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ABSTRACT 

The Sand Wash Basin Drilling Project comprises twenty-seven (27) drill holes 
located in Moffat and Routt Counties, northwest Colorado, having an aggregate 
depth of 26,107.5 feet (7,957.6 m). The holes penetrate the Browns Park 
Formation of Miocene age, which is a tuffaceous continental sandstone 
deposited in fluvial, eolian, and lacustrine environments. Partly based on 
project drilling results, uranium potential resource estimates for this 
formation in the $50/lb U308 forward-cost category have been increased by 
34,476 tons U308 (35,036 metric tons). 

Three areas between Maybell and Craig, Colorado, considered favorable for 
uranium occurrences were verified as favorable by project drilling, and a 
fourth favorable area northwest of Maybell has been expanded. In addition, 
project drilling results indicate two new favorable areas, one north and 
northwest and one south of Steamboat Springs, Colorado. 

Anomalous radioactivity was detected in drill holes in all six study areas of 
the project. The most important factor in concentrating significant amounts 
of uranium in the target formation appears to be the availability of gaseous 
or liquid hydrocarbons and/or hydrogen sulfide gas as reductants. Where 
subjacent formations supply these reductants to the Browns Park Formation, 
project drilling encountered 0.05 percent to 0.01 percent uranium 
concentrations. Potential, though unproven, sources of these reductants are 
believed to underlie parts of all six project study areas.' 



INTKODUCTION 

General  In format ion  

The Sand Wash Bas in  D r i l l i n g  P r o j e c t  c o n s i s t s  o f  27 r o t a r y  d r i l l  h o l e s  l o c a t e d  
i n  Mof f a t  and Routt  Count ies ,  Colorado ( F i g u r e  1). The combined t o t a l  d e p t h  
of d r i l l  h o l e s  i s  26,107.5 f e e t  (7,957.6 m). 

The Sand Wash B a s i n  D r i l l i n g  P r o j e c t  was recommended i n  a U.S. Department o f  
Energy (DOE) memorandum of October 11, 1977, s i g n e d  by Richard A .  Crawley of 
t h e  P o t e n t i a l  Resources Branch ,o f  t h e  Grand J u n c t i o n  O f f i c e  (GJO) o f  DOE. The 
memorandum s t a t e s  t h a t  t h e  o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  t e s t  t h e  " p o s s i b l e  
p o t e n t i a l  uranium r e s o u r c e s "  of t h e  Browns Park Formation i n  t h e  Sand Wash 
Bas in  i n  o r d e r  t o  improve t h e  r e l i a b i l i t y  of p o t e n t i a l  uranium r e s o u r c e  
e s t i m a t e s  a s s i g n e d  t o  it .  

The purpose of t h i s  r e p o r t  i s  t o  summarize t h e  i n f o r m a t i o n . o b t a i n e d  by t h e  
p r o j e c t ,  t o  make g e o l o g i c  i n t e r p r e t a t i o n s  of t h e  i n f o r m a t i o n ,  and t o  t r a n s m i t  
t h e  i n f o r m a t i o n  and i n t e r p r e t a t i o n s  t o  t h e  U.S. Department of Energy and t h e  
Geology D i v i s i o n  of Bendix F i e l d  Engineer ing  C o r p o r a t i o n  (BFEC), Grand 
J u n c t i o n ,  Colorado. The r e p o r t  i s  a l s o  i n t e n d e d  t o  provide r e c o n n a i s s a n c e  
g e o l o g i c  i n f o r m a t i o n  t o  t h e  m i n e r a l  i n d u s t r y  concern ing  t h e  p r o j e c t  a r e a .  

The t a r g e t  fo rmat ion  f o r  t h i s  p r o j e c t  i s  t h e  Browns Park  Format ion,  a  
c o n t i n e n t a l  sands tone  of Miocene age. The Browns Park Formation i s  t h e  h o s t  
rock f o r  economic c o n c e n t r a t i o n s  of uranium m i n e r a l s  n e a r  Maybell ,  Colorado,  
and Baggs, Wyoming. I n  a d d i t i o n ,  many uranium p r o s p e c t s  and c l a i m s  a r e  
l o c a t e d  on o u t c r o p s  of t h i s  format ion.  

.The p r o j e c t  a r e a ,  i l l u s t r a t e d  by P l a t e  I ,  i s  r e s t r i c t e d  t o  t h e  a r e a s  of Browns 
Park o u t c r o p  i n  nor thwest  Colorado t h a t  a r e  i n c l u d e d  on t h e  C r a i g  (Colorado)  
and Vernal  (Utah) NTMS lo x  2' quadrang le  maps. The "excluded a r e a "  shown on 
P l a t e  I i s  a n  a r e a  of i n d u s t r y  a c t i v i t y  ( i n c l u d i n g  t h e  Maybell mining 
d i s t r i c t )  which was excluded from p r o j e c t  d r i l l i n g .  

E l e v a t i o n s  i n  t h e  p r o j e c t  a r e a  range  from approximately  6,000 f e e t  ( 1 , 8 0 0  m) 
i n  Moffat County t o  s l i g h t l y  o v e r  10,000 f e e t  (3 ,000 m) i n  Rout t  County. 
C l imate  i n  t h e  lower a r e a s  i s  semi-ar id;  i n  t h e  h i g h e r  a r e a s  i t  i s  c o o l e r  and 
more humid. The s t e p p e  v e g e t a t i o n  o f  t h e  lower e l e v a t i o n s  g r a d e s  i n t o  c o n i f e r  
f o r e s t s  and s u b a l p i n e  and a l p i n e  meadows a t  t h e  h i g h e r  e l e v a t i o n s .  The Green 
River  i s  t h e  mas te r  s t ream i n  t h i s  a r e a ,  but  l i t t l e  of  t h e  p r o j e c t  a r e a  d r a i n s  
d i r e c t l y  i n t o  it .  Most of t h e  p r o j e c t  a r e a  l i es  i n  t h e  d r a i n a g e s  of t h e  
L i t t l e  Snake and Yampa R i v e r s ,  t r i b u t a r i e s  o f  t h e  Green River.  

C r a i g  and Steamboat Spr ings  a r e  t h e  p r i n c i p a l  communities i n  t h e  p r o j e c t  a r e a .  
.U.S. Highway 40 t r a v e r s e s  t h e  a r e a  e a s t  t o  west. P r o j e c t  d r i l l  s i t e s  a r e  
reached by a  network of s ta te ,  c o u n t y ,  and U.S. F o r e s t  S e r v i c e  roads .  
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Industry Activity 
. . 

The uranium deposits near Maybell were dkscovered in 1953 and were'mined by 
open-pit methods. Trace Elements Corporation (TEC), the original operator in 
the district, also produced uranium from deposits in the Browns Park Formation 
in the Poison Basin area, near Baggs, Wyoming. The TEC operations at Maybell 
were acquired by Union Carbide Corporation in 1957. Union Carbide operated a 
uranium processing plant in the Maybell district from 1957 until 1964. 

, Uranium ore production from the Maybell deposits, as of January 1, 1977, has 
been 1,609,200 tons of ore averaging 0.13 percent U3O8 (Chenoweth, 1978). 

Currently (1981) Union Carbide is operating an open-pit mine and a heap 
leaching plant in the Maybell district. 

Exploration for uranium in the project area has continued intermittently from 
the 1950s to the present: Scores of individuals and mineral companies have 
been involved in exploration, claim staking, and property transactions. Much 
of the activity in the project area has been concentrated near the Union 
Carbide Corporation's properties. 

The Sand Wash Basin project area also contains productive petroleum reservoirs 
and coal seams. Coal and petroleum production in Moffat County predates 
uranium production in the area, and exploration and development of hydrocarbon 
fuels continues. The Big Gulch field near Lay, Colorado, produces minor 
amounts of hydrocarbons from formations underlying the Browns Park Formations. 

Prior to project drilling, estimates of potential uranium resources assigned 
to the Browns Park Formation in the Sand Wash Basin were listed in the NUKE 
Interim Report of June 1979 as: 

Tons U308 
(Metric Tons U3O8) 

Probable Possible 

15,000 (15,300) 10,500 (10,700) 

Speculative. 

These resource estimates are based on a forward cost of $50 per pound of 
U3O8 ($1 10 per kilogram). 

The NURE program includes aerial geophysical surveys, geochemical studies, and 
geologic assessments of the Craig and Vernal Quadrangles. These NUKE reports 
are now available: 

"NUKE Aerial Gamma-Ray and Magnetic Reconnaissance Survey, Colorado-Arizona 
area, Craig NK-13-10 Quadrangle," LKB Resources, Inc., U.S. Department of 
Energy Open-File Report GJBX-153(79), September 1979. 

"Aerial Radiometric and Magnetic Survey, Vernal National Topographic Map, 
Colorado and Utah," Geo-Life, Inc., U.S. Department of Energy Open-File 
Report GJBX-167(79), November 1979. 
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NTMS Q ~ ~ a d r a n g l e ,  Co lo rado ,  1nc:Luding C o n c e n t r a t i o n s  of  F o r t  y-Three 
Addi t i o n a l  Elements ,"  S. L. R o l i v a r  and D. E. H i l l ,  Los Alamos S c i e n t i f i c  
I,ahorirtory, I1.S. Department of  Energy Open-File Report  GJIIX-76(79), 
May 1979. 

"Uranium Ilydrogeochemical and Stream Sediment Reconnaissance  of t h e  Vernal  
NTMS Quadrangle ,  Utah and  Colorado,  I n c l u d i n g  C o n c e n t r a t i o n s  of For ty -  
Two A d d i t i o n a l  E lements , "  J. D. Purson,  Los Alamos S c i e n t i f i c  L a b o r a t o r y ,  
U.S. Department of  Energy Open-File Repor t  GJBX-232(80), August 1980. 

" M u l t i v a r i a t e  S t a t i s t i c a l  A n a l y s i s  o f  Stream Sediments f o r  Minera l  Resources  
from t h e  C r a i g  NTMS Quadrangle ,  Colorado,"  M. Byeth and o t h e r s ,  Los Alamos 
S c i e n t i f i c  L a b o r a t o r y ,  U.S. Department of  Energy Open-File Report  
GJBX-145(80), J u n e  1980. 

"Uranium llydrogeochemical  and Stream Sediment Reconnaissance  Data Re lease  f o r  
Red Creek ' ~ u a r ~ z i t e  S p e c i a l  Study Arca ,  Vernal  NTMS Quadrangle,  Utah and 
Color; ido,  r n c l u d i n g  C o n c e n t r a t i o n s  61 F ~ r c y - S l x  Adill  L ~ I J I I ~ ~  El.e~ncl~ts ," Srlc 
Coff and o t h e r s ,  Los Alamos S c i e n t i f i c  L a b o r a t o r y ,  U.S. Department of  
Energy Open-File Repor t  GJBX-173(81), A p r i l  1981. 

" D e t a i l e d  Uranium Geochemical  Stream Sediment Survey Data Re lease  f o r  Select .ed  
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GEOLOGY AND URANIUM 

Regional Geologic  S e t t i n g  

The Browns Park Formation c r o p s  ou t  a t  t h e  margins of f o u r  phys iograph ic  
provinces .  I t s  n o r t h e r n  o u t c r o p  a r e a s  l i e  i n  t h e  Sand Wash Bas in  of t h e  
Wyoming B a s i n s  Province.  To t h e  w e s t ,  i t  mant les  t h e  f l a n k s  of t h e  Uinta  
Mountains of t h e  Middle Rocky Mountain Province.  O u t l i e r s  t o  t h e  southwest  
a r e  w i t h i n  t h e  Uinta  Bas in  s e c t i o n  .of t h e  Colorado P l a t e a u  Province and i t s  
c e n t r a l  and s o u t h e a s t e r n  o u t c r o p  a r e a s  l i e  i n  t h e  Sou thern  Rocky Mountains 
Province.  For t h e  most p a r t ,  Browns Park Formation o u t c r o p s  a r e  preserved i n  
s t r u c t u r a l  o r  paleotopographic  d e p r e s s i o n s .  Regional  s t r u c t u r a l  u n i t s  a r e  
i l l u s t r a t e d  by Figure  2. 

I n  g e n e r a l ,  t h e  Browns Park Formation i s  s i m i l a r  t o  t h e  uranium-bearing 
Wyoming B a s i n s  Prov ince  fo rmat ions :  It i s  predominant ly  a c o n t i n e n t a l  f l u v i a l  
sands tone  wi th  some e o l i a n  and l a c u s t r i n e  d e p o s i t s  and i s  r i c h  i n  r h y o l i t i c  
a i r - f a l l  t u f f s  and t u f  f aceous  m a t e r i a l .  The d e p r e s s i o n s  i t  f i l l s  were 
prepared dur ing  and immediately a f t e r  t h e  Laramide orogeny ( l a t e  Cre taceous  - 
l a t e  Eocene). 

Thorough d i s c u s s i o n  of t h e  r e g i o n ' s  g e o l o g i c  h i s t o r y  may be found i n  S e a r s  
( 1924),  B r a d l e y  ( 1936), Hansen ( 1965, 1969),  Hansen and o t h e r s  ( 1960),  Tweto 
(1975) ,  I z e t t  (1975) ,  and Larson  e t  a 1  (1975). A b r i e f  account  of e v e n t s  
p e r t a i n i n g  t o  p o t e n t i a l  uranium o c c u r r e n c e s  a s  t a k e n  from t h e s e  papers  
fo l lows .  

A s  t h e  Uinta  Arch and Park-Sierra  Madre Range were u p l i f t e d  dur ing  t h e  . Laramide orogeny, sediments  d e r i v e d  from them were d e p o s i t e d  i n  t h e  Sand Wash 

Bas in  a s  t h e  F t .  Union, Wasatch, Green R i v e r ,  and B r i d g e r  Formations.  These 
fo rmat ions  (excep t  t h e  B r i d g e r )  c o n t a i n  c o a l  and o t h e r  hydrocarbons  and a r e  
p o t e n t i a l  s o u r c e s  of r e d u c t a n t s .  

A f t e r  t h e  c o n c l u s i o n  of t h e  Laramide orogeny,  e p e i r o g e n i c  u p l i f t  and renewed 
e r o s i o n  commenced i n  t h e  reg ion .  The a n c e s t r a l  Green River  ca rved  a  major 
p a l e o v a l l e y  a long  t h e  e a s t e r n  p o r t i o n  of t h e  c r e s t  of t h e  Uin ta  Arch and 

. probably flowed e a s t  t h e n  n o r t h e a s t  i n t o  Wyoming around t h e  n o r t h  end of t h e  
S i e r r a  Madre Range. Coinc iden t  w i t h  t h i s ,  t h e  e a s t e r n  end of t h e  Uin ta  Arch 
s l u w l y  began t o  ~ 6 l l a p s e .  

A s  t h e  Uinta  Arch began i t s  c o l l a p s e ,  t h e  Browns Park Formation s t a r t e d  t o  
accumulate  about  25 m i l l i o n  y e a r s  b.p. i n  t h e  p a l e o v a l l e y  of t h e  a n c e s t r a l  
Green R i v e r ,  on t h e  f l a n k s  of t h e  Uinta  Mountains,  t h e  White River  U p l i f t ,  and 
t h e  Park-S ie r ra  Madre Range, and a c r o s s  t h e  r e l a t i v e l y  l e v e l  s u r f a c e  of t h e  
Sand Wash Basin .  Some t e c t o n i s m  o c c u r r e d  d u r i n g  d e p o s i t i o n  of t h e  Browns Park 
Formation,  r e s u l t i n g  i n  i n t r a f o r m a t i o n a l  unconformi t i es  which may a f f e c t  t h e  
f low of u r a n i f e r o u s ,  o x i d i z i n g  o r  reduc ing  f l u i d s  w i t h i n  t h e  format ion.  
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Near t he  c l o s e  o f  t h e  Miocene, depos i t i on  o f  t h e  Browns Park Formation ceased ,  
probably due t o  p i r acy  o f  t h e  a n c e s t r a l  Green River  from t h e  North P l a t t e  
River  dra inage  t o  t he  p re sen t  Colorado River  Basin.  Depth o f  ox ida t ion  o f  t h e  
Browns Park Formation appears ,  i n  p l a c e s ,  t o  be r e l a t e d  t o  p re sen t  o r  former 
ground-water t a b l e s ,  which, i n  t u r n ,  appear  t o  have f l u c t u a t e d  because o f  t h e  
p i r acy  of  t h e  a n c e s t r a l  Green and subsequent development o f  t h e  L i t t l e  Snake 
and Yampa River  dra inages .  Also, uranium may have been mobil ized dur ing  t h e  
weathering and e ros ion  o f  t h e  Browns Park Formation, which was formerly o f  
g r e a t e r  ex t en t  than  a t  p r e sen t .  

Major tectonism i n  t h e  a r e a  was renewed beginning about  10 m i l l i o n  yea r s  b.p.  
Some Laramide s t r u c t u r a l  f e a t u r e s  were r e a c t i v a t e d ,  though g e n e r a l l y  t h e  sense  
o f  movement a long them was oppos i t e  t o  t h a t  o f  t h e  Laramide movement. In  t h e  
Elkhead Mountains, t h e  Browns Park Formation was , i n t ruded  by in t e rmed ia t e  t o  
bas i c  igneous rocks  and, i n  p l a c e s ,  was capped by l a v a  flows o f  t h e s e  same 
rocks.  Basa l t s  and b a s a l t i c  a n d e s i t e s  of  Miocene age a l s o  i n t e r tongue  wi th  
and cap po r t i ons  of  t h e  Browns Park Formation a long  t h e  no r the rn  f l a n k  o f  t h e  
White River U p l i f t .  These igneous rocks and r e c e n t  s t r u c t u r a l  f e a t u r e s  have 
preserved po r t i ons  o f  t h e  Browns Park Formation from e r o s i o n ,  o f t e n  i n  
topographica l ly  h igh  p o s i t i o n s .  These topographica l ly  h igh  remnants have been 
s u b j e c t  t o  ox ida t ion  and poss ib ly  leaching  o f  uranium and may have been a  
source  of uranium f o r  mine ra l i za t i on  o f  o t h e r  a r e a s .  

P r o j e c t  Area Geology 

The Browns Park Formation o f  Miocene age i s  t h e  t a r g e t  formation f o r  t h i s  
p r o j e c t .  For t h e  purposes of t h e  p r o j e c t ,  t h e  p r o j e c t  a r e a  has  been divided 
i n t o  s i x  s tudy a r e a s  i n  which t h e  t a r g e t  formation c rops  o u t  and i n  which t h e  
geologic  s e t t i n g s  a r e  d i f f e r e n t .  The s i x  s tudy  a r e a s  a r e  t h e  North Browns 
Park,  Browns Park,  West Yampa, Eas t  Yampa, North Rou t t ,  and South Routt  a r e a s  
( P l a t e  I ) .  Geologic information s p e c i f i c  t o  each a r e a  i s  presen ted  i n  t h e  
s e c t i o n s  o f  t h i s  r e p o r t  dea l ing  w i t h  d r i l l i n g  r e s u l t s  i n  t h e  a r e a s .  General 
geology of t h e  p r o j e c t  a r e a  i s  i l l u s t r a t e d  by P l a t e  11. 

The t a r g e t  formation i s  i n  unconformable con tac t  w i th  rocks ranging i n  age 
from Precambrian t o  Eocene, and, i n  p l a c e s ,  i s  in te r tongued  w i t h  and o v e r l a i n  
o r  in t ruded  by igneous rocks of  Miocene o r  younger age (Buf f l e r ,  1967, Larsen 
e t  a l ,  1975). Except f o r  t he se  igneous rocks  and Quaternary s u r f i c i a l  
d e p o s i t s ,  t h e  Browns Park Formation i s  t h e  youngest formation i n  t h e  a r e a .  I t  
was formerly a  b lanke t - l ike  d e p o s i t  covering t h e  Sand Wash Basin and 
surrounding a r e a s .  

Weathering and e ros ion  have removed t h e  t a r g e t  formation except  where i t  
occupies  depress ions  ( a s  i n  much o f  t h e  wes te rn  p a r t  o f  t h e  p r o j e c t  a r e a )  o r  
where i t  i s  pro tec ted  by caprock ( a s  i n  p a r t s  of  t h e  North and South Routt  
s t udy  a r e a s ) .  W h e r ~  raprnck prntpcts the Browns Park Formation and i t  
occupies  a  topographica l ly  high p o s i t i o n ,  much o f  i t  has  been s u b j e c t  t o  
ox ida t ion  by weathering. Therefore ,  any uranium minera l s  t h a t  were contained 
i n  t h e  eroded o r  weathered po r t i ons  o f  t h e  t a r g e t  formation may have been 
mobilized and t r anspo r t ed  t o  s u i t a b l e  s i t e s  f o r  m i n e r a l i z a t i o n .  



Some o f  the formations underlying the Browns Park Formation - in particular 
the late Cretaceous and early Tertiary formations - contain coal and other 
hydrocarbons and are potential sources of reductants. Reductants in these 
formations may serve to precipitate uranium minerals within the formations or 
may migrate upward into the Browns Park Formation to precipitate uranium 
there. 

In general, the bulk of the Browns Park Formation is a poorly consolidated, 
fine- to medium-grained, moderately sorted lithic wacke. The sand grains are 
common1 y s~~brounded or suhan~ular and there is an abundance of tuffaceous 
matc?rtnl fillinp, void spaces and occurring as thin tuff bcds. However, there 
is quite a wide variance from this norm. The Browns Park Formation displays a 
discontinuous basal conglomerate or conglomeratic sandstone which reaches a 
maximum thickness of approximately 300 feet (Buffler, 1967). F'roject drilling 
also penetrated limc~tones, slightly welded volcanics, and arknsic wackes. 
Sorting ranges from well sorted to poorly sorted; rounding ranges from well 
r n ~ i n d e d  to angular: and consolidation ranges from well cemented to 
unconso2idated. There is enough tuffaceous material and feldspar in the 
formation to provide a source of uranium for mineralization, but it is 
possible that additional uranium was introduced to the Browns Park Formation 
by the Miocene and later igneous activity. 

The environments of deposition of the Browns Park Formation differ somewhat 
between western and eastern parts of the project area. In the West and East 
Yampa, Browns Park, and North Browns Park study areas, fluvial deposition 
dominated. Periodic ponding of the ancestral Green River resulted in some 
lacustrine sedimentation (Hansen, 1965); there is also evidence of eolian 
transportation and deposition, particularly in the upper Browns Park 
Formation. In the North and South Routt study areas, eolian deposition 
dominated and fluvial sedimentation was subordinate (Hansen, 1965; 
l%uf€ler, 1967). In all study areas, the basal conglomerate was probably 
deposited as alluvial fans or pediment gravels. Project drilling showed that 
i t  is discontinuous and the cl.asts in the conglomerate are derived from rocks 
exposed in adjaccnt highland areas. The fluvial. and eolian seAImentatton 
wouJd tend to create permeable pathways for movement o r  i-luids, W'tlrCliei' 
uraniferous, oxidizing, or reducing. However, in these depositional 
environments, there is a great deal of lateral variation of the sediments, so 
these pathways are not traceable between drill holes. Also because the target 
formation is generally clay-rich, overall permeability is probably less than 
might otherwise be expected. 

As noted above, drainage in the project area during deposition of the Browns 
Park Formation was probably from west to east along the ancestral Green 
River's paleovalley then north or northeast around the north end of the Sierra 
Madre Kange. The ancestral yampa R l v e i  prubably drained northward parallel to 
the Park Range. 

Buffler (1967) performed detailed heavy mineral analyses of samples collected 
from the Browns Park sands in the North Routt area and the surrounding region 
and found that the provenance of these sands was probably far to the south 
rather than directly from the Park Kange. He also postulated that much of the 
sand had been transported and deposited by wind. Heavy mineral analysis of 
project samples provides less definite evidence for provenance of the 



sediments. Sediments sampled i n  t h e  North Routt a r e a  probably were not 
p r i n c i p a l l y  der ived  from t h e  neighboring Park Range, but t h e i r  source i s  
otherwise i n d e f i n i t e .  The heavy minera l  assemblage i n  t h e  North Routt a r e a  i s  
c l o s e l y  s i m i l a r  t o  t h a t  from t h e  b a s a l  Browns Park Formation i n  t he  West Yampa 
area .  Heavy mineral  assemblages i n  shal lower sediments i n  t h e  West Yampa a rea  
d i f f e r e d  from those  and may have been der ived  from metamorphic rocks exposed 
i n  t h e  Uinta  Mountains, from t e r r a i n  f a r t h e r  upstream along t h e  a n c e s t r a l  
Green River ,  o r  from o t h e r  t e r r a i n  t o  t h e  sou th  o r  e a s t .  The provenance o f  
t h e  tu f faceous  m a t e r i a l  i n  t h e  Browns Park Formation i s  not  known. 

Most Browns Park sediments d i sp l ay  evidence of pos t -depos i t iona l  a l t e r a t i o n .  
The most common types  of a l t e r a t i o n  a r e  c a l c i f i c a t i o n ,  s i l i c i f i c a t i o n ,  
ox ida t ion  of ferromagnesian minera l s ,  s e r i c i t i z a t i o n  and a r g i l l i z a t i o n  of 
f e l d s p a r s ,  development of a u t h i g e n i c  c h l o r i t e  and p y r i t e ,  and a l t e r a t i o n  of  
tu f faceous  m a t e r i a l  t o  montmori l loni te .  In  one d r i l l  ho l e ,  SWB-27, which i s  
ad jacent  t o  t h e  Hahn's Peak i n t r u s i o n ,  hydrothermal a l t e r a t i o n  produced 
s e r i c i t i z a t i o n  and a r g i l l i z a t i o n  of f e l d s p a r s  with replacement by c a l c i t e  and 
c r y t o c r y s t a l l i n e  q u a r t z ,  vermicul iza t ion  of b i o t i t e ,  and a l t e r a t i o n  of 
vo l can i c  rock fragments and g l a s s  t o  c lay .  A few f r a c t u r e s  i n  t h e s e  rocks 
were a l s o  i n j e c t e d  by a  b l ack ,  glassy-looking carbonaceous ma te r i a l .  

Oxidized Browns Park Formation sediments t h a t  were encountered by p r o j e c t  
d r i l l i n g  con ta in  abundant l imon i t e  and hemat i te  and v a r i a b l e  amounts of 
montmori l loni te  and a r e  co lored  l i g h t  t a n  t o  r edd i sh  brown. The reduced 
por t ions  of t h e  t a r g e t  formation a r e  co lored  g reen i sh  gray  t o  white and 
usua l ly  con ta in  p y r i t e ,  montmor i l lon i te ,  and some f r e s h  vo l can i c  g l a s s  shards .  
The green c o l o r  i s  mainly due t o  au th igen ic  c h l o r i t e  i n  t h e  mat r ix  and coa t ing  
sand g ra in s .  I n t e r s t i t i a l  c l a y  g e n e r a l l y  c o n s t i t u t e s  between 10 and 
40 percent  of t h e  t a r g e t  formation i n  both ox id ized  and reduced zones; i t  i s  
mainly montmori l loni te  from a r g i l l i z a t i o n  of t u f f aceous  ma te r i a l .  In  p laces ,  
k a o l i n i t e  (from a r g i l l i z a t i o n  of f e l d s p a r s )  i s ' t h e  dominant c l a y  mineral .  

Because f r e s h  vo lcanic  g l a s s  sha rds  appear i n  t h e  reduced por t ions  of t h e  
t a r g e t  formation but not  i n  t he  ox id ized  po r t i ons ,  i t  is  l i k e l y  t h a t  most of 
t h e  formation was e i t h e r  depos i ted  under predominantly reducing cond i t i ons  
(such a s  t h e  f l u v i a l  and l a c u s t r i n e  sediments i n  t h e  western a r e a s )  o r  was 
pro tec ted  from oxida t ion .  The e o l i a n  sandstones of t h e  e a s t e r n  a r e a s ,  f o r .  
example, may not have been s t r o n g l y  ox id ized  because of t h e  l ack  of  
groundwater i n  t h e  e o l i a n  environment f o r  ox id iz ing  r eac t ions .  Present-day 
reduc t ion /oxida t ion  boundaries  a r e  probably f a i r l y  good p r e d i c t o r s  of which 
po r t i ons  of t h e  Browns Park Formation have been oxid ized ,  thereby mohil iz tng 
any uranium present .  They may a l s o  i n d i c a t e  where r e d u c t a n t s  a r e  o r  have been 
a v a i l a b l e  t o  p r e c i p i t a t e  uranium minerals .  

Because o v e r a l l  permeabi l i ty  of t h e  Browns Park Formation i s  reduced by i t s  
high c l a y  con ten t ,  f o l d s ,  f a u l t s  and i n t r a f o r m a t i o n a l  unconformit ies  w i l l  be 
s i g n i f i c a n t  f a c t o r s  i n  t h e  movement of f l u i d s  involved lm mine ra l i za t i on .  In  
s e v e r a l  a r e a s ,  t h e  t a r g e t  formation i s  preserved on t h e  downthrown blocks of 
post-Laramide f a u l t s ;  t h e s e  f a u l t s  a r e  p o t e n t i a l  condu i t s  f o r  r educ t an t s  from 
underlying formations.  Many small  f a u l t s  were observed during t h e  p r o j e c t  
throughout t h e  p ro j ec t  a rea .  In  t h e  Maybell-Lay a r e a ,  such small  f a u l t s  a r e  
numerous and o f t e n  con ta in  uranium minera l s  and ex t ens ive  i r o n  oxide s t a i n s .  



The p r i n c i p a l . f o l d s  i n  t h e  p r o j e c t  a r e a  a r e  t h e  Lay s y n c l i n e  and t h e  Maybell 
monocline.  The Lay s y n c l i n e  i s  a  l a r g e  asymmetric f o l d  due p r i m a r i l y  t o  
d i f f e r e n t i a l  compaction of  Browns Park  sed iments ,  b u t  t h e  n o r t h  l imb  h a s  been 
s t e e p e n e d  by l a t e r  f a u l t i n g  (Hansen, 1965, I z e t t ,  1975). The Maybell  
monocl.:i ne ,  a s m a l l e r  f e a t u r e ,  p a r a l l e l s  t h e  Lay s y n c l i n e  and t r a v e r s e s  t h e  
Moyhell ~ni .nlng d i s t r i c t .  F u r t h e r  i n f o r m a t i o n  concern ing  t h e  a r e a ' s  s t r u c t u r a l  
gc:o'logy may be found i n  R u f f l e r  (1976)  and I z e t t  (1975).  

Known Uranium Occur rences  

No v i s i b l e  uranium m i n e r a l s  were obse rved  d u r i n g  p r o j e c t  d r i l l i n g ,  s o  
c h a r a c t e r i s t i c s  of uranium o c c u r r e n c e s  i n  t h e  Browns Park  Formation a r e  
d e s c r i b e d  from mines and p r o s p e c t s  i n  t h e  Maybell d i s t r i c t  of Coloraao and t h e  
P o i s o n  B a s i n  d i s t r i c t  of Wyoming a s  r e p o r t e d  by Ormond (1957) and Lewis 
(1377) .  

I n  h o t h  a r e a s ,  uranium m i n e r a l s  occur  i n  f a u l t e d  Browns Park  Format ion 
s e d i m e n t s  o v e r l y i n g  o l d e r  f o l d e d  f o r m a t i o n s  which c o n t a i n  pet roleum r e s e r v o i r s  
n e a r  t h e  uranium o c c u r r e n c e s .  The d e p o s i t s  are concordan t  w i t h  bedding i n  
p l a c e s .  

The r o c k s  c o n t a i n i n g  t h e  uranium m i n e r a l s  a r e  u s u a l l y  f i n e -  t o  medium-grained 
s a n d s t o n e s  wi th  v a r y i n g  amounts o f  i n t e r s t i t i a l  c l a y ,  sandy c l a y s  and c l a y  
beds. M o s ~  of t h e  c l a y  i s  m o n t m o r i l l o n i t e  and i s  probably  a r g i l l i z e d  
t u f f a c e o u s  m a t e r i a l .  The d e p o s i t s  occur  i n  b o t h  o x i d i z e d  and reduced rocks .  
F i g u r e s  3,  4 ,  and 5  i l l u s t r a t e  some uranium d e p o s i t s  a t  t h e  Trace  Elements 
C o r p o r a t i o n  ( p r e s e n t l y  Union Carb ide  C o r p o r a t i o n )  p r o p e r t i e s .  

The uranium m i n e r a l s  o c c u r  as impregna t ions  i n  sandy beds ,  c o a t i n g s  on ' 

f r a c t u r e  s u r f a c e s ,  and d i s s e m i n a t e d  specks  i n  c l a y e y  beds. They a r e  o f t e n  
d i s t r i b u t e d  i n  r i n g s  c o n c e n t r i c  wi th  h e a v i l y  l i m o n i t e - s t a i n e d  r i n g s  o r  i n  
bands i n  cross-bedded s a n d s t o n e s  (Ormond, 1957). 

The p r i n c i p a l  o r e  m i n e r a l s  i n  t h e s e  d e p o s i t s  are c o t t i n i t e  and u r a n i n i t e  i n  
t h e  reduced  r o c k s  and meta -au tun i t e  iJifh s t i b s i d i a r y  uranophane 111 Ll~e u x i d l z e d  
zone. Tyuyamunite, meta-tyuyamunite,  b e c q u e r e l i t e - s c h o e p i t e ,  p h o s p h u r a n y l i t e  
and l i e b i g i t e  have a l s o  been i d e n t i f i e d  i n  t h e s e  d e p o s i t s  (Ormond, 1957). 

The most common gangue m i n e r a l s  r e p o r t e d  a r e  q u a r t z ,  c a l c i t e ,  gypsum, 
j a r o s i t e ,  and m o n t m o r i l l o n i t e ;  p y r i t e  o c c u r s  in reduced r o c k s  and l l r n u r ~ l ~ e  i u  
o x i d i z e d  rocks .  I n  some d e p o s i t s ,  seleni,nm and molybdenum have been r e p o r t e d  
a s  a s s o c i a t e d  t r a c e  e lements .  No uranium m i n e r a l s  were i d e n t i f i e d  i n  samples 
from Sand Wash B a s i n  P r o j e c t  d r i l l  h o l e s .  

Uranium i n  t h e  Maybell  d i s t r i c t  i s  o f t e n  o u t  of  e q u i l f b r i u m  wirh uranium decay 
p roduc t s .  Radon g a s  may r e a d i l y  m i g r a t e  o r  uranium may be  d i s s o l v e d  and 
t r a n s p o r t e d  away from i t s  less s o l u b l e  (and more r a d i o a c t i v e )  decay p roduc t s .  
A s  a r e s u l t ,  h i g h  r a d i o a c t i v i t y  may n o t  c o r r e l a t e  w i t h  h i g h  uranium 
c n n r . e n t r a t i o n s  and c o n c e n t r a t i o n s  of  uranium may no t  d i s p l a y  h i g h  
r a d i o a c t i v i t y .  For  some uranium o r e  samples  from t h e  Maybell  a r e a ,  Ormond 
(1957)  r e p o r t s  t h a t  r a d i o m e t r i c  a s s a y  r e s u l t s  ave rage  from 57 p e r c e n t  t o  
86 p e r c e n t  of t h e  chemical  a s says .  



Figure 3. Associatibn of Uranium, Limonite, and Calcium Carbonate in a 
Cross Section of Browns Park Sandstone in the Marge Mine 
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, Figure 4. Concentric Rings of Visible Uranium Mineral in a Cross Section 
of Browns Park Sandstone in the Gertrude Mine 
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Figure 5. Geologic Cross Section C-C', Marge Open Pit Mine 



DRILLING ACTIVITIES A N D  RESI1T.TS 

Pro i e c t  Schedule  and Program 

Review of  t h e  g e o l o g i c  l i t e r a t u r e  c o n c e r n i n g  t h e  p r o j e c t  a r e a  commenced i n  
November, 1977. I n  J a n u a r y ,  1978, l a n d  s t a t u s ,  env i ronmenta l ,  and g e o l o g i c a l  
i n f o r m a t i o n  g a t h e r i n g  s t a r t e d  and c o n t i n u e d  t h r o u g h  mid-1979. T h i r t e e n  d r i l l  
s i tes  a r e  on l a n d  a d m i n i s t e r e d  by t h e  Bureau of  Land Management, f o u r  a r e  on 
U.S. F o r e s t  S e r v i c e  l a n d ,  f i v e  a r e  on Colorado  State-owned l a n d ,  and two a r e  
on p r i v a t e l y  h e l d  l a n d .  

The c r i t e r i a  c o n s i d e r e d  d u r i n g  s e l e c t i o n  of  p r o j e c t  d r i l l - h o l e  l o c a t i o n s  were: 
anomalously  h i g h  r a d i o a c t i v i t y  a n d / o r  v i s i b l e  uranium m i n e r a l i z a t i o n  a t  t h e  
s u r f a c e ,  f a v o r a b l e  g e o l o g i c a l  s e t t i n g ,  even s p a c i n g  of  s i t e s  t o  p rov ide  a  
r e p r e s e n t a t i . v e  sampl ing  o f  t h e  t a r g e t  f o r m a t i o n ,  a v a i l a b i l i t y  o f  d r i l l i n g  and 
a c c e s s  p e r m i t s ,  and e a s e  of a c c e s s .  D r i l l - h o l e  l o c a t i o n s  and r e l a t e d  d a t a  a r e  
summarized i n  Tahle 1. 

D r i l l i n g  and l o g g i n g  was i n i t i a l l y  planned f o r  FY 1978, but  was delayed by 
program changes  and.  a d v e r s e  weak her.  m i l l i n g  and logg ing  of t h c  27 LIL-u j ec  t 
h o l e s  commenced May 18, 1979, and c o n t i n u e d  th rough  November 4 ,  1979. The 
combined f o o t a g e  d r i l l e d  and c o r e d  i n  a l l  p r o j e c t  h o l e s  i s  26,107.5 f e e t  
(7,957.6 m); of  t h i s ,  24,514.0 f e e t  (7,471.9 m) were r o t a r y  d r i l l e d  and 
1,593.5 f e e t  (485.7 m) were cored.  Most of  t h e  d r i l l  s i t e s  were r e s t o r e d  
s h o r t l y  a f t e r  they  were abandoned,  but  a d v e r s e  weather  de layed  r e s t o r a t i o n  o f  
s e v e r a l  s i t e s  a t  h i g h e r  e l e v a t i o n s  u n t i l  t h e  summer of 1980. D e t a i l e d  
t e c h n i c a l  i n f o r m a t i o n  abou t  p r o j e c t  d r i l l i n g  i s  p r e s e n t e d  by C a l l i h a n  (1980).  

Three  t y p e s  o f  samples  were c o l l e c t e d  d u r i n g  p r o j e c t  d r i l l i n g :  d r i l l  c u t t i n g s  
samples ,  c o r e  samples ,  and s i d e w a l l  samples.  D r i l l  c u t t i n g s  samples were 
c o l l e c t e d  a t  f i v e - f o o t  i n t e r v a l s  by means of  a mechanical  sampl ing d e v i c e  ( t h e  
Sample Mas te r ) .  T h i s  d e v i c e  c o n t i n u o u s l y  washes and s i e v e s  t h e  c u t t i n g s  a s  
t h e  d r i l l  operates. p b ~ v i d i n g  a  sample of  t h e  sand-s ize  c u t t i n g s .  The 
l i m i t a t i o n  of t h i s  sample r  i s  t h a t  i t  washes away bo th  c l a y  a r ~ d  c o a i s e r  
c u t t i n g s  (which i n c l u d e s  c l a y  a g g r e g a t e s ) .  The t a r g e t  fo rmat ion  i s  
u n c o n s o l i d a t e d  and c o n t a i n s  abundant c l a y ,  s o  t h e  samples  c o l l e c t e d  by t h i s  
d e v i c e  a r e  b i a s e d  toward t h e  sand f r a c t i o n .  Any uranium m i n e r a l s  p r e s e n t  a s  
p a r t  of t h e  m a t r i x  o r  a s  g r a i n  c o a t i n g s  may have been washed away a s  we l l .  
One h o l e  (SWB-1) was c o m p l e t e l y  c o r e d  e x c e p t  f o r  t h e  t o p  20 f e e t  ( 6  m) t o  
p r o v i d e  l i t h o l o g i c  and s t r a t i g r a p h i c  b a s e  d a t a  f o r  g e o p h y s i c a l  l o g g i n g  and 
c u t t i n g s  logg ing .  Core samples  were c o l l e c t e d  from o t h e r  h o l e s  a t  i n t e r v a l s  
s e l e c t e d  t o  p rov ide  samples  of r e p r e s e n t a t i v e  l i t h o l o g i e s  o r  t o  conf i rm t h a t  
t h e  fo rmat ion  u n d e r l y i n g  t h e  t a r g e t  fo rmat ion  had been p e n e t r a t e d  and t o  
i d e n t i f y  t h e  u n d e r l y i n g  fo rmat ion .  S i d e w a l l  samples were c o l l e c t e d  i n  some 
h o l e s  from i n t e r v a l s  d i s p l a y i n g  ariuu~aluus r a d i o a c t i v i t y .  Thcy wcrc i n t e n d e d  
t o  p rov ide  a  r e l a t i v e . 1 ~  u n d i l u t e d  sample of  p o s s i b l y  m i n e r a l i z e d  sediments .  

Core  and c u t t i n g s  samples  were d e s c r i b e d ,  packaged,  and l a b e l e d  i n  t h e  f i e l d  
d u r i n g  d r i l l i n g  o p e r a t i o n s .  L i t h o l o g i e s  were d e s c r i b e d  u s i n g  a  b i n o c u l a r  
microscope a n d / o r  hand l e n s  and were r e c o r d e d  on s t a n d a r d  BFEC l o g g i n g  forms. 
M i c r o f i c h e  c o p i e s  of  t h e  l i t h o l o g y  l o g s  a r e  i n  Appendix E of  t h i s  r e p o r t .  A 
g e n e r a l i z e d  s t r a t i g r a p h i c  columnar s e c t i o n  of  each  h o l e  i s  a l s o  p r e s e n t e d  i n  
Appendix A. 



Table  1. D r  i l l - H o l e  Summary 
Page 1 o f  2 

USGS Topographic Map Hole' 
Number 

SUB-1 

Rota ry  
F e e t  Meters  

2 0 6.1 

Core 
F e e t  Meters  

1,1155.0 352.00 

T o t a l  E l e v a t i o n  
F e e t  Meters  F e e t  Meters  

Lo c a t  i o n  
Qtr. Sec. T(N) R(W) 

Maybel l  

Sugar Loaf B u t t e  

Sugar  Loaf B u t t e  

Lodore School  

SWNW 27 11 101  

SWNW 27 11 . 101 

SESE 12  1 0  103 

Sl/ZSE 

W1/2 

SW 

NENE 

S1/2SW 

S 1/2 SW 

SE 

NWSW 

SWNE 

Big Joe  Bas in  

J a c k  S p r i n g s  

Vermi l l ion  Mesa 

Lone Moutain 

E lk  S p r i n g s  

E l k  S p r i n g s  SUB- 1 1 A  

C i t a d e l  P l a t e a u  

Maybell  

Maybell  

NESE 1 0  6 9 5  

NWSW ' 3 1  ' 6 9 5  

S E 1 6  7 93 

CNW 22 7 9 3  

C i t a d e l  P l a t e a u  SUB- 1 5 

C i t a d e l  P l a t e a u  

Lay SE 

Lay SE 



Table 1. Dri l l -Hole Summary 
Page 2 of  2 

Hole Rotary Core T o t a l  E l eva t i on  Locat ion USGS Topographic Map 
Number Fee t  Meters Fee t  Meters Fee t  Meters Fee t  Meters Qtr. Sec. T(N) R(W) 

SWB-20 495 150.9 8.0 2.40 593.0 153.3 6,209 1,892.5 UWSE 36 7 94 Lay 

SWB-24 952 290.2 30.0 9.10 932.0 239.3 6,898 2,102.5 SESE. 8 7 91  Cra ig  

SWB-2 5 264 80.5 26.0 7.90 230.0 88.4 8,202 2,500.0 SEMi 10 10 87 Bears Ears  Peak 

SWB-26 100 30.5 10.0 3.05 110.0 33.4 8,820 2,688.3 SW 25 10 87 Meaden Peak 

SWB-26A 1,624 495.0 24.0 7.30 1,6$8.0 532.3 9,000 2,743.2 NWNE 36 10 87 Meaden Peak 

SWB-27 231 70.4 19.0 5.80 250.0 76.2 9,260 2,822.5 Y1/2 8 10 8 5 '  HahnsPeak,  
h, 
h) SWB-28 1,660 506.0 0 '0 1,660.0 536.0 9,370 2,856.0 iiE 32 10 8 6  Meaden Peak 

SWB-29 1,317 401.4 10.0 3.05 1,327.0 404.5 7,038 2,145.2 X N E  12 4 8 5  B l a c k t a i l  Mountain 

SWB-30 260 79.3 7.5 2.30 267.5 81.5 9,415 2,869.7 N1/2 6 2 84  Green Ridge 



Portions of the  c u t t i n g s  and s idewal l  samples were submitted t o  the  BFEC 
Mineralogy-Petrology Laboratory t o  be assayed f o r  U308 content and/or f o r  
emission spectrometry ana lys i s  f o r  various elements. Core samples from 
se lec ted  i n t e r v a l s  i n  four d r i l l  holes  were a l s o  submitted fo r  de ta i l ed  
pet ro logica l  and petrographic analysis .  These samples were se lec ted  from 
anomalously radioact ive  i n t e r v a l s  o r  from represen ta t ive  l i t h o l o g i e s  
encountered by projec t  d r i l l i n g .  Analyt ica l  r e s u l t s  a r e  presented i n  
Appendix B of t h i s  report .  

Af ter  completion of d r i l l i n g ,  down-hole geophysical logs  were obtained from 
each hole. The s u i t e  of logs  obtained from each hole  includes n a t u r a l  gamma, 
spontaneous po ten t i a l ,  r e s i s t i v i t y ,  neutron, temperature, and v e r t i c a l  
deviation. In some holes,  c a l i p e r  logs  were a l s o  obtained. I n t e r v a l s  
displaying a s i g n i f i c a n t  th ickness  of anomalously high r a d i o a c t i v i t y  ( a s  
determined by t h e  BFEC geologis t  i n  t h e  f i e l d )  were relogged using a KUT t oo l .  
This t o o l  measures t o t a l  n a t u r a l  gamma r a d i a t i o n  a s  w e l l  a s  n a t u r a l  gamma 
rad ia t ion  i n  t h r e e  separa te  s p e c t r a l  bands which c o r r e l a t e  with t h e  r a d i a t i o n  
spect ra  f o r  decay of potassium (K) and daughter products of uranium (U) and 
thorium (T). The KUT t o o l  does not measure gamma r a d i a t i o n  d i r e c t l y  from the  
decay of uranium and thorium; it measures gamma rad ia t ion  from t h e  decay of 
daughter products i n  the  decay s e r i e s  of uranium and thorium. Where 
rad ioac t iv i ty  was s u f f i c i e n t l y  in tense ,  equivalenturanium grades were 
ca lcula ted  on t h e  b a s i s  of gross gamma logs. Microfiche copies  of a l l  
per t inent  geophysical logs  and t h e  r e s u l t s  of equivalent-uranium grade 
ca lcu la t ions  a r e  presented i n  Appendices C, D, and E of t h i s  report .  

North Browns Park Study Area 

This s tudy a r e a  comprises approximately 25 square m i l e s  (65 km2) i n  extreme 
northwestern Colorado and i s  over la in  by an e ros iona l  remnant of t h e  t a r g e t  
formation (P la te  I, Figure 6). The a r e a  can be reached from Maybell, 
Colorado, v i a  Colorado S t a t e  Highway 310. 

The Browns Park Formation remnant i s  preserved on t h e  downthrown block of a 
normal f a u l t  which i s  p a r a l l e l  t o  t h e  o lde r  Uinta t h r u s t  f a u l t .  Along t h i s  
f a u l t ,  t he  remnant i s  bounded by t h e  Wasatch and Green River Formations of 
Eocene age. To the  west and southwest, t h e  remnant i s  bounded bg t h e  Uinta 
QuarLzitc of Prccmbrian  age cropping out  on Cold Spring Mountain, which lies 
along the  c r e s t  of t h e  Uinta Arch. A sequence of Paleozoic and Mesozoic 
sedimentary rocks, which a r e  upturned aga ins t  the  Uinta Quar tz i te ,  form the  
remnant's boundary on t h e  south ( P l a t e  I1 and cross-section A-A', P l a t e  IV). 

Project  d r i l l  holes i n  t h e  a rea  a r e  SWB-2, which was abandoned due t o  
d i f f i c u l t  d r i l l i n g  condit ions,  and SWB-2A, an  adjacent  o f f s e t  hole. The d r i l l  
si te was se lec ted  on t h e  b a s i s  of outcrop geology and ease of access. 
Dr i l l ing  results are summrized i n  Table 2. 



See Plate I for legend 

Figure 6.  North Browns Park Area 



D r i l l  Hole SWB-2 

I n  h o l e  SWB-2, t h e  upper 290 f e e t  ( 8 8  m) was a c l a y e y  sands tone ,  f e l d s p a t h i c  
and t u f f a c e o u s ,  poor ly  s o r t e d ,  f i n e -  t o  medium-grained, and ox id ized .  Below 

. .  290 f e e t  ( 8 8  m) , t h e  sandstone was p y r i t i c ,  cong lomera t i c ,  and cemented by 
c a l c i t e  i n  p laces .  A c o r e  sample was c o l l e c t e d  from 380 t o  390 f e e t  ( 115 t o  
119 m); 3.7 f e e t  (1.1 m) of pebb les ,  c o b b l e s ,  and b o u l d e r s  d e r i v e d  from t h e  
Uinta  q u a r t z i t e  were recovered.  The h o l e  was abandoned a t  520 f e e t  (158  m) 

. . due t o  d i f f i c u l t  d r i l l i n g  c o n d i t i o n s .  R a d i o a c t i v i t y  2-11 2  t i m e s  background 
(200 CYS) was measured from 79 t o  8 3  f e e t  ( 2 4  t o  25 m) which KUT l o g g i n g  
showed t o  be p r i n c i p a l l y  from uranium and potassium decay. 

D r i l l  Hole SWB-2A 

Hole SWB-2A w a s  d r i l l e d  a d j a c e n t  t o  SWB-2, reached  t h e  Mancos Sha le  a t  
820 f e e t  (250  m) and was bottomed a t  881 f e e t  (269 m ) .  The upper 230 f e e t  
( 7 0  m) o f  t h i s  h o l e  was o x i d i z e d  and w a s  a  c l a y e y  sandscone c l o s e l y  s i m i l a r  t o  
t h e  upper p a r t  of h o l e  SUB-2. Below 230 f e e t  ( 7 0  m), t h e  fo rmat ion  w a s  a  
reduced cong lomera t i c ,  c a l c a r e o u s  sands tone  c l o s e l y  s i m i l a r  t o  t h e  lower p a r t '  
o f  h o l e  SWB-2. R a d i o a c t i v i t y  approx imate ly  2  t i m e s  background (150  CPS) was 

: measured a t  7 7 , f e e t  ( 2 3  m) and from 7 2 1  t o  734 f e e t  (220 t o  224 m). KUT 
logging d i d  no t  measure t h e  upper zone and showed t h e  lower zone t o  be 
p r i m a r i l y  t h e  r e s u l t  of uranium and potass ium r a d i o a c t i v e  decay.  

If t h e  sed iments  encountered i n  these '  two d r i l l  h o l e s  a r e  r e p r e s e n t a t i v e  o f  . 
a l l  t h e  sed iments  i n  t h i s  s t u d y  a r e a ,  t h e  Browns Park Formation h e r e  c o n s i s t s  
of a t h i c k  b a s a l  conglomerate  l a r g e l y  d e r i v e d  from t h e  rocks  exposed on Cold 
Spr ing  Mountain o v e r l a i n  by a  t h i n n e r  c l a y e y  sandstone.  Much of t h e  c l a y  i n  
t h e  sed iments  a p p e a r s  t o  be a r g i l l i z e d  t u f f a c e o u s  m a t e r i a l .  . 

- 
Browns Park Study Area 

The Browns Park s t u d y  a r e a  o c c u p i e s  approx imate ly  300 s q u a r e  m i l e s  nor thwest  
of t h e  L i t t l e  Snake River  ( P l a t e  I, F i g u r e  7). The a r e a  can  be reached from 
Maybell ,  Colorado,  v i a  Colorado S t a t e  Highway.318. Most p r o j e c t  d r i l l - h o l e  
sites l i e  n e a r  g r a v e l  o r  d i r t  r o a d s  main ta ined  by Moffat  County o r  t h e  Bureau 
o f  Land Management. 

I n  t h i s  a r e a ,  the .Browns Park Formation l i es  i n  t h e  p a l e o v a l l e y  o f  t h e  
a n c e s t r a l  Green River.  Th i s  p a l e o v a l l e y  i s  c u t  o b l i q u e l y  a c r o s s  t h e  c r e s t l i n e  

, of  t h e  Uin ta  Arch, which g e n t l y  p lunges  t o  t h e  s o u t h e a s t  ( P l a t e  11) .  Outcrops 
of t h e  Uinta  q u a r t z i t e  form t h e  sou thwes te rn  boundary and p a r t  o f  t h e  
n o r t h e a s t e r n  border  of t h e  a r e a ;  e l sewhere  t h e  bounding rocks  a r e  t h e  Uin ta  
q u a r t z i t e ,  Pa leozo ic  and Mesozoic sed imenta ry  r o c k s ,  t h e  Wasatch Format ion,  
t h e  Green River  Formation,  and t h e  B r i d g e r  Formation. 

Along t h e  n o r t h e a s t e r n  b o r d e r ,  t h e  p a l e o v a l l e y  h a s  been deepened by 
post-Laramide normal f a u l t i n g .  Much of  t h e  c o n t a c t  between t h e  Browns Park 
Formation and o l d e r  r o c k s  i s  d e f i n e d  by normal f a u l t s .  T h i s  f a u l t i n g  h a s  
s l i g h t l y  s t eepened  t h e  n o r t h e a s t e r n  l i m b  o f  t h e  Lay s y n c l i n e . ( a l s o  c a l l e d  t h e  



Table 2. D r  i l l-Ho l e  Summary--North Browns Park Area 

Co l l a r  D r i l l e r ' s  Geophysically Depth of Depth t o  
Hole Eleva t ion  TD Logged Depth Oxida t ion  Basement Basement 

No. Locat i on  i n  Fee t  (m) i n  F e e t  (m)  i n  Fee t  (m) i n  Fee t  (m)  i n  Fee t  (m)  Formation 

SWB-2 Sec t ion  28, 6962 520 355 290 Not reached Not 
TllN, R l O l W  (2116) (1 58) (108) (88 1 reached 

SWB-2A Sec t ion  28, 6942 - 881 881 i 30 820 Mancos 
TllN, R l O l W  (2116) (269) (269) (7') (250) . Shale  



Browns Park syncline), which is a broad syncline due principally to 
differential compaction of the Browns Park sediments (Hansen, 1965; Izett, 
1975). Deformation of the Browns Park Formation and unconformities within the 
formation are reported in this area and are ascribed to late Cenozoic movement 
along normal faults in the area (Hansen, 1965, Izett, 1975). 

The paleovalley containing the Browns Park sediments is rather steep-sided and 
appears to be deepest just northeast of the valley axis (Plate 111). It is 
likely that the basement topography has been modified by fault movement such 
as that described above. Along the axis of the paleovalley, two basins can be 
discerned, separated by a basement high (Plate 111 and cross sections A-A' and 
B-B', Plate IV). A basement high separates this study area from the next area 
to the south, the West Yampa study area. 

The depth of oxidation of the target formation in this area appears to be 
related to the elevation of the basement highs. In hole SWB-4, the basement 
was encountered at an elevation of 5,215 feet (1,590 m) and in hole SWB-6, at 
5,179 feet (1,579 m). In both these holes, the entire target formation is 
oxidized. Southeast of SWB-4, the boundary between oxidized and reduced rocks 
was found to lie at elevations of 5,230 feet (1,594 m) and 5,137 feet 
(1,630 m). Thus the hypothetical surface of the redox boundary in this area 
slopes gently from northwest to southeast in this area at elevations near 
those of the basement highs encountered in SWB-4 and SWB-6 and from 110 to 
200 feet (34 to 61 m) below the basement high separating this study area from 
the West Yampa area. The elevation of the redox boundary in this area does 
not appear related to likely groundwater table elevations associated with the 
Little Snake or Yampa Rivers. These two rivers cross the Browns Park 
Formation at approximately 5,600 feet (1,707 m) elevation, some 400 feet 
higher than the average redox boundary elevation. However, the Green River at 
the entrance to the Canyon of Lodore, in Browns Park, lies at approximately 
5,300 feet (1,165 m) elevation, slightly higher than the elevation of the 
redox boundary in hole SWB-5. The depth of oxidation in this area was 
probably controlled by a ground-water table associated with the Green River 
before the courses of the Little Snake and Yampa Rivers were established. 
Interestingly, no reduced sediments were encountered in hole SWB-3, the hole 
closest to the present-day course of the Green River. However, the intensity 
of oxidation in this hole appears to be less below 5,125 feet (1,562 m) 
elevation, close to the elevation of the Green River. 

In general, the Browns Park Formation in this area displays fairly thick, 
clean sands separated by thinner silty and clayey sands in its upper portion. 
Its lower portion is generally composed of thinly interbedded sand, mud, and 
clay. .The.lower portion reflects rapid deposition in a lacustrine/fluvial 
environment, and the upper portion represents fluvial/eolian deposition with 
development of channels and/or sand dunes with overbank deposits and air-fall 
tuffs. Only one project drill hole (SWB-5) encountered conglomeratic 
sediments near the base of the Browns Park Formation. 

Project drill holes in the Browns Park study area are SWB-3, SWB-4, SWB-5, 
SWB-6, and SWB-9. Hole SWB-3 is located near a surface radiometric anomaly 
detected in the 1950's by an A.E.C. aerial survey. The other drill sites were 
selected to provide a representative sample of lateral variations in the 
formation and on the basis of accessibility. Project drilling results for 
these holes are summarized in Table 3.  



. . Table  .3. Dri'll-Hole Summary--B rowns Park Area 

Hole 
No. 

C o l l a r  D r i l l e r ' s  Ceophys ica l ly  Depth sf Depth t o  
Elcirat  i o n  'PD Logged Depth Oxidat.l=ln Basement 

L o c a t i o n  : in  Fee t  (m) i n  7 e e t  ( m )  i n  F e e t  (m) i n  F e e t  (m) i n  Fee t  (m) 

S e c t i o n  12,  5730 1020 87 2  1020 870 
TlON, R103d (1,747:1 (311) (266)  (311) ' (265)  

S e c t i o n  4 ,  5787 ' 657 647 647 57 2  
T9N, R102W ( 1.7641 (197) (197)  (197) (174)  

S e c t i o n  30,  5705 1170 1151 47 5  954 
T9N, R l O l W  ( 17 39) i(357) ( 3 5  1 )  ( 145) (291)  

S e c t i o n  12, 6374 1239 1210 1209 1195 
T8N, RlOlW ( 1943) I( 36 9) (369) ( 369)l (364) 

S e c t i o n  35, 5907 12134 1232 770 1020 
T8N, R98W ( 1800) (378)  (376)  (235) (311)  

Basement 
Format i o n  

Uint  a  
Q u a r t z i t e  

Uin ta  
Q u a r t z i t e  

IJint a  
Q u a r t z i t e  

Uint  a  
Q u a r t z i t e  

B r  i d g e r  
Format i o n  



D r i l l  Hole SWB-3 

fn hole SWB-3, t h e  upper 130 f e e t  (40 m) c o n s i s t s  of th ick  [ l o  t o  20 f e e t  
( 3  t o  6 m)], c lean sands with th inner  interbedded muds o r  clayey sands. From 
130 f e e t  (40 m) t o  600 f e e t  (183 m), t h e  bedding becomes th inner  (mostly less 
than 3 f e e t  o r  1 m), and the re  i s  more c l a y  and s i l t  i n  the  sediments. Below 
600 f e e t  (183 m), the  Browns Park Formation is highly tuffaceous, poorly 
sor ted  and q u i t e  homogeneous, with only sparse t h i n  beds of sand o r  c lay  
within the  mudstone. The formation i s  calcareous throughout. The hole 
penetrated t h e  Uinta q u a r t z i t e  a t  870 f e e t  (265 m),  and reached TD a t  
1,020 f e e t  (311 m). Radioactivi ty 2 t o  3 times background (200 t o  300 CPS) 
was measured i n  t h e  sandstone beds from 35 f e e t  (11 m) t o  128 f e e t  (39 m), 
from 230 f e e t  (70 m) t o  245 f e e t  (75 m), a t  259 f e e t  (79 m),  and a t  328 f e e t  
(100 m), Radioactivi ty associa ted  with c l a y  beds was measured t o  be 3-112 
times background (350 CPS) from 162 feet (49 m) t o  165 feet (50 m), 2 times 
background (210 CPS) a t  510 f e e t  (155 m), and 3 times background (320 CPS) a t  
573 f e e t  (175 m). KUT logging ind ica tes  t h a t  uranium and potassium decay 
contr ibute  moat of t h e  r a d i o a c t i v i t y  i n  these  zones. 

D r i l l  ~Ale  SWB-4 

I n  hole !WB-4, t h e  upper 270 f e e t  (82 m) c o n s i s t s  of th ick ,  clean,  fine- t o  
medium-grafned sands [from 15 t o  40 f e e t  (5  t o  12 m) th ick]  which a r e  
calcareous i n  places and o f ten  a r e  fining-upward sequences of sediment. There 
a r e  th fn  clayey o r  muddy beds between t h e  sands and some tuffaceous mater ia l ,  
From 270 t o  400 f e e t  (82 t o  122 m) , the  t a r g e t  formation i s  a t h i n l y  bedded, 
calcareous,  clayey sandstone, with common t h i n  white t u f f  beds. The Uinta 
q u a r t z i t e  was penetrated 'at 570 f e e t  (174 m),  and t h e  hole was completed a t  
647 f e e t  (197 m). Radioactive anomalies i n  the 200 t o  400 CPS range ( 2  t o  
4 t i m e s  background) were common above 400 f e e t  (122 m) i n  t h e  clean sands and 
a r e  i l l u s t r a t e d  i n  Figure 12. IWT logging ind ica tes  t h a t  r ad ioac t iv i ty  from 
thorium decay products i s  general ly subordinate t o  t h a t  from uranium and 
potassium decay i n  these  zones. 

D r i l l  Hole SWB-5 

I n  hole SWR-5, the e n t i r e  sec t ion  I s  r e l a t i v e l y  thin-bedded and homogeneous, 
except fo r  development of some c lean sands i n  the  upper 190 f e e t  (58 m) and 
sme coarse sand and possible conglomeratic sediment i n  t h e  lowest 50 feet 
(15 m). The bulk of the  Brouns Park Foriaation here c o n s i s t s  of medium- t o  
fine-grained, moderately w l l  sor ted ,  tuffaceous,  and calcareous sandstone 
with varying mounts of i n t e r s t i t i a l  c l a y  and some t h i n  ash  beds. It i s  
oxidized t o  475 f e e t  (145 m) and reduced from the re  t o  i t s  contact  with t h e  
Uinta q u a r t z i t e  a t  954 f e e t  (291 m), Tota l  depth qf the  hole i s  1,170 f e e t  
(357 m). There a r e  severa l  zones of anomalous r a d i o a c t i v i t y  (180 t o  290 CPS 
o r  2 t o  3 times batkgro~md) in t h e  upper 240 f e e t  (73 m) and t h i n  ash  o r  c lay  
beds a t  533 f e e t  (163 m) and 600 f e e t  (182 m) which display  3 times background 
r a d i o a c t i v i t y  (300 CPS). KUT logging ind ica tes  t h a t  i n  these  zones, most of 
t h e  rad ioac t iv i ty  dersves from uranium and potassium decay. 



Figure 7. Browns Park Area 



D r i l l  Hole SWB-6 

1t1 hole SWB-6, the  e n t i r e  sec t ion  is  oxidized and c o n s i s t s  of t h i n l y  
interbedded, w e l l  sor ted  sandstone, poorly sor ted  clayey sandstone, and . a l t e r e d  ash-fa l l  tuf fs .  The sec t ion  is  fe ldspa th ic  and i r r e g u l a r l y  
calcite-cemented. From 770 t o  780 f e e t  (235 t o  238 m), the re  is  an a l t e r e d  
sandy ash-fa l l  tu f f .  The geophysical logs of SWB-6 show t h a t  the re  i s  a 
gradual increase i n  sediment s i z e  and development of some 2- t o  3-foot 
(1 m)-thick sands i n  the  bottom 80 f e e t  of the  hole. This may ind ica te  
development of a basal  conglomerate o r  a t  l e a s t  a coarse basal  sandstone, but 
t h i s  was not observed i n  t h e  d r i l l  cut t ings.  No zones of anomalous 
rad ioac t iv i ty  were discovered. 

D r i l l  Hole SWB-9 

I n  hole SWB-9, t h e  upper 770 f e e t  (25.5 m) cons i s t s  of th ick  (g rea te r  than 
10 f e e t  o r  3 m) sands t h a t  are medium- t o  fine-grained, moderately w e l l  sorted 
and s l i g h t l y  tuffaceous interbedded with t h i n  ( l e s s  than 3 f e e t  o r  1 m)  sandy 
c lays  which a r e  probably a l t e r e d  ash-fa l l  t u f f s .  Below 770 f e e t  (235 m), t h e  
formation i s  s l i g h t l y  p y r i t i c  and calcareous and t h e  individual  beds become 
progressively th inner  with depth u n t i l  a t  900 f e e t  (274 m) the  t a r g e t  
formation becomes a r e l a t i v e l y  homogeneous, moderately t o  poorly sor ted  
tuffaceous sand. The formation i s  oxidized t o  a depth of 770 f e e t  (235 m) and 
i s  reduced below t o  i D s  contact  H t h  the Btidger Formation a t  1,020 f e e t  
(311 m). The hole ' s  t o t a l  depth i s  1,240 fee t .  No anomalously high 
rad ioac t iv i ty  was measured. 

West Yampa Study Area 

This study a rea  covers approximately 300 square miles (777 km2) over la in  by 
t h e  Browns Park Formation west of t h e  Maybell mining d i s t r i c t  ( P l a t e  I and 
Figure &). The boundary between t h e  Browns Park and West Yampa study areas  i s  
approximately defined by t h e  watershed divide  between t h e  L i t t l e  Snake and 
Yampa Rivers. The eas te rn  boundary of t h i s  s tudy a rea  i s  t h e  "excluded area" 
shown on P l a t e  I. 

Paved highway~3 t ~ a v ~ ) r e & n g  the  West Yampa study area  are U. S. Highway 40 and 
Colorado S t a t e  Highways 318 (north of Maybell) and 57 (south of Haybell). 

The Browns Park For~nahion here lies i n  a r e l a t i v e l y  wide, steep-sided bas in  
thought co be par t  of the  paleovalley of t h e  a n c e s t r a l  Green River ('Plate 111 
and cross  sec t ions  B-B' and C-C*, P l a t e  IV). The Lay syncline t r averses  the  
n o r t w r n  half  of the  a r e a  from *st t o  e a s t ,  and the  Axial Basin a n t i c l i n e  
( a  southern extension of t h e  Uirrta Arch) t r averses  the  southern hal f  of t h e  
a rea  from northwest t o  southeast.  The Maybellmonoaline crosses  the  area  
p a r a l l e l  t o  and jus t  agtrgh af t h e  Lay syncline. Juniper Mountafn, a dome on 
the  Axial Basin a n t i c l i n e ,  rises above-Broms Park sediments on the  southeast  
margin of t h e  study area. Cross Mountain, a fau l t ed  a n t i c l i n e  along t h e  Uinta 
ArchfAxial Basin a n t i c l i n e  trend,  f o w s  t h e  western margin of t h e  study area. 



Mgure 8, West Yampa Area 



To t h e  n o r t h ,  t h e  Wasatch and Green R i v e r  Format ions  of Eocene age  form most 
of t h e  s t u d y  a r e a  boundary,  a long  wi th  a  smal l  a r e a  i n  which l a t e  Cre taceous  
rbcks  of t h e  Will iams Fork,  Lewis, and Lance Format ions  c r o p  ou t  wi th  t h e  F o r t  
Union Formation o f  Paleocene age. To t h e  s o u t h ,  t h e  s t u d y  a r e a  i s  bounded hy 
rocks  of t h e  Mancos, Will iams Fork,  and I l e s  Formations of l a t e  Cre taceous  
age, t h e  For t  Union Formation of Paleocene a g e ,  and t h e  Wasatch and Green 
Itiver 1:onnaLion:; of I'ocene age. These rocks  a r e  exposed i n  a s e r i e s  of broad 
f o l d s ,  t h e  axes  of which t r e n d  nor thwest  t o  s o u t h e a s t .  

Precambrian rocks  of t h e  Uinta  q u a r t z i t e  and Pa leozo ic  rocks  of t h e  Lodore ,  
Morgan, and Madison Formations c r o p  o u t  i n  Cross  Mountain and J u n i p e r  Mountain 
( P l a t e  11) .  It a p p e a r s  t h a t  t h e  d e p t h  of o x i d a t i o n  i n  most of t h i s  a r e a  i s  
c o n t r o l l e d  by a  ground-water t a b l e  r e l a t e d  t o  t h e  Yampa River .  I n  two h o l e s  
c l o s e  t o  t h e  Yampa River  (SWB-1 and SWB-13), t h e  dep th  of o x i d a t i o n  
cor responds  c l o s c l y  w i t h  t h e  e l e v a t i o n  of t h e  r i v e r .  I n  t h r e e  o t h e r  h o l e s  
f a r t h e r  away from t h e  r i v e r  (SWB-11A, SWB-12, and SWB-16), t h e  e l e v a t i o n  o f  
t h e  redox boundary l i e s  from 300 t o  430 f e e t  ( 9 1  t o  131 m) below t h e  Yampa 
River ,  i t s  d e p t h  being g r e a t e r  wi th  i n c r e a s i n g  d i s t a n c e  from t h e  r i v e r .  These 
o b s e r v a t i o n s  correspond w i t h  what might be  expec ted  of a  ground-water t a b l e  
fed by a n ' i n f l u e n t  r i v e r .  However, i n  SWB-14, which i s  c l o s e  t o  t h e  Yampa 
Kiver ,  t h e  e l e v a t i o n  of t h e  redox houndary a s  determined by logg ing  d r i l l  
c u t t i n g s  i s  approx imate ly  200 f e e t  (61. m) above t h e  r i v e r .  The dep th  of 
o x i d a t i o n  i n  t h i s  h o l e  cannot  be r e l a t e d  t o  a  ground-water t a b l e  u s i n g  
a v a i l a b l e  i n f o r m a t i o n ;  however, SWB-14 i s  c l o s e  t o  t h e  Mayhell mining d i s t r i c t  
and l i e s  d i r e c t l y  over  t h e  a x i s  of t h e  Maybell monocline.  Thus i t  i s  p o s s i b l e  
t h a t  r e d u c t a n t s  ascend ing  through t h e  Browns Park Formation i n  t h i s  l o c a t i o n  
have prevented t h e  sed iments  i n  t h i s  h o l e  from being o x i d i z e d  t o  a s  g r e a t  a 
depth  a s  might o t h e r w i s e  be expec ted .  

I n  g e n e r a l ,  t h e  sed iments  encounte red  by p r o j e c t  d r i l l i n g  i n  t h i s  a r e a  a r e  
medium- t o  f ine -gra ined  f e l d s p a t h i c  q u a r t z o s e  s a n d s t o n e s  w i t h  5 t o  40 p e r c e n t  
i n t e r s t i t i a l  c l a y ,  i r r e g u l a r l y  cemented by c a l c i t e  and c o n t a i n i n g  a s h - f a l l  
t u f f s .  I n  t h e  o x i d i z e d  zone of each  h o l e ,  t h e  t u f f s  have been a l t e r e d  t o  
montmor i l lon i t e  and p y r i t e ,  and fe t rnmagnes ian  m i n e r a l s  have been p a r t l y  o r  
complete ly  ox id ized .  I n  t h e  reduced zone of each h o l e ,  t h e  t u f f s  a r e  f r e s h  o r  
p a r t l y  a r g i l l i z e d  and f r e s h  p y r i t e  i s  p r e s e n t  i n  va ry ing  amounts. 

The s a n d s t o n e s  commonly d i s p l a y  fining-upward hedding.  I n  p l a c e s ,  t h i n  
l i m e s t o n e s  were nhserved.  The c h a r a c t e r i s t i c s  of t h e s e  sed iments  i n d i c a t e  
t h a t  t h e  d e p o s i t i o n a l  environment i n  t h i s  a r e a  was mixed f l u v i a l  and 
l a c u s t r i n c ;  probably  an  aggrading r i v e r  v a l l e y  w i t h  i n t e r m i t t e n t  ponding. 
D r i l l i n g  r e s u l t s  a r e  summarized i n  Tab le  4. 

D r i l l  Hole SWB-1 

Hole SWB-1 was cored  from 20 f e e t  ( 6  m) t o  i t s  TD a t  1,175 f e e t  (358 m) t o  
p rov ide  a d a t a  base  f o r  i n t e r p r e t a t i o n  of e l e c t r i c  l o g s  and d r i l l  c u t t i n g s  t o  
be c o l l e c t e d  from o t h e r  p r o j e c t  d r i l l  ho les .  P l a t e  V i s  a  d e t a i l e d  columnar 
s e c t i o n  of t h i s  ho le .  I n  g e n e r a l ,  t h e  t a r g e t  fo rmat ion  i n  t h i s  h o l e  c o n s i s t s  
o f  t h i n -  t o  medium-bedded ( 1  t o  5  f e e t  o r  0.3 t o  1.5 m t h i c k )  t u f f a c e o u s  
sands tone  wi th  v a r y i n g  amounts of i n t e r s t i t i a l  c l a y  d e r i v e d  from a r g i l l i z a t i o n  
of t h e  t u f f a c e o u s  m a t e r i a l .  It i s  o x i d i z e d  t o  approx imate ly  240 f e e t  ( 7 3  m) 



Hole 
No. 

Table  4. Dr:ll-Hole Summary--West Yanpa Area 

Co l l a r  Driller's Geophysically Depth of Depth t o  
E leva t ion  TD Logged Depth Oxidazion Basement 

Locat ion i n  Feet (m) i n  Feet  (m] i n  Feet  (m) i n  Fee: (m) i n  Feet  (m) 

Sec t ion  31, 6041 1175 1170 240 1150 
T7N, R95W ( 1841) (358) (357)  (73)  (351) 

Sec t ion  11, 6043 500 Not logged 500~ Not reached 
T6N, R97U ( 1842) (152) (153) 

Sec t ion  11 ,  6044 1243 1240 5LO 1085 
T6N, R97W ( 1842) (379) (378) ( 165) (33 1)  

Sec t ion  6, 6393 1220 1066 1020 Not reached 
T5N, R96L ( 1943) (372) (325) (301)  

Sec t ion  13,  5985 1820 1807 1 S 0 1084 
T7N, R96W (1824) ('555) (55 1)  (58) (330) 

6068 1509 1501 Sec t ion  20, 6 5 1454 
T7N, R95W ( 1850) (460) (458) ( 2 0) (443) 

Sec t ion  10, 6267 171 165 171 156 
T6N, R95W (1910) :52) (5  0) (52:~ (48) 

Sec t ion  31, 6125, 1210 1210 7 20 1163 
T6N, R95W ( 1868) (369) (369) (219) (354) 

Basement 
Format i on  

Manco s 
Shale  

s o t  
reached 

Upper 
Pa leozoic  
Limestone 

Not 
reached 

I l e s  
Format i o n  

Manco s 
Sha le  

Morgan 
Format i o n  

Morrison 
Format i on  



with a gradational redox boundary. Below this boundary, much of the 
tuffaceous material is fresh, and calcite cement is common. The bedding in 
many places fines upward and where the sediment is finer, the clay content 
usually is greater. Three radioactive anomalies 2 times background (200 CPS) 
were'detected in the target formation: at 468 feet (143 m), from 626 to 
629 feet (191 to 192 m), and at 774 feet (236 m). In the Mancos Shale (the 
underlying formation in this hole), radioactivity 2 times background (200 CPS) 
was measured from 1,154 to 1,160 feet (352 to 354 m) and at 1,167 feet 
(356 m). KUT logging indicates that radioactive decay of uranium contributes 
a significant portion of the total gamma radiation in each of these zones. 

Drill Holes SWB-11 and SWB-11A 
? : 

Holes SWB-11 and SWB-11A are located in the western portion of the study area 
to provide representative sampling of lateral variations within the Browns 
Park Formation. SWB-11 was drilled using an air foam type drilling fluid and 
was abandoned when the hole collapsed. SWB-11A is an adjacent offset drill 
hole. The section here is similar to the section encountered in hole SWB-1: 
medium- to thinly-interbedded, moderately well to poorly sorted, medium- to 
fine-grained, tuffaceous, feldspathic quartzose sandstones; sandy ash-fall 
tuffs, partly or completely argillized; and sparse, thin, sandy limestones 
(logged as calcite-cemented sandstones). The target formation is oxidized 
from the surface to 540 feet (154 m) depth and reduced below this depth to its 
contact with an Upper Paleozoic limestone at 1,085 feet (331 m). Above 800 
feet (244 m), background radioactivity in SWB-11A is lower than in most other 
project drill holes; it is approximately 60 to 70 CPS. In the top 20 feet 
(6 m) of SWB-11A, gamma radioactivity is about 2 times background (120 CPS), 
and from 450 to 464 feet (137 to 141 m), It is approximately 2.5 to 3 times 
background (150 to 200 CPS). This hole was not logged with the KUT probe. 

Drill Hole SWB-12 

Hole SWB-12, near the southern margin of the study area, is located near 
surface uranium prospects in the target formation. It was drilled to 
1,220 feet (372 m) and abandoned before reaching the base of the Browns Park 

' , .  Formation, Because part  o f  the hole collapsed, only 1,066 feet (325 m) were 
geophysically logged. The section here is similar to that encountered in 
holes SWB-1, SWB-11, and SWB-11A, except that it contains far less calcite. 
The target formation is oxidized from the surface to 1,020 feet (311 m) and 
reduced below. No anomalous radioactivity was detected. 

Drill Hole SWB-13 

Drill hole SWB-13 is near surface uranium prospects along the northern margin 
of the study area. The section displays variable sorting and is medium- to 
fine-grained, tuffaceous, feldspathic quartzose sandstone with sparse 
calcite-cemented "ribs" (possibly sandy limestones) and with interbedded sandy 
or silty clay beds which are usually partly or completely argillized air-fall 
tuffs. From the surface to approximately 460 feet, the sand and clay beds are 



nearly equal in proportion and are from 2 to 10 feet (1 to 3 m) thick. The 
target formation is oxidized to a depth of 190 feet (58 m) and reduced from 
there to its contact with the Iles Formation at 1,084 feet (330 m). At 
900 feet, a radioactive anomaly 2 times background (200 CPS) was detected. The 
KUT probe was not used in this hole. 

Drill Hole SWB-14 

SWB-14 also lies near uranium prospects along the northern margin of the study 
area. The sediments encountered in this hole are remarkably homogeneous: 
Thin- to medium-interbedded, moderately well sorted sandstone, sandy clay, and 
mixtures of sand, clay, and silt. The section is tuffaceous throughout and 
pyritiferous and calcareous in the reduced zone, which is from 65 feet 
(20 m) to the contact between the target formation and the Mancos Shale at 
2,454 feet (443 m). Below 975 feet (297 m), fresh pumice fragments were 
observed in the drill cuttings. A zone of 2 to 2.5 times background (200 to 
250 CPS) was measured from the surface to 60 feet. Two other radioactive 
anomalies were detected in SWB-14, both approximate3y 2 times hackgrn~~nd;  nnp 
was at 864 feet (263 m), the other at 932 feet (284 m). KUT logging indicates 
that uranium decay products contribute more radioactivity in these zones than 
do thorium decay products. 

Drill Hole SWB-15 

SWB-15 is located on the northwest flank of Juniper Mountain at the site of a 
radioactive anomaly detected by airborne radiometrics. From the surface to 
108 feet (33 m), the target formation is a tuffaceous, poorly sorted sandstone 
composed of quartz and calcite grains in a clay matrix. Below 108 feet 
(33 m), it is a conglomerate containing quartzite and limestone clasts in a 
clayey matrix. The section is oxidized from the surface to the hole's bottom 
at 171 feet (52 m); the Morgan Formation, encountered at 156 feet (48 m), is 
so weathered that its contact with the target formation i s  gradational, 
passing from the Morgan Formation upward through a regolith into the Browns 
Park Formation. Traces of limonite, hematite, and tarnished pyrite were 
observed in cuttings from the upper 15 feet (5 m) and lower 50 feet (15 m) of 
the target formation, which suggests that sediments in this hole have been 
less intensely oxidized than sediments in the oxidized zones of other project 
drill holes. Radioactivity 2 to 4.5 times background (200 to 440 CPS) was 
measured at the top of the conglomerate from 108 to 122 feet (33 to 37 m). 
KUT logging indicates that thorium decay products contribute a negligible 
proportion of the radioactivity. This radioactive zone was analyzed for 
equivalent U3O8 ore grade and was calculated to contain 6.0 feet (1.8 m) 
of U.UU4 percent equivalent U308 from 108.0 to 114.5 feet (32.9 to 
34.9 m). 



Drill Hole SWB-16 

SWB-16 is near some uranium prospects along the southern margin of the study 
area, just west of Juniper Mountain. The target formation is oxidized from 
the surface to 720 feet (219 m) and reduced from there to its contact with the 
Morrison Formation at 1,163 feet'(334 m). Sediments in the oxidized zone 
consist of fine to medium-grained, tuffaceous, calcareous, feldspathic 
sandstone with varying amounts of interstitial clay and sparse, thin, 
argillized, ash-fall tuffs. In the reduced zone, sediments are similar to 
those in the oxidized zone, except that they contain as much as 2 percent 
pyrite. At 815 feet (248 m), a one-foot-thick zone of radioactivity 2 times 
background (200 CPS) was measured but was not investigated using the KUT 
probe. 

East Yampa Study Area .-- - 

This study area covers approximately 100 square miles (260 km2) of Browns 
Park Fbrmation outcrop between the "excluded area" to the west and Craig, 
Colorado, to the east (Plate 1, Figure 9). Most of the area is traversed by 
U. S. Highway 40. An erosional remnant of the Browns Park Formation lying 
northwest of Craig can be reached via Moffat County Road 7. 

The erosional remnant northwest of Craig is preserved on the downdropped 
blocks of two parallel normal faults. Cedar Mountain, capped by a basalt flow 
remnant, rises above the rest of this Browns Park Formation remnant. The Fort 
Union Formation of Paleocene age crops out along the southwest boundary of the 
remnant and the Wasatch Formation of Eocene age forms the northeast boundary. 

The Browns Park Formation lies in the easternmost part of the ancestral Green 
River's paleovalley in most of the East Yampa study area. m e  paleovalley is 
rather steep-sided here, and some parts of it seem to have been deepened 
somewhat by fault movements. Even so, it is not as deep here as it is to the 
west (Plate 111). 

Along the northern border of this study area, the Lance Formation of late 
Cretaceous age and the Fort Union and Wasatch Formations of early Tertiary age 
crop out. The southern border of the study area is defined by outcrops of the 
Lance, Williams Fort, Ilea, and Mancoe Formations, all of late Cretaceous age 
(Plate I1 and cross section C-C', Plate IV). The axis of the Lay syncline (or 
Browns Park syncline) trends east-west across the study area. The Maybell 
monocline, parallel to and just south of the Lay syncline, dies out in the 
"excluded area". 

Four project drill holes are located in the East Yampa area: SWB-18, SUB-19, 
SWB-20, and SWB-24. The sites of SWB-18, SWB-19, and SWB-20 were selected to 
test for easterly and southerly extensions of known mineralization in the 
"excluded area". The site of SWB-24 was selected to sample the Browns Park 
Formation in an unexplored erosional remnant. Drilling results are summarized 
in Table 5. 



Figure 9. East Yampa Area 



Table 5. Drill-Hole Summary--East Yampa Area 

Collar 
Elevation 
in Feet [m) 

Driller's 
TD 

in Feet (m) 

Geophysically 
Lagged Depth 
in Feet (m) 

Depth of 
Oxidation 
in Feet (m) 

Depth to 
Hole 
wo . - 

Basement Basement 
Location in Feet (m) Forma tion 

456 Fort Union 
(139) Formation 

Section 16, 
T7N, T93W 

Section 22, 
T7N, R93W 

4 52 Lewis 
(138) Shale 

Section 36, 
T7N, R94W 

30 Ile s 
(9) Formation 

Section 8, 
T7N, R91W 

902 Fort Union 
(275) Formation 



D r i l l  Hole SWB-18 

I n  d r i l l  hole SWB-18, t h e  Browns Park Formation c o n s i s t s  of poorly sor ted ,  
ffne-  t o  medium-grained, tuffaceous,  calcareous sandstone with varying amounts 
of  c lay  and s i l t  matrix. The proportion of s i l t  and c lay  increases  with 
depth. There a r e  a few poorly developed, b e t t e r  sor ted  sands i n  t h e  upper 

, 150 f e e t  (46 m) of t h e  hole and some t h i n  ash-fa l l  t u f f s  sca t t e red  through the  
sect ion.  The upper 85 f e e t  (26 m) of t h e  t a r g e t  formation i s  oxidized; it i s  . 
reduced from t h e r e  t o  its contact  with t h e  Fort  Union Formation a t  456 f e e t  
(139 m). Gaseous hydrocarbons were detec ted  i n  t h e  d r i l l  c u t t i n g s  during 
d r i l l i n g .  Anomalous r a d i o a c t i v i t y  was measured i n  t h e  t a r g e t  formation below 
290 f e e t  (88 m). KUT logging ind ica tes  t h a t  most of the  r a d i o a c t i v i t y  i s  i n  
t h e  uranium and potassium s p e c t r a l  bands. The radiometric data  were used t o  
c a l c u l a t e  equivalent uranium ore  grade percentages, and the  r e s u l t s  a r e  
presented i n  Appendix D. Saaiples from severa l  radioact ive  horizons were 
submitted fo r  uranium assay,  and uranium oxide concentrat ions were found t o  be 
s l i g h t l y  lower than expected on the  b a s i s  of equivalent-uranium grade 
c a l c u l a t i o n s  ( see  Appendix C) ;  it i s  not known whether t h i s  i s  due t o  t h e  
sampling procedure ( s e e  Par t  I V ,  sec. 1) o r  a disequil ibrium s i t u a t i o n  (see  
Par t  111, sec. 3). 

D r i l l  Hole SWB-19 

I n  d r i l l  hole  SWB-19, t h e  Browns Park Formation c o n s i s t s  mainly of 
fine-grained o r  f ine-  t o  medium-grained, poorly sor ted ,  calcareous,  tuffaceous 
sandstone with abundant t h i n  ash-fa l l  t u f f s  p a r t l y  o r  completely a l t e r e d  t o  
clay. The t a r g e t  formation i s  oxidized t o  a depth of 80 f e e t  (24 m) and 
reduced from t h e r e  t o  i ts  contact  with t h e  Lewis Shale a t  452 f e e t  (138'm). 
Gaseous hydrocarbons were detected i n  t h e  d r i l l  c u t t i n g s  during d r i l l i n g .  
Ananalous r a d i o a c t i v i t y  was measured i n  t h e  t a r g e t  formation from 
approximately 130 f e e t  (40 m) t o  its base. Anomalous r a d i o a c t i v i t y  was also 
detected  i n  the  underlying Lewis Shale. Most of t h e  r a d i a a c t i v i t y  measured 
was i n  t h e  uranium and potassium s p e c t r a l  bands of t h e  KUT p r ~ b e ,  The 
radiametr ic  data  were used t o  c a l c u l a t e  equivalent  uranium o r e  grade 
percentages, and samples were submitted fo r  uranium assay; t h e  a n a l y t i c a l  
r e s u l t s  a r e  presented i n  Appendices C and Do Again, uranium oxide 
concentrat ions were somewhat lower than expected on the  b a s i s  of 
equivalent-uranium grade ca lcu la t ions ,  perhaps f o r  the  same reasons a s  
wnt-f n n ~ d  ehove. 

D r i l l  Hole SWB-20 

SWB-20 encountered a 30-foot(9-m)-thick l a y e r  of t h e  Browns Park Formation 
overlying t h e  Iles Formation of Cretaceous age. The t a r g e t  formation here 
c o n s i s t s  of a f ine-  t o  medium-grained, poorly sor ted ,  calcareous,  tuffaceous 
sandstone. Oxidation extends 20 f e e t  (6 m) i n t o  t h e  I l e s  Formation. No 
anomalous r a d i o a c t i v i t y  was measured i n  t h e  Browns Park Formation. I n  t h e  
Iles Formation, however, zones of r a d i o a c t i v i t y  2 t o  3 times background 
(200 t o  300 CPS) were detected from 45 t o  50 f e e t  (14 t o  15 m) and a t  66 f e e t  
(20 m), 88 f e e t  (27 m), 196 f e e t  (60 m), and 243 f e e t  (74 m). The two 
uppermost zones may be associa ted  with t h e  oxidation/reduction boundary, and 
t h e  lower th ree  zones a r e  associa ted  with c lay  o r  shale  beds. These zones 
were not inves t igated  with t h e  KUT tool .  



D r i l l  Hole SWB-24 

I n  d r i l l  hole SWB-24, t h e  upper 540 f e e t  (165 m) of t h e  Browns Park Formation 
is  oxidized and c o n s i s t s  of medium t o  t h i c k  ( 3  t o  18 f e e t  o r  1 t o  5 m) beds of 

d poorly sor ted ,  tuffaceous,  fe ldspathic ,  l o c a l l y  calcareous sandstone 
interbedded with medium t o  t h i n  ( l e s s  than 3 f e e t  o r  1 m) beds of clayey 
sandstone and sandy clay. From 540 f e e t  (165 m) t o  the  top  of the  For t  Union . 
Formation a t  902 f e e t  (275 m), t h e  t a r g e t  formation i s  reduced and i s  a t h i n l y  
bedded medium- t o  fine-grained, tuffaceous,  f e ldspa th ic ,  l o c a l l y  calcareous 
sandstone with varying amounts of c l a y  matrix. Radioact iv i ty  approximately 
twice background (200 CPS) was detec ted  i n  t h e  Browns Park Formation a t  597 
f e e t  (182 m), from 700 t o  706 f e e t  (213 t o  215 m), a t  760 f e e t  (232 m), 805 
f e e t  (245 m), and 844 f e e t  (257 m). These zones were not inves t iga ted  with 
t h e  KUT probe. 

North Routt Study Area 

The North Routt a rea  comprises approximately 300 square miles (777 km2) 
north and northwest of Steamboat Springs, Colorado. The Browns Park Formation 
crops out discontinously i n  the  a rea  a s  eros ional  remnants preserved i n  
grabens, on t h e  downthrown s i d e  of f a u l t s ,  under caps of volcanic rocks, and 
where igneous d ikes  and sills r e t a r d  eros ion of the  intruded sediments. These 
eros ional  remnants range i n  s i z e  from less than one square m i l e  (2-112 km2) 
t o  approximately 150 square m i l e s  (389 km2). The p r inc ipa l  roads t r ave r s ing  
the  a rea  are maintained by Routt County o r  t h e  U.S. Forest  Service; a l s o ,  an 
vnnumbered paved road connects Hahns Peak Vi l lage ,  Colorado, with Steamboat 
Springs (Figure 10). 

In t h i s  a rea ,  t h e  Browns Park Formation rests on a s t r u c t u r a l l y  deformed 
eros ional  surface  which once sloped westward from t h e  crest of the  Park Range. 
From e a s t  t o  west, rocks ranging from Precambrian t o  e a r l y  Ter t i a ry  i n  age 
under l ie  and crop out  adjacent  t o  the  Browns Park Formation (P la te  11). 
Intermediate t o  bas ic  d ikes ,  sills,  s tocks ,  and diatremes (such a s  t h e  Hahns 
Peak stock and the  d ikes  a t  P i l o t  Knob) i n j e c t  the  Browns Park sediments i n  
places and intermediate-composition volcanic  rocks cap p a r t s  of the  formation, 
as  a t  Sand Mountain and Meaden Peak (Buff ler ,  1967) ( P l a t e s  I and 111). The 
general s t r u c t u r a l  r e l a t ionsh ips  i n  t h i s  a r e a  a r e  i l l u s t r a t e d  by c ross  sec t ion  
D-D', P l a t e  I V .  Buff ler  (1967) presents  a c ross  sec t ion  of t h e  western par t  
of t h i s  study a r e a  and a contour map drawn on t h e  base of the  Browns Park 
Formation i n  t h e  North Rautt area. 

A s  noted above, t h e  Browns Park Formation i s  preserved i n  p a r t s  of t h e  study 
a r e a  on t h e  downthrown blocks of various post-Laramide f a u l t s .  Most of these  
f a u l t s  a r e  p a r a l l e l  t o  Laramide-age f a u l t s  but moved i n  t h e  sense opposi te  t o  
t h a t  of t h e  Laramide movement (Buff ler ,  1967; I z e t t ,  1975). Buf f l e r  (1967) 
r epor t s  a s  much as 2,000 f e e t  (600 m) of displacement on one of the  
post-Laramide f a u l t s  i n  t h e  study a rea  and lesser, though considerable,  
displacements on others. He a l s o  s t a t e s  t h a t  some of t h e  post-Laramlde f a u l t s  
vary i n  amount of displacement along t h e i r  lengths ,  and may even fade i n t o  
monoclinal f l exures  a s  throw decreases. 





In general, the Browns Park Formation in this area is poorly consolidated, 
poorly to moderately well sorted, tuffaceous, feldspathic, quartzose sandstone 
with varying amounts of clay matrix and calcite cement. A basal conglomerate 
was encountered in some project drill holes in this study area; it contains 
pebbles and cobbles of plutonic and metamorphic rocks most likely derived from 
the nearby Park Range. 

In this area, the Browns Park Formation appears to consist of fluvial and 
eolian sediments eroded from the Park Range and deposited in the adjacent 
basin to the west; a depositional environment similar to the intermontane 
basins of the Wyoming Basin physiographic province. However, Buffler (1967) 
performed a detailed heavy mineral analysis of samples from the Browns Park 
and other formations in the North Routt area as well as stream sediment 
samples from the Park, Gore, Sawatch, and Elk Mountains and found that the 
Park Range could not have provided the heavy mineral assemblage present in 
this part of the Browns Park Formation. He postulates a source area for the 
Browns Park sandstones far to the south, possibly in the southern Gore Range, 
the Elk Mountains near Aspen, Colorado, or the Sawatch Range and San Juan 
Mountains of southern Colorado. Furthermore, on the basis of detailed 
sedimentologic work and field mapping, Buffler (1967) indicates that most of 
the primary sedimentary structures and sedimentology of the Browns Park 
Formation in this area indicate considerable eolian transport and deposition 
in an eolian environment. 

There are six project drill holes in the North Routt area, one of which is an 
offset drill hole adjacent to a hole abandoned due to difficult drilling and 
another of which is a hole offset approximately 1/2 mile (1 km) from a hole 
which may not have encountered the target formation. Drill-hole locations 
were selected to sample relatively unexplored portions of the target formation 
and on the basis of ease of access. Drilling results are summarized in 
Table 6. 

Drill Hole SWB-25 

SWB-25 is adjacent to a fault that bounds a portion of the Browns Park 
Formation. From the surface to 100 feet (30 m), the target formation is a 
fine- to medium-grained. poorly sorted, feldspathic sandstone, tuffaceous in 
part, and it is oxidized. Below 100 feet (30 m) lies the basal conglomerate, 
which is partly oxidized and contains traces of pyrite. The underlying 
formation is the Lewis Shale, which was penetrated at 130 feet (40 m). No 
anomalous radioactivity was detected. 

Drill Hole SUB-26 

SWB-26 is located adjacent to the mapped contact between the Browns Park 
Formation and the Lewis Shale. The Lewis Shale was penetrated at 55 feet 
(17 m). The sediments above that are oxidized and consist of pebbles, 
cobbles, and boulders of intermediate composition, volcanfc rocks with a sandy 
matrix composing approximately 15 to 20 percent of the sediment. The voleanic 
clasts are angular to subrounded. It is Uncertain whether these sediments are 
part of the Browns Park or are a younger surficial deposit. No anomalous 
radioactivity was detected. 



Table 5. Drill-Hole Summary--North Rout t Area 

Collar  
Elevation 

i n  Feet (m) 

D r i l l e r 7 s  
TD 

i n  Feet (m) 

Geophysically 
Logged Depth 

i n  Feet (m) 

Depth of 
Oxidat ion  

i n  Feet gm) 

Depth t o  
Basement 

i n  Feet (m) 
Hole 

No. - 
Basement 
Formation Locat ion 

SWB -25 Section 1 C ,  
TION, R87W 

Lewis 
Shale 

Section 25, 
TION, R87C 

Lewi s 
Shale 

Section 36, 
TlON, R87k- 

Lewis 
Shale 

Section 8,  
TlON, R8W 

Manco s 
Shale 

Section 32, 
TION, R86W 

Not reached Not 
reached 

Section 32, 
TION, R86M 

I l e s  
Format ion  



D r i l l  Hole SWB-26A 

Because of the  uncertainty concerning the  sediments i n  SWB-26, an o f f s e t  hole, 
SWB-26A, was d r i l l e d  approximately 1/2 m i l e  ( 1  km) t o  the east-southeast. In  
t h i s  hole, 1,496 f e e t  (456 m) of Browns Park Formation sediments were 
penetrated; the  Lewis Shale underlies the  ta rge t  formation here. The upper 
80 f e e t  (24 m) i s  oxidized, the  remainder of the  sect ion appears t o  be par t ly  
oxidized; it displays wide var ia t ion  i n  a l t e r a t ion  of t u f f s  and fe ldspars  and 
contains both pyr i te  and limonite. Otherwise, the  t a rge t  formation i n  t h i s  
hole is remarkably homogeneous. It is a fine-grained, moderately well  sorted,  
tuffaceous, feldspathic sandstone. The clay matrix var ies  from 10 t o  
35 percent of the rock, and there  a r e  scat tered calcite-cemented "ribs". A 
core sample representing the i n t e rva l  from 507.0 t o  507.4 f e e t  (154.5 t o  
154.7 m) was submitted f o r  petrographic analysis;  the r e su l t s  a r e  presented i n  

SWB-27 i s  adjacent t o  the  igneous in t rus ion  a t  Hahns Peak. The sect ion i n  
t h i s  hole i s  f a i r l y  complex, but i n  general, i t  grades from a tuffaceous 
sandstone a t  the surface t o  a pebble-cobble conglomerate a t  180 f e e t  (55 m) 
where the  Browns Park Formation contacts the  Mancos Shale. The formation 
displays varying degrees of post-depositional a l t e r a t ion  apparently re la ted t o  
the  b h n s  Peak intrusion.  A core sample representing a portion of the  basal  
coug~omerate between 145 and 150 f e e t  (44 t o  46 m) was submitted f o r  
petrographic analysis and the r e su l t s  are presented i n  Appendix B. From 40 t o  
42'Feet (12 t o  13 m), radioact ivi ty  3 times background (300 CPS) was measured 
but was not investigated using the  KUT tool. - 

D r i l l  Holes SWB-28 and SWB-28A 

SWB-28 and SWB-288 a r e  located on the east s i d e  of Sand Mountain and were 
intended t o  penetrate the  e n t i r e  Browns Park Formation where it is  thought t o  
reach its greates t  thickness. When hole SWB-28 was abandoned shor t  of the  
base of the  Browns Park Formation, an  o f f se t  hole, .SWB-28A, was d r i l l e d  
adjacent t o  i t  and reached the undeylying Iles Formation at  1,864 f e e t  
t568 m I n  In both holes, the ta rge t  formation i s  composed.pf f ine- t o  medium- 
grained, poorly to  moderately w e l l  sorted,  tuffaceous, fe ldspathic  sandstone 
with var iable  irmounta of clay matr%x, occaeicmal t h i n  c lay beds, and scat tered 
t races  of ca lc i te .  There were eople s ign i f ican t  differences between: the  holes, 
however. In  hole SWB-28, the  oxidized zone penetrated 100 f e e t  (30 m) deeper 
than i n  hole SUB-28A. Also, below 500 f e e t  (152 m) i n  both holes, numerous 
zones of anomalous radioact ivi ty  (from 2 t o  40 times backgrowd) were 
detected, but by comparing the  geophysical logs of the  two holes, i t  was found 
tha t  the  zones a r e  associated w i t h d i f f e r e n t  beds and l i e  a t  d i f fe ren t  depths 
i n  the  two holes. Equi-nt d i f f i c u l t i e s  prevented IRJT lagging of hole 
SWB-28, but i n  hole SWB-28A, KUT legging shows t h a t  thorium decay products do 
not contribute a s ignif icant  proportion of the  t o t a l  gamma radioactivity.  
Using the gamma logs, equivalenturanium grade uranium oxide concen- 
t r a t i ons  were calculated, and cutt ing8 samples from some of the  



rad ioac t ive  i n t e r v a l s  were assayed f o r  uranium content. The r e s u l t s  a r e  
presented i n  Appendices C and D o  The surpr i s ing ly  low concentrat ions may be 
t h e  r e s u l t  of sampling procedures ( see  Par t  I V ,  sec. 1)  o r  a disequil ibrium 
e i t u a t i o n  ( see  Par t  111, sec. 3). A core  sample representing the  i n t e r v a l  
from 922.0 t o  922.4 f e e t  (281.0 t o  281.1 m) i n  hole SWB-28A was submitted fo r  
petrographic a n a l y s i s ,  and t h e  r e s u l t s  a r e  presented i n  Appendix B. 

South Routt Study Area I 

This  a r e a  c o n s i s t s  of Browns Park Formation eros ional  remnants cropping out i n  
a 150-square-mile (46 km2) a r e a  south of Steamboat Springs, Colorado 
( P l a t e  I; Figure 11). Colorado S t a t e  Highway 1 3 1 t r a v e r s e s  t h e  area. 

The geological  s e t t i n g  of t h i s  study a rea  i s  almost i d e n t i c a l  t o  t h a t  of t h e  
North Routt study area. The Browns Park Formation is  preserved on t h e  
downthrown blocks of post-Laramide f a u l t s .  These f a u l t s  a r e  p a r a l l e l  t o  
Laramide f a u l t s  with movement i n  t h e  opposite  sense t o  t h e  Laramide movements. 
The p r inc ipa l  d i f fe rence  i n  t h e  geologic s e t t i n g  between the  two a reas  is  t h a t  
t h e  igneous rocks in t rud ing  and capping t h e  Browns Park Formation a r e  of bas ic  
composition i n  t h i s  a r e a  i n  con t ras t  t o  the  mixture of intermediate- and 
basic-composition igneous rocks i n  t h e  North Routt area. The general  
s t r u c t u r a l  and s t r a t i g r a p h i c  re la t ionsh ips  are i l l u s t r a t e d  by P l a t e  I1 and 
c ross  s e c t i o n  E-E', P l a t e  IV. 

There a r e  two projec t  d r i l l  holes i n  t h i s  area: SWB-29 and SWB-30. Hole 
SWB-29 was intended t o  sample t h e  t a r g e t  f o m a t i o n  i n  a low-lying area;  hole  
SWB-30 was t o  sample the  t a r g e t  formation i n  a topographically high a r e a  and 
is  loca ted  near a s i t e  of anomalously high thorium rad ioac t iv i ty  detected by a 
BFEC in-house radiometric survey. Dr i l l ing  r e ~ u l t s  a r e  summarized i n  Table 7. 

D r i l l  Hole WB-29 

I n  hole SWB-29, t h e  t a r g e t  formation Is oxidized from the surface t o  i t s  
contact  with t h e  Mancos shale  a t  1,210 feet (402 m). The Browns Park 
Formation i n  t h i s  hole  is a t h i n l y  bedded, fine-grained, calcareous,  
tuffaceous,  f e ldspa th ic  sandstone with t h i n  in terbeds  of c lay  and 
calcite-cemented sandstone. There is genera l ly  an abundant c lay  matrix (15 t o  
40 percent),  possibly a r g i l l i z e d  tuffaceous material. Below 1,030 f e e t  
(314 m ) ,  i t  i s  l o c a l l y  conglomeratic, containing pebbles of metamorphic and/or 
plutonic rocks. Limonite is  common throughout. Radioactivi ty ranging from 
2 t o  4-112 t imes background (200 t o  450 CPS) was meamred a t  15 f e e t  (5 m) ,  
201 f e e t  (61 m) ,  from 414 t o  420 f e e t  (126 t o  128 m), from 724 t o  728 f e e t  
(221 t o  222 m), a t  771 f e e t  (235 m), 940 f e e t  (287 m), 991 f e e t  (302 m), 
1,001 f e e t  (305 m), 1,096 f e e t  (334 m), 1,010 feeL (336 m), a ~ l d  1,172 f e e t  
(357 m). Only 1,189 f e e t  (362 m) of SWB-29 was geophysically logged because 
t h e  hole collapsed below t h a t  point. The uranium oxide grade equivalent t o  
t h e  measured gamma r a d i a t i o n  was 'calculated t o  be th ree  f e e t  ( 1  m) of 
0.003 percent U3O8 from 725 t o  728 f e e t  (221 t o  222 m). KUT logging shows 
t h a t  t h i s  r a d i o a c t i v i t y  i s  primari ly t h e  r e s u l t  of uranium decay products. 





Table 7. Drill-Hole Suamary-+outh Routt Area 

Collar Dr i l l e r  ' s Geophysically Depth of Depth t o  
Hole Elevation TD Logged Depth Oxidation Basement Basement 
No. - Location i n F e e t  (m) i n F e e t  (m) i n  Feet (m) i n  Feet (m) i n  Feet  (m) Formation 

SWB-29 Section 12, 7038 1327 
T4N, R83J (2 14 5) (404) 

SWB-30 Section 6, 941 5 
T2N, R84U (2870) 

1320 Manco s 
(402 Shale 

180 Mancos 
(55) Shale 



Drill Hole SWB-30 

In hole SWB-30, the Browns Park Formation is oxidized from the surface to its 
contact with the Mancos Shale at 180 feet. The upper 20 feet (6 m) of the 
target formation is a moderately poorly sorted, fine- to very fine-grained, 
calcareous sandstone with as much as 30 percent clay matrix. From there to 

* the base of the formation, it is a conglomerate containing pebbles and cobbles 
of plutonic and/or metamorphic rocks. The conglomerate is tan to gray, has a 
matrix of fine-grained sand, silt and clay, is calcareous and can probably be 
classified as an arkose. The bottom 20 feet (6 m) of the conglomerate is 
yellow-brown in color and contains angular siltstone and claystone fragments. 
Background radioactivity in this hole is higher than in other project drill 
holes (150 to 180 CPS in contrast to the usual 80 to 120 CPS). No radioactive 
anomalies were detected in hole SWB-30. 



CONCLUSIONS ON URANIUM FAVORABILITY AND RESOURCES 

Assessment Cri ter ia  

Known economic uranium d e p o s i t s  i n  t h e  Browns Park Formation a r e  l a r g e l y  
c l a s s i f i e d  a s  nonchanne l -con t ro l l ed  peneconcordant sandstone- type d e p o s i t s  a s  
d e f i n e d  by Aus t in  and D'Andrea (1978) ( C r a i g  e t  a l ,  1980a, 1980b). There a r e  
minor  economic uranium d e p o s i t s  i n  t h e  Browns Park Formation which a r e  
c l a s s i f i e d  a s  v e i n  d e p o s i t s  i n  sands tone  a s  d e f i n e d  by Mathews (1978) ( C r a i g  
e t  a l ,  1980a,  1980b). The c r i t e r i a  f o r  f a v o r a b i l i t y  of a n  a r e a  f o r  uranium 
m i n e r a l i z a t i o n  ( " f a v o r a b i l i t y  c r i t e r i a " )  used i n  t h i s  r e p o r t  a r e  based on t h e  
c r i t e r i a  e s t a b l i s h e d  f o r  t h e s e  t y p e s  of d e p o s i t s  by A u s t i n  and D'Andrea i n  
Mickle and Mathews (1978)  and by Mathews, J o n e s ,  P i l c h e r ,  and D'Andrea 
( 1978). 

The f a v o r a b i l i t y  c r i t e r i a  f o r  the Browns Perk Formation au used i l k  tlds r e p a r t  
are: 

1. P resence  of uranium m i n e r a l s  a n d / o r  anomalously h i g h  r a d i o a c t i v i t y .  
2. Presence of q u a r t z o s e  c o n t i n e n t a l  sediments  t h a t  a r e  f e l d s p a t h i c  a n d / o r  

t u f f a c e o u s  a s  a s o u r c e  of uranium. 
3. Presence  of modera te ly  poor ly  s o r t e d  mediuill- t o  coarse -gra ined  sands  

a l t e r n a t i n g  w i t h  s i l t s t o n e s  o r  mudstones. 
4. P resence  of u n c o n f o r m i t i e s  w i t h i n  o r  under ly ing  t h e  t a r g e t  format ion.  
5. P r e s e n c e  of o r g a n i c  carbonaceous  m a t e r i a l .  
6 .  Presence of r e d u c t a n t s .  I n  t h e  p r o j e c t  a r e a ,  t h e s e  may be p y r i t e ,  

hydrocarbons  o r  hydrogen s u l f i d e  g a s  w i t h i n  t h e  t a r g e t  fo rmat ion  o r  a 
s o u r c e  of hydrocarbons  a n d / o r  hydrogen s u l f i d e  gas  under ly ing  t h e  t a r g e t  
fo rmat ion .  

7. Presence of p e r v a s i v e ,  p o s t - d e p o s i t i o n a l  a l t e r a t i o n  such  a s  b l e a c h i n g ,  
o x i d a t i o n  of fe r romagnes ian  m i n e r a l s ,  and a r g i l l i z a t i o n  of f e l d s p a r s  o r  
t u f f a c e o u s  m a t e r i a l .  

Another important  f a v o r a b i l i t y  criterion f o r  uranium m i n e r a l i z a t i o n  i s  t h e  
p r e s e n c e  of f r a c t u r e s ,  f a u l t s ,  and f o l d s  i n  t h e  t a r g e t  format ion.  These 
s t r u c t u r a l  f e a t u r e s  c a n  p rov ide  c o n d u i t s  t o  pass  gaseous  o r  l i q u i d  r e d u c t a n t s  
th rough  t h e  h o s t  r o c k s  and p rov ide  s i tes  f o r  t h e  accumulat ion of r e d u c t a n t s  
and uranium minera l s .  T h i s  c r i t e r i o n  i s  not  used i n  t h i ~  r e p o r t  because  
s t r u c t u r a l  f e a t u r e s  cannot  be d e t e c t e d  i n  d r i l l  c u t t i n g s  samples.  However, 
uranium m i n e r a l i z a t i o n  c o n c e n t r a t e d  a long  f r a c t u r e s  and f a u l t s  i s  r e p o r t e d  
from t h e  Maybell and Po ison  B a s i n  mining d i s t r i c t s  (Ormond, 1957, Lewis, 
1977). 

'l'hs twu must: important  t a v o r a b i l i t y  c r i t e r i a  f o r  uranium m i n e r a l i z a t i o n  i n  t h e  
Sand Wash Bas in  are t h e  p resence  of uranium m i n e r a l s  a n d / o r  anomalously h igh  
r a d i o a c t i v i t y  and t h e  p resence  o f  r e d u c t a n t s ,  p a r t i c u l a r l y  hydrocarbons  o r  
hydrogen s u l f i d e  gas.  P o t e n t i a l ,  though unproven, s o u r c e s  of hydrocarbons  

. a n d / o r  hydrogen s u l f i d e  gas u n d ~ r l ~ c  t h e  t a r g e t  fo rmat ion  i a  p a r t s  of a l l  s i x  
s t u d y  a r e a s ,  and p r o j e c t  d r i l l i n g  d e t e c t e d  anomalously h i g h  r a d i o a c t i v i t y  i n  
a l l  s i x  a r e a s .  



F a v o r a b i l i t y  Assessments 

A number of a r e a s  favorab le  f o r  uranium mine ra l i za t i on  wi th in  t h e  Browns Park 
Formation have been i d e n t i f i e d  by previous i n v e s t i g a t o r s .  P ro j ec t  d r i l l i n g  
v e r i f i e d  t he  f a v o r a b i l i t y  of po r t i ons  of t h e  Browns Park, West Yampa, and East  
Yampa s tudy  a reas .  These a r e a s  were des igna ted  a s  favorab le  f o r  uranium 
mine ra l i za t i on  i n  t he  t a r g e t  formation by Craig e t  a 1  (1980a, 1980b) and 
Bennett  (1980). Pro jec t  d r i l l i n g  r e s ' u l t s  a l s o  show t h a t  p a r t s  of t h e  North 
Routt and South Routt  s tudy a r e a s  a r e  f avo rab l e  f o r  uranium mine ra l i za t i on .  
Neither t r a c t  was regarded a s  f avo rab l e  f o r  uranium mine ra l i za t i on  by Craig 
e t  a 1  (1980a),  though Bennett  (1980) des igna ted  t h e  South Routt  s tudy a r e a  a s  
favorab le ,  and Bolivar  and H i 1 1  (1979) found anomalous concen t r a t i ons  of 
uranium i n  s u r f a c e  water and stream sediment samples from port ions,  of t h e  
South Routt .  region.  

The Eas t  Yampa and Nest Yampa s tudy  a r e a s  a r e  t h e  most. favorab le  f o r  uranium 
mine ra l i za t i on  i n  t h e  Browns Park Formation. The o t h e r  reg ions ,  i n  descending 
order  of f a v o r a b i l i t y  a re :  t h e  South Routt  a r e a ,  t h e  Browns Park a r e a ,  t h e  
North Routt  a r e a ,  and t h e  North Browns Park a rea .  This  h i e r a r chy  of 
f a v o r a b i l i t y  i s . b a s e d  on p ro j ec t  d r i l l i n g  r e s u l t s ,  t h e  Craig and Vernal NTMS 
quadrangle eva lua t ions  (Craig e t  a l ,  1980a and 1980b), i n t e r p r e t a t i o n  of 
a e r i a l  rad iomet r ic  d a t a  from t h e  Cra ig  and Vernal quadrangles  (Bennet t ,  1980), 
and hydrogeochemical and stream sediment sampling of t h e  Craig and Vernal 
quadrangles  (Bol ivar  and H i l l ,  197 9). 

Target formation sediments i n  t h e  Eas t  Yampa and West Yampa t r a c t s  meet a l l  
seven f a v o r a b i l i t y  c r i t e r i a  used i n  t h i s  r e p o r t ;  t h e  t h i c k e s t  and most 
r a d i o a c t i v e  zones measured during p r o j e c t  d r i l l i n g  a r e  i n  ho l e s  SWB-18 and 
SWB-19 i n  t h e  Eas t  Yampa area .  The two r eg ions  a r e  separa ted  by t h e  Maybell 
mining d i s t r i c t ,  near  which cond i t i ons  f o r  uranium mine ra l i za t i on  a r e  most 
favorable .  Favorab i l i t y  dec reases  wi th  d i s t a n c e  from t h e  Maybell d i s t r i c t ,  a s  
r e f l e c t e d  by r a d i o a c t i v i t y  measured i n  p ro j ec t  d r i l l  holes .  These two t r a c t s  
encompass t h r e e  favorab le  a r e a s  o u t l i n e d  by Craig e t  a 1  (1980a, 1980b) and a r e  
pa r t  of a  favorab le  a r e a  des igna ted  by Bennet t  (1980). 

Low-lying por t ions  of t h e  Browns Park Formation i n  t h e  South Routt reg ion  a r e  
favorab le  f o r  uranium mine ra l i za t i on ;  uranium may be suppl ied  t o  t h e s e  
sediments by uran i fe rous  s u r f a c e  waters  and s t ream sediments from t h e  nearby 
Park and Gore Ranges ( a s  r epo r t ed  by Bo l iva r  and H i l l ,  1979) o r  by leaching  of 
t h e  h ighe r  por t ions  of t h e  t a r g e t  formation. Sediments pene t ra ted  by p ro j ec t  
d r i l l i n g  i n  t h i s  l o c a t i o n  meet f i v e  of t h e  f a v o r a b i l i t y  c r i t e r i a  used i n  t h i s  
r epo r t .  This  i s  a  new favorab le  a r e a ,  recognized a s  such by Bennett  (1980) 
but not by Craig e t  a 1  (1980a). 

Browns Park Formation sediments encountered by p ro j ec t  d r i l l i n g  i n  t h e  Browns 
Park s tudy  a r e a  meet s i x  of t h e  seven f a v o r a b i l i t y  c r i t e r i a .  A l l  of . t h i s  
reg ion  i s  des igna ted  a s  f avo rab l e  by Bennett  (1980),  and Cra ig  e t  a 1  (1980b) 
expanded a  des igna ted  f avo rab l e  a r e a  t o  i nc lude  t h e  p a r t  of t h i s  reg ion  from 
ho le  SUB-5 t o  t h e  Utah-Colorado border.  P ro j ec t  d r i l l i n g  de t ec t ed  anomalous 
r a d i o a c t i v i t y  i n  t h e  t a r g e t  formation,  but i t  i s  t o o  w a k  t o  i n d i c a t e  
equivalent-uranium grades  exceeding 0.001 percent  U308. 



The North Routt region is a new favorable area, not recognized as such by 
previous workers. Project drilling encountered significant anomalous 
radioactivity in holes SWB-27, SWB-28, and SWB-28A; this is the first reported 
evidence of uranium occurrences in this area. Target formation sediments 
penetrated by project drilling in this tract meet six of the seven 
favorability criteria. 

The North Browns Park study area is the least favorable of the six tracts for 
u.ranium mineralization, although sediments penetrated by project drilling in 
this locale meet five of the favorability criteria. Only minor anomalous 
radioactivity was detected by project drilling here, the volume of Browns Park 
Formation sediments is small, and the region is not recognized as favorable by 
other workers. 

Kesource Estimate 

Potential uranium resource estimates assigned to the Broms Park Formation In 
the Sand Wash Basin have been revised upward as of October, 1986, by the 
Resource Division of the Department of Energy's Grand Junction Office. The 
new estimates are based in part on the results of this project: 

Potential Uranium Resources 
Br'uwuu P a ~ k  FuinaLluu 

Tons U3Q8 
(Metric Tons U308) 

at a Forward Cost of $50/lb U3O8 
($110 per Kllug~am) 

Probable Ppssible SIT_I!_C,U~~~~~!?!? 

June 1979 15,100 
(1 5,300) 

October 1980 17,486 
(27,766) 

Not assigned 

Not assigned 

For future exploration in the Sand Wash Basin, the Browns Park Formation may 
be regarded as a suitable host for uranium mineralization, or, as suggested by 
Bennett (1980), as a source of uranium for underlying formations suitable as 
host rocks for uranium mineralization. In the North Routt and South Routt 
tracts, large volumes of Browns Park Formation sediments occupy 
topographically high positions and are subject to leaching of uranium. Most 
of the target formation is oxidized, and perhaps leached of most of its 
uranium, in the Browns Park region. In and near the North Browns Park study 
area, an unknown volume of the target formation has been weathered and removed 
by erosion. In each of these areas, uranium contained in the Browns Park 
Formation has been mobilized, and therefore it is possible that the uranium 
has been concentrated in suitable host formations presently or formerly 
underlying the Browns Park Formation. 
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Interbedded thin sandstone, tan to reddish-brown, 
feldspathic, moderately well sorted, subrounded,, 
medium- to fine-grained; and thin sandstone, 
tan to reddish-brown, feldspathic, clayey, 
poorly sorted, subrounded, fine- to medium- 
grained; irregular calcareous zones and 
some thin altered tuffs, buff to salmon 
col ored 

.. 

Sandy ash, altered, 770 to 780 feet 

Uinta Quartzite - 1,195 feet 
TD - 1,209 feet 

==  
g 

200 

400 

600 

800 

1000 

l Z U 0  

h 

Q) 

> %I 
.- 
4- 
0 -  

0 0 

G g CEz 

= 
2x3: c r . - . C r o  
E o +  
o a m  
0 

ox 

0 - 
r, 
0 

& 
........-.:. ; :.... .:.:... .... : .!. .. .:...::: .... 
(:;;::;:::..-.* 

.:a;.:... . <' ............ I:.. ... ...,..: 
::.;.:::.:.:::{. ...:::.. ..?::..: .......... ,.::.. ...c;:~.::; .:.::;.:..::.. 
~.::~+....:~k' ....... .... ':. .:;..:' 
.;*z:j;:; !.*.:. .r. 
'., .:::;:;<::;.: 
!.4:.y,<..::;.::.. 
..>: ....... : :?. ... :.' .... c::,:i;.:: . . . . . .  .......... 
:.:.*::;,ta ..;:*: 
,:..<.::.::..< 
'5.;. ..: :.: ... . ;: ..; !;;:::: ...... 
*:. 2:. ." . . ;;-:;.:;;>;.;:: ....... : ....... :.: I:;:+;?:;::; :..:::::.... .. .... .:-.'::' :.:.: .:.: :::: 
I::;.: ....:t 5. :y::.:..: ....$ 

a :...:,:;:::;:i ::;::. .:.:.:.:*: . . .  .: .... .... -. :;.. 1;: ,.$:! ... : ;...: ::: ..-. :x:: 
::. ....:...:.. . .. 4$& ...?, 

.I.. 

::;;;:.:.:;:. .;!?..::......, '. .:.-.:.:..::..;: . ::.: ......... : ........ . ::.: .. :...;.:<:; ................ ..... . ..,........'... ::! .............. :;->! ;:/:; 
& .<::.:...::..? 
7 .......... : . f  ... . ............ :...;..t::.. 
: : ..... .::;.:..:.: ..., .. .:,..* 
i a*,... : ... .::*. 
:ct:::; ;..::; :,:;: 
: . ,:..,. . ...::.g::i ....... *::.:'+,.. ....... y:.: ::..:., . '.': :: -:.,::..:. :-... . 
,;::..:.>$;;:::, 

,.:.=;; 
::i::;::>:y; 
;.; ::-...: .;y 

. d  . : ........ : *k ........ ..: ..!.*. :: .-. .. ..... ... :.:.. 7 
2-.. I....... .,::.:- :. ..:. ... ..:.... : :.::;::;::;:; 
: .$!::*.-::4! .. ' :. ...:.. :.-? .;: !,:.?::: !-.-2 ..; .;.:::-* ... .. ,. .:.I.:. ::: .......... :.:;:.;::.: :s .... .'.r .<.fie ?..-. ....:y ' *"'*'."-A 



STRATIGRAPHIC COLUMNAR SECTION 
HOLE SWB-9 

LEGEND 

Vettical Swle Conplomemtr (ic) 83 Limestone (colcoreour) 
0 100 200 ft - Sandstone Tuff 

Clay (shale) 

61 

DESCRIPTION S REMARKS f =  
Q g  
0 ,  

200 

'.400 

600 

800 

1000 

1200 

1400 

n 
0 ul 
2 p . S  c 0 

0 =' 

a 

o - = ' Z 2 ?  cr2?.573, 
E Q ) c  

v g e m  
(Surface Soil 1 

Interbedded thick sandstone, buff to  tan, medium- to 
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DESCRIPTION S REMARKS 

(Surface Soil ) 

Sandstone, t a n  t o  brown, f ine-  t o  medium-grained, 
,.,, .+ .. moderately w e l l  sor ted ,  subangular t o  , ,  :. 
LA., v. -. :- .,,,. ,: ' 

, ;;- : subrounded, wi th  minor interbedded sandy ., .- !I . . 

clay,  white,  probably derived from t u f f  aceous 
mate r i a l  

Sandstone, t a n  t o  brown, tuffaceous,  f ine -  t o  medium- 
grained, poorly sor ted ,  most of tuffaceous 
mate r i a l  is a l t e r e d  t o  c lay ,  traces of fe ldspar  
and calcite 

- 

Sandstone, greenish gray, f ine -  t o  medium-grained 
poorly t o  moderately so r ted ,  tuffaceous,  
spa r se  volcanic  ash  beds, t r a c e s  of p y r i t e  

1. TD - 1,220 feet , .still i n  t h e  Browns Park Formation 
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Sandstone, tan  t o  brown, medium- t o  fine-grained, 
moderately wel l  t o  well  sorted,  s l igh t ly  
feldspathic; with minor interbedded clay,  sandy, 
white t o  tan ,  probably a l tered volcanic ash 
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Sandstone, greenish-gray, fine-grained, highly 
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S r ace Soil Sandstone, b e ~ i o w - b r o d  , t u f f  aceous , medium- 
grained,  poorly sor ted ,  calcareous 

Sandstone, green-gray, fine-grained, abundant 
tu f f  and c lay ,  t r a c e s  of p y r i t e ;  with green 200 2000 Red c l a y  pa r t ings  
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1900 Thinly interbedded tuffaceous,  medium- t o  

fine-grained, moderately we l l  so r t ed ,  
calcareous sandstone and sandy, s i l t y ,  

400 calcareous c lay  and c lay  par t ings ,  
colors  as above; t r a c e s  of p y r i t e  
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.----- ----- .----- ----- Clay content decreases with depth 
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(Surf ace Soil)  
Sandstone, tan, fine- to  medium-grained, -moiierately 

poorly sorted, tuffaceous, calcareous \ 
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Detailed logging indicates only a thin remnant of 
Browns Park overlies the I l e s  Formation 
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sandstone, yellowish-brown, fine- to  coarse-grained, 

poorly sorted, tuffaceous, locally calcareous, 
feldspathic, with interbedded clayey sandstone 
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and sandy clays; most clay is  argill ized tu f f ,  
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600 abundant clay matrix, locally calcareous, 

feldspathic, with sparse ash-fall tuff beds; 
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( Surface Soil 1 
Sandstone, fine- to medium-grained, yellowish-tan, 

tuffaceous from 40 to 80 feet 

Dark gray conglomerate with abundant metamorphic rock 
fragments and clay matrix, traces of pyrite 
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0 
Z a 
e 
O 

- 

DESCRIPTION a REMARKS 

TD - 290 feet I 



STRATIGRAPH I C COLUMNAR SECTION 
HOLE SWb-26 
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DESCRIPTION 8 REMARKS 

(Surface Soil ) 
Conglomerate - angular to  subrounded volcanic 

; rock fragments i n  sandy matrix with 
,r.:i7;,': sparse clay 
; p;;d. 
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This hole collared near mapped contact of the 
Browns Park Formation and Tertiary igneous 
rocks. Material overlying the Lewis Shale 
may be e i ther basal Browns Park or simply 
a residuum from the Tertiary igneous rocks 



STRATI GRAPH I C COLUMNAR SECTION 
HOLE SWB- 26A 

DESCRIPTION a REMARKS 

scattered limonite stain 

TD - 1,648 feet 

LEGEND 

Vertical Scale 
cong~onumte (r) rimstme (ca~careo~s~  

0 100 200 it - Sandstone Tuft 
Clay (shale) 



STRATIGRAPH l C COLUMNAR SECTION 
HOLE SWB- 27 

Sandstone, iron-stained, conglomeratic, 

conglomeratic, tuffaceous, clayey, partly 
altered 

Conglomerate, variegated iron stained whites 
and grays, calcareous, injected by 
carbonaceous material, partly altered 

Mancos Shale - 180 feet  

D .- 250 feet  
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STRATlGRAPHl C COLUMNAR SECTION 
HOLE SWB-28 

Vertical Scale 
0 100 200 f t  
I I I 

LEGEND 

DESCRIPTION 8 REMARKS 

(Surtocr Soil 

Sandstone, l i g h t  tan,  medium-grained, tuffaceous, 
f e ldspa th ic  with c lay matrix and in te rhsds  of 
c lay 

Same a s  above except sands a r e  f i n e r  grained, l i g h t  
greenish-gray, sca t t e red  t r a c e s  of p y r i t e  
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Sandstone, tine-grained , with more c lay as  matrix,  
more homogenous, sca t t e red  t races  of p y r i t e  
and l imoni te ,  tuffaceous, f e ldspa th ic  
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Similar t o  above with interbeds of c lay and sandstone, 
sparse  pebbles 

Hole bottomed short nf Browns Park Formation Base 
TD - 1,660 f e e t  



STRATIGRAPH l C COLUMNAR SECTION 
HOLE SWB-28A 

DESCRIPTION 8 REMARKS 

(Surface Soil l 
Interbedded sands and clays, yellowish gray to tan, 

fine- to medium-grained, moderately poorly 
sorted, clayey, tuffaceous 

Sandstone, fine- to medium-grained, tuff aceous, 
feldspathic, light green and interbedded 
clays, traces of pyrite 
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550 

800 

575 
375 

1000 

Sandstone, light green, as above except more clay 
and much more homogenous than above; scattered 
traces of pyrite and limonite 

1200 
475 

1400 

variable amounts of clay matrix, locally 
calcareous, scattered traces of pyrite and 
limonite, tuffaceous, feldspathic 

1800 

TD - 1,995 feet 
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STRATI GRAPH l C COLUMNAR SECTION 
HOLE SWB- 29 

LEGEND 

Vertical Scale Conplomrate (ic) ~lnustone (calcareous) 
0 100 200 ft - [3 Sandstone Tuff 
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DESCRIPTION 8 REMARKS 
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(Surface Soil 1 
Sandstone, tan, fine-grained, moderately well 

sorted, with clayey matrix, calcareous, 
tuffaceous, feldspathic, common limonite, 
thinly bedded; and thin beds of sandy clay, 
tan, white and pink, tuffaceous; also sparse 
calcite-cemented "ribs" 

Sandstone, very fine-grained, moderately well sorted, 
Loaally oonglomeratic, calcareous, Ieldspathic, 
clayey, tuffaceous, limonitic 

r 
Mancos Shale - 1,320 feet 
LTD - 1,327 feet 



STRATI GRAPH l C COLUMNAR SECTION 
HOLE SWB-30 
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APPENDIX B 

RESULTS, OF PETROGRAPHIC AND 

PETROLOGICAL ANALYSES 



INDEX TO 

COLOR MICROFICHE OF PETROGRAPHIC PHOTOMICROGWHS 

(fiche in back pocket) 



PETROGRAPHIC DESCRIPTION 

PROJECT: Sand Wash Basin HOLE NO: 28A 
922.0-922.4 ft 

SAMPLE NO: MIP-647 

ROCK NAME: Lithic Wacke ' (281.0-281.1' m) ' PE.TROLOGIST : LMF 

MINERAL/COMPONENT % COMMENTS 

Quartz Texture: Poorly sorted, subangular to subrounded 
clasts. 

Clay Matrix 26 Thin coatin.3~ on clasts and No evidence observed of hydrothermal activity. 
void-fillins; may be in part 
jarosite. 

Volcanic Rock 18 Tuffaceous and aphanitic. Clays: Kaolinite >> Montmorillonite. 
Fragments 

Plagioclase 7 Variable sericitic alteration. 
W 

K-f eldspar 4 Microcline > sanidine. 
Chert 2 May be in part silicified 

volcanic rock fragments. 

Plutonic Rock 2 Quartz and microcline. 
Fragments 

Secondary Quartz 2 
Cement 

Sedimentary Rock tr Carbonate. 
Fragments 

Iron Oxides tr Limonite. 

Zircon tr 

Muscovite tr 

Biotite tr Vermiculized. 

Metamorphic Rock tr Biotite schist. 
Fragments 



. . PETR3GRAPHIC DESCRIPTION 

PRClJECT : . Sand Wash Basin HOLE NO : 28A SAMPLE NO : MIP-648 
933.8-934.2 ft 

ROCK NAME: Sandy Limestone c284.6-284.7 m) PETROLOGIST : LMF 
- -- 

COMMENTS 

Carbonate 58 

Quartz 17 

Fresh Glass 8 

Vo lcanf c Rock 4 
Fragments 

Iron Oxides 3 
QJ Plagioclase 2 

Micr ,ite and sparite. 

Shards. 

~ostly' aphanitic. 

Limonite. 

Fresh. 

K-f eldapar 2 Microcline and sanidine. 

Chert 2 

Clay (SRF's ? )  1 

Secondary Quartz 1 Cement ( ? ) . 
Amphibole 1 Hornblsnde. 

Epidote 1 

Biotite tr 

Zircon tr 

Texture: Poorly sorted, angular to subrounded 
clasts. Fresh glass shards are evidence 
of tuffaceous material. 

Clay: Montmorilloniae. 

Authigenic tr Coatings on clasts: origin 
Chlorite of green colorati,on (?). 



. PROJECT: Sand Wash Basin HOLE NO: 1 SAMPLE NO: MIP-650 
885.0-885.3 f t  

ROCK NAME: Ash ( 269.7-269.8 m) PETROLOGIST : LMF 

Glass  7 4  Mostly f r e s h ;  somewhat welded; Texture: Poor ly . so r t ed ,  subrounded t o  subangular 
minor a x i o l i t i c  d e v i t r i f i c a t i o n  c l a s t s  i n  a s h  cement; mat r ix  interbedded 
interbedded u i t h  sand i n  a sh  wi th  ash. 
cement matr ix .  

Quartz 15 C l a s t i c .  Clay: Montmorillonite.  

vo l can i c  ~ o c k  6 M o s t l y a p h a n l t i c .  
Fragments 

P l ag ioc l a se  3 Variable  s e r i c i t i c  a l t e r a t i o n .  
Zoned vo1cani.c types  observed. 

K-feldspar r Microcl ine > san id ine .  

B i o t i t e  tr 

Garnet t r  

Metamorphic Rock r P h y l l i t e s .  
Fragments 

Carbonate Cement t r  Patchy. 

Tourmaldne t r  

Amphibole t r  Hornblende. 

I r o n  Oxides t r  Limonite and hemati te .  

R u t i l e  t r  

Epidote  t r  



PETROGRAPHIC DESCRIPTION 

PROJECT: Sand Wash Basin HOLE NO: 1 SAMPLE NO: MIP-701 
423.0-424.0 ft 

ROCK NAME : (Unconsolidated) (128.9-129.2 m) 
Lithic Arenite 

2ETROLOGIST: LMF 

MINEW/COMPONENT X COMMENTS 

Zircon tr. 

Celadonite tr 

Quartz 36 Texture: Moderztely well sorted, subrounded clasts. 

Volcanic Rock 25 Predominantly aphanitic; 
Fragments few pumice fragments. 

Plagioclase 15 Variable argillic and sericitic Clay: Montmorilloaite. 
alteration: slight to strocg. 

QJ 
m Zones volcani c-ty pas common. 

K-f eldspar 13 Microcline > sanidine. 
Variable fresh to strong 

- argillic alterat%on. 

Sedimentary Rock 7 Consolidated by clay. 
Fragments 

Chert 2 May be in part silicified 
volcanic rock fragments. 

Iron Oxides tr Limoniteandhemazite. 

Biotite 

Muscovite 

Amphibole 

tr 

tr . 

tr Hornblende. 

Epidote tr 

Sphene . tr 



PETROGRAPHIC DESCRIPTION 

FROJECT: Sand Wast Basin HOLE NO: 1 SAMPLE NO: MIP-702 
1117.0-1117.4 ft 

F-OCK NAME : Arkosic Wacke (340.5-340.6 m) PETROLOGIST: LMF 

MINERAL/COMPONENT % COMMENTS 

Matrix 28 Thin coating of authigenic Texture: Poorly sorted, subangular to subrounded 
chlorite on clasts; not suffi- clasts. 
cient quantity to be manifested 
inclayanalysis. Voids filled Clay: Montmorillonite. 
by montmorillonite. 

Quartz 26 Green coloration of rock probably due to thin 
coatings of authigenic chlorite on clasts. 

Plagioclase 12 Variable sericitic and argillic 
alteration; fresh to strong. 

Q) Zones volcaxic-types common. 
4 

Secondery Quartz 10 
Cement 

K-feldspar 7 Microclineand sanidine. 

Vo lcan2c Rock 7 Aphanitic types, few pumice 
Fragnents fragments. 

Carbonate 6 Dolomite (?'). Rhombs in matrix. 

Iron Oxides 1 Limonite and hematite. 

Chert 1 May be in part silicified 
volcanic rock fragments. 

Biotite 1 

Epidote tr 



PETROGRiPHIC DESCRIPTION 

PROCEC? Sand Wash Basin'  3OLE NO: 26.4 
507.0-507.4 f t  

SAMPLE NO: ?lIP-703 

ROCK NAME: Li  t h i c  Wacke (154.5-154.7 m) PETROLOGIST: LMF 

MINERAL/C OMPONENT % COMMENTS 

Matr ix  33 Thin coa t ing  of au th igen ic  Texture: Moderately s o r t e d ,  angular  t o  suhangular  
c h l c r i t e  on c l a s t s ;  no t  s u f f i -  c l a s t s .  
c i e n t  q u a n t i t y  to .  be manifested 
i n  c l ay  ana lys i s .  Voids f i l l e d  Clay: Montmorillonite.  
by mntmor i l l o n i t  e. 

Quartz 2 7  

Volcanic ~ o c k  14 Al te red  t u f f s  > mkcroaphanitic 
Fragment s. types.  

aD K-Feldspar 
00 

6 M i c r ~ c l i n e  and s a ~ i d i n e .  

Carbonate Ce.ment 6 Limoli t  e-s ta ined.  

Chert  5  Yay 5e  i n  pa r t  s i l i c i f i e d  
vo l can i c  rock f r a g m ~ n t  s . 

P l a g i o c l a s e  3 Variable  s e r i c i t i c  ~ n d  
a r g i l l i c  a l t e r a t i o n :  minor 
:o sr-rong. 

Secondary Quartz 2 
Cement 

B i o t i t e  1 

P lu ton ic  Rock 1 Quartz and f e l d s p ~ r s .  
Fragments 

Green c o l o r a t i o n  of rock probably due t o  t h i n  
c o a t i n g  of au th i3en ic  c h l o r i t e  on c l a s t s .  

Xetamorphic Rock t r  P h y l l i t e .  
Fragments 



PROJECT: Sand Wash Basin 

PETROGRAPHIC DESCRIPTION 

HOLE NO: 27 
144.0-144.5 f t  

SAMPLE NO: 

ROCK NAME: L i t h i c  Areni te  (43.9- 44.0 m) PETROLOGIST: LMF 
(cmglomera te )  

MINERALICOMPONENT % COMMENTS 

Carbonate Cement min Fine-grained s p a r i t e .  

P lu ton i c  Rock mod A l l o t r i m o r p h i c  g ranu la r  
Fragments g r a n i t e  and a l t e r e d  d i o r i t e  

and a p l i t i c  qua r t z  monzonite. 

MetamorphicRock mod Quar tz i t , e ,  qua r t zmonzon i t e  
Fragments gne i s s ,  and p h y l l i t e .  

03 
\O 
\ 
\O 
o Chert 

S i l i c i f i e d  Rock t r  
Fragments 

Volcanic Rock t r  Al te red  v i t r i c  t u f f .  
Fragments 

Quartz m i  n 

P l ag ioc l a se  t r  

K-feldspar t r  Microcl ine m i c r o ~ e r t h i t e .  

Epidote  t r  

Texture: Very poorly s o r t e d ,  subangular  t o  rounded 
c l a s t  s. 

A l t e r a t i on :  P lu ton i c  rock fragments ( a l l ) ,  
p l ag ioc l a se  has  s t rong  a r g i l l i c  and s e r i c i t i c  
a l t e r a t i o n  with replacement by c a l c i t e  and 
c r y p t o c r y s t a l l i n e  q u a r t z ;  K-feldspar i s  f r e s h  
except  f o r  minor t o  moderate a r g i l l i c  a l t e r a t i o n  
of exsolved a l b i t e ;  b i o t i t e  i s  t o t a l l y  
vermicul ized;  vo l can i c  rock fragments;  g l a s s  
i s  t o t a l l y  a l t e r e d  t o  c l ay .  

Opaque Inc lus ions  t r  Carbonaceous ma te r i a l :  t h e  
i 7  Cement b lack  g l a s s y  " in j ec t ed"  phase. 



APPENDIX C 

ANALYTICAL RESULTS 



Definitions of Statistical Parameters of Grain Size* 

$ = phi units; a standard grain size classification based on the Wentworth 
grade scale. Integers represent the class limits in the phi scale so it 
is possible to use conventional statistical operations on sedimento- 
logical data. The transformation equation is $ = -log2 (grain size in 
mm) . 

Wentworth Wentworth 
$ Grades - Grades 

M, = graphic mean; formula used + M, = $16 -k $50 + $84 
3 

answer given in standard phi (0) classification 

OT = inclusive graphic standard deviation; formula used+ 

01 under 0.359 very well sorted 
0.35$-0.504 well sorted 
0.50$-0.714 moderately well sorted 
0.71$-1.00$ moderately n n r t e d  
1.004-2.00$ poorly sorted 
2 -009-4.004 very poorly sorted 
over 4.000 extremely poorly sorted 

SkI = inclusive graphic skewness; formula used+ 

SkI = ' 916 + $04 - 2$50 + 5 I $95 - 2950 
2($84 - $16) 2($95 - $50) 

SkI from +1.00- +O. 30 

. . +0.30- +O. 10 
+0,10- -0.18 
-0.10- -0.30 
-U.3U- -1.00 

strongly fine-skewed 
f ine-skewed 
ncar-aymnetrical 
coarse-skewed 
strongly coarse-skewed 

Q, = graphic kurtosis; formula used+ KQ = 
$95 - $5 

2.44 (475  - $25) 
KG under 0.67 very platykurtic 

0.67 - 0.90 platykurtic 
0.90 - 1.11 mesokurtic 
1.11 - 1.50 leptokurtic 
1.50 - 3.00 very leptokurtic 
over 3.00 extremely leptokurtic 

*Taken from Folk, R. L., 1968, Petrology of Sedimentary Rocks: Hemphills, 
Austin, Texas, 170 pp . 



Sieve Analysis and Heavy 
Mineral Analysis of Sample from SWB-26A 

Sample 

507.0-507.4 f t 
(154.5-154.7 m) 

Mean Size 2.27 

Standard Deviation (Sorting ) 

Skewness 

Kurtosis 

Z Separated by bromoform 
(Sp. Gr. 2.85) 

Mineral/Component 

Amphibole 

Epidote 

Garnet 

Biotite 

Muscovite 

Chlorite 

Tourmaline 

Magnetite 

~a~netite~~lmenitel 

Hematite 

Geothite 

Zircon 

Ruti1.e 

Monazite ( ? )  

Sphene 

~illimani te2 

~arbonate~~irnonite~ . 

Pyrite-Cemented SRF's 

Pyrite 

Marcasitexemented SRF's 

Volume Percent in Sample 

Marcasite - 
l~xenl.ved ilmenite in magnetite. 

2~illiuianite inclusions in quartz. 

3Limonite inclusions in carbonate. 



U3O8 Chemical Assay Resul t s  

(* I n d i c a t e s  s idewa l l  sample; the  r e s t  are  c u t t i n g s  samples) 

DEPTH 

HOLE NO. SAMPLE NO. FEET METERS 

2A MIP-714 75-85 23-26 1 

2A MIP-715 725-735 221-224 6 

3 MIP-716 35-45 11-14 13 

3 MIP-717 60-70 18-2 1. 8 

3 MIP-718 90-200 27-30 7 
I 

3 MIP-7 13 235-245 ' 42-75 4 



U3O8 Chemical Assay R e s u l t s  ( con t inued)  

DEPTH 

HOLE NO. 

1 8  

1 8  

18 

1 8  

1 8  

18 

18 

1 9  

1 9  

1 9  

1 9  

1 9  

1 9  

1 9  

SAMPLE NO. FEET 

MIP-629 410-415 

MDG-6 3 5 * 410-420 

MIP-630 415-420 

METERS 

125-126 

125-128 

126-128 

128-131 

130-131 

131-133 

134-136 

40-41 

40-41 

49-50 

72-73 

81-82 

84-85 

90-91 

94-96 

, 102-104 

116-117 

120-122 

123-125 

125-126 

126-128 

128-130 

133-134 

134-136 

136-137 



HOLE NO. 

U3O8 Chemical Assay Results (continued) 

DEPTH 

SAMPLE NO. 

MDG-63 9 

MDG-640 

MDG-641 

MDG-642 

MDG-643 

MDG-644 

MDG-645* 

MIJ? -645 

MDG-646* 

MDG-64 7* 

MIP-644 

MIP-643 

MDG-648* 

MIP-646 

MIP-712 

MDG-64 9 

MDG-650 

FEET 

590-610 

700-720 

840-860 

510-530 

40-50 

i fin-110 

650-655 

660-665 

695-705 

700-720 

715-720 

785-790 

1040-1060 

780-785 

950-955 

410-430 

725-740 

METERS 

180-186 

213-219 

256-262 

155-162 

12-15 . 

30-34 

198-200 

201-203 

212-215 

213-219 

218-219 

239-241 

317-323 

238-239 

290-291 

1.2 5-1 31 

221-226 



Sieve Analysep and Heavy 
Mineral Analyses of Samples from SWB-1 

Sample Sample Sample 
MIP-649 MIP-701 MIP-702 

4 
669.5-670.0 f t 423.0-424.0 f t 11 17.0-1 117.4 f t 
(204.0-204.4 m) (128.9-129.1 m) (340.5-340.6 m) 

Mean Size 2.50 2.41 3.0 1 

Standard Deviation 
(Sorting) 

Skewness 0.08 0.15 -0.07 

Kurtosis 1.51 1.33 1.17 

% Separated by bromoform 1.7 2.8 5.6 
(sp. Gr. 2.85) 

Amphibole 

Volume Percent in Sample 

19 25 - 
Epidote 17 6 tr 

Garnet 15 13 tr 

Muscovite 

Chlorite 

Tourmaline 

Magnetite 

~a~netitel~lmenitel 

Hematite 

Goethite 

Zircon 

Rutile 

Monazite ( ? )  

Sphene 

sillimanite2 

carbonate /Limonite3 

Pyri te-Cemented SEW'S - 5 9 

Marcasi te - - 1 

l~xsolved ilmenite in magnetite. 

2~illimanite inclusions in quartz. 

3~imoni te inclusions in carbonate, 



Emls~lon Spectroscopia Semiquantitative Analytical Results - 'dge 11 of 4 
(Concentrations In ppml 

Hole 2A Hole 2A Hole 3 Hole 3 Hole 3 Hole 3 Hole 4 
75-85 ft 725-735 ft 35-45 ft 60-70 ft 90- 100 f t 235-245 f t 55-65 ft 

El ement (23-26 m) (221-224 m) (1 1-14 m) (18-21 m) (27-30 m) (72-75 m) (1 7-20 m) 

Hole 4 Hole 4 

< Indicates current limits of analysis. 



Emission Spectroscoplc Semlquantitative Analytical Results - Page 2 of 4 
(Concentrations i n  ppm) 

Hole 4 Hole.5 Hole 5 Hole 5 Hole 6 Hole 9 Hole 11A Hole 12 Hole 13 
370-390 ft 110-125 ft 200-220 ft 600-610 ft 500-520 ft 800-820 ft 450-470 ft 500-520 ft 890-910 ft 

Element (113-119m) (34-38 m) (61-67 m) (183-186 m) (152-158 m) (244-250 m) (137-143 m) (152-158 m) (271-277 m) 

> < Indicates current 1 lmits of analysis. 



- . . .Emissi:on. Spectroscopic Semiquantitative ~nal ytical Results - Page 3 of 4 
(Concentrations in ppm) 

Hole 14 Hole 15 Hole 16.  ole 18 Hole 18 
0-39 ft 100-120 ft 420-440 f t 410-420 f t 420-430 ft 

El ement (0-9 m) !30-37 m) (128-134 m) (125-128 r n )  (128-131 rn) 

Hole 19- 
130-135 ft 
(40-41 m) 

Hole 19 Hole 24 
505-410ft 590-610ft 
(123-125 m) (180-186 m) 

Hole 24 
700-720 ft 
(213-219 m) 

< Indicates clrrrent limits o- analysis. 



Emission Spectroscopic Semiquantitative Analytical Results - Page 4 of 4 
(Concentrations in ppm) 

Hole 24 Hole 264 Hole 27 
840-860 f t 510-530 f t 40-50 f t 

Element (256-262m) (155-162m) (12-15m) 

Hole 27 Hole 28 Hole 28 Hole 28 Hole 28 Hole 29 Hole 29 

< Indicates current llmlts of analysis. 



APPENDIX D 

EQUIVALENT -URANI UM GRADE 

CALCULATIONS 



Equivalent-Uranium Grade Calculations 
SWB-18 

Depth Thickness E-ver age Depth - Thickness Average Depth Thickness Average 
in Feet in Feet Grade Fn Feet in Feet Grade in Feet in Feet Grade 
(Meters) (Meters) ( X  eUc08) (Meters) (Meters) (% eU108) (Meters) (Meters) (%  eu908) 

86.5- 90.5 4.0 O.OC13 88.0- 89.0 1.0 0.005 
(26.4- 27.6) (1.2) (26.8- 27.1) (0.3) 



Eq-l ivalent-Ur~nium Grade C a l c u l a t i o n s  
ShB-19 

Depth 'Ihi ckness  Aver age Depth Thickness  Average Depth Thickness  Average 
i n  F e e t  i n  F e e t  . Grade :tn Fee t  i n  Fee t  Grade i n  F e e t  i n  Fee t  Grade 
(Meters)  (Meters)  (2 eU3Og) :Meters) (Meters)  (%  eU30g) (Meters)  (Meters)  ( %  eU108) 

102.5-1 42.0 39.5 0.0132 
(31.2- 43.3) (12.0) 

I-' 
0 
wl 



Equivalent-Uranium Grade Calculations 
SWB-19 (Page 2 of 2) 

Depth Thickness Aver age Depth Thickness Average Depth Thickness Average 
i n  Feet i n  Feet Grade i n  Feet i n  Feet Grade i n  Feet i n  Feet Grade 
(Meters) (Meters) (% eU308) (Meters) (Meters) ( %  eU3O8) (Meters) (Meters) ( X  eu308) 



Equivalent-Uranium Grade Calculations 
SWB-28 

Depth Thickness Average Depth Thickness Average Depth Thickness Average 
i n  Feet i n  Feet Grade i n  Feet i n  Feet Grade in  Feet in  Feet Grade 
(Meters) (Meters) (%  eU3O8) (Meters) (Meters) (% eU108) (Meters) (Meters) (%  eU108) 



- Equivalent-Uranium Grade calculations 
SWB -28A 

> 0.001 % eU3Oa - - > 0.005% eU3O8 - > 0.01% eU308 

Depth Thickness Aver age Depth Thickness Average Degt h Thickness Average 
0 i n  Feet i n  Feet Grade i n  Feet i n  Feet Grade i n  Feet i n  Feet Grade 

(Meters) (Meters) (% eU108) (Meters) (Meters) (% eUq08) (Meters) (Meters) (% eu30R) 



APPENDIX E 

LITHOLOGIC LOGS 

(Microfiche Located i n  Pocket) 

.GEOPHYSICAL LOGS 

Refer t o :  Engineering report on d r i l l i n g  
i n  the Sand Wash Basin, Colorado.: 
U .S. Department of  Energy Open-File Report 

.GJBX-125(80), Grand Junction, Colorado, 85 p. 














