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ABSTRACT 

Many potent ia l  users ( f o r  example, consultants, small com- 
panies and independent geologists) of ERTS data products and 
other a i r c r a f t  and s a t e l l i t e  imagery a r e  l im i ted  t o  v isual  
methods of analyses of these products. I l l u s t r a t i o n s  are 
presented from Wyoming studies that  have employed these stand- 
ard data products f o r  a va r ie t y  o f  geologic and re la ted stud- 
ies. Possible economic appl icat ions of these studies are sum- 
marized. Studies include regional geologic mapping f o r  updat- 
ing and correct ing ex i s t i ng  maps and t o  supplement incomplete 
regional mapping; i l l u s t r a t i o n s  of the value of seasonal i m -  
ages in  geologic mapping; specialized mapping o f  such features 
as sand dunes, playa lakes, lineaments, g l a c i a l  features, re- 
gional facies changes, and t h e i r  possible economic value; and 
mu l t i l eve l  sensing as an a i d  i n  mineral explorat ion.  Examples 
o f  cooperative studies involv ing botanists, p lan t  sc ien t i s t s ,  
and geologists f o r  the preparation of maps of surface resources 
tha t  can be used by planners and for environmental impact stud- 
ies are given. Emphasis i s  placed on the use of these maps i n  
areas, such as the Powder River Basin of Wyoming, facing c r i t i -  
ca l  environmental problems that  w i l l  r e s u l t  from the develop- 
ment of energy resources. 

These various studies i l l u s t r a t e  that  c e r t a i n  user requirements 
can be s a t i s f a c t o r i l y  met w i th  ERTS alone, but t ha t  others re-  
qu i re  higher cost ( t o  the user) a i r c r a f t  and ground data o r  spe- 
c i a l  data enhancement techniques. However, the ERTS system has 
given us both complete and sequential regional coverage a t  a 
c ruc ia l  t ime i n  our e f f o r t  t o  assess the e f fec ts  o f  resource 
development. 

1 NTRODUCT I ON 

The basic goal of invest igators of the ERTS-I imagery i n  Wyoming 
as t o  discover appl icat ions of ERTS-I data t o  earth resource studies. 
?e ERTS standard data products can be used t o  produce many in te r re la -  
ons of economic value and there i s  nothing that  competes w i t h  the 
TS synoptic view f o r  regional geologic studies. 
-, however, from resolut ion l i m i t a t i o n s  and t h i s  has led some t o  
s t i on  the u t i l i t y  of ERTS. 
B (1973, p. 345) states that  tbe ERTS system, 

The system does suf- 

For example, a recent e d i t o r i a l  i n  Na- 
t 
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. . . suffers from one major defect -- i t  i s  too generalized. 
It i s  not possible simultaneously t o  please a la rge  consti tuen- 
cy and provide each of them w i t h  what they need. 
i t  i s  by no means c lear  tha t  many of the users o f  the ERTS data 
can make much of i t  beyond the 'gee-whizz' stage. When more 
deta i led work i s  attempted the resolut ion i s  too poor (objects 
less than a few tens of meters across may be inv is ib le ) ,  the 
time of the photograph i s  unsui table f o r  the problem o r  the ef- 
f e c t  i s  not su i tab ly  sampled i n  18-d in te rva ls  . . . 
. . Much has been made o f  the geological uses of ERTS; indeed 
the p u b l i c i t y  has tended t o  imply t h a t  geology i s  the study of 
l ineat ions,  and l ineat ions can mean metal deposits. One cannot 
imagine why any geologist  would be prepared t o  make a p a r t i a l  
map o f  h i s  area -- p a r t i a l  because o f  the f i n i t e  resolut ion and 
because structures not v i s i b l e  a t  9:30 a.m. would not be recorded. 

Furthermore, 

This c r i t i c i s m  exemplifies the fee l ings o f  some, even among the 
s c i e n t i f i c  community. 
ments a r e  premature, considering t h a t  the system has been i n  operation 
f o r  j u s t  longer than a year and there has been l i t t l e  time i n  which t o  
rea l  ize most tangible benef i ts.  If "gee-whizz'' re fe rs  t o  v isual  analy- 
s i s  of standard image products, c e r t a i n l y  many users (pr ivate c i t i zens ,  
consultants, independent geologists and representatives o f  small compa- 
nies) w i l l  be confined t o  tha t  approach -- for  the present. 
can they make p r o f i t a b l e  use o f  the standard ERTS-I  data products? The 
invest igators a t  the Univers i ty  of Wyoming remote sensing laboratory 
have found t h a t  v isual  analysis of ERTS-1 data can produce rea l  bene- 
f i t s .  I n  fact, these studies ind icate t h a t  v isual  analysis i s  the es- 
sent ia l  step i n  most ear th  resources appl icat ions.  

A t  the very least ,  i t  seems tha t  such state- 

Even so, 

From the outset, i t  was rea l ized tha t  any evaluat ion of  ERTS-1 
data appl icat ions would requi re thorough checking o f  the resul ts .  Some 
o f  the checking must, of course, be done i n  the f i e l d ,  but the very 
large areas studied from ERTS-1 cannot be ef fect ive ly  covered on the 
ground i n  a few months' time. It was therefore necessary to supplement 
f i e l d  reconnaissance w i t h  data from the 1 i te ra tu re  wherever possible 

' and w i t h  in terpretat ions of h igh-resolut ion aer ia l  photography. Color, 
co lor  infrared, and/or multiband photography i s  now avai lab le f o r  much 
o f  Wyoming (Fig. 1) as a r e s u l t  o f  ERTS- and EREP-support f l i g h t s  flown 
by NASA a i r c r a f t .  The a i r c r a f t  data is ,  i n  i t s e l f ,  a valuable product 
and provides not only a means o f  checking in terpretat ions of ERTS data, 
but a lso an opportuni ty t o  approach some problems by a mul t i leve l  re- 
mote sensing program. S tar t ing  w i t h  geologic mapping, we hope t o  i l -  
l u s t r a t e  a var ie ty  o f  appl icat ions o f  ERTS and supporting a i r c r a f t  
imagery, tha t  can be made a t  l o w  cost t6 the user. 
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GEOLOG I C MAPP I NG 

Figure 2 shows a geologic map prepared from an ERTS co lo r  composite 
(image 1030-17235) of an area northwest of Casper, Wyoming and compares 
t h i s  ERTS map w i t h  the best surface mapping (Fig. 3). Th is  area i s  one 
o f  complex geology a t  the south end of the Owl Creek and Bighorn Moun- 
ta ins  where large blocks of Precambrian c rys ta l  1 ine rocks have been up- 
1 i f t e d  and th rus t  over younger sedimentary successions. Major 1 i tho-  
l og i c  u n i t s  include Precambrian gneisses (p€u), Cambrian sandstones 
(€f) and 1 imestones and s i l t s tones  (egl),  Mississippian 1 imestone (Mm), 
Pennsylvanian sandstone ( Pt), Permian dolomite, phosphatic s i  1 tstone 
and shale (Pf), T r iass ic  s i l t s t o n e  w i th  gypsum beds (Trcd), T r iass ic  
red s i l t s t o n e  and sandstone (Trc), Jurassic shale and s i l t s tones  (Js), 
Cretaceous sandstone (Kcr) , Cretaceous black shale (K t )  , Cretaceous 
sandstone (Kmd), Cretaceous black shale and s i1  iceous shale (Kmr) , Cre- 
taceous shale over la in  by massive sandstone beds (Kf), Cretaceous shale 
(Kc), Cretaceous sandstones, shale, and coal beds (Kmv) , Cretaceous 
shales, carbonaceous shales and sandstones ( K l m l ) ,  Te r t i a ry  sandstones, 
s i l t s tones  and conglomerate (Tfu), Te r t i a ry  do lomi t ic  s i l t s tones  (Tlb); 
Te r t i a ry  red beds (Trb), Te r t i a ry  u n i t s  undivided (Tu), Quaternary 
gravels, Quaternary a1 luvium, and Quaternary sand dunes. 

Twenty-three major l i t h o l o g i c  subdivisions were d i f f e ren t i a ted  f o r  
t h i s  area and many others cou1.d be made depending on the d e t a i l  o f  map- 
ping desired. Obviously the ERTS photogeologic map cannot compete w i t h  
surface mapping i n  an area as complex as th is ,  but  note what was 
achieved. 
these subdivisions correspond general ly t o  u n i t s  mapped by f i e l d  geolo- 
g is ts .  Most major f a u l t s  and many minor fau l t s  were mapped although 
there i s  a tendency (depending on the in terpreter )  t o  over-map l inea-  
ments. The d i s t r i b u t i o n  of sand dunes (Qs) was defined more accurately 
than on the geologic map, and some addi t ional  mapping was done i n  R. 88 
W., Tps. 39 and 40 N., where no ground mapping had been done previously. 
Summarizing, then the ERTS image can be used t o  map the regional geol- 
ogy o f  complex areas (keeping i n  mind tha t  1 imited f i e l d  checks are  
necessary f o r  l i t h o l o g i c  i den t i f i ca t i on ) ,  but the imagery i s  of l i t t l e  
value, except for  checking possible e r ro rs  o r  f i l l i n g  i n  gaps, where 
careful surface mapping has been done previously. 

Eighteen subdivisions were made o f  the exposed u n i t s  and 

Figure 4a shows a geologic map prepared from the same ERTS co lo r  
composite (image 1030-17235) o f  an area nor th  o f  Casper, Wyoming and 
compares t h i s  ERTS map w i t h  the 1955 geologic map o f  Wyoming (Fig. 4b). 
Much o f  t h i s  area has not been mapped i n  d e t a i l  and no mapping i s  ava i l -  
able i n  published o r  open-f i le form. The geologic map shows n ine l i t h -  
o log ic  subdivisions where as the ERTS photogeologic map shows twenty- 
f i v e  l i t ho log i c (? )  subdivisions. This area has no t  been f u l l y  f i e l d -  
checked so we cannot be ce r ta in  tha t  a l l  subdivisions shown on the ERTS 
photogeologic map correspond to  changes i n  l i tho logy .  The large area 
shown as Cody Shale (Kc) on the geologic map has been subdivided i n t o  
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Figure 2. Photogeologic map prepared from ER"S color composite Gntage 
1030-17235) of area northuest of Casper, Wyoming. 
are keyed to the nearest geologic f ie ld  subdivision shoq  on figure 3. 

Patterns of units 
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Figure 3. Geologic map o f  same area as in figure 2, modified from 
Tourtelot f1953), Wodward c1957], Rich 09621,  and ICeefer 097Q). 
See text for explanation of units. 
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Figure 4a. 
composite (image 1030-17235) o f  area north of Casper, Wyoming. 

Photogeologic map prepared from ERTS color 

Figure 4b. 
geologic map of  Wyoming (Love, Weitz, and Hose, 1955). 
See text  for explanation o f  units.  

Geologic map o f  above area modified from s t a t e  
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several un i ts ;  the areas shown as Kn(cs) and Kn(s) probably correspond 
t o  calcareous shales and shales o f  the Niobrara Formation. The area 
shown as Kc i s  typ ica l  Cody Shale. The area shown as Ksh i s  the Shan- 
non Sandstone member of the Cody Shale. The area shown as Kc(b) i s  
Cody Shale w i t h  very l i t t l e  vegetative cover and that  shown as Kc(v) i s  
Cody Shale w i t h  varying vegetative cover. 
Kss i s  probably the Sussex Sandstone member o f  the Cody Shale. 
son for the varying vegetat ive cover on the upper Cody Shale bed i s  not 
determined but i t  (Kob) does coincide w i t h  the locat ion o f  a major o i l  
f ie ld .  The curious area i n  T. 38 N., Rs. 81 and 82 W. i s  an area where 
the natural  vegetation has been disrupted by extensive spraying t o  k i l l  
sagebrush so i t s  s ign i f icance i s  probably not l i t h o l o g i c .  

F ina l l y ,  the lens shown as 
The rea- 

The Mesaverde Formation can a lso be subdivided i n t o  the Parkman 
Sandstone Member (Kmvp), a shale u n i t  (Kmvs), and an upper u n i t  ca l led  
the Teapot Sandstone member ( h t p ) .  D is t inc t ions  can a lso  be made 
w i t h i n  the Fox H i l l s  Sandstone (Kfh) and Lance Formation (Kl) ,  but t h e i r  
s igni f icance i s  not known. The lower massive sandstone o f  the For t  
Union (Tfus) and a s imi la r  sandstone i n  the Wasatch Formation (Tuss) can 
a lso be dist inguished. F ina l l y ,  s tab i l i zed  sand dune areas (Qsc), ac- 
t i v e  sand dunes (Qsa), and al luvium (Qal) are read i l y  mapped t o  complete 
the more accurate ERTS map of t h i s  area. 

This second mapping i l l u s t r a t i o n  c l e a r l y  shows the advantage of an 
ERTS co lo r  composite i n  regional mapping (up t o  1:250,000) i n  areas 
where deta i led surface mapping has not been done. 
type s t i l l  e x i s t  i n  the United States and a great many more e x i s t  out-  
s ide o f  t h i s  country. Natural ly,  where good a e r i a l  mosaics a re  a v a i l -  
able, accurate mapping can be done by use of the mosaic but a t  higher 
cost  t o  the user and without the major advantage of the co lor  in f rared 
mode and other mu1 t i spec t ra l  enhancement procedures. 

Many areas o f  t h i s  

Color photographs or  f i l m  pos i t ives are  considered by most geolo- 
g i s t s  (Wilson, 1970) the best too l  for  photogeologic mapping. Color i s  
not a speci f ic  guide t o  rock type, but i n  a given region c e r t a i n  l i t h o l -  
ogies have charac ter is t i c  co lors  tha t  pers is t  over broad areas so tha t  
co lo r  i s  extremely valuable i n  formation i d e n t i f i c a t i o n .  Where char- 
a c t e r i s t i c  co lors  of rocks o r  rock-vegetation u n i t s  have been estab- 
l ished f o r  a geologic section, under these circumstances the geologist  
can map u n i t s  w i t h  some assurance that  he i s  iden t i f y ing  the rocks cor-  
r e c t l y .  Color infrared o f f e r s  the same p o s s i b i l i t i e s  once the interpre- 
t e r  i s  f a m i l i a r  w i t h  the co lor  s h i f t .  We have attempted t o  def ine the 
" typical"  co lo r  s h i f t  and have derived several fa lse-co lor  in f rared rock 
guides (Fig. 5) which r e l a t e  c e r t a i n  key beds t o  t h e i r  t yp ica l  co lor  on 
a fa lse-color image. With the co lo r  guide and/or experience, the in -  
terpreter  can use the false-color imagery more e f f i c i e n t l y ,  
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The ERTS co lor  composite i s  thus an extremely useful  too l  f o r  geo- 
l o g i c  mapping i n  a r i d  regions such as Wyoming, especia l ly  where de- 
t a i l e d  mapping has not been done. Obviously the image i s  not competi- 
t i v e  w i t h  f i e l d  studies o r  high-resolut ion co lor  photographs f o r  geo- 
l o g i c  mapping, but i t  does have an advantage over aer ia l  mosaics be- 
cause o f  the co lo r  infrared mode. The ERTS image i s  a l s o  lower i n  cost  
t o  the user than any o f  the techniques mentioned above. 

Regional photogeologic mapping from ERTS i s  d e f i n i t e l y  hindered by 
the image-resolution l i m i t a t i o n s  and by lack o f  stereoscopic coverage 
i n  many areas. 
ated by the topographic enhancement provided by snow-cover scenes. When 
stereoscopic coverage and snow scenes are unavailable, large scale topo- 
graphic maps can a l l e v i a t e  p a r t  o f  the problem, but they are r e l a t i v e l y  
cumbersome and d i f f i c u l t  t o  use. I n  any case, i t  must be emphasized 
tha t  the ERTS image in terpretat ions are not f in ished geologic maps and 
the ERTS data must be considered a tool  which can a i d  i n  geologic map- 
ping rather  than a subst i tu te  f o r  standard mapping procedures. 

The lack of  stereoscopic coverage i s  p a r t i a l l y  a l l e v i -  

A po in t  made ear ly  i n  the ERTS planning stage was tha t  geologists 
needed only  one good cloud-free image o f  an area and they would l i v e  
happi ly ever a f te r .  The ear th  i s  not s t a t i c  and many changes are o f  
in te res t  t o  geologists, but w i t h  some exceptions (i.e. changes i n  the 
surface hydrologic regime, volcanic eruptions, earthquakes and related 
phenomena) most changes o f  in te res t  t o  geologists take place over f a r  
too long a time span t o  be recorded i n  an 18 day cycle. 
was no compelling reason to suggest tha t  a r e p e t i t i v e  system would be 
useful  t o  the ind iv idual  interested only i n  geologic mapping. 

Cer ta in ly  there 

An 18 day cyc le  may not be required but study o f  seasonal images 
does f a c i l i t a t e  geologic mapping. A user o f  ERTS images w i l l  benef i t  
from examination of browse-file o r  m i c r o - f i l e  images so tha t  he can 
p i c k  images that  show some o f  the fo l lowing features: 
vegetation - maximum bare rock exposure; (2) Maximum vegetation - bet- 
t e r  d e f i n i t i o n  o f  rocks w i t h  charac ter is t i c  f l o r a  o r  vegetation related 
t o  water saturat ion f o r  s t ruc tu ra l  study; (3) Optimum atmospheric con- 
d i t i o n s  - exceptional image d e t a i l ;  and (4) snow cover - topographic 
effect, stereo-effect, low i l lumina t ion  angle, reduced interference 
from features other than those t o  be studied. 

(1) Minimum 

The value o f  the ERTS multiband system was a lso questioned (Lyons, 
1970); especia l ly  as i t  appl ies to geologic mapping. I t  has been sug- 
gested that  one band i s  almost as useful as several for  mapping purposes. 
The multiband processing techniques demonstrated by B i l l  ingsley (1973) 
and Vincent (1973), c l e a r l y  show the value o f  cer ta in  band combinations 
i n  mapping and mineral explorat ion, but these are no.t standard data 
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products from ERTS. 
data product requires three of the four  bands f o r  i t s  construct ion and 
i s  demonstrably superior t o  a black and white product f o r  geologic map- 
ping. I n  addi t ion,  the ind iv idual  ERTS bands tend to enhance contrasts 
between c e r t a i n  rock types. 
show a strong contrast  between rock types t h a t  are marked by character- 
i s t i c  vegetation, and band seven general ly enhances contrast  between 
i ron  r i ch  and i r o n  poor rocks such as grani te-basal t  contacts (Rowan, 
1973; Houston and others, 1973). 

The in f rared co lo r  composite which i s  a standard 

For example, bands four  and f i v e  o f t e n  

TOPICAL MAPPING 

The ERTS data i s  bet ter  sui ted t o  cer ta in  top ica l  studies than t o  
general mapping programs. Several such studies have been completed as 
a p a r t  o f  the Wyoming invest igat ion.  They include determination of ex- 
ten t  o f  Pleistocene g l a c i a t i o n  and related geomorphic features (Breck- 
enridge, 1973), mapping of sand dunes (Kolm, 19731, playa lakes, pedi- 
ments, regional facies changes, average slopes, major s t r i p  mines, 
large areas of surface i n s t a b i l i t y ,  1 inear features, and large-scale 
tecton ic  elements. 

The study o f  l ineat ions has become a major facet  of the ERTS-1 geo- 
log ic  appl icat ions and has a t t rac ted  more than a f a i r  share of a t t e n t i o n  
and c r i t i c i s m .  
lem t o  the geologist  because, as an aspect o f  megatectonics, the study 
o f  l ineat ions and t h e i r  impl icat ions i s  a f i e l d  under constant c r i t i c i s m .  
The ch ie f  problem i s  the d i f f i c u l t y  i n  compiling data on a group of l i n -  
eations, fau l ts ,  o r  shear zones without including a few, and sometimes 
many, features o f  questionable v a l i d i t y .  This al lows a c r i t i c  t o  d is -  
c r e d i t  an e n t i r e  concept by disproving a small p a r t  o f  the support ive 
ev i dence . 

Lineations have always been somewhat o f  a special prob- 

The synoptic view of ERTS lends i t s e l f  so wel l  t o  mapping of 
1 ineations that  even an experienced in terpreter  can become somewhat 
over-zealous, and map 1 ineations tha t  are unrelated to  geology. Linear 
features t h a t  must be dea l t  w i t h  i n  compiling a "tectonic" in terpreta-  
t i o n  inklude roads and highways, railways, f i r e  l ines,  fence l ines,  
tornado swaths, condensate t r a i  Is ,  aeol ian features, dikes, fau l ts ,  
shear zones, j o i n t s ,  topographic breaks, snow-lines, moisture and cloud 
patterns, and vegetation changes. 
and the extremely h igh-a l t i tude overview o f t e n  make d i s t i n c t i o n  between 
these features d i f f i c u l t .  
geologist  can be embarrassed by f ind ing  tha t  he has erred i n  h i s  i n t e r -  
pretat ion.  
check. However, subt le  l i n e a r  features have been located on ERTS which 
appear on several image cycles and ye t  defy i d e n t i f i c a t i o n  i n  the f i e l d  
(Blackstone, 197%). These we hope to i d e n t i f y  from very low-level 
aer i a 1 photography. 

The resolut ion 1 imi ta t ions of ERTS 

Consequently, even the experienced photo- 

Ord inar i l y  one would resolve such problems by a simple f i e l d  
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Despite the confusion w i t h  non-geologic l inear  features and the d i f -  
f i c u l  t y  i n  f i e l d  checking, we are convinced tha t  most o f  the 1 inear 
features i d e n t i f i e d  on ERTS have geologic s igni f icance. As yet, no par- 
t i c u l a r  economic s ign i f icance has been attached t o  the newly discovered 
l inear  elements, but  we an t ic ipa te  tha t  some of these w i l l  prove eco- 
nomical l y  important. 

The ERTS imagery q u i t e  f requent ly suggests extensions of f a u l t  sys- 
tems beyond t h e i r  mapped l i m i t s ,  w i t h  some systems showing expression 
i n t o  younger rocks than were previously known t o  be involved. 
re la t ionships we can establ ish be t te r  dates for  some episodes of c rus ta l  
movement. 

From these 

Another aspect of tectonics being pursued w i t h  the a i d  o f  ERTS 
imagery i s  the in te r re la t ionsh ip  between structures i n  the Wyoming 
mountain ranges and those i n  the basins. The ERTS imagery al lows rap id 
compilat ion o f  or ientat ions for  major fau l ts  and j o i n t s  i n  the exposed 
cores o f  mountains and s i m i l a r l y  rap id assessment o f  the a x i a l  trends 
of adjacent basin folds. These can then be compared t o  determine pos- 
s i b l e  in ter re la t ionships.  Figure 6 i s  a generalized map o f  the major 
fau l ts ,  folds, and 1 inear elements of the Bighorn-Pryor Mountains area. 
These features were mapped by photogeologic in te rpre ta t ion  o f  ERTS 
images. Figures 7a and 7b are rose diagrams comparing the or ientat ions 
o f  l i n e a r  features i n  the mountains t o  fo ld  axes. I n  t h i s  case, no 
strong cor re la t ion  was seen (Blackstone, 1973b). A s i m i l a r  study f o r  
the Laramie Range and Laramie Basin showed a strong s i m i l a r i t y  i n  the 
or ientat ions (Figs. 8 and g), suggesting a common genesis (Blackstone, 
1973a). The economic s igni f icance of such information, if any, w i l l  
come w i t h  continued study of the tectonic systems and t h e i r  loca l  impl i -  
c a t  ions. 

MINERAL EXPLORATION 

The u t i l i t y  o f  standard ERTS data products i n  d i r e c t  mineral ex- 
p l o r a t i o n  i s  s t i l l  somewhat i n  doubt. Tests i n  which the standard 
imagery was used t o  locate exposed a l t e r a t i o n  zones g ive var iab le  re- 
S U I  ts .  

I n  the Absaroka Mountains o f  Wyoming (Fig. 10d) attempts were made 
t o  map zones of reddish a l t e r a t i o n  tha t  might be re la ted t o  in t rus ive  
a c t i v i t y  and mineral izat ion.  To el iminate some o f  the sub jec t iv i t y ,  
two separate maps were made. One (Fig. lob) was compiled by a geologist  
who has extensive experience i n  the area and the other (Fig. loa) by a 
geologist  w i t h  no experience i n  the area. Both were asked t o  look for  
anomalously red (yel low on the fa lse-co lor  composite) areas. The ob- 
vious s i m i l a r i t i e s  between the two in terpretat ions and t h e i r  mutual cor- 
r e l a t i o n  w i t h  a map of known minera l izat ion (Fig. 1Oc) indicates that  
some areas o f  a l te ra t ion ,  although subt ly expressed, can be ident i f ied  
from ERTS. Areas i d e n t i f i e d  on the image in terpretat ions and not cor-  
responding t o  known minera l izat ion have ye t  to be checked. 
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44. 

F i n 6  Major linear elements of tha Pryor and Bighorn Mountains. 

(after Blackstone, 1973c) 
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azimutb 

Figure 9a. Orientation of 
axial  surfaces of the €olds, 
surface and subsurface. 

azimuths 

Figure 9b. Orientation of 
Precambrian l inear  features 
in  the Laramie Mountains, 
such as faul ts ,  folds, frac- 
tures and foliations.  

Figure 9 .  
folds and structures i n  the Laramie Mountains. 
o f  the L a r a m i e  Basin histogram relat ion fold axis tha t  are both 
para l le l  and orthogonal t o  the dominant s t ructural  trend of the 
Laramie  Mountains. (after Bekkar, 1973) 

Comparison of orientation histograms for Laramie Basin 
Note the twin peaks 
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IO -a. Alterat ion zones mapped by an intrrpreter 
unfamllinr with the study Y ~ C Y .  

IO-b Alteration zones mapped by vn interpreter 
with extensive experience in the study area 

10 C: f4;i)i o f  prrvwii.;ly kitowti ;ires ot' .Iltrriitioii. IO,-& Portion of liRlS.1 image 1014-17;50 sharing 
the Ahsvroko study nreY 

Piyurr 10 Mips of ;tltrr:it ioii znnrs i n  thr Ahs;trok;i Mountains O f  northwest Wyoming. 
co lor  comlmsitr im:igr 11114. 17151). 

Interpreted frcu IWC5-I 
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A s im i la r  attempt was made t o  i den t i f y  oxidized arkosic sandstone 
associated w i t h  uranium mineral izat ion.  I n  a l l  major uranium producing 
areas o f  Wyoming the uranium occurs a t  the in ter face between oxidized 
and unoxidized sands (Fig. 11). The interface i s  general ly marked by a 
d i s t i n c t  color change, w i t h  the oxidized sandstone being red o r  yellow- 
i sh  red and the unoxidized sandstone being tan o r  grey. We had hoped 
that  the contrast ing sandstones could be detected from ERTS, but our 
t e s t  study i n  a known uranium area o f  the Powder River Basin was unsuc- 
cessful (Fig. 12). A subt le contrast was noted i n  the tes t  area, but 
when i t  was mapped and compared t o  the known color  changes i n  the sands, 
the correspondence was s l  ight .  The lack o f  correspondence i s  greatest 
toward the southern end o f  the t e s t  area where the sandstone exposures 
are poorest. Coincidence o f  the mapped and known zones i s  considerably 
bet ter  i n  the northern p a r t  o f  the area, and there i s  some hope that 
such zones may yet be mapped inareas of good exposure. A t  the present 
time, however, we consider t h i s  an unsuccessful appl icat ion o f  the ERTS 
data . 

One o f  the e a r l i e s t  indicat ions o f  the economic potent ia l  of ERTS 
resul ted from a program i n  which the ERTS imagery was used t o  map green- 
stone b e l t s  i n  an area of granite-gneiss terrane of centra l  Wyoming 
(Houston, 1973). Two greenstone be l t s  were recognized on the ERTS image 
in terpretat ion;  a known greenstone b e l t  i n  the southern Wind River Moun- 
ta ins and an unmapped b e l t  i n  the northern Granite Mountains (Fig. 13). 
Detai led inspection o f  the Granite Mountains greenstone b e l t  from high- 
a l t i t u d e  a e r i a l  photographs revealed several very d i s t i n c t ,  dark colored 
outcrops. These proved to be outcrops of i ron  formation (Fig. 14). 

The i ron  formation outcrops could not be detected on the ERTS-1 
imagery, but they are confined t o  the greenstone areas that  can be rec- 
ognized on ERTS imagery. This, then, i s  a s i t u a t i o n  i n  which ERTS pro- 
vides a means o f  “narrowing downbt the area o f  in terest  so that  the real  
explorat ion target  (the i r o n  formation) can be sought more e f f i c i e n t l y  
by more detai  led surveys. 

ENVIRONMENTAL STUDIES 

Wyoming, Montana, and North Dakota share enormous reserves of low- 
sulphur, sub-bituminous coal and l i g n i t e  tha t  w i l l  undoubtedly be de- 
veloped by str ip-mining techniques as soon as i t  becomes p o l i t i c a l l y  
possible. Many o f  the necessary environmental surface resource studies 
t o  be done i n  conjunction w i th  t h i s  development can be aided by remote 
sensing. The NASA pro.grams i n  earth resources remote sensing come a t  
a very opportune time i n  that  the ERTS and a i r c r a f t  data acquired i n  
1972-73 w i l l  not only serve as base 1 ine f o r  detection of change, but 
a l so  provide a great deal of the data necessary f o r  planning and re- 
source studies. 
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Figure 11. Diagram showing typical pattern of uranium deposition 

in  Hyoming sands tones. 
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Figure 13 Map of  Precambrian terrane of the southern Wind River Mountains and Granite 
Mountains showing greenstone be l ts  PQlS mappable from ERTS imagery. 
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Figure 14. Horseshoe-shaped bed of  iron formation, Barlow Gap, Wyoming. 
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In January, 1973, a pilot program designed to test the applications 
of ERTS-1 data to land-use and resource management in Wyoming was com- 
pleted for the Wyoming Department of Economic Planning and Development 
(Breckenridge and others, 1973). This pilot study demonstrated success- 
ful applications of ERTS image interpretation in ten land-use related 
studies. In the Powder River Basin test area, the study resulted in a 
14-class land-use map, a regional s o i l s  map, a 6-class subdivision of 
range land, a water-impoundments map, a map of present open-cut mining 
operations, a map of coniferous and deciduous forests in the Bighorn 
Mountains, maps of several small urban areas, an average-slope map and 
several other topical maps related to geology. Density analysis and 
color-additive image enhancement proved of considerable value In several 
of these analyses. 

SPECIALIZED INTERPRETIVE TECHNIQUES 

Computer enhancement techniques employed in the various earth re- 
sources studies at the University of Wyoming include density analysis, 
clustering, and image ratioing. Such techniques are of demonstrated 
value in some applications, but, for the geologist, it appears that 
standard photointerpretation and image enhancement are still the chief 
means of using the ERTS and other remote sensor data. When special en- 
hancement procedures appear to be necessary, the geologist (or other 
earth scientist) should have access to processed data. The processed 
data in such cases should be displayed in image form so that the inter- 
preter can compare it to standard images and interpret it efficiently. 
Because the equipment necessary to process and re-display the data is 
prohibitively expensive, it seems that the processed data should be 
made available as an optional product along with the data original. 

CONCLUSION 

As the above studies illustrate, the present ERTS system has many 
applications in geology and related surface resource studies. Improved 
resolution and a narrower band selection will make future systems even 
more useful. 
interests who cannot gain a new prospective and new information from 
ERTS. A major goal of  the ERTS investigator should be to persuade these 
geologists to look at the images. 

There are probably very few geologists? regardless of their 
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