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E X T E N D E D  A B S T R A C T  1 

The Salt Wash sandstone member of the Morrison formation of Jurassic age has been a 
major source of uranium on the Colorado Plateau and undoubtedly will continue to be 
such for many years. The clay minerals of the Morrison formation ave being studied as 
part of the uranium investigations of the Plateau by the U.S. Geological Survey. 

The lower part  of the Morrison formation consists of the Salt Wash sandstone member 
mad, in the southeast part  of the Colorado Plateau, of intortongued correlatives of the 
Salt Wash, namely the Recapture shale member and part  of the Bluff and Cow Springs 
sandstones. These members of the ~Iorrison range from 0 to approximately 400 ft  in 
thickness. The upper part  of the Morrison consists of the Brushy Basin shale member, 
and to the south and east, of intertongued Westwater Canyon sandstone member and 
the Jackpile sandstone of local usage, The maximum thielraess of the upper unit on 
the Colorado Plateau is about 450 ft, but increases to 600 ft near Vernal, Utah. 

The clay minerals in about 500 samples of variously colored mudstones and s~nd- 
stones from the Morrison formation were identified chiefly by x-ray diffraction, aug- 
mented by differential thermal analysis, chemical analysis, and microscopic examination. 
The formation was sampled from the San Rafaol Swell in Utah to the Thoreau-Laguna 
region in w~st-central New Mexico ; the collection includes samples from barren as well 
as uranium-bearing portions of the formation. 

The Salt Wash sandstone member contains illite as the most cormnon and abundant 
clay mineral in both the mudstene and sandstone portions, although chlorite and 
mixed-layer fllite-~hlorite are also widely distributed in them. Kaolinite has been 
developed, probably secondarily, in the sandstones. Montmorillonite is present in a largo 
tongue tha t  pinches out ea~twavd in the lower part  of the Salt Wash member in the 
northwestern part  of the Plateau. Except  for the volcanic-derived montmorillonite, 
most of the clay in the Salt Wash member is believed to have a sedimentary-rock origin. 
The Recapture shale member is characterized by illite in northwestern New Mexico, an 
abundance of montmorillonite at Thoreau, New Mexico and mixed-layer clay minerals 
east from Thoreau. These changes are interpreted as facies variations outward from 
the source area. The Bluff sandstone, which contains only a small amount of clay, 
yields montmorillonite in the clay-size fraction. The montmorillonite probably origin- 
ated from small amounts of volcanic ash in the sandstone, but  direct proof of i~s 
origin is lacking. 

In the Brushy Basin shale member, montmorillonite predominates in the north- 
western par~ of the Colora~io Plateau, but illite, chlorite and mixed-layer clay minerals 
increase in abundmlce toward the south. The latter assemblage of mlnerals occurs in 
the Westwater Canyon sandstone member and for that  reason the southern part of the 
Brushy Basin shale member is interpreted as being in part  a clay facies of the Westwater 
Canyon sandstone member. The parent rock of the montmorillonite in the Brushy 
Basin member was chiefly volcanic material, as is shown by occasioua.l replaced and 

i Published by permission of the Director, U.S. Geological Sur~oy. This abstract is 
modified from the one which is a part of the entire paper prepared for publi~tion by 
the U.S. Geological Survey. 
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preserved  sha rd  s t ruc tu res ,  incomple te ly  decomposed  gls~s, euhedra l  m i c a  a n d  asso- 
c ia ted fe ldspar  grains .  T h e  illlte- a n d  chlori te-r ich por t ion  m a y  be a m i x t u r e  o f  volcanic  
and  sed lmen ta ry -de r ived  de t r i tus .  The  clay f rac t ion  o f  t he  s ands tone  o f  t he  Jackpi le  
is d o m i n a n t l y  kaol ini te  wi th  mi no r  a m o u n t s  of  mixed- l aye r  i l l i t~-montmor i l lon te ,  b u t  
the  m u d s t o n e  o f  t he  m e m b e r  is m a i n l y  i l l l t e -montmor i l lon i to  a n d  i l l i te-chlori te.  

Color var ia t ions  in t he  B r u s h y  B as i n  rocks a id  in d i s t ingu i sh ing  some  clay minera l  
differences in it.  Var iega ted  paste l  shades  of  red, orange,  purple ,  g r a y  a n d  in t e rmed ia t e  
colors are more  c o m m o n l y  found  in n o r m a l  montmor i l lon i te .  The  v iv id  g reen  zone a t  
the  head  of  Cour thouse  W a s h  in  U t a h  con ta ins  illite a n d  h i g h - p o t a s s i u m  m o n t m o r i l -  
lonite. The  blue m u d s t o n e  on  Lone  Tree a n d  Blue Mesas  n o r t h  of  U r a v a n ,  Colorado 
con ta ins  illite, a n d  t he  green  glauconi t ic  m i ca  near  the  top  of  t he  B r u s h y  Bas in  shale  
m e m b e r  on Lone  Tree lVlesa is h igh  in ferric i ron  a n d  po t a s s ium.  Green a n d  blue colors 
pe rhaps  are  exh ib i t ed  in c lay  mine ra l s  where  an  e lement ,  such  as  iron, exis ts  in the  
crys ta l  s t r uc tu r e  in two s ta tes  of  ox ida t ion  (following the  observa t ions  e f  Weyl) .  This  
s i tua t ion  a p p a r e n t l y  is m o s t  readi ly  real ized in t he  K- r ich  c lay  minera ls .  A source  of 
p o t a s s i u m  m a y  be found  in the  P e r m i a n  evapor i tes  t h a t  have  r isen in ant ic l ines  in Salt, 
P a r a d o x  a n d  S inbad  Valleys,  which  are  nea r  Cour thouse  W a s h  a n d  Lone  Tree  Mesa. 
The  green  a n d  blue colors described do no t  or iginate  f r om Co, Cr, Cu, Ni or V in  the  
m u d s t o n e ,  as  those  e l emen t s  a re  p resen t  in the  rocks on ly  to t he  e x t e n t  of  t h o u s a n d t h s  
of  1 pe rcen t  a n d  are no t  s ignif icant ly  different  in a b u n d a n c e  be tween  blue, green,  gray,  
and  red m u d s t o n e s .  

Greenish-gray  m u d s t o n e s ,  a l t hough  repor ted  to be more  favorable  g r o u n d  for u r a n i u m  
ore deposi ts  t h a n  red  m u d s t o n e ,  con ta in  t he  s a m e  gross  c lay mine ra l  a s semblages  as  t he  
red rocks.  T h u s  gross  c lay minera l  composi t ion  ha s  no t  been  found  to be a guide  to 
u r a n i u m  ore minera ls .  

The  m u d s t o n e s  on  the  semi-ar id  Colorado P l a t e a u  provide  s t r ik ing  e x a m p l e s  t h a t  
montmor iUoni t e  wea the r s  to a " f r o t h y  " surface,  illite a n d  chlori te  go to s m o o t h  or 
"sl ick surfaces  ". P e r h a p s  more  progress  t oward  field ident i f icat ion o f  t he  severa l  c lay  
minera l s  b y  such  easi ly recognizable cri teria m a y  be  m a d e  as  field obse rva t ions  are  
f u r t he r  correlated wi th  l abora tory  ident if icat ion of  c lay  minera ls .  


