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INTRODUCTION 

Uranium and thor ium occur i n  Precambrian pebble conglomerate meta- 

sediments i n  the S i e r r a  Madre and Medicine Bow Mountains o f  southeastern 

Wyoming as shown on F igure  1. The Geology Department o f  the U n i v e r s i t y  

o f  Wyoming was asked t o  make a g e o s t a t i s t i c a l  assessment of  the  uranium 

endowment o f  these deposi ts  as a p a r t  o f  the  World C1as.s core  d r i l l i n g  

opera t ions  .of the Bendix Fi.eld Engineering Corporat ion. T h i s  s tudy was 

t o  i n c l  ude (a) the  development o f  optimum geostat  i s t  i c a l  methodology f o r  

assessing uranium endowment i n  areas o f  c lose  d r i l l  c o n t r o l  C.1 m i l e  o r  

less. centers )  as: we1 1 as i.n areas of  d i 's tant  d r i  1 1  c o n t r o l  (.5 m i  l e  cen- 

t e r s  . o r  more), (b). the  i.mplehentatiqn o f  t h i s  methodology i n  assessing 

the uranium resources of. the pebble conglomerates i n  southeastern 

Wyoming, and (c) the  determinat ion o f  the  o v e r a l l  geos.tat i .st ica1 uncer- 

t a i n t y  o f  t he  resource esttmates. I n  a d d i t i o n ,  methods were t o  be s tu -  

d ied  f o r  p r o j e c t i n g  the assessments i n t o  new areas, i n c l u d i n g  p r e d i c t i o n  

o f  e s t i ~ i l a t e  u r ~ c e r t a f n t y .  

The resource'  as.s.es.sment cons.i:sted of f o u r  phases. of  a c t i v i t y .  

These were (.a1 a detai ' led geo1ogi:cal s tudy o f  the  conf i.gurat i on  ,, genesis, 

and' s t r u c t u r e  o f  the  deposi'ts, (b). the s t a t i s t i c a l  desi'gn o f  a sampl ing  

p lan  and the c o l l e c t i o n  of rock. s.amples from d r i l l  core and outcrops, 

(c) the g e o s t a t i s t i c a l  ana lys i s  o f  the assays o f  these sampl'es, and (d) 

the  i n teg ra ted  geo log ica l  and s t a t i s t i c a l  i n t e r p r e t a t i o n  of thes,e r e s u l t s  

t o  produce resource estilmates and e r r o r  predi ,c t ions.  
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G e o s t a t i s t i c a l  sampJing and analysis i s  somewhat d i f f e r e n t  depend- 

i ng  on whether the  minera l  resource i s  i n  the  reconnaissance., e x p l o r a t i o n ,  

development, o r  p roduct ion  phase o f  operat' ions. Closely  spaced d r i l l i n g  

and samp.1 i ng  i s  c h a r a c t e r i s t i c  o f  development and product  i on  opera t  ions. ' 

The 'sampl i ng  can be s t r o n g l y  c o n t r o l  l e d  by s t a t i s t i c a l ,  cons idera t ions  

w i t h  geo log ica l  i n t e r p r e t a t i o n s  having reduced importance. I n  recon- 

na issance.and.ear ly  e x p l o r a t i o n  e f f o r t ,  the  geo log ica l  i n t e r p r e t a t i o n  i s  

a l l  important  and s t a t i s t i c s  p lays  a suppor t ing  r o l e .  Act.ual data measure- 

ments may.be qu i te .  sparse over  l a r g e  areas and, i n  t he  extreme s i t u a t i o n  

o f  very sparse data, methods based 6n s u b j e c t i v e . p r o b a b i l i t y  and geo log i -  

c a l  judgment may be the  o n l y  a v a i l a b l e  procedures. 

I n  the  assessment o f  the  uranium endowment i n  southeastern Wyoming, 

enough data has been accumulated t o  form the  b a s i s . f o r  es t ima t ion  w i t h  

a  mod i f ied  vers ion  o f  opt imal  averaging c a l l e d  "k r ig ing . "  Th is  method 

takes i n t o  account s p a t i a l  pers is tence o f  enrichment w i t h i n  the deposi t  

and prov ides systemat ic  procedures f o r  p r e d i c t i n g  t.he e r r o r s  i n  the re -  

source estimates., I n  general,  the  k r i g i n g  method assumes s t a t i s t i c a . 1  

s t a t i o n a r i t y  over the zone f o r  which the  est imates are  being prepared. 

I n  p r a c t i c a l  a p p l i c a t i o n s  where t rends a re  present ,  the  ana lys i s  proceeds 

i n  th ree  steps. These are  (a) t rend  removal and var ious  t rans format ions  

t o  produce an approximate s t a t i o n a r i t y ,  a t  l e a s t ,  over sub-por t ions o f  

the  o re  depos'it, ' (b) the product ion  o f  k r i g e d  est imates f o r  the  t rans-  

formed endowment, and (c) .the reverse t rans format ion  t o  es t imate  the  

resource i n  terms o f  the  ac tua l  " in-place" endowment. Because the  data 

' a v a i l a b l e  from outcrop and d r i l l  core i s  r e l a t i v e l y  sparse, mod i f i ca t i ons  

o f  the g e o s t a t i s t i c a l  procedures are  requ i red  t o  remove t rends and o ther  



types o f  s p a t i a l  .changes i n  s t a t i s t i c a l  behavior  so t h a t  data from 

one area o f  the depos i t  can be used t o  make p r e d i c t i o n s  f o r  o the r  por-  

t i o n s  o f  t h e  depos i t .  

I n  t he  southeastern Wyoming study,  the  p r i n c i p a l  t r end  present  was 

t h a t  assoc ia ted  w i t h  near-sur face leaching o f  uranium by ground water.  

Th i s  v a r i e s  w i t h  depth and poss ib l y ;  w i t h  o t h e r  minera log ica l  and phys ica l  

p r o p e r t i e s  o f  the host  rock.; hence, t h e  ad jus ted  values a l l o w  the  use o f  

sur face and near-sur face samples t o  es t imate  uranium endowment a t  depths 

below leach i'ng h o r i  zons. The - depos i t was d  i v i  ded i n t o  smal l  enough sub- 

zones so t h a t  h o r i z o n t a l  s p a t i a l  t rends d i d  n o t  appear i111por.tant. Thus, 

t he  a n a l y s i s  procedure consi-sted o f  an adjustment f o r  leaching,  the  

computat ion o f  k r i g e d  es t imates ,  and the  reverse t rans format ion  t o  pre-  

d i c t  t h e  ac tua l  leached tonnages.present i n  each depth i n t e r v a l .  

I f  a  l a rge  amount o f  da ta  had been a v a i l a b l e  from each depth i n t e r v a l  

(such as would be obta ined from c l o s e l y  spaced product ion  d r i l l i n g  on a  

t i g h t  g r i d ) ,  the  e n t i r e  leach ing  c o r r e c t i o n  and reverse t rans format ion  

process would be unnecessary. The'unadjusted data from each depth i n t e r -  

v a l  would be used t o  p r e d i c t  the  tonnage w i t h i n  t h a t  i n t e r v a l .  I n  the pre-  

sent  s i t u a t i o n ,  t he  .data cons i s t s  b f  assays f rom a  l a rge  number o f  ou t -  

c rop  t ransec ts  perpend icu la r  t o  fot'marlon s t r i k e ,  p lus  assays from as many 3 

d r i  1 1  ho les  as t ime and budget would permi t .  The d r i  1 1  ho le  data makes a  

s i g n i f i c a n t  and e s s e n t i a l  c o n t r i b u t i o n  t o  the  assessment, p a r t i c u l a r l y  

i n  e v a l u a t i n g  leach ing  and .geological  c o n t i n u i t y  w i t h  depth, bu t  the  

down-hole encounters of  the  enr iched beds are  much too  w ide ly  spaced both 

i n  v e r t i c a l  and h o r i z o n t a l  p o s i t i o n  t o  a l l o w  a  simple average o f  data over 

each depth i n t e r v a l .  Consequently, the  th ree-s tep  procedure o f  leaching 

adjustment;kriging, and reverse t rans format ion  appears t o  p rov ide  the 

most e f f i c i e n t  'use o f  the  da ta  i n  the  resource assessment. 



The u ran i  um 'enr  i chment occurs  i n  . pebble conglomerate lenses (prob-  

a b l y  depos i ted  as a l l u v i i l  fans) scatt 'ered through a rough ly  t a b u l a r  zone 

which crops o u t  w i t h  an e s s e n t i a l l y  l i nea ' r  s t r i k e  and whi,ch d i p s  f a i r l y  

s t e e p l y  (40 t o  60 degrees).  A convenient  geometr ic  model f o r  such tabu- 

l a r  depos i t s  i s  t h a t  o f  a  "mineable surface".  That i s ,  t h e  t h i ckness  o f  

t he  bed i s  t e m p o r a r i l y  ignored and a t t e n t i o n  i s  focused on a s i n g l e  bed- 

d i n g  p l ane  ( i . e .  mineabl'e su r f ace )  o f  t h e  fo rmat ion .  

Th i s  whole procedure o f  reduc ing  t h e  three-d imensional  o r e  depos i t  

t o  a  two-dimensional  mineable sur face  i s  somet imes .ca l led  t h e  "method 

o f  accumulat ion".  I t  was o r i g i n a 1 l . y  developed f o r  g o l d  depos i t s  i n  

South A f r i c a .  I t  s u b s t a n t i a l l y  s i m p l i f i e s  t h e  g e o s t a t i s t i c a l  computa- 

t i o n s  w i t h o u t  t h e  l o s s  o f  e s s e n t i a l  i n f o rma t i on .  

The areas of t h e  mineable su r f ace  w i t h i n  each d e p t h ,  i n t e r v a l  p r o v i d e  

b a s i c  i n p u t  f o r  t he  tonnage c a l c u l a t i o n s  f o r  t h a t  depth i ' n t e r v a l .  A l l  

da ta  a r e  p r o j e c t e d  o n t o  t he  mineable sur face .  The t o t a l  t h i ckness  o f  

t he  beds w i t h  U308 exceeding 100 ppm a long  a g i v e n  d r i l l  h o l e  o r  su r f ace  

t r a n s e c t  i s  ass igned t o  t h e  p o i n t  on t h e  mineable su r f ace  where t he  d r i l l  

h o l e  o r  t r a n s e c t  encounters t he  sur face .  The th ickness  must, o f  course, 

be 'corrected t o  t r u e  rh l ckness  as measured a l u r ~ y  a pt!rpt! l ldiculdl Lu 

t he  mineable su r f ace  a t  t h a t  l o c a t i o n .  

The average o r e  grade i s  s i m i l a r l y  p r o j e c t e d  a long  a pe rpend i cu la r  

t o  ' the mineable sur face ,  us i ng  bed t h i ckness  as weights .  

 bed th i ckness  x  ppm U3O8) 
Average grade = 

C bed t h i ckness  

The sum i s  r e s t r i c t e d  t o  those beds' exceeding a U308 grade o f  100 ppm. 

Hence, r e l a t i v e  t o  t he  mineable sur face ,  t he  b a s i c  da ta  can be 

reduced t o  an average th ickness  and an average grade a t  each piercement 



o f  t he  mineable su r face  by d r i  1 1  ho le  o r  sur face outc rop  t ransec t .  I n  

. a d d i t i o n ,  t he  areas o f . t h e  mineable sur face a re  c a l c u l a t e d  f o r  each 

depth i n t e r v a l  f o r  which resource est imates a re  requi red.  The bas ic  
\ 

r e l a t i o n  f o r  resource tonnage i s ,  then, o f  the  general form: 

resource = mineable sur face area x average th ickness x 
average grade. (2)  

The ac tua l  implementat ion o f  t h i s  r e l a t i o n  i s  q u i t e  a b i t  more compli-  

cated, b u t  t he  bas i c  concept remains c o r r e c t .  

I n  ordcr  f o r  the  concept t o  remain valid, the  sampling must be con- 

t r o l l e d  so t h a t  the  assays a long a g iven t ransec t  o r  d r i l l  ho le  can be 

regarded as represent ing  a channel sample through the tabu la r  o re  zone 

a long a perpend icu la r  t o  the  mineable sur face.  I n  the  case o f  uranium . 

and o t h e r  r a d i o a c t i v e  elements, the measured r a d i o a c t i v i t y  prov ides a . 

conyenient  method t o  guarantee t h a t  a l l  zones w i t h  U308 exceeding 100 

ppm have been complete ly  sampled. 



SUMMARY OF THE GEOLOG l CAL DESCRl PTlON OF THE DEPOSITS 

The uranium-bearing quar tz  pebble conglomerate i n  southeastern 

Wyoming occur i n  two separate areas. One area l i e s  on t h e  Car r i co  Ranch 

i n  t h e  northwestern S i e r r a  Madre, w h i l e  t h e  o the r  i s  i n  t he  nor theas tern  

Medicine Bow Mountains a t  the  Onemile Creek and Threemile Creek l o c a l i t i e s .  

The two. areas and some reg iona l  d s t a i  l s . a r e  shown - i n  F igure  1. .  The geology 

f a r  each w l l l  be su ia i~a~- i red  ~ ~ c p ; l ~ a t c l \ j .  

Geology o f  t h e  S i e r r a  Madre Deposits 

The S i e r r a  Madre reg ion  o f  the Late Archean (greater  than 2600 m.y.) 

and Ear l y  Pro terozo ic  (2500-2000 m.y.) metasediments was evaluated f o r  

syngenetic f o s s i l  p lacer  uranium deposi ts .  The metasediments i n  t h e  area 

fa1 1 i n t o  two major groups: (1) t h e  Phantom Lake Metamorphic Su i te ,  and 

(2) t h e  Deep Lake Group (Gra f f ,  1979; Houston and Karlstrom, 1980). 

These metasediments were deposited i n  ep i con t i nen ta l  and miogeoc l ina l  

environments, near t he  sn~ t the rn  margin o f  t h e  Wyoming Archean Province. 

Radioact ive rocks have been i d e n t i f i e d  near t he  base o f  each meta- 

sediment group. The Deep Gulch Formation i s  be l ieved t o  be near t h e  

base o f  t h e  Phantom Lake S u i t e  and t h e  Magnolia Formation i s  t h e  base o f  

t he  Deep Lake Group. The Magnol i a  Format ion  was found t o  be low-grade 

( l ess  than 10-20 ppm U) over most o f  t h k  S ie r ra  Madre, so resource 

eva lua t i on  concentrated on t h e  Deep Gulch Formation. 

The Deep Gulch Formation i s  composed o f  f o u r  d i s t i n c t  l i t h o l o g i c  

u n i t s  as fo l l ows :  



( lowest)  Un i t  1 - Arkos ic  conglomerate, - s l i g h t l y  r a d i o a c t i v e  

U n i t  2 - Trough cross-bedded, subarkosic q u a r t z i t e  - 
s l i g h t l y  r a d i o a c t i v e  

Un i t  3 - lnterbedded r a d i o a c t i v e ,  p y r i t i c ,  quartz-pebble 
conglomerate and subarkosic granu lar  q u a r t z i t e  

U n i t  4 - Planar cross-bedded, subarkosic q u a r t z i t e s  - 
nonradioact ive.  

Unit 3 i s  t h e  maJur tar9e.t for urarriu~n resoill-ce eva luat ions  i n  t h e  

S i e r r a  Madre region.  U n i t  3 crops ou t  i n  the  northwestern S ie r ra  Madre 

(see F igu re  2) and t h e  area o f  t h e  u n i t  (see Appendix B) was used as a 

bas i s  f o r  t h e  c a l c u l a t i o n  o f  uran.ium resources i n  t h e  S ie r ra  Madre. 

' U n i t  3 va r ies  i n  th ickness,  bu t  i n  general,  i t  averages 60-70 f e e t  

t h i c k  i n  t h e  western area and g radua l l y  th ickens t o  100-1 10 f e e t  i n  the  

eastern exposures. 

I t cons i s t s  o f  5-1 5 conglomerate "reefs" (coa 1 esced conglomerate 

lenses forming mappable s t r a t i q r a p h i c  beds) which vary  i n  th ickness from 

2 inches t o  3 f e e t  and i n  l eng th  from 50 f e e t  t o  over a m i le .  The 

t h i c k e s t  " reef"  may be cont inuous f o r  up t o  fou r  mi les .  

Radioact ive u n i t s  o f  t h e  Deep Gulch Formation i n  t h e  northwest 

S i e r r a  Madre s t r i k e  nor theast ,  d i p  northwest and a r e  overturned. The 

beds a r e  p a r t  o f  t h e  over turned l imb o f  a l a rge  r e c l i n e d  i s o c l i n a l  f o l d  

system plunging west. Th is  s t r u c t u r e  i s  f u r t h e r  complicated by i n t r a -  

l i m b  reverse f a u l t s  o f  unknown displacement. 

Because o f  t h e  complex s t ruc tu re ,  t h e  subsurface extent  o f  the  

. . 
Deep Gulch Formation i s  con jec tu ra l .  For the  present resource eva luat ion  
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t h e  beds were p ro jec ted  t o  t h e  depth o f  5000 f e e t  f o r  the  f o l l o w i n g  

reasons. 

'.I. Long ou tc rop  t r a c e  suggests s i g n i f i c a n t  l a t e r a l  c o n t i n u i t y  i n  a  . . 
down-dip d i r e c t i o n .  

2. D r i l l  ho les i n d i c a t e  un i fo rm d i p s  t o  depths o f  a t  l e a s t  500-1000 
f e e t  . 

3 .  In format ion  on the  depth t o  the  h inge of t h e  sync l i ne  i s  not  
a v a i l a b l e  and t h e  un i fo rm p r o j e c t i o n  down d i p  i s  t h e  most simple 
i n t c r p r o t a t i o n  and perhaps the  most r e a ~ o n a b l e  g u s ~ s , . g i v e n  the  
exlsrlng data .  

Geology o f  t he  Medicine Bow Deposits 

Although t h e  depos i t i ona l  and s t r u c t u r a l  h i s t o r y  o f  t he  middle 

Precambrian metasedimentary sequences i n  t h e  S i e r r a  Madre and Medicine 

Bow .Mountains a r e  very  s i m i l a r ,  t he re  a r e  minor but  important d i f f e r -  

ences between t h e  two areas. 

I n  t h e  Medicine Bows, t h e  Phantom Lake S u i t e  i s  metavolcanic i n  

t h e  lower p a r t ,  w i t h  more t y p i c a l  q u a r t z i t e  and a rkos i c  conglomerates 

o c c u r r i n g  i n  the  upper p a r t  o f  t he  s u i t e .  Reconnaissance and subse- 

quent work (Karl  s t  rom and Houston, 1979) ind  i ca tes  t h a t  a1 though some 

weak1 y rad i oac t  i v e  zones occur, quartz-pebble c o n g b e r a t e  e a r e  absent 

i n  t h e  Phantom Lake S u i t e  o f  t he  Medicine Bow Mountains. The Magnolia 

Formation o f  the Deep Lake Group, however, conta ins  numerous quar tz -  

~ e b b l e  conglomerates, and those i n  the  Onemile t r e e k  and the Threemi le 

Creek areas e x h i b i t  s u b s t a n t i a l  r a d i o a c t i v i t y .  

The Magnolia Forrnat,ion i s  about 500 m (1600 f e e t )  t h i c k  i n  the  

Onemile Creek area and cons is t s  main ly  o f  rad ioac t i ve ,  muscovi t ic ,  granu- 

l a r  q u a r t z i t e  and p y r i t i c  conglomerates, having much t h e  same character  



as those i n  t h e  S i e r r a  Madre, . i . e .  i n d i v i d u a l  lenses which coalesce i n t o  

a body o f  mappable p r o p o r t i o n s .  I n d i v i d u a l  ou tc rops  o f  these u n i t s  a r e  

v a r i a b l e  i n  t h i ckness  and r a d i o a c t i v i t y ,  b u t  may be mapped as e s s e n t i a l l y  

cont inuous beds. Three o f  these u n i t s  a r e  s i g n i f i c a n t l y  more r a d i o a c t i v e  

than t h e  o t h e r s  and were t h e  t a r g e t s  f o r  uranium resource e v a l u a t i o n .  

The e x t e n t  o f  these u n i t s ,  des igna ted  as u n i t  1. (which i s  near  t he  base 

o f  t h e  Magnol ia Formati:on) and u n i t s  5a and Sb (which a r e  i n  t h e  upper 

p o r t i o n  o f  t h e  f o rma t i on )  i s  shown'on F igu re  3. 

The major  s t r u c t u r e  i n  t h e  Onemile Creek area i s  a f a u l t e d  and 

' i n t r u d e d  over tu rned  s y n c l i n e  i n  t he  Magnol ia  Format ion. Th i s  s y n c l i n e  

i s  documented by t o p  and bot tom c r i t e r i a  i n  t he  Magnol ia  q u a r t z i t e s  

(personal.  communication, Kar ls t rom,  1980). U n c e r t a i n t i e s  s t i l l  e x i s t  i n  

t h i s  i n t e r p r e t a t i o n .  The p lunge o f  t h e  s y n c l i n e  i s  p o o r l y  known and 

ev idence can suppor t  e i t h e r  an i n c l i n e d  o r  a r e c l i n e d  s t r u c t u r e .  These 

problems bear on t h e  resource e v a l u a t i o n  because a geometry based on t h e  

r e c l i n e d  s y n c l i n a l  model w i l l  have more ex tens i ve  conglomerage u n i t s  

than one based on t h e  i n c l i n e d  model. The geometr ies shown i n  Appendix 

0 ,  have been based 0 n . a  s imp le  i s o c l i n a l ,  i n c l i n e d  f o l d  system and the  

areas c a l c u l a t e d  a r e  t h e r e f o r e  conse rva t i ve  es t imates  o f  t he  area o f  

rad  i oac t  i ve zones i n  the Onenii 1 e Creek area. 

The Threemi le  Creek area shown i n  F igu re  4 i s  l oca ted  about 1 1/2 

m i l e s  sou th  o f  t h e  Onemile Creek area.  Paraconglomerates r a t h e r  than 

quar tz -pebb le  conglomerates comprise most o f  t he  r a d i o a c t i v e  u n i t s  i n  t h i s  

area,  and c o r r e l a t i o n  w i t h  metasedimentary u n i t s  t o  t he  n o r t h  i s  d i f f i c u l t  

because o f  t h e  l e s s  cong lomera t i c  n a t u r e  o f  t he  l i t h o l o g i e s  and because 

o f  t h e  complex s t r u c t u r e  which separates t he  two areas. A d d i t i o n a l l y ,  
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the contacts in the Threemi le area are gradational. Karlstrom, Houston 

and others (Vol. 1 ,  this report) conclude. that the radioactive units here are 

basal Magnolia units rather than a facies .of the typically paraconglomera- 

tic Phantom Lake Suite but do not extend Onemile Creek stratigraphy into 

thei~hreemi le Creek area. 

Surface mapping and information from a single drillhole indicate that 

the principal radioactive zone occurs in beds which form the overturned 

limb of the Sand Lake Syncline. The geometry used as a basis for the 

resource estimation is similar to the overturned structures in the Onemile 

Creek area .  (see Karlstrom, Houston and others, 1981, Vol. 1 ,  this report 

for detailed discussion of geology). 



SCALE 1 :  12000 

Generalized geologic map of the Three - 
mile Creek area,  northern Medicine 
Bow Mountains, showing drill hole EMB-II. 
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OUTCROP AND DRILL CORE.SAMPLING PROCEDURES 

Since t h e  sampling procedures had t o  be designed e a r l y  i n  t h e  pro- 

j e c t  when very l i t t l e  data was ava i l ab le ,  several weeks o f  i n tens i ve  

f i e l d  measurement and mapping o f  surface r a d i o a c t i v i t y  was i n i t i a t e d  t o  

prov ide  a data base adequate t o  p lan  f u r t h e r  sampling. The g e o s t a t i s t i -  

Z 
c a l  c h a r a c t e r i s t i c s  needed were the  variance, CJ , o f  the  uranium endow- 

ment, t he  zone of inf luence, ho, (def ined as  t he  d is tance o f  separat ion 

along t h e  s t r i k e  i n  a rad ioac t i ve  bed a t  which two uranium assays become 

2 
uncorre lated)  , and, the  nugget e f f e c t ,  a , (def ined as t h e  expected- 

square-di f ference between uranium assays taken from s p a t i a l  l oca t ions  

near 'each o the r ) .  The var iance measures t h e  d ispers ion  o f  t he  uranium 

values, h charac ter izes  s p a t i a l  pers is tence,  and aZ ind i ca tes  t h e  
0 

amount o f  l oca l  d i s c o n t i n u i t i e s  present;  more d e t a i l e d  d e f i n i t i o n s  and 

d iscussion o f  t h e i r  importance i n  t h e  technique o f  g e o s t a t i s t i c a l  k r i g - -  

ing w i l l  be g iven i n  the next  sect ion.  These th ree  parameters, together  

w i t h  sample s ize,  c o n t r o l  t h e  es t imat ion  e r r o r  and are, there tore ,  

needed i n  p lanning the  number and placement o f  t h e  samplesto be c o l -  

lected.  

Spectrometer readings w i t h  var ious separat ions i n  d is tance along 

rad ioac t i ve  conglomerate 1 ayers were used t o  make p r e l  i m i  nary judgments 

concerning g e o s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  t h e  r a d i o a c t i v e  beds. The 

sequences o f  readings were taken a t  6- inch, 1 - foo t ,  and 6- foo t  spacings 

along a number o f  conglomerate layers.  The measurement s i t e  was on 



r i d g e  1 and 2 i n  t h e  S i e r r a  Madre on t h e  Car r ico  Ranch. The spectrome- 

t e r s  were c a l i b r a t e d  a t  t h e  Bendix o f f i c e s  i n  Grand Junct ion,  Colorado. 

The median zone o f  in f luence,  ho, was found t o  be 10. fee t .  The 

2 2 
nugget-effect-to-variance quo t ien t ,  a /U , had a median o f  0.62. 

F i n a l l y ,  t h e  average o f  t h e  standard deviation-to-mean va lue quot ien t ,  

U/V was 0.9. A i  l these c h a r a c t e r i s t i c s  were determined f o r  t h e  uranium 

. . U accumulat ion = (est imates ppm U) x (bed th ickness i n  inches). ( 3 )  

O u t c r o ~  S a m ~ l  ina Plan 

These g e o s t a t i s t i c a l  c h a r a c t e r i ~ t i c s  provided a bas is" fo r  t he  

design o f  an outc rop sampling plan. A v a r i e t y  o f  poss ib le  sampling 

p lans were studied.  The method which appeared most appropr ia te  con- 

s i s t e d  o f  t h e  c o l l e c t i o n  of samples f o r  assay along t ransects  perpendi- 

c u l a r  t o  t h e  s t r i k e  o f  t h e  conglomerate beds, supplemented w i t h  c e r t a i n  

rad iomet r i c  readings t o  moni tor  t he  geostat  1st i c a l  character  o f  t he  beds 

from area t o  area. The t ransect  procedure f o r  var ious spacings between 

l i n e s  o f  samples was s tud ied  by two methods. One method was by d i r e c t  

a n a l y s i s  v i a  g e o s t a t i s t i c a l  formulas. The o ther  method u t i l i z e d  d i g i t a l  

s i m u l a t i o n  on t h e  SIGMA 7 as based on a s t a t i s t i c a l  model incorpora t ing  

many o f  t h c  gco log lca l  c h a r a c t e r i s t i c s  oF the formations, The t w o  

methods produced s i m i l a r  r e s u l t s .  

The t a r g e t  i n  a resource eva luat ion  i s  t o  produce est imates o f  th.e 

o r e  reserve w i t h  c o n t r o l l e d  accuracy. One measure o f  t h i s  accuracy i s  

t h e  probable e r r o r  (PE) .  The probable e r r o r  i s  de f ined as the  median o f  

t h e  abso lu te  va lue of t h e  e r r o r .  F i f t y  percent o f  the  t ime the  e r r o r  



magnitude w i l l  be l e s s  than PE and f i f t y  percen t  o f  t h e  t ime  i t  w i l l  be 

l a r g e r .  Thus, t he  p robab le  e r r o r  i s  a  measure o f  what t h e  e r r o r  a c t u a l l y  

I S .  

I n  p r a c t i c e ,  i t  i s  more convenient  t o  work w i t h  t h e  r e l a t i v e  prob- 

a b l e  e r r o r  (PE%) as compared t o  t he  mean va lue  o f  t h e  depos i t .  I f  i s  

t h e  average grade o f  depos i t  and PE i s  t h e  p robab le  e r r o r  o f  t h e  es t ima te  

o f  grade, then 

i The PE% va lue  i s  r e l a t e d  t o h  a2/02, and o / v t h e  g e o s t a t i s t i c a l  0 ' 

c h a r a c t e r i s t i c s  l i s t e d  i n  t h e  i n t r o d u c t i o n .  The following assumptions 

a r e  made i n  t h e  development o f  t h e  formula.  

1 .  A l i n e a r  depos i t  o f  l e n g t h  L r e q u i r e s  a  reserve  es t ima te  w i t h  

r e l a t i v e  p robab le  e r r o r  PE%. 

2. The t r a n s e c t  va lues a r e  separated by more than a  zone o f  i n -  

f luence ho, from one another .  They need n o t  be e x a c t l y  equal 1  y  

spaced b u t  should be rough l y  e q u i d i s t a n t .  

3. The t r a n s e c t  l o c a t  ions a r e  - n o t  se lec ted  so as t o  "high-grade" 

t he  depos i t . 
4. There i s  g e o l o g i c a l  c o n t i n u i t y . b e t w e e n  t r a n s e c t s  i n  a  s t a t i s t i c a l  

sense. 

5. The average o f  t h e  var iograms a long  a  t r a n s e c t  remains about t h e  

same a long  t he  depos i t .  

6 .  The o r e  b l o c k  averages be ing  es t imated  a r e  approx imate ly  normal-  

l y  d i s t r i b u t e d .  Genera l l y  t h i s  w i l l  be t r u e  by a  c e n t r a l  l i m i t  

theorem i f  the  b l ocks  a r e  l a rge ,  even i f  t h e  l o c a l  o r e  va lues ' 

have some o t t le r  p r . o l a b i l i t y  law (e.g., lognormal) .  . 



T h e . f o r k u l a  then i s ,  ( w i t h  n  = number o f  t r a n s e c t s  a long  L) 

When h  = 10 f e e t ,  o m  = 0.9, and a2 /g2  = 0.62 a r e  s u b s t i t u t e d  i n t o  t h e  
0 

f o rmu la ,  t h e  equa t i on  reduces t o  

- .  

T h i s  r e l a t i o n  i s  p resen ted  g r a p h i c a l l y  i n  F i g u r e  5. The b a s i c  ques t i on  

remains as t o  what PE% rep resen ts  t h e  bes t  ba lance o f  accuracy and 

e f f o r t .  

As an examinat i o n  o f  t h e  graph shows, g r e a t e r  accuracy requ i  res  

more t r a n s e c t s .  For example, a  100- foot  l ong  depos i t  a t t a i n s  a  PE% o f  

15% w i t h  10 t r a n s e c t s ,  b u t  15 t r a n s e c t s  a r e  r e q u i r e d  i f  the  PE% i s  t o  be 

reduced t o  10%. Seven t ranseces  would g i v e  a 20% probable er ror  f o r  t h c  

same l e n g t h .  

For  most r e g i o n a l  resource  v a l u a t i o n s ,  a  r e l a t i v e  p robab le  e r r o r  

o f  about 18 t o  20% i s  u s u a l l y  acceptable.  I n  development-type reserve  

e s t i m a t e s ,  a t  a mine s i t e  f o r  example, a sma l l e r  PE% of  5% would be de- 

s i r a b l e .  The more marg ina l  the  d e p o s i t  i s ,  t h e  g r e a t e r  w i l l  be t h e  

accuracy needed t o  guarantee aga ins t  l o s s  i f  t h e  p r o p e r t y  i s  mined. 

E v e r y t h i n g  cons idered,  i t  appeared reasonable t o  des ign t he  S i e r r a  Madre- 

Med ic ine  Bow uranlum es t i r r~a tes  f o r  a PE% - 20%. 

The va lue  o f  t h e  l e n g t h  L depends on whether an es t ima te  f o r  t he  l o c a l  

a r e a  i s  des i r ed ,  o r  a  r e g i o n a l  e s t i m a t e  i s  be ing  made. For t h i s  s tudy 

we looked o n l y  a t  t h e  t h r e e  f avo rab le  s i t e s  which con ta ined  t h e  h l gh -  

2 4 



Based on Sierra Madre measurements Ridges'# l and 2 
Carrico Ranch. 
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F i g u r e  5 .  R e l a t i o n s h i p  between l e n g t h  o f  bed, number o f  t r a n s e c t s  and p e r c e n t ' p r o b a b l e  e r r o r .  



e s t  grade mater i 'a ls  (Onemile Creek, Threemile Creek, and Car r i co  Ranch 

areas) .  Outcrops i n  h i g h  grade ma te r ia l  w i  1 1  use an L o f  approximately 

400 f e e t  as the  l e n g t h  o f  the  outcrop,  a l though several  nearby outcrops may 

be l i n k e d  i f  the outc rops  a r e  t o o  sho r t .  The number o f  t ransec ts  needed 

t o  g i v e  a PE% = 20% f o r  t h a t  L i s  then 9, as read from the  graph. 

Transect  sampling was c a r r i e d  ou t  as fo l l ows .  Spectrometer read- 

ings  o f  t o t a l  gamma r a d i a t i o n  were made more o r  l ess  cont inuous ly  a long the  

t r a n s e c t ,  t o  l oca te  "hot" l aye rs .  ,These readings were n o t  recorded i n -  

d i v i ' d u a l l y ,  a l though an o v e r a l l  summary was wr . i t t en  f o r  general and spec ia l  

f ea tu res  present .  Readings were recorded f o r  ex t ra -ho t  zones. 

Attempts were made t o  sample a1 1 ho t  l aye rs  encountered. Thin lay-  

e r s ,  l e s s  than 8 inches, were sampled w i t h  one o r  two chunks o f  rock. 

Th i cke r  l aye rs  were sampled a t  3 o r  4 p laces through the bed. The i n t e n t  

here  was t o  approximate a channel sample o f  t he  "hot" bed as c l o s e l y  as 

p o s s i b l e .  The samples f o r  a s i n g l e  "hot" bed .were bagged together  and 

analyzed as a s i n g l e  combined sample which y i e l d e d  an es t imate  o f  the 

average uranium i n  t h a t  bed a t  t h a t  l o c a t i o n .  Country rock, w i t h  rad io -  

a c t i y i t y  f a i r l y  uni form, was sampled a t  2 o r  3 l oca t i ons  along the  t ran -  

sec t .  

D r i l l  Core ~ a m ~ l i n a  Plan 

Assays o f  samples taken from d r i  1 1  core serve two important pur-  

poses. The assay values may be' used t o  es t imate  reserves and they may 

be s tud ied  t o  lead t o  a more' complete understanding o f  the geolog.ica1 . 

processes present  i n  t he  depos i t .  The sampling p lan  designed here was 

p r i i n a r i l y  d i r e c t e d  t o  the  f i r s t  purpose - t h a t  o f  es t ima t ing  re'serves. 



However, mod i f i ca t i ons  have been int roduced t o  a l l o w  the  sampling p lan  

t o  s a t i s f y  the second purpose reasonably w e l l .  

The accumulation f o r  a core i s  de f ined as the  i n t e g r a l  o f  the  o re  

value a long the core. Let V(£)  be the  uranium concent ra t ion  a t  v e r t i -  

c a l  p o s i t i o n  £. 

'bottom 

Accumulat ion, = V ( t ) d t .  

' 
top  

Then the . i n t e g r a l  o f  the  accumulation over  the  h o r i z o n t a l  area o f  the 

depos i t ,  a f t e r  d i v i s i o n  by the volume o f  the  depos i t ,  g ives  the  average 

value o f  the  deposi t .  

Various e labo ra t i ons ,  such as making the  computations i n  zones o r  

i n t roduc ing  s t a t i s t i c a l  techniques l i k e  k r i g i n g ,  may be incorpora ted  

i n t o  the  ana lys is .  The procedure o u t l i n e d  above, however, i l l u s t r a t e s  

the e s s e n t i a l  aspects o f  the  method. To achieve t h i s  t a r g e t ,  a th ree  

s tep  procedure was used. 

1. The core was scanned cont inuous ly  w i t h  a spectrometer t o  l oca te  

"hot'zones accura te ly .  The spectrometer scan was done i n  such a 

way as t o  g i v e  a cont inuous run o f  readings. Th is  scan was con- 

f i rmed by down-hole spectrometer measurements i n  t he  d r i l l  hole. 

As an opera t iona l  d e f i n i t i o n ,  i t  appeared reasonable t o  de f i ne  a 

"hot" zone as an i n t e r v a l  o f  readings where the  t o t a l  gamma count 

i s  20% g rea te r  than the  nearby country  rock average count. The 

l o c a t i o n  and length  o f  the  "hot" zones were c a r e f u l l y  recorded 

f o r  the c o l l e c t i o n  o f  assay samples. 



2. The "hot" zones were sampled f o r  assay i n  i n t e r v a l s  no t  exceed- 

i n g  one foo t  o r  t he  l eng th  o f  the "hot" zone, whichever'was less.  

A lengthwi'se c u t  o f  the  core, of  uni. form cross-sec t ibn ,  running the  

f u l l  l eng th  o f  the  i n t e r v a l ,  was crushed and s p l i t  f o r  the assay. 

I f  t h e  "hot" zone was longer than one f o o t ,  severa l  i n t e r v a l s  were 

needed t o  cover t he  whole zone. The e s s e n t i a l  p o i n t  i s  t h a t  the  e n t i r e  

"ho t t t  zone i n t e r v a l  was covered by these i n t e r v a l  samples. 

I n  a d d i t i o n  i t  was d e s i r a b l e  t o  c o l l e c t  "po in t "  samples a t  the 

bottom, middle,  and top  o f  the  ho t  zones i.f the zones were o f  sub- 

s t a n t i a l  th tckness.  As guided by geo log i ca l  judgment, i t ' w a s  d'esir-  

ab le  t o  sample any a d d i t i o n a l  l oca t i ons  along' the core where s i g n i -  . 

f i c a n t  changes appeared t o  be present .  These samples were l a r g e l y  i n -  

tended t o  a s s i s t  i n  geo log i ca l  i n t e r p r e t a t  ion, r a t h e r  than ' reserve 

es t ima t ion .  . . 

3. The "warm" count ry  rock surrounding the  ho t  zones was sampled approx i -  

mate ly  every twenty - f  i ve feet'. The root-mean-square percentage e r r o r  

i n  us inq  a 25 f o o t  sampl i n g  i n te rva ' l  t o  est' imate the  country  rock 

accumulat ion was found t o  be about 1%. Sampling a t  80 f o o t  i n t e r v a l s  

l e d  t o  a 2.4% K.M.S. e r r o r .  The 25- foo t  i n t e r v a l  was suggested be- 

cause i t  a l s o  o f f e r e d  some p r o t e c t i o n  ,against unforeseen t rends o r  

v a r i a t i o n s  i n  the  uranium content o f  - , the country  rock. I t  a l s o  has 

a q u i t c  acccptable accuracy. Since the  o v e r a l l  accuracy o f  reserve 

e s t i m a t i o n  was planned f o r  about 20%, the  1% e r r o r  i n  v e r t i c a l  accumu- 

l a t i o n  i s  q u i t e  s a t i s f a c t o r y  i n  n o t  i n t e r f e r i n g  w i t h  the  h o r i z o n t a l .  

( a rea l  ) ou tc rop  sampl ing  d i  rec ted  a t  ach iev ing  the  20% accuracy. 

The samples f o r  assay taken every 25 f e e t  were p o i n t  samples 



(not interval or channel samples). In addition, extra samples were col- 

lected at locations along the core where the geologist believed that 

significant changes occur in the country rock. 
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OUTLINE OF GEOSTATISTICAL METHODOLOGY AND THE 

STATISTICAL PARAMETERS OF THE DEPOSIT 

The Va r i og ram 

The basic .charac ter iza t ion  o f  s p a t i a l  pers is tence used i n  min ing 

g e o s t a t i s t i c s  i s  t h e  variogram function., sometimes c a l l e d  t h e  semi- 

! variogram. It i s  a func t ion  o f . d i s t a n c e  and d i r e c t i o n  o f  t h e  se,paration 

or* ' ' ldy" b l t e ~ e e ~  two o r %  grades i n  the  deposit. More spec i f  i c a l  l y ,  t h e  

var iogram,.y(h) ,  - i s  def ined as one-hal f  o f  t h e  average o f  t he  squared- 

d i f f e r e n c e  between o r e  grades separated by t h e  vec tor  - h. The d i f f e rence  

.hetween grades f o r  each p a i r  i s  squared. One-half o f  the  average o f  

these squared-dif ferences would g i v e  an est imate o f  t h e  variogram a t  

l ag  - h. Th is  would have t o  be repeated a t  number o f  d i f f e r e n t  l ag  

values t o  develop a c l e a r  d e l i n e a t i o n  o f ~ ( h )  - f o r  a l l  - h values. I f  the  

o r e  assays a r e  es tab l ished on some r e g u l a r ' g r i d ,  t he  variogram can be 

'est imated using neighbor ing p a i r s  o f  grades f o r  t h e  shor tes t  lag .  Pa i r s  

separated by two g r i d  spacing can be used f o r  t h e  next  iarger  l a y  uf 

averaging. Then 3 g r i d  separat ions can be used, and so f o r t h .  

I f  t h e  variogram does not  vary  w i t h  d i r e c t i o n  o f  l ag  but  o n l y  

depends on the  d is tance o f  separat ion, t h e  random f i e l d  o f  data i s  sa id  

t o  be " iso t rop ic . "  The variogram i s  then a f u n c t i o n  o f  t he  length,  h, 

. not  t h e  vec tor ,  . - h. 

For t h e  uranium-bearing pebble conglomerates, the  r a d i o a c t i v i t y  

appears t o  be i s o t r o p i c  w i t h i n  the  mineable surface. Hence, t h e  f u r t h e r  



d iscuss ion w i l l  be r e s t r i c t e d  t o  t h i s  case. The theorems der ived i n  

Appendix A, however, a r e  more general and a re  based on an ani ,sotropic 

variogram w i t h  e l l i p t i c a l  zone of i n f l uence  over t h e  mineable surface. 

A t y p i c a l  i s o t r o p i c  variogram might have the  shape shown i n  F igure  
. . 

6. As t h e  value o f  h  becomes small ,  s p a t i a l  pers is tence makes .the 

grades inc reas ing ly  ~ i m i l a r  t o  each o the r ,  and t h e  ~ ( h )  value approaches 

zero. The 'squared d i f f e rence  between grades of samples c lose  together 

is,  smal l .  As h  gets  la rge,  t h e  grade a t  one end o f  t h e  separat ion 

becomes more and more un re la ted  t o  t h e  grade a t  t h e  o the r  end. The 

squared d i f f e r e n c e  gets  l a r g e r .  A t  some distance,  c a l l e d  the  zone o f '  

in f luence,  ho, t h e  two grades a re  uncor re la ted w i t h  each o the r  and the  

average squared d i s tance  s tays  a t  about the  same va lue f o r  a1 1 l a r g e r  h. 

It can be'shown t h a t  f o r  s t a t i s t i c a l l y  s t a t i o n a r y  random f i e l d s  o f  o r e ,  

2 grade, the .  variogram wi.11 .-?eve? : o f f . a t  a value equal t o  bhe var iance,o,of  

the grade. F ina l ly ,  one o f t e n  encounters variogramg w i t h  the appearance o f  

F igu re  7 .  I f t h e  Y(h) values a t  t he  sho r te r  lags a r e  ex t rapo la ted t o  

zero, t he  l i n e  o f  e x t r a p o l a t i o n  does.not  pass through zero, bu t  g ives  

2 
a  >O where 

Th is  means t h a t  t he re  a r e  abrupt  changes i n  grade on a  l o c a l  scale 

( f r a c t u r e s ,  r i c h  ve ins  i n  waste, e t c . ) .  Thus, the  average squared d i f -  

ference stays l a r g e  even f o r  s p a t i a l  separat ions very small .  

The variogram o f t e n  mot ivates i n t e r e s t i n g  geo log ica l  conjectures 

concerning the  depos i t .  Some o ther  t y p i c a l  cases a re  g iven i n  F igure  8 . 



F igu re  6. A t y p i c a l  i s o t r o p i c  variogram. 

y(h) .  

2 .  F igu re  f .  Typ ica l  variograrn w i t h  var iance,  0 , 
zone of  in f luence,  ho; and nugget 

2 e f f e c t ,  a  . 



B.  
. Figure 8. ,Theoretical Variograms (A) strong spacial 

perslsrence (large ho) and ( B )  canp la te  
independence between grades even .at small 
spacings. 



Variograms est imated from ac tua l  data have sample randomnes's and a much 

more jagged appearance than t h e  i d e a l i z e d  f i g u r e s  presented here. Some 

examples o f  ac tua l  variograms from the  uranium data a r e  shown below. 

Another measure o f  s p a t i a l  pers is tence use fu l  i n  g e o s t a t i s t i c s  i s  

t h e  covar iance func t ion .  It can be def ined as C(h), where 

~ ( h )  = a2 - y(h)  (9) 

f o r  s t a t i s t i c a l l y  s t a t i o n a r y ,  i s o t r o p i c  random o re  deposi ts .  

Kr iged Est imates 

The g c o s t a t i s t i c a l  prnr-edure of k r i q i n q   avid, 1977; Journel and 

Hu l j b reg ts ,  1978) can be based on e i  t he r  the  covariance f u n c t i o n  o r  the  

variogram. I n  the  f o l l o w i n g ,  the  covariance f u n c t i o n  w i l l  be used.. I f  
i 

a l l  assay values a re  of equal important t o  the de terminat ion  o f  t he  

average grade i n  some depth zone, a reasonable est imate would be the 

a r i t h m e t i c  average o f  the assays. I n  mathematical terms, i f  V ( x i )  i s  

the  assay value a t  l o c a t i o n  x i ,  and the re  are  n assays a v a i l a b l e  making 

an est imate o f  average grade f o r  a zone B,  then 

h 

where V i s  t h e  est imated average grade f o r  t h e  zone. 
B 

I f  a l l  of  t h e  assays a r e  no t  equa l l y  important t o  t he  de terminat ion  

o f  t he  average grade of  zone B ( f o r  example, some assays may be w i t h i n  

t h e  zone and o the rs  may be some d i s tance  away), then a weighted average 

o f  the  form 



n 
where C a i = l . O  

i = l  

may be more reasonable. For example, nearby values may be weighted 

more than those f a r  away. 

This ra i ses  t h e  quest ion , .a rc  t h e r c  systcmat ic  proccdurcs f o r  

de termin ing  .the opt imal  o r  "best" choices o f  t he  weights, a.. The 
I 

answer i s  yes and t h e  procedure i s  found t o  depend on t h e  covariance 
h 

f unc t i on .  The measure o f  o p t i m a l i t y  used i s  t h a t  t h e  best  weights, a, 

a r e  those which minimize t h e  expected square d i f f e rence  between t h e  
h 

ac tua l  average.grade vB and t h e  est imate o f  t h a t  value, vB. The math- 

emat ical  procedure f o r  d e r i v i n g  these opt imal  weights i s  der ived i n  

theorem A-5 o f  ~ p ~ e n d i x  A. Essent la1 l y  the  procedure reduces t o  t h e  

s o l u t i o n  o f  a system of  s i m u l t a n k u s  equations whose c o e f f i c i e n t s  and 

o t h e r  constants a r e  determined from t h e  covariance func t ion .  The gen- 

e r a l  technique i s  c a l l e d  k r i g i n g .  

I n  t h e  c l o s e l y  spaced sample c o l l e c t i o n  o f  ehe producrton o r  

development phases of mineral  development, many samples a r e  w i t h i n  a 

zone o f  i n f l uence  o f  each o t h e r  and t h e  system o f  equations may become 

d i f f i c u l t  t o  solve. However, i n  reconnaissance sampling the  reverse i s  

t rue .  A l l  samples a r e  u s u a l l y  more than a zone o f  i n f l uence  apar t  and 

t h e  system of  equations reduces t o  t h e  very simple e x p l i c i t  so lu t i ons  

g iven i n  theorem A-6 o f  Appendix A. I n  f a c t  i f  the  zone o f  i n f l uence  Is 

small  and t h e  sample spacing i s  large,  the  weights a r e  w e l l  approximated 

by l / n  and 



w i t h  e r r o r  var iance bounded by 
A - 2  a 2 

a2 E = Expected va lue o f  (vB - VB)  5 - n + CBB, (14) 

where CBB can be computed from t h e  geometry o f  t he  zone B and t h e  

covariance func t ion .  I n  p a r t i c u l a r ,  i f  the  variogram i s  o f  t h e  simple 

, t r a n s i t i v e  i s o t r o p i c  form ( d e f i n , i t i o n A - 1  w i t h v e r y  small s(O) and 

2 
a = b = h , a conwnient .  upper bound f o r  UE i s  

0 

where B denotes the  area o f  zone B on the  mineable surface. 

The Sampl ing Re la t ion  i n  F igure  5 

The equation used i n  F igure  5 was an even s impler  vers ion  o f  t he  

r e l a t i o n  f o r  o2 A1 1 t he  equations can be simp1 i f  ied  t o  one-dimensional E ' 

space ( i - e . ,  samples along t h e  s t r i k e  o f  t h e  outcrop) .  The simple t ran -  

s i t i v e  variogram becomes 

and t h e  covariance func t i on  i s  

Under t h e  cond i t i ons  t h a t  a l l  samples a re  more than a zone o f  i n f l uence  

apar t  and a r e  c o l l e c t e d  a t  an i n t e r i o r  p o i n t  o f  zone B more than a zone 



of  i n f l u e n c e  from t h e  nearest  boundary o f  B y  t h e  expressions CBB and 

C .. i n  theorem A - 5  may be e x p l i c i t l y  evaluated as 
B I 

and 

C (x-x ' ) dxdx ' 
0 

where L i s  t h e  l e n g t h  o f  t h e  one-dimensional zone B .  For t h i s  case, 

t h e  values o f  a and LI r e s u l t i n g  from the  s o l u t i o n  o f  t h e  system o f  i 

equat ions i n  theorem A-5 a r e  

2 
Hence t h e  expression f o r  a becomes E 

Since t h e  probable e r r o r  i s  

i t  f o l l o w s  t h a t  t h e  probable e r r o r  i n  % i s  g iven by 



I f  ho = 10 fee t ,  o/v = 0.9, and a2/02 = 0.62 as t h e  p re l im ina ry  rad io-  

a c t i v i t y  sampling seemed t o  ind ica te ,  t h e  probable e r r o r  becomes 

2 1/2 
PE% = 60.7[ l /n - 3 . 8 ( 1 / ~  + 10/3L ) I  . (25) 

Th is  equation was used t o  develop t h e  graph i n  F i g u r e 5 .  

.The graph served o n l y  as a guide f o r  sampling purposes. Subse- 

quent ly  more ex tens ive  data ar rays  were used t o  r e f i n e  and ad jus t  the  

variogram parameters. For example, i t  was decided t o  use i n  t h e  pro-  

bable e r r o r  computations of t h e  f i n a l  resource est imate,  t he  values 

a2 = 0 and ho = 60 f e e t  s ince these gave conservat ive bounds f o r  t h e  

e r ro r .  Almost a l l  o f  t h e  est imated variograms gave values which 

ac tua l  l y  p r e d i c t  smal ler  probable e r r o r s  than a2 = 0 and ho = 60 fee t .  

Lognormal i t y  o f  U 0 and Tho2 
3 8 

The c o r r e c t i o n  of t he  near-surface tonnage est imates t o  produce 

leached uranium endowments, depends c r i t i c a l l y  on the  p r o b a b i l i t y  law 

f o r  t h e  popu la t ion  o f  t he  l a rge r  U 0 values. Prev ious ly  publ ished 
3 8 

i nves t iga t i ons  have u s u a l l y  found t h a t  uranium grade i s  lognormal. I t  

appeared reasonable t o  expect lognormal behavior f o r  t he  Medicine Bow 

and S ie r ra  Madre deposi ts .  

. The grade values which enter  t h e  computations cons is t  o f  t h e  

thickness-weighted averages o f  t h e  grade along each outcrop t ransect  o r  

d r i l l  ho le  as i t  p ierces the  mineable surface. The averages a r e  o n l y  

computed fo r  exceedances o f  100 ppm U 0 Let  m denote the  number o f  
3 8 '  

t he  t ransects  o r  d r i  11 holes which f a i  1 t o  encounter an (unleached) 

U 0 value exeeeding 100 ppm. I f  there  a re  n t ransects  and d r i l l  
3 8 



holes, then(n-m)of t h e  piercements o f  t he  mineable sur face encounter 

exceedances o f  100 ppm. Let  

< I n  Um+2zln Urn+.$. . .<ln Un , lnUm+l- (26) 

represent  th'e averages o f  t h e  logar i thm o f  t he  grade f o r  those laye rs  

exceeding 100 ppm unleached. The f r a c t i o n  of t h e  piercements w i t h  

va lue  l e s s  than o r  equal t o  I n  Ur - i s  r /n .  Th is  I s  somet lmesca l led  

t h e  emp i r i ca l  d i s t r i b u t i o n  func t i on ,  
., 
F ~ ( u ~ )  = r /n,  f o r  m<r<n (27) 

and i s  regarded as  a p r e d i c t i o n  of t h e  d i s t r i b u t i o n  f u n c t i o n  f o r  t h e  

uranium values when.uranium = Ur. However, t h i s  est imate has t h e  

de fec t  t h a t  

and t h i s  value cannot be p l o t t e d  on lognormal p r o b a b i l i t y  paper s ince 

1.0 on t h e  p r o b a b i l i t y  sca le  corresponds t o  U = f o r  these types of 

p r o b a b i l i t y .  Th is  problem can be circumvented ' i n  several ways. One o f  

t h e  best  i s  advocated by Gumbel (1954) who'points ou t  t h a t  i f  F(u) i s  

t h e  d i s t r i b u t i o n  func t i on  f o r  t he  U populat ion,  then 

{ ~ x p e c t e d  va lue o f  F (ur) } = r/ (n+l ) . (29) 

,, 
Wi th  t h i s  p l o t t i n g  formula ( i . e .  F,(u,) = r / ( n + l ) ) ,  t he  l a rges t  value 

observed, I n  Un, i s  p l o t t e d  versus 

on t h e  probab i l  i t y  scale.  Th is  p o i n t  can be placed on lognormal paper 

w i t h '  no d i f f i c u l t y .  



Thus the  procedure used i n  t e s t i n g  t h e  t ransec t  and d r i l l  ho le  

accumulated grades f o r  lognormal i ty  was as fo l l ows .  The width-averaged 

values o f  t he  I n  U 0 (as cor rec ted approximately t o  t h e i r  unleached 
3 8 

values) f o r  a l l  exceedances o f  100 ppm were ranked i n  increas ing order :  

r Average A 

rank i n  U3O8 F, (Ur) = r/ (n+l) - 
m+ 1 In "m+l (m+l ) / (n+l ) 

m+2 In "m+2 (m+2)/ (n+l ) 

m ' 3  I n  U m+3 (m+3)/(n+l) 

I f  the  graph o f  i n  Ur versus r / ( n + l ) ,  on normal p r o b a b i l i t y  paper i s  

approximately a s t r a i g h t  l i n e ,  then t h e  grade accumulations o f  exceed- 

ances o f  100 ppm behave approximately l i k e  t h e  upper t a i l  o f  t h e  

lognormal. 

Th is  prncedure was followed f o r  t h e  Medicine Bow a n d ' s i e r r a  Madre 

U 0 and Tho2 values. The r e s u l t i n g  graphs a r e  shown i n  F igure  9 .  I n  
3 8 

each case.a s t r a i g h t  l i n e  appears reasonab1.y cons is ten t  w i t h  t h e  data. 

The lognormal parameters, p and 02, can be est imated from t h e  s t r a i g h t  

l i n e s  by t h e  f o l l o w i n g  conventions 
A 

p = value o f  I n  where p = 50 (31 
A h 

o = (value o f  I n  where p = 84.13) - p , 
where p i s  % p r o b a b i l i t y .  



Sierra Madre -U,O, 

- 
= 3.40 ' + U308 per encounter 

$ ~ 0 . 9 5  ( 4  points) 
7 

Medicine Bows U43, 
I 1 - 

6 = 5.30 + U308 per encounler 
8 $ = 0 . 5 5  (21 points) 

Sierra Madre Tho, 

- 
= 5 . 2 2  + Thoa per encounter 

$ ~ 0 . 5 6  ( 2 3  points) 

- + Thot  per encounter I 
$ ~ 0 . 6 3  ( 2 2  points) 

u 5.30-e.30-O.E.0 / 

F i g u r e  9. Lognormal p robab i . l . i t v  p l o t s  fo r  uranium and thor ium,  S i r r r a  Madre and Medic ine 
k w  Mmnt a  i n s .  



h A 

The pred ic ted.va lues  f o r  p and U a r e  l i s t e d  w i t h  each graph i n  ~ i g u r e 9 ' .  

These values w i l l  be used l a t e r  i n  t h e  sec t i on  o n . t h e  leaching formulas 

and associated resource ad,justments. 

The Var iogram Parameters 

As more data was accumulated, a d d i t i o n a l  in format ion  became a v a i l -  

a b l e  f o r  computing variogram parameters. The assay values could no t  be 

a 

used f o r  t h i s  purpose s ince they were always more than a zone o f  i n f l u -  

ence apar t .  However, a d d i t i o n a l  r a d i o a c t i v e  count data was c o l l e c t e d  

a t  c lose  enough spacing t o  a l l o w  t h e  determinat ion o f  a2/u2 and t h e  

zone o f  in f luence,  ho. Some examples a r e  shown i n  FigureslO,  1 1 ,  and 

12. 1.n add i t i on ,  there  were many cases where o n l y  upper bounds t o  the  

parameters could be determined. A number o f  such est imates a r e  sum- 

marized i n  Tables 1 and 2. Upper bounds a r e  very re levant ,  because 

o f ten  they can be used t o  develop corresponding upper bounds f o r  t h e  

probable e r r o r .  I n  the  resource data analyzed so f a r ,  a zone o f  i n f l u -  

ence o f  60 f e e t  and a nugget e f f e c t  o f  0 appears t o  g i v e  reasonable 

upper bounds. ~ c t u a l  ly, t h e  probable e r r o r s  were comput'ed f o r  bo th  

ho = 30 and ho = 60 fee t  w i t h  o n l y  s l i g h t  changes i n  r e s u l t s .  Thus, 

the  e r r o r  ana lys i s  i s  q u i t e  i n s e n s i t i v e  t o  ho and a2 f o r  t he  range of 

va.lues i n  the  data studied. 





-- 
Figure 1 1 .  Variogram t y p i c a l  of conglomerate k ,  Sierra Madre. 





Zone'of in f luence,  nugget-to-variance . . 
2 2 Rank ho f e e t  r a t i o  a / o  

(ranked) ( ranked) 

median value med i an 
va 1 ue 

14 . 63  

Table 1. Variogram parameters f o r  rad io .ac t i v i t y ,  Car r i co  Ranch, S i e r r a  
  ad re. ( ~ o t e :  parameters a re  ranked separate ly  i n  increasing 
s i ze. Average var iance o f  count = 55000 pprn2) , 



Zone o f  
Conglomerate i n  f 1 uence S i l l  Value ~ u ~ ~ e  t, 

( c t \  e f f e c t  

G shows t rend  

I 4 o z z o o ( p p m ~ h ) ~  o.o(ppm~h) 
2 

J shows t rend  

I 

Case 1 <10 

4: s :  
a Oz 

0 
W 
z W - 
0 - - = 

7 < 10 

Tab1.e 2. Variogram parameters values f o r  data from var ious p o r t i o n s  
uT ~ l ~ c  al-eiis i n  tl-~e Si t l - I -a  t,!aJ~-t and Medicine Bow t9suntains 

3 < 18 

4 <10 
. - .- . . . - -. -. - 

5 30 80000 (CPS) 0 (CPS) 
- 

n .  
W W 
2E Z 
0 6 2 0 18000 (cps) 6000 (cps) 



PRED l CTCOPCI EQUAT 1 DNS FOR LEACH l NG 

It appeared reasonable t o  assume t h a t  (1) below some p a r t i c u l a r  

depth, t he  uranlum and thorium maintained some f i x e d  func t i ona l  r e l a -  

t i o n  w i t h  each o ther ,  and (2) above t h a t  depth t h e  func t iona l  r e l a t i o n  

requ i red  t h a t  depth be introduced as an a d d i t i o n a l  w r i a b l e .  

M u l t i v a r i a t e  stepwise regression was used t o  search f o r  t h e  

c r i t i c a l  depth and f o r  t he  f u n c t i o n a l  re la t i onsh ips .  Ca lcu la t ions  were 

made f o r  I n  U and I n  Th as we l l  as U and Th as measured. The log-  

ar i thms o f  t h e  assay values gave s u b s t a n t i a l l y  b e t t e r  curve f i t s . .  A f t e r  

4 much t r i a l - a n d - e r r o r ,  t he  f o l l o w i n g  basic equat ion was determined t o  ,. 

best  represent the  general fea tures  o f  t he  r e l a t i o n  between I n  U, I n  Th, 

and depth, d: 

+ random e r r o r .  (33)  

This  b a s i c a l l y  assumes t h a t  a t  any depth, t he re  i s  a l i n e a r  r e l a t i o n  

between I n  U and I n  Th. However, t h e  i n te rcep t  and s lope o f  t h e  l i n e a r  

re . la t ion  a re  a cubic polynomial o f  t h e  v a r i a b l e  exp(-cd).  Th is  a l lows 

considerable freedom f o r  t h e  curve t o  f o l l o w  t h e  data as i t  va r ies  w i t h  

depth. Also, by choosing var ious  values o f  c ,  t he  leaching could be 

made t o  reach e i t h e r  great  depths o r  o n l y  a f f e c t  very shal low po r t i ons  

o f  t h e  deposi t .  



The general method o f  ana lys i s  cons is ted  o f  f i x i n g  a value o f  c ,  

and then determining t h e  best  c o e f f i c i e n t s  (ao, al, a2, a3, bo, bl, b2, 

b ) t o  f i t  t h e  data  by s tepwise-mul t ip le  regression. The goodness-of- 
3 

f i t ,  as measured by t h e  f r a c t i o n  o f  s c a t t e r  "exp1ained"by the  curve 

f i t  (a q u a n t i t y  c a l l e d  R~ i n  s t a t i s t i c a l  parlance) was then noted f o r  

t h a t  c value. T h i s  was done f o r  many d i f f e r e n t  c  values and a graph,o f  

2 2 K versus c was prepared. The value o f  c a t  t h e  maximum R would then 

be judged.as the  va lue most cons is ten t  w i t h  t h e  data. Based on t h e  R 2 

c r i t e r i o n ,  t he  va lue  c = .03 was chosen f o r  bo th  t h e  S i e r r a  Madre and 

t h e  Medicine Bow Areas. Let  do be the  depth a t  which t h e  v a r i a b l e  

exp(-cd) d i e s  o f f  t o  one percent o f  what i t  i s  a t  d = 0. Then do would 
! 

be t h e  s o l u t i o n  t o  

Thus, t h e  c = .03 va lue impl ies  t h a t  the  leaching i s  n e g l i g i b l e  below 

d = 154 feet.  The func t i ona l  r e l a t i o n s ,  f o r  d>154 f e e t  would approxi -  

mate1 y be 

l n U = a  + b o  I n  Th + e r r o r .  
0 (36) 

With c = .03, t h e  stepwise regression gave q u i t e  adequate curve f i t s  

w i t h  t h e  formulas: 

(standard d e v i a t i o n  of e r r o r  o f  f i t  = .717); 



Medicine Bow 

--03d + 8.471 e - .09d) I n  u = (1.608-9.786 e 

(standard d e v i a t i o n  o f  e r r o r  o f  f i t  = .804). 

I n  both equations,. t h e -  regress ion.&xp la ined about' 60 percent o f  

the  sca t te r .  Thus t h e  equations represent reasonably good t rend l i n e s ,  

but  t he re  i s  s t i l l  subs tan t ia l  s c a t t e r  (40 percent) about the  t rend.  

I t  should be c l e a r l y  noted t h a t  these equations do not  f u n c t i o n  as pre- 

d i c t i o n  equations g i v i n g  the  I n  U value f o r  a p a r t i c u l a r  sample as a 

func t i on  o f  t he  I n  Th and depth f o r  t h a t  sample. Rather they e s t a b l i s h  

the  sur face o r  t rend  about which t h e  data s c a t t e r .  

The equations a t  subs tan t ia l  depth (>I54 f e e t  o r  so) reduce ' to  the '  

r e l a t i o n s  f o r  no leaching o f :  

S i e r r a  Madre (d = a) 
' 

and 

I n  U = 1.608 + .663 I n  Th. (40) 

These equations can be manipulated t o  t h e  more conventional form o f  

t he  uranium t o  thorium r a , t l u  uf :  

Sie r ra  Madre (d = w) 

( u / T ~ )  = e 
-. 573 Th-. 262 

-.26 
= .56 Th 

end 



Medicine Bow (d  = w )  

Th is  r e s u l t  was somewhat surpr is i .ng.  The exponent on thor ium i s  

q u i t e  s im i  l a r  f o r  the  two areas (on the  order  o f  -. 3) , b'ut t h e  mu1 t i  - 
p l i e r  i s  n i n e  t imes l a r g e r  i n  the  Medicine Bow area than i n  the  S i e r r a  

Madre. -It i s  con jec tured t h a t  t h i s  d i f fe rence i s  probably due t o  the  

d i f f e r e n t  ages o f  the  format ions and some subs tan t ia l  associated 

depos i t i ona l  o r  m ine ra log ica l  d i f ferences.  Minera log ica l  analyses per-  

formed by Houston (and repor ted  i n  Volume I, t h i s  repo r t )  i n d i c a t e  

t h a t ,  a l though the  Medicine Bow deposi ts  have several  mineral  phases 

bear ing  bo th  uranium and thorium, the  S i e r r a  Madre u n i t s  lack  'any 

major uranium-bearing minerals.  

The r e l a t i o n  c l e a r l y  de l ineates  the observed r e l a t i o n s h i p  i n  the  

assays t h a t  most o f  t he  r a d i o a c t i v i t y  i n  t h e  Car r ico  Ranch area ( s i e r r a  

Madre) i s  due t o  thor ium content ,  whi l e  the  Medicine Bow areas have 

more uranium f o r  the  same l e v e l  o f  thorium. 

Tha amount o f  leaching a t  any depth, as s ta ted  i n  terms o f  d i f f e r -  

ence i n  lpgar i thms o f  unleached uranium and leached uranium fo l l ows  the 

t r e n d  g iven by s u b t r a c t i n g  the  ;hallow o r  depth-dependent r e l a t i o n  f r o m  

t h e  unleached r e l a t i o n  h o l d i n g  a t  depth. 

S i e r r a  Madre 

-. 09d 
log  increment f o r  leaching = -. 158 e 

+ (1.050 e -.03d-.906 .-a'6d] I n  ~h 



Medicine Bow 

log  .increment f o r  leaching = +9.786 e - 09d -'03d-8.471 e ' .  

+ -0947 i n  ~ h .  (44) 

Along the ou tc rop  t ransec ts  where the  major p o r t i o n  o f  assay data used 

i n  the  resource c a l c u l a t i o n  was obta ined,  the l o g  increment f o r  leach- 

i n g '  ( a t  d=O) reduces t o :  

. . 
. ( i '  

S i e r r a  Madre ( d  = 0) 

l o g  increment f o r  leaching =-. 158 + . I 4 4  I n  Th ' ('45) 

Medicine Bow (d  = 0) 

l og  increment f o r  leaching = 1.315 + .0947 I n  Th. (46) 

Another s u r p r i s i n g  aspect o f  t h e  leach ing  r e l a t i o n s h i p s  was d i s -  

covered i n  the zone between d = zero and d = 30 fee t .  I n  p lann ing  the  

ana lys is , , . . i t  was more o r  less  assumed t h a t  the leaching would be 

l a r g e s t  a t  d = zero  and decrease a long some curve w i t h  increas ing  depth. 

The formula used. i n  the curve- f  i t t i n g  permi ts  o the r  behavior,  however, 

i f  the data requ i res  i t .  A c a r e f u l  examinat ion o f  the  l o g  increment f o r  

leaching shows t h a t  f o r  l a r g e r  values of thorium, the amount o f  leaching 

increases w i t h  depth f o r  about the f i  r s t  30 f e e t  o r  so and then begins 
. . 

t o  decrease s t e a d i l y  w i t h  increas ing  depth. Th is  happens i n  both the  

S i e r r a  Madre and i n  the Medicine Bow areas. Sca t te r  p l o t s  o'f uranium 

versus depth show t h a t  t h i s  i s  a r e a l  behavior and no t  some pecul i a r i t y  

o f  the ana lys i s  procedure. The values a t  the  surface outcrops are  

s l i g h t l y  r i c h e r  on the  average than those a t  shal low depths. However, 



t h e  number o f  assays i n  t h i s  10 t o  30 foot  zone t s  q u i t e  r e s t r i c t e d  

and the  main curve behavior  i s  c o n t r o l  l ed  p r i m a r i  l y  by the  average 

su r face  values (d = zero) and the  t rend  of t h e  values between 50 

f e e t  and 150 feet.  

I t  has been con jec tured t h a t  the  leaching may be s t r o n g l y  a f f e c t e d  

by t he  length  of t ime t h e  mois.ture s tays  i n  contac t  w i t h  the. ore as it 

p c r c o l a t c s  downwa~di Surface mois turc  would move down r a p i d l y  d~  fir,,^ 

and then slow down somewhat w i t h  increas ing depth. Thus, the contact  

t ime might  be less  a t  d = ze ro  than a t  d = 20 feet .  However, t h i s  i s  

pure  speculat ion.  

The leaching adjustments and subsequent tonnage c o r r e c t i o n  procedures 

were c a r e f u l l y  designed so t h a t  they would no t  be s e n s i t i v e  t o  whether 

t h i s  maximum leaching a t  30 feet  i s  ac tua l  l y  present o r  not .  The data 

ava i lab l e  a t  the sur face (d=0) and be low 50 f e e t  (d>50 tee t )  were qu i  t e  

adequate t o  prov ide  s a t  i s f a c t o r y  accuracy. i n  the  determinat ion  o f '  the  , 

leach ing trend. However, t he  s p a r s i t y  o f  the  data f o r  O<d<50 fee t  

suggests . . t h a t  t he  magnitude of the  maximum occur r i ng  i n  t h a t  i n t e r v a l  

may, i n  p a r t ,  be r e l a t e d  t o  the  we1 1 known tendency o f  polynomial 

curve  f i t s  t o  osc i  1 l a t e '  t o  unreal i s t i c  extremes where data i s  absent. 

As a rea,sonable approx ima t ion ' to  what i s  probably present ,  the  leaching 

curves, g iven i n  equat ion (43) and (44) were modi f ied  f o r O < d < 5 0  f e e t  by 

rep lac ing  the  curve w i t h  a s t r a i g h t  l i n e  i n t e r p o l a t i o n  between the  

values a t  d=O and a t  d=5O f e e t .  The r e s u l t i n g  modi f ied  curve was averaged 

over  the  i n t e r v a l s  (0,100) and (100, 200) t o  ob ta in  the  leaching 



c o r r e c t  i o n  used i n  t h e  resource computat 'von. T M s  computat i on  y i e l d e d  

the  r e s u l t s  shown i n  Table 3. Greater  depths were e s s e n t i a l l y  unleached, 

so the  adjustments o r  co r rec t i ons  were smal l  o r  zero. 

Depth I n t e r v a l  
Area - 0- 100 

Medicine Bows 1 .406 +-4 I n  Th 

S i e r r a  Madre -.0401 + . I357 I n  Th .0162 I n  Th 

Table 3. Mod i f ied  averaged l o g  increment f o r  leaching. 

The general leaching adjustments proceeded as fo l l ows .  The l o g  

increment f o r  leaching was added t o  t h e  l oga r i t hm o f  the  measured 

uran i um and the value o f  . I 65  was added t o  t h i s  t o  a d j u s t  t he  grade t o  

values f o r t h e e q u i v a l e n t  1 o g a r i t h m o f U O  The l e a c h i n g c o r r e c ' t i o n  3 8' 

procedure r e a l l y  o n l y  a f f e c t e d  the top 150 fee t  o f  t he . resou rce  - so  t h a t  

i n  terms o f  the  t o t a l  depos i t  on l y  a ;ma1 1 p o r t  ion  was involved.  How- 

ever,  i t  a1 lowed the  sur face outcro'p assays t o  become reasonable pre- 

d i c t o r s  o f  the unleached U 0 grades h o l d i n g  a t  depth. 
3 8 . . 

A 1  1 the assay data, as ad jus ted  t o  unleached equ iva len t  g'rade, 

then cou ld  be used t o  compute accumulations o r  t h  i ckness-averaged 

grades f o r  those uranium bear ing  beds wi ' th exceedances o f  100 ppm. 

These accumulations are tab led  i n  Appendix D. F i n a l l y ,  these accumu- 

l a t e d  grades were k r i g e d  t o  produce resource est imates i n  te,rms of  

unleached U 0 The exact d e t a i l s  o f  the k r i g i n g  w i l l  be o u t l i n e d  i n  
3 8' 

the nex t  sec i ton .  However, i t  i s  appropr ia te  t o  discuss the tonnage 

c o r r e c t i o n  used t o  convert  t o  leached resource est imates i n  t h i s  sec t i on  

because i t  i s  c o n t r o l l e d  i n  p a r t  by the  leaching r e l a t i o n s .  

As discussed p rev ious l y  , the l oga r i t hm o f  the  unleached U308 accu- 

mulat ions appear t o  behave according t o  lngnormal p r o b a b i l i t i e s .  This 

J; 

imp l ies  t h a t  the  U 0 w i l l  a l s o  be lognormal. Also, i f  B represents the  
3 8 



subset o f  the region' B where exceedances of 100 .ppm are encountered, then ' .  

* 
the f r a c t i o n  .of B w i t h  grade exceeding some other value, say 200 ppm, 

can be computed from the lognormal behavior. 
. . 

~ 6 r  example, as shown i,n Figure 1.3, l e t  the area' under the 'curve 

t o  the r i g h t  o f  1 n ,100 be area A. Thi s would. represent the f r a c t i o n  o f  

B w i t h  unleached average grade exceeding 100 ppm. TKe unleached aver- 

age - .  grade wh i ch would become equal t o  1.00 ppm a f t e r  leaching would be 

obaa l ned f roln: 

u111esiligJ r gu i ve len t  - log i n c r e w n t  - I n  100 + 
o f  100 ppm leached fo.r leaching (47) 

f o r  any part icu1a.r  se'lected depth. Th.is value on the horizon.ts1. ax is  

o f  Figure 13 i s  schemat ical ly  ind icated by the downward arrow. Let 

' A 
area A be the area under the lognormal curve t o  the r i g h t  o f  the ver- 

A 
t i c a l  arrow. The two areas, A and A , can be . interpreted,  respect lvely,  

as the f r a c t i o n  o f  B w i t h  unleached grade greater  than 100 ppm and the 

A 
f r a c t i o n  o f  B w i t h  leached grade greater than 100 ppm. The lognormal 

curve i s  character ized by LI ( the middle o r  balance po in t  o f  the curve) 
A 

and a ( the standard dev ia t ion  parameter). I f  these values are known, 

Jc 
the areas A and A can be calculated.  Then the tonnage cor rec t ion  i s  

* 
the r a t i o  s f  area A t o  area A. The basic r e l a t i o n  i s :  

-1. 

f rac t ion  of  with. tonnage x f r a c t i o n  o f  B 
1 eached grade> 100 ppm cor rec t ion  w i t h  equivalent  

un leached grade> 
100 ppm. (48) 



Area A 

I I 
unleached value which 
after leachina. would 

7; rk Area A* 

"unleached" In U,O, 

Figure I 3. Probability distribution curve illustrating the basis for the 

tonnage correction. 
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THE RESOURCE DETERMINATION 

The Bas ic  K r i g i n g  Re la t i on  

The resou rce  determi na t i.on formu 1 a then becomes 

"ao8 f r a c t i o n  o f  
leache - area o f  average mineable su r- - X X 
i n  a y iven mineable t h  i ckness face w i t h  
depth i n t e r a l  sur face un 1 eached 

grade> 100 ppm 

average un 1 eached 

X 
grade f o r  

X 
exceedances o f  c o r r e c t i o n  / 11900000. 
100 , PPm , . (49) 

The f r a c t i o n  o f  t he  mineable sur face w i t h  unleached grade>100 ppm i s  

the area of B" d i v i d e d  by the area o f  B. Th is  i n  t u r n  i s  approximated 

by the t o t a l  number o f  d r i l l  ho les and outc rop  t ransec ts  which encoun- 

te red  beds whose adjusted unleached equ iva len t  grade exceeded . . 100 ppm, 

.d i v ided  by the t o t a l  number d r i l l  ho les and t ransec ts  p i e r c i n g . t h e  

mineable. sur face.  For example i n  the  S i e r r a  Madre, on ly  two d r i l . 1  holes 

and two outcrop t ransec ts  passed through beds w i t h  unleached equ iva len t  

grade g rea te r  than o r  equal t o  100 ppm. There were a t o t a l  o f  31 d r i l  1 

holes o r  t ransec ts  t h a t  encountered the  mineable sur face.  Then the  

f r a c t i o n  would be 4/31.  That i s  27/31 o f  the  mineable sur face does not  

experience any exceedances o f  100 ppm unleached. 

The value 11,900,000 makes the  conversion from ppm t o ' t o n s  o f  . 

resource. I t  i s  based on 11.9 cub ic  f e e t  per  ton, which i n  t u r n  i s  t he  

appropr ia te  value f o r  country  rock w i t h  a s p e c i f i c  g r a v i t y  of  2.7. 



The assumptions under which t h i s  resource formula i s  equ iva lent  t o  

* 
k r i g i n g  w i l l  now be discussed. Let  V (x) - be the  equ iva lent  unleached 

grade o f  t h e  depos i t  a t  l o c a t i o n  - x(x l ,  x?, x3) .  From geo log ica l  consid- 

* 
e r a t i o n s  and from t h e  l i m i t e d  data a v a i l a b l e  V (x) - a'ppears t o  behave as 

a s t a t i o n a r y  random f u n c t i o n .  Let t h e  adjusted random f u n c t i o n  V(x) - be 

de f  i ried as 
Jc * 

( 5 )  = V ( 2 )  i f  V (g2lO0 ppm 
0, otherwise.  

The resource i n  mathematical terms i s  

resource = c o r r e c t  ion x ( I J v(? i )d~,  
I 

Depos i t  - (51) 

where t h e  c o r r e c t i o n  i s  the  depth dependent value which ad jus ts  ppm t o  

tons and makes, t h e  tonnage c o r r e c t i o n  f o r  t h e  depth i n t e r v a l  involved. 

I n  the  present s tudy a f u r t h e r  m o d i f i c a t i o n  was introduced i n  t h a t  t he  

i n s i d e  i n t e g r a l  was taken as a perpendicular  t o  the  mineable surface 

and an accumulat ion was def ined as 

a long 1 
t o  mineable sur face 

Then t h e  resource formula becomes the  i n t e g r a l  over the  mineable sur -  
. , 

face, B, o f  A ( X ~ ,  x 2 )  Thus, 

resource = c o r r e c t i o n  x (53) 

- 
I t  was convenient t o  t h i n k  i n  terms o f  average grade, ~ ( x , ,  x2 ) ,  

and t o t a l  th ickness o f  beds w i t h  exceedances o f  100 ppm unleached 



equivalent ,  T(xl , x2).  These a r e  mathemat ical ly  r e l a t e d  as 

- 
A(xl, x2) = A(x,, x2)/T(xl, x2)'- 

Thus t h e  resource becomes 

i'i 
resource = c o r r e c t  ion x (area o f  B) x (area o f  B /area o f  9) 

x ( I l a r e a  o ~ B * )  ,/ 'i'i ' ~ ~ ( x ~ , ~ ~ ) ~ ( x , , x ~ ) d x , d ~ ~ ~  (55 )  

9 .  

j: 
The i n t e g r a t i o n  can be reduced t o  being over B because T(x1,  x2) = 0 

for the  r e s t  o f  B. 

Th is  whole process has reduced t h e  problem t o  t h a t  o f  es t imat ing  

i'i 
t h e  average accumulation over B : 

average accumulation =. - I I A ( x , , x ~ ) ~ x ~ ~ * ~  
6 * 

Th is  i s  p r e c i s e l y  what k r i g i n g  as discussed i n  Appendix A i s  designed 

t o  est imate. The est imate i s  a weighted average o f  over t h e  ou t -  

crop and d r i l l  ho le  t ransects  where t h e  weights a re  determined t o  

minimize t h e  est imate e r r o r  as shown i n  Appendix A. Thus the  resource 

est imate becomes 

k r  i ged A 

resource = co r rec t  ion  x (area 9) x area  ar area B 
est imate 

1 
(57A) 

i'i 
x ( k r i ged  est imate o f  accumulation over B ) 

= c o r r e c t  ion x area B x ( k r  iged e s t  imate o f  - 
2 accumulation over . 

B) (578) 



The resource can be regarded e i t h e r  as a c o r r e c t  ion times the  k r i g e d  

J; 

average over  B o r  as a d i f f e r e n t  c o r r e c t i o n  times the  k r i dged  est imate 

ove r  B. 

The k r i g e d  accumulat ions are developed i n  terms of, U 0 i t s e l f ,  
3 8 

r a t h e r  t h a n . l n  U 0 A c t u a l l y ,  i t  i s  acceptable p r a c t i c e  t o  use e i t h e r  
3 8' 

approach. K r i g i n g  . . based on I n  U 0 i s  c a l l e d  lognormal k r i g i n g .  How- 3 8 
ever ,  t h i s  study was based on U 0 because i t  wa; be1 ieved t h a t  the  

3 8 
k r i  ged est imates represent  averages over  la,rge volumes f o r  t h i s  case. 

The smal l  zones o f  i n f l u e n c e  found ( c e r t a i n l y  less than 1.00 f e e t )  would 

i n d i c a t e  t h a t  It Is equ lva len t  t o  average a number o f  independent 

random q u a n t i t i e s .  By the  c e n t r a l  l i m i t  theorem o f  s t a t i s t i c s ,  t he  

average o f  a number o f  lognormal va r iab les  wi 1 1  be normal ly  d i s t r i b u -  

ted, and no t  lognormal. Thus the p r o b a b i l i t y  behavior f o r  the o v e r a l l  

resource va l  ues can, i n  t h  i s case, be based on regu la r  norma 1 i t y  , even 

though t h e  o r i g i n a l  i npu t  da ta  i s  lognormal. A c t u a l l y ,  the c e n t r a l  

l i m i t  theorem behavior  dominates very qu ick l y ;  The average o f  even 

th ree  o f  fo'ur independent lognormal v a r i a b l e  w i  11 ,  t o  a very good 

appproximation, behave as a normal. va r iab le .  

Computation o f  Probable E r r o r  

As shown i n  the  theorem A-6 i n  Appendix-A, the  variance o f  e s t i -  

mate s r r b r ,  f o r  t h e  k r i g e d  est imate over  B, i s  

The corresponding probable e r r o r  would be 

PE = - 6 7 4 5 0 ~  



and t h e  percentage p robab le  e r r o r  i s  
,. 

PE%E67 .45o  / ( k r i g e d  e s t i m a t e . o f  acccumulat ion ove r  B ) .  (60) B 

The p robab le  e r r o r  i s  i n t e r p r e t e d  as t h e  median e r r o r  due t h e  random- 

ness o f  grade and th ickness  as evidenced by t h e  measured data.  Thus, 

i t  i s  a s t a t i s t i c a l  e r r o r ,  n o t  a .geo log i ca1  u n c e r t a i n t y  f a c t o r .  Judg- 

ments concern ing g e o l o g i c a l  u n c e r t a i n t y  w i l l  be d iscussed l a t e r .  

I n  o r d e r  t o  app ly  (58) t o  the  resource es t imates  i n  t he  p resen t  

model, va lues have t o  be ass igned t o  the  02, h,, and a2 cons tan t s ;  t h e  

q u a n t i t i e s  n  and B, ( r ep resen t i ng  t h e  number o f  t r a n s e c t s  o r  d r i l l  h o l e  

piercements o f  t he  mineable sur face ,  and t h e  mineable s u r f a c e  area o f  

t he  reg ion  which i s  be ing  averaged, r e s p e c t i v e l y )  a r e  known f rom t h e  

sampl ing p l a n  and the assumed g e o l o g i c a l  model. 

The e s t  imate o f  oB2 i s  q u i  t e  insens i t i v e  t o  a2 and h,. Hence i t 

appears reasonable t o  accept  conservat  i v e  va lues f o r  these parameters 

and o b t a i n  a  reasonable upper bound f o r  oB2. I f  a2 i s  s e t  t o  zero ,  the  

r i gh t -hand  s i d e  o f  (58) i s  made as l a r g e  a s  i t  can g e t  r e l a t i v e  t o  the  

v a r i a t i o n  o f  a2. From the  measured data,  i t  appears q u i t e  l i k e l y  t h a t  

t h e  o v e r a l l  va l ue  of  h, i s  l ess  than 60 f t .  Thus, a2=o and h0=60 P t .  

appear t o  be reasonable choices.  

The va lue  o f  a2 i s  impor tan t  t o  t he  e r r o r  e s t i m a t i o n .  I n  t h e  

resource model used, t h e  accumulat ion,  as a f u n c t i o n  o f  p o s i t i o n  on the 

mineable sur face ,  was taken t o  be zero  i f  t h e  unleached grade was l ess  

than  100 ppm, and was ass igned t he  measured va lue  i f  t he  unleached 

grade exceeded o r  equaled 100 ppm. L e t  p  be de f i ned  as t h e  f r a c t i o n  o f  

t he  mineable sur face w i t h  unleached grade - > 100 ppm (see eg. ( 4 9 ) ) .  



Then t h e  accumula t ion  i s  a  random f u n c t i o n  ove r  t h e  mineable su r f ace  

wh i ch  i s  z e r o  on p - f r a c t i o n ,  of  t he  sur face and has an average va lue  o f  

mean measured accumula t ion  as determined f o r .  those t r a n s e c t s  o r  p i e r c e -  

- 
ments w i t h  va lue  - > 100 ppm. L e t  Acc denote t h i s  l a s t  average, and l e t  

A (x l ,  x ) be t h e  o v e r a l l  random. func t ion  which i s  ze ro  when t h e  accumu- 
2 - 

l a t i o n s  d rop  below 100 ppm (see eq. ( 52 ) ) .  A l so  l e t  ~ C Z d e n o t e  t h e  aver-  

age o f  t h e  squared va lues  ove r  t h i s  same reg ion .  

As shown i n  eqs (49 ) -  (57) , the  k r i g e d  va lues repo r ted  i n  the  

resource  e s t i m a t e  may be  cons idered  as r e g i o n a l  averages o f  IA (x l ,  x2 )  . 
Severa l  ques t i ons  need t o  be answered be fo re  t h e  p robab le  e r r o r  formulas 

g i v e n  ea r  1 i e r  can be app l  i ed .  These a r e :  ( 1 )  I s  A (x l  , x 2 )  s t a t i o n a r y ?  

and (2) What i s  t h e  mean and va r i ance  o f  A (x l  , x 2 ) ?  

The i iccurnulat ions w i t h o u t  the  100 ppm c u t o f f  a re  assumed t o  be 

cova r i ance  s t a t i o n a r y  a f t e r  c o r r e c t i o n  f o r  leach ing ,  w i t h  expected l ag -  

ged p roduc t  ~ ( h , ,  h2 ) ,  mean p, and expected square so. 

We n o t e  t h a t :  

~hese ' va1 .ues  do n o t  va ry  w i t h  s p a t i a l  p o s i t i o n ,  so covar iance  s t a t i o n -  

a r i  t y  i s ,  v e r i f i e d .  



I t  f io l lows f rom the  above t h a t  reasonable es t imates  f o r  t he  mean 

and va r i ance  o f  A  ( x 1 ,  x2) a r e :  
A - 
pA = e s t .  mean A  = p  Acc, 

T h i s  l a s t  q u a n t i t y  i s  t he  reasonable data-der. ived va lue  t o  

use as o2 i n  eq. (58).  Thus 

These p robab le  e r r o r  va lues a r e  1 i s t e d  i n  t he  resource t ab les .  

Probable e r r o r s  f o r  i n t e r v a l s  and o v e r a l l  es t imates  a r e  es t ima ted  

f rom the  same formula.  The a rea  B i s  changed i n  each case t o  c o n t a i n  t h e  

n ~ i r ~ e a b l e  su r f ace  area f o r  Ll~ar reg ion.  

The combinat ion o f  p robab le  e r r o r s  f rom severa l  d i f f e r e n t  (and 

assumed independent) reg ions  requ i  res  a  d i  f f e r e n t  formula.  Le t  R 1  , R2,  

. .. , Rn be n  reg ions  w i t h  mean va lues ~ 1 ,  
p2 

. . . , pn and p robab le  e r r o r s  

(PE) ] ,  ( P E ) ~ ,  ..., (PE), Then t he  square p robab le  e r r o r  o f  t h e  o v e r a l l  

average i s  t he  weighted average o f  t he  i n d i v i d u a l  square p robab le  e r r o r s .  

The Resource Computations 

The resource c a l c u l a t i o n s  a r e  summarized i n  Tables 4 t o  8  f o r  

leached UgOs. The l e f t  column g i ves  the  depth i n t e r v a l .  The nex t  t h r e e  

P.E.  o f  ove ra l  1 average = 

n  
r P, (PE? 
i = 1 i 

n  

1 /2 



columns l i s t  the' area o f  mineable sur face i n  each depth i n t e r v a l ,  the  

l each ing  c o r r e c t i o n .  as based on the value o f  the  i n t e g r a l  o f  the  i n t e r -  

v a l ,  and t h e  tonnage c o r r e c t i o n .  The f i f t h  column summarizes the  . 

resource es t imates  i n  terms o f  equ iva len t  unleached tonnage exceeding 

100 ppm. The tonnage c o r r e c t i o n  i s  m u l t i p l i e d  t imes t h i s  t o  g i ve  the  

s i x t h  column which i s  t he  f i n a l  es t imate  o f  the resource endowment f o r  

U 0  w i t h  grade exceeding 100 ppm. Th i s  grade represents an est imate 3 8 
o f  t he  in -p lace,  leached tonnage of  t he  o re  deposi t .  

The f i n a l  column o f  t he  t a b l e  g ives  the  percent  probable e r r o r  as 

based on the  conserva t ive  choices o f  h  =60 fieet and a2=0. The probable 
0 

e r r o r s  f o r  t he  U 0  reserves i n  t he  S i e r r a  Madre ma able 4)  a re  unexpect- 
3 8 

e d l y  r a t h e r  l a rge .  However, an examinat ion o f  t he  under ly ing  da ta  re-  

vea ls  the  .probable reason. There were o n l y  4 o f  31 t ransec ts  o r  d r i  1 1  

ho les  which encountered exceedances o f  100 ppm unleached U 0 AIIUIILJ 3 8 '  

these fou r ,  t h ree  encountered r e l a t i v e l y  t h i n  and low grade uranlum con- 

cen t ra t i ons ,  w h i l e  one was s u b s t a n t i a l l y  t h i c k e r  and r i c h e r .  Thus, the 

var iance o f  accumulat ion ( th ickness  X value) was q u i t e  s u b s t a n t i a l  and 

t h i s  l a r g e  var iance produced a  corresponding l a r g e  probable e r r o r .  

Because o f  the smal l  number o f  encounters ( i . e . ,  o n l y  f o u r ) ,  the e s t i -  

mate o f  probable e r r o r  i n  t h i s  case should be regarded as somewhat unre- 

l i a b l e  aiid 1.1scrl n n l y  nr, a gcncra l  i n d i c a t i o n  o f  magnitude of e r r o r .  

Since the da ta  was a v a i l a b l e  and may be o f  i n t e r e s t  a t  some fu tu re  

date,  resource est imates were a l s o  made f o r  t h e  tons o f  thor ium ox ide  . 

( ~ h 0 ~ )  exceeding 100 ppm. F o r t h i s  case, t he  whole leaching adjustment 



. Area pe r  depth ~ e a c h i  ng Tonnage Un 1 eached Resource 
tons>100 ppm tons>100 ppm Depth in ter .va1 o f  c o r r e c t  i on  c o r r e c t  i on  % 

I n t e r v a l  mineable s  r f a c e  f o r  I n  U308 (ad jus ted  t o  leached Y '3er depth a f t e r  c o r r e c t i o n  Probable 

( f t .  1 resource) i n t e r v a l  f o r  leach ing  e r r o r .  

2000-3000 2#3,931 ,000. 0  1.000 90.8 90.8 52.7 
-- 

3000- 4000 33,931,000 0 1.000 90.7 90.7 52.7 

4000-5000 33,931,000 O 1.000 90.7 90.7 52.7 

T o t a l  442.0 tons 52.7%' 

Table 4. Summary o f  U-ranium Resource Ca l cu la t i ons  f o r  S i e r r a  Madre U n i t  #3. 

"These probab,le e r r o r s  a r e  unexpectedly r a t h e r  . large. However, an examinat ion o f  t h e  u n d e r l y i n g  da ta  revea ls  
t he  p robab le  reason. There were o n l y  4 o f  31  t r ansec t s  o r  d r i l l  ho les  which encountered exceedance o f  100 ppm 
unleached U 08. Among these f o u r ,  t h r e e  encountered r e l a t i v e l y  t h i n  and low grade uranium concent ra t ions ,  w h i l e  
one was sub 2 t a n r i a l  l y  t h i c k e r  and r i c h e r .  Thus, t h e  var iance  of  accumulat ion ( t h i ckness  x  va lue)  was q u i t e  sub- 
s t a n t i a l  and t h i s  l a r g e  var iance  produced a corresponding l a r g e  p robab le  e r r o r .  Because o f  t h e  smal l  number o f  
encounters ( i . e . ,  o n l y  f o u r ) ,  t he  es t ima te  o f  probable e r r o r  i n  t h i s  case should be regarded as somewhat u n r e l i -  
a b l e  and used o n l y  as a general  i n d i c a t i o n  o f  magnitude o f  e r r o r .  



Area per. dep th  Leach i ng Tonnage ,. Unleac ied Resource 
Depth i n t e r v a  1 o f  c o r r e c t  i o n  co r  r e c t  i o n  tons>l0;3 ppm tons>100 ppm % 

I n t e r v a l  mineable s u r f a c s  f o r  1 nu 0  3 8 
:ad jus ted  t o  1 eached pe r  d e ~  t h  a f t e r  c o r r e c t i o n  P robab 1 e 

( f t . 2 )  resource) i l n te rs /a l  f o r  leach ing  e r r o r  

T o t a l  774.6 tons 17.. 3% 
. . 

Table 5. Summary o f  KJraniurr Resource C a l c u l a t i o n  f o r  Medic ine Bow U n i t  #l. 



.- 

Area per  depth Leach i ng Tonnage Un 1 eached Resource 
i n t e r v a l  o f  c o r r e c t i o n  c o r r e c t i o n  tons>100 oon tons>100 ppm % 

Depth mineabie su r f ace  f o r  l.,n'iU '0 ( ad jus ted  t o  leached pe r  depth a f t e r  c o r r e c t i o n  Probable 
I n t e r v a l  ( f t . 2 )  . 3  8 resource) i n te r va  1 f o r  leach ing  e r r o r  

19.5 19.5 21.2 

T o t a l  664.2 tons 17.8% 

Tab le  6. Summary o f  Uranium Resource C a l c u l a t i o n s  f o r  Medic ine Bow U n i t  #5a. 



Area pe r  depth Leaching Tonnage - Un 1 eached Resource 
Depth i n t e r v a l  o=  c o r r e c t  i o n  cc.r r e c t  i o n  tons'100 p?m tons>100 ppm % 

I n t e r v a l  mineable su r f ace  f o r  1nU 0 ( ~ d j u s t e d  t o  leached 
3 8 

pe r  depth a f t e r  c o r r e c t i o n  Probable 
( f t . 2 )  resource) i n ~ e r v a l  f o r  l each ing  e r r o r  

38.0 38.0 19. r 

50.3 50.3 18.4 

T o t a l  357.6 tons 17.9% 

- 

Table 7. Summary o f  Uranium Resource C a l c u l a t i o n s  f o r  Medicine Bow U n i t  #5b. 



Area pe r  depth Leach i ng Tonnage Un 1 eached Resource 
Depth i n t e r v a l  o f  cc~ r rec  t i on c o r r e c t i o n  ~ons>100  ppm tons>100 ppm % 

I n t e r v a l  mineable su r f ace  fur 1nU 08 (ad jus ted  t o  leached 
3 per  depth a f t e r  c o r r e c t i o n  Probable 

( f t ? )  resource) i n t e r v a l  f o r  leach ing  e r r o r  

Tota 1 1617.0 tons 1.7.2% 

Table 8. Summary o f  Urani  um Resource Ca l cu la t i ons  f o r  Threemi l e  Creek area, Medic ine Bow Mountains.  



and t o n n a g e . c o r r e c t i o n  was unnecessary, s i n c e  thor ium i s  r e l a t i v e l y  

u n a f f e c t e d  by leach ing .  These somewhat sma l l e r  t a b l e s  f o r  t h e  tonnage 

o f  Tho exceeding 100 ppm a r e  g i ven  i n  Tables 9 t o  13. 2 

S ince  t h e r e  may be some i n t e r e s t  i n  what was t he  maximum va lue  o f  

U 0  unleached e q u i v a l e n t  va lues  which were encountered i n  t he  d r i l l  3 8 

ho les  where t he  va lues  d i d  n o t  r i s e  above 100 ppm, t he  maximum values 

encountered i n  these ho les  a r e  summarized i n  Tables 14 and 15. F i n a l l y  

t h e  o v e r a l l  resource es t ima tes  f o r  the  Deep Gulch Formatiori i n  t h e  

no r thwes te rn  S i e r r a  Madre and f o r  t h e  Onemile Creek area o f  t he  n o r t h -  

e a s t e r n  Medic ine Bow Mountains a re  t abu la ted  i n  Tab le  16 and 17 f o r  

U 0  and Tho2 r e s p e c t i v e l y .  3 8 

Judgements Concerning Geo.logi c a l  U n c e r t a i n t y  

Any e v a l u a t i o n  o f  uranium resources i s  s t r o n g l y  dependent on a 

g e o l o g i c  understanding o f  t he  geometry o f  the  m i n e r a l i z e d  bodies.  The 

g e o s t a t i s t i c a l  resource  e s t i m a t e  presented i n  t h i s  r e p o r t  r e f l e c t s  our  

c u r r e n t  understanding o f  t he  s t r u c t u r e  and s t r a t i g r a p h y  of the  Onemile 

Creek area and t h e  C a r r i c o  Ranch area, based on su r f ace  mapping a t  a  

s c a l e  o f  1:1200 and on subsurface, d r i l l - c o r e  data.  I n  bo th  areas, t he  

m i n e r a l i z e d  u n i t s  have been f o l d e d  a t  l e a s t  tw ice ,  f a u l t e d ,  and i n t r uded  

by m a f i c  magmas. As a consequence o f  t h i s  complex de fo rmat iona l  h i s t o r y  

(and i n  s p i  t e  of d e t a i  l e d  mapping and reconnaissance d r i  1 1 i ng )  t h e r e  a r e  

s t i l l  g e o l o g i c  u n c e r t a i n t i e s  i n  e x t r a p o l a t i n g  ou t c rop  i n fo rma t i on  i n t o  

areas o f  poor  ou t c rop  and i n t o  the subsurface. For t h i s  r e p o r t ,  we have 

eva lua ted  what we cons ider  t o  be t he  most reasonable geometry o f  t h e  



. . 

Area per Depth . % ., . .. 

Depth i n t e r v a l  o t  ' Resource Probable 
I n t e r v a l  ~ i n e a b l ' e  Surface Tons' >I90 ppm E r r o r  

300- 400 3,360, OOC 126.9 '. 16.0. 

400- 500 3,029,000 . 114.2 .: 16.0'  

500- 1000 16,236,000 .6 1 2'. 5 15.8 . . .: 

. . 

Tota 1 6353.3 Tons 15.9% 
. . 

Table 9 .  Summary o f  Thorium Resource ~ a l c u l a t l o n s  f o r  S i e r r a  .' 

Modrc Un i t # 3 .  



Area pe r  Depth . . % 
Depth l n t e r v a l  ' o f  Resou r c e  Probable 2 

Mineable Sur face  ( f t .  ) Tons>100 ppm E r r o r  l n t e r v a l  

. . To ta  1 466'.2 tons 15.3% . ,  . 

. . 
Tab le  10. summary o f  Thor ium Resource C a l c u l a t i o n s  f o r  Medic ine Bow'Uni..t #I.. . ,  . . ... . ,. . . 



Area p e r  Depth % 
Depth I n t e r v a l  o f  2 

Resource . Probable  
I n t e r v a l  . M i n e a b l e  Surface ( f t .  ) Tons>100 ppm E r r o r  

i uuu- 1 500 1 47 ,  sss 10.2  18 .7  

T o t a  1 4 0 4 . 3  Tons 15.8% 

T a b l e  1 1 .  Summary o f  Thorium Resource C a l c u l a t i o n s  f o r  Medic ine Bow 
U n i t  #5a.  



Area pe r  Depth % 
Depth I n t e r v a l  o f  9 Resource Probable 

Mineab le  Sur face  ( f t . L )  Tons > I00  ppm E r r o r  l n t e r v a l  
0 

400- 500 - 
, . 

286,7,0n 19.8 16.8 - .  

500- 1000 378,600 26.2 16.3 

T o t a l  235.9 Tons 15.9% 

Tab le  12. Summary o f  Thor ium Resource C a l c u l a t i o n s  f o r  Medic ine Bow 
U n i t  #5b. 



-- - 

Area per  depth % 
Depth i n t e r v a l  o f  Resource Probable 

I n t e r v a l  Mineable Sur face ( f t a 2 )  tons>100 ppm e r r o r  

To ta  1 890.0 tons 15.2% . . 

  able 13. Summary o f  Thor ium Resource C a l c u l a t i o n s  f o r  Threemi l e  
Creek area,  Medic ine Bow Mountains. 



Uni t  # U n i t  1 Un i t  2 Un i t  4 
Unt Th Unt Th .Unt Th 

SM- 1 3.7 20 29 130 (250) 18 56 

(230) SM- 1 A 64.0 400 35.0 26 14 140 

SM-2 no encounter i 5  110 (120) 12.2 17 (64) 

SM- 3 , 21 20 36 no,enccsuntcr 

JP- 1 4.6 9 - 27. 3 7 '  26 220 

JP-2 . 29 220 26 150 22 20 (34) 

JP-3 4.2 15 no encounter no encounter' 

JP-4 42 170 no encounter - 14 22 

Table 14. Highest uranium and thorium values from un i t s  1, 2, 4 
from d r i l l  cores i n  the S ier ra  Madre. 
$:Value i n  parentheses ind i"cates highest spot sample. 



~i t h o l o g i c  Un i t s  

D r i l l  Hale 1 2 3 4 5 
or.. t ransect  U 0 Tho2 

3 8 
U 0 Tho2 

3 8 
U 0 Tho2 

3 8 
U 0 . Tho2 U 0 Tho2 3 8 3 8 

EMB- 1 

EMB-2 

EMB-3 

EMB-4 

EMB-6 

EMB-7 

EMB-8 

EMB-9 

EMB- 10 

EMB- 1 1 

MB- 16 

T1A 

24.8 21.6 

E -N D 

N E 

N E 

E-ND 

c (2)' c (2) 

E-ND 

N E 

N E 

N E?; 

CI E 

N E 

NE . 

E-ND . 

N E 

N E 

~ ( 2 , 3 )  C(2,3) 

c(2,3) C(2,3) 

c(3) ~ ( 3 ' )  

c (3)  c(3) 

~ ( 3 )  84.2 

N E't 

N E 

N E 

NE - Not encountered by d r i  1 1  ho le  o r  t ransect  
NE;t- U n i t s  encountered do not  c o r r e l a t e  w i t h  these 1 i t h o l o g i c . u n i t s  
~ ( 1 ) -  Used i n  resource c a l c u l a t i o n ;  number ind ica tes  which resource 

geometry includes t h i s  u n i t :  
1-  U n i t  1 ,  Onemile Creek area 
2- U n i t  5a, Onemile Creek area 
3- U n i t  5 h ,  Onemile Creek area 

U 0 and Tho2 a're reported i n  ppm and maximum Tho2 may no t  be from 
8same sample as maximum u o 

3 8' 

Table 15. ~ax imum uranium and thor ium'va lues  < I00 ppm encountered i n  
Magnol ia Formation l i t h o l o g i c  u n i t s ,  Medicine Bow Mountains. 



. . . Deep Gulch Format ion Magnol ia  Format ion 
Nor thwes te rn  S i e r r a  Nor theas te rn  

Madre Mountains Medicine'Bow Mountains 

Depfh L n t e r v a l  Tons U O 8  Probable I o n s  U. O- 8 Prribab l e  
( f e e t )  ?100$pm E r r o r %  , l o 0  apm E r r o r  % 

9.0 

8.1 

43.4 

45.4 

45.4 

go. 8 

90.7 

90.7 

T o t a l  442.0 tons 52.7% 3418.2 tons 1 6 . B  

Average qrade f o r  
U3O8 exceeding 

100 ppm 130.2 ppm 305.7 P P ~  

Average' t o t a l  
r h t c k n e s s  o f  bed5 
w i t h  U308 exceed i ng 
100 ppm 1.5 f e e t  6.1 f e e t  

Th ickness  pe r  bed 0.6 f e e t  0.95 f e e t  

Map a rea  1.2.sq. m i l e s  2.5 sq. m i l e s  

Tab le  16. Resource summary ' f o r  tons U308 wi t h  grade exceeding 100 ppm 
f o r  t h e  l i s t e d  areas,  t o g s t h e r  w i t h  o t h e r  b a s i c  s t a t i s t i c s .  

;\See f oo tno te  on Table 4. 
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Deep Gulch Formation Magnolia Formation 
Northwestern S i e r r a  Northeastern 

Madre Mountains Medicine Bow Mountains 
Depth I n t e r v a l  Tons Tho2 Probable Tons Tho2 Probable 

( f ee t )  > I00  ppm E r r o r  % > I00  ppm E r r o r  % 

0- 100 126.6 16.0 215.2 14.8 

1) 100- 200 126.7 16.0 209.6 14.8 

Tota 1 6353.3 tons 15.9% 1996.4 tons 14.7% 

Average g rade 
f o r  Tho2 
exceeding 100 ppm 265.5 P P ~  

Average t o t a l  
th ickness o f  beds 
w i t h  Tho2 exceeding 
100 ppm, 

1.5 f e e t  

Thickness per  bed. 0.6 fee t  

12 m i  
2 

Map area 

284.5 ppm 

3.5 fee t  

0.8. f e e t  

2.5 m i  2 

Table 17. Resource summary f o r  tons Tho2 w i t h  grade exceeding 100 ppm 
f o r  the  1 i s t e d  areas, together  w i t h  o the r  bas i c  . s t a t i s t i c s .  



m i n e r a l i z e d  u n i t s .  However, i n  t h i s  s e c t i o n  i t  i s  f r u i t f u l  t o  examine 

o t h e r  f e a s i b l e  geo log i c  i n t e r p r e t a t i o n s  which cou ld  r e s u l t  i n  e i t h e r  

l a r g e r  uranium reserve est imates (terms " o p t i m i s t i c "  i n t e r p r e t a t i o n s )  o r  

smal l e r  reserves est imates ("pessimist ic"  i n t e r p r e t a t i o n s ) .  

For the  Medic ine Bow areas, t he re  a r e  th ree  major u n c e r t a i n t i e s  i n  

i n t e r p r e t i n g  the subsurface ex ten t  o f  m ine ra l i zed  u n i t s  i n  t he  Magnolia 

Formation.. The f i r s t  twc, t h e  plunge of the  major syncl i ne  and the  shape 

and ex ten r  o f  t he  ~ l ~ d ' f i c  i n t r u s i v e  bodies, i nvo l vc  outcropping Magnolla 

Formation o f  both t h e  Onemile Creek and the  Threemile Creek areas. The 

t h . i r d ' d e a l s  w i t h  t h e  p o s s i b i l i t y  of subcropping Magnolia Formation un- 

conformably under l y ing  the  Cascade Quar t z i  t e  eas t  o f  Onemi l e  creek. 

The major s t r u c t u r e  i n  t he  Onemile Creek area i s  a  f a u l t e d  and 

i n t ruded ,  t i g h t  t o  i s o c l i n a l  over turned sync l ine .  F igure  14 shows two 

p o s s i b l e  plunges f o r  t h i s  sync l ine .  F igure  14a, an i n c l i n e d  sync l i ne ,  

i s  c o n s i s t e n t  w i  t h  the  rtlacroscoplc patter'r l  of the Magnol i s  Formation 

which can be t raced through the Threemi l e  Creek area over a  d is tance of 

6 m i l es  t o  the southwest, i n t o  an area o f  open, u p r i g h t  f o l d s  w i t h  sub- ' 

h o r i z o n t a l  f o l d  axes. F igure  14b, a  r e c l i n e d  syncl l nc ,  i s  suyyested by 

mesoscopic f o l d  configurations i n  the  Oneri~i l e  area. We have used the 

, i n c l  ined f o l d  geometry o f  14a i n  our resource es t imate  because i t  exp la ins  

reg iona l  r-ela:ti,onships b e t t e r  and because we be1 ieve the  mesoscopi c  f o l d  

s t r u c t u r e s  are  r e l a t e d  t o  a  superposed fo ld . sys tem which i s  we l l  documented 

by st,ereonet p l o t s  of bedding f o l  i a t i o n s  and l i neat ions. Neverehel ess, 

i f  the  r e c l i n e d  f o l d  plunge o f  14b were used, t he  resources es t imate  would 

change. F igure  15 and 16 show schematic east-west cross-sect ions o f  p a r t  

o f  t he  Onemile s y n c l i n e  us ing  both I n t e r p r e t a t i o n s .  Wi th the r e c l i n e d  
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Figure 14 . Schematic diagrams of possibe styles of folding in the Onemile 
Creek area: a )  inclined, b) reclined. Heavy dashed line with 
arrow shows plunge of fold. 



EMB- ?(vertical) 
EM6 - 6( inclined) 

a. Inclined fold with mafic sill. 

EMB- 7(vertical) 

b. Reclined fold with mafic sill. 

Figure 1 5 .  Possible fold geometries with mafic bodies modelled as sills. 



EMB- 7(vertical) 
. EMB - 6 ( inclined) 

a. Inclined fold with vertical dike. 

EMB- 7(vertical) 
. EMB- G(inclined1 

b. Reclined fold with vertical dike. 

Figure 16 .  Possible fold geometries with mafic hodies modelled as vertical 
dikes. 



s y n c l  i ne 14b, m ine ra l  i zed zones would ex tend  t o  g r e a t e r  depths (averag- 

i n g  2000 f e e t  i n s t e a d  o f  1000 f e e t )  and t h e  reserve  f i g u r e  would be i n -  

creased by a f a c t o r  o f  about  2, i f  extended t o  t he  r e q u i r e d  depth o f  

5000 f e e t .  P r o j e c t i o n  of  t h e  Threemi le  Creek geometry as an i n c l i n e d  

s y n c l i n e  t o  5000 f e e t  was cons idered unsupported by ou r  subsur face i n f o r -  

ma t i on  b u t  t h i s  p r o j e c t i o n  would a l s o  double t h e  reserve  f i g u r e .  

Thc prob lem o f  the shape of maflc. i n t r u s i v e  bodies i s  a l s o  i l l u s t r a t e d  

i n  F ~ . ~ I I ~ P . s  15 and 16. We b e l i e v e  Ll ld l :  the bodies a r e  ma in l y  s i l l - l i l t c  

and t h a t  they  were i n t r u d e d  a long  bedding p lanes and f a u l t s  which p a r a l -  

l e l  t h e  a x i a l  p l a n e  o f  t h e  f o l d .  However, the  bodies cou-ld e i t h e r  t h i c k e n  

o r  t h i n  w i t h  depth o r  remain f a i r l y  u n i f o r m  i n  th ickness .  F i gu re  1 5 ,  which 

rep resen ts  ou r  f avo red  i n t e r p r e t a t i o n  o f  s i l l - l i k e  shapes, g i ves  a reason- 

a b l y  o p t i m i s t i c  uran ium resource es t imate ,  F i g u r e  16, showing g e o l o g i c a l l y  

unreasonable v e r t i c a l  m a f i c  d i kes ,  would g i v e  a p e s s i m i s t i c  es t ima te .  I f  

t he  l a t t e r  were used, t h e  resource  number cou.ld be decreased by a f a c t o r  

o f  .5 .  

The t h i r d  problem, o f  t he  p o s s i b i  1 i t y  o f  subcropping Magnol i a  eas t  

o f  Onemile Creek, i s  d i f f i c u l t  t o  eva lua te  and we have neg lec ted  such a 

p o s s i b i  l i  t y  i n  o u r  resource  es t imate .  However, F i g u r e  3 (map) ,shows t he  

h i n g e  o f  t h e  major  sync l  i ne  t o  be o f f s e t  l e f t  l a t e r a l  l y  i r l L u  L l ~ i s  ' a r e a  

so t h e r e  may be m i n e r a l i z e d  Magnol ia  i n  t h e  subcrop. I f  so, i t  i s  conceiv-  

a b l e  t h a t  t h e  resource  e s t i m a t e  should be increased by a f a c t o r  o f  1.5 o r  2. 

T a b l e  17 summari i e ~  whar we cons ider  tu be L l ~ e  extremes o f  o p t  i m . i i t  i c  

versus p e s s i m i s t i c  g e o l o g i c  i n t e r p r e t a t i o n s  i n  t h e  Med ic ine  Bow area and 

how they would a f f e c t  t h e  p resen t  resource number (R)  r epo r ted  e a r l i e r .  



TABLE 18 

Possib le o p t i m i s t i c  geometry j 

Recl lned f o l d s  - - 2 R 
Buried Magnolia Formation - - 2 R 

Most o p t i m i s t i c  - - 4 R 

Present geometry used 

l n c l  ined f o l d s ,  no bu r ied  
Magnolia Formation, mafic s i l ' l s  - - R 

Most l i k e l y  - - R 

Most pess im is t i c  geornet-ry -.- . -.-.-- 
V e r t i c a l  maf ic  d ikes  - - .5R 
MOX pessimist i c  - - .5R 

We b e l i e v e  our present i n t e r p r e t a t i o n  i s  g e o l o g i c a l l y  most reason- 

a b l e  but o the r  geologic i n t e r p r e t a t i o n s  could increase the  est imate by 

a  f a c t o r  up t o  4 t imes o r  decrease i t by about one-ha l f .  

For the  S i e r r a  Madre area, 'geologic u n c e r t a i n t i e s  i n  i n t e r p r e t i n g  

the  s t r u c t u r e  o f  t h e  Deep Gulch Formation o f  t h e  Car r ico  Ranch area 

invo lve  t h e  subsurface p r o j e c t i o n  o f  t he  u n i t .  The u n i t  mainta ins a 

f a i r l y  un i fo rm overturned d i p  o f  about 50 degrees f o r  a  l a t e r a l  d is tance 

o f  a t  l eas t  f ou r  m i les  and d r i l l  data i n d i c a t e  these d ips  remain uniform 

i n  t h e  subsurface a t  l eas t  t o  depths o f  500 - 1000 f e e t .  Therefore, we 

have pro jec ted i t  f a r t h e r ,  t o  depths o f  5000 fee t ,  i n  our  reserve 

est imate. 

However, t he  ove r t l rned  beds a re  p a r t  o f  a l a rge  overturned ree l  ined 

syncl ine,  p lunging west, which has o n l y  been p a r t l y  def ined;  we have no t  

found the  equ iva lent  beds i n  the  u p r i g h t  1  im'b o f  t he  sync1 ine  on t h e  

sur face and we be l i eve  the re  a r e  l a rge  reverse f a u l t s  p a r a l l e l  t o  the  



a x i a l  planes o f  t h e  f o l d s .  As a  consequence, i t  i s  poss ib le  t h a t  t h e  

m i n e r a l i z e d  u n i t  i s  t runca ted  a t  l e v e l s  shal lower than 5000 f e e t ,  

(F igu re  '17B), decreasing t h e  reserve est imate,  o r .  i s  repeated by fo ld ing ,  

(F igu re  l:J!A), inc reas ing  t h e  est imate.  F igu re  17 shows these two pos- 

s i b i l  i t  i e s  p lus  t h e  i n t e r p r e t a t  ion used i n  our  resource es t imate  ( 1 7 ~ ) ' .  

The p e s s i m i s t i c  i n t e r p r e t a t i o n  could decrease t h e  es t imate  by a  f a c t o r  

6 f  .2; t h e  e p t i m i s t i c  i n t e r p r e t a t i o n  cou ld  increase t h e  es t imate  by a  

f a c t o r  o f  2  o r  3. The present ,  op t im is , t i c  and pess im is t i c  es t imat ions  

f o r  t h e  S i e r r a  Madre a r e  summarized i n  Table 19. 

TABLE 19 

A  q u a n t i t a t i v e  s t a t i s t i c a l  ve rs ion  o f  t h i s  geo log ica l  u n c e r t a i n t y ,  

O p t i m i s t i c  

Repeated Fold ing-2 o r  3R 

Most op t im is t i c -2R  t o  3R  

as based on a  ca re fu l  cons ide ra t i on  o f  t h e  f a c t o r s  p rev ious l y  o u t l i n e d  

i s  shown i n  Table 20. 

Present 

Continuous Dip-R 

Most l i k e l y - R  

Geo log is ts  -Sub jec t i ve  Probabi 1 i t y  

Pess im is t i c  

Reverse Fault ing-.2R 

Most Pessimist ic- .2R 

Actual  Resource S i e r r a  Madre Area Medicine Bow Area 

Expected Actual  
Resource 1.075R 

Table 20. Estimated ( sub jec t i ve )  probabi 1 i t  ies  the  
ac tua l  resource i s  l ess  o r  more than t h a t  
der ived from t h e  g e o s t a t i s t i c a l  ana lys i s .  



Figure 1 7 .  Optimistic ( A ) ,  pessimistic ( B )  and favored (C) interpretations , 

of the subsurface extent of the Deep Gulch Formation in the Northwest 
Sierra Madre. 1 = basement gneiss; 6",0",. = Deep Gulch Formation; 
2 = quartzites and metavolcanic rocks of the Phantom Lake 
metamorphic Suite. 



T h i s  may be i n t e r p r e t e d  i n  words as suggest ing t h a t  geolog.ica1 judg-  

ment g ives  very  l i t t l e  chance f o r  much more resource being found i n  

t h e  S i e r r a  Madre, bu t  t he re  may be as much as 62 percent more tonnage 

than est imated i n  t h e  Medicine Bow Mountains. This  a l l  i s ,  o f  course, 

ve ry  specu la t i ve  bu t  i t  does prov ide  some measure o f  t he  geo log ica l  

u n c e r t a i n t i e s  invo lved i n  t he  i n t e r p r e t a t  ions. 



1,: . SUMMARY AND CONCLUSIONS 

1. The uran i um endowment i n  Precambr ian pebble conglomerate metased- 

iments i n  the S i e r r a  Madre and Medicine Bow Mountains o f  south- 

eas tern  Wyoming was determined thro,ugh an i n v e s t i g a t i o n  which 

c a r e f u l l y  coord inated geology w i t h  min ing . . g e o s t a t i s t i c s .  ' 

2. The resource assessment cons is ted  o f ' f o u r  phases o f  a c t i v i t y .  

These were (a) a de ta i  l e d  geo log ica l  ;tudy o f  the three-dimen- 

s iona l  geometry of  t he  uranium-bearing rocks, (b)  , the c o l l e c t i o n  

o f  samples from outc rop  t ransec ts  and d r i l l  core according t o  

planned systemat ic  g e o s t a t i s t i c a l  procedures, (c)  t he  t r a n s f o r -  

mation of  the assay values t o  unleached equ iva len ts ,  the develop- 

ment of  resource est imates by k r i g i n g ,  and the  reverse t r a n s f o r -  

mat i on  t o  leached uran i um endowment, and (d) the i n t e g r a t e d  g,eo- 

l o g i c a l  and s t a t i s t i c a l  i n t e r p r e t a t i o n  o f  these r e s u l t s  t o  pro-  

duce f i n a l  resource est imates and e r r o r  p r e d i c t i o n s .  

3. Leaching'was c a r e f u l l y  s tud ied  so t h a t  the  ou tc ropassay  data 

cou ld  be converted t o  unleached equ iva len t  U 0 content  and then 
3 8 

be used t o  p r e d i c t  the  uranium endowment a t  depth where l i t t l e  

data was ava i l ab le .  Leaching was found t o  be n e g l i g i ' b l e  a t  

. depths g rea te r  than 154 fee t .  The amount o f  leaching i n  outcrop; 

samples was found t o  be somewhat less than t h a t  a t  50 f e e t  o r  so. 

4. The g e o s t a t i s t i c a l  methodology used i n  t h e  assessment i s  o u r l l n e d  

i n  d e t a i l .  The on l y  t rend  found t o  be s i g n i f i c a n t  i n  the  depos- 

i t s  was t h a t  due t o  leaching. Th is  n o n s t a t i o n a r i t y  was removed 

by t rans format ion  t o  equ iva len t  .unleached U 0 Thc r c s u l  t i n g  3 8' 



s t a t i o n a r y  r e g i o n a l i z e d  v a r i a b l e  was analyzed by a type o f  o p t i -  

mal weighed averaging c a l l e d  k r i g i n g .  Th i s  produced est imates 

o f  t h e  average accumulat ion over  the  t e s t  area and p r e d i c t i o n s  o f  

t he  probable e r r o r  o f  these averages. The sampling was so 

designed t h a t  t he  k r i g i  ng procedure reduced t o  o rd ina ry  a r i  thme- 

t lc averaging. Upper. bounds t o  the. es t ima te  e r r o r  was determined 

by the  k r i g i n g  marhemarlcs. Derivations of the mathernatlcal f o r -  

mulas used a re  g iven i n  Appe.ndix A. 

5. As an i n t e r e s t i n g  a d d i t i o n a l .  resource assessment, the  endowment 

o f  t h o r i  um f o r  exceedances o f  100 ppm was a l s o  c a l c u l a t e d  f o r  

' t h e  study areas. The same.geosta t is t i ca1  procedures were used, 

except  t h a t  the  leach ing  adjustment and reverse t rans format ion  

was unnecessary. 

6. The uranium endowment was computed as 442 tons - + 53% f o r  t he  Deep 

Gulch Formation i n  the  S i e r r a  Madre, and as 3,418 tons t 172 f o r  the 

Magnol i a Format i on  o f  the  Medicine Bow ~ o u n t ' a i n s .  The corresponding 

thor ium endowmint was 6,353 tons - + 16% f o r  the S i e r r a  Madre and 1,996 

tons t 15% f o r  t he  Medicine Bow Mountains. The e r r o r s  s ta ted  here are  

probable e r r o r s .  The ac tua l  e r r o r  has a p r o b a b l l l r y  o f  50% o f  bc ing 

l a r g e r  than t h i s  and 50% o f  being smal le r .  A 90% conf idence i n t e r v a l  

would be 2.96 times t h i s  probable e r r o r .  

7. The gco log i ca l  model used i n  the ana lys i s  invo lved s u b j e c t i v e  

i n t e r p r e t a t i o n s  o f  the var ious sources o f  geo log ica l  in fo rmat ion .  

I n  general ,  the  i n t e r p r e t a t i o n s  made were chosen t o  be s l  i g h t l y  



conser'vative. 'A care fu l  ana lys i s  o f  t h e  amount t he  resource 

might change under var ious  a1 t e r n a t i v e  i . n te rp re ta t i ons  i s  out-  

l ined.  The bas i c  conclusions .are presented i n  Tables 18, 19, and 

20. I n  the  Medicine Bows, under the most p e s s i m i s t i c  i n t e r p r e t a -  

t i o n  the  resource cou ld  be about h a l f  the  value calcu1:ated i n  

t he  c u r r e n t  i n v e s t i g a t i o n  and under the  most o p t i m i s t i c  i n t e r p r e -  

t a t i o n ,  i t  might  be f o u r  t imes l a r g e r  than t h a t  ca l cu la ted .  S i m -  

i l a r l y  i n  the S i e r r a  Madre, the  most p e s s i m i s t i c  i n t e r p r e t a t i o n  

would y i e l d  a  reduc t ion  by 80% o f  t he  c u r r e n t  reserve es t imat ion ,  

and t h e  most o p t i m i s t i c  vers ion  .would increase the  estimation up 

t o  a  f a c t o r  o f  3. 
1 

The r e l a t i o n s  developed from the study o f  leach ing  have s l g n i f i -  

cant bear ing  on. var ious, geo log ica l  quest ions concerning the  two 

areas. The s u b s t a n t i a l  d i f f e r e n c e  between the leaching r e l a t i o n s  

suggest t h a t  minera log ica l  d i f fe rences,  age d i f fe rences,  deposi- 

t i o n a l  h i s t o r y ,  o r  o t h e r  f a c t o r s  may d i s t i n g u i s h  the t w o  a.reas. 
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APPENDIX A 

Mathematical Derivations 



APPENDIX - DERIVATIONS 

D e f i n i t i o n  A-1 

A r a d i a l ,  t r a n s i t i v e  variogram w i t h  e l l i p t i c a l  zone o f  i n f l uence  i s  • 
de f ined  as 

Y(hl, h,) ,L = o2 f o r  h: + h2 2 > h2 o (0) (A- 1 ) 

and 

2 2 2 2 
y(h,, hp) = a 11-exp[-(hl + h2)/2 s ( € ) ) ] I  

2 f o r  hl + h: - < h: (0) ,  

where 

e - a r c  tan  (h2/hl (A- 3 

and s(0)  i s  small compared w i t h  the  sca le  o f  measurement o f  h l ,  and h2. 

Both s ( ~ )  and ho(0) d e f l n e  e l l i p s e s  w i t h  long axes i n  the $ arid angular 

d i r e c t i o n s  i n  (hl, h2) space. 

The covariance f u n c t i o n  corresponding t o  t h i s  variogram i s  zero f o r  

2 2 2 h i  + h2 > ho ( 0 )  and 



2 2 2  
f o r  h, + h2 5 ho (0 ) .  

D e f i n i t i o n  A-2 

Let  V(x, y )  be some resource v a r i a b l e  o f  ec,onomic i n t e r e s t  a t  loca-  

t i o n  (x, y ) .  Let B spec i f y  some area w i t h i n  which the  average va lue o f  

~ ( x ,  y ) ,  denoted by vB, i s  o f  importance. 

Stated i n  formulas 

where B i s  a l s o  i n te rp re ted  as t h e  area o f  B where t h a t  i s  appropr ia te .  The 

expression, V (x, y ) ,  w i l l  be considered a s t a t i o n a r y  random f u n c t i o n  

w i t h  va r iog ramy(h  h ) ,  covariance c(hl, h2), and mean v.  
1 '  2 

Theorem A-3 

The t h e o r e t i c a l  mean o f  vB i s  g iven by 

2 
o2 = Variance [vB] = ( I / B )  rB l  J ~ J  ~ ( x - x i  y - y ' )  dx dy dx '  dy ' .  

B 

(A-8) 

Proof -- 

2 
= E [ ( ~ / B )  lBl l B f  {V(x, y ) - p ) { ~ ( x :  y ' ) - p l  dx dy dx '  d y ' ]  

2 '  
= ( 1 1 ~ )  J ~ J  ~ ( x - x ' ,  y -v ' )  dx dy dx '  dy ' .  (A- 10) 



D e f i n i t i o n  .A-4 

Suppose t h a t  t he  va lue  o f  V(x, y )  i s  known by sampling a t  t he  p o i n t s  

(xl, y l ) ,  ( x 2 ,  yZ) ,  ... , (xn, Y n ) .  A reasonable es t imate  V o'f the  qua$- 
A 

B 

t i t y  vB . i s  prov ided by a l i n e a r  combinat ion o f  t he  sample values 

* 

I t  seems reasonable t o  requ i  r e  t h a t  B be an unbiased est imate.  This 

c o n d i t i o n  imp l i es  t h a t  

because 

Theorem A-5  avid, 1977; Journel  and Hu,l j bregts ,  1978) 
A 

The 'constants ai ;  i =  1 ,  2, ..., n, which minimize the  es t ima t ion  

c r r o r  variance, o2 d c f  incd  by E' 

sub jec t  t o  the s ide  c o n d i t i o n  

(A-  15) 



are  the solution t o  the matrix equation 

where 

C i j  = c(x, - x Y i  - Y ~ . )  
j ' 

and . . 

An estimate o f  the estimation error  variance i s . g i v e n  by 

where 

deflned i n  (A-3). 

.. Proof - 
By the method of  Lagrangian m u l t i p l i e r s ,  a i ,  w i l l  be the resu l t  o f  

A 

minimizing Q where 



with the added condition that 

Now 

n 2 
Q = E'[{~L~ aiV(xi, yi) - (I/B) IBl V(x, y) dx dyl 1 

Consequently 

I f  i i  and i i  are the values which make aQ/aak = 0, then 

for K = 1, 2, . . . , n. This. system of simultaneous equations corresponds 

to the matrix equation stated in the theorem. 



The value of Q when a.  I .  and ; are  s u b s t i t u t e d  i n t o  the  formula g ives  a  

2  reasonable. est imate o f  a as 
E 

Th is  formula can be s i m p l i f i e d ' b y  m u l t i p l y i n g  both s ides o f  eq. ( A - 2 5 )  
n 

by ak and summing over k=l , 2, . . . , n. 

This g ives  

I 1  A 

Since C k = l  ak = 1 .O, the previous equat ion can be subs t i t u ted .  i n t o '  eq.. 

(A-26) t o  y i e l d  

Theorem A-6 

Suppose t h a t  

'Y 

aL,  i f .  i-j 
'ij ={ 0 , i f  i# j  

and t h a t  the  .indi.,ces i = 1 ,  2, ..., n can be d i v ided  i n t o  two se ts ,  - 
=1 - 

{i; 1 2  i - < m) and S2 = { i ;  m <  i - < n l  such t h a t  

CBi = o , i f  i E S2 (A-3 1 

where the  symbol "E" should be read as "belongs to". That i s  samples 

more than a  zone o f  in f luence away have subscr ip ts  i n  S 2 ,  w h i l e  those 

w i t h i n  a  zone o f  i n f l uence  o f  t h e  b lock  being est imated w i l l  have sub- 

s c r i p t . ~  i n  S2. 



Under these assumptions, the solution to the. martix equation in A-5 

and 

Proof 

The inverse of 



The theorem then to l lows from theoren1 8-5. 

Theorem A-7 

For the variogram i n  D e f i n i t i o n  ( - 1 ,  assuming s(0)  I s  small enough so 

t h a t  the exponentia1,can be ignored., 

2 
'BB 

< nab (a2 - a )/3B.. (A-36) 

A 2 An upper bound f o r  oE, prov id ing cB/02 i s  neg l ig i 'b le ,  i s  , 

i2 E < (02/n) + -mab(02 - a2)/3B. (A-37) 

Proof - 
If t,he e l l i p t i c a l  base f o r  the variogram i s  e n t i r e l y  enclosed w,ith- 

i n  B, then 

The res t  of the re l a t i ons  fo l low from theorem A-6. 
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a r e a . .  . . . . . . . . . . . . . . . . . . . . .  124 

8-15 Mineable u n i t s  5a.and 5b, eastern sync l ine ,  One- 
m i l e  Creek area . . ' . . . . . . . . . . . . . . .  125 

8-16 . Mineable u n i t s  5a and 5b; east  l imb o f  Onemile 
. . . . . . . . . . . . . . . . . . .  Creek area. 126 
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Table 0-1 

SUMMARY C.F ;REAC, PER OEPT'i INTERVAL FOR SIERRA.MACRE 

U n i t  3: S t r i k e  Length = i3615 f z e t  Area per depth i n t e r v a l  (sq. it.) 
Segment Av. El .  0-130 00 -200 200.-300 300 -403 400 - 500 500 -1000 1300-1500 1500-2000 2000-3000 3000-4000 4000-5000 

Car r i co  Ridge 7685 282523 331775 331?75 331775 0 109451 2 18241.87 1824187 3648375 3648375 3648375 
U l  ". 
l n fe r red  Geometry 7623 104738 170085 170385 170085: 170085 850454 850154 ' 8 4 a 5 4  1700908 1700908 1700908 - . 
A. Between Car r i co  
~ i d g e  #I  and #2 
ln ferred Geometry 7732 
8,  Between Corr ico 
Ridge # I  and #2 
Car r i co  Rldge 7 8 n  
#2 
. In fe r red  Geometry 78:B 
Between Carr ico 
Ridge b2 and '13 
Carr icc Ridge 7957.. 
81 
" 2  

l n fe r red  Geometry 7835 
Betweer: Car r i co  

Deep Gclch #4 7 8 3  

Oeep Gclch #3A 7821 

Deep Gclch #3B 8 M 3  

In fe r red  Geometrv 801tl 
Oeep Gulch #2 
Deep Gvlch # I  7 9 7  

l n f e r r e d  Geometry 7 9 8  
Between Oeep Gulch 
# I  and Manning 
Rldge 61 
Manning Ridge # I  7*0 

ln fe r red  Geometry 7@9 
Between Mannina 
Rldge $1 and #i 
Manning,Ridge #2A 7 5 7  

Manning Ridge #2B 7 5 7  

l nferred Geometry 7S.2 l69r46 196581 1 gE5@1 196581 982869 982869 983869 98; 969 1965738 1965738 1965738 

Between Manning ' 

Rid e $2 and .#3 
Man:inp Ridge (3 &LO '44549 44549 48545 ' 4454) , 44549 222736 2 ~ ? 3 6  222736 445473 445473 445473 , . 

In fe r red  Geometry 7595 127 30 141425 14'425 141425. 141425 . 707100 707100 70?lOO 1414200 1414200 1414200 
Between Mannlna 
Ridge #3 and ~ i u l t  
Tota l  Area f o r  ln te rba ls  3343065 3360148 3360114E 3360141 3028373 16235753 16965528 16965428 33930942 33930942 33930842 
Cumula:ive Area 3343065 670321 3 1006:-361 1342350) 16451882 32687635 49653364 66618492 100549434 134480376 16841 1318 



Carrico Ridge # 1.  ~ i d t h = 2 8 7 5 1  lnferred ~eornetr  y, A, Between 
Carrico Ridge # I and # 2 . .  
Width = 1160: 

Sierra Madre Unit # 3 
F i g u r e  0-1 



Inferred Geometry, B, Between 
Carrico Ridge # I and # 2. 
width= 840: 

Corrico ~ i d ~ e  # 2. width = 650: 

g5zig 
w w w w  
c c e c  
0 0 0 0  
$ $ $ $  

Sierra Madre Unit # 3 
F i g u r e  8 -2  



Inferred Geometry Between 
Carrico Ridge # 2 and # 3. 
Width = ,815: 

Carrico Ridge, # 3. Width = 706: 

Sierra Madre Unit # 3 
F i g u r e  8 - 3  



Inferred Geometry Between 
Conico Ridge # 3 and fault. 
yidth = 1250: 

Deep Gulch # 5. Width= 1685: 

Sierra Modre Unit ' #  3 
F i g u r e  6 - 4  
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Deep Gulch # 4. Width = 250: Deep Gulch # 3 ~ .  Width= 12151 

Sierra Madre Unit # 3 
F i g u r e  0-5  



Deep Gulch # 38. Width 660: Inferred Geometry, ~ e k p  Gulch 
# 2 .  Width = 1250: 

Sierra Madre Unit # 3 
F i g u r e  B - 6  



Deep Gulch # 1. Width = 935: 

Sierra Madre Unit.# 3 
F i g u r e  B - 7  

Inferred Geometry Between 
Deep Gulch # I and Manning 
Ridge # 1 .  ~ i d t h = 3 7 5 0 1  



Manning Ridge # I. Width= 7201 Inferred Geometry ~ e t w e e n  
Manning Ridge # I and # 2. 

s E aD 
3t: % % 

Width = 13751 - t +  
0 0 0 

S 0) 0) 
07 U) 

C C C 

JP-4 0 

3000'- 

4000'- . - 
. . 

5000'- 

6000'- 

Sierra Madre Unit # 3 



Manning Ridge # 2A. Width 5801 
' 

Manning Ridge # 28. Width 690: 

Sierra Madre Unit # 3 
F i g u r e  B-9 



Inferred Geometry Between 
Manning Ridge # 2 (A,B) and 

# 3. Width= 13901 

Sierra Madre Unit # 3 
F i g u r e  B-10 

Manning Ridge # 3. width= 315.' 



Inferred Geometry East of 
Manning Ridge # 3. 
Width = 1000: 

Sierra Madre Unit # 3 
~ i ~ u r e  B - 1 1  

119 



Table 8-2 

Area per  depth i n t e r v a l  (sq. f t . )  

SEGMENT AVE. 
NUMBER EL. 0-100 100-200 200-300 300-400 400-500 500-1 000 1000- 1500 

U n i t  5a: East  Limb, S t r i k e  Length = 3580 f e e t  

I 8850 43750 43750 43750 56250 7 1320 20350 

2 8770 64500 64500 64500 64500 64500 191350 

3 8710 89250 89250 89250 89250 144375 2 12250 

4 8700 95625 95625 95625 95625 147250 

5 8640 42500 42500 42500 42500 42500 2 1 3900 5625 

6 8600 63000 63000 63000 6 jU0U 63000 107250 45 150 

7 8420 60000 60000 60000 60000 CuuiJu C8uuu 

8 8500 70000 7 0 n ~ n  7nnnn ~ 7 f ; n n  7 A? 5n 

9 8535 78000 78000 78000 78000 40000 43750 

U n i t  5a: Eas te rn  Sync l ine ,  S t r i k e  Length = 1475 <eet  - i 
1 8420 52500 52500 52500 52500' 37365 

2 8450 25000 25000 25000 26200 

3 8480 54375 54375 87812 

4 85 I 0  39375 33375 33375 39375 39375 303750 116250 

5 8510 48000 48000 48000 48000 48000 435840 49890 
-- - 

( U n i t  5a t o t a l s  inc lude  bo th  e a s t  l imb and eas te rn  s y n c l i n e  p o r t i o n s )  
T o t a l  area , 

f o r  i n t e r v a l s  825875 825875 8593 12 798700 783935 1596440 146915 

Cumulat ive a rea  825875 1651750 251 1062 3309762 4093697 56901 37 5837052 

U n i t  5b. East  Limb, S t r i k e  Length = 3100 f e e t  

1 8800 36000 36000 36000 12750 

2 8825 38750 38750 38750 46500 

3 8760 52000 52000 52000 52000 52000 17500 

4 8707 78750 78750 78750 78750 28500 

5 8670 587.50 58750 58750 38750 

6 8640 26000 26000 26000 26000 33250 90250 

7 8530 102000 105000 I50000 180000 

8 8500 89250 78750 57750 

9 8500 25250 25250 3'1500 

U n i t  5b: Eas te rn  Sync l ine ,  S t r i k e  Length = 1620 

1 8660 27500 25900 24000 22385 16250 52650 

2 8595 60000 60000 60000 60000 60000 152500 

3 8555 25000 25000 27400 27400 27400 31 620 

4 8530 36000 36000 36000 56000 ~ ~ U U U  r / ~ U U  

5 8510 32750 32750 39300 39300 32725 6507 

6 8590 14170 15312 6250 1875 

. ( U n i t  5b t o t a l s  inc lude  b o t h  eas t  l imb and eas te rn  s y n c l i n e  p o r t i o n )  
T o t a l  area 
f o r  i n t e r v a l s  702 1 70 6942 12 725450 621710 206 125 378627 

Cumulat ive area ,7021 70 1396380 2 12 1830 . 2743540 3029665 3408292 -- 



,Table 8-2 (con t inued)  ' 

SUMMARY OF AREAS PER DEPTH INTERVAL FOR MEDICINE BOW 

Area p e r  depth i n t e r v a l  ( s q .  f t . )  

SEGMENT AVE. 
NUMBER EL. 0- 100 100-2d0 200-300 300-400 400-500 500-1000 1000- 1500 1500-2000 

U n i t  1: West Limb, S t r i k e  Length = 2975 

1 8700 94375 56790' 15900 

2 8600 57000 60125 62405 64920 67375 156740 12145 

3 8660 56170 56170 71750 45920 51250 I 89000 

4 8620 91875 9 1875 9 1875 88200 82232' 32341 5 

5 8580 75600 73375 60480 5 1300 47300 I25850 

U n i t  1: Southern Limb, S t r i k e  Length = 3430 

1 9250 78750 78750 78750 67500 58500 188175 

2 9230 87500 87500 87500 75000 . 67500 275000 162500 

3 9260 70000 70000 70000 60000 . 52000 178125 53200 ' 

4 9215 51000 '. 51000 51000 51000 . 51000 90250 

5 9205 30625 30625 30625 31500 . 17500 13125 

6 9200 37500 37500 37500 30000 30000 ' 78125 

20800 , I6000 77350 7 91 50 20000 20000 20000 

8 9120 20400 20400 20400 20400 21250 gOl00 . '38400 

9 9040 60000 '60000 60000 60000 60000 262500 156250 

10 8985 37500 37500 37500 37500 41 250 196875 166775 

U n i t  1: Normal Limb, S t r i k e  Length = 575 

4000 1 9 190 

2 9180 17500 

3 9170 13750 

( U n i t  1 t o t a l s  i n c l u d e  t h e  west l imb,  southern l imb ,  and normal l imb  p o r t i o n s )  
T o t a l  a rea  
f o r  i n t e r v a l s  903545 831610 795685 . 704040 663160 2243630 589270 

cumul a t  i ve area 903545 17351 55 2530840 3234880 3898040 6141670 6730940 

Three ~ i ' l e  Creek: S t r i k e  Length = 6025 

1 9280 123750. 123750 123750 119350 117150 566500 518415 508 100 

1 3360 121000 ' 121000 ' 121000 121000 121000 605000 ' , 57773C\, 600220 

3 9390 1.09200 I09200 109200 1 0 9 2 0 0 .  109200'  546000 573200 ' 529300 

4 ; 9360 128700 128700 128700 128700 128700 643500 597575 539925 

5 9400 93600 93600 93600 9 3600 93600 468000 434600 385400 

b 3980 99450 99450 99450 YY4SO 99450 497250 46 1 760 429490 

T o t a l  area 
f o r  . i n t e r v a l s  675650 675650 675650 671250 '669050 3325750 3163280' 2992435 

Cumulat ive area 675650 1351300 . 2026950 2698200 3367250 . 6693000 9856280 128487 15 



EXPLANATION 
Datum i3 mean sea lcvol 
Contour interval 100 feet 

structure 
contours ,o"crop pattern 

Figure 8-12. Structure contours on top of 
. Structure contour on overturned mineable Unit 1, overturned west limb 

portion of bed (see inset) of Onemile Creek Syncline, Onemile 

--- Structure contour on normal Creek area, Medicine Bow Mountains. 

portion of bed (see. inset) 

--- Contact with intrusive rocks 

-..- Area segment boundary 

8580 
e 5  

Reference point for area segment 
with reference elevation 



Sec. 6 T18N 

Sec. 7 R78 W 

Explanation as on sheet. for Unit I ,  overturned west limb 

0 500 1000 ft. 
I I I I  I ' 1 ' 1 ' 1  

Figure 8-13. 
Structure contours on top of 
mineable Unit 1, overturned south - 
ern l imb of Onemile Creek synclirie, 
Onemile Creek area, Medicine Bow 
Mountains. 



Explanation as on Unit 1, overturned west limb 
Contour interval 200 feet 

Figure 8-14. 
Structure contours on top'of 
principal radioactive unit in 
Threemile Creek area, Medicine 
Bow Mountains. 



EXPLANATION FOR 
STRUCTURE CONTOUR MAPS 

5b   lev at ions in feet. datum mean sea level. 
Contour interval ~ O O  feet 

Outcrop pattern 

Structure contour 

-- Projected contact between unit and 
intrusive rocks. 

Area segment boundary 

8555 Reference point for area segment with 
.3 reference elevation in feet. 

I 0 5 0 0  I000 feet 
N 0 

0 100 2 0 0  3 0 0  meters 

Scc. 6 I Sec. 5 

\ / \I 7 5 0 0  
\ .  
\ i / Figure B-15. 

Y / Structure contours on tops of mineable '. / 
--J 5a and 5b, eastern syncline, Onemile 

area, Medicine Bow Mtns. 

units 
Creek 



Figure B - 16 

Structure contours on top of mineable unit 
5b, east l imb of Onemile Creek 
Syncline, Onemile Creek area. 
Explanation' as on sheet for eastern 
syncline. 

Structure contours on top of mineable unit 
50, east l imb of Onemile Creek 
Syncline, Onemile Creek area. 
Explanation as on sheet for eastern 
syncline. 

Sec.6 Sec.5 
S e e 7  + Sec 8 

Sec.6 Sec.5 
Sec.7 + Sec. 8 



Appendix C 

Graphica l  P r e s e n t a t i o n  o f  Placement 
and True Thickness o f  Ore Beds i n  
t he  Outcrop  r ran sects and t h e  D r i  11 
Hules . 

S i e r r a  Madre U n i t  #3 '  

F i g u r e  Page 
. . . . . . . . . . . . . . . . . . .  C - 1  Transect  #l. #2. #3 128 

. . . . . . . . . . . . . . . . . .  C-2 Transect  #4. #5. # 6 .  #7 129 

c-3 Transect  #8. #9. # l o .  #11 . . . . . . . . . . . . . . . .  130 

C - 4  Transect  #12. #13. #14 . . . . . . . . . . . . . . . . . .  1 3 1  

. . . . . . . . . . . . . . . . . .  C - 5  T r a n s e c t # 1 5 .  #16. #17 132 

. . . . . . . . . . .  . . . . . .  C-6 Transec t. #18. #19. #?0 .- 133 

. . . . . . . . . . . . . . . .  C - 7  Transect  #21A. #21B. #22A 134 

. . . . . . . . . . . . . . . . .  C-8 Transect  #22B. #23. #24 135 

. . . . . . . . . . . . . . . . . .  C-9 Core SM-1. SM-2. JP-1 136 

. . . . . . . . . . . . . . . . . . . . . .  C-10 Core JP.2. JP-4 137 

Medic ine Bows 

. . . . . . . . . . . . . . . . .  C-11 Transects  #TlA. #TlB. #TIC 138 

. . . . . . . . . . . . . . . . . . . . . .  C-12 Transec ts  #T2 139 

. . . . . . . . . . . . . . . . . . . .  C-13 Transec ts  # T 3 . # T 4  140 

. . . . . . . . . . . . . . . . . . . . . . .  C - 1 4  Transect  #T5 141 

. . . . . . . . . . . . . . . . . . . . . . .  C - 1 5  Transect  #T6 142 

. . . . . . . . . . . . . . . . . . . . . . . .  C - 1 6  Transect  #T7 143 

. . . . . . . . . . . . . . . . . . . . . . .  C - 1 7  Transect  #T8 144 

. . . . . . . . . . . . . . . . . . . . . . . .  C-18 Core.EM B-1 145 

. . . . . . . . . . . . . . . . . . . . . . .  C-19 Core. EMB-6 146 

. . . . . . . . . . . . . . . . . . . . . . .  C-20 Core.EM B-7 147 

. . . . . . . . . . . . . . . . . . . . . . . .  C-21 Core. EMB-8 148 

. . . . . . . . . . . . . . . . . . . .  C-22 Core. EMB.9. EMB.10 149 

. . . . . . . . . . . . . . . . . . . . . . .  C-23 Core. MB-16 150 

. . . . . . . . . . . . . . . . . . . . . . .  C-24 Core. EMB-11 151 



Transect # l Transect # 2 Tronsect . #.3 
Unt TH ' Unt TH Unt TH 

' F i g u r e  C - i .  Th ickness and U,Th va lues o f  U n i t  3, Deep Gulch 
Conglomerate from t r a n s e c t s  1 ,  2 and 3, C a r r l c o  Ranch, n o r t h -  
west S i e r r a  Madre. . ND = N O  DATA A V A I  L.ARLE 



Trensect #4  Transect # 5 Transect 
Unt TH Unt TH Unt 'TH 

Unt TH 

F i g u r e  C-2. Thickness and U,Th va lues o f  U n i t  3 ,  Deep Gulch 
Conglomerate f rom t r a n s e c t s . 4 ,  5 ,  6 and 7, C a r r i c o  Ranch, 
nor thwes t ,  S i e r r a  Madre.. ND = NO DATA. A V A l  LARLE 



Transect # 8 Transect # 10 Transect # II 

Transect 

Unt TH 
PPM 

3.3 

12.0 

13.7 

8.7 

Unt TH 
PPM 

14 

92 

IS 

84 

Unt TH 

E.igure C-3. Thickness and U,Th values o f  U n i t  3, Deep Gulch 
Conglomerate from t ransects  8, 9, 10 and 1 1 ,  Ca r r i co  Ranch, 
northwest S i e r r a  Madre. 

PPM 

15.0 

16.0 

7.3 

5.8 

PPM 

120 

110 

25 

58 



Transect # 12 Transect # 13 Tronsect # 14 . 

F i g u r e  C - 4 .  Thickness and U,Th values o f  U n i t  3 ,  Deep Gulch 
Conglomerate from t ransec t s  12, 13 and 14', C a r r i c o  Ranch and 

' . Deep Gulch, nor thwest  S i e r r a  !,!adre. ND = NO DATA AVAl LABLE 

PPM 

6.4 

4.7 

NO 

ND 
17.0 

21.0 
36.0 

PPM 

81 

33 

ND 

ND 
110 

160 
210 



Transect # 15 Transect # 16 Transect # 17 
Unt TH Unt TH ~ n t '  ' TH 

PPM PPM 

T 
PPM 

ND 

PPM 

ND 

F i g u r e  C- .5 .  Thickness and U,Th values o f  
U n i t  3 ,  Deep Gulch Conglomerate from ND= NO DATA AVAILABLE 
t r a n s e c t s  15, 16 and 17,  Deep Gulcll, 

' nor.thwest S i e r r a  Madre. ' 

PPM 

0.3' 0.9 

0.7' ND 
0.6' 2.5 

0.6' 24.0 
0.4' ND 

PPM 

3 

ND 
2 

ND 
ND 



Transect # 18 Transecf # 19 Transect # 20 
Unt TH Unt TH 
PPM 

20.0 

3.1 

7.0 

2.7 

2.4 

2.5 

4.3 

2.3 

10.0 

6.1 
13.0 

Unt TH 
PPM 

370 

27 

220 

150 

1 1  

10 

19 

14 

56 

30 
63 

F i g u r e  C-6. Th ickness and U,Th va lues o f  U n i t  3 ,  Deep Gulch 
Cong 1 ornera t e  f rom t ransect  s  19, 1 4 ,  20, llann i ng Ranch, 
nor thwest  S i e r r a  Madre. 

PPM 

5.8 

6.5 

11.0 

6.5 

6.2 

6.4 
3.4 

10.0 

PPM 

32 

240 

280 

32 

41 

31 
16 

90 



Transect # 21 A Transect # 21 B Transect # 22 A 
Unt TH Unt TH Unt TH 

Figure C - 7 <  l h i c k n e s s  and U,Th va lues  o f  
I.ln i t 1, Deep Gulch Conglomel-a t e  .I'I.UIII 
t r a n s e c t s  21A, 218 and 22A,  Manning 
Ranch, n o r t h w e s t  S i e r r a  Madre. 
ND = NO DATA A V A I L A B L E  

PPM 

0.3' ND 
1.0' 15.0 

PPM 

54 
290 



Transect # 22 B Transect # 23 Transect # 24 
Unt TH Unt -TH Unt TH 

F i g u r e  C - c .  T l ~ i c k n e s s  and U,Th va lues  o f  
U n i t  3,  Deep Gulch Conglomerate from 
t r a n s e c t s  228,  23  and 24 ,  Manning Ranch, 
n o r t h w e s t  S i e r r a  Madre. 



SM-I  Core SM-2 Core JP-I Core 
Urit TH Unt TH 
PPM! PPM PPM PPM 

t 

0.64' 15.0 14 
0.64' 23.0 23 
0.64' 46.0 12 
MISSING 

Sierra Madre Unit # 3 
Figurs.e C-9 

Unt TH 

NO= NO DATA AVAILABLE 
ss =SPOT SAMPLE 



JP-2 Core JP-4 Core JP-4 Core, cont. 
Unt TH 

Sierra Madre Unit 19t 3 
F i g u r e  C-10 

Unt 
PPM 

4.2 

5.8 

5.8 

5.8 

. 

Unt TH TH 
PPM 

4 2  

ND 

ND 

MD 

. 

ND = NO DATA 'AVAILABLE 
SS = SPOT SAMPLE 



Scale  
( f t )  

- Ss-spot  sample 

ND-no data ova ilable 

Unt  T h  
(ppm) ( P P ~ )  

' top of 1 
0.2 31.0 71 .O 

SS 46.0 3.5 
bottom of 1 

, 
O"aOO"Ou~ 

s 

Figure C-ll. Thickness and U , T h  va lues  of rod  i o a c t i v e  conglomerates  from 
surface t ransects lT1A,T1B,and T l C , O n e m i l e  Creek area, Medic ine  Bow Mtns. 

- --t 
13s 

top of 1 
0.9: 33.u 1YU.U 
2.5 10.0 10.0 
0.4' 7.2 8.0 



Unt Th 

( P P ~ ) ( P P ~ )  
I 2 

Figure C-12. Thickness and U, Th values 
of radioact ive conglomerates from sur- 
face transect T 2 ,  Onemi le  Creek area, 
Medicine Bow M t  ns. 

" 20.0' 1.5 8.0 O o , o O  

- base of Unit 2 H top of Unit 1 



top 0 
0 9 '  15.0f :b24b2.0 

Unt Th  
( P P ~ ) ( P P ~  

2.6' 19.0 12.0 

2.6' 9.6 32.0 

- 
0.5' 14.0 130.0 

0.2' 170.0 56.0 

0.9' 4.7 46.0 
bottom of 50 

0.4' 5.5 52.0 

top of 3a 
0.2' ND ND 

0.9' ND N D  

wT3 

0.4' 7.1 68.0 
base of 5a 

Unt T h  
(ppm) (ppm) 

3.0' 38.0 370.0 

T4 A l l  w i t h i n  Unit  4 

ND - no data available 

Figure C-13. Thickness and U , T h  values of 
radioactive conglomerates from surface 
transects T 3  and T 4 ,  Onemi le Creek area ,  
Medicine Bow Mtns.  



Unt Th ' 

( D D ~ )  ( D D ~  
top of 5b 

0.6' 8.2 39.0 

bottom of 5 0  

Scale 
( f t )  

Unit 4 

SS - spot sample 
ND-no data available 

Unit 5 

Figure C-14. Thickness and U, T h values of 
radioactive conglomerates from surface 
transect T5 ,  Onemile Creek a r e a ,  Medicine 
Bow M t n s o  



Unt Th 
(ppm) ( P P ~ )  

1.0' 4.1 31.0 

Scale 
( f  t) 

top of 5 b 

SS 3.6 15.0 

bottom of 5 b  

-- - 
top o f  5 a  

Uni t  5 

- .  

intrusive rocks.- --.- 
Unit 4 

SS- spot sample 

bottom of  5a 

Figure C-15 Thickness and U, Th values of 
radioactive conglomerates from surface 

2 transect T6, Onemile Creek area, Medicine 
Bow Mtns. 



Scale 
(f t) 

Unt Th 

( P P ~ ) ( P P ~ )  

intrusive rocks 
Unit 5 

top of 5b 

intrusive rocks ' Unit 

Figure C-16. Thickness mnd U, T h values of 
rad ioact ive  conglomerates f r o m  sur  fac.e 
transect T7, Onemile Creek a r e a ,  Medicine 
Bow Mtns .  



Unt Th 
( P P ~ ) ( P P ~ )  

Scale 2. 

top of 50 

12.0' 100.0 920.0 

base of Unit 5 

1 top of unit 4 

Figure C-17 Thickness and U, T h  values of 
radioactive conglomerates from surface 
transect  T 8 ,  Onemi le  Creek area, Medicine 
Bow M t n s .  



Unt Th 
top ( P P ~ ) ( P P ~ )  

Unt Th Unt Th 
( P P ~ )  ( P P ~  2 ( P P ~ ) ( P P ~ )  

Figure C-18. 
Thickness and analysis for beds 
exceeding IOOppm U3O8 from 
dri.llhole EM'B- I ,  Onemile Creek 
area,  ~ e d ' i c i n e  Bow Mountains. 



Unt Th 
( P P ~ ) ( P P ~ )  I 

top of U n l t  6 b  

Unt Th Unt Th 
( P P ~ ) (  P P ~  2 ( P P ~ ) ( P P ~ )  

base of Unlt  Jb 

hose of Unit So 

Figure C-19. 
Thickness and analysis for beds 
exceeding I 0 0  ppm U308 in core . . 

from dri l l  hole E M B  -6, Onemile 
Creek area, Medicine Bow Mountains. 



Unt  Th 
I 

Unt  T h  Unt Th 
( P P ~ ) ( P P ~ )  2 ( P P ~  ) ( P P ~ )  

0.4' 96.0 200.0 
bosa of Unit 5 b  

top of "nit 5 0  4001, 1 
0.4' 170.0 220.0 

Figure C-20. 
Thickness and analysis for beds 
exceeding 100 ppm U s 0 8  in 
core. from drillhole EMB- 7 ,  
Onemile Creek area,  Medicine 
Bow Mountains. 



Unt T h  
( P P ~ ) ( P P ~ )  

Figure C- 21. 
Thickness and analysis for 
beds exceeding IOOppm U 3 0 8  
in core from drill hole EMB-8 ,  
Onemile Creek area,  Medicine 
Bow Mtns. 

0.3' 260.0 260.0 Unit 5b 

0.5' 110.0 140.0 

1.0' 280.0 350.0 

JI 
0.3' 230.0 290.0 Unit 5b 



Unt Th 
( P P ~ ) ( P P ~ )  

Unt Th 
( P P ~ ) ( P P ~ )  

top of Unit 5b 
0.5' 100.0 ' 220.0 
0.5' 390,O 910.0 

base of Unit 5b 

Figure C - 2 2 .  
Thickness and analysis for beds 
exceeding 100 ppm U3O8 in core 
from drill holes EMB-9 and EMB-10, 
Onemile Creek area,  Medicine Bow 
~ t n s .  



Unt Th 
( P P ~ ) ( P P ~ )  

top of Unit 1 
1.0' 93.6 17.0 

Unt Th Unt Th 
( P P ~ ) (  P P ~ )  2 ( P P ~ ) ( P P ~ )  

n 
1.0' 110.3 45i0 

bose of Unit 1 0.4' 220.7 40.0 

320 
intrusive rocks 

Intrusive rock6 

\OD of Unit 2 
1.0' 273.0 212.0 

360 

base of Unit 2 .. . 
ln t ruoivo rocks 

Figure C-23.  
Thickness and analysis of beds 
exceeding IOOppm U308 in core 
from dril lhole MB-16, Onemile 
Creek a r e a ,  Medicine Bow Mountains. 



Unt Th 
( P P ~ )  ( P P ~ )  

Unt Th 
( ppm.1 ( P P ~ )  

fop of rodiooctive zone 

320 - 

base of rod iooct ive  zone 

340 - 

360 - SS 178.0 344.0 

SS: spot sample 

Figure C-24. 
Thickness and analysis of  beds 
exceeding IOOppm U308 in core 
from drillhole EMB- I t ,  Threemile 
Creek area,  Medicine Bow 
Mountains. . 
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Appendix D 

Average Grade and T o t a l  Bed Thickness 
f o r  Outcrop Transects  and D r i  11 Ho1.e~ 

Table Page 

D- 1 S i e r r a  Madre Accumulat ions o f  U 0 . . . . . . . .'. . . . . .. 154 
3 8 

0-2 Medicine Bow Accumulat ions o f  U 0 . . . . . . . . . . . . . 155 3 8 
D- 3 S i e r r a  Madre Accumulations o f  Tho2 . . . . . . . . . . . . . 156 

0-4 Medicine Bow Accumulations o f  Tho2 . . . . . . . . . . . . ; 157 

D- 5 Summary o f  Average Accumulat ions, U 0 . . . . . . . . . . . 158 
3 8 

D-6 Summary o f  Average Accumulat ions, Tho2 . . . . . . . . . . . 159 



Tab le  D - 1  

S i e r r a  Madre Accumulat ions o f  U 0 i n  exceedance o f  100 ppm 
, 3 8  

U n i t  #3 

T ransec t o r  Average Average Average To ta  1 Average 
D r i l l  Hole U 0 

3 8 
' ( ~ ~ 0 ~ ) ~  l n  U 0 Thickness Thickness 

3 8 

Transec t  #5 109.9 12077 4.70 .7  - 7  
T ransec t  #16 116.03 13464 41 76 .5 5 
SM-1 Core 110.6 12232 4.71 7 7 
SM-2 Core 1 84.29 43423 5.12 4.2 .60 



Table D-2 

Medicine Bow Accumulat ions o f  U 0 i n  exceedance o f  100 ppm 
3 8 

Transect o r  Average Average Average To ta l  Average Bed 
D r i l l  Hole 

'3'8 
(u308)2 1nU 0 Thickness Thickness 

3 8 

U n i t  1 :  

Transect TlA 

Transect T1B 

Transect TIC 

Transect T2 

EMB-1 Core 

MB16 Core 

U n i t  5a: 

Transect T4 

Transec.t T5 

Transect T8 

EMB-6 Core 

EMB-7 Core 

U n i t  5b: 

Transect T3 

Transect T5 

Transect T7 

Transect T8 

EMB-6 Core 

EMB-7 Core 

EMB-8 Core 

EMB-9 Core 269.30 97202 5 .39  1 . O  0.50 

EMB-10 Core 170.68 30032 5.12 1.8 0.36 

Threemi l e  
Creek Area 

EMB- 1 1 Core 226.2 6052 1 5.34 2.7 0.54 



 able' D-3  

S i e r r a  Madre Accumulat ions o f  Tho2 i n  exceedance o f  100 ppm 

U n i t  #3 
- - -- 

Transect  o r  Average Average Average To ta l  Average 
D r i l l  Hole Tho2 (Tho2) InTh02 Thickness Thickness 

Transect  # 1  

Transect  #2 

Transect  #3 

Transect  #4 

Transect  #5 

Transect  #6 

Transect  #7 

Transect  #9 

Transect  # l o  
Transect  # 1 1  

Transect  #13 

Transect  #14 

Transect  #16 

Transect  #18 

Transect  119 

Transect  #2 1 A 

Transect  #2 18 

Transect  #22A 

Transect  #22B 

Transect  #23 

Transect  124 

51.1- 1 Ci.)rt! 

SM-2 Core 



Table D-4 

Medic ine Bow Accumulations o f  Tho i n  exceedance o f  100 ppm 
2 

Transect  o r  Average Average Average Tota 1 Average Bed 
D r i  1 1  Hole T h02 ( ~ h 0 ~ )  2 1 n Tho2 Thickness Thickness 

U n i t  1 :  

215.70 49540 5.33 2.3 ' 0.77 Transect  T lA  

Transect  T1B 170.09 34774 5.04 2.3 .o. 38 

Transect TIC 

Transect T2 

EMB-1 Core 

MB-16 Core 

. U n i t  5a: 

Transect T4 

Transect T5 

Transect T8 

EMB-2 Core 

EMB-6 Core 

EMB-7  core 

U n i t  5b: 

Transect T3 

 rans sect T5 

Transect T6 

Transect T7 

Transect T8 

EMB-6 Core 

EMB-7 Core 

EMB-8 Core 256.85 78249 5.46 9.6 0.74. 

EMB-9 Core 642.90 ' 567455 6.23 1 .O 0.50. 

Threemi l e  
Creek Area: 

' EMB-11 Core 165.26 31 371 5.04 . 1.7 0.43 



Tab le  D - 5  

SUMMA'RY OF AVERAGE ACCUMULATIONS AND VARIANCES FOR U 0' 3 8 

Average accumula- Average o f  Number o f  T o t a l  
U n i t  t i o n  o f  U,O above accumulat ions Accumulat ion 8 

t r a n s e c t s  w i t h  number of 
100 p$m squared var  i ance encounters o f  > 100 t r a n s e c t s  

( P F ~  x f t . 1  ( p p m x f t . ) 2  ( p p r n x f t . l 2 .  P P ~  I .  U308 (n > 

S i e r r a  Madre 
u n i t  3 

Medic ine Bow 
u n i t  1 

Medic ine Eow 
un i t 5a 

Med i c i ne Bow - un i t 5b 1455.88 
ul 
Q 

Medic ine  Bow 
un i t s  1 , 5a 
and 5b 
comb i ned 
(Onemi l e  Creek a rea)  2024.53 

Med i c i ne Bow 
Threemi l e  Creek area 610.74 

A1 1 'Medic ine Bow 
u n i t s  1957.2 1 7850985 3842 1 77 



~ a t i l e  D-6 

SUMMPRY OF AVERAGE ACCUMULATIONS AND VAF:IANCES FOR Tho2 

Average accumula- Average o f  Number o f  To ta  1 
U n i t  t i o n  o f  Tho, above accumulat ions Accumulat ion t r a n s e c t s  w i t h  number o f  

100 P& squared var iance  2 
encounters  o f  > I 0 0  t r a n s e c t s  

(ppn x f t . )  ( P P ~  x f t .  (ppm x f t . )  Tho2 (n)  
( k )  

S i e r r a  Madre 
u n i t  3 

Medic ine Bow 
u n i t  1 

Hed i c i ne Bow 
cn i t 5a 

Med ic ine  Bow 
un i t 5b 1048.37 

4 

U;I 
um. Medic ine  Bow u n i t s  

1 ,  5a and 5b 
comb i ned 
('Onem i 1 e Creek area)  1007.01 

Med ic ine  Bow 
Threemi l e  Creek area 280.94 

17667.1'3 8 15667 2 2 A l l  Medic ine Bow u n i t s  974.01 26 




