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ABSTRACT 

Structura l  analysis  i s  being carr ied  out on bar is  MSS 
5 and 7 of scene 1085-17294, Geologic s t ruc tu re  is primarily 
revealed i n  the topographic r e l i e f  and drainage. Topo- 
graphic l inea r s  are  pa r t i cu la r ly  well developed in  the  
Bighorn u p l i f t .  Many of these occar along known f a u l t s  
and shear tones i n  the  Precambrian core; several  have 
not been previously mapped. These l inea r s ,  however, do 
not continue in to  rhe  ycanger rocks of the f lanks or  
do so  i n  a much l e s s  marked manner than i n  the  core.  
Linears are f a r  l e s s  abundant i n  the  basin o r  a re  mani- 
f e s ted  only i n  veyl  subt le  tonal  contras ts  and somewlrat 
s t r a i g h t  drainage segments. Some of the i inea r s  a r e  
aligned along trends previously postulated ox1 the  bas is  
of surface mapping t o  be lineaments. The imagery reveals 
l i t t l e  c r  no evidence of s t r i k e - s l i p  displacements along 
these linesments. 

Larger fo lds ,  such as  the  Sheep M o ~ ~ t a i n  a n t i c l i n e ,  
which are  outl ined by r e s i s t a n t  un i t s  show up very well.  
Small folds or  those cut l ined by nsnres is tant  u n i t s  o r  
covered by Ter t iary  deposits  are  very d i f f i c u l t  or  i m -  
possible t o  discern.  

The ERTS imagery provides especia l ly  f i n e  d e t a i l  i n  
the  u p l i f t s .  The imagery provides a bas is  on which t a r -  
gs t s  f o r  f i z i d  checking and f o r  supportive a i r c r a f t  
coverage can be e f f i c i e n t l y  chosen. 

This project  covers an area (300 by 150 miles) extending from the  
eas tern  edge of the  Black Hi l l s  t o  the western border of the  Bighorn 
basin and from southern Montana t o  the  south end of the  Bighorn Basin. 
The pr incipal  objective i s  t o  determine the  f e a s i b i i i t y  of u t i l i z i n g  
ERTS imager;. t o  dei ineate  major lineaments. 
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Lineaments f igure  p r~minen t ly  i n  s t ruc tu ra l  analyses and i n  
theories regarding the  tec tonics  of the  North American Cordil lera.  
Lineaments a l so  are considered t o  be important fea tures  with regards 
t o  the  occurrence of mineral deposits .  Unfortu.ately f a c t s  r e l a t ing  
t o  the  existence and extent of lineaments are  not always as hard or 
de f in i t ive  as  some wri ters  seem t o  assume. Some lineaments are  well 
established,  but others are only ~ r o v i s i o n a l l y  located or  are  purely 
speculative.  Much more work i s  needed t o  determine precise ly  the  
presence or  absence of these large fea tures  znd t o  define t h e i r  
c h a r a c t e r i s t i  :s. 

Part of the problem of lineaments (and l inea r s )  l i e s  i n  de f in i t ion .  
Much of t h i s  appears t o  be due t o  a confusion between description 
and in terpre ta t ion.  The de f in i t ion  suggested here i s  purzly descr ip t ive .  
Lineaments a r e  defined as  generally r e c t i l i n e a r  l ines  o r  zones of 
s t r u c t u r a l  discordance of regional (100 miles o r  longer i n  length) 
extent .  Lineaments a re  manifested a t  the surface i n  many diverse 
ways, as by s ing le  large f a u l t s  o r  groups of f a u l t s  subpara:lel t o  
the  lineament trend,  by en-echelon oblique f a u l t  and fold b e l t s ,  by 
lai,e monoclines, and by juxtaposit ion of blocks of contrast ing 
s t ruc tu res  and l i thologies .  Other lineaments a re  s u ~ ? n s t e d  by l ines  
of igneous bodies o r  alignnents of ore d tpos i t s .  F inal ly ,  others 
a r e  revealed only by contras t ing gxavity and magnetic pat terns  r e la ted  
t o  subsurface rocks. 

Linears are  defined as individual  s t r a igh t  l ines  a few miles o r  
tens  of miles i n  extent .  Linears a r e  commonly expressed i n  the  topo- 
graphy and most of ten  a r e  s t r u c t u r a l  f ea tu res ,  but a re  not necessari ly 
so. Linears can include s ing le  f a u l t  2nd fold-axia l  t r aces ,  s teeply  
dipping dikes,  hogbacks, s t r a i g h t  drainage segments, and so on. 

This paper w i l l  be r e s t r i c t e d  t o  a discussion of the  qtudy of a 
s ing le  MSS scene (1085-17294) which includes most of the  Bighorn 
Mountains and a large  por t ion of t h e  Bighorn basin.  Only s t ruc tu re  
w i l l  be covered here. Glacial ,  geomorphic, and vegetat ional  aspects 
a r e  being concurrently studied by the  two co-investigators.  

2. METHOD OF ANALYSIS 

Geologic s t ruc tu re  i n  t h i s  region is  primarily revealed by topo- 
graphic r e l i e f  and drainage pat terns .  Topography i n  the  u p l i f t  i s  
especia l ly  emphasized i n  band 7 (Fig. 1) and stands out well both i n  
mono-viewing and i n  stereo-viewing of side-lapping scenes. 

Enlarged negative p r i n t s  (Fig. 2 )  mace from pos i t ive  transparencies 
serve pa r t i cu ia r ly  well as  bases f o r  overlays. Detail  can be enhanced 
by an optimum choice of exposure time and paper. We generally use 



two d i f fe ren t  exposure times i n  order t o  bring out the d e t a i l  i n  
u p l i f t s  and, separately,  i n  the basins.  Analysis of band 7 i s  
supplemented with s imi lar  p r in t s  of band 5 i n  which v e g e t a t i o ~ ~ a l  
contras ts  are  ?ore apparent. False color infrared photogrzphs have been 
made from an I s Addcol Viewer. These have not added s ign i f i can t ly  
t o  s t ruc tu ra l  in te rp re ta t ion ,  but w i l l  provide additional input in to  
l i tho log ic  and vegetat ional  analys is .  

Linears and fo ld  axes a r e  p lo t t ed  on the  overlay cf  Figure 2 .  
C r i t e r i a  used t o  draw l inea r s  include topographic r e l i e f ,  drainage, 
a d  tonal d i f ferences .  Note how the l inears  are  much more apparent 
and concentrated i n  the u p l i f t  a s  compared t o  t h e  basin. Also shown 
a re  the recognizable fo lds ,  the out l ine  of the  u p l i f t  (dot-dash l i n e ) ,  
and the  Precambrian-Paleozoic contact  (dash-cross l i n e ) .  Figure 3 i s  
a map showing the known s t ructures .  

One of the  reasons f o r  havinkr chcse ,~  t h i s  area was the consider- 
able graund t r u t h  availal 'c  However, when making a;l overlay, the P . I .  
found i t  d i f f i c u l t  t o  br . 've and ignore h i s  knowledge of the 
geology. To reduce the b ias ,  several  others with l i t t l e  or  
no p r io r  background i n  : . e re  asked t o  do overlays. Comparisons 
showed a high degree of . ~ t .  The main differences were i n  the  
individual ' s  c r i t e r i a  fo i  ,aightness and minimum length of  l inea r s .  
The resu l t ing  overlay i s  believed t o  be a f a i r l y  hcnest and objective 
f i r s t  look. 

U-2 photography was flown along two east-west s t r i p s ;  one i s  a t  
the  l a t i tude  of Greybull and the  other a t  the  l a t i t u d e  of Tensleep. 
In addit ion conventional high a l t i t u d e  photography h a  been obtained 
f o r  key areas chosen on the bas is  of the  study of the  ERTY' imagery. 

3. DISCUSSION 

The l inea r  pat tern  i s  made up of severa l  d i s t i n c t  trends;  E-W, 
NNE-SSW, NE-SW, and NN-SE. These di rec t ions  cor re la te  well with 
known f a u l t s ,  shear zones, and monoclines i n  the u p l i f t .  Several 
"on-line" l inea r s  coincide with previously known o r  postulated l inea-  
ments; these a r e  ?he Tensleep, Florence Pass (west of Buffalo) and 
Tongue River (north and west of  Sheridan). These fea tures ,  however, 
e i t h e r  do not co.:tinue i n t o  the younger rccks of the  f lanks o r  do s o  
i n  a much l e ss  marked manner than i n  the  core. 

Two prominent l inears  i n  t h e  c3re 3f the u p l i f t  have not been 
previously mapped. One treqds N-S from the glacia ted  West Tensleep 
val ley  north across the core t o  a pronounced kink i n  the  northeast  
flank of the range. t h i s  is  t o  be f i e l d  checked. Thr other ,  a strong 
NE trend corre la tes  with a newly mapped f a u l t  i n  the Precambrian ( in  
a j u s t  published USGS Bullet in on The Cloud Peak Primitive Area). 



On t h e  o the r  hand, t he  Tensleep lineament i s  not reso lvable  
a t  i ts ea,t end. Though not  decipherable on t h e  ERTS imagery because 
of the  gravel  and grass  cover ,  it  can be seen on U-2 and high 
a l t i t u d e  photography. I t  i s  a l s o  well known i n  t h e  subsurface i n  
t h e  Bighorn bas in ,  although i t s  de l inea t ion  a t  t h e  sur face  i s  poor 
o r  n i l .  A poss ib le  su r f ace  discordance a t  t h e  west s i d e  of t he  basin 
w i l l  be inves t iga ted  i n  t h e  summer. The pos tu la ted  lineament i n  Fig.  3 
does not appear t o  be confirmed i n  t h e  imagery; r a t h e r ,  t he  f a u l t  a t  
t h e  north end of t he  t h r u s t  is probably only a l oca l  t e a r  f a u l t  
assoc ia ted  with t he  over thrus t ing .  Tile Tangue River lineament, long a 
source of controversy regarding i ts  exis tence ,  s tands  out  s t rongly .  

Linears a r e  much l e s s  evident  i n  t h e  bas ins .  The fo lds  showr~ i n  
t h e  southwest corner  of t h e  overlay a r e  recognizable owing t o  t h e  
r e s i s t a n t  hogbacks of  Cretaceous Mesa Verde sandstones.  The two fo lds  
t o  t he  north a r e  marked by r e s i s t a n t  upper Paleozoic carbonates and 
sandstones. Other fo ld s  celmot be deciphered e i t h e r  because no 
r e s i s t a n t  u n i t s  a r e  exposed o r  they a r e  covered by T e r t i a r y  sediments. 

The prominent l i n e a r s  mostly occur along very o ld  s t r u c t u r e s  
which have been p a r t i a l l y  r eac t iva t ed  during t h e  Cenozoic. Lack of 
expression i n  t h e  bas ins  suggests  one or  a combination of  t h e  following: 

1 )  t h e  chick cover above t h e  basement has masked o r  absorbed 
t h e  l a t e r  movensnts. 

2) t h e  l a t e r  movements have been concentrated i n  t h e  u p l i f t .  

Tonal con t r a s t s  i n  t h e  Bighorn bas in  a r e  mainly l i t h o l o g i c  as  
t h e  s o i l  and vegeta t ion  cover i s  very t h i n .  The lack of t o n a l i t y  
con t r a s t  and t h e  more dense drainage p a t t e r n  i n  t h e  Powder River 
Basin i s  r e i a t e d  t o t h e  moister  cl imate with a r e s u l t a n t  heavier  g ra s s  
cover, and t o  t h e  more widespread and t h i c k e r  post-Paleocene cover. 

To da t e ,  vege ta t ion  con t r a s t s  have not  been t o o  he lp fu l  i n  pro- 
viding r u c t u r a l  information.  Conifer-bearing Cretaceous sandstones 
do o u t l ~ n e  a few hogbacks, as around t h e  Black H i l l s .  Within t h e  
Precamb-ian core po r t i ons  o f  dikes g r e a t e r  than 150 f e e t  wide a r e  
marked by vegeta t iona l  c o n t r a s t  from t h e  surrounding gneisses .  

An RBV scene of t he  same region (1013-17291) does not  show as  
much d e t a i l  a s  t h e  MSS scene. An enlarged,  enhanced negat ive  p r i n t  
o f  band 2 never the less  provides a synopt ic  view t h a t  can s t i l l  be of  
use  alone. 



Fig. 1 - Positive pr in t ,  F1S.S-7 



Fig. 2 - Negative: print, MSS-7 with overlay. See text for annotation. 



Pig. S - Map showing knom structures 
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4. S W Y  AND CONCLUSICNS 

The ERTS MSS imagery, pa r t i cu la r ly  band 7, p i w i d e r  an unp:ral- 
loled s t n ~ c t u r a l  overview unobtainable by any other  means. Consider- 
able d e t a i l  i s  shown i n  the  mountain u p l i f t s  and i n  those port ions 
of the  adjoining basins where the post-Paleocene rocks have been 
romoved. Even though s t ructures  i n  the  basins may be covered, extxa- 
polat ion from the  mar,ainal features shown on the  imagery would be 
warranted. In o ther  words, i n  regicns where f a r  l e s s  i s  known of the  
geology as i s  the  case here,  one might predic t  the subsurface occur- 
rence or  folds and lineaments and bonce more confidently oxplore the  
covered areas f o r  concealed o i l  s t ruc tu res  and lll'iireral deposits .  

For example, mineralization occurs &long the Tens leep f a u l t .  The 
f a u l t  is  only p a r t l y  traceable on the  imagery, but is known t o  be 
more extensive. The imagery allows one t o  more n f f i c i en t ly  plan 
supporting f l i g h t s  (as the  iJ-2 i n  t h i s  case) ,  t o  s e l e c t  per t inent  
photography from avai lable  mosaics, and t.9 plan the ground f i e l d  work. 
Without the  imagery t o  pmvide clues and t o  narrow the t a rge t ,  we 
would l i t e r a l l y  be fee-ing our way t ry ing t o  ve r i fy  the  1 tesence o r  
absence of lineaments i n  the  basins. 

Finally,  analysis  of the imagery reveals l i t t l e  o r  no evidence 
of s t r i k e - s l i p  displacelrrnt along t)r* l inemei i t s ,  a basic assumption 
upon which i s  founded a group - C  ::.. ~ s e s  invoking large  scale  
horizontal  movements along 1ineuo.lrs i n  the  Cordi 1 lera .  




