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SUMMARY 

Uranium f a v o r a b i l i t y  o f . t h e  Sangre d e  C r i s t o  Formation (Pennsylvanian- 
Permian) i n  t h e  Las Vegas b a s i n  has  been e v a l u a t e d .  The Las Vegas b a s i n  
p r o j e c t  a r e a ,  l o c a t e d  i n  Col fax ,  Mora, and San Miguel Cou'nties, New Mexico, 
comprises  a b 0 u t . 3 ~ 4 8 9  s q  m i .  The fo rmat ion  c o n t a i n s  sed imento log ic  and 
s t r a t i g r a p h i c  c h a r a c t e r i s t i c s  t h a t  a r e  cons idered  f a v o r a b l e  f o r  uranium 
d e p o s i t i o n .  

F i e l d  i n v e s t i g a t i o n s  c o n s i s t e d  of s e c t i o n  measur ing,  r o c k  sampling,  
and ground r a d i o m e t r i c  reconna i ssance .  North-south and eas t -wes t  c r o s s  
s e c t i o n s  of t h e  b a s i n  were prepared from w e l l  l o g s  and measured s e c t i o n s .  
P e t r o g r a p h i c ,  chemical ,  and . s p e c t r o g r a p h i c  a n a l y s e s  were conducted on 
s e l e c t e d  samples.  S t r a t i g r a p h i c  and sed imento log ic  i n f o r m a t i o n  wer.e 
used t o  de te rmine  d e p o s i t i o n a l  enviranments  . 

The most f a v o r a b l e  p o t e n t i a l  h o s t  r o c k s  i n c l u d e  r e d  t o  p i n k ,  coarse -  
g r a i n e d ,  p o o r l y  s o r t e d ,  f e l d s p a t h i c  t o  a r k o s i c  l e n t i c u l a r  s a n d s t o n e s  w i t h  
s t acked  sands tone  t h i c k n e s s e s  of more t h a n  20 f t  and sandstone- to-shale  
r a t i o s  between 1:l and 2 : l .  The sands tone  i s  in te rbedded  w i t h  mudstone 
and c o n t a i n s  carbonaceous  d e b r i s  and anomalous c o n c e n t r a t i o n s  of uranium 
l o c a l l y .  

Areas of maximum f a v o r a b i l i t y  a r e  found i n  a  bra ided-s t ream,  a l l u v i a l -  
p l a i n  d e p o s i t i o n a l  environment i n  t h e  n o r t h - c e n t r a l  p a r t  of t h e  Las Vegas 
b a s i n .  There ,  carbonaceous  m a t e r i a l  i s  w e l l  p r e s e r v e d ,  p robab ly  due t o  
r a p i d  subs idence  and b u r i a l .  Fur thermore,  uranium f a v o r a b i l i t y  i s  h i g h e s t  
i n  t h e  lower h a l f  of t h e  fo rmat ion  because  carbonaceous  wood and p l a n t  
f ragments ,  a s  w e l l  as known uranium d e p o s i t s ,  a r e  c o n c e n t r a t e d  f.n t h i s  
zone. Piedmont d e p o s i t s  i n  t h e  n o r t h  and e a s t ,  and meander-bel t ,  a l l u v i a l -  
p l a i n  d e p o s i t s  i n  t h e  s o u t h ,  a r e  n o t  c o n s i d e r e d  f a v o r a b l e  because  of t h e  
p a u c i t y  of uranium d e p o s i t s  and a minimum of carbonaceous  m a t e r i a l .  



INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of a  p r e l i m i n a r y  s t u d y  of t h e  
uranium f a v o r a b i l i t y  of t h e  Sangre d e  C r i s t o  Formation (Pennsylvanian-  
Permian) i n  t h e  Las  Vegas b a s i n ,  n o r t h e a s t e r n  New Mexico. Because 
known uranium d e p o s i t s  a r e  conf ined  mainly  t o  t h e  Sangre d e  C r i s t o ,  t h e  
f o l l o w i n g  d i s c u s s i o n s  a r e  l i m i t e d  t o  t h i s  fo rmat ion .  The s t u d y  f o c u s e s  
on  s e d i m e n t o l o g i c  and s t r a t i g r a p h i c  c h a r a c t e r i s t i c s  r e l e v a n t  t o  uranium 
d e p o s i t i o n .  The i n v e s t i g a t i o n  was conducted by Bendix F i e l d  Engineer ing  
C o r p o r a t i o n  (BFEC) on b e h a l f  of t h e  U.S. Energy Research and Development 
A d m i n i s t r a t i o n  (ERDA) . 

PURPOSE 

The g o a l  of t h i s  s t u d y  was t o  de te rmine  i f  t h e  Sangre  d e  C r i s t o  
Format ion i n  t h e  Las  Vegas b a s i n ,  New Mexico, i s  a  f a v o r a b l e  uranium 
h o s t .  Secondary g o a l s  were  t o  d e s c r i h e  uranium o c c u r r e n c e s  and t n  

d e l i n e a t e  f a v o r a b l e  a r e a s .  

PROJECT LOCATION 

The Las  Vegas b a s i n  p r o j e c t  a r e a  comprises  abou t  3,480 s q  m i  i n  
p a r t s  of Col fax ,  Mora, and San Miguel C o u n t i e s ,  New Mexico ( F i g .  1 ) .  . The 
r e g i o n  i s  shown on  t h e  s o ~ t h - c e n t r a l  p a r t  of t h e  Raton s h e e t  and on t h e  
n o r t h - c e n t r a l  p a r t  of t h e  S a n t a  Fe s h e e t  of t h e  U.S. Geolog ica l  Survey 2' 
N a t i o n a l  Topographic Map S e r i e s .  It e x t e n d s  between l a t s  30'20' and 

' 35"35'  N .  and between l o n g s .  104'30' and 105'20' W .  P h y s i o g r a p h i c a l l y ,  t h e  
area l i e s  i n  t h e  Las Vegas P l a t e a u  and t h e  extreme e a s t e r n  p a r t ' o f  t h e  
Sangre  d e  C r i s t o  Mountains ( F i g .  2 ) .  

PREVIOUS WORK 

S t r a t i g r a p h i c  and t e c t o n i c  a s p e c t s  a f f e c t i n g  t h e  Sangre  d e  C r i s t o  
i n  s o u t h e a s t e r n  Colorado and n o r t h e a s t e r n  New Mexico have been discus ' sed 
by Read a r ~ d  Wvvd (1947) ,  S i d w e l l  and Warn (1956) ,  Dixon (1967) ,  F o s t e r  
and S t i p p  (1961) ,  Johnson (1975) ,  F o s t e r  and o t h e r s  (1972) and Rober t s  
and o t h e r s  (1976) .  The Coyote (copper-uranium) d i g t r i c t  i n  Mora County 
( F i g .  2) h a s  been d e s c r i b e d  by Lindgren and o t h e r s  (1910) ,  Lasky and 
Wooton (1933) ,  and Har ley  (1940) .  Bachman and Read (1952) ,  Z e l l e r  and 
B a l t z  (1954) ,  and Tschanz and o t h e r s  (1958) i r rves t iga ted  t h e  uranium 
and copper  d e p o s i t s  i n  t h e  d i s t r i c t .  Maps of t h e  p r o j e c t  a r e a  have 
been  pub l i shed  by Northrop and o t h e r s  (1946) ,  Wanek and o t h e r s  (19h4) ,  
B a l t z  (1972) ,  and Johnson (1970, 1972a,  1972b. 1973, 1976) .  



Figure 1.  Location maps of study area in Colfax, Hora, and San Miguel 
Counties, New Mexico, 



Figure 2. Generalized geologic map of Las Vegas basin study area. 
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( ~ o d i f i e d  after Dane and Bachman, 1965.) 



GEOLOGY 

STRATIGRAPHY 

Rocks i n  and adjacent  t o  the  Las Vegas bas in  a r e  Precambrian through 
Quaternary i n  age. The sedimentary sec t ion  i s  more than 12,700 f t  
t h i c k  (Baltz, 1965). Brief descr ip t ions  a r e  presented i n  the  columnar 
sec t ion  (Fig. 3) .  

The Sangre de Cr i s to  Formation (Middle Pennsylvanian through Permian), 
f i r s t  described by H i l l s  (1899) from a sec t ion  near Creston, Saguache 
County, Colorado (Lochman-Balk, 1972), is present  i n  l a r g e  a r e a s  i n  t h e  
Southern Rocky Mountains and t h e  Great P la ins  provinces. It is probably 
equivalent ,  i n  p a r t ,  t o  the  Abo and Cut ler  Formations, which a r e  present  
i n  sohthern and northwestern New Mexico. 

Lower Boundary 

The p rec i se  age of the  lower Sangre de  Cr i s to  Formation i s  not  known 
because of i ts  basa l  complexity and the  paucity of f o s s i l s .  Basal uncon- 
f o r a i t i e s  a r e  present  near Paleozoic highs: f o r  example, t h e  Cimarron 
arch (Goodknight, 1976), t h e  S ie r ra  Grande arch (Baltz, 1965), and a n  
unnamed paleohigh (Northrop and o the rs ,  1946; Baltz,  1965), which here  is 
informally termed the  Tecolote a rch  (Fig. 2). I n  t h e  southern Las Vegas 
basin,  Sangre de  Cr i s to  beds of Wolfcampian age conformably o v e r l i e  V i r -  
g i l i a n  beds of the  Madera Formation, although l o c a l  angular unconformities 
a r e  present  (Northrop and others ,  1946; ~alts;' fi72). I n  t h e  northern 
p a r t  of the  bas in  ( t h a t  is, a t  Mora River Gap), E, H. Baltz ( o r a l  conrmun., 
1976) i d e n t i f i e d  Desmoinesian f u s u l i n i d s  i n  lower Madera beds t h a t  are 
conformably subjacent  t o  t h e  Sangre de  Cr is to .  Basal Sangre d e  C r i s t o  
beds may, therefore ,  be of Middle(?) o r  Late Pennsylvanian age  i n  t h a t  
area .  S t i l l  f a r t h e r  north,  Late Pennsylvanian f o s s i l s  are a l legedly  
present  i n  t h e  lower one-third of the  Sangre de  Cr i s to  i n  t h e  Coyote 
d i s t r i c t  (Tschanz and others ,  1958). The above considerat ions suggest 
t h a t  the  Sangre de Cr i s to  i n t e r f i n g e r s  with t h e  Madera. Thus, t h e  Sangre 
de C r i s t o  of Middle(?) Pennsylvanian through Early Permian i n  t h e  northezn 
pa r t  of t h e  basin,  and of Early Permian i n  t h e  south, is probably time- 
transgressive.  

Upper Bound= 

The upper boundary of t h e  Sangre de Cr i s to  Formation is  a s  complex 
a s  t h e  lower boundary. South of Guadalupita, t h e  Sangre de Cr is to  is 
conformably over la in  by the  Yeso $ormation (~eonard ian) .  Beill (1952) 
and Bachman (1953) suggested t h a t  t h e  Yeso grades i n t d  t h e  Sangre de 
Cr is to  south of Lucero. During bur study,  t h e  Yeso was t raced northward 
as f a r  as  Guadalupita, where it is covered by basa l t .  Farther  north,  
a t  Black Lake and Ocate, t h e  Yeso was not  recognized, and t h e  Glor ie ta  
Sandstone of t h e  San Andres Formation conformably over l i e s  t h e  Sangre 
de Cristo.  North of Black gake, however, t h e  Glor ie ta  a l s o  pinches out ,  
and the  Sangre de Cr is to  is unconformably over la in  by a t h i n  Upper 
Tr iass ic  sec t lon (Fig. 4) .  



b w e  de Crinto 

mlcosic sandston. 

Conolomerate, l ire8 tone, sil tetone , shale 

Figure 3. Columnar section d~picting rocks that crop out in 
the Las Vegas basin area, New Mexico. 



EXPLANTION 1 Approximate str.tfgaphic position of measured 
sections (Plate 11 , I d  Dock- Group h$ * SBngre de Cristo Formation 

N Bernal Fonqattoa h a  Upper Member, Madera Formation 
k m  Sari Andres Liihestone Fd Lover Membci, Madera Formation h Waieta  Swdstone u 8.sndle Formation, hrroyo Penruo orow Cr yeso Fon~atim M Precambrian 

Figure 4. GeneraUped north-south cross section depicting stratigraphic correlations of beds adjacent 
to the Sangre de Crbto Formation. (Note thickening of the Permian-Pennsylvanian Sangre de 
Cristo Formation in  the north.) 



The maximum thickness of the Sangre de Cristo %rmat%on ;En tha study 
a rea  2s about 5,000 f t , but it is nearly 10,000 f t i n  the C015,rado part 
of the &ton basin (Clark and Read, 1972; B r i l l ,  1952). Near M~ntezua~a, 
i n  San Miguel County, New Mexico, t he  Bangre de Csisto is only a few 
hundred f e e t  thick,  possibly because of nondeposition on the Tecolote arch 
(Paleozof c) [ ~ i g .  5 1 . 
Lithology 

The formation consis ts  of intercalated pebble: and cobble eonglometb~te, 
sandstone, s i l t s t o n a ,  shale,  and carbonate racks (PI. 1) .  Comsabn constitu- 
en t s  of t h e  coarse c l a ~ t i c  a r e  quartz, feldspar,  rack fragments, and dea.  
Calci te  is a comjmn cement. Same sandstone i s  imrol3t;ure and m y  resenble 
gran i te  i n  color  and campoeitian; it qua l i f ies  as gran i te  wash. The 
s imi l a r i t y  i s  caused by high potassium feldspar cosrtent, which  i s  sometimes 
grea te r  than t h a t  of quartz (Baltz and B a c k ,  1956). 

GEil)rLOGIC HISTORY 

During Pennsylvanian and Early Permian time, the  Las Vegw basis, ia 

subbasin of t he  Raaton basin,  was part  of t he  zuegogeosync1isld:d Rowe-kra 
b a ~ i n  (Read and Wood, 1947; B r i l l ,  1952). The basin. was flanked by the 
S a n  L a t s  - Uncompahgre h i ~ h l a n d s ,  the  S ie r ra  Grande up l i f t ,  Pedernd uplift, 
and the  Apishapa u p l i f t  (FPg. 6). 

I;a Early t o  Mdd2.e Paasglvanian tame, marine and m1rgina2 marit51is 
sedi~ents were deposited Pn the geosyncline. In  a d d l e  Pwiii~yZarplnian Cim, 
u p l i f t  of adjacent Mghlands was ing t ia ted ,  and oedi.memts ware provided t o  
t he  bwe-Mara b a s h .  A s  a r e su l t  of continued sedhentatdrpn dwlng Late 
Pennsylvanian a d  Early 'Perraia time, t he  besin was f i l l e d  id aid over- 
lapped dl the h1,gb.b& except, p ~ e s ~ t b l y ,  t h e  San Luis - Unccrpnpahgre Mah- 
landla (ua l tz ,  1965). ~ e d i r n h t s ,  probably detlved from the San Lds- 
Uhcompahgre highlands, completely expelled t h e  sea. 

During Late Permian time, seas transgressed and ret reated,  Continen- 
tal  and shallow-marine deposition prevailed during Triass ic  and Juraasic  
time. Major marine transgzesgion arid regression occurred doriag Cretaceous 
time, with continental, near-shore continental, and shallow-marine deposi- 
t ion (Tschanz and others,  1958) . 

Laramide tectonfc  movement in  ear ly  Tert iary time folded a par t  of the  
&we-Mora basin i n t o  a broad antLclinorium and formed the present Sangre 
de Cristo Mountains (Tschanz and others,  1958) and Raton - Las Vegas bassin. 
Early Quaternary basa l t  blankets most of the n o r t h e n  Las Vegas basin. 

The Raton basin, and the  genetically re la ted Las Vegas basin, a r e  
separated by t h e  Cimarron arch. The S ie r ra  Grande u p l i f t ,  the Pedernal 
u p l i f t ,  Sangre de Cris to  Mountains, and interbasinal  Cinnarron arch 
coloipletely enclose the  Las Vegas basin (Fig. 7). 
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1.3 Sondstone/shole rotio and Roberts and others, 1976.) 

Figure 5. Thickness isopach and sandstone-to-shale ratios of the Sangre de 
Christo Formation in the Las Vegas basin, New Mexlqo, 
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Figure 6. Paleotectonic map of southeastern Colorado and 
northeastern New Mexico. 
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Ffgure 7. Structure map of southeastern Colorado and 
northeastern New Mexico. 
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Imbricated thrust- faul t  zones a r e  present along the eastern eront 

of the  Sangre de Cris to  Mountains, where Precambriarz rocks m e  thrust  
eastward over Mississippian, Pennsylvanfan, and Permian rocks during 
Laramide deformation. Regional compression formed a b e l t  of hogbacks 
a l o q  the  east f lank of the  thrust  zone. In places, the beds a r e  over- 
turned. Diminution of compressive stresses is indicated by the shallow 
foldfng of the Jarosa syncline and Ocate an t i c l i ne  (Fig. 7).  

Unconformities bound the Sangre de Cristo only loca l ly  i n  the basin: 
nonconfonmable contacts e x i s t  near Tecolote arch, Cimarron arch, and 
S ie r ra  Grande u p l i f t ,  a d  an angular unconfomity with the Madera has 
been reported i n  the  southern par t  of t he  Las Vegas basin (Baltz, 1972). 
The upper contact appears t o  be confomable i n  the southern par t  of the 
hasin. North of Guadalupita, however, there may be a d i s c o n f o ~ b l e  
re la t ionehip between the Sangre de Cris to  Formstion and the San Andrtes 
Formtion,  North o t  Hiact Lake, the  Triass ic  Ducbum Group rears  uncon- 
foraably on the Sangre de Cris to;  local ly ,  the unconfomity i s  angular. 

FIELD INVESTIGATION 

Twelve s t ra t ig raphic  sect ions  of the Sangre de  Cris to  Fornation were 
meamred on the western s ide  of the Las Vegas basin (Fig. 2: App . A). 
Short sections were measured across mineralized zoaes i n  the Coyote 
d i s t r i c t  (Fig. 2; App. A). Seventy-three rock saaples were collected,  
and rad ioae t t ic  measurements of outcrops were made with a hand-held scin- 
t i l lometer.  Known uranfum deposits  were investigated and sampled, 

A rwr ~li-south crass sect ion of the Saagre de  Cristo Fosmatios w a s  
constructed with 12 measured sections of the Sangre de Cris to  Fomatf~n 
and frota sections mysured by other woakers (Fig. 4 ) .  The measured 
sect ions  of the 3angre. de C r i ~ t o  a r e  the  basis  for  the determinatzon of 
deposit ional enviromenta and, i n  par t ,  provenance (uig . 8 ; F1. 1) .  

E lec t r ic  a id  g m - r a y  lugs fruu ~ i u e  p-etrsleum.tcst holes (Figs. 2, 
50 App. 8) were stlrd**A fnr s t ra t ig raphic  infomation and to seek radio- 
ac t iv i ty  anomalies. Seven of the logs were used i n  construction of 
cross sections (Figs. 4, 9, 10). 

ANALYTICAL PROCEDUFU2S 

Rack composition and textures were determined by binocular microscope 
inspection of most of t he  samples, but 27 selected samples were studied 
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Figure 8. Generalized depositional environments of the 
$$ngre de Crisro Formation i n  the Las Vegas basin. 
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Figure 9 .  East-we& cross settion across the northern part o f  the Las t'egas basin, New Mexico. 
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p e t r o g r a p h i c a l l y  by t h i n - s e c t i o n  a n a l y s i s  (Tab le  1 ) .  Minera l  p e r c e n t a g e s  
were  t a b u l a t e d ,  a n d ' g r a i n - t o - g r a i n  r e l a t i o n s ,  c'ements, and a l t e r a t i o n s  
were  n o t e d .  Nine of t h e  samples  underwent heavy-mineral  s e p a r a t i o n  
(bromoform, s p e c i f i c  g r a v i t y  2.85) and a n a l y s i s .  Four samples were 
a n a l y z e d  by x-ray d i f f r a c t i o n  f o r  clay-mineral .  i d e n t f  f  i c a t i o n .  Twenty- 
s i x  samples  were ana lyzed  f o r  e q u i v a l e n t  uranium, e q u i v a l e n t  potass ium,  
and e q u i v a l e n t  thor ium by gamma-ray s p e c t r o m e t r y  (Table  2 ) .  These 
samples  were  a l s o  ana lyzed  chemica l ly  f o r  uranium, o r g a n i c  ca rbon ,  and 
t o t a l  ca rbon .  T o t a l  s e m i q u a n t i t a t i v e  emiss ion  s p e c t r o g r a p h i c  a n a l y s i s  
f o r  48 e lements  was performed o n ' 2 6  samples (Tabae 1 ) .  

RESULTS 

STRATIGRAPHY 

The Sangre d e  C r i s t o  t h i n s  southward from approx imate ly  5 ,000 f t  
a t  E l izabe th town i n  t h e  n o r t h ,  t o  650 f t  n e a r  Montezuma ( F i g  4) .  
Sands tone- to - sha le  r a t i o s  d e c r e a s e  southward a s  w e l l  ( F i g .  4 ) .  A 
p r i n c i p a l  s o u r c e  a r e a ' t o  t h e  n o r t h  i s  t h e r e b y  i n d i c a t e d .  Gradual  t h i n n i n g  
of t h e  Sangre  d e  C r i s t o  eas tward  toward t h e  S i e r r a  Grande u p l i f t  and r a p i d  
s u b s i d e n c e  i n  t h e  n o r t h - c e n t r a l . p a r t  of t h e  Las Vegas b a s i n  a r e  i n f e r r e d  
from s u b s u r f a c e  d a t a  ( F i g s .  9 ,  1 0 ) .  

PETROLOGY-PETROGRAPHY 

Conglomerates a r e  p i n k  and c o n t a i n  p a r t i c l e s  t h a t  a r e  c o b b l e  t o  s i l t  
i n  s i z e ;  a v e r a g e  g r a i n  s i z e  i s  about  5:mm. G r a n i t i c  r o c k  f ragments  are 
g e n e r a l l y  abundant ;  metamorphic r o c k  f ragments  a r e  l o c a l l y  abundant .  
l'he m a t r i x  i s  a r k o s i c .  

. . .. . 

Sands tones  

Exposed sandsllorles are p i n k ,  reddish-brown, and brown. Local  
L l e a c l ~ i ~ ~ g ~ t ~ a s  alrered s a n d s t o n e  c o l o r a  t - ion  t o  p i n k  and g ray .  Sandstones  
i n  t h e  Sangre; d e  C r i s t o  c o n s i s t  of a h g u t  50 p e r c e n t  rl1inrt7 end about, 
25 p e r c e n t  f e l d s p a r  (predominant ly  p o t a s s i c ) ,  p l u t o n i c  and sedimentary  

r o c k  f ragments ,  c a l c i t e  cement,  heavy m i n e r a l s ,  and m a t r i x  m a t e r i . a l s .  
P l u t o n i c  r o c k  f ragments  a v e r a g e  abou t  5 p e r c e n t  b u t  a r e  as much a s  
68 p e r c e n t  i n  one sample. Heavy-mineral s u i t e s  c o n s t i t u t e  less t h a n  
0 . 3  p e r c e n t  of e a c h  sample and c o n s i s t  of a.pa.t . i te ,  b i o t i t e ,  hornb lende ,  
muscov i te ,  tourmal ine ,  g a r n e t ,  and z i r c o n ,  which s u g g e s t s  a g r a n i t i c  
provenance.  Ep ido te  and g a r n e t ,  however, may i n d i c a t e  some metamorphic 
r o c k  c o n t r i b u t i o n  ( P e t t i j o h n ,  1975) .  Carbonaceous t r a s h  i s  s p a r s e  to 
abundan t ,  and a s p h a l t i c  p e l l e t s  and o t h e r  r e s i d u e s  a r e  p r e s e n t  (Northrop 
and o t h e r s ,  1946; B a l t z  and Bachman, 1956; F inch ,  1972) .  The sands tone  

, i s  p o o r l y t o  modera te ly  w e l l  s o r t e d  (average  Trask  s o r t i n g  c o e f f i c i e n t  of 
' 1 . 7 0 ;  Trask  , 1932) .  Clasts range  from f i n e  g r a i n e d  t o  g r a n u l e  s i z e  b u t  

are predominant ly  c o a r s e  g r a i n e d .  



TABLX 1. PETROGRAPHIC, CHEMICAL, AND EMISSION SPECTROGRAPHIC ANALYSES OF SELECTED SAMPLES 
.-. . G . . ... . 

. .. . ,. 

Location Chemical Semiquantitative emission spectrographic analyses (%) 
-. no. Sample Reference UsOe Total C Organic C 

(Fig.2) no. no. Lithologic description . (ppm) (%) (%I Ba Be Cu Mn Pb V 

19321 Black carbonaceous shale; illite 60%. kaoli- 
nite 20%. mixed layer 20:; 1.5 ft thick, 5 ft, 
long ( ? ) :  Mo 0.0008%. 105 5.81 5.73 

19322 Gray-brown pebbly arkosic wacke, fining- ' 

upwazds sequence; 4 ft thick underlain by 
1 ft of carbonaceous shale; tyuyamunite; 
high conterit of vanadium, Nb detected; 
radicmetric anomaly on outcrop indicated 
2.202 eUsOe 345 1.13 0.91 

19298 Arkosic arenite; gold-colored; 6 in. mineral- 
ized: malachite, oxidized pyrite; abundant 
carbcnaceous material, surrounding sandstone 
is bleached pink. 76 0.14 0.13 

19299 Sand-. siltstone in a channel scour;-bleached 
from red to light green; carbonaceous 
Mo 0 -0080%. 247 0.23 0.19 

19300 Arkosic, arenite; malachlte, and chalcocite; 
medimm cross-bedding; carbonaceous material 
abundant . 66 0.36 0.04 

19301 Calcareous arkosic arenite; abundant carbona- 
ceous wood fragments; pyrite. 182 0.83 0.06 

19302 - Sand? siltstone associated with carbonaceous, 
. micaceous shale; bleached. 90 0.15 , 0.15 



TABLE 1. (continued) 

Location 
no. Sample Reference 

(Fig.  2) no. no . Li thologic  d e s c r i p t i o n  

Chemical Semiquanti tat ive emission spec t rographic  ana lyses  (%) 
U30e Tota l  C Organic C 
(p?n:I (%) (%) Ba Be Cu Mn Pb V 

5 8 19204 S p a r i t e ;  gold- t o  gray-colored; 5i&L; 
f r a - t u r e d ;  2 f t  th ick ;  s i l t s t o n e  b e l ~ v  
is  na lach i te -s ta ined .  25 9.14 7.99 0.0800 0.0003 3.3000 0.300G 0.0005 0.0050 

5 9 19205 Calzareous s i l t s t o n e ;  i l l i t e  402, &LC-  
r i t e  40%. mixed l a y e r  20%, l i g h t  gra:l; 
car5onaceous f i l aments ;  malachita .  21 0 .88  0.36 6.0200 0.0010 3.4000 0.0200 0.0002 0.0070 

5 10 19306 Clayey s i l t s r o n e ,  chocolate-colc.red, 
bleached gray;  containing malackite;  
micaceous; carbonaceous f i laments.  123 0.37 0.24 0.0400 0.0005 .3.1000 0.1500 0.0005 0.0070 

5 11 19224 Spec i te ;  s i l c y ;  abundant carbonsceous 
m a t ~ r i a l ;  gold-colored, f r a c t u r e d ;  
g r i d e s  downwa~d i n t o  a s i l t s t o n e :  
malachrte.  35 2.02 1.94 0.0300 0.0005 .1.0080 0.1000 0.0001 0.0050 

5 12 19325 Calcareous l i t h i c  a r e n i t e ;  gray c o l ~ r e d ;  
2 f r  t h i c k  wi th in  an 11- f t - th ick  s i l t s t o n e ;  
malachi te .  3 1.76 1.76 0.0200 0.0004 :1.3000 0.1000 0.0020 0.0400 

5 13  19303 Calsareous a rkos ic  a r e n i t e ;  gray-black 
colnrec with some l imoni te  (oxidized 
p y r i t e ?  ; very  abundant carbonacwus 
t r z s h  ind p lan t  fragments; mud c l a s t s  a r e  
green;  Tschanz and o t h e r s  (1958) re?owed 
sample of 0.85% U30s from t h i s  l o c a t r o n .  119 0.92 0.50 0.0500 0.0004 0.0008 0.0300 0.0100 0.1500 



TABLE 1. (continued) 

Location 
no. Sample 3eference 

{Fsg. 2) ro. no. L i tho logic  d e s c r l p t i o n  

Chemical Semiquan=itat ive emission spec t rographic  ana lyses  (%) 
Us08 Tota l  C Organic C 
(ppm) (%I ( % )  Ba Be Cu Mn Pb V 

6 14 19307 Silicec?us l i t h i c  a r e n l t e ;  pink-colored; 
near  the  base of a  smsll  channel scour;  
medium cross-bedding; i s  t h e  only sample 
with s i l i c a  a s  domlnaxt cement. 4 0.12 0.11 0.0300 9.0006 0.0010 0.0100 0.0003 0.0010 

6 5.5 19308 Calcareous a rkos ic  a r e n i t e ;  pink-colored; 
from an 8 - f t  massive sandstone,  below 4- f t  
l imestone;  some b a r i t e  cement. 6 1.11 0.08 0.0300 0.0004 0.2000 0.2000 0.0040 0.0040 

. . 
6 L6 19314 L i t h i c  a r e n i t e ;  sandstone i n  4-cm pebble, 

conglonerate near  cop of sec t ion .  3 0.18 0.18 0.0500 '0.0003 0.0080 0.0100 0.0001 0.0010 

7 1 7  19517 Si l iceous  a rkos ic  a r e n i t e ;  micaceous; 
poorly sor ted ;  i n  a x i s  of a  small  f o l d ;  
some carbonaceous m a t e r i a l ;  malachite .  20 0.07 0.06 0.0300 0.0030 0.1000 0.0300 0.0006 0.0080 

7 18  19318 S i l t y  f e l d s p a t h i c  wacke; from prospect  p i t ;  
mineralized a r e a  i s  8 f t  by 10 f t  (?)  i n  a  
small  s c a l e  cross-bedded and r ipp led  silt-  
s tone ;  very m i c a c e ~ u a ;  malachite;  a r k o s i c  
sandstone above p i t  is bleached; abundant 
s i l i c i f i e d  l o g s  were found i n  the  sandstone.  60 0.71 N i l  0.0600 0.0008 0.1500 0.1500 0.0004 0.0060 

7 19 19319 Arkosic a r e n i t e ;  abur.dant vege ta l  mat te r ;  
coarse  grained;  chanr.el depos i t ;  c h a l c o c i t e ,  
o a l a c h i t e ;  a z u r i t e  is very abundant. 26 0.50 0.16 0.0200 0.0005 >1 0.0100 0.0003 0.0800 



TABLE 1. (continued) , 

Location Chemical Semiquanti tat ive emission spec t rographic  ana lyses  ( X )  
no. Sample ~ e f e r e n c e  7d,0e T o t a l  C Organic C 

(Fig.  2) r.0. no. L i tho logic  d e s c r i p t i o n  ( P P ~ )  (%) Ba Be Cu Mn Pb V 

7 20 19320 S i l t s t o n e ;  (1,500 f t  below s m p l s  13) - 
m i c ~ c e o u s ,  quartzoae,  some b l e a c i i n z  
Ln s t r i n g e r s ;  carbonaceous . 
m a t e r i a l .  148 0.22 E.22 0.0400 0.0020 0,1000 0.0300 0.0008 0.0100 

9 21 19315 Arkosic a r e n i t e ;  pink; coarse-grainsd: 
. v i t t  a high percentage of GRF: abundant 
.tieat o i l .  4 0.22 a 0 9  0.0200 0.0003 0.0004 0.0300 0.0002 0.0005 

10 22 19309 Calcareous a rkos ic  a r e n i t e ;  tan co lored ;  
nedium grained;  some b a r i t e  cement; 
dead o i l .  3 0.99 0.01 0.0400 0.0003 0.0020 0.0300 0.0001 0.0030 

10 23 19310 a r k c s i c  a r 2 n i t e ;  mediun grained;  massive. 1 0.10 0.09 0.0500 0.0001 0.0005 0.0010 0.0002 0.0005 

11 24 19311 Calcareous l i t h i c  a r e n i t e ;  pi-k; coarse-  
g ra ined;  E f t  t h i c k ;  j u s t  b e l ~ w  Sangre d e  
Cristo-Yeso c o n t a c t ,  some s i l i c a  cenent .  2 .0.90 0.17 0.0300 0.0030 0.0020 0.0100 0.0003 0.0080 

11 25 19312 Calcareous l i t h i c  a r e n i t e ;  2 S t  th ick ;  
medium-scale cross-bedding; rnicaceous; 
f e ldspa th ic .  -- -- -- -- -- -- -- -- -- 

11 26 19313 S i l t y  mudstone; i l l i t e  80%, k a o l i n i t e  202, 
?leashed green-white below channel  sand- 
ston?;  contained c l a y  c l a s t s .  12 0.43 0.10 0.1500 0.0030 0.0100 0.0200 0.0003 0.0200 

1 3  21 19316 .\~ko;ic a r e n i t e ;  medium cross-bedded t o  
r a s s l v e ;  near Yeso contac t  with Sangre 
.de C r i s t o .  2 0.10 0.06 0.0300 0.0001 0.0004 0.0050 0.0002 0.0010 



TABLE 2. RADIOACTIVE CONSTITUENTS IN SELECTED SAMPLES 
FROM SANGRE DE CRISTO FORMATION 

Location Sample Ratio 
no. no. Reference U3O8 eU308 . Ratio eTh* U3O8/ eK* 

(Fig. 2) (App. A) no. (ppd ( P P ~ )  e U / U  (ppm) eTh ( % I  

"counting t i m e ,  41) min per: samp1.e. . 



Grain c o n t a c t s  a r e  p o i n t  and long grain- to-grain,  a l though f l o a t i n g  
g r a i n s  and concavo-convex c o n t a c t s  a r e  seen;  only minor p re s su re  so lu t ion  
i s  suggested.  Consequently,  t h e  sands tone  may be moderately porous except 
i n  a r e a s  of abundant cement. 

The sands tone  is cemented predominantly w i t h  carbonate ,  bu t  s i l i c a ,  
i r o n  oxide ,  s u l f a t e ,  and c l a y  a r e  a l s o  p re sen t  a s  cementing agen t s .  Fine- 
t o  medium-grained pa tches  of s p a r i t i c  and m i c r i t i c  c a l c i t e  cement a r e  
e v i d e n t .  M i c r i t e  shows a  s t r o n g  r e l a t i o n s h i p  wi th  i n t r a f o r m a t i o n a l  
c l a s t s  and was probably de r ived  from t h e  d e s t r u c t i o n  of those  fragments.  
B a r i t e  i s  i n t i m a t e l y  a s s o c i a t e d  w i th  c a l c i t e  i n  two samples. 

Replacement of q u a r t z  and f e l d s p a r  by c a l c i t e  is  common. Tschanz 
and o t h e r s  (1958) i n f e r r e d  t h a t  such replacement i n  t h ~  Cnynte d i s t r i c t  
was caused by hydrothermal  s o l u t i o n s  t h a t  remobil ized uranium from 
low-grade syngenet ic  d e p o s i t s  and p r e c i p i t a t e d  i t  a s  higher-grade 
e p i g e n e t i c  d e p o s i t s .  Our d a t a  do n o t  suppor t  such a  hypothes i s .  (For 
example, f a u l t s  i n  t h e  a r e a  do no t  appear t o  be mineralized, and no 
high-temperature  mine ra l  s u i t e s  were found. On the o the r  hand, rep lace-  
ment by means of co ld  s o l u t i o n s  i s  p o s s i b l e  i f  t h e  s o l u t i o n s  a r e  under- 
s a t u r a t e d  i n  s i l i c a ,  a r e  s a t u r a t e d  w i th  r e s p e c t  t o  carbonate ,  o r  bo th . )  

A l t e r a t i o n  of f e l d s p a r  t o  k a o l i n i t e  and pe t rographic  s e r i c i t e  is  
ev iden t  i n  a l l  samples.  P l a g i o c l a s e  i s  more i n t e n s e l y  a l . t e rad  tha.n 
potassium f e l d s p a r .  

S i l t s t o n e s ;  'Mudstones; 'and 'Sha les  

S i l t s t o n e s ,  mudstones, and s h a l e s  i n  t h e  Sangre de  C r i s t o  a r e  
g e n e r a l l y  reddish-brown t o  maroon o r  va r i ega t ed ;  some s h a l e s  a r e  dark 
(carbonaceous) .  The s i l t s t o n e s  a r e  c layey  and micaceous and g e n e r a l . 1 ~  
c o n t a i n  approximately t h e  same p ropor t i uns  of qua r t z  and f e l d s p a r  a s  t h e  
sandstones. 

Limestones -. 

Limestones a r e  gray  t o  r e d ,  m i c r i t i c  carbonates  t h a t  con ta in  q u a r t z ,  
f e l d s p a r ,  and m i c r i t i c  rock  fragments.  They a r e . . g e n e r a l l y  non fos s i l i f e ro l i s  
except  a t  Mora River  Gap where some f o s s i l s  a r e  found. Thin, red  dolomites  
a r e  p re sen t  i n  t h e  sou the rn  p a r t  of t h e  bas in .  

GEOCHEMISTRY 

Uranium oxide  does n o t  c o r r e l a t e  w i th  mineral carbon (Tables 1, 3 ) ;  
t h u s ,  t h e r e  i s  no appa ren t  r e l a t i o n  between uranium depos i t i on  and c a l c i -  
f i c a t i o n .  'Yhe d a t a  a r e  n o t  conc lus ive ,  however, because t h e  r e l a t i o n s h i p  
may be one of c a l c i f i c a t i o n  enveloping both minera l ized  and bar ren  rock.  
Laboratory ana lyses  of smal l  grab samples d id  no t  i n d i c a t e  a  c o r r e l a t i o n  
between organic  carbon and uranium oxide .  However, f i e l d  observa t ions ,  



made i n  t h e  g e n e r a l  a r e a  of t h e  uranium d e p o s i t s ,  i n d i c a t e  a n  abundance 
of carbonaceous t r a s h .  Conversely ,  when no carbonaceous  m a t e r i a l  i s  
found, t h e  g e n e r a l  absence  of uranium i s  no ted .  

There is  f a i r  c o r r e l a t i o n  between uranium and barium; poor c o r r e l a -  
t i o n  between uranium and l e a d ,  and uranium'and vanadium; and no c o r r e l a -  
t i o n  between uranium and copper ,  b e r y l l i u m ,  o r  i r o n .  There  i s ,  t h e r e f o r e ,  
no a p p a r e n t  i n d i c a t i o n  from s t a t i s t i c a l  a n a l y s e s  t h a t  d e p o s i t i o n  of t h e s e  
e lements  was d i r e c t l y  r e l a t e d  t o  uranium d e p o s i t i o n .  The r e l a t i o n s h i p  
between uranium and barium i s  n o t  c l e a r .  Harshman (1972) no ted  t h a t ,  i n  
t h e  S h i r l e y  b a s i n  (Wyoming) d e p o s i t s ,  barium w a s  s l i g h t l y  more abundant  
i n  m i n e r a l i z e d  s a n d s t o n e s  t h a n  i n  u n a l t e r e d  sands tones .  C o r r e l a t i o n  
between barium and uranium may be  r e l a t e d  t o  c o i n c i d e n t a l  d e p o s i t i o n  o f  
uranium and barium from s u l f a t e - b e a r i n g  ground w a t e r s .  

TABLE 3 .  CORRELATION COEFFICIENTS BETWEEN CHEMICAL 
UF~ANIUM OXIDE AND NINE .OTHER CONSTITUENTS 

V C(org.1 C (min . ) Ba Cu Pb B e  Ca Fe 

The equivalent-uranium t o  chemical-uranium (eU/cU) r a t i o s  s u g g e s t  
t h a t  t h e  sys tem i s  e s s e n t i a l l y  i n  r a d i o m e t r i c  e q u i l i b r i u m  (Tab le  2 ) .  Two 
samples (13 and 24) are s l i g h t l y  o u t  o f  e q u i l i b r i u m ,  which s u g g e s t s  t h a t  
uranium was l eached  l o c a l l y ,  p o s s i b l y  by s u r f a c e  w a t e r .  

Uranium-to-thorium (U/Th) r a t i o s  f o r  s a n d s t o n e  a r e  abou t  0.25 (Adams 
and o t h e r s ,  1959) t o  0.36 (Vine and T o u r t e l o t ,  1973) .  D e p a r t u r e s  o f  
uranium-to-thorium r a t i o s  from t h e s e  g e n e r a l  a v e r a g e s  may i n d i c a t e  anoma- 
l o u s  c i rcumstances .  Uranium-to-thorium r a t i o s  of samples c o l l e c t e d  
d u r i n g  t h e  p r e s e n t  s t u d y  range  from 0 . 1  t o  58 and a v e r a g e  a b o u t  9 .  
Samples t h a t  c o n t a i n  more t h a n  50 ppm uranium have a n  average  uranium-to- 
thorium r a t i o  of 19 .  Uranium enr ichment  o r  thor ium impoverishment is  
the reby  i n d i c a t e d .  D e p l e t i o n  of thor ium i s  u n l i k e l y ,  because  i t  i s  
i n s o l u b l e  i n  c o l d  s o l u t i o n s  (Adams and o t h e r s ,  1959) ;  t h e r e f o r e ,  t h e  
r a t i o s  s u g g e s t  t h a t  uranium was added t o  t h e  sands tone .  

SED IMENTOLOGY 

I n t e r n a l  F e a t u r e s  
u 

Medium-scale c r o s s  s t k a t i f i c a t i o n  and s h a r p ,  e r o s i o n a l ,  lower and 
l a t e r a l  c o n t a c t s  a r e  t h e  most common sed imenta ry  s t r u c t u r e s .  Although 
obscured i n  some of t h e  pebbly s a n d s t o n e ,  t h e  s a n d s t o n e  i s  g e n e r a l l y  



c o a r s e s t  a t  t h e  b a s e  and becomes f i n e r  g r a i n e d  upward. Large i n t r a f o r m a -  
t i o n a l  p e b b l e s  and . c o b b l e s  a r e  p r e s e n t  i n  some of  t h e  s a n d s t o n e  a t  s e v e r a l  
s t r a t i g r a p h i c  l e v e l s .  Some s a n d s t o n e ,  however, i s  mass ive ,  is  bounded 
by h o r i z o n t a l  bedding p l a n e s ,  and l a c k s  i n t e r n a l  s t r u c t u r e  e x c e p t  f o r  
i r r e g u l a r l y  d i s t r i b u t e d  c l a y s t o n e  pebb les .  Small- and l a r g e - s c a l e  c r o s s -  
bedding,  r i p p l e  marks,  a n i m a l  burrows,  and penecontemporaneous deformat ion  
are found l o c a l l y .  

The Sangre  d e  C r i s t o  Formation r e p r e s e n t s  s e v e r a l  d e p o s i t i o n a l  
environments .  The s e d i m e n t s  a r e  main ly  a l l u v i a l  (Northrop and o t h e r s ,  
1946; B r i l l ,  1952; B a l t z  and Bachman, 1956; Tschanz and o t h e r s ,  1958; '  
Bolyard,  1959; B a l t z ,  1965; C l a r k  and Read, 1972) and c o n s i s t  o f  
upper  f l o o d - p l a i n ,  lower  f l o o d - p l a i n  (overbank) ,  and p a l u d a l  d e p o s i t s ;  
l a c u s t r i n e  d e p o s i t s  are a l s o  p r e s e n t .  Much of t h e  fo rmat ion  c o n s i s t s  of 
g e n e t i c ,  m u l t i s t o r i e d ,  and ' m u l t i l a t e r a l  s a n d s t o n e  u n i t s .  

Piedmont d e p o s i t s  (bou lder  and c o b b l e  conglomerates)  a r e  found n e a r  
E l izabe th town and t h e  Red River  P a s s  ( n e a r  the .Cimar ron  a r c h ;  F i g .  8 )  
( C l a r k  and Read, 1972) .  However, t h e  fo rmat ion  i n  t h e  n o r t h e r n  two- th i rds  
o f  t h e  b a s i n  i s  c h a r a c t e r i z e d  by b ra ided-s t ream d e p o s i t s  t h a t  were l a i d  
down n e a r  s o u r c e  a r e a s  and a r e  t y p i c a l  o f  upper a l l u v i a l - p l a i n  environ-  
ments.  Black ca rbonaceous  s h a l e  i n  t h i s  p a r t  of t h e  b a s i n  may have been 
d e r i v e d  from f l o o d - p l a i n  o r  p a l u d a l  d e p o s i t s .  

L a c u s t r i n e  environments  a r e  sugges ted  by the  p resence  of t h i n ,  i r o n -  
o x i d e - s t a i n e d ,  g e n e r a l l y  u n f o s s i l i f e r o u s  l i m e s t o n e .  The l i m e s t o n e  i s  
p r e s e n t  main ly  i n  t h e  lower  p a r t  of t h e  Sangre  d e  C r i s t o .  

To t h e  s o u t h ,  n e a r  T e c o l o t e  Creek and Pecos River  areas, a.l.1-uvial- 
p l a i n ,  meander-belt  d e p o s i t s  predominate  ( 'Fig. 8) .  Thin d o l o m i t e s  and ' 

sif~seofies  w i t h  abundant  burrows i n  t h e  Pecos  River  s e c t i o n  (Fig.  8 ;  
P I .  1 )  i n d i c a t e  t h a t  t i d a l - f l a t  environments  may a l s o  b e  p r e s e n t  i n  t h e  
s o u t h e r n  Las Vegas b a s i n .  

EVIDENCE OF FAVORABILITY FOR URANIUM 

SURFICIAL 'DEPOSITS 

Uranium d e p o s i t s  i n  t h e  Sangre d e  C r i s t o  Formation a r e  known i n  
t h r e e  areas: n e a r  Ulack Lake,  i n  the Coyote d i s t r i c t ,  and a t  t h e  Mora 
R i v e r  Gap (F ig .  2 ) .  Only t h e  Coyote d i s t r i c t  d e p o s i t s  a r e  d e s c r i b e d  i n  
t h e  l i t e r a t u r e ;  t h o s e  n e a r  Black Lake and t h e  Mora River  Gap were  
d i s c o v e r e d  d u r i n g  t h e  p r e s e n t  p r o j e c t .  

Black Lake 

There  is  a s m a l l  uranium-vanadium d e p o s i t  approx imate ly  2  m i  n o r t h  
of Black Lake, by Highway 38 (F ig .  2 ,  l o c .  2 ) ,  i n  s t r a t a  t h a t  a r e  



s l i g h t l y  overturned and s t r i k e  due no r th .  Radiometric measurements w i th  
a  hand-held s c i n t i l l o m e t e r  i nd i ca t ed  up t o  2,200 ppm equ iva l en t  Us00 i n  
t h e  outcrop;  a  sample assayed 345 ppm chemical Us08 (Table 1, sample 2 ) .  
The depos i t  i s  i n  a  6 - f t - t h i ck  channel sandstone and an over ly ing  
1- f t - th ick ,  b lack ,  carbonaceous mudstone, and ex tends  upward i n t o  a  
4-f t - thick channel sandstone.  It  i s  about  1 ,500  f t  above t h e  base  of 
t h e  Sangre de  C r i s t o .  L a t e r a l  e x t e n t  is  unknown because of cover bu t  i s  
a t  l e a s t  15  f t  a long s t r i k e .  

The sandstones a r e  very  coa r se  gra ined  and g ranu le  s i z e ,  pebbly 
and cobbly, and c o n s i s t  mainly of q u a r t z  f e l d s p a r ;  p l u t o n i c ,  metamorphic, 
and sedimentary rock fragments;  and c a l c i t e  cement. Some carbonaceous 
d e b r i s  is  p re sen t  and i s  probably r e spons ib l e  f o r  t h e  b leaching  of t h e  
beds from maroon t o  golden brown. Tyuyamunite i s  p re sen t  a s  g r a i n  
coa t ings  and a s  t h i n  s t r e a k s  on bedding p lanes .  More than 1 pe rcen t  
vanadium is  p re sen t  and may have f i x e d  t h e  uranium. 

A small  r a d i o a c t i v i t y  anomaly (105 ppm cU308) i s  p re sen t  i n  t h e  
roadcut  southwest of t h e  uranium-vanadium d e p o s i t  and i s  s t r a t i g r a p h i c a l l y  
about  1,000 f t  below i t .  It i s  i n  a  3- f t - th ick ,  w e t ,  s t i c k y ,  b l ack ,  
carbonaceous c l ays tone  (Table 1, sample 1 )  t h a t  may c o n s i s t  of non t ron i t e .  

: . . , 

. . .... 
I 

. , 

Coyote D i s t r i c t  . . . . %  

.* , 

There a r e  s e v e r a l  copper-uranium-vanadium d e p o s i t s  i n  a  north-south 
b e l t  about G m i  long and almost 1 ,500 f t  wide, 8  t o  12 m i  n o r t h e a s t  
of Mora. The idepos i t s  a r e  i n  t h e  lower 1,70.O f t  of t h e  Sangre de  C r i s t o .  . . . t: 

Ind iv idua l ly ,  they a r e  smal l ;  zones conta in ing  g r e a t e r  than 0.03 perc'ent ., : ! 1 b  

Us08 a r e  gene ra l l y  l e s s  than 1 f t  t h i c k  by 6 Fo 8 f t  long.  Only small  
product ion from t h e  a r e a  i s  known. . .:' 

. , 
r .-.. . :, 

The d e p o s i t s  a r e  gene ra l l y  i n  channels  o r  a t  t h e  base  of f e s toon  
c r o s s  beds,  where wood fragments and i n t r a f o r m a t i o n a l  mud c l a s t s  abound. 
Host rocks ake gray t o  p ink ,  medium- t o  coarse-grained,  ca lcareous  
a rkos i c  a r e n i t e s  (Table 2, samples 3-13). Uranium i s  a l s o  i n  nodular  
l imestone,  s i l t s t o n e ,  and b l ack ,  carbonaceous mudsroae. Chalcoc i te ,  
o t h e r  copper s u l f i d e s ,  secondary copper mine ra l s ,  metatyuyamunite, 
p o s s i b l e  r o s c o e l i t e  (Tschanz and o t h e r s ,  1958) ,  u r a n i n i t e  a s s o c i a t e d  wi th  
copper , s u l f i d e  nodules ,  and a  u ran i f  e rous  subs tance  a r e  p re sen t  ( Z e l l e r  
and Ba l t z ,  1954.; Tschanz and o t h e r s ,  1958).  

No uranium-copper d e p o s i t s  were noted i n  t h e  Coyote d i s t r i c t  du r ing  t h e  
p re sen t  study. Uranium conten t  i s  gene ra l l y  i n v e r s e  t o  copper conten t ;  high 
uranium conten t  is  u s u a l l y  found i n  sandstone,  whi le  h igh  copper conten t  i s  
a s soc i a t ed  w i th  s h a l e  o r  mudstone. Th i s  may sugges t  d i f f e r e n t  r r app ing  
mechanisms, d i f f e r e n t  per iods  of mine ra l i za t i on ,  o r  syngene t ic  copper and 
ep igene t i c  uranium mine ra l i za t i on .  



Uranium g r a d e  i s  as h i g h  a s  1850 ppm U308 (Tschanz and o t h e r s ,  
1958) .  Average g r a d e  i s  a b o u t  LOO t o  200'ppm Us08 (Tab le  2 ,  
samples  3-13). 

Mora River  Gap 

Two s m a l l  d e p o s i t s  are p r e s e n t  i n  r o a d c u t s  n o r t h  of t h e  Mora River  
a b o u t  4 m i  e a s t  of Mora on Highway 3 (F ig .  2 ) .  They a r e  a b o u t  1 ,200 f t  
above t h e  b a s e  of t h e  Sangre  d e  C r i s t o  and are approx imate ly  1 ,500  f t  
a p a r t  a l o n g  s t r i k e .  Sample a n a l y s e s  i n d i c a t e  a uranium c o n t e n t  a v e r a g i n g  
100  ppm U308. _ -. 

One d e p o s i t ,  expnsed river a n  a r e a  o f  approx imotc ly  8 by 1 0  f t ,  i s  
i n  a s i l t y ,  f e l d s p a t h i c ,  micaceous wacke w i t h  s m a l l - s c a l e  'cross-bedding.  
Its l a t e r a l  e x t e n t  i s  n h s r u r e d  by  c o v e r .  S l l i c i f i c d  l o g s  a r e  abundant 
i n  t h e  o v e r l y i n g  b l e a c h e d ,  a r k o s i c  s a n d s t o n e ,  b u t  no carbonaceous  m a t e r i a l  
i s  e v i d e n t  i n  t h e  zone of anomalous r a d i o a c t i v i t y  n o r  a r e  uranium m i n e r a l s  
e v i d e n t  (Table  2, sample 1 8 ) .  

The o t h e r  d e p o s i t  i s  i n  a  3 - f t - t h i c k ,  micaceous ,  q u a r t z o s e  s i l t s t o n e .  
Some carbonaceous  m a t e r i a l  i s  p r e s e n t ,  and b l e a c h i n g  i s  e v i d e n t  (Table  1, 
sample 20) .  

SUBSURFACE 'ANOMALY 

A 2 5 - f t - t h i c k  zone of anomalous r a d i o a c t i v i t y  a t  abou t  2,858 f t  
d e p t h  was n q t e d  on l o g s  i n  19.54 dilri.ng the C s n t i n o n t a l  Lcathe~wood-Reed Nu. 1 
o i l - t e s t  h o l e  a b o u t  5  m i  e a s t  of Las Vegas, i n  s e c .  1 5 ,  T. 1 6  N . ,  
R. 1 7  E. (Fig.  2 ,  l o c .  G). Ameri.can M i n e r a l s  Co. d r i l l e d  two o f f s e t s  
d u r i n g  1968. Samples c o l l e c t e d  a t  t h a t  t i m e  i n d i c a t e  t h a t  t h e  h o s t  rock  
i s  au iuu~laLure micaceous a r k o s e  o r  g r a n i t e  wash. Black u rany l -o rgan ic  
p e l l e t s  are c o n c e n t r a t e d  i n  t h i n  l a y e r s  a l o n g  bedding p l a n e s  and may 
have s u p p l i e d  a r e d u c t a n t .  Samples t a k e n  a t  1 - f t  i n t e r v a l s  c o n t a i n  
c l a u s t h a l i t e  (PbSe), g o l d ,  s i l v e r ,  and uranium, i n  anomalous q u a n t i t i e s  
(F inch ,  1972) .  

Gamma-ray l o g s  from t h r e e  o i l - t e s t  h o l e s  p rov ided  no ev idence  o f  
s u b s u r f a c e  anomal ies  downdip of t h e  Leatherwond-RPP~ Nn. 1 .  O n l y  five 
gamma-ray l o g s  were  a v a i l a b l e  f o r  t h e  e n t i r e  b a s i n ;  t h e r e f o r e ,  ev idence  
concern ing  r a d i o a c t i v i t y  anomal ies  i n  t h e  s u b s u r f a c e  i s  s p a r s e .  

FAVORABILITY .---... CRITERIA'PRESENT 

F a v o r a b i l i t y  c r i t e r i a  f o r  e p i g e n e t i c  uranium d e p o s i t s  i n  sands tone  
( G r u t t ,  1972; F i s h e r ,  1974) t h a t  a r e  a p p l i c a b l e  t o  t h e  p r e s e n t  s t u d y  - - 
i n c l u d e :  p o s s i b l e  uranium s o u r c e s ;  hos t - rock  t y p e s ;  d e p o s i t i o n a l  environ-  
ment o f  h o s t  r o c k s ;  p r e s e n c e  and amount of carbonaceous  m a t t e r ;  uranium 
d e p o s i t s ;  hos t - rock  t h i c k n e s s e s  and l e n t i c u l a r i t y ;  and a l t e r a t i o n  (Table  4 ) .  



TABLE 4 .  FAVORABILITY.CRITERIA PXESENT I N  SANGRE DE CRISTO F0R:MTION 

C r i t e r i a  Northern a'rea C e n t r a l  a r e a  Southern a r e a  

Tec O n i c  regime 1ntracraton;c b a s i n  I n x r a c r a t o n i c  b a s i n  I n t r a c r a t o n i c  b a s i n  

D e p w i t i o n a l  e n v i r m e n t  Piedmont and braided s t ream of  AlLuvial  f a n  and braided s tream 3f Meander b e l t  depos i t ed  on 
a l l w i e l  p l a i n  a l l u v i a l  p l a i n  a l l u v i a l  p l a i n  

Lithologp' of h o s t  n c k  , , Arkosic ,  pebbly sands tone ;  Ar ros ic  sands tone ;  n icaceous  Arkosic  sands tone  
carbonaceous s h a l e  sands tone  

Provznance of h o s t  rock  G r a n i t i c ,  metamorphic, and 
l imes tone  t e r r a n e s  

G r s n i t i c  t e r r a n e  wi th  a minor G r a n i t i c  t e r r a n e  
metamorphic c o n t r i b u t i o n  

GraLi s i z e  of h o s t  rock  Pebble t o  medium sand.* Cosrse ' t o  s i l t y  sand F ine  sand** 

Sandktone t h i c k n e s s  4 t o  20 f t  8 zo 35 f t ;  m u l t i s t o r i e d  6 t o  8 f t  

Sandktone-shale r a t i o  Approximately 2 : l  Apxoximate ly  1 .5 : l  Approximately 1 :1 .8  

Att iEude of b?ds a t  80" 
s u r f a c e  

75' over tu rned  t o  7O 80" o v e r t . ~ r n e d  t o  6' 

FlaOtening of beds i n  Within 6 m i  of d e p o s i t  s t r a t a  Wirhin 112 mi of d e p o s i t s ,  d i p  <6"  (? )  
b a s i n  a r e  h o r i z o n t z l  decreased  t o  <7' 

Uncooformit ies  Presen t  a t  t h e  top of t h e  s e c t i o n  No~conformi ty  p r e s e n t  a t  t h e  b a s s  of Nonconforni ty p r e s e n t  a t  t h e  base 
from Black Lake northward and t h e  Sangre d e  C r i s t o  near  t x e  of t h e  s e c t i o n  near ,Teco lo te -S ie r ra  
nonconformity a t  t h e  base  near  , S i e r r a  Grande a r c h  Grande a rches ;  angu la r  unconformiry 
t h e  Cinarron and S i e r r a  Grande wi th  t h e  Madera* 
a r c h e s  

Dnoxidized sands tone  
( c o n t a i n s  s u l f i d e s )  

.- . Contains copper and i r o n  s u l f i d e  Contains s u l f i d e s  



TABLE 4. (cont inued)  

C r i t e r i a  Northera a r e s  C e 2 t r a l  a r e a  Southern a r e a  

Limonite-hematite s t a i n d  Hematrte s t a i n e d  a u r e o l e  
(anomalous] 

Small  b l e b s  of l i m o n i t e  

Bleaching Bleacking e v i d e n t  around d e p o s i t  Bleaching abundant n e a r  sands'tones Bleaching conion near  base of sands tones  

Reducing a g e n t s  ( t r a p s )  Carbocaceous d e b r i s ,  c a r t x m c e c u s  Carjonized wood, carbor.aceous Shows of petroleum.* asphal t*" 
nuds tone ,  vanadium - t r a s h ,  carbonaceous s h a l e s ,  

s u l f i d e s ,  a s p h a l t , "  dead o i l ,  
shows of petroleurr ,  n a t u r a l  
g a s  5 5 

I 
Groundwater anomaly - -- 1 5  ?pb (oniy a n a l y s i s  a v a i l a b l e ) +  

Uranium m i n e r a l s  on out-  Tyuyan-mite 
c rop  and i n  s u b s u r f a c e  

. J r a n i n i t e , +  metatyuyanunite ,+ Uranyl-organic mater ial** 
u r a n i f e r o u s  humate (? ) ,  and 
u r a n i f e r o u s  f e r r i c  subs tance  (?:I 

Elements a s s o c i a t e d  w i t t  Vanadhm, molybdenum, m a w a n ~ s e .  7anadium: molybdenum, manganese, S e l e n P ~ m ,  go ld ,  s i l v e r , * *  copper  
uranfum capper ,  s i l v e r  copper ,  s i l v e r  

* Northrgp and' ~ t h e r s  :1946) 
+ Z e l l e r  and B a l t z  (1444) 
5 Tschanz, Laub, and F u l l e r  (1958) 
** Finch (1972) 
9 Bal tz  (1965) 
5 5  Speer (1975) 



P o s s i b l e  Sources  o f ' u r a n i u m  

Thickness  (F ig .  5 ) ,  sands tone-sha le  r a t i o s  (F ig .  5 ) ,  and d e p o s i t i o n a l  
' environments  (F ig .  8) i n d i c a i e  t h a t  t h e  main s o u r c e  a r e a s  f o r  Sangre d e  
C r i s t o  sediments  i n  t h e  Las Vegas b a s i n  a r e  t o  t h e  n o r t h .  Sandstone 
composi t ions  and t e x t u r e s  i n d i c a t e  f i r s t - c y c l e  s e d i m e n t a t i o n  from a 
predominant ly  g r a n i t i c  provenance.  The g r a n i t i c  s o u r c e  r o c k s  f o r  t h e  
a r k o s i c  sediments  ( t h a t  i s ,  t h e  S i e r r a  Grande u p l i f t ,  Cimarron a r c h ,  
and San L u i s  - Uncompahgre h i g h l a n d s )  cou ld  have s u p p l i e d  uranium t o  
t h e  Las Vegas b a s i n  d u r i n g  L a t e  Pennsylvanian and E a r l y  Permian time. 
G r a n i t i c  t e r r a n e s  i n  t h e ' p e d e r n a l  u p l i f t  and T e c o l o t e  a r c h  may have 
c o n t r i b u t e d  a r k o s i c  sed iments  and uranium. 

No t u f f a c e o u s  beds  are known i n  t h e  Sangre d e  C r i s t o  o r  i n  t h e  
o v e r l y i n g  Permian beds .  Volcan ic  r o c k s  i n  t h e  a r e a  a r e  mainly  maf ic  
b a s a l t s  and a r e  n o t  a l i k e l y  s o u r c e  of uranium. There  is ,  however,  a. 
t u f f a c e o u s  conglomerate  remnant,  p robab ly  c o r r e l a t i v e  w i t h  t h e  T e r t i a r y  
P i c u r i s  Tuff of t h e  Sangre  d e  C r i s t o  u p l i f t  (Wanek and Read, 1956) ,  a l o n g  
t h e  wes te rn  boundary of t h e  s t u d y  a r e a ,  n e a r  P a l o  Flechado P a s s .  The 
beds may have been more e x t e n s i v e  and could  have been a  s o u r c e  o f  uranium. 

Host Rocks 

The a l l u v i a l ,  medium- t o  coarse -gra ined ,  f e l d s p a t h i c  t o  a r k o s i c ,  
l e n t i c u l a r  s a n d s t o n e s ,  which a r e  l a t e r a l l y  con t inuous  over  d i s t a n c e s  of 
a t  l e a s t  s e v e r a l  m i l e s  and a r e  more t h a n  20 f t  t h i c k  i n  many p a r t s  of. 
t h e  a r e a ,  c o n s t i t u t e  f a v o r a b l e  h o s t  r o c k s .  Carbonaceous m a t e r i a l  i s  
p r e s e n t  l o c a l l y ;  a l though  i t  i s  n o t  abundant i n  o u t c r o p s ,  i t  may be  
p r e s e n t  i n  g r e a t e r  abundance i n  t h e  s u b s u r f a c e .  Carbonaceous s h a l e  and 
l o c a l  u rany l -o rgan ic  p e l l e t s  a r e  a l s o  f a v o r a b l e  f e a t u r e s .  Host-rock 
b l e a c h i n g  i s  p r e s e n t  l o c a l l y .  The c r i t e r i a  of hos t - rock  f a v o r a b i l i t y  a r e  
met i n  t h e  p r o j e c t  a r e a ,  e s p e c i a l l y  i n  t h e  n o r t h - c e n t r a l  p a r t  of t h e  
b a s i n  (Table  4 ) .  

CONCLUSIONS 

URANIUM FAVORABILITY -- 

Uranium Source  

Provenance of t h e  p o t e n t i a l  h o s t  rocks  was predominant ly  g r a n i t i c .  
G r a n i t i c  t e r r a n e s  a r e  exposed a long  t h e  w e s t e r n  and n o r t h e r n  boundar ies  
of t h e , p r o j e c t  a r e a  i n  t h e  Sangre d e  C r i s t o  and Cimarron Mountains.  The 
P i c u r i s  Tuff (?) may have been more e x t e n s i v e  t h a n  i t  ,is p r e s e n t l y  and 

. . may have se rved  a s  a uranium s o u r c e .  



Uranium T r a n s p o r t  

The p o t e n t i a l  h o s t  r o c k s  were modera te ly  permeable b e f o r e  c a l c i t e  
cementa t ion  and c o u l d  have  p e r m i t t e d  t h e  i n f i l t r a t i o n  and passage  of 
u r a n i f e r o u s  s o l u t i o n s .  Unconformi t i es  bound t h e  Sangre  d e  C r i s t o  o n l y  
l o c a l l y ;  t h e i r  i n f l u e n c e  on r e g i o n a l  t r a n s m i s s i v i t y  was probably  n o t  
g r e a t  e x c e p t  i n  a r e a s  of b a s a l  unconformity  n e a r  t h e  T e c o l o t e  a r c h ,  
Cimarron a r c h ,  and S i e r r a  Grande u p l i f t .  There  is  no s p a t i a l  r e l a t i o n -  
s h i p  between t h e  u n c o n f o r m i t i e s  and t h e  known d e p o s i t s .  

S t r u c t u r e  

On t h e  w e s t e r n  edge o f  t h e  Las Vegas b a s i n ,  beds  d i p  s t e e p l y  o r  
are o v e r t u r n e d  a l o n g  t h e  o u t c r o p  b e l t  where a l l  known d e p o s i t s  a r e  
found. Uranium f a v o r a b i l i t y  is  g e n e r a l l y  low i n  a r e a s  of s t e e p  d i p s ,  
b u t  t h e  beds f l a t t e n  t o  t h e  e a s t  w i t h i n  a c o u p l e  m i l e s  o f  t h e  o u t c r o p ,  
and d i p  g e n t l y  i n t o  t h e  Las  Vegas b a s i n ,  u s u a l l y  a t  l e s s  t h a n  7'. 
G e n t l e  f o l d i n g  i n  t h e  b a s i n  may have a i d e d  uranium d e p o s i t i o n  by 
i n h i b i t i n g  ground-water f low.  

Reduc t a n t  

Carbonaceous material i s  n o t  p r e s e n t  i n  a l l  t h e  low-grade uranium 
d e p o s i t s ,  b u t  i t  i s  found w i t h  t h e  h igher -g rade  d e p o s i t s .  Carbonaceous 
m a t e r i a l  i s  l o c a l l y  abundant  i n  t h e  n o r t h  b u t  was n o t  d e t e c t e d  i n  t h e  
s o u t h .  The abundance of d e b r i s  i n  t h e  s u b s u r f a c e  i s  unknown. Th is  
s u b j e c t  r e l a t e s  t o  d e p o s i t i o n a l  environment and is  f u r t h e r  d i s c u s s e d  below. 

D e p o s i t i o n a l  Environments 

Although mo3t o f  t h c  Snngrc d c  C r i o t o  Fo,rmntion wa3 d c p o s i t c d  undcr 
a l l u v i a l  c o n d i t i o n s  i n  t h e  Rowe-Mora b a s i n ,  c e r t a i n  subenvironments  are 
more f a v o r a b l e  t h a n  o t h e r s .  Piedmont d e p o s i t s  i n  t h e  extreme n o r t h e r n  
Las Vegas b a s i n  and a l l u v i a l - p l a i n ,  meander-belt  d e p o s i t s  i n  t h e  
s o u t h e r n  p a r t  of t h e  b a s i n  (F ig .  8) c o n t a i n  no d i s c e r n i b l e  carbonaceous  
t r a s h  and a r e  h i g h l y  o x i d i z e d ;  e i t h e r  carbonaceous  t r a s h  was n o t  d e p o s i t e d  . 
t o  any g r e a t  d e g r e e  o r  i t  was d e s t r o y e d  by o x i d a t i o n  b e f o r e  deep b u r i a l .  
On t h e  o t h e r  hand,  b r a i d e d  a l l u v i a l - p l a i n  d e p o s i t s  i n  t h e  n o r t h - c e n t r a l  
p a r t  of t h e  b a s i n  c o n t a i n  more carbonaceous  m a t e r i a l  t h a n  t h e  piedmont 
and a l l u v i a l - p l a i n ,  meander-belt  d e p o s i t s .  The b ra ided-s t ream d e p o s i t s  
i n  t h e  n o r t h  were p r o b a b l y  b u r i e d  more q u i c k l y  t h a n  t h e  a l l u v i a l - , p l a i n ,  
meander-belt  d e p o s i t s  t o  t h e  s o u t h .  

FAVORABLE AREAS 

The most f a v o r a b l e  a r e a  f o r  uranium d e p o s i t s  i s  i n  t h e  n o r t h - c e n t r a l  
p a r t  of t h e  Las  Vegas b a s i n ,  e s p e c i a l l y  i n  Tps. 20 through 24 N .  and 
R s .  16  through 17 E. (Fig .  11). There ,  . ' the Sangre  d e  C r i s t o  i s  charac -  
t e r i z e d  by medium- t o  coarse -gra ined  l e n t i c u l a r  s a n d s t o n e s  and by 
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Figure 11. Uranium favorability map of the Sangre de Crisro Fonbtion, 
Las Vegas basin, New Mexico. I 



saadstane-ahale r a t i o s  of between 1:1 and 2 : l  (Fig. 5). I n  terms of 
paleoenvironments, a r e a s  of upper a l luv ia l -p la in  deposi ts  a r e  more favor- 
a b l e  than t h e  areas of piedmont deposi t ion  t o  t h e  nor th  and of meander- 
b e l t  deposi t ion  t o  t h e  south. The lower hal f  of t h e  formation has t h e  
h ighes t  f a v o r a b i l i t y  because a l l  known uranium depos i t s  and carbonaceous 
m a t e r i a l  a r e  concentrated i n  t h i s  zone. 

Despite t h e  above considerat ions,  the  area  around t h e  Leatherwood- 
Reed No. 1 test hole  i s  t e n t a t i v e l y  assigned moderate f a v o r a b i l i t y  
because of t h e  radiometric anomaly i n  the  Sangre d e  Cr i s to  there .  Although 
no anomalies are known i n  holes downdip, d r i l l  holes  a r e  sparse,  and 
f u r t h e r  work is needed t o  assess  f avorab i l i ty .  
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APPENDIX A. MEASURED SECTION AND SAMPLE LOCATIONS I N  THE SkVGRE 
3E ZRIS'iO FOK-fATION, U S  VEGAS BASIN. NEW MEXICO 

L o c a l i t y  
no. Measured s e c t j o n  

(Fig. 2) o r  d i s t r i c t  n m e  Loca t ion  

Sample 
no. Reference 

(Tables  .1, ' 2 )  no.  

1 ' El izabe th toun  s e c t i o n  s e c .  2 ( ? ) ,  T 2? N., R. 1 5  E.; 1 m i  WNW of  G. Mute Ranch, C o E a  CC. -- 
2 Agua F r k  Creek s e t i o n  s e c . 9 ( ? ) , T .  25 N., R. 16 E.; 3 .2  mi ESE of Agua F r i a ,  Col fax  Q.  -- 
3 3 l a c k  Lake s e c t i o n  N W t  s e c .  E ,  T. 24 N . ,  F. 1 6  E. ;  nea r  E l  Borco T r a i l e r  Park,  C>lEax Co. 

(approxirrately 0.06 mf SW of sample 1 )  1 

4 Oca t e  s e s  t i o n  NEtNEt sec. 18.  T . '23  N. ,  R. 1 8  E.; 3.8 mi on t h e  west  f l a n k  .:f H a l l s  
Peak, NW of Q c a t e ,  Mora Co. 

s e c s .  23, 26, 34, 35(? ) ,  T. 22 N . ,  R. 16 E.: s e c s .  3, 10 ,  11, 1 5 ,  
R. 16 E.; 1 . 5  rr.i SE of Guada lup i ta ,  Mora Co. 

s e c .  26(? ) .  T. 22 N . ,  R. 16 E. ;  a r e a  B (Tschanz and o t h e r s ,  195s)  
s e c .  2 6 ( ? ) ,  T. 22 N., R. 1 6  E.; a r e a  B (Tschanz and o t h e r s ,  19%) 
s e c .  2 6 ( ? ) ,  T. 22 N . ,  R.  16 E . ;  a r e a  B (Tschanz and o t h e r s ,  1C5E) 
s e c .  ? 6 ( ? ) .  T. 22 N . ,  R. 16 E.; a r e a  B (Tschanz and o t h e r s ,  1 9 % )  
sec.  2 6 ( ? ) .  T. 22 N . ,  R. 1 6  E.; a r e a  C (Tschanz and o t h e r s ,  1 9 3 )  
s e c .  26(? )  T. 22 N . ,  R 1 6  E.; a r e a  C (Tschanz and o t h e r s ,  1 5 % )  
s e c .  26(? ) ,  T. 2 2  N . ,  R. 16 E.; a r e a  C (Tschanz and o t h e r s ,  195E) 
s e c .  2 6 ( ? ) ,  T. 22 N . ,  R. 16 E.; a r e a  C (Tschanz and o t h e r s ,  19%) 
s e c .  2 6 ( ? ) :  T. 25 N., R. 16 E.; a r e a  C (Tschanz and o t h e r s ,  19iE) 
s e c .  2 6 ( ? ) ,  T. 22 N . ,  R. 1 6  E. ;  a r e a  C (Tschanz and o t h e r s ,  194Q 
sec .  3 ( ? ) ,  T. 21 N . ,  R. 16 E.; a r e a  F (Tschanz and o t h e r s ,  19;s) 

6 (50s C i s m r o s  s e c t b n )  s e c s .  3 ,  l a ,  1 1 ( ? ) ,  T. 21  N . ,  R. 1 6  E. ;  Mora Co. 
sec .  3 ( ? ) ,  T.  21 N . ,  R. 1 6  E.; a l o n g  improve? d i r t  road 
s e c .  3 ( ? ) ,  T. 21  N . ,  R. 1 6  E.; n e a r  j u n c t i o n  of two roads  
s e c .  1 1 ( ? ) ,  T. 21 X . ,  R. 16 E.; n e a r  c o n t a c t  w i t h  Yeso j u s t  below 

Lefebres  k s a  

T. 21 N . ,  -- 
3 
4 
5 
6 
7 
8 
.9 

1 0  
11 
12 
1 3  
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h c a l i t y  
no. Measured s e c t i o n  

(Fig.  2)  o r  d i s t r i c t  name Locat ion 

Sample 
no. Reference 

(Tables  1, 2)  no. 

7 Mora RFirer Gap Sec t ion  s e c s .  15 ,  16 ,  1 7 ( ? ) ,  T. 20 N . ,  R. 16 E.; a long  Highway 3 from 
Le Coeva t o  S t .  Joseph ' s  Church. Mora Co. . -- 

sec .  1 6 ( ? ) ,  T. 20 N . ,  R. 1 6  E.; a long  Highway 3,  0.78 m i  from La Cueva -- 
set. 1 6 ( ? ) ,  T. 20 N., R. 16 E.; a long  Highway 3 ,  0.92 m i  from La Cueva, 

and 0.3 m i  n o r t h  ' 
, 

1 8  
s e c .  16(.?), T. 20 N . ,  R. 16 E. ; 1.0 m i  west  bf La Cueva, and. 0.12 mi n o r t h  19 
s e c .  16(? ) ,  T. 20.N., R. 1 6  E,: 0 .95 mi west  of La Cueva on Highway 3 20 

8 R i t a  Cebolla s e c t i o n  secs .  20, 2 1 ( ? ) ,  T. 19 N . ,  R. 1 6  E . ; .0 .70  mi due sou th  of t h e  R i t a  Cebolla  
High.~ay 3 j u n c t i o n ,  ,Mora Co. -- -- 

9 S a p e l l c  s e c t i o n  

1 0  Pe te r son  Reservoir  
sec t i c -n  

11 Kearny Gap s e c t i o n  

s e c .  2 0 ( ? ) ,  T. 18  N . ,  R. 1 6  E.; 0.4.5 mi west  of Sape l lo  on Highway 94, 
San Xiguel  Co. -- 

set. 2 0 ( ? ) ,  T. 18  N., Rt 16 E. ;  n e a r  f i r s t  road i n t e r s e c t i o n  on Highway 94, 
wes t  of S a p e l l o  . 21 

s e c .  6 ( ? ) ,  T. 16 N., R. 1 6  E.; a long  i r r i g a t i o n  d i t c h  a long  n o r t h  end of 
Pe te r son  Reservo i r ,  n e a r  Montezuma, San Miguel Co. 

s e c .  6(?), T. 1 6  N . ,  R. 1 6  E.; approximately 50 f t  west  of boa t  dock 
sec .  56(?), T. 1 6  N . ,  R. 1 6  E.; approximately 60 f t  above t h e  base of  t h e  

Sangre d e  C r i s t o  

s e c .  4 ( ? ) ,  T. 1 5  N . ,  R. 1 6  E.;  3 m i  SW of Las Vegas, on road t o  Mineral  
H i l l ,  San Miguel Co. 

sec .  4 ( ? ) ,  T. 1 5  N . ,  R. 1 6  E.; 1 0  f t  below Yeso-Sangre d e  C r i s t o  c o n t a c t  
n e a r  a b r i d g e  over  a n  a r r o y a  

sec .  4 ( ? ) .  T. 15 N . ,  R. 1 6  E.; from a road c u t  i n  s e v e r a l  sands tones  a long  
Mineral  H i l l  Road 

sec .  4 ( ? ) ,  T. 1 5  N . .  R. 16 E.; 50 f t  west  of sample 25, a t  t h e  b a s e  of t h e  
sandstone i n  t h e  road c u t  



APPENDIX A .  (continued) 

LocaLity 
no. M ~ s u r e d  seccion 

(F ig .  2)  o r  d i s t r i c t  name Location 

Sample 
no. 'Reference 

(Tables 1, 2) no. 

12 Tecolo =e Creek s e c t i o n  sec.  I ( ? ) ,  T.  16 N . ,  R. 16 E.; sec .  36(?) ,  T, 15 N . ,  R.  16 E.;  ne3r 
Santa i3a, 1 . 5  m i  NE of Tecolote,  San Miguel Co. . 

13 Pecos River s e c t i o n  s e c s .  25, 25 ,  T. 1 3  N., R .  14 E.; along Highway 3 between Lower Pueblo 
and S e w ,  3an Higuel Co. 2 7 19316 
SEtSWt ss?c. 2 5 ,  T. 13  N . ,  R. 14 E.; j u s t  below Yeso-Sangre d e  C r i s t o  
contact.,  nor th  of Sena Dam -- -- 
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.4PPENDIX B. LOCATION3 OF PETROLEUM TEST-HOLE LOGS I N  THE 
LAS VEGAS BASIN, NEW MEXICO 

Location 
symbol 

(Fig. 2) Cornpan:~ 
Log 

t y p e  'Locat'ion 

A AmericanMf3. No. 1 W.S. Ranch E S sec .  1: T. 26 N.., R.  20 E .  Colfax 

B McDaniels O i l  Lease McDaniels & Sons Inc .  IES sec .  32, T.  24 N . ,  R .  20 E. Colfax 
Trus t  

C Cont inenta l  O i l  No. 1 flares-Duran GRN, IES sec .  14 ,  T. 23 N . ,  R .  17 E .  Mora 

D Shamrock O i l  & Gas No. 1 MarArthur ES SW%SW%SW% sec .  12, T.  19 N . ,  
R .  21 E. Mora 

E J . D .  Hanc-3ckExpl. No. 1 Sedberry IES, SNP sec .  .25, T. 17 N . ,  R. 16 E. San Miguel 

F . Continent.al  O i l  No, 1 Shoemaker- GRN, ES sec .  28, T.. 1 7  N . ,  R.. 1'8 E. San Miguel 
Reed 

G c o n t i n e n t a l  O i l  No. 1 Leatherwood- GRN, ES sec .  15, T. 1 6  N . ,  R. 17 E .  San Miguel 
Reed 

H Cont inenta l  O i l  No .1EmmaV.Hunker  GRN,ES s e c . 3 6 , T . l 6 N . , R . l 7 E .  SanMiguel  

I P h i l l i p s  P e t r .  No. 1 Leatherwood E S sec .  2, T. 15 N . ,  R. 18 E.  San Miguel 

: ES, electroLog ; I.ES 2 2 n d ~ ~  t ion.  e l e c t r o l o p ;  GRN,  g a w a  ray-neutron; S N ~ ,  sidewall  neutron porosity 
W t h  gamma ' r a i l ,  






