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ABSTRACT

The Marble Canyon Quadrangle ( 2 ° ) ,  n o r th e a s t  A r izon a , was ev a lu a ted  to a 
depth o f  1500 m fo r  uranium f a v o r a b i l i t y  u s in g  N a tio n a l Uranium R esource  
E v a lu a tio n  c r i t e r i a .  Known m ines and p r o sp e c ts  were examined; f i e l d  
reco n n a issa n c e  was done in  s e le c t e d  a rea s  o f  th e  quad ran gle; and a ground­
w ater geoch em ica l survey  was made in  th e  so u th e a s t  th ir d  o f th e  q u ad ran gle .
The Shinarump and P e t r i f i e d  F o r e st  Members o f  th e  T r ia s s ic  C h in le  Form ation, 
which i s  exposed in  the w estern  and n o r th e a ste r n  p a r ts  o f  the quadrangle and 
i s  p resen t beneath  th e  s u r fa c e  o f  much o f  th e  q u ad ran g le , were found fa v o ra b le  
fo r  c h a n n e l-sa n d sto n e  uranium d e p o s i t s .  A p o r t io n  o f the C retaceous Toreva 
Form ation in  th e  so u th e a st  p art o f  th e  quadrangle was found fa v o ra b le  for  
p en eco n co rd a n t-sa n d sto n e  uranium d e p o s i t s .  The w estern  part o f  th e  quadrangle  
was found fa v o ra b le  fo r  uranium c o n c e n tr a t io n s  in  b r e c c ia  p ip e s .
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INTRODUCTION

PURPOSE

The Marble Canyon Q uadrangle ( 2 ° ) ,  an area  o f  2 0 ,6 3 4  km^, i s  in  
n o r th e a ste r n  A rizona ( F ig .  1 ) .  The quadrangle was ev a lu a ted  to a depth o f  
1500 m to id e n t i f y  g e o lo g ic  environm ents and d e l in e a t e  a rea s  th a t  e x h ib it  
c h a r a c t e r i s t ic s  fa v o r a b le  fo r  th e  o ccu rren ce  o f uranium d e p o s i t s .  Favorable  
en v iron m en ts, a s  determ ined by s u r fa c e  and su b su rfa ce  in v e s t ig a t io n ,  a re  th ose  
th a t  cou ld  c o n ta in  uranium d e p o s it s  o f  a t  l e a s t  1 0 0  ton s U3 O8  in  rocks  
w ith  an average grade n ot l e s s  than 100 ppm U3 O8 . S e le c t io n  o f  a 
fa v o r a b le  environm ent i s  based on th e  s im i la r i t y  o f  i t s  g e o lo g ic  
c h a r a c t e r i s t i c s  to  th o se  found in  c lo s e  a s s o c ia t io n  w ith  known uranium  
d e p o s it s  ( r e c o g n it io n  c r i t e r i a )  a s  d e sc r ib e d  in  M ickle and Mathews ( e d s . ,  
1 9 7 8 ) . The stu d y  was conducted by Bendix F ie ld  E n gin eerin g  C orporation  (BFEC) 
for  th e  N a tio n a l Uranium R esource E v a lu a tio n  (NURE) program, managed by th e  
Grand J u n c tio n  Area Q f f ic e  o f  th e  U .S . Department o f Energy (DOE).

SCOPE

Work on th e  Marble Canyon Quadrangle began March 6 , 197 9 , and ended 
February 29, 1980. March through May were sp en t on p re lim in a r y  work (5  man- 
m onth s), J»me and J u ly  in  f i e l d  work by four p erson s ( 8  m an-m onths), and 
August through m id-Septem ber in  f i e l d  work by two p erson s (3  m an-m onths). 
M id-September through February were sp en t on d ata  a n a ly s is  and f o l i o  
p r e p a r a tio n  ( 8  m an-m onths). A t o t a l  o f 2 .0  m an-years were expended.

PROCEDURES

P re lim in a ry  stu d y  in d ic a te d  th a t  two u n it s  appeared much more fa v o ra b le  
than th e  o th e r s  in  the qu ad ran g le , and th e se  were em phasized in  the f i e l d  
work. One u n i t ,  s p e c i f i c a l l y  th e  Shinarump Member o f  th e  C h in le  Form ation, 
c o n ta in s  m ost o f  th e  uranium occu rren ces  in  the q u ad ran g le . The o th er  u n i t ,  a 
sequence o f  C retaceou s sa n d sto n es  and s h a le s  known as th e  Toreva Form ation, 
o v e r l i e s  th e  Wepo F orm ation .

F ie ld  work c o n s is t e d  p r im a r ily  o f  exam ining and sam pling the known 
o c c u r r e n c e s . The C retaceous form ation s were tr a v e r se d  by fo o t  and a u tom ob ile , 
and over 100 ground-w ater sam ples were ta k en . Some tim e was sp en t in  studjd.ng 
th e  M orrison Form ation in  th e  e a s te r n  part o f  th e  qu ad ran g le . Other 
form ation s were examined o n ly  in  r e c o n n a is s a n c e , and some ground-w ater sam ples 
were taken  in  form ation s o th er  than th e  Toreva and Wepo.

Three days were sp en t in  h e l ic o p t e r  tr a v e r s e s  w ith  a sp e c tr o m ete r . These 
w ere made along P a r ia  Canyon and th e  V erm ilion  C l i f f s  in  the n orthw est p art o f  
th e  qu ad ran g le , w estern  Monument V a lle y , th e  e a s te r n  scarp  o f  B lack Mesa, and 
p o r tio n s  o f s o u th e a s t  and north w est B lack  Mesa ( F ig .  2 ) .  The r e s u l t s  o f  the  
NURE A e r ia l  R ad iom etric  Survey were not a v a i la b le  in  tim e for  f i e l d  ch eck in g . 
No H ydrogeochem ical and Stream -Sedim ent R econ n a issan ce  (USSR) survey  
in fo rm a tio n  was a v a i la b le  a t  th e  tim e o f  th e  w r it in g  o f  t h i s  r e p o r t . A ccess  
to  the Grand Canyon N a tio n a l Park ( P I .  10) was d e n ie d .
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Figure I. Location of Marble Canyon Quadrangle.
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GEOLOGIC SETTING

The quadrangle l i e s  e n t i r e ly  w ith in  the C olorado P la te a u  g e o lo g ic  
provin ce  and i s  u n d er la in  by a t h ic k  s e r i e s  o f  sed im en tary  r o c k s . These are  
g e n e r a lly  f l a t  l y in g ,  but a few m ajor m on oclin es c r o s s  th e  quadrangle ( P I .  8 ) .

The qu ad ran g le , bounded by m on oclin es  to  which highways US 89 and US 160 
are p a r a l le l  ( F ig .  2 and P I . 8 ) ,  may be su b d iv id ed  in to  th r ee  p a r ts . In th e  
w est (e x c e p t  th e  n o r th w e s t) , a broad p la tform  i s  d evelop ed  on top  o f  the  
Kaibab L im estone. In to  t h i s  p la tform  i s  in c is e d  Marble Canyon and th e  upper 
p art o f  the Grand Canyon o f  th e  C olorado R iv e r . I t  i s  o n ly  in  th e se  canyons 
th a t  s t r a t a  below  th e  Permian Kaibab Lim estone are  exposed  ( F ig .  3 ) .

Precam brian s c h i s t s  and g n e is s e s  are  exposed in  a sm a ll area  in  th e  
bottom  of th e  Grand Canyon. Above th e se  are  1700 m o f Upper Precam brian  
c a r b o n a tes , sa n d s to n e s , and s h a le s .  Unconformably above th e s e  i s  th e  
P a le o z o ic  s e c t io n ,  1000 m o f  c a r b o n a te s , sa n d s to n e s , and s h a le s  capped by th e  
1 0 0 -m -th ick  Kaibab L im estone.

The c e n tr a l  part o f  th e  quadrangle i s  a p la te a u  formed by T r ia s s ic  and 
J u r a s s ic  s i l t s t o n e s  and san d ston es o f f lu v i a l  and e o l ia n  o r ig in ,  which are  
o v e r la in  by th e  m assive e o l ia n  Navajo Sandstone. The sou th ern  part o f t h i s  
p la tea u  i s  c a l le d  th e  K a ib ito  P la te a u , and the area  in  the n orth w est corn er o f  
the quadrangle i s  c a l le d  th e  P aria  P la te a u . The n orth ern  and n o r th e a ste r n  
p a r ts  o f t h i s  c e n tr a l  area  are d ee p ly  d i s s e c t e d .

Monument V a lle y  o c c u p ie s  th e  extrem e n o r th e a s te r n  p art o f  th e  quad ran gle , 
and i t  exp oses a p r e -T r ia s s ic  s e c t io n  d i f f e r e n t  from th a t  o f  th e  w estern  part 
o f  th e  q u ad ran g le . The Kaibab L im estone i s  a b s e n t , and th e  s i l t s t o n e s  and 
sa n d sto n es o f  th e  Permian C u tler  Form ation form m ost o f  th e  m esas o f Monument 
V a lle y .

The s o u th e a ste r n  q u arter  o f  th e  quadrangle i s  occu p ied  by B lack  Mesa, 
which i s  composed o f  a s e r i e s  o f C retaceou s r o c k s . The B lack Mesa rocks  
c o n s is t  o f  a th ic k  b a sa l m arine sh a le  o v e r la in  by gray a r k o s ic  f lu v i a l  and 
n ea r -sh o re  sa n d sto n e s . The sa n d sto n es  c o n ta in  v ary in g  amounts o f  o rg a n ic  
m a te r ia l ,  w hich in c lu d e s  m ineab le  c o a l in  th e  n orth ern  p art o f  B lack  Mesa.

Sandstones o f  the J u r a s s ic  M orrison Form ation are  exposed e a s t  o f  B lack  
Mesa and south  of Monument V a lle y . Some P lio c e n e  b a s ic  in t r u s iv e  rock s are  
found in  and sou th  o f  Monument V a lle y .

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

In  the Marble Canyon Q uadrangle, f i v e  a rea s  m eet th e  f a v o r a b i l i t y  
c r i t e r i a  fo r  a d e p o s it  o f  a t  l e a s t  1 0 0  ton s o f  U3 O8  w ith  an average grade 
o f  not l e s s  than 100 ppm U3 O8 . These are  c h a n n e l-c o n tr o lle d  
peneconcordant uranium d e p o s i t s  (S u b c la ss  2 4 3 , A u stin  and D'Andrea, 1978; 
A reas A, D, and E, P I . 1 ) ,  n o n -c h a n n e l-c o n tr o lle d  peneconcordant d e p o s it s  
(S u b c la ss  244 , A u stin  and D'Andrea, 1978; Area C ), and b r e c c ia  p ip e s  and v e in  
d e p o s it s  in  sed im entary  rocks (C la s s  730 , Mathews, 1978; Area B ) . Area E i s



th e  e x t e n s io n  o f  a fa v o r a b le  area  from the F l a g s t a f f  Quadrangle and i s  
d is c u ss e d  in  t h a t  r e p o r t .

AREAS A AND D

The Shinarump Member o f  th e  C h in le  F orm ation , a ls o  r e fe r r e d  to as the  
Shinarump co n g lo m era te , m eets f a v o r a b i l i t y  c r i t e r i a  fo r  S u b class 2 4 3 , ch an n el-  
c o n tr o l le d  peneconcordant d e p o s i t s .  These c r i t e r i a  a re :

•  P latform  t e c t o n i c  s e t t i n g  (C olorado P la te a u )

•  Unconformable c o n ta c t  w ith  un d er ly in g  impermeable Moenkopi Formation

•  Channels cu t  in to  the  xm derlying Meonkopi Formation

•  Long, s in u o u s ch a n n e ls

•  B leach in g  o f u n d er ly in g  red s i l t s t o n e s

•  A sso c ia te d  m in era ls  o f  copper and vanadium

•  Secondary uranium, co p p er ,  and vanadium m in era ls  

Supplementary d i a g n o s t i c  c r i t e r i a  are:

•  Organic d e b r i s ,  carb on ized  and p e t r i f i e d

•  H eterogeneous l i t h o l o g y

The Shinarump Member i s  p r e sen t a t  the su r fa c e  or w ith in  1500 m o f the  
su r fa c e  in  75% o f  th e  Marble Canyon Q uadrangle.

Area A in c lu d e s  most o f Monument V a l le y ,  th e  d is s e c t e d  area  to th e  w est 
o f  i t ,  and an a r b itr a r y  amount o f su b su r fa ce  area  where th e  Shinarump i s  a t  an 
average depth  o f 750 m. The sou th ern  and w estern  b ou n d aries o f Area A are  
drawn to c o in c id e  w ith  th e  fa v o r a b le  a r ea s  in  the Shiprock Quadrangle to  the  
e a s t  and th e  E sc a la n te  Quadrangle to  th e  n o r th . The e a s te r n  p o r t io n  o f  
Monument V a lle y  has been exclu d ed  because th e  l im ite d  outcrop  on the mesa top s  
i s  th in  and b arren . Area A c o v e rs  1560 km^.

Area D in c lu d e s  ap p rox im ate ly  560 km  ̂ along th e  V erm ilion  and Echo 
C l i f f s .  About h a l f  o f  th e  Shinarump in  th e  area  i s  w ith in  60 m o f the  
s u r fa c e .  The r e s t  i s  a t  an average depth  o f  300 m and a maximum depth o f  
about 1000 m. The sou th ern  boundary o f  th e  area  i s  based on a la c k  o f  
ch an n els  and a th in n in g  o f  th e  Shinarump. The n orth ern  and e a s te r n  boun daries  
are  drawn betw een a r ea s  where the Shinarump has c h a n n e ls , where i t  does n o t ,  
or where th e r e  i s  no su b su r fa ce  in fo r m a tio n .

The Shinarump Member o f  th e  C h in le  Form ation i s  a l ig h t - g r a y  san d ston e  
and pebble conglom erate o f L ate T r ia s s ic  a g e . The conglom erate t y p ic a l ly  
c o n ta in s  w e ll-ro u n d ed  2 -c m -s iz e d  p eb b les o f q u a r t z i t e ,  q u a r tz , and b lack  
c h e r t .  W itkind and Thaden (1 9 6 3 ) d e s c r ib e  th e  Shinarump in  Monument V a lley  as 
c o n s is t in g  o f  75% sa n d sto n e , 20% co n g lo m era te , and 5% m udstone. I t  i s



h eter o g e n e o u s , and in c lu d e s  some s h a le ,  c la y  g a l l s ,  and carb on ized  and 
p e t r i f ie d  wood. Along th e  V erm ilion  C l i f f s ,  th e  Shinarump a ls o  c o n ta in s  some 
g r a n ite  p eb b les and has l e s s  m udstone and org a n ic  m a te r ia l than does th e  
Shinarump in  Monument V a lle y  (P h o en ix , 1 9 6 3 ). I t  commonly forms a bench 
betw een u n d erly in g  and o v e r ly in g  red s h a le s  and s i l t s t o n e s .  The l i g h t  gray  
c o lo r  o f  th e  Shinarump sta n d s ou t in  c o n tr a s t  to  th e s e  surrounding r o c k s .

The low er beds o f  th e  Shinarump f i l l  ch a n n e ls  th a t  have been c u t in to  th e  
u n d er ly in g  Moenkopi Form ation . The ch a n n e ls  g e n e r a lly  trend  n orthw est in  both  
th e  e a s te r n  and w estern  p art o f  th e  q u ad ran gle . The ch an n els  vary g r e a t ly  in  
s i z e  and shape ( F ig .  4 ) .  The average channel i s  100 m wide and 15 m deep , and 
the la r g e s t  channel in  th e  qu ad ran g le , in  n orth ern  Monument V a l le y , i s  650 m 
wide and 50 m d eep . M in era lized  ch an n els  tend to be r e l a t i v e l y  deep and 
narrow.

The red s i l t s t o n e s  o f  th e  Moenkopi Form ation are  b leach ed  a t  th e  c o n ta c t  
w ith  th e  Shinarump. The zone o f  b le a ch in g  i s  t y p ic a l ly  10 to  30 cm deep but 
i s  up to  2 m deep under ch a n n e ls . B leach in g  ten d s to  be th ic k e r  under 
m in era lized  c h a n n e ls . Uranium m in e r a l iz a t io n  o f t e n  ex ten d s  in to  the Moenkopi 
from th e  Shinarump.

A wide v a r ie t y  o f uranium and vandivim m in e r a ls  are p r e se n t;  th e s e  in c lu d e  
u r a n in i t e ,  c a r n o t i t e ,  a u t u n it e ,  tyu yam u n ite , c o r v u s i t e ,  and uranophane. 
A sso c ia te d  s u l f i d e s  in c lu d e  b o r n i t e ,  g a le n a , p y r i t e ,  and s p h a le r i t e .
A d d itio n a l gangue m in era ls  a re  a p a t i t e ,  c a l c i t e ,  gypsum, l im o n i t e ,  and q u a rtz .

The ore  b o d ie s  may be r o d l ik e ,  ta b u la r , or  ir r e g u la r ly  shaped (W itkind  
and Thaden, 1 9 6 3 ). Tabular o re  b o d ie s  have been found th a t  are 2 0 -4 0  f t  w id e, 
60 f t  lo n g , and 6  f t  t h ic k  (W itk in d , 1 9 6 1 ). Rod-shaped ore  b o d ie s  a re  between
2 -8  f t  in  w idth  and may be up to  30 f t  lo n g .

A ll uranium d e p o s it s  in  th e  Shinarump are found in  c h a n n e ls . W ithin th e  
c h a n n e ls , th e  uranium d e p o s it s  a re  sp o ra d ic; and, th e  p resen ce  o f  one d e p o s it  
does not n e c e s s a r i ly  in d ic a t e  th a t  an oth er  i s  nearby . F in d in g  th e s e  d e p o s its  
w ith in  the ch an n els  has been the su b je c t  o f c o n s id e r a b le  d i s c u s s io n .  Most 
in v e s t ig a t o r s  con clu d e  th a t  ore  i s  a s s o c ia te d  w ith  carbonaceous p lan t  
m a te r ia l .  I t  appears to  c o l l e c t  in  th a t  p art o f  a channel where the f lo w  o f  
ground w ater i s  r e s t r ic t e d  b ecau se  o f  f a c i e s  ch a n g es, changes in  r e g io n a l  dip  
(Thaden and o t h e r s ,  1 9 6 4 ), channel ben d s, p o t h o le s ,  and deep sco u rs  (L ew is and 
o th e r s ,  1959; Gray, 1957; and Young, 1 9 6 4 ) , or h e tero g en eo u s l i t h o lo g y  (Gray, 
1957; Young, 1 9 6 4 ).

U ranium -bearing f lu id s  have been r e s t r ic t e d  to  the Shinarump because i t  
i s  a permeable u n it  betw een impermeable s i l t s t o n e s  and s h a le s .  The sou rce  o f  
uranium i s  not known but may be t u f f s  in  the o v e r ly in g  P e t r i f i e d  F o r e st  Member 
o f th e  C h in le  (A u stin  and D'Andrea, 1 9 7 8 ).

W itkind and Thaden (1963 ) r e p o r t  62 ch an n els  on 40 square m ile s  o f  
Shinarump exp osu re; sev en  o f th e se  ch a n n e ls  c o n ta in  uranium m in e r a ls . Along 
th e  V erm ilion  C l i f f s ,  th e  Shinarump c o n ta in s  10 ch an n els  over a le n g th  o f  20 
m ile s  (P h o e n ix , 1956); th r e e  o f  th e se  show en rich m en t.

Young (1964 ) su g g ested  some changes in  c l a s s i f i c a t i o n  o f th e  Shinarump 
Member and i t s  c h a n n e ls , which may be o f  some h e lp  in  f in d in g  th e  m in e r a liz e d
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p o r t io n s .  He f e e l s  t h a t  the term Shinarump should  be r e s t r i c t e d  to the  
sedim ents  w i th in  th e  c h a n n e ls .  There i s  an unconform ity  ap proxim ate ly  a t  th e  
top  o f  th e se  c h a n n e l - f i l l i n g  se d im e n ts ,  and the  Monitor B u tte  Member covers  
th e  Shinarump and i s  th e  b a s a l  member o f  th e  C hinle  away from th e  channels  
( F i g .  5 ) .  Some s h a l lo w ,  u n m inera lized  scou rs  f i l l e d  by Monitor B utte  
sed im ents  may have been m istaken  fo r  Shinarump channel f i l l i n g s .  Young a l s o  
o b serv es  t h a t  some sm all  f e a t u r e s  have been mapped as c h a n n e ls .  These 
f e a t u r e s  are a c t u a l l y  scours w i th in  a broad ch an n e l .  Moreover, t h i s  broad 
channel may be traced  fo r  many m i l e s .  These ch an n e ls  are  a b e t t e r  gu ide  to 
th e  l o c a t i o n  o f  th e  sm all  o r e -b e a r in g  scours  because  th e  sm all scours  cannot  
be traced  fo r  any d i s t a n c e .  I t  i s  not known i f  any e x p lo r a t io n  has been done 
u s in g  Young's model.

There appears to  be a s y s te m a t ic  v a r ia t i o n  in  channel c o n f ig u r a t io n  from 
n o r th e a s t  to southw est  a c r o s s  th e  r e g io n  (L. M. Roe, p e r s .  comm., 1 9 8 0 ) .  In 
the v i c i n i t y  o f  th e  San Juan R iv e r ,  north  o f  Monument V a l l e y ,  th e  Shinarimip 
forms sm all  l e n s e s  t h a t  are  surrounded by mudstone (Lew is and T rim ble, 1 959 ) .  
In Monument V a l le y ,  in d iv id u a l  channels  are  c o n ta in e d  w ith in  broad v a l l e y s  
( th e  broad channels  o f  Young) or sw a les  2-4  mi wide (Witkind and Thaden, 1963)  
w ith  a channel d e n s i t y  o f  0 .5  channels  per m i le .  In th e  Grand Canyon 
Quadrangle near Y e l lo w sto n e  Mesa, the  sw a les  c o n ta in in g  Shinarump are  g r e a te r  
than 10 mi w ide, and d i s c r e t e  ch an n e ls  o f  th e  type found in  Mounument V a l le y  
are not ap p aren t .

The o ccu rren ce  and mines in  the Monument V a l le y  area  are  la r g e r  than  
th o se  found along th e  V erm ilion  C l i f f s ,  which in  turn are  la r g e r  than th e  
occu rren ces  found in  the Shinarump on Y e l lo w sto n e  Mesa. This s u g g e s t s  t h a t  
th e  Shinarump in c r e a s e s  in  f a v o r a b i l i t y  from w est  to e a s t  a c r o ss  th e  Marble 
Canyon Quadrangle and t h a t  f a v o r a b i l i t y  may be r e la t e d  to the  s i z e  o f  sw a les
and to th e  d e n s i t y  o f  in d iv id u a l  sm all  c h a n n e ls .  I f  t h i s  i s  t r u e ,  i t  might be
p o s s ib le  to extend Area A westward to in c lu d e  Area D. The ch an n e ls  in  both  
Areas A and D trend n o r t h w e s t - s o u t h e a s t ,  and i t  may be th a t  th e  Shinarump in  
th e  su b su r fa ce  i s  fa v o r a b le  to the  northw est  and so u th e a s t  o f  Area D f o r  a 
c o n s id e r a b le  d i s t a n c e .  However, because  o f  th e  la c k  o f  e v id en ce  o f  channels  
in  the su b s u r fa c e ,  we have e l e c t e d  to p la c e  most o f  th e  su b su r fa ce  Shinarump 
in  the unevaluated  c a te g o r y .

In Area A, th e  land i s  on th e  Navajo Indian R e se r v a t io n  and in c lu d e s  a 
sm all  p o r t io n  o f  the  Navajo T r ib a l  Park, Mounument V a l l e y .  The area  i s  
a c c e s s a b le  by a s i n g l e  paved road , U .S . Highway 163, but th e r e  are  numerous 
d i r t  roads and t r a i l s  t h a t  are  u s u a l ly  p a s s a b le  in  dry w eath er .

The north ern  and w estern  p a r ts  o f  Area D c o n ta in  BLM la n d ,  th e  V erm ilion
C l i f f s  N atural Area, th e  P ar ia  Canyon W ilderness  Area, and p a r ts  o f  th e  Glen 
Canyon N a t io n a l  R e c r e a t io n  Area. The e a s t e r n  part o f  th e  area  i s  on the  
Navajo Indian  R e s e r v a t io n .  The main a c c e s s  to th e  area  i s  a long U .S. Highway 
A lte r n a te  89 . While t h e r e  are  numerous d i r t  roads and t r a i l s  i n  the a r e a ,  
t r a v e l  i s  l im it e d  by th e  rugged topography o f  th e  V erm ilion  C l i f f s .

AREA B

Area B i s  c o n s id ered  fa v o ra b le ,  f o r  v e in - t y p e  d e p o s i t s  i n  sed im entary  
rocks (C la ss  7 3 0 ) ,  s p e c i f i c a l l y  b r e c c ia  p ip e s .  Only a few are known in  th e
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Marble Canyon Q uadrangle, and a l l  are  w i th in  the Grand Canyon (Grand Canyon 
Natural H is tory  A s s o c ia t i o n ,  1973) excep t  fo r  one c o l l a p s e  s t r u c t u r e  in  th e  
s o u th ,  w est  o f  Route 89 . However, many are  known in  the a d ja c en t  quadrangles
(Grand Canyon, F l a g s t a f f )  to th e  w est  and so u th ,  and s e v e r a l  o f  t h e s e  c o n ta in
uranium d e p o s i t s .  The Orphan Lode Mine, which has produced 2 ,0 0 0  ton s  o f  
U3 O8 , i s  o n ly  13 km w est  o f  th e  Marble Canyon Quadrangle.

I t  i s  b e l ie v e d  t h a t  th e  fa v o r a b le  area fo r  b r e c c ia - p ip e  uranium d e p o s i t s  
c o n t in u e s  in to  the Marble Canyon Quadrangle from the Grand Canyon Quadrangle
( B a i l l i e u l  and Z o l l in g e r ,  1 980 ) .  The d e n s i t y  o f  t h e s e  b r e c c ia - p ip e  uranium
d e p o s i t s  i s  one or more p ip e s  per 128 km^. The fa v o r a b le  area  in  the Marble 
Canyon Quadrangle i s  3 ,429  km^. This im p l ie s  a minimum o f  27 b r e c c ia  p ip es  
i n  Area B.

The Redwall L im estone , i n  which caverns c o n t r o l  the  form ation  o f  the  
known b r e c c ia  p ip e s  in  th e  Grand Canyon and Marble Canyon Q uadrangles, i s  
p r e se n t  under the  e n t i r e  Marble Canyon Quadrangle ( I r w in  and o t h e r s ,  1 9 71 ) .
The e a s t e r n  boundary o f  Area B i s  drawn along th e  e a s t e r n  exposure o f  the  
Kaibab Lim estone; e a s t  o f  the  Kaibab exposure the  p ip e s  cannot be d e te c te d  
because  o f  th e  t h i c k  c o v e r .  The Redwall i s  commonly more than 1500 m below  
the s u r f a c e .  In the fa v o ra b le  a r e a ,  th e  top o f  th e  Redwall i s  t y p i c a l l y  500 m 
below th e  ground s u r f a c e .  I t  has been found th a t  th e  b r e c c ia  p ip es  in  th e  
Grand Canyon Quadrangle may extend upward as much as  400 m above the top o f  
the  Redwall. T h e r e fo re ,  b r e c c ia  p ip e s  in  Area B may be from 100 to  500 m 
below the  ground s u r f a c e .

AREA C

This i s  a p o r t io n  o f  th e  Toreva Formation in  s o u th e a s te r n  Black Mesa.
The Toreva Formation m eets  the  f o l lo w in g  c r i t e r i a  fo r  n o n - c h a n n e l -c o n tr o l le d  
peneconcordant d e p o s i t s  (S u b c la ss  244):

•  P latform  t e c t o n i c  s e t t i n g  (Colorado P la te a u )

•  C lean, q u a r tzo se  to f e l d s p a t h i c  san d sto n es  c o n ta in in g  s c a t t e r e d  
carbonaceous m a te r ia l

•  S i l t s t o n e s ,  m udstones, and co a l  prov id in g  l o c a l  p e r m e a b i l i ty  c o n t r o l

•  Metatyuyamunite p resen t

The p resen ce  o f  o th e r  c r i t e r i a  i s  u n c e r ta in .  Sandstones i n  the  Toreva 
are  gray , and i t  i s  no t  apparent i f  t h i s  i s  th e  o r i g i n a l  c o lo r  or i f  th e y  have  
been b le a c h e d .  I t  i s  not known i f  any o f  th e  sed im ents  a r e  d er ived  from t u f f s  
or i f  th e  ore  f o l lo w s  tren d s  r e la t e d  to  d e p o s i t i o n a l  d r a in a g e s .  No primary  
uranium m in e r a ls  were i d e n t i f i e d .

The Toreva Formation i s  composed l a r g e l y  o f  gray  s a n d s to n e .  In some 
p a rts  of Black Mesa, th e r e  i s  a middle s h a ly  or carbonaceous u n i t .  The lower  
san d ston e  p o r t io n  o f  the  Toreva i s  m ass ive  and r e s t s  on the  impermeable Mancos 
Shale . A l l  uranium mines are  in  th e  lower s a n d s to n e ,  and most o f  th e  sp r in g s  
i n  the area  are a t  the Toreva-Mancos c o n t a c t .
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The fa v o r a b le  area  o f  Toreva in  the  Marble Canyon Quadrangle has been  
d e l in e a t e d  on th e  b a s i s  o f  s t r u c t u r e  and ground-water sam pling . There are  
s e v e r a l  uranium m ines i n  the Toreva Formation j u s t  e a s t  o f  th e  Marble Canyon 
Quadrangle, and ground-water anom alies  imply th a t  th e  zone o f  m in e r a l iz a t io n  
ex te n d s  in to  the quadrangle ( F i g .  6 ) .  The l a r g e s t  m ine, Claim 28, produced 9 
tons o f  U3 0 g. The t o t a l  for  a l l  mines was 28 tons  (Chenoweth, 1 9 73 ) .
We b e l i e v e  the  d e p o s i t s  in  the  Marble Canyon Quadrangle are  no l a r g e r ,  but the  
Toreva in  th e  s o u th e a s t  part o f  th e  quadrangle i s  fa v o r a b le  for  d e p o s i t s  o f  10 
tons UgOg each w ith  grade o f  a t  l e a s t  100 ppm UgOg.

An a e r i a l  r a d i o a c t i v i t y  survey  was made f o r  ap p rox im ate ly  twenty m ile s  
west o f  th e  m ines ( C l in t o n ,  1 9 5 4 ) ,  and th e  area  has been p r o sp e c te d .  However, 
no mines were opened in  the Marble Canyon Q uadrangle. The san d ston e  a t  the  
mines c o n t a in s  more carbonaceous m a te r ia l  than i s  commonly found in  th e  
Toreva. The rea so n  fo r  t h i s  d i f f e r e n c e  i s  not known.

An e x p la n a t io n  f o r  the  d i s t r i b u t i o n  o f  th e  mines may be seen  in  F igure  6 . 
To th e  e a s t  o f  th e  mines i s  a s te a d y  upgrade to  th e  D efian ce  u p l i f t  near the  
New Mexico b o rd er .  Uranium-bearing w ater cou ld  have moved down t h i s  long  
hom ocline , m eeting th e  f i r s t  in t e r r u p t io n  to i t s  f lo w  in  th e  s y n c l i n e ,  which 
now c o n ta in s  th e  m in es .  I t  appears t h a t  the  uranium was p r e c ip i t a t e d  in  and 
near t h i s  s y n c l in e  and did  not move fa r  w est  or n o r th .

The Toreva Formation in  Area C o c c u p ie s  an area  o f  472 km^. Uranium 
d e p o s i t s  have been found o n ly  i n  the  4 0 -m -th ic k ,  lower part o f  the  lower  
member. In Area C, t h i s  member crop s  ou t or i s  b uried  under l e s s  than 100 ra 
o f  o v e r ly in g  Wepo Form ation.

AREA E

Area E, fa v o r a b le  fo r  c h a n n e l - c o n t r o l l e d  peneconcordant sandstone  uranium 
d e p o s i t s .  C la ss  243, i s  lo c a t e d  in  th e  P e t r i f i e d  F o r e s t  Member o f  the Chinle  
Formation. The area  c o v e r s  324 km  ̂ and i s  a sm all  e x te n s io n  o f  a la r g e r  
f a v o r a b le  area  in  the  F l a g s t a f f  Quadrangle. The reader  can r e f e r  to the  
N a tio n a l  Uranium Resource E v a lu a t io n ,  F l a g s t a f f  Quadrangle, A rizona , by 
Wenrich-Verbeek and S p ir a k is  (1 9 8 0 )  f o r  d e t a i l s .

Area E i s  e n t i r e l y  w i t h in  the  Navajo Ind ian  R e s e r v a t io n .  U.S. Highway 89 
runs through th e  a r e a ,  but a c c e s s  i s  l im it e d  by th e  Echo C l i f f s .

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

There are many u n favorab le  environm ents for  uranium d e p o s i t io n  in  th e  
Marble Canyon Q uadrangle. The marine l im e s t o n e s ,  e o l i a n  s a n d s to n e s ,  and 
f l u v i a l  sed im entary  rock s  ( e x c e p t  Areas A and C) are  not c o n s id er e d  fa v o ra b le  
fo r  l im e s to n e  ( C la s s  230, J o n e s ,  1978) or san d ston e  ( C la s s  240, A u st in  and 
D'Andrea, 1978) uranium d e p o s i t s .  The marine s h a le s  and n e a r -sh o r e  and t i d a l -  
f l a t  sed im ents  o f  th e  quadrangle a l s o  f a i l  to meet r e c o g n i t io n  c r i t e r i a  fo r  
marine s h a le  (C la ss  130 , J o n e s ,  1978) or san d ston e  (C la s s  240) uranium 
d e p o s i t s .  The b a s ic  d ik e s  and f low s  do not meet the  c r i t e r i a  fo r  p lu to n ic
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( C la s s  300, Mathews, 1978a) or v o lc a n o g e n lc  ( C la s s  500, P i l c h e r ,  1978) 
d e p o s i t s .

EOLIAN SANDSTONE

The e o l i a n  san d sto n es  are  un favorab le  h o s t  rocks fo r  sandstone  uranium 
d e p o s i t s  (C la ss  2 4 0 ) .  T h is  d e p o s i t i o n a l  environment i s  r e p r ese n te d  in  Marble 
Canyon by th e  fo l lo w in g  fo rm a tio n s:  th e  Permian D eC helly  Sandstone and Cedar
Mesa Members o f  th e  C u tler  Formation and th e  Coconino Sandstone; th e  
Lukachukai Member o f  th e  Upper T r i a s s i c  Wingate Sandstone; th e  T r i a s s i c -  
J u r a s s ic  Navajo Sandstone; and th e  Upper J u r a s s ic  Cow Springs Form ation.

A l l  o f  th e s e  u n i t s  are  composed p r im a r i ly  o f  very f i n e -  to  medium-grained  
quartz  sand and e x h i b i t  l a r g e - s c a l e  c r o s s - b e d d in g .  The Coconino Sandstone i s  
cemented w ith  s i l i c a .  The o th e r s  are  weakly cemented w ith  c a l c i t e  and, in  
p l a c e s ,  i r o n  o x i d e s .  A ccesso ry  m in e r a ls  are  r a r e ,  and a l l  th e se  u n i t s  are  
l i t h o l o g i c a l l y  uniform . They are  m ature, homogeneous, c le a n  sa n d sto n e s ;  th e re  
i s  l i t t l e  v i s i b l e  a l t e r a t i o n  and no ob v iou s  r e d u c ta n t s .  Local p e r m e a b i l i ty  
and c o n c e n tr a t in g  c o n t r o l s  are  l a c k in g .  No anomalous r a d i o a c t i v i t y  was 
d e te c te d  in  numerous a i r  and carborne t r a v e r s e s .  The o n ly  m in e r a l i z a t io n  
found in  t h e s e  rocks i s  th e  copper mine in  th e  Navajo Sandstone about 30 km 
so u th  o f  Page , which i s  d i s c u s s e d  under uneva luated  environ m ents .

MARINE SHALES

The marine and m argina l-m arine s h a le s  o f  th e  quadrangle are  th e  Hakatai  
S h a le ,  B r igh t  Angel S h a le ,  and Mancos S h a le .  The Precambrian H akatai i s  an 
o ra n ge-red  mudstone d e p o s i te d  in  sh a l lo w  w ater . The Cambrian B r igh t  Angel 
Shale i s  dom inantly  a green  m udstone. Both o f  th e s e  are  exposed on ly  w ith in  
the  Grand Canyon. The Mancos S h a le ,  a C re ta ceo u s ,  dark marine s h a le  with th in  
sand l e d g e s ,  i s  exposed around the  rim o f  Black Mesa and a t  some p la c e s  in  the  
i n t e r i o r  o f  th e  mesa. None o f  th e  s h a le s  c o n ta in  enough o r g a n ic  m a te r ia l  and 
p y r i t e  to be c o n s id ered  fa v o r a b le  f o r  uranium d e p o s i t s  in  marine b la c k  s h a le  
(C la ss  1 3 0 ) .

MARINE SANDSTONES

The nearsh ore  marine sed im entary  rocks o f  the  Precambrian Shinumo 
Q u a r tz i te ,  Dox Sandstone, and Nankoweap Form ation, and th e  Carmel, Entrada, 
and Summerville Form ations o f  th e  J u r a s s ic  San R afae l  Group are  a l l  consid ered  
unfavorab le  fo r  c o a s t a l - p l a i n  d e p o s i t s  (S u b c la ss  242 , A u st in  and D'Andrea, 
1 9 7 8 ) .  The Precambrian rocks are  exposed o n ly  w i t h in  the Grand Canyon. The 
Shinumo Q u a r tz ite  i s  a m ass ive  w h ite ,  r e d ,  p u r p le ,  and brown sa n d sto n e .  The 
Dox Sandstone c o n s i s t s  o f  red s i l t s t o n e s  and s h a le s  w ith  abundant r ip p le  marks 
and mudcracks. There are  a few t h in  a l g a l  l im e s t o n e s .  The Nankoweap 
Formation c o n s i s t s  o f  th ic k -b e d d e d ,  r ip p le -m a r k e d , c r o ss -b ed d ed  w h it e ,  p u r p le ,  
and brown sa n d s to n e s .

The San R afae l  Group rocks  are  exposed along th e  margin o f  th e  Black Mesa 
B asin  and as s c a t t e r e d  o u tcrop s  throughout th e  K a ib ito  P la te a u .  They are  
p r im a r i ly  a r e d ,  w e l l - s o r t e d ,  very  f i n e -  to  medium-grained quartz  sa n d sto n e .
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They are  w e l l  cemented w ith  c a l c i t e ,  have few or  no a c c e s s o r y  m in e r a ls ,  and 
c o n ta in  l i t t l e  carbonaceous m a t e r ia l .  Local p e r m e a b i l i ty  c o n t r o l s  w ith in  th e  
form ations are  l a c k in g .  The form ations  la c k  th e  t u f f  s o u r c e s ,  s u l f i d e s ,  and 
d o w n -to -b as ln  f a u l t s  o f  c o a s t a l - p l a i n  d e p o s i t s .  The Precambrian r o c k s ,  
d e p o s ite d  b e fo r e  the e x i s t e n c e  o f  land p l a n t s ,  cou ld  not c o n ta in  carbonaceous  
m a te r ia l  a s  a r e d u c ta n t .

High uranium v a lu e s  were found In water sam ples taken from th r ee  s p r in g s  
In  upper Bat Canyon, In  a sandy w h ite  f a c i e s  o f  th e  Entrada (Harshbarger and 
o t h e r s ,  1957) In th e  s o u t h -c e n t r a l  part o f  th e  quadrangle . The u n it  I s  not  
con s id ered  fa v o r a b le ,  and the  rea so n  fo r  th e se  anomalous v a lu e s  I s  not known.

FLUVIAL SEDIMENTARY ROCKS

The f l u v i a l  san d sto n es  and s i l t s t o n e s  o f  th e  Marble Canyon Quadrangle 
(ex c e p t  fo r  Areas A and C, P I .  1) have been determ ined to be unfavorab le  fo r  
sandstone uranium d e p o s i t s  (C la ss  2 4 0 ) .  The san d ston es  w i l l  be d is c u ss e d  
f i r s t .  The form ation s  In t h i s  c a te g o r y  In c lu d e  the  Tapeats  Sandstone, the  
Dinosaur Canyon and Springda le  Sandstone Members o f  th e  Moenave Form ation, th e  
Church Rock Member o f  th e  C hinle  Form ation, th e  Kayenta Form ation, the  
Morrison Form ation, th e  Dakota Sandstone, th e  Toreva Form ation, th e  Wepo 
Form ation, and the  Yale P o in t  Sandstone.

The Cambrian Tapeats Sandstone, exposed o n ly  In  the  Grand Canyon, Is^ a 
gray to brown, medium- to  c o a r s e - g r a in e d ,  w e ll-cem en ted  sandstone  w ith  very  
low p e r m e a b i l i ty .

The T r i a s s i c  Moenave and Kayenta Formations a r e  exposed along the  Echo 
C l i f f s ;  and th e  Kayenta crop s  out near Monument V a l le y ;  and th e  T r i a s s i c  
Church Rock Member I s  found o n ly  In  the Monument V a l le y  a r e a .

The Church Rock Member o f  th e  C hinle  Formation c o n s i s t s  o f  an upper red 
cro ss-b ed d ed  san d ston e  ( t h e  H ite  bed) and a lower red s i l t s t o n e .  The upper,  
f l u v i a l  p o r t io n s  o f  th e  s lo p e - fo rm in g  Dinosaur Canyon Member ( th e  lower part  
I s  e o l i a n )  c o n s i s t  o f  c o a r s e -  to  very  f in e - g r a in e d  quartz  sand and la r g e  
amounts o f  s i l t .  I t  I s  p o o r ly  so r te d  and I s  f ir m ly  cemented by c a l c i t e .  
A ccessory  m in e r a ls  are  r a r e ,  and a r g i l l a c e o u s  m a te r ia l s  are  l o c a l l y  common.

The c l l f f - f o r m l n g  Springda le  Sandstone c o n s i s t s  o f  la m in a ted ,  r i p p l e -  
marked sandstone  composed o f  f i n e -  to  medium-grained quartz w ith  s c a t t e r e d  
c la y s to n e  l e n s e s  and c o n g lo m e r a tic  z o n e s .  The Kayenta Formation I s  d iv id ed  
Into a sandy f a c i e s  and a s i l t y  f a c i e s .  Near Kayenta, th e  sandy f a c i e s  
c o n s i s t s  o f  f i n e -  to  medium-grained I r r e g u la r ly  bedded ca lca reo u s-cem en ted  
f l u v i a l  sa n d ston es  I n t e r c a la t e d  w ith  beds o f  s h a le  and arenaceous l im e s t o n e .
In the  southern  Echo C l i f f s  a r e a ,  th e  s i l t y  f a c i e s  c o n s i s t s  o f  f in e - g r a in e d  
san d sto n es  and I n t e r c a la te d  s i l t s t o n e  and m udstone. None o f  th e  above 
sa n d ston es  are fa v o r a b le  for  th e  o ccu rren ce  o f  uranium d e p o s i t s .  They are  
g e n e r a l ly  Impermeable, w e l l  cem ented, f i n e  g r a in e d ,  and c o n ta in  s i l t .  They 
lack  p lan t  m a t e r ia l ,  and no b le a c h in g  o f  t h e s e  predom inantly  red rocks was 
o b se r v ed .

The J u r a s s ic  Morrison Formation crops  out o n ly  In  the  n o r th e a s t  part of  
the Marble Canyon Quadrangle and I n c lu d e s  th e  Westwater Canyon, R ecapture , and
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S a lt  Wash Members. Only th e  Westwater I s  w e l l  exp osed . The M orrison th in s  
westward and p in ch es  out in  th e  s u b su r fa c e  o f  th e  e a s te r n  part o f  the  Marble 
Canyon Q uadrangle. The t h r e e  members c o n s i s t  o f  l i g h t - g r a y  cross-b ed d ed  
sandstone w ith  some in terb ed d ed  mudstone and con g lom era te .  The Morrison i s  a 
uranium -bearing form ation  e lse w h er e  on the Colorado P la te a u .  In the  Marble 
Canyon Quadrangle, i t  m eets s e v e r a l  f a v o r a b i l i t y  c r i t e r i a  for sandstone  
uranium o ccu rren ces  but la c k s  p e r m e a b i l i ty  r e s t r i c t i o n s  and r e d u c ta n ts .

The M orrison Formation was t r a v e r s e d ,  and rock and ground-water samples  
were taken. No unusual r a d i o a c t i v i t y  was noted excep t  for  a few p la c e s  near 
c la y  pods or carbonaceous m a t e r ia l .  I t  appears t h a t  uranium -bearing water  
flowed through th e  M orrison Formation in  th e  Marble Canyon Quadrangle but th a t  
c o n d i t io n s  fo r  i t s  p r e c i p i t a t i o n  were p r e s e n t  o n ly  l o c a l l y  and to a sm all  
d e g r e e .  Small amounts o f  uranium have been mined j u s t  e a s t  o f  th e  quadrangle  
from the lower part o f  the  R ecapture Member, but noth ing  has been produced 
from th e  Morrison in  th e  Marble Canyon Quadrangle.

The C retaceous Dakota Sandstone, exposed around th e  edges of Black Mesa, 
c o n s i s t s  o f  medium- to  f i n e - g r a i n e d ,  c r o ss -b ed d ed  quartz s a n d s to n e .  Local  
conglom erate  l e n s e s  are p r e sen t  a long  w ith  abundant i r o n - r i c h  c o n c e n tr a t io n s  
and carbonized  p la n t  fra g m en ts .  Interbedded w ith  th e  sandstone  are th in  
carbonaceous s i l t s t o n e s  and, l o c a l l y ,  c o a l  b ed s .  The Dakota i s  permeable and 
m eets some c r i t e r i a  f o r  san d ston e  uranium d e p o s i t s  but la c k s  p e r m e a b i l i ty  
c o n t r o l s  and p rop er ly  d i s t r i b u t e d  carbonaceous m a t e r ia l .  Although s im i la r  to  
the M orrison , th e  Dakota i s  no t  m in e r a l iz e d  even in  areas  where the  Morrison  
i s  m in e r a l iz e d .

O verly ing  th e  Mancos Shale  on Black Mesa i s  a t h ic k  sequence o f  f l u v i a l  
and n e a r -sh o r e  san d sto n es  and s h a le s  o f  Late C retaceous a g e .  From base to 
to p ,  th e se  are th e  Toreva Form ation, Wepo Form ation, and Yale P o in t  Sandstone  
(O 'S u l l iv a n  and o t h e r s ,  1 9 7 2 ) .  A p o r t io n  o f  th e  Toreva i s  fa v o r a b le  and has  
been d is c u s s e d  above. The r e s t  o f  th e  Toreva, and th e  o th er  u n i t s ,  meet some, 
but not a l l ,  o f  th e  c r i t e r i a  fo r  f a v o r a b i l i t y .  Medium- to c o a r se -g r a in e d  gray  
san d sto n es  are  canmon, and carbonaceous m a te r ia l  i s  p r e s e n t .  However, w e l l -  
developed  f l u v i a l  s t r u c t u r e s ,  found in  many f a v o r a b le  sa n d s to n e s ,  a r e  absent;  
and, th e  carbonaceous m a te r ia l  i s  l a r g e l y  c o n f in e d  to s h a ly  h or izon s  ra th er  
than being  d i s t r i b u t e d  through th e  sandy b e d s .

The Yale P o in t  Form ation i s  a m ass ive  san d ston e  th a t  caps th e  h ig h e s t  
e l e v a t io n s  of Black Mesa. I t s  e x te n t  i s  very  l i m i t e d ,  and i t  may be assumed 
t h a t  i t  i s  th orou gh ly  l e a c h e d .  The Wepo Formation i s  a sequence o f  s i l t s t o n e s  
and sa n d sto n es  and c o n t a in s  la r g e  c o a l  d e p o s i t s .  The p e r m e a b i l i ty  i s  l e s s  
than th a t  o f  rocks t h a t  c o n t a in  uranium d e p o s i t s .  Numerous t r a v e r s e s  were 
made a c r o ss  th e  Wepo Formation by car  and h e l i c o p t e r ,  and ground water from 
sp r in g s  was sampled ( P I .  5 ) .  The r a d i o a c t i v i t y  and uranium v a lu e s  were  
c o n s i s t e n t l y  low .

Severa l f l u v i a l  sed im entary  u n i t s  in  th e  Marble Canyon Quadrangle are  
predom inantly  s i l t s t o n e s  and do not f i t  any f a v o r a b i l i t y  c r i t e r i a .  They are  
too f i n e  g r a in e d ,  impermeable, and la c k  r e d u c ta n t s .  These are  th e  Supai 
Form ation, Hermit S h a le ,  Organ Rock Member o f  th e  C u tler  Form ation, Moenkopi 
Form ation, P e t r i f i e d  F o r e s t ,  Owl Rock and Monitor B utte  Members o f  th e  Chinle  
Form ation, and Rock P o in t  Member o f  th e  Wingate Sandstone.
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Uranium occu rren ces  are  found near th e  base o f  th e  Supai Formation  
fu r th e r  south  i n  c o a r s e r  gra ined  f a c i e s  (P ie r c e  and o t h e r s ,  1 9 7 7 ) ,  but th e  
Supai in  the  Marble Canyon area  i s  too  f i n e  gra in ed  to be c on s id ered  
fa v o r a b le .  The Moenkopi Formation i s  commonly b leached  a t  th e  upper c o n ta c t  
w ith  the Shinarump Member o f  th e  C hinle  Form ation, and copper-uranium  
m in e r a l iz a t io n  in  th e  Shinarump may extend down in t o  th e  Moenkopi but i s  part  
o f  the Shinarump m in e r a l i z a t i o n .

The P e t r i f i e d  F o r e s t  Member o f  th e  C hinle  Formation i s  a t h ic k  sequence  
of  m u lt ic o lo r e d  s h a l e s .  I t  c o n t a in s  sm all  uranium p r o sp e c ts  in  th e  Paria  
Canyon -  V erm ilion  C l i f f s  a r e a .  These are  e i t h e r  in  m ass ive  san d ston e  beds  
w ith in  the  s h a le s  or a s s o c i a t e d  w ith  p e t r i f i e d  wood.

The Cameron d i s t r i c t ,  j u s t  south  o f  th e  Marble Canyon Quadrangle near  
Route 89 , c o n s i s t s  o f  numerous mines in  the lower part o f  th e  P e t r i f i e d  F o res t  
Member. There are a few mines in  th e  b a sa l  P e t r i f i e d  F o r e s t  in  th e  southwest  
part o f  the Marble Canyon Quadrangle, but most o f  t h i s  group o f  occu rren ces  
(P I .  2) are in  th e  Shinarump. The type  o f  o ccu rren ces  t h a t  c h a r a c te r iz e  the  
Cameron d i s t r i c t  appear to end ra th er  a b ru p t ly  j u s t  north  o f  th e  southern  
boundary o f  the  Marble Canyon Quadrangle, and th e  sm all  o ccu rren ces  in  th e  
Marble Canyon quadrangle do not in d i c a t e  t h a t  the member i s  fa v o ra b le  t h e r e .

MARINE LIMESTONE

The marine l im e s to n e s  o f  th e  Marble Canyon Quadrangle are  unfavorable  for  
T o d i l to - ty p e  uranium d e p o s i t s  ( C la s s  2 3 0 ) .  These l im e s t o n e s  a r e  the Bass  
Lim estone, Chuar Group, Muav L im estone, Temple B u tte  L im estone, Redwall  
Lim estone, Toroweap Form ation, and Kaibab L im estone . A l l  ex cep t  th e  Kaibab 
are exposed on ly  w ith in  th e  Grand Canyon. The Kaibab Limestone forms an 
e x t e n s iv e  p la tform  in  the w e s ter n  part o f  the  Marble Canyon Quadrangle. A l l  
of th e s e  l im e s to n e s  la c k  o r g a n ic  m atter  and d e p o s i t i o n a l  c h a r a c t e r i s t i c s  
n e c e ssa r y  f o r  them to be c o n s id ered  fa v o r a b le  fo r  T o d i l t o - t y p e  d e p o s i t s .

IGNEOUS ROCKS

The Precambrian Cardenas Lavas and th e  P l io c e n e  and P l e i s t o c e n e  
in t r u s i v e  d ik e s  and p lu gs  are  b a s a l t i c ;  o th e r  b a s ic  i n t r u s i v e  rocks are  too  
ferrom agnesian  to  meet th e  c r i t e r i a  for  p lu t o n ic  (C la s s  300) or v o lca n o g en ic  
(C la s s  500) uranium d e p o s i t s .  They are  not i n  a m ob ile  b e l t  or  b a s in  and 
range t e c t o n i c  s e t t i n g .

UNEVALUATED ENVIRONMENTS

The Precambrian Vishnu S c h is t  and th e  unconformably o v e r ly in g  Hotauta  
Conglomerate are  unevaluated  in  the Marble Canyon Quadrangle. Their exposure  
i s  very l i m i t e d ,  c o n s i s t i n g  o f  four l in e a r  m ile s  in  th e  bottom o f  the  Grand 
Canyon in  the southw est corner  o f  th e  quadrangle , and a c c e s s  to  t h i s  area  was 
den ied . These u n i t s  are  c o n s id er e d  fa v o ra b le  in  the  Grand Canyon Quadrangle, 
w est o f  Marble Canyon, where th e re  i s  more ex p o su r e .
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Uranium i s  found in  some o f  th e  copper o ccu rren ces  in  and near the o ld  
copper mine in  th e  Navajo Sandstone about 30 km south  o f  Page (App. C, 
Occurrence 1 4 ) .  Most o f  t h e s e  copper occ u r re n c e s  have uranium co n ten t  equal  
to or double th a t  o f  th e  country  r o c k s ,  but c o n t e n ts  on th e  order o f  1 0 0  ppm 
uranium have not been found. The in d iv id u a l  copper o c c u r r e n c e s ,  a lth ou gh  
numerous, are m o st ly  a c u b ic  meter or l e s s .  No occurrence  p a t te r n  could  be 
found. The m in e r a l i z a t i o n  appears to  be a s s o c ia t e d  w ith  d e e p -se a te d  
f r a c t u r e s ,  perhaps a long th e  B r igh t  Angel -  Eminence Break f a u l t  system , or  
p o s s ib ly  a long  a h y p o t h e t ic a l  s o u t h e a s t - t r e n d in g  f r a c t u r e  co n n ec t in g  the  
copper-m ine area  w ith  ground-water anom alies  in  th e  v i c i n i t y  o f  Tonalea (P I .  
5 ) .  I f  th e s e  deep f r a c t u r e s  a r e  the sou rce  o f  copper and uranium, they  
probably extend to th e  basem ent. I t  i s  p o s s ib l e  th a t  th e r e  are uranium 
d e p o s i t s  a s s o c ia t e d  w ith  th e s e  f r a c t u r e s ,  but t h e r e  i s  no way to  e s t im a te  
t h e ir  s i z e ,  d e p th ,  or l o c a t i o n .

INTERPRETATION OF AERIAL RADIOMETRIC DATA

An a e r i a l  r a d io m e tr ic  survey  was made o f  th e  Marble Canyon Quadrangle in  
1979 by LKB R eso u rces ,  I n c .  Data from t h i s  survey  were in te r p r e te d  by the  
personne l o f  Bendix F i e ld  E n g ineer in g  C orporation . The anomalous areas  are  
shown on P la t e  3 .

The w esternm ost o f  th e  th r e e  uranium anom alies  i s  over the Kaibab 
Lim estone, which i s  c o n s id e r e d  to  be an un favorab le  u n i t .  P o s s ib ly ,  uranium 
was leach ed  from form er ly  o v e r ly in g  u n i t s  in to  f r a c t u r e s  in  the l im e s t o n e .  
This area was not i n v e s t i g a t e d  in  th e  f i e l d  because  th e  a e r i a l  ra d io m e tr ic  
survey  was not a v a i la b l e  u n t i l  some months a f t e r  f i e l d  work was com p leted .

The two eastern m ost  anom alies  a r e  over  a broad area  o f  th e  Shinarump 
Member o f  th e  C hinle  F o m a t io n .  This area was found in  th e  f i e l d  to have 
r a d i o a c t i v i t y  a few t im es  background but o n ly  in  a few sm all  o c c u r r e n c e s .

RECOMMENDATIONS TO IMPROVE EVALUATION

No new uranium o ccu rren ces  w i l l  be found in  the Marble Canyon Quadrangle 
w ithout  e x t e n s iv e  d r i l l i n g .  The o u tcrop s  o f  every  u n it  t h a t  might p o s s ib ly  
have uranium have been i n v e s t i g a t e d  on f o o t  over the  l a s t  t h r e e  d eca d es ,  and 
the southw est  and so u th e a s t  p a r ts  o f  th e  quadrangle have been flown in  some 
d e t a i l .  I t  can be sa id  w ith  c o n f id e n c e  t h a t  the  uranium r e s e r v e s  o f  the  
Shinarump are  c o n s id e r a b le ,  but no one has y e t  found a way to p r e d ic t  where 
w it h in  the Shinarump ch an n e ls  th e  d e p o s i t s  may be found.

D e t a i l e d  ground-water sampling o f  th e  Toreva Formation in  areas  not  
v i s i t e d  in  t h i s  s tu d y  m ight extend th e  fa v o r a b le  area  o f  th e  Toreva. Large 
areas  of Toreva are  covered by younger fo r m a t io n s .  Some o f  th e se  a r e a s .  In 
w estern  Black Mesa, have been deformed i n t o  b a s in s  (P I .  8 ) in  which uranium 
cou ld  be c o n c e n tr a te d .  The p resen ce  o f  uranium in  the  su b su r face  Toreva could  
be r e v e a le d  o n ly  by d r i l l i n g .

19



r V  I I

%



SELECTED BIBLIOGRAPHY

Akers, J .  P . ,  Irw in , J .  H ., S te v en s ,  P. R . , and McClymonds, N. E . , 1962, 
Geology o f  the Cameron Q uadrangle, A rizona: U .S . G e o lo g ic a l  Survey Map
GQ-I62, s c a le  1 :6 2 ,5 0 0 .

Anderson, R. Y . , and Harshbarger, J .  W., e d s . ,  1958, Guidebook o f  the Black  
Mesa Basin: New Mexico G e o lo g ic a l  S o c i e t y ,  N inth  Annual F ie ld  C on ference, 205
P*

Annes, E. C .,  J r . ,  1956, R econnaissance  for  uranium d e p o s i t s  in  th e  
K aiparow its  P la te a u  r e g io n ,  Utah: U .S . Atomic Energy Commission, Trace
Elements Memorandum, O p en -F ile  Report TEM-96, 18 p.

A u st in ,  S. Ralph and D'Andrea, R. F . ,  J r . ,  1978, Sand stone-typ e  uranium 
d e p o s i t s ,  ^ M i c k l e ,  D. G . , and Mathews, G. W., e d s . .  G eo log ic  c h a r a c t e r i s t i c s  
o f  environm ents fa v o r a b le  for  uranium d e p o s i t s :  U .S . Department o f  Energy,
O pen-F ile  Report GJBX-67(78), p .  8 7 -120 .

B a i l l i e u l ,  T. A . ,  and Z o l l i n g e r ,  R. C . , 1980, N a t io n a l  uranium r eso u rce  
e v a lu a t io n .  Grand Canyon Quadrangle, Arizona: U .S . Department o f  Energy,
P re lim in ary  O pen-F ile  Report P G J-020(80), 316 p.

Baldw in , E. J . ,  1973, The Moenkopi Form ation o f  n o r t h -c e n t r a l  A r izon a , An 
i n t e r p r e t a t io n  of a n c ie n t  environm ents based upon sed im entary  s t r u c t u r e s  and 
s t r a t i f i c a t i o n  ty p e s :  Journal o f  Sedimentary P e t r o lo g y ,  v .  43, n o .  1, p.
92-106 .

Beaumont, E. C . , and Dixon, G. H . , 1965, Geology o f  th e  Kayenta and 
C h ilc h in b it o  Q uadrangles, Navajo County, Arizona: U .S . G e o lo g ic a l  Survey
B u l l e t i n  1202-A, 28 p .

B lack , R. A .,  1956, G eophysica l e x p lo r a t io n  for  uranium on th e  Colorado  
P la te a u ,  iai Page, L. R. , S to c k in g ,  H. E. , and Smith, H. B . ,  com ps..  
C o n tr ib u t io n s  to th e  g e o lo g y  of uranium and thorium by th e  U .S . G eo lo g ic a l  
Survey and Atomic Energy Commission f o r  the  United N ation s  I n t e r n a t io n a l  
Conference on p e a c e fu l  u s e s  o f  atom ic en erg y ,  Geneva, S w itz er la n d , 1955: U .S .
G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300, p . 721-726 .

Chenoweth, W. L . ,  1973, Mine l o c a t i o n  map. B lack Mountain-Rough Rock area  
Apache County, Arizona: U .S . Department o f  Energy P re lim in ary  Map No. 31,
O pen-F ile  Map, s c a l e  1 :6 2 ,5 0 0 .

Chenoweth, W. L . , and Malan, R. C . , 1973, The uranium d e p o s i t s  o f  n o r th e a s te r n  
A rizona , in  Guidebook o f  Monument V a l le y  and V i c i n i t y ,  Arizona and Utah: New
Mexico G e o lo g ic a l  S o c i e t y ,  24th  Annual F ie ld  C on ference, p .  139-150 .

Chenoweth, W. L . ,  and Magelby, D. N . , 1971, Mine l o c a t i o n  map, Cameron uranium 
area , Coconino County, Arizona: U .S . Atomic Energy Commission P re lim inary  Map
No. 20, O pen-F ile  Map, s c a l e  1 :6 2 ,5 0 0 .

21



C h este r ,  J .  W., 1951, Geology and m in e r a l i z a t io n  o f  H unt's  Mesa, Monument 
V a lle y ,  Arizona: U .S . Atomic Energy Commission, Raw M a te r ia ls  E xp lora tion
R eport, O pen-F ile  Report RMO-801, 9 p.

C l in to n ,  N. J . ,  1956, Uranium r e co n n a is sa n c e  o f  the  B lack  M ountain-Yale P o in t  
area . Black Mesa, Navajo Indian R e se r v a t io n ,  Arizona: U .S . Atomic Ener
Commission, Raw M a te r ia ls  E x p lo r a t io n  R eport, O pen-F ile  Report RME-91, 24 p.

C l in to n ,  N. J . ,  and C a r i th e r s ,  L. W., 1956, Uranium d e p o s i t s  in  sa n d ston es  of  
m arginal marine o r i g i n ,  ^  Page, L. R . , S to ck in g ,  H. E . , and Staith, H.
B . ,  com ps..  C o n tr ib u t io n s  to the g e o lo g y  o f  uranium and thorium by the  U.S. 
G e o lo g ic a l  Survey and Atomic Energy Commission for  th e  United N ation a l  
I n t e r n a t io n a l  C onference on p e a c e fu l  u se s  o f  atomic en ergy , Geneva, 
S w itzer la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300 , p . 721-726.

Cooley, M. E .,  Harshbarger, J .  W., A kers, J .  P . ,  and Hardt, W. F . , 1969, 
R egional hydrogeo logy  o f  the Navajo and Hopi Ind ian  R e s e r v a t io n s ,  A rizona, New 
M exico, and Utah: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 521-A, 61 p.

Evensen, C. G ., and Gray, 1. B . ,  1957, Geology o f  Monument V a l le y  uranium 
d e p o s i t s ,  Arizona and Utah: U .S . Atomic Energy Commission, Raw M a te r ia ls
E x p lora t ion  Report, O pen-F ile  Report RME-95, 38 p.

Evensen, C. G . , and Gray, 1. B . ,  1958, E va lu a t ion  o f  uranium ore  g u id e s .  
Monument V a l le y ,  Arizona and Utah: Economic G eology, v .  53, p . 639-662 .

F in ch ,  W. 1 . ,  1959, Geology o f  uranium d e p o s i t s  in  T r i a s s i c  rocks o f  the  
Colorado P la tea u  r e g io n :  U .S . G e o lo g ic a l  Survey B u l l e t i n  1074-D, p . 1 2 5 -164 .

F is c h e r ,  R. P . ,  1956, Uranium -  vanadium -  copper d e p o s i t s  o f  the  Colorado  
P la te a u ,  i ^  Page, L. R. , S to c k in g ,  H. E . , and Smith, H. B . ,  com ps..  
C on tr ib u t ion s  to the  g e o lo g y  o f  uranium and thorium by th e  U .S . G eo lo g ic a l  
Survey and the Atomic Energy Commission fo r  the  United N ation s  I n t e r n a t io n a l  
Conference on p e a c e fu l  u s e s  o f  atom ic en ergy , Geneva, S w itz er la n d , 1955’: U .S .
G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300, p . 143-154 .

F i s c h e r ,  R. P . ,  1970, S i m i l a r i t i e s ,  d i f f e r e n c e s ,  and some g e n e t i c  problems o f  
the Wyoming and Colorado p la te a u  ty p e s  o f  uranium d e p o s i t s  in  sandstone:  
Economic G eology, v .  65, p . 778-784 .

Ford, T. D . ,  and Breed, W. J . , 1976, The younger Precambrian rocks o f  the  
Grand Canyon, 1^ Breed, W. J . ,  and Road, E velyn , e d s . .  Geology o f  the  Grand 
Canyon: F l a g s t a f f ,  Museum of  Northern A r izo n a ,  p .  2 1 -33 .

Freeman, W. E . , and V is h e r ,  G. S . ,  1975, S tr a t ig r a p h ic  a n a l y s i s  o f  the Navajo
sandstone: Journal o f  Sedimentary P e t r o lo g y ,  v .  4 5 ,  no . 3, p. 6 5 1 -6 6 8 .

Gray, 1. B . ,  1957, D r i l l i n g  in  th e  F la t i r o n s  l o c a l i t y .  Monument V a l l e y ,  
Arizona: U .S . Atomic Energy Commission, Trace Elements Memorandum, O pen-File
Report TEM-126, 9 p.

Grand Canyon N atural H is to ry  A s s o c ia t i o n ,  1976, G eo log ic  map o f  the Grand 
Canyon N a t io n a l  Park, Arizona: s c a l e  1 :6 2 ,5 0 0 .

22



H arshbarger, J .  W., Repenning, C. A . ,  and I r w in ,  J .  H -, 1957, S tra tigrap h y  of  
the  uppermost T r i a s s i c  and th e  J u r a s s ic  rocks o f  th e  Navajo Country: U .S .
G eo lo g ic a l  Survey P r o f e s s io n a l  Paper 291, 74 p.

Haynes, D. D . , and Hackman, R. J . ,  1978, G eology, s t r u c t u r e ,  and uranium 
d e p o s i t s  o f  th e  Marble Canyon 1° x 2°  Quadrangle, Arizona: U .S . G eo lo g ic a l
Survey M isc e l la n e o u s  I n v e s t i g a t i o n s  Map 1 -1 0 0 3 ,  s c a l e  1 :2 5 0 ,0 0 0 .

Ir w in ,  J .  H . , S te v e n s ,  P. R . , and C oo ley , M. E. , 1971, G eology o f  the  
P a le o z o ic  r o c k s ,  Navajo and Hopi Ind ian  R e s e r v a t io n s ,  A rizona, New Mexico and 
Utah: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 521-C, 32 p .

I s a c h s e n ,  Y. W., and E vensen, C. G ., 1956, G eology o f  the uranium d e p o s i t s  o f  
th e  Shinarump and C h in le  Form ations o f  th e  Colorado P la te a u ,  l ^ P a g e ,  L. R . , 
S to ck in g ,  H. E . , and Smith, H. B . ,  com p s..  C o n tr ib u t io n s  to the  g e o lo g y  o f  
uranium and thorium by th e  U .S . G e o lo g ic a l  Survey and Atomic Energy Commission 
f o r  the United N ation s  I n t e r n a t io n a l  C onference on p e a c e fu l  u se s  of atomic  
e n ergy , Geneva, S w itz er la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 
300, p . 263 -280 .

James, H. L . ,  ( e d . ) ,  1972, Guidebook o f  Monument V a l le y  and v i c i n i t y :  New
Mexico G e o lo g ic a l  S o c i e t y ,  2 4 th  Annual F i e ld  C on ference, 206 p.

J o b in ,  D. A .,  1962, R e la t io n  o f  the  t r a n s m is s iv e  c h a r a c te r  o f  th e  sedim entary  
rocks o f  th e  Colorado P la te a u  to  the d i s t r i b u t i o n  o f  uranium d e p o s i t s :  U.S. 
G e o lo g ic a l  Survey B u l l e t i n  1124 , 151 p.

J on es ,  C. A .,  1978, Uranium occ u r re n c e s  in  sed im entary  rocks  e x c lu s iv e  o f  
sa n d s to n e ,  ^  M ic k le ,  D. G . , and Mathews, G. W., e d s . .  G eo log ic  
c h a r a c t e r i s t i c s  o f  environm ents fa v o r a b le  for  uranium d e p o s i t s :  U .S .
Department o f  Energy, O pen-F ile  Report GJBX-67(78), p . 1 -8 6 .

K e l le y ,  V .C . , 1955, M onoclines o f  the  Colorado P la te a u :  G e o lo g ic a l  S o c ie ty  of
America B u l l e t i n ,  v .  6 6 , p . 7 8 9 -8 0 4 .

LKB R esou rces ,  I n c . ,  1979, NURE a e r i a l  gamma-ray and m agnetic  r e c o n n a is sa n c e  
su rv ey .  Marble Canyon Quadrangle: U .S . Department o f  Energy, O pen-F ile  Report
GJBX-16(80), 2 v o l . ,  214 p.

L e s s e n t in e ,  R. H . , 1965, K aiparow its  and Black Mesa B a s in s ;  S t r a t ig r a p h ic  
s jm t h e s i s :  American A s s o c ia t i o n  o f  Petroleum  G e o l o g i s t s  B u l l e t i n ,  v .  49, p .
1997-2019 .

Lewis, R. Q., S r . ,  and Trim ble, D. E . , 1959, Geology and uranium d e p o s i t s  o f  
Monument V a l le y ,  San Juan County, Utah: U .S . G e o lo g ic a l  Survey B u l l e t i n
1087-D, p . 1 05 -131 .

L ow ell ,  R. Q., S r . ,  1954, L ocatin g  p a le o ch a n n e ls  a s  opposed to  l o c a t i n g  
uranium ore  b o d ie s  in  Shinarump e x p lo r a t io n :  U .S . Atomic Energy Commission,
Trace Elements Memorandum, O pen-F ile  Report TEM-63, 4 p.

Malan, R. C . , 1968, The uranium m ining in d u s tr y  and g e o lo g y  o f  th e  Monument 
V a l le y  and White Canyon d i s t r i c t s ,  A rizona and Utah, ^  Ore d e p o s i t s  o f  the  
United S t a t e s ,  1933-1967: The G raton -S a les  Volume, v .  1, p . 7 9 -8 0 4 .

23



Mathews, G. W., 1978a, Uranium o ccu rren ces  in  and r e la t e d  to p lu to n ic  igneous  
ro c k s ,  ^ M i c k l e ,  D. G ., and Mathews, G. W., e d s . ,  G eo log ic  c h a r a c t e r i s t i c s  o f  
environm ents fa v o r a b le  fo r  uranium d e p o s i t s :  U .S . Department o f  Energy,
O pen-F ile  Report GJBX-67(78), p . 1 21 -180 .

Mathews, G. W., 1978b, Uranium oc c u r re n c e s  o f  u n c e r ta in  g e n e s i s ,  ^ M i c k l e ,  D. 
G. and Mathews, G. W., e d s . .  G eo log ic  c h a r a c t e r i s t i c s  o f  environm ents  
fa v o ra b le  for  uranium d e p o s i t s :  U .S . Department o f  Energy, O pen-F ile  Report
GJBX-67(78), p . 121-180.

McKee, E. D . ,  1976, P a le o z o ic  rocks o f  the  Grand Canyon, B reed , W. J . ,  and
Roat, E velyn , ed s .  Geology o f  th e  Grand Canyon: F l a g s t a f f ,  Museum o f  Northern
A rizon a , p . 4 2 -64 .

McKee, E. D . ,  1969, P a le o z o ic  rocks o f  Grand Canyon, Geology and natura l  
h i s t o r y  o f  the  Grand Canyon r e g io n :  F l a g s t a f f ,  A rizona , Pow ell C entenn ia l
River E x p e d it io n ,  5 th  Annual F ie ld  C on ference, p . 7 9 -90 .

M ic k le ,  D. G . , and Mathews, G. W., e d s . ,  1978, G eo log ic  c h a r a c t e r i s t i c s  o f  
environm ents fa v o r a b le  for  uranium d e p o s i t s :  U .S . Department o f  Energy,
O pen-F ile  Report GJBX-67(78), 250 p.

Minard, J .  P . ,  1956, P h o to g e o lo g ic  map o f  the  Tanner Wash NW Quadrangle, 
Coconino County, Arizona: U .S . G e o lo g ic a l  Survey M isc e l la n e o u s  I n v e s t i g a t i o n s
Map 1 -193 , s c a l e  1 :2 4 ,0 0 0 .

Mitcham, T. W., and Evensen, C. G . , 1955, Uranium ore  g u d ie s .  Monument V a l le y ,  
Arizona d i s t r i c t ,  Arizona: Economic G eology, v .  50, p . 170 -176 .

Mitcham, T. W., and Evensen, C. G ., 1956, D i f f e r e n t i a l  s t r a i n  c h a r a c t e r i s t i c s ,  
a p o s s ib le  guide to Shinarump c h a n n e ls :  U.S. Atomic Energy Commission, Trace
Elements Memorandum, O pen-F ile  Report TEM-56, 1 p .

O 'S u l l iv a n ,  R. B . ,  1970, The upper part o f  the  Upper T r i a s s i c  C h in le  Formation  
and r e la te d  r o c k s ,  s o u th e a s te r n  Utah and a d ja c en t  a r e a s :  U.S. G eo lo g ic a l
Survey P r o f e s s io n a l  Paper 644-E , 22 p.

O 'S u l l iv a n ,  R. B . ,  Repenning, C. A .,  Beaumont E. C ., Page, H. G .,  1972,  
S tra tig ra p h y  o f  the  C retaceous rocks and the T e r t ia r y  Ojo Alamo Sandstone, 
Navajo and Hopi Indian  R e s e r v a t io n s ,  A rizona , New M exico, and Utah: U .S .  
G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 521-E, 65 p.

P e t e r s e n ,  R. G .,  1957, East V erm ilion  C l i f f s  a r e a ,  A r izon a , ^  G eo log ic  
i n v e s t i g a t i o n s  o f  r a d i o a c t i v e  d e p o s i t s ,  semiannual p rogress  r e p o r t ,  December 
1, 1956 to May 31, 1957: U.S. Atomic Energy Commission, Trace Elements
I n v e s t i g a t i o n ,  O pen-F ile  Report TE I-690, p . 152-153 .

P e te r se n ,  R. G .,  1959, P re lim in a ry  g e o lo g i c  map o f  th e  Emmett Wash NE 
Quadrangle, Coconino County, Arizona: U.S. G e o lo g ic a l  Survey M ineral
I n v e s t ig a t io n s  F ie ld  S tu d ies  Map MF-215, s c a le  1 :2 4 ,0 0 0 .

P e te r s e n ,  R. G . , 1961, P re lim in ary  g e o lo g i c  map o f  the  P aria  P la tea u  SE 
Quadrangle, Coconino County, A rizona: U .S . G e o lo g ic a l  Survey Mineral
I n v e s t i g a t i o n s  F ie ld  S tu d ies  Map MF-196, s c a l e  1 : 2 4 ,0 0 0 .

24



P e t e r s e n ,  R. G .,  H am ilton, J .  C . , and Myers, A. T . ,  1959, An occurrence  of  
rhenium a s s o c i a t e d  w ith  u r a n in i t e  in  Coconino County, Arizona: Economic
G eology, v .  54, p . 254-267 .

P e t e r s e n ,  R. G . , and P hoen ix ,  D. A . ,  1959, P r e l im in a r y  g e o lo g ic  map o f  the  
Paria  P la te a u  NE Quadrangle, Coconino County, Arizona: U .S . G eo lo g ic a l
Survey M ineral I n v e s t i g a t i o n s  F ie ld  S tu d ie s  Map MF-214, s c a l e  1 :2 4 ,0 0 0 .

P e t e r s e n ,  R. G . , and W e l l s ,  J .  D . ,  1960, P r e l im in a r y  g e o lo g i c  map o f  the  
Emmett Wash NW Quadrangle, Coconino County, Arizona: U .S . G e o lo g ic a l  Survey
M ineral I n v e s t i g a t i o n s  F ie ld  S tu d ie s  Map MF-197, s c a l e  1 :2 4 ,0 0 0 .

P h oen ix ,  D. A .,  1963, G eology o f  the  Lees Ferry a r e a ,  Coconino County, 
Arizona: U .S . G e o lo g ic a l  Survey B u l l e t i n  1137, 86 p.

P ick en s ,  C. M ., 1974, D i s t r i b u t io n  o f  d e p o s i t i o n a l  env iron m ents , Dakota 
Formation (C r e ta c e o u s ) ,  B lack  Mesa b a s i n ,  Arizona [ a b s . ] :  G eo lo g ic a l  S o c ie ty
of  America A b str a c ts  w ith  Programs, v .  6 , p . 4 6 7 -4 6 8 .

P ie r c e ,  H. W., and S curlock , 1972, Arizona w e l l  in form ation :  
o f  Mines B u l l e t i n  185, 195 p .

Arizona Bureau

P i e r c e ,  H. W., J o n e s ,  N i l e ,  and R ogers , Ralph, 1977, A survey  o f  uranium 
f a v o r a b i l i t y  o f  P a le o z o ic  rock s  in  th e  Mogollon Rim and s lo p e  r e g io n  -  e a s t  
c e n t r a l  Arizona: Arizona Bureau o f  Geology and M ineral Technology C ircu lar
19, 71 p.

P ie r c e ,  H. W., K e ith ,  S. B . ,  and W ilt ,  J .  C .,  1970, ( r e p r in t e d  1975) ,  C oal,  
o i l ,  n a tu r a l  g a s ,  helium  and uranium in  A rizona: Arizona Bureau o f  Mines
B u l l e t i n  182, 289 p.

P i l c h e r ,  R. C ., 1978, V o lcanogen ic  uranium o c c u r r e n c e s ,  M ick le ,  D. G ., and 
Mathews, G. W., e d s . .  G eo log ic  c h a r a c t e r i s t i c s  o f  environm ents fa v o ra b le  for  
uranium d e p o s i t s :  U .S . Department o f  Energy, O pen-F ile  Report GJBX-67(78),
p . 181-219 .

P o o le ,  F. G . , and W ill ia m s ,  G. A . ,  1956, D i r e c t io n  o f  sedim ent tra n sp o r t  in  
th e  T r i a s s i c  and a s s o c i a t e d  form ation  o f  th e  Colorado P la te a u ,  in  Page, L. R . , 
S tock in g , H. E . , and Smith, H. B . ,  com p s..  C o n tr ib u t io n s  to  the  g e o lo g y  of  
uranium and thorium by th e  U .S . G e o lo g ic a l  Survey and Atomic Energy Commission 
f o r  the United N ation s  I n t e r n a t io n a l  Conference on p e a c e fu l  u se s  o f  atomic  
en ergy , Geneva, S w itz er la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper
300, p . 227-232 .

Repenning, C. A . ,  and Page, H. G ., 1956, Late C retaceous s t r a t ig r a p h y  o f  Black  
Mesa, Navajo and Hopi Ind ian  R e s e r v a t io n s ,  Arizona: American A s s o c ia t io n  o f
P e tro leu n  G e o lo g is t s  B u l l e t i n ,  v .  40, p . 225 -294 .

Repenning, C. A, C oo ley , M. F . ,  and Akers, J .  P . ,  1969, S tra t ig ra p h y  o f  the  
C hinle  and Moenkopi Form ations, Navajo and Hopi Indian  R e s e r v a t io n s ,  A rizona,  
New M exico, and Utah: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 521-B , 34 p .

25



Shoemaker, E. M ., 1956, Occurrence o f  uranium in  d ia trem es  on the Navajo and 
Hopi R e s e r v a t io n s ,  A rizona, New M exico, and Utah, in  Page, L. R .,  S tock in g , H. 
E . , and Smith, H. B . ,  com ps..  C o n tr ib u t io n s  to  the g o e lo g y  o f  uranium and 
thorium by th e  U .S . G e o lo g ic a l  Survey and Atomic Energy Commission for  th e  
United N ations I n t e r n a t io n a l  C onference on p e a c e fu l  u se s  o f  atomic energy ,  
Geneva, S w itz er la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300 , p.
179-135 .

Shoemaker, E. M ., 1956, S tr u c tu r a l  f e a t u r e s  o f  th e  c e n t r a l  Colorado P la teau  
and t h e i r  r e l a t i o n s  to uranium d e p o s i t s ,  in  Page, L. R . , S tock in g , H. E . , 
and Smith, H. B . ,  com p s..  C o n tr ib u t io n s  to  the g e o lo g y  o f  uranium and thorium  
by th e  U .S . G e o lo g ic a l  Survey and Atomic Energy Commission for  th e  United  
N ations I n t e r n a t io n a l  C onference on p e a c e fu l  u se s  o f  atomic en ergy , Geneva, 
S w itzer la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300 , p . 155 -170 .

S ta n le y ,  K. 0 . ,  Jordan, W. M., and P o t t ,  R. H . , J r . ,  1971, New h y p o th e s is  of  
Early J u r a s s ic  paleogeography and sedim ent d i s p e r s a l  for  w estern  United
S t a te s :  American A s s o c ia t io n  o f  Petroleum  G e o lo g i s t s  B u l l e t i n ,  v .  55, no . 1,
p. 1 0 -1 9 .

Stew art, J. H ., W ill ia m s ,  G. A ., A lb ee , H. F . ,  and Raup, 0 .  B . ,  1959,  
S tra tig ra p h y  o f  T r i a s s i c  and a s s o c ia t e d  form ations  i n  part  o f  th e  Colorado  
P la te a u  reg io n :  U .S . G e o lo g ic a l  Survey B u l l e t i n  1046-Q, p .  48 7 -5 7 6 .

Thaden, R. E .,  T r i t e s ,  A. F . ,  J r . ,  and F i n n e l l ,  T. L . ,  1964, Geology and ore  
d e p o s i t s  o f  the  White Canyon a r e a ,  San Juan and G a r f ie ld  C o u n tie s ,  Utah: U.S.
G e o lo g ic a l  Survey B u l l e t i n  1125, 166 p.

V ish e r ,  G. S . ,  1971, D e p o s i t io n a l  p r o c e ss e s  and th e  Navajo sandstone:  
G e o lo g ic a l  S o c ie ty  o f  America B u l l e t i n ,  v .  82, p . 1421-1424.

W e ll s ,  J .  D . ,  1960, S tra t ig ra p h y  and s t r u c t u r e  o f  the  House Rock V a l le y  a r e a ,
Coconino County, Arizona: U .S . G e o lo g ic a l  Survey B u l l e t i n  1081-D, p .
117-158.

W itkind, I .  J . ,  1956, Channels and r e la t e d  s h a le s  a t  the  base o f  th e  Shinarump 
Conglomerate, Monument V a l le y ,  A rizona , ^  Page, L. R . , S tock in g , H. L . ,  and 
Smith, H. B . ,  com p s..  C o n tr ib u t io n s  to  the  g e o lo g y  o f  uranium and thorium by 
the  U.S. G e o lo g ic a l  Survey and Atomic Energy Commission for  th e  United N ations  
I n t e r n a t io n a l  Conference on p e a c e fu l  u se s  o f  atom ic en ergy , Geneva, 
S w itzer la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 300 , p . 23 3 -2 3 7 .

W itkind, I .  J . ,  1961, The uranium-vanadium ore  d e p o s i t  a t  Monument No. 1 -  
M itten  No. 2 m ine. Monument V a l l e y ,  Navajo County, Arizona: U .S . G eo lo g ic a l
Survey B u l l e t i n  1107-C, 24 p.

W itkind, I .  J . ,  and Thaden, R. E . ,  1963, Geology and uranium-vanadium d e p o s i t s  
o f  the Monument V a l le y  a r e a ,  Apache and Navajo C o u n tie s ,  Arizona w ith  s e c t i o n s  
on Serpentine  a t  Garnet R idge, by H. D. Malde and R. E. Thaden, and M ineralogy  
and p a r a g e n e s is  o f  the ore  d e p o s i t  a t  the Monument No. 2 and Cato S e l l s  m ines,  
by D. H. Johnson: U .S . G e o lo g ic a l  Survey B u l l e t i n  1103, 171 p.

26



W right, J .  C . , and D ick ey , D. D . ,  1969, R e la t io n s  o f  the  Navajo and Carmel 
Formations in  southw est  Utah and a d jo in in g  Arizona: U .S . G e o lo g ic a l  Survey
P r o f e s s io n a l  Paper 450-E , p. E63-E67.

W right, J .  C . , 1969, A t u f f  c l a s t  from the B idahochi Formation a t  T onalea ,  
Arizona: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper 650-D, p. D144-D147.

Wood, H. B . ,  and Grundy, W. D . ,  1956, Techniques and g u id e s  in  e x p lo r a t io n  for  
uranium in  Shinarump ch an n e ls  o f  th e  Colorado P la te a u ,  ^  Page, L. R . , 
S tock in g , H. E . , and Smith, H. B . ,  com ps..  C o n tr ib u t io n s  to th e  geo lo g y  o f  
uranium and thorium by th e  U .S . G e o lo g ic a l  Survey and Atomic Energy Commission 
for  the  U nited  N ation s  I n t e r n a t io n a l  C onference on p e a c e fu l  u se s  o f  atom ic  
en ergy , Geneva, S w itz er la n d , 1955: U .S . G e o lo g ic a l  Survey P r o f e s s io n a l  Paper
300 , p . 65 1 -6 5 8 .

Wright, R. J . ,  1955, Ore c o n t r o l s  in  sandstone  uranium d e p o s i t s  o f  th e  
Colorado P la te a u :  Economic G eology, v .  50, p . 135-155 .

Young, R. G ., 1964, D i s t r i b u t i o n  o f  uranium d e p o s i t s  i n  the White Canyon -  
Monument V a l le y  d i s t r i c t ,  Utah-Arizona: Economic G eology, v .  59 ,  p . 850 -873 .

27




















