s s  displacement  may have s e r v e d  

as channelways f o r  m i n e r a l i z i n g  f l u i d s  moving from c e n t e r s  of  

m i n e r a l i z a t i o n  n e a r  t h e  Weston f a u l t  zones. These f l u i d s  o f t e n  

d e p o s i t e d  t h e i r  gangue and o r e  minera l s  i n  permeable and r e a c t i v e  

s t r a t a ,  p a r t i c u l a r l y  t h e  Pa leozo ic  ca rbona tes .  Color  anomalies 

found i n  t h i s  s tudy  a r e a  may be a t t r i b u t e d  t o  ( a )  abundant micro- 

c l i n e  c r y s t a l s  (b) l i m o n i t i c  a l t e r a t i o n ,  i n  both  c r y s t a l i n e  and 

sedimentary rocks ,  (c)  hydrothermal  and/or d e u t e r i c  b leach ing  

( s e r i c i t i z a t i o n  and k a o l i n i z a t i o n )  o r  (d )  syngene t i c  c o l o r a t i o n  

of  sediments ,  such a s  r e d  and p u r p l e  sands tones  and s h a l e s .  The 

c o l o r  anomalies seen i n  and nea r  t h e  s tudy  a r e a  on Skylab 3  S190B 

photos were a l l  caused by e i t h e r  (a) o r  (b). The d i f f e r e n c e s  

between t h e s e  c o l o r  anomalies  g e n e r a l l y  cannot  be recognized on 

s a t e l l i t e  photography. 

I n  t h e  San Juan economic geology p r o j e c t ,  s u r f a c e  and underground 

s t u d i e s  were conducted dur ing  July-August 1974 devoted t o  f i e l d  

e v a l u a t i o n  of  a t  l e a s t  23 l ineaments ,  ranqing 1 4  t o  120 m i l e s  i n  

l eng th .  F i e l d  e v a l u a t i o n  of l ineaments  and t h e i r  w a l l  rocks  

embraced t h e  fo l lowing  concepts  and re la t j .ons :  (1) e v a l u a t i o n  of 

t h e  g e o l o g i c  s i g n i f i c a n c e  of l ineaments  ( 2 )  l a c c o l i t h i c  (? )  domal 

i n t r u s i o n s  occur  along and t a n g e n t  t o  l ineaments  b u t  n o t  a t  

i n t e r s e c t i o n s ,  ( 3 )  c a l d e r a s  occur  a t  i n t e r s e c t i o n s  of l ineaments ,  

( 4 )  t ime-space, time-span l o c a t i o n  and occurrence of m e t a l l i f e r o u s  

d e p o s i t s .  i n  r e l a t i o n  t o  c a l d e r a s ,  and ( 5 )  t ime-space, time-span 

r e l a t i o n s  of m e t a l l i f e r o u s  d e p o s i t s  t o  l ineaments  o r  l i n e a m n t  

systems.  

I n t e r p r e t a t i v e l y - d e r i v e d  q u e s t i o n s  t h a t  were t r e a t e d  dur ing  f i e l d  

s t u d i e s  were ( i n  o r d e r  of  p r i o r i t y )  : (1) geo log ic  n a t u r e  (? )  and 

o r i g i n  of l ineaments ,  (2)  t ime-space, time-span r e l a t i o n  o f  c a l d e r a s  

t o  l ineaments ,  f 3 )  r e l a t i o n  of l ineament  t r e n d s  and systems t o  

r e g i o n a l  t e c t o n i c s ,  ( 4 )  presence  of any o t h e r  p o s s i b l e  c a l d e r a s  o r  

domical s t r u c t u r e s  seen  o r  n o t  seen or  photography and imagery t h a t  



are n o t  p r e s e n t l y  recognized,  ( 5 )  f i e l d  evidence e i t h e r  r e f u t i n g  

or confirming t h e  v a l i d i t y  of t h e  volcano- tec tonic-meta l logenet ic  

sequence s o  f a r  i n d i c a t e d  by Skylab and ERTS-1 image a n a l y s i s ,  

( 6 )  t h e  p o s s i b l e  e x i s t e n c e  of a so -ca l l ed  "volcano- tec tonic-  

me ta l logene t i c"  model, and ( 7 )  e v a l u a t i o n  of whether l a r g e - s c a l e  

s u r f a c e  a r d  underground mapping s t u d i e s  r e l a t e  t o  smal l - sca le  

s t u d i e s .  F i e l d  o b s e r v a t i o n s  f o r  each l ineament  o r  l ineament  

system were recorded on t h r e e  f i e l d  obse rva t ion  form s h e e t s  de- 

veloped f o r  t h i s  p r o j e c t .  

Skylab photography and ERTS imagery a r e  being used and i n t e r p r e t e d  

(supplemented by a i r c r a f t  photography where a p p r o p r i a t e )  f o r  

l i t h o l o g i c  d i s c r i m i n a t i o n  of a t  l e a s t  1 4  i n d i v i d u a l  p l u t o n s  repre -  

s e n t i n g  t h r e e  d i s t i n c t  p e r i o d s  of Precambrian p lu tonism and 

a t t e n d a n t  metamorphism t h a t  encompassed a 700-million-year t ime- 

span throughout  a 10,000 square  m i l e  a r e a  i n  t h e  c e n t r a l  Colorado 

Rocky Mountains. The photo and imagery i n t e r p r e t a t i o n s  a r e  

c o r r e l a t e d  wi th  e x i s t i n g  f i e l d  d a t a ,  s p e c i f i c a l l y  w i t h  r e f e r e n c e  

t o  i n t r a b a t h o l i t h i c  l i t h o l o g i e s  and g r a n i t e - t e c t o n i c  f e a t u r e s  of 

P ikes  Peak b a t h o l i t h  and i ts  immediate w a l l  rocks .  E x i s t i n g  f i e l d  

d a t a  f o r  P i k e s  Peak b a t h o l i t h  and t h e  a r e a  of surrounding 

Precambrian basement rocks  h a s  been c o l l e c t e d  a l r e a d y  from f i e l d  

s t u d i e s  d u r i n ~  t h e  p a s t  16 yea r s .  

F i e l d  work i n  t h e  Uncompahgre Uplif t -Paradox Basin a r e a  was 

d i r e c t e d  l a r g e l y  a t  f i e l d  checking photo i n t e r p r e t a t i o n s  of 

Skylab S190 photos.  L i t h o l o g i c  c o n t a c t s ,  a s  mapped from t h e  

s a t e l l i t e  photos,  were found t o  be very  r e l i a b l e .  L inea r  s t r u c t u r a l  

informat ion  was found t o  be less r e l i a b l e ,  a l though t h e s e  t y p e s  

of d a t a  proved t o  be most c o n t r i b u t a r y  t o  new geo log ic  informat ion .  

F i e l d  checking v e r i f i e d  t h e  e x i s t e n c e  of a major graben s t r u c t u r e ,  

i n t e r p r e t e d  from t h e  Skylab photos ,  t h a t  had n o t  been p rev ious ly  

mapped, and s i m i l a r  checking v e r i f i e d  a l a t e r a l  ex tens ion  of ano the r  

major f a u l t  system. The s u r f a c e  express ions  of some of  t h e  photo 

f a u l t s  were extremely s u b t l e .  



Planned A c t i v i t i e s  f o r  Cur ren t  Month 

Research dur ing  September w i l l  be d i r e c t e d  l a r g e l y  towards a n a l y s i s  

of summer f i e l d  work. 

Trave l  

Trave l  dur ing  July-August c o n s i s t e d  of  one man-tr ip t o  t h e  Houston 

d a t a  meeting and approximately 2 5  man-days s p e n t  i n  t h e  f i e l d  i n  t h e  

a r e a s  mentioned above. 

N o  t r a v e l  is a n t i c i p a t e d  dur ing  September. 

Outlook and Recommendation 

Progress  con t inues  t o  be s a t i s f a c t o r y ,  a l though s t i l l  behind schedule  

because of t h e  l a t e  s t a r t  and d e l a y s  i n  d a t a  r e c e i p t .  With t h e  t ime 

ex tens ion  through t h e  end of June  1975, t h e  p r o j e c t  should be 

completed s a t i s f a c t o r i l y .  

Keenan Lee 
P r i n c i p a l  I n v e s t i g a t o r  


