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EXECUTIVE SUMMARY 

The e x h a u s t  s h a f t  a t  t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) s i t e  was a 

c o n v e n t i o n a l  min ing-s lash ing  enlargement  o f  an  upreamed s h a f t .  Geotechnical  

a c t i v i t i e s  i n  t h e  e x h a u s t  s h a f t  were des igned  t o  p rov ide  a d d i t i o n a l  confirma- 

t i o n  o f  t h e  s t r a t i g r a p h i c  d e t a i l s  t h a t  e x i s t  i n  t h e  s t r a t a  o v e r l y i n g  t h e  WIPP 

underground f a c i l i t y ,  p r o v i d e  d e t a i l e d  in format ion  abou t  t h e  geology i n  iden-  

t i f i e d  zones  o f  i n t e r e s t ,  conf i rm t h e  geology o f  p lanned ins t rument  l e v e l s  and 

l o c a t i o n s ,  and p r o v i d e  a  b a s i s  for f i e l d  ad jus tment  and m o d i f i c a t i o n  o f  key 

and a q u i f e r  s e a l  d e s i g n .  These a c t i v i t i e s  were c a r r i e d  o u t  concur ren t ly  wi th  

c o n s t r u c t i o n  d u r i n g  t h e  p e r i o d  from J u l y  16, 1984 through January 18, 1985. 

The e x h a u s t  s h a f t  p e n e t r a t e s  t h i n  s u r f i c i a l  d e p o s i t s  and f i v e  format ions:  t h e  

Gatufia Formation o f  Q u a t e r n a r y  age ,  t h e  S a n t a  Rosa Sandstone o f  T r i a s s i c  a g e ,  

and a Permian age  s e c t i o n  c o n s i s t i n g  o f  t h e  Dewey Lake Redbeds, t h e  R u s t l e r  

Format ion,  and t h e  S a l a d o  Formation. The e n t i r e  s h a f t  s e c t i o n  from t h e  s u r -  

f a c e  t o  t h e  f a c i l i t y  l e v e l  was g e o l o g i c a l l y  mapped. Ten p r e s e l e c t e d  zones o f  

s p e c i a l  i n t e r e s t  were mapped i n  d e t a i l .  Gypsum-filled f r a c t u r e  systems i n  

t h r e e  zones  i n  t h e  Dewey Lake Redbeds were mapped i n  d e t a i l  as fo l lows :  

The d e p t h  i n t e r v a l  from 195.0 t o  210.0 f e e t  ( F i g u r e  6 )  
The d e p t h  i n t e r v a l  from 269.0 t o  280.5 f e e t  ( F i g u r e  7 )  
The d e p t h  i n t e r v a l  from 353.5 t o  375.0 f e e t  ( F i g u r e  8 ) .  

Seven zones  were l o c a t e d  i n  o r  a d j a c e n t  t o  t h e  R u s t l e r  Formation: 

The Dewey Lake/Rust ler  c o n t a c t  (546.3  T e e t ,  F igure  9 )  

The For ty-Niner  Yember c l a y s t o n e  (575.5  t o  586.5  f e e t ,  
F i g u r e  10) 

The Magenta Dolomite Member (602 .5  t o  627.0 f e e t ,  
F igure  10) 

The Tamarisk Menber c l a y s t o n e  (589.0  t o  695.5  f e e t ,  
F igure  1 1 )  

The Culebra  Dolomite Member (713 .5  t o  736.0 f e e t ,  
F igure  1 1  ) 

The upper p o r t i o n  of  t h e  unnamed lower nenber (736.0  t o  
SO0 f e e t ,  F igure  i l )  

The R u s t l e r / S a l a d o  Formation c o n t a c t  znd t h e  keyway -. (845.0 t o  912.0 f e e t ,  r l g u r e  ? 2 ) .  



The s t r a t i g r a p h y  o b s e r v e d  i n  t h e  e x h a u s t  s h a f t  c o r r e l a t e s  well w i t h  t h a t  

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

Minor f l u i d - p r o d u c i n g  z o n e s  were o b s e r v e d  w i t h i n  t h e  Magenta and Culebra  

Dolomite  Members o f  t h e  R u s t l e r  Format ion .  The s h a f t  key and a q u i f e r  seals 

were a d j u s t e d  downward between seven  and n i n e  feet  as a r e s u l t  o f  t h e  obse rved  

geo logy .  



1.0 INTRODUCTION 

The Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) p r o j e c t  is a Department of Energy (DOE) 

research-and-development f a c i l i t y  c o n s t r u c t e d  t o  d e m o n s t r a t e  t h e  safe d i s p o s a l  

o f  r a d i o a c t i v e  wastes d e r i v e d  from t h e  d e f e n s e  a c t i v i t i e s  o f  t h e  Uni ted  

S t a t e s .  The WIPP p r o j e c t ' s  m i s s i o n  c o n s i s t s  o f  two p a r t s .  The f i rst  is t o  

d e m o n s t r a t e  t h e  safe h a n d l i n g  and d i s p o s a l  o f  t r a n s u r a n i c  (TRU) waste i n  

bedded s a l t .  The s e c o n d  is t o  create a r e s e a r c h  f a c i l i t y  f o r  i n - s i t u  examina- 

t i o n  o f  t h e  t e c h n i c a l  i s s u e s  r e l a t e d  t o  t h e  emplacement o f  d e f e n s e - r e l a t e d  

r a d i o a c t i v e  waste i n  bedded s a l t .  

The WIPP f a c i l i t y  is l o c a t e d  a p p r o x i m a t e l y  26  miles east o f  Car l sbad ,  New 

Mexico i n  a n  area known as Los Medanos ( F i g u r e  1 ) .  The underground p o r t i o n  o f  

t h e  f a c i l i t y  is l o c a t e d  a t  a d e p t h  o f  a p p r o x i m a t e l y  2 ,150  f e e t  i n  t h e  bedded 

sa l t  d e p o s i t s  o f  t h e  S a l a d o  Format ion  ( F i g u r e  2 ) .  An e x t e n s i v e  program o f  

s i t e  c h a r a c t e r i z a t i o n  a n d  v a l i d a t i o n  h a s  been conducted  f o r  t h e  p a s t  n i n e  

y e a r s  (1976-1985) .  The r e s u l t s  o f  t h e s e  s t u d i e s  are summarized i n  t h e  WIPP 

" G e o l o g i c a l  C h a r a c t e r i z a t i o n  Report"  (Powers e t  a l . ,  1978) ,  t h e  WIPP " S a f e t y  

A n a l y s i s  Repor t "  (DOE, i 9 8 0 ) ,  t h e  WIPP " P r e l i m i n a r y  Design V a l i d a t i o n  i3eport1' 

( B e c h t e l ,  1 9 8 3 ) ,  and t h e  WIPP " R e s u l t s  o f  S i t e  V a l i d a t i o n  Experiments" ( B l a c k  

e t  a l . ,  1983) .  A d d i t i o n a l  s i t e  i n v e s t i g a t i o n s  a r e  b e i n g  conducted as p a r t  o f  

z n  ongo ing  program t o  f u r t h e r  r e f i n e  t h e  u n d e r s t a n d i n g  o f  t h e  s i t e - s p e c i f i c  

geo logy .  The g e o t e c h n i c a l  a c t i v i t i e s  conduc ted  i n  che  exnausc s h a l t  z r e  p a r t  

o f  t h i s  program. 

The e x h a u s t  s h a l t  w i l l  p r o v i d e  a gathway f o r  t h e  r e l e a s e  of' e s n a u s t  a i r  Prom 

t h e  f a c i l i t y  t o  t h e  s u r f a c e .  The s h a f t  is a n  en la rgemen t  o f  a s ix -Too t  d i a -  

n e c e r ,  upreaned s h a f t .  The f i n i s h e d  d i m e t e r  is 14 f e s t  i n  t h e  l i n e d  p o r t i o n  

oi' t h e  s h a f t  and  i5 f e e t  minimum i n  t h e  u n l i n e d  p o r t i c n .  Geo techn ica l  a c t i v i -  

s i e s  c o n s i s t i n g  o f  r e c o n n a i s s a n c e  s e o l o g i c  mapping,  - ? t a i l e d  g e o i o s i c  a a p p i r i ~  

I n  s p e c i f i c  z o n e s  of i z t e r e s t ,  g s o i o g i c  c o n f i r n a c i c n  c l  i x s t r - m e n c  L o c a t i o n s ,  

and f i e l d  a d j u s t m e n t  and  a o a i f i c a i i o n  o f  t h e  key 2nd ~ q u i f z r  s e a l  , i e s i g n  ; Jere  

p r f o r m e d  c o n c c r r e n t l y  w i t h  c o n s t r u c t  i c n  Cram J u l y  15,  198U t o  Janua ry  !a ,  
:385. T h i s  r e p o r c  p r e s e n t s  and d i s c u s s e s  t h e  5 i n d i ~ g . s  f r o n  ;he g e ~ l o g i c  



mapping e f f o r t s  i n  t h e  e x h a u s t  s h a f t .  Also,  t h e  c o n s t r u c t i o n  h i s t o r y  of t h e  

exhaus t  s h a f t  is summarized,  and s e v e r a l  e n g i n e e r i n g  geology c h a r a c t e r i s t i c s  

a r e  d i s c u s s e d .  

1 . 1  SCOPE OF WORK 

The d e t a i l e d  scope  o f  work is p r e s e n t e d  i n  t h e  January  12,  1984 Work Plan of 

Geotechn ica l  A c t i v i t i e s  i n  t h e  Waste and Exhaust  S h a f t s  (Appendix A ) .  The 

o b j e c t i v e s  o f  t h e  g e o t e c h n i c a l  a c t i v i t i e s  a r e  as fo l lows :  

Provide a d d i t i o n a l  c o n f i r m a t i o n  and documentation o f  
t h e  s t r a t a  o v e r l y i n g  t h e  WIPP f a c i l i t y  h o r i z o n .  

Provide d e t a i l e d  in format ion  o f  t h e  gypsum-f i l led  
f r a c t u r e s  i n  t h e  Dewey Lake Redbeds. 

Provide d e t a i l e d  in format ion  o f  t h e  g e o l o g i c  c o n d i t i o n s  
i n  t h e  R u s t l e r  Formation i n  t h e  v i c i n i t y  o f  t h e  Dewey 
Lake /Rus t l e r  Format ion c o n t a c t ,  t h e  Forty-Niner Member 
c l a y s t o n e ,  t h e  Magenta Dolomite Member, t h e  Tamarisk 
Member c l a y s t o n e ,  t h e  Culebra  Dolomite Member, t h e  
upper p o r t i o n  o f  t h e  unnamed lower  member, t h e  R u s t l e r /  
Salado Format ion c o n t a c t ,  and keyway i n t e r v a l .  

Confirm t h e  geo logy  o f  p lanned geomechanical  ins t rument  
l e v e l s / l o c a t i o n s  . - 

Provide a b a s i s  f o r  f i e l d  a d j u s t m e n t  and m o d i f i c a t i o n  
o f  key and a q u i f e r  s e a l  d e s i g n ,  based on t h e  observed 
geology. 

Phe g e o t e c h n i c a l  a c t i v i t i e s  performed t o  f u l f i l l  t h e s e  o b j e c t i v e s  included:  

Reconnaissance g e o l o g i c  mapping o f  t h e  exposed s h a f t  
s u r f a c e  d u r i n g  s i n k i n g  o p e r a t i o n s .  

D e t a i l e d ,  360 d e g r e e  g e o l o g i c  mapping o f  i d e n t i f i e d  
zones o f  i n t e r e s t .  

Geoiogic  c o n f i r m a t i o n  of p ianned i n s t r m e n c  l o c a c i o : ~  
dur ing  t h e  aforement ioned a c t i v i t i e s .  

?,econnaissance g e o i o g i c  mapping was 2erformed throughout  t h e  e n s i r e  s h a f t  

s e c c i o n ,  x i t h  t h e  e x c e p t i o n  o f  the  zones napped i n  d e t a i l .  3etai:sd, 360 

,:egree g e o l o g i c  zapp ing  was p e r f o r ~ e d  Ln p r e v i o u s i y  Ldencif iea  z3nes of  
- -. 

: n t s r e s t  i n  t h e  k w e y  Lake Redbeas and t h e  3 u s c l s r  rormacion.  .nree zones  

- 3 n c a i n i n g  abundanc gypsum i i l i e d  < r z c c u r e s  u e r e  s e l e c t e d  in t ke  2ewey i s k e  



Redbeds. Seven z o n e s  were s e l e c t e d  i n  t h e  R u s t l e r  Format ion .  I n  a d d i t i o n ,  

t h e  keyway i n t e r v a l  was d e s i g n a t e d  as a z o n e  o f  i n t e r e s t  a n d  mapped i n  d e t a i l .  

These  z o n e s  were  s e l e c t e d  b e c a u s e  o f  p o s s i b l e  d i s s o l u t i o n  o r i g i n  o r  h y d r o l o g i c  

s i g n i f i c a n c e .  

1 .2 METHODOLOGY 

1.2.1 R e c o n n a i s s a n c e  G e o l o g i c  M a ~ p i n q  

R e c o n n a i s s a n c e  g e o l o g i c  mapping was performed c o n c u r r e n t l y  w i t h  c o n s t r u c t i o n  

on a n o n - i n t e r f e r e n c e  b a s i s  i n  t h e  l i n e d  p o r t i o n  o f  t h e  s h a f t  ( f rom 0 t o  907 

f e e t ) .  Dur ing  e a c h  c o n s t r u c t i o n  c y c l e ,  t h e  f r e s h l y  exposed  s trata were mapped 

u s i n g  t h e  g a l l o w a y  ( F i g u r e  3 )  as t h e  work p l a t f o r m .  The l i t h o l o g y  obse rved  

was measured  and  d e s c r i b e d ;  t h e  e n t i r e  exposed  i n t e r v a l  was photographed,  and  

when p o s s i b l e ,  r e p r e s e n t a t i v e  s a m p l e s  were t a k e n .  

I n  t h e  c o n c r e t e - l i n e d  p o r t i o n  of t h e  s h a f t ,  t h e  c o n s t r u c t i o n  c y c l e  c o n s i s t e d  

o f :  a )  e x c a v a t i o n  ( d r i l l i n g  and  b l a s t i n g ) ,  and b )  l i n e r  c o n s t r u c t i o n  ( p o u r i n g  

c o n c r e t e  i n  t h e  c u r b  r i n g  a n d  main f o r m s ) .  E x a c t l y  24 feet o f  t h e  c o n c r e t e  

l i n e r  was poured  d u r i n g  e a c h  c o n s t r u c t i o n  c y c l e .  A f t e r  e x c a v a t i o n ,  t h e  c u r b  

r i n g  was s e t  p r i o r  t o  t h e  p o u r i n g  o f  t h e  c o n c r e t e .  A t  t h a t  time, t h e  s t r a t a  

i n  t h e  i n t e r v a l  be tween t h e  b a s e  o f  t h e  p r e v i o u s  pour  and  t h e  b a s e  o f  t h e  new 

pour  were mapped ( F i g u r e  3 ) .  

i n  t h e  u n l i n e d  p o r t i o n  o f  t h e  s h a f t  (be low 907 f e e t ) ,  r e c o n n a i s s a n c e  g e o l o g i c  

n a p p i n g  c o u l d  n o t  be per formed on a n o n - i n t e r f e r e n c e  b a s i s  due  t o  ?he  

u n p r e d i c t a b l e  n a t u r e  o f  t h e  c o n s t r u c t i o n  c y c l e .  The c o n s t r u c t i o n  c y c l e  i n  t h e  

u n l i n e d  p o r t i o n  ( i . e . ,  l i n e d  o n l y  w i t h  r o c k - b o l t e d  w i r e  mesh) o f  t h e  s h a f t  

c o n s i s t e d  o f :  a )  e x c a v a t i o n  ( s i m i l a r  t o  l i n e d  p o r t i o n ) ,  and  b )  "hanging1'  w i r e  

mesh. The i n a b i l i t y  t o  m a i n t a i n  v e r t i c a l  c o n t r o l  and  t h e  i n c o n s i s t m t  p o s i -  

t i o n i n g  o f  :he ga l loway  d u r i n g  t h i s  phase  o f  c o n s t r u c t i o n  d e t e r r e d  z a p p i n g  on 

a n o n - i n t e r f e r e n c e  b a s i s .  As a r e s u l t ,  d e d i c a t e d  s h a f t  t ime  was purchased  

f rom che  c o n s c r u c t i o n  c o n t r a c t o r  (Ohbayashi-Gumi L t d . )  t o  a l l o w  a napp ing  team 

o f  t h r e e  t o  f o u r  g e o l o g i s t s  f u l l  c o n t r o l  5P t h e  s h a f t .  3econna i s sance  zapp ing  

idas done  on a weekly b a s i s  iz t h e  u n i i n e d  ? o r t i o n  oP t h e  s h a f t .  The e n t i r e  

o n l i n e d  p o r t i o n  of  t h e  s h a f t  g a s  napped i r~  a t o t a l  5i s i x  e x e r c i s e s  a v e r a g i r g  

s b o u t  P i v e  h o u r s  i n  l e n g t h .  Yp ;o 250 f e e t  o f  ezposed  s e c t i o n  ;<as zapped a t  

any o n e  time. A v e r ~ i c a l  s t r i p ,  app rox imace ly  f i - ~ e  ? e e t  wide ,  af che z n c i r e  

napp ing  i n t e r v a l  was c l e a n e d  and  napped.  



V e r t i c a l  s u r v e y  c o n t r o l  was p r o v i d e d  by t h e  c o n t r a c t o r  d u r i n g  bo th  phases  of 

s h a f t  c o n s t r u c t i o n .  As t h e  s h a f t  l i n e r  was c o n s t r u c t e d ,  t h e  d e p t h  t o  t h e  b a s e  

o f  e a c h  s u c c e s s i v e  pour  was prov ided  by t h e  c o n t r a c t o r  and v e r t i c a l  c o n t r o l  

f o r  mapping was t h e n  e s t a b l i s h e d  from t h e  b a s e  o f  t h e  p r e v i o u s  pour .  During 

c o n s t r u c t i o n  o f  t h e  u n l i n e d  p o r t i o n  o f  t h e  s h a f t ,  t h e  c o n t r a c t o r ' s  need t o  

m a i n t a i n  v e r t i c a l  c o n t r o l  d e c r e a s e d  and v e r t i c a l  c o n t r o l  was e s t a b l i s h e d  w i t h  

s u r v e y  c h a i n s  hung f rom c o n t r a c t o r - s u p p l i e d  s u r v e y  c o n t r o l  p o i n t s .  

The p r o c e d u r a l  g u i d e  u s e d  f o r  t h e  r e c o n n a i s s a n c e  g e o l o g i c  mapping is o u t l i n e d  

by McKinney and Newton (1983) i n  t h e  " S i t e  V a l i d a t i o n  F i e l d  Program Plan" .  I n  

t h e  S a l a d o ,  r e c o n n a i s s a n c e  f i e l d  maps were drawn on p r e d r a f t e d  s h e e t s  o f  

g r i d d e d  mylar  a t  a s c a l e  o f  o n e  i n c h  e q u a l s  t e n  f e e t .  

1.2.2 D e t a i l e d  G e o l o g i c  M a ~ p i n g  

Ded ica ted  s h a f t  time was p u r c h a s e d  from t h e  c o n s t r u c t i o n  c o n t r a c t o r  

(Ohbayashi-Gumi, L t d . )  t o  a l l o w  mapping teams o f  f o u r  t o  s i x  g e o l o g i s t s  f u l l  

c o n t r o l  o f  t h e  s h a f t  d u r i n g  d e t a i l e d  mapping e x e r c i s e s .  F i e l d  maps were drawn 

on b l a n k ,  g r i d d e d  myla r  a t  a  scale o f  one  i n c h  e q u a l s  f i v e  f e e t .  V e r t i c a l  

c o n t r o l  was e s t a b l i s h e d  f rom t h e  base  o f  t h e  p r e v i o u s  p o u r ,  and h o r i z o n t a l  

l i n e s  were  s ~ r a y - p a i n t e d  a t  f i v e - f o o t  i n t e r v a l s  a round t h e  c i r c u m f e r e n c e  o f  

t h e  s n a f t .  3 o r i z o n t a l  c o n t r o l  end t h e  s o u t h e r n m o s t  p o i n t  i n  She s h a f t  were 
. . z s t a b l i s h e d  u s i n g  t h e  c o n t r a c t o r ' s  piumb l i n e s  ( s i d e  l i n e s ) .  4 v e r s i c a l  i l n e  

was s p r a y - p a i n t e d  a t  t h e  s o u t h e r n m o s t  ? o i n t  o f  t h e  s h a f t ,  2nd :he s h a l t  wall 

was marked with s p r a y - p a i n t e d  v e r c i c a l  l i n e s  a t  f i v e - f o o t  i n C o r v a l s  b o ~ h  e a s t  

and west o l  t h e  s o u t h  l i n e  a round  t h e  c i r c u m f e r e n c e  o f  t h e  s h a f t .  Th i s  

p r o c e d u r e  e s t a b l i s h e d  a f i v e - f o o t  by f i v e - f o o t  g r i d  on t h e  s h a f t  s u r ? z c e .  

Accura te  map l o c a t i o n s  o f  l i t h o l o g i c  c o n c a c t s  2nd f e a t u r e s  Liere e s t a b l i s h e d  

s i n g  t he  g r i d  f o r  s u r v e y  c o n t r o l .  The g r i d  a l s o  p rov ided  a a e a n s  f o r  I d e n t i -  

"ying l o c a s i o n s  o f  s a m p i e s ,  " a t u r e s  o f  s p e c i f i c  i n f e r e s s ,  and ?kocograpks of' 

;he s h a f t  u a l l .  ? h o t o g r z p h i c  cove rage  s f  e a c h  mapped i n t e r v a i  u a s  g r o v i d s d  

f o r  t h e  5x11 c i r c u m f e r e n c e  oi t h e  s h a T t .  411 samples  were xa rked  x i t h  an 
-, azimush and an  up a r r o w ,  s o  chey can be ? r o c e r l y  oriented. - n e  s a p i e s  %re 

c a c a l o g z d  i n  Appendix B .  



1.3 SHAFT CONDITIONS 

During t h e  g e o t e c h n i c a l  a c t i v i t i e s  i n  t h e  e x h a u s t  s h a f t ,  a  galloway was 

u t i l i z e d  a s  t h e  main work p l a t f o r m  ( F i g u r e  3 ) .  The gal loway is a s t e e l  S t r U C -  

t u r e  12 f e e t  i n  d i a m e t e r ,  c o n s i s t i n g  of t h r e e  l e v e l s  o r  decks .  The galloway 

is r a i s e d  and lowered by two c a b l e s  o p e r a t i n g  on a  system s e p a r a t e  from t h e  

main h o i s t .  The main h o i s t  p rov ides  a c c e s s  from t h e  s u r f a c e  t o  t h e  galloway 

v i a  a  cage .  

To a s s u r e  t h e  optimum o b s e r v a t i o n s ,  g e o l o g i c  mapping e x e r c i s e s  were performed 

a s  soon as p o s s i b l e  a f t e r  t h e  s h a f t  s u r f a c e  was exposed.  However, t h e  s h a f t  

wall was o f t e n  c o a t e d  w i t h  d u s t  from b l a s t i n g  and /or  c o n c r e t e  s p i l l - o v e r  from 

t h e  s h a f t  l i n e r  c o n s t r u c t i o n .  In some c a s e s ,  t h e  s h a f t  wall was covered wi th  

r o c k - b o l t e d  w i r e  mesh t o  p r e v e n t  s p a l l i n g ,  and o c c a s i o n a l l y  m a t e r i a l  caught  

behind t h e  mesh t o t a l l y  obscured  t h e  l i t h o l o g y .  During reconna i ssance  geo- 

l o g i c  mapping i n  t h e  l i n e d  p o r t i o n  o f  t h e  s h a f t ,  t h e  w a l l s  o f  t h e  s h a f t  could 

n o t  be c l e a n e d  o r  washed, as t h i s  would i n t e r f e r e  w i t h  c o n s t r u c t i o n  p rogress .  

However, t h e  s h a f t  s u r f a c e  was washed p r i o r  t o  e a c h  d e t a i l e d  mapping e x e r c i s e  

when t h e  mapping team had f u l l  c o n t r o l  of t h e  s h a f t .  



2.0 CONSTRUCTION HISTORY 

The e x h a u s t  s h a f t  is a n  e n l a r g e m e n t  o f  a s i x - f o o t  d i a n e t e r  upreamed 

( r a i s e - b o r e d )  s h a f t .  The i n i t i a l  up-reaming o r  r a i s e - b o r i n g  was done by two 

companies :  R a i s e b o r ,  I n c .  and J.S. Redpath Co. The c o n s t r u c t i o n  c o n t r a c t o r  

(Ohbayashi-Gumi, L t d )  employed a c o n v e n t i o n a l  m i n i n g - s l a s h i n g  method t o  

e n l a r g e  t h e  o r i g i n a l  s i x - f o o t  d i a m e t e r  s h a f t  t o  a 14- foo t  d i a m e t e r  i n  t h e  

l i n e d  p o r t i o n  and a 15-foot  minimum d i a m e t e r  i n  t h e  u n l i n e d  p o r t i o n .  The 

p i l o t  h o l e  was comple ted  d u r i n g  t h e  p e r i o d  from September  2 2 ,  1983 t o  December 

16, 1983. The r a i s e - b o r i n g  o f  t h e  e x h a u s t  s h a f t  commenced on December 31,  

1983 and was comple ted  o n  F e b r u a r y  10, 1984. Excava t ion  fo r  t h e  e x h a u s t  s h a f t  

c o l l a r  began on J u l y  15, 1984.  The c o l l a r  l i n e r  p l a t e  was i n s t a l l e d  and t h e  

c o n c r e t e  b a c k f i l l  was p o u r e d  on J u l y  17 ,  1984. The s h a f t  was l i n e d  w i t h  

c o n c r e t e  from t h e  t o p  o f  t h e  c o l l a r  t o  t h e  b a s e  o f  t h e  s h a f t  key a t  a d e p t h  o f  

907 fee t .  Concre te  l i n e r  c o n s t r u c t i o n  began on J u l y  18, 1984 and was 

comple ted  on November 2 9 ,  1984. 

As p a r t  o f  t h e  s h a f t  d e s i g n ,  b o t h  t h e  Magenta and C u l e b r a  Dolomite Members o f  

t h e  R u s t l e r  Format ion  were c o v e r e d  w i t h  l i n e r  p l a t e  p r i o r  t o  t h e  pour ing  o f  

t h e  c o n c r e t e  l i n e r .  The l i n e r  p l a t e  p rov ided  f o r  a temporary  v o l d  between t h e  

r o c k  s u r f a c e  and t h e  c o n c r e t e  l i n i n g  t o  p r e v e n t  h y d r o s t a t i c  p r e s s u r e  b u i l d u p  

b e f o r e  5he c o n c r e t e  l i n i n g  had  r eached  its f u l l  s t r e n g t h .  A f t e r  t h e  c o n c r e t e  

l i n i n g  had r eached  f u l l  s t r e n g t h ,  t h e  a r e a  behind t h e  l i n e r  ? l a t e  was grou ted  

20 s e a l  o f f  p o s s i b l e  f l u i d  i n f l o w .  The Cu leb ra  was g r o u t e d  d u r i r g  t h e  a e r i o d  

f rom December 2 t o  December 4 ,  1984,  and t h e  Magenta was g r ~ u t e d  5 u r i n g  t h e  

p e r l o d  from December 4  t o  December 5 ,  i984.  Rock-Soited wire mesh was 

i n s t a l l e d  i n  t h e  u n l i n e d  p o r t i o n  o f  t h e  s h a f t .  C o n s t r u c t i o n  i n  t h i s  phase 

began on December 7 ,  1984.  On J a n u a r y  17, ;965,  o x c a v a t i o n  i n  t h e  e x h a u s t  

s h a f t  x a s  completed t o  t h e  WIPP underground f a c i l i c y  a t  a d e p t h  o f  approx i -  

9ately 2150 f 2 e t .  A summary o f  t h e  e x h a u s t  snar ' t  construction h i s t o r y  Is 

g i v e n  i n  T a b l e  1 .  



3.0 EXHAUST SHAFT GEOLOGY 

3 .1  GEOLOGIC MAPPING RESULTS 

Geologic mapping was performed us ing  two i e v e l s  o f  e f f o r t :  r econna i ssance  o r  

d e t a i l e d  mapping. Reconnaissance g e o l o g i c  mapping was performed i n  a l l  s h a f t  

s e c t i o n s  n o t  mapped i n  d e t a i l .  The r e s u l t s  o f  t h e  reconna i ssance  geo log ic  

mapping are p r e s e n t e d  i n  F i g u r e  4.  Twenty-f ive  samples were t aken  dur ing  

r e c o n n a i s s a n c e  g e o l o g i c  mapping e x e r c i s e s  and  a r e  c a t a l o g e d  i n  Appendix B-1.  

A h i g h e r  l e v e l  o f  mapping d e t a i l  was prov ided  by d e t a i l e d ,  360 degree  mapping 

o f  s p e c i f i c  zones  o f  i n t e r e s t .  The g o a l s  f o r  t h e  d e t a i l e d  mapping i n  t h e  

e x h a u s t  s h a f t  were t o  p r o v i d e  ( 1 )  a n  i n i t i a l  d a t a  base  o f  in fo rmat ion  ga thered  

from i n - s i t u  gypsum f i l l e d  f r a c t u r e s  i n  t h e  Dewey Lake Redbeds, and ( 2 )  

d e t a i l e d  in format ion  concern ing  p r e v i o u s l y  i d e n t i f i e d  zones  o f  i n t e r e s t .  

The gypsum-f i l led  f r a c t u r e s  i n  t h e  Dewey Lake Redbeds are w e l l  exposed i n  both  

t h e  e x h a u s t  and waste s h a f t s .  Three  i n t e r v a l s  c o n t a i n i n g  r e p r e s e n t a t i v e  

s e c t i o n s  o f  Dewey Lake f r a c t u r e s  were s e l e c t e d  t o  be mapped i n  d e t a i l  i n  t h e  

e x h a u s t  s h a f t  : 

The d e p t h  i n t e r v a l  from 195.0 t o  210.0 feet ( F i g u r e  6 )  
The dep th  i n t e r v a l  from 269.0 t o  280.5 f e e t  ( F i g u r e  7)  
The dep th  i n t e r v a l  from 353.5  t o  375.0 f e e t  ( F i g u r e  8 ) .  

These zones  were mapped i n  d e t a i l ,  and t h e  ? r a c t u r e s  and morphology o f  t h e i r  

f i l l i n g s  were d e s c r i b e d .  When viewing che ' igures ,  i t  is important  Lo n o t e  

t h a t  o n l y  mappable f r a c t u r e s  were d e s c r i b e d ,  and many f r a c t u r e s  were n o t  

mapped a s  t h e y  were too  small t o  be inc luded  on a map o f  t h e  e n t i r e  circum- 

f e r e n c e  gf t h e  s h a f t .  The l i c h o l o g y  o f  t h e s e  L n t e r v a l s  was reconnaissance 

zapped i n  an e f f o r t  t o  conserve  t h e  amouniz o f  ;;me purchased from t h e  

: ~ ~ S L ~ U C S ~ O ~  contractor. 

3 e ~ a i l e d  napping i n  t h e  r e n a l n d e r  o f  the ska? s e c s i c n  xas  c e r f o r a e d  I n  

? r e v i o u s l y  i d e n t i f i e d  zones  o f  interest, a s  f o l l o w s :  

The Dewey Lzke /Rus t l e r  c o n t a c t  (546 .5  'eet ,  Figure  9) 

The For ty-Niner  Member c l a y s z o n e  (575.5-536.5  f eec ,  
Figure  10) 



The Magenta Dolomite Member (602.5-627.0 f e e t ,  
F i g u r e  10) 

The Tamarisk Member c l a y s t o n e  (689.0-695.5 feet ,  
F i g u r e  11) 

The Culebra  Dolomite Member (713.5-736.0 f e e t ,  
F i g u r e  1 1 )  

The upper p o r t i o n  o f  t h e  unnamed lower  member (736.0- 
800 f e e t ,  F i g u r e  1 1 )  

The R u s t l e r / S a l a d o  Formation c o n t a c t  and t h e  keyway 
(845.0-912.0 f e e t ,  F i g u r e  12). 

The d a t a  o b t a i n e d  from d e t a i l e d  mapping e f f o r t s  a r e  p r e s e n t e d  i n  F igures  6 

th rough  12. A t o t a l  o f  255 samples were c o l l e c t e d  d u r i n g  t h e  d e t a i l e d  mapping 

e f f o r t s  and a r e  c a t a l o g e d  i n  Appendix B-2. 

I n  g e n e r a l ,  t h e  e x h a u s t  s h a f t  mapping r e s u l t s  c o r r e l a t e  w e l l  wi th  t h e  geology 

i n  t h e  was te  h a n d l i n g  s h a f t .  Minor e x c e p t i o n s  do o c c u r ,  as  t h e  geology 

a p p e a r s  t o  va ry  s l i g h t l y  l a t e r a l l y .  Other  minor d i s c r e p a n c i e s  are t h e  r e s u l t  

o f  more complete and a c c u r a t e  d e s c r i p t i o n s  d u r i n g  t h e  exhaus t  s h a f t  mapping as 

t h e  amount o f  time a v a i l a b l e  f o r  reconna i ssance  g e o l o g i c  mapping was g r e a t e r  

than  t h a t  provided f o r  t h e  g e o l o g i c  i n s p e c t i o n s  i n  t h e  waste handl ing s h a f t .  

Unl ike  t h e  g e o l o g i c  i n s p e c t i o n s  i n  t h e  waste h a n d l i n g  s h a f t  which confirmed 

p r e v i o u s l y  mapped s t r a t a  ( H o l t  and Powers, 1984),  he d e s c r i ~ t i o n s  i n  t h e  

exhaus t  s h a f t  x e r e  comple te ly  independent o f  p r e v i o u s l y  c o l l e c t e d  d a t a .  

3.2 EXHAUST SSAFT STRATIGRAPHY 

The exhaus t  s h a f t  p e n e t r a t e s  s u r f i c i a l  d e p o s i t s  c s r s i s t i n g  OJ? Qua te rnary  dune 

sands  and t h e  Mescalero  c a l i c h e  and f i v e  ? g r n a t i o ~ s .  In descending o r d e r ,  

they  a r e  t h e  Gatufia Formation of Quaternary a g e ,  zke S a n t a  Rosa Sandstone o f  

T r i a s s i c  s g e ,  2nd t n e  Dewey Lake 3edbeds. ;he R u s ~ l ? r  and t h e  

Sa lado  Format ion,  a l l  of Permian age ( F i g u r e  5). 

3.2.1 Q u a t e r n a r y  Dune Sand 

The most r e c e n t  wide-spread sedimensary : egos i t  I n  :he WIPP s i t e  z r e a  is 3 

t h i n  b l a n k e t  of' windblown sand .  The sana .  ::nown L2call-j a s  :he Yescaisr2  szca 



( V i n e ,  19631,  o c c u r s  as r e l a t i v e l y  i n a c t i v e  d u n e s ,  e x c e p t  i n  a r e a s  where l o c a l  

b lowou t s  o c c u r .  

N e a r l y  e i g h t  f e e t  o f  u n c o n s o l i d a t e d  s a n d  o c c u r s  a t  t h e  e x h a u s t  s h a f t .  T h i s  

s a n d  is redd i sh -b rown ,  s i l t y ,  a n d  p o o r l y  s o r t e d .  The m a j o r i t y  of t h e  g r a i n s  

are  s u b a n g u l a r .  Less t h a n  t e n  p e r c e n t  o f  t h e  g r a i n s  are m a f i c .  

3.2.2 Mesca le ro  C a l i c h e  

The M e s c a l e r o  c a l i c h e  is a n  i n f o r m a l  s t r a t i g r a p h i c  u n i t  which d e r i v e s  its name 

f rom t h e  Mesca le ro  p l a i n .  I t  is a n  a r e a l l y  e x t e n s i v e  p e d o g e n i c  p e t r o c a l c i c  

h o r i z o n  t h a t  began t o  fo rm 510 ,000  y e a r s  a g o  (Bachman, 1985). 

The M e s c a l e r o  c a l i c h e  is 9 .5  f e e t  t h i c k  i n  t h e  area o f  t h e  e x h a u s t  s h a f t .  The 

u p p e r  one - foo t  of  t h e  c a l i c h e  is v e r y  h a r d ,  and  t h e  h a r d n e s s  and  o v e r a l l  

d e g r e e  o f  i n d u r a t i o n  d e c r e a s e  w i t h  d e p t h .  I t  a l s o  becomes n o d u l a r  w i th  d e p t h ,  

and  t h e  s i z e  o f  t h e  n o d u l e s  i n c r e a s e s  w i t h  d e p t h .  L o c a l l y ,  s i l t s t o n e  and 

s a n d s t o n e  a r e  e n g u l f e d  by t h e  c a l i c h e .  C h e r t  and  s a n d s t o n e  p e b b l e s  are 

e n g u l f e d  h i g h e r  i n  t h e  s e c t i o n ,  and  l a r g e  z o n e s  o f  s a n d  a r e  e n g u l f e d  a t  t h e  

b a s e .  

3.2.3 Ga tufia Format i o n  

The Gaturia Format ion  was named by 3ob inson  and Lang ( i 9 3 8 ) .  In  t h e  WIPP s i t e  

a r e a  t h e  Gatufla is r e p r e s e n t e d  by a t h i n  v e n e e r  o f  f l u v i a l  s a n d s t o n e  t h a t  is 

l o c a l l y  a b s e n t  (Powers  e t  a l . ,  1978). The upper  p a r t  o: t h e  Cormacion is 

m i d d l e  2 l e i s t o c e n e  i n  a g e  (Bachman, 1980). 

The GatuEa Format ion  o c c u r s  i n  t h e  d e p t h  i n t e r v a l  from 47.2 t o  34.0 f e e t .  i t  

is a p o o r l y  s o r t e d ,  Yine t o  v e r y  fLxe  g r a i n e d ,  f ~ i a b l e ,  c a l c a r e o u s  s a n d s t o n e .  

The lower  1.5 feet of t h e  Gatufia c o n c a i n s  a n g u l a r  d e b r i s  from t he  u n d e r l y i n g  

S a n t a  Rosa Formation. 

3 . 2 . 4  % n ~ a  3osa  ' 5 r n s ~ i o n  

The L a t e  T r i a s s i c  S a n t a  Rosa F o r n a t i o n  I s  p a r t  o f  t h e  Gockum Group. In zke 

JiIPP s i t e  a r e a .  ;he S a n t a  Bosa o c c u r s  a s  a n  e r o s i o n a l  : ~zcge  t h a t  c i n c ~ e s  ouc  

desL o f  t h e  s l E e  c e n t e r  (Powers  e= a l . ,  i 9 7 8 ) .  



The Santa Rosa occurs in the depth in te rva l  from 34.0 t o  53.5 fee t .  I t  

cons i s t s  of calcareous reddish-brown s i l t s t o n e  and fine-grained sandstone and 

contains pebbles of cher t .  

3 .2 .5  Dewey Lake Redbeds 

The Dewey Lake Redbeds were named by Page and Adams (1940). The term "Dewey 

Lake" is now used for Permian beds included in the "Pierce Canyon" or iginal ly  

proposed by Lang ( 1935). The term "Pierce Canyon" was used a s  l a t e  as  1963 by 

Vine in  h i s  descriptions of the Permian redbeds in Nash Draw. However, the 

United S ta tes  Geological Survey (USGS) adopted the term "Dewey Lake", a s  i t  

was more widely accepted by geologists .  

The Dewey Lake Redbeds occur in  the depth in te rva l  from 53.5 to  546.5 f ee t .  

The Cewey Lake is characterized by its reddish-orange to  reddish-brown color 

and varying sedimentary s t ruc tures .  In the exhaust s h a f t ,  the Dewey Lake 

cons i s t s  almost en t i re ly  of mudstone, claystone, s i l t s t o n e ,  and interbedded 

sandstone. Abundant sedimentary s t ructures  a re  evident throughout the Dewey 

Lake section in the exhaust shaf t .  These s t ructures  include horizontal lami- 

nat ions ,  f ine  cross-laminations of varying s i z e ,  r i p - u p  c l a s t s ,  s i l t - f i l l e d  

mud cracks, interbasinally-derived pebble conglomerates, f  ining-upward 

sequences, and so f t  sediment deformation features .  Locally, greenish-gray 

reduction spots a re  abundant, and occasionally, en t i r e  beds may have a  gray 

color.  

With the exception of the upper portion, the Dewey Lake is characterized by 

loca l ly  abundant gypsun-lilled f ractures .  The majority of the fractures are 

f i l l e d  w i t h  fibrous gypsum, although granular gypsum f i l l i n g s  mark the f l r s c  

occurrence of gypsum f rac ture  f i l l i n g s  i n  the Dewey Lake. The f i r s t  occur- 

rence of gypsum Fracture Ti l l ings  i n  che Cewey Lake z t  the exhaust shaft  is a t  

a depth o l  ' 21 .5  f e e t .  The significance o l  the f i r s c  occurrence gf gyps~r i -  

c i l l ed  fraccures a t  varicus Locai i t ies  is not c lea r .  Preliainary comparisons 

GZ data gachered from the waste handling and exhaus5 shaf ts  with 5ata gzskered 

from boreholes around the WITP s i t e  indicate chat :he l i r s c  gypsum f rac t s re  
. . r l l i i n g s  do n o t  occur i n  the same scracigraphic interval  l z t e r a l l y .  



The m a j o r i t y  o f  a l l  f r a c t u r e s  i n  t h e  Dewey Lake are h o r i z o n t a l  t o  

s u b h o r i z o n t a l  and f o l l o w  bedding p l a n e s  ( F i g u r e s  6 ,  7 ,  and 8 ) .  High a n g l e  

f r a c t u r e s  c o n s t i t u t e  t h e  l o w e s t  p e r c e n t a g e  o f  f r a c t u r e  t y p e s  i n  t h e  Dewey 

Lake. A t  l eas t  t h r e e  s e p a r a t e  e p i s o d e s  o f  f r a c t u r i n g  and subsequen t  f i l l i n g  

a r e  l o c a l l y  d i s c e r n a b l e  i n  t h e  Dewey Lake a t  t h e  e x h a u s t  s h a f t .  I n  g e n e r a l ,  

younger h o r i z o n t a l  t o  s u b h o r i z o n t a l  gypsum-f i l l ed  f r a c t u r e s  c r o s s - c u t  o l d e r  

s u b v e r t i c a l  f r a c t u r e s ,  a n d ,  i n  rare cases, younger  s u b v e r t i c a l  f r a c t u r e s  

c r o s s - c u t  o l d e r  h o r i z o n t a l  t o  s u b h o r i z o n t a l  f r a c t u r e s .  

The c r y s t a l  morphology o f  t h e  f i b r o u s  f r a c t u r e  f i l l i n g  is t h e  r e s u l t  o f  t h e  

s t r e s s  f i e l d  which p roduced  i t  (Durney and Ramsay, 1973) .  The m a j o r i t y  o f  t h e  

gypsum f i b e r s  i n  t h e  f r a c t u r e  f i l l i n g s  are p e r p e n d i c u l a r  t o  t h e  wall rock.  

T h i s  i n d i c a t e s  t h a t  t h e r e  was no d i s p l a c e m e n t  p a r a l l e l  t o  t h e  f r a c t u r e  s u r f a c e  

a t  t h e  time o f  f r a c t u r i n g  and  s u b s e q u e n t  f i l l i n g .  I n  some i n s t a n c e s ,  t h e  

f i b e r s  a r e  n o t  a t  r i g h t  a n g l e s  t o  t h e  f r a c t u r e  s u r f a c e ,  i n d i c a t i n g  t h a t  a 

component o f  d i s p l a c e m e n t  p a r a l l e l  t o  t h e  f r a c t u r e  s u r f a c e  occur red  throughout  

t h e  p e r i o d  o f  f r a c t u r i n g  and  f i l l i n g .  I n  rare c a s e s ,  t h e  f i b e r s  have a  

s ig rno ida l  s h a p e  which i n d i c a t e s  t h a t  t h e r e  was a component o f  d i sp lacement  

p a r a l l e l  t o  t h e  f r a c t u r e  s u r f a c e  n o t  synchronous  w i t h  t h e  i n i t i a l  f r a c t u r i n g .  

3 . 2 . 6  2 u s t l e r  Format ion 

The term R u s t l e r  Format ion was c l a r i f i e d  by Lang (1935)  t o  s t r a t i g r a p h i c a l l y  

d e f i n e  t h e  i n t e r v a l  between t h e  P i e r c e  Canyon zedbeds  (now recogn ized  as :he 

Dewey Lake Redbeds) and t h e  S a l a d o  Format ion.  20 l a t e r s i l y  p e r s i s t e n t  u n i t s  

of d o l o m i t e  were r e c o g n i z e d ,  d e s c r i b e d ,  and named by Lang (1935;  i n  Adams, 

1944) .  The lowermost  is named t h e  Cu lebra  Dolomite  Member, and t h e  uppermost 

is named t h e  Magenta Dolomite  Member. A f i v e - f o l d  s t r a t i g r a p h i c  s u b d i v i s i o n  

o f  t h e  R u s t l e r  was i n t r o d u c e d  by Vine ( 1 9 6 3 ) .  Vine d e s i g n a t e d  t h e  a n h y d r i t e  

s e c t i o n  above t h e  Magenta a s  t h e  For ty -Nine r  Member, and named t h e  i n t e r v z i  

between t h e  Cu lebra  and t h e  Magenta  he Tamarisk  Xember. The c l a s t i c - r i c h  

i n t e r v a l  below t h e  C u l e b r a  was n o t  rimed ana  h e r e i n  is r e f e r r e d  t o  a s  t h e  
- l~nnamed lower member o f  t h e  S u s t l e r  r o r m a t i o n .  'he X u s t l e r  ? o r n a t i o n  c c c c r s  

i n  che depch i n t e r v a l  f rom 546.5  t o  8 5 0 . 5  f ? e t .  3 v e r a l 1 ,  t h e  l i t h o l o g y  of' t h e  

2 u s t l e r  is q u i t e  v a r i a b l e ,  c o n t a i n i n g  c a r b o n a t e s .  s u l f a t e s  (gypsum. z n h y d r i t ? ,  

? o l y h a l i t e ) ,  c l a s t i c  m a t e r i a l s ,  2nd h a l i t e .  The lower p o r t i o n  o f  t h e  ? u s c l e r  

c o n s i s s s  of c l a s t i c s  w i t h  some i n t ~ r b e d d e d  ~ v a p o r i z ? ~ ,  2nd t h e  Lpper ~ o r c i o n  



c o n s i s t s  predominantly o f  a n h y d r i t e ,  c a r b o n a t e s ,  and c l a s t i c  m a t e r i a l s .  As 

p rev ious ly  i n d i c a t e d ,  a l l  o r  a  p o r t i o n  o f  t h e s e  members were mapped in  d e t a i l .  

The l i t h o l o g y  o f  each  o f  t h e  f i v e  rnembers is summarized below. 

3 .2 .6 .1  Forty-Niner Member 

In t h e  exhaus t  s h a f t ,  t h e  t o p  o f  t h e  Forty-Niner Yember occu r s  a t  a depth o f  

546.5 f e e t ,  and t h e  dep th  t o  t h e  base  is 602.5 f e e t .  The Forty-Niner c o n s i s t s  

o f  a n  upper a n h y d r i t e  (29.0 f e e t  t h i c k ) ,  a middle c l a y s t o n e  (11 .0  f e e t  t h i c k ) ,  

and a lower a n h y d r i t e  ( 16 .0  f e e t  t h i c k ) .  

The upper  29.0 f e e t  o f  t h e  Forty-Niner Member c o n s i s t s  o f  g r ay ,  ha rd ,  f i n e l y  

c r y s t a l l i n e  a n h y d r i t e .  The c o n t a c t  wi th  t h e  Dewey Lake Redbeds is sha rp ,  and 

undula to ry  up t o  1 .5  f e e t  ( F i g u r e  3 ) .  Laminae w i th in  t h e  anhyd r i t e  a r e  

e r o s i o n a l l y  t e rmina ted  a t  t h e  upper c o n t a c t ,  s ugges t i ng  a t  l e a s t  a  minor 

d i sconformi ty  between t h e  Dewey Lake and t h e  R u s t l e r .  The anhyd r i t e  is lami- 

naced t o  banded t o  l o c a l l y  nodula r  and c o n t a i n s  an i n c r e a s i n g  upwards con ten t  

o f  c l a y  i n t e rbeds .  H o r i z o n t a l  t o  s u b h o r i z o n t a l ,  gypsum-fi l led f r a c t u r e s  up t o  

1/2-inch t h i c k  with  v a r i a b l e  spac ing  occur  throughout  t h e  anhyd r i t e .  

An 11-foot t h i c k  c l a s t i c  zone u n d e r l i e s  t h e  upper a n h y d r i t e  (F igure  10) .  The 

c l a s t i c  zone,  commonly c a l l e d  t h e  Forty-Niner Menjet- c l ay scone ,  I s  d iv ided  

i n t o  f i v e  l i t h o l o g i c a l l y  d i s t i n c c  napping u n i t s  ( ' igure l o ) ,  but  he re in  is 

d iv ided  i n t o  chree  composition all:^ d i s t i n c t  zones:  an u?per  s i i t y  mudstone 

and c l a y s ~ o n e  zone,  a  midd le  gyps i fe rous  s i l t y  c l a y s ~ o n e  zone,  and a  lower 

gyps i f e rous  s i l t s t o n e  and a r g i l l a c e o u s  s i l t s t o n e  zone.  

The upper zone is approx imate ly  one-foot t h i c k  zzd c o n s i s c s  o f  gray ( a t  t he  

cop) and reddish-brown, z h i n l y  l m i n a t e d ,  s i l t y  auds tone  end s i l t y  c iays tone .  

An e r o s i o n a l  c o n t a c t  n a r k s  t h e  hzse  o f  t h e  gyps~ :n - f r ee  :L;per zone. 

The m i d d l e  zone is  about  s sven  1 2 % ~  t h i c k  and c s n s i s t s  sf reddish-brown. 
. . zh in ly  1 m i n a t e d  t o  c r o s s - i m i n a s ~ d .  s i l t y  clays;one wi;n varying zinounzs o? 

gypsum. ?he gypsum o c c u r s  l o c a l l y  2s nodules  and o f t e 3  e x h i b i t s  e n s e r o l i t h i c  

s t r u c t u r ~ s ;  a i s o ,  gypsum may o c m r  2s c e a e n t .  ?e  o v e r z l l  concenc of g : ~ p s ~ i  

i n  t h e  c l ays tone  d e c r e a s e s  w i t h  Cs?cn? and t h e  k d a i n g  sxrroundlng l s c a i  

occur rences  of  gypsum u s u a l l y  snows e v i i e n c e  of s o f t  s e s i z e n s  ?e:.ornacFan. 



Green i sh -g ray  r e d u c t i o n  s p o t s  o c c u r  l o c a l l y  t h r o u g h o u t  t h e  midd le  zone and 

o f t e n  have  a morphology similar t o  t h e  gypsum n o d u l e s  and e n t e r o l i t h i c  s t r u c -  

t u r e s .  The midd le  zone c o n t a i n s  one  major  e r o s i o n a l  s u r f a c e  between mapping 

u n i t  5 and mapping u n i t  6 ( F i g u r e  1 0 ) .  The lower  c o n t a c t  of t h e  middle  zone 

a p p e a r s  t o  be d i s c o n f o r m a b l e .  

The lower  zone  c o n s i s t s  o f  s i l t s t o n e  a t  t h e  t o p  g r a d i n g  t o  a r g i l l a c e o u s  

s i l t s t o n e  w i t h  d e p t h .  The l o w e r  zone is t h i n l y  l a m i n a t e d  t o  v e r y  t h i n l y  

bedded and r a r e l y  e x h i b i t s  s o f t  s e d i m e n t  d e f o r m a t i o n  f e a t u r e s .  Gypsum n o d u l e s  

o c c u r  i n  t h e  lower  zone ,  and t h e  f r e q u e n c y  o f  t h e i r  o c c u r r e n c e  d e c r e a s e s  w i t h  

d e p t h .  The b a s a l  c o n t a c t  o f  t h e  For ty -Nine r  c l a y s t o n e  is s h a r p ,  u n d u l a t o r y ,  

and e r o s i o n a l  . 

The lower  a n h y d r i t e  is g r a y  t o  brownish-gray,  h a r d ,  f i n e l y  c r y s t a l l i n e ,  and 

16.0 f e e t  t h i c k .  I t  is l a m i n a t e d  t o  n o d u l a r  and c o n t a i n s  i n t e r b e d s  of l ami -  

n a t e d  c a r b o n a t e  l o c a l l y  and n e a r  t h e  base .  F i b r o u s  gypsum-f i l led  f r a c t u r e s  up  

t o  1/2-inch t h i c k  o c c u r  t h r o u g h o u t  t h e  lower  a n h y d r i t e .  The lower c o n t a c t  of 

t h e  lower  a n h y d r i t e  is s h a r p  and d i s c o n f o r m a b l e .  

3 .2 .6 .2  Magenta Dolomite  Member 

The Magenta Dolomite  Member o f  t h e  R u s t l e r  Format ion is t h e  uppermost o f  two 

r e g i o n a l l y  e x t e n s i v e  d o l o m i t e  u n i t s  i n  t h e  R u s t l e r  Formation.  I t  is c o n s i -  

d e r e d  t o  b e  t h e  second  most  p r o d u c t i v e  n y d r o i o g i c  u n i t  i n  t h e  Los Medanos a r e s  

(Mercer ,  1 9 8 3 ) .  

The Magenta o c c u r s  i n  t h e  d e p t h  i n t e r v a l  from 602.5 t o  627.0 Fee t  ( F i g u r e  i O ) .  

The Magenta c o n s i s t s  o f  l i g h t  brown t o  d a r k  brown a renaceous  do lomi te  w i t h  

d i s s e m i n a t e d  gypsum c r y s z a l s ,  n o d u l e s ,  and vugs .  I t  c o n t a i n s  an  abundance o f  

~ r i r n a r y  s e d i m e n t a r y  s t r c c t u r e s .  The bedding is t a b u l a r  t o  l e n t i c u l a r ,  d i s c o n -  

t i n u o u s ,  f r e q u e n t l y  c o n v o l u t s d ,  and o c c a s i o n a l i y  may S e  e r o s i o n a i l y  t rxncacea .  

Cross-bedding and c r o s s - l a m i n a t i o n s  a r e  p e r v e s i v e  ~ h r o u g h o u t  t h e  upper = o r t i o n  

o f  t h e  Yagenta .  %e d e r s i t y  o f  c r o s s - l a i n a t i o n s  d e c r e a s e s  ~ i t h  dep th .  Clay 

d r a p e  o v e r  r i 9 p l e  f o r n s  is l o c a l l y  abcndzn t .  'he beading o f t e n  r e s e m l e s  

' l a s e r  bedding and wavy and l e n t i c u l a r  bedding ( a f t e r  Reineck snd S i n p ,  1 9 8 0 ) .  



Load s t r u c t u r e s  o c c a s i o n a l l y  o c c u r  a t  t h e  b a s e  o f  i n d i v i d u a l  b e d s ,  and  l i g h t  

3rown f l a t t e n e d  p e b b l e s  o c c u r  l o c a l l y .  i n  g e n e r a l ,  t h e  bedd ing  a n d  a s s o c i a t e d  

s e d i m e n t a r y  s t r u c t u r e s  become l a r g e r  w i t h  d e p t h .  

A zone  c o n t a i n i n g  a b u n d a n t  p r o b a b l e  a l g a l  s t r u c t u r e s  o c c u r s  i n  t h e  lower  two 

f e e t  (Magenta  u n i t  8,  F i g u r e  10). These  s t r u c t u r e s  a r e  mound-shaped and 

c o n t a i n  d a r k  brown, p r o b a b l y  o r g a n i c - r i c h ,  c l a y s t o n e  l a m i n a e .  A l so ,  a zone  

c o n t a i n i n g  b rowni sh -b lack  c l a y s t o n e  l a m i n a e  of p o s s i b l e  o r g a n i c  o r i g i n  o c c u r s  

n e a r  t h e  b a s e  of t h e  Magenta.  The b a s a l  c o n t a c t  w i t h  t h e  Tamar isk  Member is 

g r a d a t i o n a l .  

3 .2.6.3 Tamar i sk  Member 

i n  t h e  e s h a u s c  s h a f t ,  t h e  t o p  of t h e  Tamar isk  o c c u r s  a t  a d e p t h  o f  527.0 f e e t ,  

and  t h e  b a s e  o c c u r s  a t  a d e p t h  o f  713.5 f e e t .  L i k e  t h e  For ty -Nine r  Member, 

t h e  Tamar i sk  Member may b e  d i v i d e d  i n t o  t h r e e  p a r t s :  a n  u p p e r  a n h y d r i t e ,  a 

m i d d l e  c l a y s t o n e ,  and  a l o w e r  a n h y d r i t e  ( F i g u r e  1 1 ) .  

As o b s e r v e d  i n  t h e  e x h a u s t  s h a f t ,  t h e  u p p e r  62 .0  f e e t  o f  t h e  Tamar i sk  Member 

c o n s i s t s  o f  a n h y d r i t e .  The u p p e r  o n e  t o  two feet  o f  t h e  a n h y d r i t e  is g y p s i -  

c e r o u s  a n d  e x h i b i t s  a n o d u l a r  c h i c k e n ~ w i r e  s t r u c t u r e .  Below t h e y p s i f e r o u s  

a r e a ,  t h e  uppe r  a n h y d r i t e  becomes f i n e l y  c r y s t a l l i n e  and  h a r d .  Sed imen ta ry  

s t r u c t u r e s  i n  t h e  a n h y d r i t e  a r e  l o c a l l y  q u i t e  v a r i a b l e ,  and t h e  a n h y d r i t e  may 

be l a i n a t e d  t o  banded t o  n o d u l a r .  I n t e r b e d s  of t a n ,  t h i n l y  l m i n a t e d  ca rbo -  

n a t e  are  q u i t e  common a n d  may be  a s s o c i a t e d  w i t h  a c h y d r l t e  pseuaomorpns a f t? r  

gypsum s w a l l o w ~ a i l  c r y s t a l s .  d one- inch  t o  two-inch t h i c k  bed o f  b l a c k  

o r g a n i c - r i c h  ( ? )  c l a y s t o n e  c o n t a i n i n g  f i b r o u s  g y p s m - f i l l e d  T r a c c u r e s  o c c u r s  

a t  a  d e p t h  o f  665 .9  f e e t .  A o n e - f o o t  t h i c k  l i g h t  znd d a r k  g r a y ,  t h i n l y  

l a m i n a t e d  a n h y c r i t i c  c l a y s t o n e  o c c u r s  1.5 Teet f rom t h e  cop o f  t h e  middle  

c l a y s t o n e  and is u n d e r l a i n  by a r g i l l s c e o u s  a n h y d r i - 2  c o n c a i n i n g  e n ~ e r o l i t h i c  

s t r u c t u r e s  and  n o d u l e s  P l a t t s c e d  ?ara i l s i  50 b e d d i r z .  I h e  b a s a i  c o n c a c t  o f  

t h e  u p p e r  a n h y d r i t e  w i t h  c h e  ~ i d d l e  c l a y s c o n e  is s h a r p  2nd o c c u r s  ac a  depch 

2' 639.0 f e e t .  

3 e  Tamar isk  Member m i d d l e  c l a y s t o n e  is s i l t y  and  is s u b d i v i d e d  zn  :he k a s i s  

of c o l o r :  :he c p p e r  p o r t i o n  o f  t h e  c l a y s c o n e  i s  g r s y !  and =he  l,>i.ier s o r c i o n  is 

r e c d i s h - i r o w n .  3 e  c o n t a c t  between :he zwo is a i f f ~ s e .  :nculacory 33  20 3.5 



f e e t ,  and is c o n s i d e r e d  t o  be a  r e d u c t i o n - o x i d a t i o n  c o n t a c t .  Both t h e  g r a y  

and reddish-brown p o r t i o n s  of t h e  Tamarisk Member midd le  c l a y s t o n e  c o n t a i n  

i r r e g u l a r l y - s h a p e d  zones  o f  t h e  o t h e r  c o l o r ,  reddish-brown o r  g ray .  

The upper  g r a y  and lower  reddish-brown u n i t s  o f  t h e  middle  c l a y s t o n e  do n o t  

a p p e a r  t o  be  c o n s i s t e n t l y  s e p a r a b l e  by any means o t h e r  than  c o l o r ,  and f o r  

e a s e  of r e p o r t i n g ,  w i l l  be cons idered  as one u n i t .  The c l a y s t o n e  is weakly 

t h i n l y  l amina ted .  L o c a l l y ,  t h e  laminae may b e  s l i c k e n s i d e d ,  and as a whole, 

t h e  u n i t  a p p e a r s  t o  have undergone d u c t i l e  f low.  Nodules of gypsum and 

s u b a n g u l a r ,  i r r e g u l a r l y  shaped c l a s t s  o f  a n h y d r i t e  occur  throughout  t h e  c l a y -  

s t o n e ,  and i n  g e n e r a l ,  t h e  c o n c e n t r a t i o n  o f  bo th  i n c r e a s e s  w i t h  depth .  P y r i t e  

o r  m a r c a s i t e  o c c u r s  l o c a l l y  i n  t h e  upper p a r t ,  and s t r i n g e r s  of orange sand  

occur  l o c a l l y  i n  t h e  lower  p a r t .  The lower two i n c h e s  t o  1.5 f e e t  is i n  p a r t  

a n h y d r i t i c .  The b a s a l  c o n t a c t  o f  t h e  c l a y s t o n e  w i t h  t h e  lower a n h y d r i t e  

o c c u r s  a t  an  a v e r a g e  d e p t h  o f  695.5 f e e t ,  is s h a r p ,  ext remely undula to ry ,  and 

e r o s i o n a l .  An e r o s i o n a l  channe l  2.5 feet i n t o  t h e  under ly ing  a n h y d r i t e  o c c u r s  

a t  t h e  west s i d e  o f  t h e  s h a f t .  

T h i s  zone c o n t a i n s  c o n s i d e r a b l y  l e s s  gypsum-f i l led  f r a c t u r e s  than  t h e  

s t r a t i g r a p h i c  e q u i v a l e n t  i n  t h e  waste hand l ing  s h a f t .  The p r e v a l e n t  f r a c t u r e  

p a t t e r n  is a r c u a t e ,  and t h e  gypsum f i l l i n g  i n  t h e  f r a c t u r e s  is f i b r o u s  and 

commonly e x h i b i t s  a  s i g m o i d a l  i n t e r n a l  s t r u c t u r e .  

The lower  18.0 f e e t  o f  t h e  Tamarisk Member c o n s i s t s  o f  l i g h t  gray so  gray 

a n h y d r i t e .  The a n h y d r i t e  is f i n e l y  c r y s t a l l i n e  and nodula r  50 t h i n l y  lami-  

n a t e d  t o  banded. The upper  0 .1 t o  0.2 f e e t  c o n t a i n s  brown gypsum stars o r  

r o s e t t e s .  I n  c r o s s - s e c t i o n  t h e  gypsum r o s e t t e s  have a  r a d i a t i n g  c r y s t a l  

n a b i t .  3etween a  dep th  o f  702.0 and 702.5 f e e t ,  a d a r k  g ray  c l a y s t o n e  bed 

o c c u r s ;  :he c l a y s t o n e  bed conca ins  l o c a l l y  b i f u r c a t i n g  P lb rous  gypsum-f i l led  

' r a c ~ u r e s .  Below t h e  c l a y  seam, c r o s s - c u ~ t i n q  r e l a t i o n s h i p s  wl th in  t h e  

a n h y d r i ~ e  a r e  e v t d e n t .  Thin aeds  ana laminae c o n t a i n i n g  c h i n l y  laminated 

c a r o o n a t e  occur  wlch d e p t h .  

The lower two f e e t  o f  t h e  lower a n h y d r i t e  is g y p s i f e r o u s  and d i s p l a y s  a  

nodula r  cnicken-wire  s t r u c t u r e .  The ~ a s a i  c o n t a c c  o f  :he Tainarisk Yenber 

o c c u r s  ac an average  d e p t h  o f  abouc 713.5 i'eoz, I s  s h a r p ,  and is s l i g n t i y  

z n d u l a t o r y .  



3.2 .6 .4  Culebra  Dolomite Member 

The Culebra  is t h e  lowermost o f  two l a t e r a l l y  p e r s i s t e n t  u n i t s  o f  dolomite  i n  

t h e  R u s t l e r .  The Culebra  is t h e  most p r o d u c t i v e  hydro log ic  u n i t  i n  t h e  Los 

Medanos a r e a  (Mercer ,  1983) .  

I n  t h e  e x h a u s t  s h a f t ,  t h e  Culebra  o c c u r s  i n  t h e  dep th  i n t e r v a l  from 713.5 t o  

a b o u t  736.0 f e e t  ( F i g u r e  11) .  The Culebra  c o n s i s t s  p r i m a r i l y  o f  dolomite  and 

a r g i l l a c e o u s  do lomi te  c o n t a i n i n g  some a renaceous  material. Gypsum-filled vugs 

and n o d u l e s  a r e  l o c a l l y  abundant  and may vary  i n  diameter  from l e s s  than  1/16 

i n c h  t o  1-1/2 inch.  The d o l o m i t e  is microlaminated t o  medium bedded, and 

o f t e n ,  t h e  t h i c k e r  beds a r e  microlaminated t o  t h i n l y  laminated t o  s t r u c t u r e -  

l e s s ,  and a r e  o c c a s i o n a l l y  c r o s s - l a m i n a t e d .  

The lower one-half  t o  one  f o o t  o f  t h e  Culebra  (mapping u n i t  7 ,  F i g u r e  11) is 

l i t h o l o g i c a l l y  d i s t i n c t  from t h e  r e s t  o f  t h e  s e c t i o n .  I t  c o n s i s t s  o f  w e l l  

i n d u r a t e d  and bedded, t h i n l y  l amina ted  t o  l amina ted  do lomi te .  The laminae 

w i t h i n  t h i s  bed p a r a l l e l  an  ex t remely  u n d u l a t o r y  lower c o n t a c t  and l o c a l l y  d i p  

up t o  45 d e g r e e s .  Deformat ional  space  problems a r e  a p p a r e n t  as i n d i v i d u a l  

laminae a r e  l o c a l l y  c o n t o r t e d  and a p p a r e n t l y  d i s p l a c e d  p a r a l l e l  t o  bedding. 

An e a s t - w e s t  t r e n d i n g  t rough-shaped downwarp o f  t h e  bedding was observed i n  

t h e  s h a f t .  On t h e  west s i d e  o f  t h e  s h a f t ,  a zone o f  b r e c c i a  c l a s t s  is a s s o c i -  

a t e d  w i t h  t h e  downwarp. These c l a s t s  a p p a r e n t l y  o r i g i n a t e  from t h e  b a s a l  u n i t  

i n  t h e  C u l e b r a  (Culebra  u n i t  7 ,  F i g u r e  1 1 ) ;  t h e  b r e c c i a  is c l a s t  suppor ted ,  

c o n s i s t i n g  o f  roughly 80 p e r c e n t  a n g u l a r  t o  subangular  c l a s t s  o f  dolomite  wi th  

a d o l o m i t e  m a t r i x .  

In  t h e  e x h a u s t  s h a f t ,  t h e  bedding i n  t h e  Culebra  is d i s j o i n t e d  by abundant 

f r a c t u r e s  which cause  a v e r y  broken o v e r a l l  appearance.  The F r a c t u r e  p a t t e r n s  

a r e  l o c a l l y  c o n s i s t e n t  b u t  va ry  from u n i t  t o  u n i t .  In many c a s e s ,  mapping 

u n i t s  were p icked  on t h e  basis o f  t h e  n a t u r e  o f  f r a c c u r e  p a t t e r n s .  In t h e  

C u l e b r a ,  t h e  degree  o f  i n d u r a t i o n  and a p p a r e n t  competency o f  v a r i o u s  u n i t s .  a s  

w e l l  a s  che n a t u r e  of t h e  f r a c t u r e  p a t t e r n s  d i s p l a y e d ,  appear  5 0  be a funccion 

o f  t h e  anount  o f  c l a y - r i c h  i n t e r b e d s  and t h e  c l a y  conLenc o f  t h e  dolomite  

i t s e l f .  A g e n e r a l  c o r r e i a t i o n  can be inade between t h e  abundance o f  hroken,  

f r a c t u r e d  beds and t h e  o v e r a l l  con tenc  o f  c l a y .  



In  t h e  upper  p o r t i o n  o f  t h e  C u l e b r a ,  f r a c t u r e  s u r f a c e s  are u s u a l l y  marked w i t h  

a n  o r a n g e  s t a i n .  I n  t h e  lower  p o r t i o n ,  t h e  o r a n g e  s t a i n  o c c u r s  l e s s  f r e q u e n t -  

l y ,  and t h e  f r a c t u r e  s u r f a c e s  are, i n s t e a d ,  marked by what a p p e a r s  t o  be 

r e l i c t  gypsum f r a c t u r e  f i l l i n g s .  

3 . 2 . 6 . 5  Unnamed Lower Member 

The unnamed lower  member of  t h e  R u s t l e r  Format ion o c c u r s  i n  t h e  d e p t h  i n t e r v a l  

from a b o u t  736.0 t o  850.5  fee t .  I t  o v e r l i e s  t h e  S a l a d o  Format ion and under-  

l i e s  t h e  Cu lebra  Dolomite  Member. The compos i t ion  of  t h e  lower  member is t h e  

most v a r i a b l e  o f  any  member i n  t h e  R u s t l e r ;  i t  c o n s i s t s  o f  e l a s t i c  m a t e r i a l  

w i t h  s u b o r d i n a t e  amounts  o f  i n t e r b e d d e d  h a l i t e ,  a n h y d r i t e ,  and p o l y h a l i t e  

( F i g u r e s  4 and 1 1 ) . 

The upper  n i n e  f e e t  of t h e  lower  member c o n s i s t  o f  c l a y s t o n e ,  s i l t y  c l a y s t o n e ,  

and a r g i l l a c e o u s  s i l t s t o n e  w i t h  minor amounts o f  i n t e r b e d d e d  a n h y d r i t e  and 

gypsum. T h i s  i n t e r v a l  is s u b d i v i d e d  i n t o  f i v e  mapping u n i t s .  The l i t h o l o g y  

o f  t h i s  zone from t o p  t o  bot tom is s u b d i v i d e d  as  f o l l o w s :  an  upper c l a y s t o n e ,  

a n  upper  f in ing-upward s e q u e n c e ,  a midd le  c l a y s t o n e ,  a m i d d l e  f ining-upward 

sequence ,  and a lower  g y p s i f e r o u s  c l a y s t o n e .  The c o n t a c t s  of t h e  mapping 

u n i t s  are u n d u l a t o r y  and mimic the upper  c o n t a c t  w i t h  t h e  Cu lebra .  

Along t h e  west  s i d e  o f  t h e  s h a f t ,  t h e  unnamed lower  nember mapping u n i t s  a r e  

Seformed where they  u n d e r l i e  t h e  b r e c c i a  a t  che  b a s e  o f  t h e  Culebra .  The 

mapping u n i t s  a r e  c o n t i n u o u s  around t h e  c i r c u m f e r e n c e  o f  t h e  shaft ,  but  are 

b e n t  downward i n  t h e  a r e a  o f  d i s t u r b a n c e .  The upper  two mapping u n i t s  a r e  

i d e n t i f i e d  as t h e  ma jo r  c o n s c i t u e n c s  i n  t h i s  zone .  X e  i o w e r a o s t  c l a y s t o n e  

u n i t  t h i n s  d i r e c t l y  below t h e  zone and t h i c k e n s  i n  che a r e a  a d j a c e n t .  Flowage 

>:~pe s t r u c t u r e s  are  a b u n d a n t  i n  t h e  zone and a r e  i n d i c a t e d  by abundant 

s l i c k e n s i d e s .  ?'he m i d d l e  c l a y s t o n e  and t h e  n i d d l e  'Lning-upward sequence  are 

S e n t  downward i n  t h e  a r e a  d i r e c c l y  a d j a c e n t  t o  t h e  zone and a p p a r e n t l y  t h i n  i n  

;ha t  d i r e c t i o n .  

?he upper  c l a y s t o n e  i s  g r a y  t o  grayish-maroon and t h i n l y  l m i n z t e d .  Sach o f  

:he f in ins -upward  s e q u e n c e s  c o n s i s ~ s  of a r g i l l a c e o u s  s i l t s ~ o n e  a t  che base 

g r a d i n g  upward i n t o  s i i t y  c l a y s t o n e .  3 e  midd le  c l a y s t o n e  and t h e  



a r g i l l a c e o u s  s i l t s t o n e  a t  t h e  b a s e  o f  t h e  midd le  f in ing-upward sequence  a r e  

t h i n l y  l a m i n a t e d .  Each o f  t h e  f in ing-upward s e q u e n c e s  c o n t a i n  l o c a l l y  broken 

i n t e r b e d s  o f  a n h y d r i t e .  These  a n h y d r i t e  b e d s ,  a l t h o u g h  broken,  are con t inuous  

and t r a c e a b l e  around t h e  s h a f t  wall. The uppermost  f in ing-upward sequence  

c o n t a i n s  p o o r l y  p r e s e r v e d  gypsum e n t e r o l i t h i c  s t r u c t u r e s .  The lower g y p s i f e r -  

o u s  zone  c o n s i s t s  o f  l o c a l l y  t h i n l y  l a m i n a t e d ,  s i l t y  c l a y s t o n e  c o n t a i n i n g  

abundan t  n o d u l e s  o f  gypsum up  t o  two i n c h e s  i n  d i a m e t e r .  S l i c k e n s i d e s  are 

l o c a l l y  p r e s e n t  t h r o u g h o u t  t h e  m a j o r i t y  o f  t h e  s e c t i o n ,  and where t h e  u n i t s  

are l a m i n a t e d ,  t h e  l a m i n a e  o f t e n  are s l i c k e n s i d e d .  F i b r o u s  gypsum-f i l led  

f r a c t u r e s  o c c u r  i n  t h e  l o w e r  t h r e e  mapping u n i t s ;  t h e y  v a r y  i n  t h i c k n e s s  from 

1/32 i n c h  t o  one i n c h .  The o v e r a l l  s i z e  and f r e q u e n c y  o f  o c c u r r e n c e  d e c r e a s e s  

w i t h  d e p t h .  The m a j o r i t y  o f  t h e  f r a c t u r e s  are h o r i z o n t a l  t o  s u b h o r i z o n t a l .  

The b a s a l  c o n t a c t  of t h i s  u n i t  o c c u r s  a t  a n  a v e r a g e  d e p t h  o f  745.0 feet and is 

s h a r p .  

Anhydr i t e  o c c u r s  i n  t h e  d e p t h  i n t e r v a l  from 745.0 t o  755.0 f e e t .  The upper  

0 . 5  t o  1 . 5  feet o f  t h e  a n h y d r i t e  is w h i t e ,  g y p s i f e r o u s  and c o n t a i n s  r a d i a l  

gypsum s t r u c t u r e s .  A o n e - f o o t  t h i c k  bed of mixed redd i sh -p ink  p o l y h a l i t e  and 

a n h y d r i t e  o c c u r s  below t h e  g y p s i f e r o u s  zone .  Within  t h e  one- foo t  t h i c k  bed ,  

t h e  p o l y h a l i t e  c o n t e n t  i n c r e a s e s  w i t h  d e p t h  and then  a b r u p t l y  d e c r e a s e s  a t  t h e  

b a s e .  T h i s  is t h e  o n l y  p o l y h a l i t e  bed obse rved  i n  t h e  R u s t l e r  s e c t i o n  i n  the 

e x h a u s t  s h a f t .  The r e m a i n d e r  o f  t h e  a n h y d r i t e  is n o d u l a r  t o  t h i n l y  l amina ted  

t o  l a m i n a t e d .  Halite pseudomorphs a f t e r  gypsum s w a l l o w t a i l  c r y s t a l s  become 

abundan t  wich d e p t h .  The pseudomorphs va ry  i n  s i z e  xp t o  a maximum o f  two 

i n c h e s .  The b a s a l  c o n t a c t  o f  t h e  a n h y d r i t e  is s h a r p .  

A-n 11-foot  c h i c k ,  h a l i t e - r i c h  sequence  u n d e r l i e s  t h e  a n h y d r i t e .  In  g e n e r a l ,  

t h e  h a l i t e  c o n t e n t  i n c r e a s e s  w i t h  d e p t h ,  and t h e  d e s r i t a i  c o n t e n t  d e c r e a s e s  

w i t h  d e ? t h .  The upper  two f e e t  o f  :h is  zone  c o n s i s z s  g f  t h i n l y  l m i n a t e d ,  

sandy mudstone w i t h  a b o u t  o n e  t o  two p e r c e n t  h a l i t e .  The remainder  o f  t h e  

s e c s i o n  c o n s i s t s  of h a l i c i c  mudstone anc  a r g i l l a c e o u s  h a l i t e .  3aii:e o c c u r s  

a s  c l e a r  d i s p l a c i v e  c r y s t a l s  ( e . g . ,  3 h e ~ r n a n .  : 9 7 8 ) .  2eeper  i n  t h e  s e c t i o n ,  

some h a l i t e  c r y s t a l s  c o n t a i n  f l u i d  i n c l u s i o n s  a l i g n e d  i n  zones  p a r a l l e l  :o 

z r y s ~ a l  'aces. Clay o c c u r s  as i n t e r s t i t i a l  m a t e r i a i  and a a t r i x .  S e v e r a l  

s m a l l  c h a n n e l s  were o b s e r v e d  I n  che  middle  p a r c  oT t h e  s e c t i o n .  3 e  basai 

'Zoncact o f  t h i s  i n c e r v a l  is g r a d a t i o n a l .  A two-POOL :hick,  f i r e l y  c r y s t a l l i n e  



a n h y d r i t e  u n d e r l i e s  t h e  h a l i t e  sequence  and c o n t a i n s  f i v e  t o  t e n  p e r c e n t  

h a l i t e  i n  i r r e g u l a r l y  s h a p e d ,  h o r i z o n t a l  vugs  o r  s p a c e s .  I t  is t h i n l y  lami-  

n a t e d  a t  t h e  base .  The bedd ing  is d i s t o r t e d  i n  t h e  upper  10 t o  12 i n c h e s ,  and 

beds  a r e  f r e q u e n t l y  t i l t e d  upward toward peaks  i n  a manner similar t o  

c a r b o n a t e  t e p e e  s t r u c t u r e s .  

A second h a l i t e - r i c h  s e q u e n c e  o c c u r s  b e n e a t h  t h e  a n h y d r i t e  i n  t h e  d e p t h  

i n t e r v a l  f rom a p p r o x i m a t e l y  767.5  t o  790.0  f e e t .  The upper  t h r e e  feet o f  t h i s  

sequence  c o n s i s t s  o f  p i n k  t o  w h i t e ,  p o l y h a l i t i c ,  c o a r s e l y  c r y s t a l l i n e  h a l i t e  

i n t e r b e d d e d  w i t h  l a y e r s  o f  a n h y d r i t e  and c l a y s t o n e  which c o n t a i n  d i s p l a c i v e  

h a l i t e  c r y s t a l s .  The m i d d l e  p a r t  o f  t h i s  sequence  c o n s i s t s  o f  a r g i l l a c e o u s  

h a l i t e  c o n t a i n i n g  h a l i t i c  sandy  mudstone l o c a l l y  n e a r  t h e  base. Halite o c c u r s  

a s  d i s p l a c i v e  c r y s t a l s  which have  d i s r u p t e d  t h e  s u r r o u n d i n g  bedding.  The 

lower p a r t  o f  t h i s  s e q u e n c e  c o n s i s t s  o f  a r g i l l a c e o u s  h a l i t e  and h a l i t i c  mud- 

s t o n e  g r a d i n g  t o  s a n d y  h a l i t i c  s i l t s t o n e  w i t h  d e p t h .  I n  t h i s  lower u n i t ,  

h a l i t e  o c c u r s  as d i s p l a c i v e  c r y s t a l s  and a s  c l e a r  c r y s t a l s  w i t h  f l u i d  

i n c l u s i o n s .  Although t h e r e  are l o c a l  o c c u r r e n c e s  where t h e  h a l i t e  c o n t e n t  

i n c r e a s e s  w i t h  d e p t h ,  t h e  o v e r a l l  h a l i t e  c o n t e n t  decreases and t h e  amount o f  

c l a s t i c  m a t e r i a l  i n c r e a s e s  w i t h  d e p t h .  

From a d e p t h  o f  a b o u t  790.0  fee t  t o  a d e p t h  o f  a b o u t  803.8 fee t ,  t h e  lower  

member c o n s i s t s  of s i l t s t o n e  and sandy s i l t s t o n e  i n t e r b e d d e d  w i t h  c l a y s t o n e  

and mudstone.  The l i t h o l o g y  exposed i n  t h i s  i n t e r v a l  may be  subd iv ided  i n t o  

u n i t s  e i g h t  t o  twen ty  i n c h e s  t h i c k .  The u n i t s  i n  t h i s  i n t e r v a l  a r e  micro- 

l amina ted  t o  t h i n l y  bedded and e x h i b i t  c r o s s - c u t t i n g  r e l a t i o n s h i p s .  In  gen- 

e r a l ,  u n i t s  are down-cut t o  t h e  e a s t  and t h e  s o u t h e a s t .  Observed sed imen ta ry  

s t r u c t u r e s  i n c l u d e :  s y m m e t r i c a l  r i p p l e s  w i t h  c l a y  d r a p e ,  l o c a l  f in ing-upward 

sequences ,  c r o s s - l a m i n a t i o n s ,  and r a r e  s o f t  s ed imen t  de fo rmat ion .  The 

n a j o r i t y  o f  t h e  c r o s s - l a m i n a t i o n s  show c u r r e n c  d i r e c t i o n s  t o  t h e  s o u t h .  

The remainae r  of t h e  unnamed lower member.  T ~ l c h  che e x c e p t i o n  of t h e  3asal one  

zo two I e e c .  c o n s i s t s  ma in ly  o f  s i l t s c o n e  and argillaceous s i i t s c o n e  i n t e r -  

bedded x i t h  minor amounts  o f  c l a y s t o n e .  The a a j o r i t y  o f  t h e  s e c t i o n  is c h i n l y  

laminated  and e x h i b i t s  a n  abundance o f  sed imen ta ry  structures. A major por-  

t;on o f  t h e  remainder  o f  t h e  unnamed lower  member z o n c a i n s  s e d i n e n c a r y  rock  

d i s t u r b e d  i n  a manner which re sembles  b i o t u r b a c l o n .  Clasts o r  nodules  o f  



a n h y d r i t e ,  1/8 i n c h  t o  1-1/2 i nch  i n  d i a ~ e c e r ,  occur  lower i n  t h e  s e c t i o n  and 

may be a l i g n e d  i n  zones  p a r a l l e l  t o  bedding. A s ands tone  pebble  conglomerate 

occu r s  nea r  t h e  base  of t h e  unnamed lower member. Th i s  conglomerate con t a in s  

f o s s i l  b i v a l v e  hash and e x h i b i t s  a  p e t r o l i f e r o u s  odor when broken. 

Two s u l f a t e  u n i t s  occur  i n  t h e  lower one t o  two f e e t .  The uppermost s u l f a t e  

u n i t  c o n s i s t s  o f  f i n e l y  c r y s t a l l i n e ,  l o c a l l y  nodula r  and e n t e r o l i t h i c  mix o f  

p o l y h a l i t e  and a n h y d r i t e .  The lower s u l f a t e  u n i t  c o n s i s t s  o f  a r g i l l a c e o u s  

p o l y h a l i t e  and a n h y d r i t e  wi th  very  small d i s p l a c i v e  h a l i t e  c r y s t a l s .  The 

ba sa l  c o n t a c t  o f  t h e  unnamed lower member o f  t h e  R u s t l e r  Formation occurs  a t  

an average  dep th  o f  850.5 f e e t  and is marked by a change i n  mat r ix  from 

s u l f a t e  t o  c l a y .  

3 .2 .7  Salado Formation 

The term Sa lado  was o r i g i n a t e d  by Lang (1935)  f o r  t h e  upper ,  s a l t - r i c h  p a r t  o f  

t h e  C a s t i l e  gypsum o f  Richardson (1904) .  4n in formal  t h r e e f o l d  d i v i s i o n  o f  

t h e  Sa lado  Formation is h e r e i n  u t i l i z e d ;  it inc ludes :  an unnamed upper 

member, a middle  member l o c a l l y  des igna ted  t h e  McNutt po t a sh  zone,  and an 

unnamed lower member. As each o f  t h e  members c o n t a i n  s i m i l a r  amounts of  

h a l i t e ,  a n h y d r i t e ,  and p o l y h a l i t e  ( J o n e s ,  1973) ,  t h e  d i s t i n c t i o n  between t he  

members is made o n  t h e  b a s i s  o f  t he  con t en t  o f  o t h e r  o t a s s i u m  and magnesium- 

bear ing  m i n e r a l s .  The upper and lower members demons t ra te  a  l a c k  o f  t h e s e  

mine ra l s ,  x n i l e  che n i d d l e  member (McNutt 7ocash zone)  shows a  r e l a t i v e  abun- 

t ance  o f  p o t a s s i ~ m  and naqnesium-bearing n i n e r a l s ,  3ue t3  t h e  abundance of  

l a t e r a l l y - p e r s i s t e n t  beds ,  t h e  Sa l sdo  is a l s o  subdiv ided  on a  much f i n e r  

s c a l e .  sys tem o f  numbering i n d i v i d u a l  heds of  a n h y d r i t e  and p o l y h a l i t e  

( n a r k e r  beds)  was in t roduced  by g e o l o g i s t s  3"he USGS (;ones e t  a l . ,  i 3 6 0 ) .  

The marker bea system is used e x t e n s i v e l y  by n i n i n z  camoanies i n  che Carlscad 

potash mining d i s t r i c t .  

7.  ~ n e  ~ o p  o l  t h e  Sa lado  o c c u r s  a t  an average 2 2 3 t h  ,:I 350.5  fee^ I n  :he ?:<kausc 
. . < h a f t .  'he S2 l?ao  c o n s i s t s  of h a l i t ? ,  znk; l=?i te,  2cd s c i y ~ a i i : ?  ; , ~ l t h  - ~ z r y i n ~  

m o u n t s  o f  o t h e r  potass ium-bear ing mine ra l s .  About 25 t o  90 percen t  oP zhe 

3a1ado is h a l i t e  ( J o n e s ,  1973) .  3eds o l  am:~c!r i ts  2nd ; o l y h a l i f e  alternate 

. j i ~ h  t h i c k e r  beds o f  h a i i t e  throughout  t he  Saiaao s s c r i o n .  



Halite i n  t h e  S a l a d o  is r a r e l y  p u r e  a n d  o f t e n  c o n t a i n s  mino r  amoun t s  o f  c l a y ,  

p o l y h a l i t e ,  a n d  a n h y d r i t e .  The h a l i t e  is g e n e r a l l y  w h i t e  t o  c lear ,  b u t  i t  may 

b e  t i n t e d  o r a n g e ,  r e d d i s h - b r o w n ,  a n d  g r a y  by v a r y i n g  amoun t s  o f  i n t e r s t i t i a l  

p o l y h a l i t e  o r  c l a y .  Halite may a l s o  o c c u r  i n  some b e d s  o f  c l a y s t o n e ,  a r g i l l a -  

c e o u s  h a l i t e  a n d ,  o c c a s i o n a l l y ,  a n h y d r i t e  a s  d i s p l a c i v e  c r y s t a l s .  H a l i t e  

r e p l a c e m e n t s  o f  s u l f a t e  are  common a n d  mos t  v i s i b l y  o c c u r  a s  h a l i t e  

pseudomorphs af ter  gypsum swallowtail c r y s t a l s .  

I n  t h e  S a l a d o ,  a r g i l l a c e o u s  h a l i t e  is redd i sh -b rown  t o  g r a y  i n  c o l o r .  I n  a n  

a r g i l l a c e o u s  h a l i t e ,  c l a y  n a y  o c c u r  a s  m a t r i x  m a t e r i a l ,  i n t e r s t i t i a l  m a t e r i a l ,  

and  i n t e r c r y s t a l l i n e  material. The c l a y  c o n t e n t  o f  mos t  a r g i l l a c e o u s  h a l i t e s  

d e c r e a s e s  w i t h  d e p t h .  C l a y  f r e q u e n t l y  o c c u r s  a s  s t r i n g e r s ,  u s u a l l y  less t h a n  

1 / 4  i n c h  t h i c k ,  which may b e  h o r i z o n t a l  t o  s u b h o r i z o n t a l  o r  randomly  o r i e n t e d .  

T h i n  beds  o f  c l a y s t o n e  f r e q u e n t l y  o c c u r  a t  t h e  b a s e  o f  s u l f a t e  u n i t s .  

The m a j o r i t y  o f  t h e  s u l f a t e  u n i t s  i n  t h e  S a l a d o  c o n s i s t  o f  f i n e l y  c r y s t a l l i n e  

p o l y h a l i t e  a n d / o r  a n h y d r i t e .  I n  t h e  e x h a u s t  s h a f t ,  v a r i o u s  c l a s s i c  s u l f a t e  

s e d i m e n t a r y  s t r u c t u r e s  were o b s e r v e d  i n  t h e  a n h y d r i t e s  a n d  p o l y h a l i t e s  o f  t h e  

S a l a d o ,  i n c l u d i n g  n o d u l a r  s t r u c t u r e s ,  e n t e r o l i t h i c  s t r u c t u r e s ,  a n d  s w a l l o w t a i l  

s t r u c t u r e s .  Some o f  t h e  a n h y d r i t e  a n d  p o l y h a l i t e  b e d s  are v i s u a l l y  s t r u c t u r e -  

less.  The m a j o r i t y  o f  t h e  p o l y h a l i t e  a n d  a n h y d r i t e  b e d s  are u n d e r l a i n  by t h i n  

b e d s  o f  g r a y  c l a y s t o n e .  F o l y h a l i t e  a n d  a n h y d r i t e  may a i s o  o c c u r  i n  h a l i t e  

b e d s  a s  d i s s e m i n a t e d ,  i r r e g u l a r l y  s h a p e d  S l e b s  o r  as  s t r i n g e r s .  

S e v e r a l  s e d i m e n t a r y  f e a t u r e s ,  p r e v i o u s l y  u n r e p o r t ~ d  a t  t h e  WIT? s i t e ,  were 

o b s e r v e d  i n  t h e  S a l a d o  a t  t h e  e x h a u s t  s h a f t  and  a r e  d i s c u s s e d  be low.  I n  t h e  

d e p t h  i n t e r v a l  be tween  1038.7 a n d  1040.3 Y e e t ,  two b e d s  o f  c a r b o n a t e  o c c u r .  

The uppe r  bed is t h i n l y  l a m i n a t e d  w i t h  a l t e r n a t i n g  l i g h t  brown and  g r a y i s h -  

brown l m i n a e .  The s t r u c t u r e  d i s p l a y e d  i n  t h i s  i n t e r v a l  i s  r e r i a rkab ly  similar 

So t h a t  which o c c u r s  i n  an a l g a l  s ~ r o m a t o l i t e .  3 e  l o w e r  bed c o n s i s t s  o f  

f i z e i y  crystalline d o l o m i t e .  

The Vaca l r i s t a  marke r  b e d ,  u h i c n  n a r k s  c h e  t o p  sf t h e  McNutc ? o t a s n  z o n e ,  

2 c c u r s  i n  t h e  i n t e r v a l  be tween  i 353 .6  and  1358.0 F e e t .  The Yaca T r i s E a  is 
, . c l a s s i f i e d  a s  a h a l i t i c  s i l t s t o n e .  Abundant c h a n n e i  f o rms  r i l l e d  x i ~ h  



s i l t s t o n e  up t o  t h r e e  f e e t  d e e p ,  o c c a s i o n a l l y  c o n t a i n i n g  c r o s s - l a m i n a t i o n s ,  

were obse rved  i n  t h i s  u n i t .  H a l i t e  o c c u r s  a s  i s o l a t e d  d i s p l a c i v e  c r y s t a l s  up 

t o  1-1/2 i n c h  on a s i d e .  

E r o s i o n a l  f e a t u r e s  are v e r y  common i n  t h e  S a l a d o  a t  t h e  e x h a u s t  s h a f t .  

Penecontemporaneous d i s s o l u t i o n  p i t s ,  similar t o  t h o s e  d e s c r i b e d  by Powers and 

Hass inger  ( 1 9 8 5 ) ,  o c c u r  a b u n d a n t l y  t h r o u g h o u t  t h e  S a l a d o  s e c t i o n  and may occa -  

s i o n a l l y  a c h i e v e  d e p t h s  g r e a t e r  t h a n  t h r e e  fee t .  Between 2032.0 and 2036.3 

f e e t ,  t h e  e x h a u s t  s h a f t  p e n e t r a t e d  a 4 . 3 - f o o t  deep e r o s i o n a l  channe l  i n  marker 

bed 136 t h a t  is f i l l e d  w i t h  h a l i t e .  The wid th  o f  t h i s  channel  cou ld  n o t  be 

d e t e r m i n e d ,  as o n l y  t h e  west bank o f  t h e  channe l  was i n t e r c e p t e d  by t h e  s h a f t .  

3 .3  ENGIXEERING GEOLOGY 

3 . 3 . 1  F r a c t u r e s  and Hardness  o f  Rock Types 

Zng inee r ing  p r o p e r t i e s  r e l a t e d  t o  t h e  o c c u r r e n c e  o f  s i g n i f i c a n t  n a t u r a l l y  

o c c u r r i n g  f r a c t u r e s / j o i n t s  and t h e  r e l a t i v e  h a r d n e s s  o f  some r o c k s  exposed are 

d e s c r i b e d  i n  t h e  l i t h o l o g i c  d e s c r i p t i o n s  i n  F i g u r e s  4 ,  6 ,  7 ,  8 ,  9 ,  10,  11 ,  and 

12. 

Due t o  t h e  l i t h o s t a t i c  p r e s s u r e ,  many u n f i l l e d  f r a c t u r e s  were n a t u r a l l y  c l o s e d  

and could  n o t  be r e a d i l y  o b s e r v e d  u n l e s s  b l a s t i n g  had removed t h e  b l o c k  from 

o n e  s i d e  and exposed a f l a t  s u r f a c e .  Thus,  u n f i l l e d  f r a c t u r e  d e n s i t y  and 

o r i e n t a t i o n  c o u l d  n o t  be r e a d i l y  d e t e r m i n e d ,  as t h e  d a t a  a v a i l a b l e  was incom- 

p l e t e .  irnere o b s e r v e d ,  s i g n i f i c a n t  f i l l e d  and u n f i l l e d  f r a c t u r e s  a r e  

d e s c r i b e d  i n  t h e  a fo rement ioned  f i g u r e s .  

3 . 3 . 2  Groundwater I n f l o w s  

Of t h e  f i v e  T o r n a t i o n s  o b s e r v e d  d u r i n g  g e o l o g i c  mapping i n  t h e  e x h a u s t  s h a f t ,  

o n i y  che 3 u s t l e r  Formation c o n t a i n e d  obv ious  Ylu ld -bea r ing  zones .  These zones  

sre t h e  Wagenta and che C u l e b r a  Dolomlte Members o f  t h e  3 u s c l e r  Pormacion. 

Tke : ,usc l?r /Salado c o n t a c c ,  oi ' ten considered 2 T l u i d - s r o d u c l n s  zone (Merce r ,  

'983). 3.d n o t  y i e l d  any o b s e r v a b l e  ~ ' l u l d .  

In t h e  f iagenta 3 o l o m i t e  Member, t h e  o n l y  zone ~ b s e r v e d  producing P l u i d  o c c u r s  

i n  :he Aepth Fncerva l  from a b o u t  509.5  t o  615.0 C e e ~  (Hagensa napping c n i r  5 ,  

r e  1 ) .  This zone produced very  l i t t l e  f l u i d .  I =  was i n o i s ~  z c  Y% e=nses 



o f  mapping a n d  r e m a i n e d  s o  e v e n  a f t e r  t h e  r o c k  was u a s h e d  a n d  t h e  r e s t  o f  t h e  

s e c t i o n  had  d r i e d .  No o b v i o u s  s o u r c e  of f l u i d  was v i s i b l e .  The s e c t i o n  was 

d i s t i n c t l y  m o i s t ,  b u t  t h e  q u a n t i t y  o f  f l u i d  p roduced  was t o o  small t o  b e  

measured  o r  e s t i m a t e d .  F l u i d  p r o d u c t i o n  i n  t h i s  i n t e r v a l  is c o n f i n e d  t o  a  

l i t h o l o g i c a l l y  d i s t i n c t  u n i t  and  c a n n o t  b e  a t t r i b u t e d  t o  a n y  m a c r o s c o p i c a l l y  

v i s i b l e  l i t h o l o g i c  f e a t u r e s .  The  u n i t  is n e i t h e r  fractured t o  a n y  g r e a t  

e x t e n t  n o r  d o e s  i t  c o n t a i n  a n  e x c e s s i v e  amount o f  v u g s  when compared w i t h  t h e  

r e s t  o f  t h e  Magenta  s e c t i o n .  The u n i t  is weil i n d u r a t e d  and  h a r d  and  c o n t a i n s  

a n  abundance  o f  p r i m a r y  s e d i m e n t a r y  s t r u c t u r e s .  

U n l i k e  t h e  Magenta ,  t h e  e n t i r e  C u l e b r a  s e c t i o n  was wet. F l u i d  was o b s e r v e d  

i s s u i n g  f r o m  b e d d i n g  p l a n e s ,  f r a c t u r e  s u r f a c e s ,  a n d  small u n f i l l e d  vugs .  I n  

g e n e r a l ,  t h e  z o n e s  p r o d u c i n g  t h e  most f l u i d  c o n t a i n e d  more a b u n d a n t  n a t u r a l  

f r a c t u r e s .  The m a j o r  f l u i d  p r o d u c i n g  z o n e  a p p e a r e d  t o  o c c u r  i n  t h e  i n t e r v a l  

be tween  724.5 feet and  a b o u t  735.5 feet ( C u l e b r a  mapping  u n i t  6 ,  F i g u r e  1 1 ) .  

T h i s  zone  is a l i t h o l o g i c a l l y  d i s t i n c t  u n i t  and  is t h e  mos t  f r a c t u r e d  u n i t  

mapped i n  t h e  C u l e b r a .  O v e r a l l  i n f l o w  i n t o  t h e  s h a f t  from t h e  C u l e b r a  was 

v i s u a l l y  e s t i m a t e d  t o  b e  be tween  t h r e e  a n d  s i x  g a l l o n s  p e r  minu t e .  

3.3.3 U n s t a b l e  Areas  

The m a j o r i t y  o f  t h e  s h a l t  s e c t i o n  c o u l d  be  c o n s i d e r e d  r e l a t i v e l y  s t a b l e  w i t h  

r e s p e c t  t o  o v e r a l l  r o c k  s c r e n g t h  c h a r a c t e r i s t i c s .  Only 2 few i n t e r v a l s  were 

s u b s t a n t i a i i y  less s t a b l e .  A 1 1  o l  t h e s e  z o n e s  o c c u r  I n  t h e  R u s t l e r  Fo rma t ion  

a n d  i n c l u d e  t h e  F o r t y - N i n e r  Member c l a y s t o n e  ( 575 .5  t o  586.5 f e e t ) ,  :he 

Tamar i sk  Yember c l a y s t o n e  ( 689 .0  t o  695.5 . F e e t ) !  a n d  t h e  z p p e r  n i n e  l e o t  o f  

t h e  unnamed Lower member (736 .0  t o  745.0  f e e t ) .  

3 . 3 . 4  B l a s t - R e l a t e d  E f f e c t s  

The e f f e c t s  o f  smooth  wail b l a s t i n g  were v i s u a l l y  z s s e s s e d  d u r i n g  t h e  g e o l o g i c  

n a p p i n s .  In  c a r s i c u i a r ,  two b l a s t i n g - i n d u c e d  e i ' f ~ c z s  were o b s e r v e d :  g v e r -  

b l a s t  2nd b l a s c - i n d u c e d  fracturing. 

As used  h e r e :  c k e  term o v e r b l a s t  r e f e r s  t o  r k e  r e m o v a i  o f  ? a t e r i d ,  by 

b l a s t i n g ,  'ram o u t s i d e  t h e  d e s i g n e d  s h a f t  uai: c i r ~ ~ & n f ? r e n c e .  Tke i d e a i  ? l n a l  

r a s u i t  of smooch z a i l  j i a s t i n g  is a r e l a t i v e l y  s m o o ~ h  s h a f t  wail x i t h  ~ n e - i : a l f  
3 i- -. , 

e ~ c n  or :he o c c e r T o s t  b l a s t i n g  d r i l l - h o l e s  r e m a i n i n g .  An o v e r b l a s c  



s i t u a t i o n  o c c u r s  when t h e  e x p l o s i v e  c h a r g e  i n  a n  o u t e r  d r i l l - h o l e  is t o o  l a r g e  

t o  p e r m i t  t h e  wall rock  t o  r emain  i n  p l a c e ,  and t h u s  removes more rock  than 

o r i g i n a l l y  d e s i g n e d ,  i n c l u d i n g  a l l  t r a c e  o f  t h e  o r i g i n a l  d r i l l - h o l e .  S l i g h t  

o v e r b l a s t s  were obse rved  i n  a l m o s t  e v e r y  i n t e r v a l  exposed i n  t h e  s h a f t .  Due 

t o  t h e  f r e q u e n c y  and i r r e g u l a r  d i s t r i b u t i o n  o f  o v e r b l a s t e d  z o n e s ,  t h e y  were 

n o t  i n c l u d e d  on t h e  f i n a l  l i t h o l o g i c  d e s c r i p t i o n s .  However, two g e n e r a l  

o b s e r v a t i o n s  can  be made; t h e  f r e q u e n c y  o f  o v e r b l a s t s  i n  t h e  S a l a d o  s e c t i o n  

tias c o n s i d e r a b l y  less t h a n  e l s e w h e r e  i n  t h e  s h a f t ,  and t h e  R u s t l e r  a n h y d r i t e s  

were r a r e l y  o v e r b l a s t e d .  

The most common t y p e  o f  f r a c t u r e s  induced by b l a s t i n g  o r i g i n a t e  from a 

b l a s t - h o l e  a t  t h e  s h a f t  wall and r a d i a t e  outward i n t o  t h e  wall rock .  The rock 

s u r f a c e  i n  t h e  l i n e d  p o r t i o n  o f  t h e  s h a f t  was r a r e l y  exposed f o r  more chan one 

day b e f o r e  i t  was covered  w i t h  c o n c r e t e .  As a r e s u l t ,  b l a s t - i n d u c e d  f r a c t u r e s  

i iere r a r e l y  o b s e r v e d ,  and when o b s e r v e d ,  were n o t  ve ry  prominent .  i n  t h e  

u n l i n e d  s e c t i o n ,  t h e  r o c k  was noc covered  w i t h  c o n c r e t e  and was obse rved  up t o  

a week a f t e r  t h e  i n i t i a l  e x p o s u r e  by b l a s t i n g .  In  t h i s  c a s e ,  b l a s t - i n d u c e d  

f r a c t u r e s  were d i s t i n c t l y  v i s i b l e .  The f r a c t u r e s  were commonly open,  and 

o f t e n ,  s e v e r a l  f r a c t u r e s  c o u l d  be obse rved  o r i g i n a t i n g  from one remnant 

b l a s t - h o l e .  

3.3.5 S h a f t  Design M o d i f i c a t i o n s  Based on Observed Geology 

i i i t h  t h e  e x c e p t i o n  o f  t h e  d i a m e t e r ,  c o n c r e t e  t h i c k n e s s ,  and s t a t i o n  

configuration, t h e  e x h a u s t  s h a f t  d e s i g n  is s i m i l a r  t o  t h e  was te  h a n d l i n g  s h a f t  

d e s i g n .  During mapping, however,  i t  n a s  no ted  t h a t  :he Wagenta, Cu lebra ,  and 

=he t o p  o f  t h e  Sa lado  Formation o c c u r r e d  deeper  i n  t h e  e x h a u s t  sha f t  than  i n  

:he wasce h a n d l i n g  s h a f t .  A s  a r e s u l t ,  t h e  l i n e r  g l a t e d  zones  and t h e  s h a l t  

keyway were l o c a t e d  d e e p e r  t h a n  o r i g i n a l l y  d e s i g n e d  ( T a b l e  2 ) .  

Zesigned geomechanical  i n s t r u m e n t a t i o n  l o c a t i o n s  ( T a b l e  3 )  were s e l e c t e d  "sea 

qn t h e  obse rved  geoiogy 2nd : o n s c r z c c i o n - r e l a t e d  c o n s ~ r a i n t s .  



4.0 CONCLUSION 

The o b j e c t i v e s  o f  t h e  g e o t e c h n i c a l  a c t i v i t i e s  i n  t h e  e x h a u s t  s h a f t  were 

f u l f i l l e d  d u r i n g  t h e  p e r i o d  from J u l y  16,  1984 th rough  January  18, 1985. 

Geo log ic  mapping o f  t h e  s h a f t  ( i n c l u d i n g  documenta t ion  from samples  and 

p h o t o g r a p h s )  from t h e  s u r f a c e  t o  t h e  f a c i l i t y  l e v e l  p rov ided  a d d i t i o n a l  con- 

f i r m a t i o n  o f  t h e  g e o l o g i c  c o n d i t i o n s  t h a t  e x i s t  above t h e  WIPP f a c i l i t y  l e v e l  

and were t h e  b a s i s  f o r  f i e l d  m o d i f i c a t i o n  o f  t h e  key and a q u i f e r  s e a l  d e s i g n .  

The e x h a u s t  s h a f t  mapping data c o r r e l a t e s  well w i t h  t h e  d a t a  c o l l e c t e d  i n  t h e  

waste h a n d l i n g  s h a f t  and b o r e h o l e s  a d j a c e n t  t o  t h e  WIPP. No anomalous s t r u c -  

c u r a l  o r  s t r a t i g r a p h i c  f e a t u r e s  were o b s e r v e d ,  a l t h o u g h  s l i g h t  d i f f e r e n c e s  i n  

t h e  depch and  t h i c k n e s s  o f  v a r i o u s  s t r a c i g r a p h i c  u n i t s  were n o t e d .  I n  

g e n e r a l ,  s t r a c i g r a p h i c  u n i t s  o c c u r r e d  s l i g h t l y  d e e p e r  i n  t h e  exhaus t  s h a f t  

than  chey do i n  t h e  waste h a n d l i n g  s h a f t .  A s  a r e s u l t ,  t h e  key and a q u i f e r  

seal d e p t h s  were  a d j u s t e d  downward s e v e n  and n i n e  f e e t  r e s p e c t i v e l y .  

The Magenta and C u l e b r a  Dolomite  Members o f  t h e  R u s t l e r  Formaticn c o n t a i n e d  

t h e  o n l y  f l u i d - p r o d u c i n g  zones  obse rved  In  t h e  s h a f t .  The f l u i d - p r o d u c i n g  

zones  w i t h i n  e a c h  member were i d e n t i f i e d .  Each zone produced on iy  minor 

amouncs of' f l u i d .  



REFERENCES 

Adams, J .  E . ,  1944,  Upper Permian S e r i e s  o f  Delaware Bas in ,  West Texas 
and S o u t h e a s t e r n  New Mexico, Amer. Assoc.  P e t .  Geo l .  B u l l . ,  Vol. 28 ,  pp. 
1592-1625. 

aachman, G .  O . ,  1980,  Regional  Geology and Cenozoic  H i s t o r y  of Pecos 
Region,  S o u t h e a s t e r n  New Mexico, U.S. G e o l o g i c a l  Survey Open- f i l e  Repor t  
80-1099, 116 pp.  

Bachman, G .  O . ,  1985,  Assessment o f  Near -Sur face  D i s s o l u t i o n  i n  t h e  
V i c i n i t y  o f  t h e  Waste I s o l a t i o n  P i l o t  P l a n t ,  New Yexico,   SAND^^-7178, 
S a n d i a  N a t i o n a l  L a b o r a t o r i e s ,  Albuquerque,  New Hexico.  

B e c h t e l  N a t i o n a l ,  I n c . ,  March 3 0 ,  1983, Waste i s o l a t i o n  P i l o t  P l a n t .  
P r e l i m i n a r v  Design V a l i d a t i o n  R e p o r t ,  compi led  f o r  U.S. Department of 
Znergy . 
Black ,  S .  R. ,  R .  S .  Newton, and D .  K .  S h u k l a ,  e d i t o r s ,  1983, R e s u l t s  o f  
S i t e  V a l i d a t i o n  E x ~ e r i m e n t s ,  Waste I s o l a t i o n  P i i o t  P l a n t ,  TME 3177, 
p r e p a r e d  f o r  U.S. Department o f  Energy by TSC-D'Appolonia. 

Durney, D.  W . ,  and  J. G .  Ramsay, 1973, I n c r e m e n t a l  S t r a i n s  Measured by 
S y n t e c t o n i c  C r y s t a l  Growths,  G r a v i t y  and T e c t o n i c s ,  K .  A .  DeJong and R .  
S c h o l t e r ,  e d . ,  John Wiley and S o n s ,  pp. 67-94. 

H o l t ,  2 .  41.. and D .  W .  Powers, 1984, C e o t e c h n i c a l  A c t i v i t i e s *  t h e  
Xas te  Handl ing S h a f t ,  WTSD-TME-038, p r e p a r e d  f o r  U.S. Llepartment o f  
Snergy by TSC-IT Corporac ion .  

J o n e s .  C .  L.,  i 9 7 3 ,  S a l t  D e o o s i t s  o f  Los Medanos Area. 3ddy and Lea 
- .  C o u n t i e s .  '!?w Mexico, 3 . S .  Geoi.  Survey ,  9 p e r , - r ~ l e  3e?orc  2339-7, p. 67 

.i'ones, C. i., C .  C.  a o w l e s ,  and K. G .  3 e l 1 ,  ; 9 6 0 ,  : :<3erinental  2 r i l l  
S o l e  Logging i n  P o t a s h  D e o o s i t s  o f  t h e  C a r l s b a d  9 i s t r i z c .  New >!exFco, 3. 
S. Geol .  Survey ,  Open-Pile Reporc,  ;p. 6G-84. 

k n g ,  L.1. 3 . .  7935, U ~ o e r  Permian Fornac ion  o f  3e laware  3as in  o f  Texas 
2nd !\Je:.j Yes ico .  h e r .  Assoc. Pee.  -501. 3 u i i .  , :*ol .  '3, ? p .  262-276. 

YcKinney , 3 .  F . ,  2nd 2 .  S .  Newton. .January 3 .  : 383,  S i t e  Validation 
. . ? i ? l d  ? r c ? g r ~ n  P12n. 2 e v i s i o n  1 . 2 ,  ? r e p a r e d  fgr J . S .  3?parsxecc  >sf fn??~ =Y 

> -3-,-. 

Z..I ' i L - 3 '  Asooion ia .  . . 

?!ercer , J .  ',+I., ; 983 ,  Geohydroloqy ,2P 'he ? rocosed  5i'asce T s o i a t i c n  3 i l 3 t  .-. . : - x ~ c  S i t e .  Lo3 Kedanos Area. S o u c ~ e a s t e r n  ?ew !4exico, J.S. C ? o i o g l c a ~  
3 u r v e y ,  i iacer  2 e s o u r c e s  i n v .  9 e p o r c  ?13-~316.  : : 3  pp.  



?age,  L.  R . ,  and J .  E .  Adams, 1940, S t r a t i g r a p h v ,  Eas t e rn  Midland Basin,  
Texas, h e r ,  Assoc. Pet. Geol.  B u l l . ,  Vol. 2 4 ,  pp. 52-64. 

Powers, 9. W . ,  S. J .  Lambert, S . 4 .  S h a f f e r ,  L .  2 .  . H i l l ,  and W. D .  
Hea r t ,  e d i t o r s ,  1978, Geolog ica l  C h a r a c t e r i z a t i o n  R e ~ o r t ?  Waste 
I s o l a t i o n  P i l o t  P l a n t  (WIPP) S i t e ,  Sou thea s t e rn  New Mexico, SAND78-1596, 
Vols. I and 11, i s s u e d  by Sandia  Nat iona l  L a b o r a t o r i e s  f o r  U.S. 
Department o f  Energy, Albuquerque, N e w  Mexico. 

Powers, D .  W . ,  and B .  W .  Hass inger ,  1985, "Synseaimentary Disso lu t ion  
P i t s  i n  H a l i t e  o f  t h e  Sa lado  Formation, Sou thea s t e rn  New Mexico," 
.Journal o f  Sed. Pe t ro logy ,  i n  p r e s s .  

Zeineck, H . - E . ,  and I .  B .  S ingh ,  1980, Depos i t i ona l  Sedimentary Environ- 
ments Spr inger -Ver lag ,  B e r l i n ,  He ide lberg ,  New York, 549 pp. -, 
Richardson,  G.  B . ,  1904, Report o f  a Reconnaissance i n  Trans-Pecos 
"3, Texas Univers i ty  Mineral  
Survey a u l l e t i n  9 ,  119 pp. 

Robinson, T .  W . ,  and W .  T .  3 .  Lang, 1938, Geology and Groundwater 
Condi t ions  o f  t he  Pecos River  Valley i n  t h e  V i c i n i t y  o f  Laguna Grande de 
l a  S a l ,  w i th  S p e c i a l  Reference t o  t he  S a l t  Content  o f  t n e  River Water, 
New Mexico S t a t e  Engineer  12th and 13th Bienn. Repor t s ,  1934-1938, pp. 

Shearman, D .  J . ,  1978, Evapo r i t e s  o f  Coas t a l  Sabkhas ,  i n  Marine Evapo- 
r i t e s :  Soc.  Econ. P a l e o n t o l o g i s t s  and M i n e r a l o g i s t s  Sho r t  Course No. 4, 
N. E .  Dean and B .  C .  S c h r i e b e r ,  ; d i t o r s ,  pp.  6-42. 

U. S .  Department o f  Energy, 1980, S a f e t y  Analys i s  Reoort ,  5 volumes, 
2ev is ion  o f  September 1982. 

l i n e .  J. 3. 1963, Su r f ace  Geologv o f  t h e  Nasn 3raw Quadrangle .  Eddv 
'Councv. Sew Mexico, 3 . 5 .  Geol. Survey i3ullecin i i41-8.  



TABLE 1 

ABRIDGED CONSTRUCTION HISTORY OF THE EXHAUST SHAFT 

Cons t ruc t i on  

Locat ion : 

Eleva t i on  : 

Con t r a c t o r  : 

S u b c o n t r a c t o r s  f o r  
Ra ise  Bore S h a f t :  

P i l o t  Hole f o r  
Ra ise  Bore S t a r t e d :  

P i l o t  Hole Completed: 

Upreaming S t a r t e d :  

Upreaming Completed: 

C o l l a r  Excavat ion Began: 

L ine r  P l a t e  and Concrete  
B a c k f i l l  Completed: 

Concre te  L ine r  S t a r t e d :  

Concre te  L ine r  Completed: 

Culebra  Dolomite Grouted: 

Magenta Dolomite Grouted: 

Cons t ruc t i on  o f  Unlined 
Po r t i on  Began: 

Cons t ruc t i on  o f  Unlined 
Porcion Completed: 

Eddy County, New Mexico 
New Mexico Gr id  Coord ina tes  
Y 499287 -23, X 667370.39 

S h a f t  C o l l a r :  3411.5 f e e t  MSL 
Reference: 3409 f e e t  MSL 

Ohbayashi-Gurni, Ltd .  

Ra isebore ,  I nc .  and 
J.  S .  Redpath Co. 

September 22, 1983 

December 16, 1983 

December 3 1 , 1983 

February 10, 1984 

J u l y  15, 1984 

J u l y  17, 1984 

J u l y  18, 1984 

November 29, 7984 

December 2-4, 1984 

December 4-5, 1984 

December 7, 1984 

January 17,  '985 



TABLE 2 

EXHAUST SHAFT DESIGN LOCATIONS MODIFIED ON THE BASIS 
OF THE OBSERVED GEOLOGY 

Design L o c a t i o  As-Bui l t  L o c a t i  Net Adjustment PP 1 
( 2 )  

Depth ( F e e t )  ? 1 )  Depth ( F e e t )  ( F e e t )  

Top of  L i n e r  P l a t e  

Magenta 59 1 600 +9 

Culebra  70 1 7 10 + 9 

Top of Keyway 837 844 +7 

Bottom o f  Keyway 900 907 + 7 

Notes : - 
( ' ) ~ e ~ t h s  a r e  based on r e f e r e n c e  e l e v a t i o n  a t  3409 f e e t  m s l .  

( 2 ) ~ a s i t i v e  a d j u s t m e n t  ( +  i n d i c a t e s  t h a t  t h e  item was a d j u s t e d  downward 
r e l a t i v e  t o  l a n d  s u r f a c e .  



TABLE 3 

INSTRUMENT LOCATIONS IN THE EXHAUST SHAFT 

Instrument 
Type (1) Number 

?lo tes : 

( ' ) Instrment Type : 
GE = Extensometer 
PE = ?iezometer 
WE = Zarth pressure cell 

Depth 
(feet ( * )  

Elevation 
(feet) 

(2)"~epths" are based on the reference elevation at 3409 feet YSL. 
From marked-up as-built drawing No. 35-5-003-030. 2ev.2, p.  3. 
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3 3 4 4 - 

3339--70 

3334--75 

3329--80 

3324 

EXHAUST SHAFT 
L I THOL06 I C LO6 

SHEET 4 OF 50 

STRATIGRAPHIC R E M A R K S  

D E P T H  COLUMN 
( FT.) 

-40 As b h m  

.. . :. ------- D m  UID UDILDI 

- 6 5 

8 5  

- - - 
\ . \ ,  - - 

I -------- -------- -------- - - - - - - - - -------- -------- -------- 
,------- -------- -------- -------- -------- -------- -------- -------- - - 

I . I  - 
- - 
------a----.,---: -------- -------- -------- -------- -------- - - - 

- -------- -------- -------- -------- -------- -------- 
- - - 

L*---.-d- -------- -------- -------- -------- -------- -------- -------- -------- 
------- --------- 
-------- 

- - - - - - - .  - 
- - 
-------- -------- -------- -------- -------- -------- -------- ----- - - - .  -------- - - - - - - - - 

- I 
) \ 1 - - -------- 

- - - - - - - - a  -------- --------. -------- ------- - ------- 2 

nu~rmn I-- u r n ~ ~ r r u c r o u r  srmtan.  WDDISH-.BIOY*, m I n r  LMIYATLD TO 

a 1 n y  1LM)m (118- I"), -~LDOIYC SL1Cnn.Y UY#rUmr. Wi S t D I ~ M M Y  smut- 
~ l ~ l  1-1 T ~ U  UP-VI CUIII (*lIbn) UIGYLD 11 11111 ram, closs 
MUTIWS, LOLD ~n~mmc~, PILUD DESIC~~;TIOI EUCKS; OCWIONU 1-112" IYTEBBEDS 

or a~ S I L ~ ~ ;  & aemIsH-cur  IIWCTIOI sms ( 4 1 1 6 "  D I M ~ E I ) ;  BAS& 

COYTACT elAMT1Ollt. 



_ STRATIGRAPHIC 
E L E V .  DEPTH COLUMN 

REMARKS 

( F T .  Y S L )  I F T . )  

#rwmn, m~rsa-rrarr, m i m y  unrmno m mrnr  seDDrD. w ~ :  c o u r ~ ~ u s  m u  scar 
( ~ 1 2 -  m A") or cur s I L n  rrvamnrr; nrcnnu r w  m BCDDIW, sr~cra 3": xu- 
SIQU. CUUISB-CUY BLDUC~Q s m  (114" m 112" ~ r u t m ) ;  c o v r ~ ~ u s  o c w 1 O N u  

I~YD S ~ U C N U S ;  mux DIINSL. 

SILTY MIOrZOlR I m U L D D t O  U I f l  MCILUCLOUI SILlYZWE, REDDISU-BROWM. TIi1Nl.Y M I -  

urn m mrnr  r m m  (*l132" r0 2-tl2"); ocus~ouu  CULIIISU-OAT s ILnToNc 

. I ~ L W ;  OCUSIOI*L IO*D S~ZIVCNILS; s w  o m  II*CNUS r u m  m erDDzm, 

SIIRD I- m 2-112"; m smnmur.  ~ C N I U .  sr~ccn A '  m 2.5'; a u u  c o u r A n  

um m son, w 1m1m oc s I L n  mm (112'' m 1" ~ 1 1 c t ) ;  MII (<1/32") 

S U B I W ) I I Z ~ ~ * L  mcnmrr P W ~ ,  m I~DDIIC, SPIC~D I" m 9"; NO 112" MICE 

P U L L  ~ ~ I Z O Y I U  mcmus P I U ~  u l n  ~ ~ T L  OCNI AT 101.0' MID 101.S'; 

OCCASIONAL C m I J H 4 R A Y  =IOI Span; D m  CaTm DI-• 

M I N A ~ ,  WLD; uu NLYISII-CRAY UWCTIW SWTS (1116" m 112" DIMCTC~) ;  

CBOSS-LWINATED; OCCASIONU INILRIEDS 

TRUCNBES, HIJDSTONI! UP-UP CUSTS: MODERATELY MUNDAKT 

CREwIsa-CRAY amucrrow smrs (1116- m ~ / r "  DIMET~U):  OCCASIONU CPCRIISB-CRAY 

BEDS (112" m 2- ~ I C K ) ;  nrr nomrzouru FMCNPE~ (<rl32")  urm crpsurt FILLING 

BELOY 121.sg. S P A C ~  zn m 1.s'; wu courm SUP. 

E X H A U S T  S H A F T  

FIGURE 4 (CONTINUED) 



STRATIGRAPHIC I 
REMARKS 

s r L n m ;  c m u m  arns-w~urxour. rrtup IKSICGATIW u s :  survtrrru cur- 
F X ~ L ~ O  ~~L*EIIIIU acm nu mr. SPACED 3" TO rn; tocurr. B ~ D D I M ~  .SAT BE cxmrsu- I ------ ------ CMY IM CO-: OCUSIWU ~ ~ ~ ~ I S Y - C B A Y  XEMIIM SPOTS (111b" m 1" D I M ~ ~ ) ;  

S U B I K Y ~ A L  CMU~-IILUD rum~~ .  ~ P A C ~  ln m 6"; scnvnrrut rucnncs ~ P A C ~  

3" m IP; Ir umr 3'. 111- m I- nra I I O R I Z ~ A L  crtrrrsu-eur xnnrcr~or zons 
OCClJB In CWWS. I m I V I W A L  ZCWS SPACED 112". a W P S  SPACED 0.1' TO 1.3'; BASU 

=ACT 11151. lWID BY 2" BED O f  WITISI-CPIY SILTSTWE WIn A CUCIIISU-CPIY 

  ST OWL. DUK PLWISU-BPM. IKEMLDDLD v In  s r t n  nmswr. LICVT XLDDISLI-BRW. 

T11IUI.Y MUTZD m KDDt3  (c1/32" TO 112"). LDCALI.1 FISSILE, 0CCASIIMAU.Y CROSS- 

LUIIYATZD. B ~ I Y C  HAY T ~ I M A T E  UUSIONULY. m u m  srmm LESS FIHE a rm 
1ra.a'; XMC SUIVQTICIL TO UIU ABCLI mmmm U I T ~  mmua crrsur rrurwc c e l l r w  

~ I C K ) ;  r# 13z.s' m 147.5.. uunwrr suarrarzmu nrcnnts. SPACED 1'; umm 
CILUISU-QIY m a  s m  (1132' m 2" o~ l l r r rn ) ;  BASAL corrm CIADATIONU. 

LYIYC WIT, cwr srzr urrssm m m ;  I" m 2" mxct m r z o u r ~ ~  cxcrw~se-cnrrr 
REDUCED z o n t .  SPA- 1" TO rn; F X A C ~ S  occur snar  1sr.s'. IIB- WICK, FILLED 

U I ~  GYPSUM; SUC.VLIPCU. FUCNRES SPACED 2 '  m 3 ' .  SUB~ORI~ONTAL FUCTIJRCS s p A c r o  

0.5' TO 1.5'; BASAL 2'  COMTAIMS CREFNISII-CSAY AMD REDDISK-BRW INTERBEDDED 

XUGSTONE; ABUNDANT CUDIISB-CPAY REDUCTION SPOTS (1132" TO I" DILYETEP); BASAL CON- 

TACT S W .  

SILTSTOWE. PLWISB-BXW, TtIIIISY UHINATED TO STXUCTLJRELESS: BEDDING THICKENS AWD 

THINS (1/2" TO 2"); OCCASIONAL C P E ~ I S B - C I A Y  BEDS 111" TO 112" THICK. SPACED 3.0 ' :  

oar A FN BIQ A~CLC m m ~ s  !II* N I ~ .  CYPSM-FILLED, STXIKINC ~ 6 0 . u ;  AT 1 6 1 , s '  

CHANNEL UC COYCLOnUATE OCCURS CONTAIBIWC SILTSTONE PEBBLES: THINLY UIINATED SILTY I 
~(UDSTONL FBQ( 11a.s' m 111.3' UITU C ~ E U I ~ K - C X A Y  R E D U C T I ~  ZONES I" TO 3" THICK. 

SPACED 4": Y W  171.3' BtCDWLS POORLY SOPTCIJ; THIM Y U I N A T E D  YITtf CROSS- 

LAYIWATIOYS AND EROSIONAL TERMINATIOWS W P M  BASE: CONTAINS GREENISH-GRAY RE!JUCTIOW 
L 

r SPOTS UP TO 2- DIMETER: BASAL CONTACT CUMTIONAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
L I THOLOG IC LO6 



E X H A U S T  S H A F T  
I l t u n l  nrlr I nr 

L 

STRATIGRAPHIC 

COLUMN 

' , 
\ + 

f 
J - 

t 
1 
d 

ELEV. 
( F T Y S L l  

3234 

3229--  

REMARKS 

AS ABOVE 

DEPTH 
( f T . 1  

175 

100 

- 
f 

- 
3224- - 105 msm~. IEDDISU-mow. m ~ n y  W I U A ~  m BEDDED ( 1 1 3 ~ "  m IIZ" MICK),  SOFT; ------- ------- I ~ D I Y C  I I D I S ~ ~ C T ;  m u  a m ~ s u - c w  m u m ~  swrs m I- DIWTER, acuucrxow 

------- SPOTS C W C O l l U T Z D  UOUYD U D U C E D .  C U t l l I S H 4 d A Y .  1" U I D L  Y O I i Z O K N  BAND AT 1 9 1 . 7  ' , ------ 
VUY FN m m s ;  wu 1.5' ~ ~ c a t ~  SILTI: IUAL ~ A C T  IMP. s L x c H n r  

------ V Y D U U I O R Y ,  O Y L l L Y I U  BEDS D U P E  WEl QHRACT. ESOSIOYAL. ------- ------ 
------- ------ 

SANDSTONE. VLPY F I M  C M I Y E D ,  CXAYISH-YLIITE, HARD TO SOFT;  T B O U H  CROSS-BtDDINC 

BECOMES A P P M M  ILAI, W E ;  CONTAINS f I B R O U S  C I P S W - F I L L E D  F U C N B E S  Y I f l  VARIABLE 

O I I E Y T A T I O W ,  114" TO 1" TUIIIICK; BASAL CONTACT S U P .  

S I Y D S ~ E  AT m~ CLADIYC m SILTSTWE. UDDISH-warn. WIYATLD m BEDDED, WCA- 

SIOYULY QOSS-WIHATW, LISD: COLOP a c C O n e s  ~ITISU-moon ~WABD BASE: WER 1.3' 

I S  S A Y D S T W E .  ~ U C T U I E L L S S  EXCEPT fm O C C A S I O U U  I*naBEOS OF' REDDISH-BROWN 

S I L T S T W E ;  IdWDAYT P U C N I L S .  HOST W I Z O S T U  r0 SUBtfORI-AL U D  SLICHTLY WDU- 

U T O P Y .  ? I L L e D  U I M  ? I I R O U S  GYPSUM, m I C l o r f S S  I l l & "  2". S t A C f D  116" TO 6": BASAL 

CONTACT SHARP. S L I G B l t Y  UIDUU'IORY.  

CLAYSTONE. E E D D I S U - U W U .  TE1NI.Y IAMINATED; C L O S S - W I Y A T E D ,  S E T S  112" ACROSS, 

BEDDIYC U O S I O Y A L L Y  KIJUUTfD, COUTAIUS SOFT S E D I X E W I  D ~ T I O N  F U n J R L S :  BECOHES 

S I L ~  TQIMD WE; UIW ~ W I S H - ~ M Y  KDUCTIOY s m s  TO 112" oxunea ,  s m ~ s  
OCWIWUY BY CII)M-?IUD PUCMES; SEE r~mt 6 FOI( rum& WTLS: 

M S A L  COTTACT G U S A Z I W A L .  

3199--210 

-------- 
*-------. -------- 
cT'--- -- . . . . . . .  . . 

. .  3109 2 2 0  p ,  . . . . . . 7 

--------. -------- --------. -------- 
t f 

-------- .-------- -------- 
---- --- -------- --------- -------- --------- -------- 

 STONE UIM I I I I ~ I B B D D ~ ~  SILTSTDYE, w REDDISH-BROW, mrnr w r w A r e D .  rsmw 
C R O S S - U I I A T I W S ,  BLODIYC O C T M  T U H I U A T f D  R O S I O U A L L Y ;  ABWDANT SUBHORIZOKTAL 

CYPSLRI-FILLED PUCNR&S. R A C E D  6". 118" TO 3- THICK;  VERTICAL AND SUBVERTICAL 

~ u r n s  WE; a w I w u  ~ E M I S H ~ Y  PEW~TIOY SPOTS: BASAL COI~TACT GIUDATIONAL. 



FIGURE 4 (CONTINUED) 

, PRELIMINARY 

I I . .*.:, . -...."' *-.-.-.:. :.:-.-.-...:. ................. : ............ .,.:.... ............................ . . .:-.:::.-:::. ....*. 
( t I 

3179--230 

SIIDS~. ILD~I~CB*Y. s I L n ,  IIIIUI UI(I~ATRI m mom. ocwro1u.r c n o s  
mmm; - sma1xum~ -1- nrrmLI, 1/16. m 1- m r a ,  srm 
2- TO 1.0'. NCN~LS m r m n  ~lrru.r; RUL SWWYICLL m m u r t u  rwnmcs; 
Msu mur sum. 

SANDSTOWL. REDDISH-BUOYI, SILTY. SZRUCNRELESS EXCEPT RABE CROSS-WINATIONS AND 

HORIZONTAL W I W A T I O N S :  P N E R  GYPSM-FILLED FRACNPES THW OVERLYING UNIT, FRAmJRES 

TO 2" THICK; BASAL CONTACT GRADATIONAL. 

SANDSTOWE, REDDISH-BUOY*. SILTY. U X U L Y  M I M A T E D  AND CROSS-UYINATED; OCCASIONAL 

SUBHORIZOllTAL GYPSM-FILLED F R A I ~ I J W S .  116. TO 112" MICK.  SPACED 2 . 8 '  TO 1 . 4 ' .  

PRACNRES BIFUICATC LOCALLY; SUBVERTICAL F M C N B L S  KARL: OCCASIONAL GREENISH-CMY 

REDUCTIOl S P D n  TU 1" DIAMETER; M S U  1.0' COUSISTS O? UEDDISLI-BPMI SILTSTONE: 

BASAL CMTACX C U M T 1 0 8 A L .  

EXHAUST SHAFT 
L I T H O L O G I C  L O 6  

,STRATIGRAPHIC 

COLUMN 

f I 

'.:~~::-:.---:.:.:.:::. :: :: .......... : ............ :.':" ................ :-: ............... ....... .:.:. 
( ( ( 
I I 

h .... .... :::.~,.:::.::..':: -::::.'.-:::.::.'.'.'. :::.-:.-:..-::.-.'.: : : : :* .............. . 
I 

ELEV. 
( F T .  M S L l  

3189 

3184- 

REMARKS 

SILTSTOUL I ~ R B C D D C D  UITU VUK rxn SAJIDSTU~. rmrsu-BEOW. znrnr ~ ~ I U A T E D  TO 

BEDDED, moss-W(IYATLP. Irn  om^ U ~ ~ I O M A L L K  KUIYATLD, W; CROSS-USIUTIOYS 

I ICICASL BELOY 223 .0 ' .  Y O I I Z O K U  UOSIOUAL P W f S  OCCUI B M Y  223.0 ' .  SPACED 1.0' 

na 7.0': su~wn~zwru cr r s l ac -? IUD mcnncs uurowr. 1/16" TO 114" mrcr; w r  
S U I V E K T I W  F ) * C N U 1 ;  WU mYTICI CI*0*TIOYU. 

DEPTH 
( F T . 1  

220 

- 2 2 5  



STRATIGRAPHIC 

moss-BLM)IK: SUI~IZORU *r0 snvnncu CIMIII-FILLED C ~ S .  SUBWHIZOYTAL 

ma); 'uumw smxrmrrur snucnnrr I ~ ~ I S :  naoar am-~~IUATIOUS, 
ER O S I O U  SUIFACU T R A C W U  MOUUD C I P W E X D K L  OC S W .  S O R  S C D I U M  DEFOI- 

.UTIOI FUTU~ES; moss-WIUATIW sm AIL in m 4" ACROSS. INCPWIK m 2.0' m 
3.0' ACROSS N E M  BASE: LWZR 1.a' M A I M S  1/4' TYICI B E N  W CUYSMNL; HOPIZOWTAL 

r r ~ ~  S U B ~ ~ I I Z ~ ~ ~ A L  GYPSW-FILUD mumus 114- m 1" MI=, sp~ccu 0.5' m 2.0';  

5.0'; OCCMIONAL CRERIISU-CUY umcr~m s m  m 1" DIMETU: BASU con~cr SWP, 
m e u  BY O C ~ R I C E  01 A nlmsrowt sm. 

THINLY BEDDED (<1/16" TO i/2" WICK): MUNDAYT S&IS OC TROUCH CROSS-WINATIONS I" 

TO 6" ACROSS. CLAY DRAPE OVER RIPPLE CROSS-WINATIONS: OCCASIONAL SOFT SEDIYENT 

DEFORUTIOY; OCCASIONAL CREENISU-GRAY REWCTION SPOTS (1116* TO 112" DIANETER): UNIT 

BOUNDED BY HOPIZONTAL GYPSUN-FILLED FUCNOES, l* THICK AT TOP CUDINC TO 111" MICK 

BEDDINC, CROSS-WINATIOYS. TBOClQl CROSS-UYIWATIOYS, FILLED DESICCATION CRACKS. 

LOAD STRUCTURES, ABUNDMT EROSIONAL COMTACTS; CYPSLm-FILLED FRACTURES M E  MDEU-TELY 

ABUNDMT, 1/16" TO 1-112" MICK. MORIZOKAL U U  SUBHORIZONTAL FRACTURES SPACED 1.0' 

TO 6.0'. VERTICAL AND SUBVERTICAL FRACTURES SPACED 3.0' TO 5.0'; OCCASIONAL 

CREENISK-CRAY REDUCTION SPOTS (1116" TO 1" DIANCTU); W E  2" mICK, SUBHORIZONTAL, 

CREEWISH-CRAY REDUCED ZONES; BASAL CONTACT SHM?. 

EXHAUST SHAFT 
FIGURE 4 (CONTINUED) 



------- -------- SIHIW m OVULYIU WIT; ocwrowu crur~sn-cur rrwcrror s m  TO in ~ r m r m ;  
BASU mu1 UUZD n ma S U B ~ I Z ~ U  GUPIISH-GUY zone MID DAU PEDDISU- 

B l o w  )IUOSTOlt, sum. 
WDSTO~R, ~ D I S I I - a n a m ,  STIUCNILEUSS; FUCNPU SIMXUI m o v u L r r u c  WIT; BASU 

COYTACT CLUynouu. 
C l A r S m .  MU U D D I S l l - 8 n m ,  IMTEMEDDCD U I r Y  SILTSTOIL, L I W  UDDISH-BROW. 

IIC~O-MUTED TO MY ~ I ~ L Y  ICDDLD ( < i / 3 z a  m 112-1; SILT~TOUZ: C R O S S - ~ ~ I M A T C D S  

CUYSTDYI: ITIUCNILLUS; ~ u u o m  CUMSI-QII L L ~ ~ ~ ~ I O I  s m :  CIADES m ------- ------- sItnrOlL AT WL; AU mcmm P I ~  YITII F I B ~  G Y P S ~ :  M)IIZOYTU AIR) 

S U I n o r I Z O I I I u  P U m  118- m la ma, SPACED 3" m 2.0': V U T I c A L  AMD sm- 
1 1 -------- VEPTICU. FBACNPU l l l b a  m l i b a  TIIICK, SPACED 2.0' TO 3.0 ' ;  MSAL CONTACT SWP. -------- -------- 

-------- CUYSfOYE, DAU REDDISM-BPOYY, IICPO-LAMINATED TO TBIMLY LAMINATED ( c l i 3 r  TO -------- -------- -------- 1/16") ,  S l l U C N B T  POOUY DEFINED DUE TO ABUNDANT fBACNIIIIC,  OCCASIONAL CPOSS- -------- -------- -------- LAMINATIWS, BEDDING ~ m u  CONVOLUTED WD E ~ o s I m u r  TEKHINATED: MWDANT GPEEYIS~- -------- -------- 
-------+ 

C U Y  REDUCTIW SPOTS (1116" TO 1" DIkYlZl3) :  ABUNDANT CYPSLRL-FILLED FRACTURES. - 9 0 1  

- - - - - - -  HORIZONTAL AJID SUB~WIZOYTAL: TWO SCALE: w SPACING: fir11011 - i/8" TO z". ~ o r  - zn 1 

ELEV.  
(FT. M S L )  

3 0 9 9 

------- 
70 6". FU-C DENSIT! INCREASES TOYARD BASE. THICKMESS VARIES FRC4 1 /16"  TO 1.0 ' ;  1 

STRATIGRAPHIC 

COLUMN 

---------------- -------- -------- 

D E P T H  
( FT.) 

3 I 0 

------- 
------- RCOIINING -101 VERTICAL AWD SUlVERTICAL FRACTURES. SPACED 2* TO 2 .3 ' .  MICWWESS 

------- 1/16"  TO 114": BASAL CONTACT S W .  

-------- --------. -------- 
--- - - - - - ,  -------- 
--- - - - - - .  -------- --------. -------- --------. -------- --------. -------- 
--- - - - - - .  -------- --------. -------- ------- 

R E M A R K S  

 TOIL AT mr. c u r r r c  m S I L T S ~ ~ ~ .  DUK ~ D I S U - a r m  m REDDISU-~aour, u r n  
NIWI I ~ L D D ~ D  wnmmc. TIIIILY WIIMATZD m MUTED (<1111" m lI8"1, UP$ 

3094- 

SILTSTONE. BLDDISU-BRM, ~ I M A T E D %  BEDDED, CROSS-LAMINATED. SOFT SEDISENI 

DEF0ICIV;IIOI FUTURES. WBD: ALL FRACTURES FILLED UITU FIBROUS CYPSm: SUlt lORIZOYfU I 
AND HORIZONTAL FRA-ES 1 /16"  TO 1" THICX, SPACED 1" TO 1.0 ' ;  VERTICAL AND 

SUBVERTICAL FRACTURES 1/8" TO 1/2" THICK. SPACED 6- TO 2 .0 ' ;  ABUNDANT GREENISH-CRAI 

REDUCTION SPOTS 1116" TO 1" DIkYEEB; BASAL COYTACT SHARP. 

- 3 5 0  

C R O S S - M U M ,  BLCCHIU AJmo*m UIrY DLIII: OCCUIOYU. GlfXMISH-CUY 

nrwcrxa s m  (i/u- m i/ra ~ ~ u c r m ) ~  FIBW m m - r r u t ~  r u c m s  ~rcortr 
I LESS UUYDIIL.  WIT^ DWTE; ~ ~ I Z O ~ ~ A L  M SUILIQIZOIIIU ~ C T I J U S  1/16"  m la TUICK. 

EXHAUST SHAFT 

-315 

FIGURE 4 (CONTINUED) 

1 - -------- -------- -------- -------- -------- 
\ t .  -- -- -- -------- 

--d----- -------- 

SPACCO za m 2.0': vunerr AUD smvunerr mcmm l / l b a  m lira THICK. SPACED 2" 

-m 2.0': MSU a m * ~ ~  s w .  
IJUDS'PDYL AT mr, QADIW m SILTSTOIIE u x n  o m ,  DUX U D D I S H - ~ P ~ ~  m UDDISU- 

b r o w ,  WIT SIHILM m mm ncrrr me A 3' ma BED or mron UICM ocnnr A r  

316.2 '  AW MS A sw UPPU CO~TACI AIR) CIU)U m SILTSTOW WITM DEFTH, W: 

RUDSTOIR: snucnmcms; SILTSTWE: F I m r  WIIATLD m cross-wc~u~ca:  FRACMLS 



R E M A R K S  

----- I=] IS EROSIQIU; OCCASIOYU GREEYISW-GRAY IEOllCTIW SPQn (1/16. TO 1) D I I I L T E R ) ;  U L  

----- FRICNRU CYPSUCFI I lLD;  VERTICAL 1SR) HIGH UUI PRICNRES APPEAR YOUmEB TtW HORI- 

ZMU urn sam~zarru ~arcnrm; s u l u r o ~ ~ z a n u  ~ C N R E  FILLIWC a < g I a u r  . 

- - . 
3054 

3049--360 

SICMDIDU U D / O I  TILTED; FILLING Ill Y E m I C U .  U D  HIGH uuE FRACTURES GVE A.COIIPO; 

TO I=, SPACED i.ol m 2 . 0 ~ ;  KWKRATELY mIr - 118- TO 112:. SPACED im TO 1.5'; MIW 

- <1/8*, SPACED 1/1* TO 1"; BUU. UYTICI SHARP. 

. . . . . I 

355 . - - - - - - J ------ - - -  WDSXiE GRLDIYC TO SlLTSmrt I Y  VERTICU. GMDATIONU. S E P U M C U  1.0' TO 3.0e MIU, 
I 1 REDDISH-BRLW (SILTSTCUE) WD DARK .~~LDDISH-BROUI WDSTWE). E A C ~  Y~UEVCE C O ~ S I S ~  ----- 

CC STRUCTIJRUCSS WWXUC AT Lr GCMDIffi TO M1M.Y LAMIHATED TO BED= S I L T S T W E  AT 

------ B A S ;  UOlDR OC SmI lOCTARY STRUCNW I Y C R E U L  TO BASE OF E*CW SrOUDICe. THESE ----- - - - STRUmJm IYQIIOE: C#ISS-LAMIYATIms, T R a m  Cm3¶-LUIIYATIQIS, E n o s I O Y U  sun- 
1 1 ---- OACO,  OCCUIWU SM ~ ~ D I M  - T I ~  FEATURES: UPPER C M A C T  Q EACH SfWDICE 

- -------- -------- SILTSTONE, REDDISH-BRW. UITll  INTERBEDDED CUYSTDNE. D A M  REDDISH-BROW, 1" TO 4" 
- 3 8 0  ----------- 

I I ~ I C K  FININC UWMD SEQUENCES, TUINLY UIXINATED m IKINLY BEDDED (1116" TO 2" 

THICK),  HARD; SEDIXENTMY STRUCTURES INCLUDE: CROSS-UIXINATIONS. SOFT SEDIMENT LOAD 

STRUCTURES. EROSIONAL CONTACTS AT TOP OF EACB FINING UPWARD SEQUENCE; LOCALLY 

EXHAUST SHAFT 
FTGIIRF h ( ~ ~ N T T N I I F ~ )  L I THOLOC IC LO6 

ABUWDMT CREEIIISK-CRAY REDUCTIOY SPOTS ( 1 1 1 6 "  TO 1" DIMETER) ,  SOHE OCCUP IN A L I ~ N E D  
I 
\ ZONES; OVERALL GRAIN S I Z E  INCREASES TO BASE; A B I R I D W  HORIZONTAL. FIBROUS CYPSUM- 

3024--385 . ' f FILLED FRACTURES O C C ~  IY ma SIZE CROUPS: O" m ilrn THICK. SPACED 114" m I"; ~ / o ' *  
\ 

I TO 1/2" Z4ICK. SPACED 0 .5 '  TO 2.0'; VERTICAL AND HICK ANCLC FIBROUS CYPSW-FILLED 

A 

3019--390 

3014--395 

3 0 0 9  , 

------- --------. -------- 
I 
1 / 

\ \ 1 

FRACTURES ARC WDEMTELY MVNDANT. 1/16" TU 1/1" IHICI(. SPACED 2.5' TU 5 ' ;  BASAL 

CONTACT S W P .  UNDIIUTOBY. POSSIBLY EPOSIONAL. 

' 

1 

-------- -------- -------- ------___ -------- 
f / : 
J f 

\ ' 

------- 

4 0 0  



STRATIGRAPHIC REMARKS 

THICI(). W D ;  SLDIXENTMY S n U C T U I E S  IYCLUDC: CPOSS-U7IYATIONS.  SOFT SEDIMfNT LOAJ 

STBUCNPES,  fBQSIOUAL COUTAC~S AT Tot or ucr F I w I m :  uW*aD SfQUENcE: roclurr 
AIUNDAYT tPELYZSP-CMY BEDUCTIOY SPOTS (1/lbn TO 1" D I M C T U ) .  SOHE OCCUI IN  A L ~ C W E D  

ZONCS: wu GAIN SIZE IWCXUSES m B u r ;  UUNDAMT eoerzovru. F I s a o u s  c u p s u n -  

F ILLLD FI*CNICS OCCUI IM NO S I Z E  CBOUPS: On TO 114" MIQ, SPACED 114" TO 1"; l / L W  

TO l / zn  TYIQ, SPACED 0.5' To 2.0'; V f l T I C U  *WD HICU AYCU FIBROUS GYPSUM-FILLED 

F S A C N U S  AU ?)ODfMTELY ABUNMJIT, 1/16" TO 1/Zn TIIICK. SPACED 2.5' TO 5'; BASAL 

COYT*Ct S W ? .  VYWUTOIY.  POSSIBLY EIOSIOWAL. 

cursmm UTS al /an DIAI(ETU; UIL I ~ B E M  or cursmut. 1/16'' THICK: ABUMJW 

GBETWISH-CUY -IOU SPOTS (1/16" To 2" D I M C I U )  O C C n  I I  ZONES; ABLRIDAWK 

HORIZONTAL AYD SUBUOBIZOKTAL F I B B W S  GYPSUM-FILLED FBA-ES. W O U I T Y  1/16" TIIICK. 

m 2n; M D ~ ~ L ~  .WNDANT VETICAL AND susvrnrrcu FIBROUS GYPSUM-FILLED 

FU-ES UP TO I/&" THICK, SPACED 1.0' TO 3 . 0 ' ;  BASAL CONTACT OBSCURED. 

EXHAUST SHAFT 
L I THOLO6 IC LO6 

c u r r r  1 9  rr C n  
FIGURE 4 (CONTINUED) 



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
L l  THOLOC I C  LO6 

SHEET 13 OC 50 

ELEV.  
( F T  M S L l  

- 2964 

2959- 

STRATIGRAPHIC 

COLUMN 

f I 
r 1 :  

) -------- -------- - -- -- 
5-~---->--z -- ----- -------- -------- ----------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- ------- 

D E P T H  
I F T I  

445 

-450 

R E M A R K S  

- I S  A m  

2954--455 

2949--460 

- 

2944- 

2939- 

SIOU con- AT TOP w ma rrrIE muo scpuucr; t ~ n r z o r r ~  AID smllorrzmu 
P I B ~ O U S  GYPSUM-FILLED PI~CN~U ci/am TBICI, SPACED oa TO rn; s u B v n T 1 c . u  AMD 

v a T I c A L  FIBROUS GYPSUM-FILLED FUCTWS ME LESS uumm AYO CROSS-CUT H M I Z ~ U  

AID SUBHMIZOUTAL FBACNILS;  WU COUTACI S W .  

-4.6; 

TUCL OF B C D D I ~ ~  AT mr c m ~ u c  m S T K U C ~ ~ ~ L E S S  AT aur, UD; ABUNDANT GREEUISU- 

CUT RLDUCTIOY SFQTS ( i / i ~  m za o r ~ r r r r ) :  n o a ~ z o w r ~ ~  AND susnonIzowru FIBROU 

CYPSVII-FILLED FYACTUXES ~111" M I C X ;  SUBVERTICAL AWD VERTICAL CYPSVII-FILLED 

F U C N P E S  ME LESS AIUNDAIIT AWD CROSS-CUT KOPIZONTAL AYD SUBWRIZONTAL FRACTVBBS; 

B A S N  CONTACT S U P .  
- 470  

( 
J 

( ( 
J 

( 

2929--480 

2924--485 

29 19 

-------- --------- -------- --------- -------- --------- -------- 
I------------ 

------- 
------- 

4 9 0  

------- --------- - --- L---------gs - ---- -------- ---- --- 
------+-----z L---,--L --------- -------- --- F:!------:+ -- --- - 
-- ------ -------- ---- --- ---- ---- $-----< ---- -- 

YUDSTONE. SILTY, DARK REDOISM-BROWN, STRUCTURELESS; NO HORIZONTAL OR SUBHORIZOllTAL 

GYPSUM-FILLED FUCXIRES:  BARE SUBVERTICAL AND VERTICAL FBACTURES PRESENT, 0" TO 112" 

THICK; BASAL CONTACT GBADATIONAL. 

-------- r-..----------q 



STRATIGRAPHIC R E M A R K S  

A1 1M 01 111115 w m  sC@Jmcgi a m  LK)IIzom*1. AUD 

su~uoa~zmu FIB~OUI SMUI-TILLED IUCNUS om TO III~ ma. SPACED om m 6"; 

.wDLUTLI.t - VUTICIL AYP SUIVtlTIUL FIBPOW -W-?IUD FIIACNILS 118" TO 

112- Tllfa; BASAL Crm S U M .  

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT  
L I THO106 1 C LO6 

. 1 1 ,  -- tn 



E X H A U S T  S H A F T  

FIGURE 4 (CONTINUED) 

_ 
ELEV. 

(FT. Y S L I  

STRATlGRAPHlC 

COLUMN DEPTH 
(FT.1 

REMARKS 

2874 

2869-- 

2864 - 

2859 - 

2854-- 

2849 -- 

2844 -- 

2839 -- 

2 834 -- 

2829 

535 

, 
540  \ 

I 

- 545 S ~ Y S - ,  (?I- 9 ) .  

L- m n w  
FIXTI-IXY~ nmau 
mmmxn, nmur ~ Y S T A L L I ~ ,  CUT TO CUTISI-am.  WITC Ar WPP Q)Y~ACT. mmm 
TO a c u x w u y  wum, SIACZD l t l b O  m I-; MBDS ADD rurxvnr vwanrm~r ut TO - 550 114- M QCWIWT m m u n  unumr, arr upr m u r  nx~rr. stccm smw- 
'IVULL~S Y I ~  #m, ~ ~ I . L T  vrm 3.0' muus xmuww cur UYIW, 

amm DLQYII: Y I ~  w m l  u a ~ . ~ r  ~ l l l x r u m  XI WIP 6'; n u t  fOl. ~ I Z ~ * L  

M SUIW~XZOCTAL C M ~ I I U L P  mcmcs AK AII~ID*~~,  i l r  TO I I ~  ma. stum 
1- m r; B r p o x r  rrucxum ucnxorurr u urra mm; r*rrm~~ AUD suunu- 
ZmAL C T ? S ~ ~ L I . C D  r u m  trlcto 1' he', I fM 78-tW -7 -TI= 

555 M smvuncu mstm-FILLED m m s ,  118- rn i tb- ?ma, SPACED 2.0' m 6.0'; 

DUAL CWIm s w .  

560 

565 

570 

ANHYDRITE; SEE FICUBE 10. 

575 

S I L N  CLAYSTONE; SEE FICUPE 10. 

580 , 



, PRELIM'NAR 
STRATIGRAPHIC 

E L E V .  D E P T H  COLUMN 
R E M A R K S  

M S L l  I CT.) 

2829 580  

r------- - 
1 + : - - 

m'IDlIfLi ILL IICUIL 10. 

U C D l l A  DOLCMITE X E ? l B f l  

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC LO6 
- - -  .- -- 



EXHAUST SHAFT 

, 

'FIGURE 4 (CONTINUED) 

, 
ELEV. 

( C T  U S L l  

2784 

2779 

2774 

2769 - 

2764-- 

2759 -- 

2754 -- 

2749 -- 

2744 -- 

2739 

STRATIGRAPHIC 
DEPTH COLUMN 

REMARKS 
( F T . )  

625 
,/, 

\ 1 
\ 

- 

TAWISX nmn 
m ~ n .  r rmr  a r n u r n .  cur m ucn 8rarrxsr-cur so rrr an wm, u n r -  
urn m mmm. urpi UKULI CIIII~LDO~R AT UIIU m u m  I ~ B C W  or --- 630 MIU~LD OUOIATI u a u r  IUI WE\ W~ISAC XAY -1 u ZMIILTCD PD- 

SIOULLY~ 1- r0 1- ma OIGUIC ( 1 )  BUQ cuvsmn AY 66s.r'. c a r r r m n  rImraa 
nrrm-rrum ~*CNIU, rx~ns  O I I ~  VPTIWT, 1 1 3 r  so 1- nIa. DIS- 

I!-. LOCULT I I ~ T I I C :  # I I Z O R U  lI8lOVI MII)I-IILKD ?UtXUIU THWWlWI 

WIT# s t u ~ l t  0.5' r0 1.5'. 1131' m 1/16' nIa; mu suavnrrcu m m :  8 ~ s u  

Q*1m R*DITIoIIIL. -- 635 

- 6 4 0  

645 

650 

655 

6 6 0  

665 

670 * 



FIGURE 4 (CONTINUED) 

I 

, 
ELEV. 

(FT.  M S L l  

2 7 3 9  

2734 - 

2729 

2724 - 

2719 

2714 -- 

2709-- 

2704-- 

2699-- 

2694 

E X H A U S T  S H A F T  
LITHOL06IC LO6 

SHEET 18 O f  50 

PREL'MINAR 
STRATIGRAPHIC 

DEPTH COLUMN 
REMARKS 

( fT .1  

670 

- 675 

-- 680  

~ I T Z ;  SEE rim 11. 

AYWDI1TlZ: SEE tICUlL 11. 

- 685 

-- 690 ----- SILTY cursron; scr r ~ c v u  11. 

695 

ANHYDIITE: SEE PICLRE 11. 

700  

7 0 5  

7 1 0  

715 DOLO(ITE. ~ I F L I I O V I ;  sn r r m r  11. 



REMARKS 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LO6 

-..--- ~n -- r n  



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT  
LITHOLOGIC LO6 

, 
ELEV. 

(PT.  U S L I  

2 6 4 9  

2644--  

STRATIGRAPHIC 
COLUMN 

-L-i-'-- 
- - - - -  

- - - 
- - - 

DEPTH 
( F T . )  

7 6 0  

7 6 5  

REMARKS 

U A I W  

UlIn: s u  IIQRI 11. 

2634-- 

2629-- 

2624--  

2619 -- 

2614 -- 

2609--  

2 6 0 4  

urmun; sn rx- 11. 

2 6 3 9 - - 7 7 0  

7 7 5  

7 8 0  

7 8 5  

- - \ 
- \  - 

. -  - 
- \  - 
- - - - -  - -  - - - - -  - - - - - , :2-.$. ....-.. . 

?*&+-... p ..+*I . . .& - - - - - - - - - - - - - - - - - - - - - .  - - - - - - --------. 
-qz-------l--- --- - - - --L===- 
-I----------< 

u r n ,  a1LuCmw wfl: S U  11- 11. 

~ ~ L U C Z U J S  nun AYD WTXC nmnm: SEE FIW 11. 

P , 
LISIUIC~OVI urn rrp IULITIC .'IUDIIOIOa S U  IXtYII 11. 

7 9 0  
SILTS~O~L AYD S ~ T  SILTSTOY~,  L I ~  BPWI TO ~ E D D I ~ H - ~ R O ~ ~  V I ~  THIN urcns or 
XEDIllN G U Y  RAIsTMn AYD WVDsTOYt, T I I I K Y  BEDDED X )  LMIWATZD, DIVISIBLE Im UNITS 

SANDY t W I T I C  SILTSTDIIL; SEE F I C W  11. 

7 9 5  

8 0 0  

805 

-------- 
... . . . .. . ::,.i. :: . ' ' ... :.:.. 

b .. . . .'.'..' '.'.-;'.'.:.:: . . . . . . . . . 
L Z  ----- -_ 

I 
\ -------- 

I 

-2 ---- 
. . I .  
. - - . .  

J 

---- - 

8" m 20' mra; BEDDIIK #P WINATIONS GEWEWLY HO~IZOYTAL m s u n u o n I i o l ? u . .  SOME 

YAW BEDDING, s ~ r a  UICIO CROSS-wtrurro~~s: F I I ~  192.0 '  m 795.0'  wcu cnoss- 
m ~ m  RELATIONSHIPS u r n  s a t  m I n  PARTIALLY m WHOLLY EEO~IOUALLY R m o v r o .  UNITS 

C ~ L W L T  DOYY-CUT m EAST m somwr:  SWL-SCALE CROSS-BEDDING ws VMIMU 

C U B R M  DIBECTIOWS V I M  DEPTH, YOST SOUTH; AT 194.0'  SY;mETRICAL RIPPLES WITH C U Y  

DRAPE; RIPPLE SETS 114" TO 112" lHIC?.: !?INOR SOFT SLDIYEUT DEFORSATIOY. LOCAL FIWINC 

UPWARDS SEQUENCES; BASAL CONTACT GRADATIONAL. 

I 

. 7 - -+- p 



n u m y  LMIYATLD (1112- m i l r ) ;  uumurr r I n  srrucnrars rmwruc norrzovru 
LISIIYATIWS. W--LC CIOSS-[UIIMATI~ sns  01 VMYIUG SIZE (2- m 3.0'); CUUM 

D I R t C t I W I  IY SI(ILtu SITS VNY, MLL)IT DIRtCTIWS I I  WGR SETS MOSTLY NOlTUUST; 

P*II UMD snumms. ~ O S I O Y U  SCOUI AYD FILL; uu IIIIX-UCLC WLIR-FILLED 

FUCN~LS; t ~ r ~  OCCUUUCE IMCRW~S V I ~ I  m. MU eur u s e  u o ~ r z o ~ u  uro 
S U I V ~ T I C A L  wn-FILLED rucnmu 11e- m 3- nIn, SPACED 3.0' m 0.0': WE 

~ c u  suamIzmu.  ~ C N P L S  CUIIIT AJI WT ( m p )  YLST (KIITOIO s n t ~ l ;  COYTAIYS 

DMX cur  s m  urn ILUS ( a I o n m u r r a ) .  cowmrr r m u r ~ u c  u I n   em; s r c c r t r s  

N C I L U C L W S  SILrSTOME U I M  DLPTU; G U Y  U I M  LOCAL UDDISB-BUMI U. RIIUZY I 
THIOUCUOVT; P*U W-AWCU CROSS-MIMATIOW sm; MSU COYIACT CMDATIOYU o v n  
1/2", I M C C U W .  W P L D  U DIFfUSL 'WE TO UTPm COWACT WDUUTIONS. 

FIGURE 4 (CONTINUED) 

8 4 0 ~--.-------d 
------A- 

*----- - ,  

EXHAUST SHAFT 
L l  THOLOC I C  LO6 

845  

- ------- - 
= -------- 

* 
( 

-------- --------- -------- --------- 
\ 

SILTSTDUE; SEE PICUIL 12. 

', \ ,  S I L T S m L ;  S U  FICU1L 12. 

8 5 0 u\\\\\\TA POLYULITE, AWIIIDIITI!. AYD MGILUCEWS AWHYDRITC: SEE Q!m 12. 



STRATIGRAPHIC R E M A R K S  

-- 
WLIIZ: SEE F I C U U  I t .  

- X - X  - 

- X  - X -  

- X  - X -  

- - 
- - -  - - 
--- 

EXHAUST SHAFT 

FIGURE 4 (CONTINUED) LITHOLOGIC LO6 
SHEET 22 OF 50 



I - 1, - I S T I I W C P S  01 AUUT'DIITE OCCUR MITE DEPTU, STRINCEU Of POLTHALITE AND AHLlYDRITE I 

ELEV. 
( F T M S L 1  

2514 

2509 - 

2504- 

2 4 8 4  9 2 5  

I t 
\ X - . . . . . . . 730.0'. LWIDENTIFIED CAS ORIGINATES FROM THIS MU AUJMC FlACTURCS; BASAL COMTACT - - -  DIFFUSE. - n B c I L u c e o u s  HALITE, ARCILUCEOUS MTERIAL REDDISU-DIM. HALITE YLIITISLI-CUT m 

- - 

X - 
uft. COAUUY CITSTALLIY~. wxn m n m  auar. T~ISLT ICDDED UITU T M I ~  

s U J l W ) I r z ~ A L  S n l I I C P S  of Ammun Am m L Y B I U n ;  SLIUXLT M c I L r A C t W 1  18 U P P P  

0.5' : UIU QWTICT S I W ;  S U W r L T  LWKllArOrT. 

s I L n  cursm.  e~anrsv-~m. vnr son; wurrc. urn ocms u ~ir'* TO 1- DIS- 

PUCIM CRYSTALS% t O n A I Y I  -1 PrmKLO C L I Y F I O I ;  UW COYTACT DICNSL.  SDn- 

TICALLY CUMTIOYAL. 

-- 

%In.  XEDIM TO COMSELT CPYSTALLIIII. UUITE TO NAI; =AIMS INTERSTITIAL RED - c u r  II UPPLI 3.01, COYTM DECIUSES YITU DEPTU:  ACE wnrrnr OIIENTED sraxrcens - - 
W m L ~ 1 ~  IM R f 2 u I N u E l  01 U I I t :  BASAL COYTACT DITNSC. 

. STRATIGRAPHIC 

COLUMN 

- - - - - 
--- 
X 

X 

- - -  
- - 
- - . . . . . . . . 
- 

- - -  

DEPTH 
fFT.1 

895 

- 900 

- 9 0 5  

- - 
2474 4 935  1 - = - / C L W :  HALITE OCCURS AS DISPUCIVC C I Y S T U  lJrO *OCUCAN W CPYSTAU; UNIT COW- 

TAINS LOCAL CPEEIIISLI-CPAY REDUCTIOT Z W S :  C U T  = DfC1USES UITU DEPTY, I 

REMARKS 

ARCILUCEWI YIL1TL: S U  lItllll 12. 

w m :  s u  l I C U U  12. 

A I C I ~  u n ;  s u  11tuu 12. 

. 
w~r. S U ~ T  AIC~LUCEOVJ; su 11w 11. 

X 
X . - - _ - I  . . . . . . . 

E X H A U S T  S H A F T  

HALITE HIXED WITH WLYWLITE, PIUELY m COARSELY CIYSTALLIME. WHITE m CLEM; 

POLXlULITE C O Y T M  DECILASLS YITII DCPTB. CONTEWT U U T E S T  IY UPPQ 0.5'. OCCUILS AS 

C l O U n  O f  S U I W W I Z O ~ U  STIIUGLIS. BE(XW1YC U S ¶  YITY DEPM: SUBLIORIZOYTAL 

FIGURE 4 (CONTINUED) 



. 7  - 

ELEV. 
(FT. USLJ  

2469 

2464-- 

2459-- 

2454- 

2449- 

2444--965 

2439-- 

, STRATIGRAPHIC 
COLUMN 

- j 
X 

-. 
\ 

X - 
\ \ 
- 

X X --- - - -  - - - - 
x 

x  

X 

X x 
X X  X X  

--------. -------- --------, -------- - - 
X 

Xx x x x x x x x x x  
k 

X - - -  
J 

I 

J 
c ,  

\ \ 
\ , \ -  ( \  

t -  
I \ 

PREL'M'NARy 

DEPTH 
trr.1 
940 

945 

950 

- 955 

- 960 

- 

970 

2434-- 

2 429- - 

2424 

REMARKS 

U A m  

A U I L U c E W S  W T Z ,  ? I Y R T  10 COMSCLT Q T S I * L U ~ *  WITISI-CLIY 10 CLU.  W S I M t  

WTL O(XIIU AS amu -tuns 11 ZOYLS a ?om: cur awrm DEIXUU 

AluJ?TLr B W  949.a.g l l A a  D I S S U I S A R O  K K W I T L  B U U *  QmDlT I Y Q W E S  uIlll 

D E ~ ;  BECUUS BLDDLD II UYP 2.0' MITT ALTWATIIIC m w n c  WITI AYD CLUI 

WTI B ~ D I  2- m f T B I ~ K ~  BASAL OOYTACT SUMP. D I S C O U F W U U .  

M C I L U C L W S  W T Z  I I  U P P P  2.0'. UDDISY-IlQII. CIA1 CWTm DECWASLS UITll D E W .  

cuns xno P O L ~ ~ T I C  wxn; urn IS vvxn TO r r m  owct TO crur, NLDIUI n, 

COMSUY PYSTULIIE; P o L Y t U r n  ~ C C U U  A) BLZBS AII) mrrcns. m L r u u I n  BLD AT 

961.5 ' ;  C O ~ A I ~  LOCAL GILGIISH-CMY ILDUCTIW SWIY 11 MCILUCCOUS MATPIN UUI 

?#I WL; IUU COBTACT SUB?, BY 3' TBICI  LKIIIZOTTAL CIBIOUS U I T f - F I L L E D  

rum. 

SILTS?DII. IEDDISB-BROYY, TRACE 01 BEDDIYC: COYTAIMS SHALL 114" IM8AYED DISPUCIVL 

KALITf CXYSTAU WW TOP; CONTAIMS IUU SUBVLITICU HALITE-CILtLD FRAC'NILLS: BECONES 

~ Y M I T I C  ( c u r )  11 ~ E I  1.00;  CQNTAIMS DISPUCIVC wrn CXYSTALS < l l a O ;  a A s u  

COYTACT s w .  

r%GILUCEOVS HALITl!. MCILUCEOUS U T E R I M  REDDISH-BROW. W I T E  CLEM: B E W  969.0' 

CUY c o r n  DECREASES ABRUPTLY. WIT BECOMES s L I c n n r  ABCILLACEOUS UD POLYWLITIC. 

C U Y  AYD P O L W I T E  OCCUl AS UNX+fLY ORIENTED STRIUCEIS: GVEIALL C U Y  COWZEbl 

FIGURE 4 (CONTINUED) L f THOLO6 f C LO6 -..--- h ._ r r  

DECXLASES YIRI DEPTY; POLYHNITC MWTM IWCIIASFS UIl?4 DEPTU: BASN CONTACI 

ClADATIOIAL. 

AIMYDIITC cur: DISCOKIHUOUS BEDL or WHITE PIYLLY C n r s r A L L I n  CWITE N W  TOP: AT 

975 
~ ~ W I T E  OCCUBS; WIT c o m A I n s  CLW DIS- 

XEDIUn BEDDED B Y  SUBKORIZONTM. STRINGERS 01 POLYHALITE; BASN CONTACT S W .  . W E D  
------- 1 BY A 2" THICX BED OF POLYHALITE. 

ARCILIACEOUS HALITE, REDDISH-BROW. S L I c n n r  ~ Y D P I T I C .  CXAY COWZM DCCIUSCS U I ~ I  

9 8 0  

985 

E X H A U S T  S H A F T  

---------------: -------- 
- \ -  - 

X - \  
- \  - - 
- X X 

DEPTH; WEAR TOP, UITC ocms AS DISPUCIVI a r s T u ;  B C C ~ I C S  ML D O M I M ~  ~ I N W  

TYPE W I T ~  ~em,  secones xeorvn TO COMSELY a r s T u r r n .  W I T ~  m CLEM. THINLY 

BEDDED IY LOYm 2.0' VIYI S R I W C R S  O? POLYHALIIC SEPAUTII*: OEM; AIGILUCLOUI 

H A T ~ I I N  OCCUIS AS IUIIIX II U P C ~  PUT. SZIIYCUS II LOYU PUT: mr ~ ~ E C N I S U - C U Y  

IWCTIOU SPOTS OCCUI IW TOP: ~ U C I  POLYHALITE. c o n m  IICILASES YITW DEPTW; 

BASAL COltACT SUM?. D I S C O M W L E .  



EXHAUST SHAFT 
FIGURE 4' ( C O N T ~ U E D )  LITHOLOGIC LO6 

c u r e +  3 C  A C  Cn 

t 

ELEV.  
( fT .  MSLJ 

2 4 2 4  

2419 - -  

2414- 
--- --- CQUSU~ arnuxn, WIR TO CUM; ma roLrsurn  ~ u r s  ~ ~ l o  W T ~ I  O I I ~ E D  --  TO S ~ ~ I ~ ~ A L  sn~uctls: LAU ~ T D I I R  S ~ I Y C P S ;  LOVP 3.0' n m  OWIGL; - - -  

BASAL c m m  S a u r .  - -  - 

- - 

M D I S S U I l A T t D  SLEDS; AT 1017.1'. 1' TUCK BED Of POLYUALIIZ OCCURS OXDERUIN BY A 

114- ma BED 01 c u r  ~UYSTOYEI BASAL COUTACT SWI. WED BY DISSOLVTIOW 

BPOYY S U M a I Z O N T A L  STRINGERS, SPACED A" 70 2"; STXINGEBS M E  TERHINATED EROSION ALL^ - - -  
- - AT UPPER COWTACT, C U Y  CONTENT DECREASES WITH DEPTtl; TRACE WLYXALITE STRINCERs AND 

DISSMINATED BLEBS, CONTENT INCREASES IN LOWER 3 . 0 ' ;  BASAL CONTACT S U B ? .  EROSIONAL. 

UNDULATOBY UP TO 1 .0 ' .  

STRATIGRAPHIC 

- x 
X \  - - 
X X X  
X X X  - - 

x - - 
X -- x L x  - - - - -  - - - - - - -  - - -  

------- 

DEPTH 
( f T . 1  

985 

990 

995 

REMARKS 

4s A M I  - 

UILUCUM WTL, WDIM m COMSUT a m u r I a .  NITZ TO TIMTCD oww;t: 

UWISR-mum cur tun11 IN urm 4-1 ~ ~ L W I T I C ;  cur uro WJLYUALITZ occur u 
SUUY)LIZQII~L sn~ucus st- 1- TO 4.; MSU anm SW. 

~.CIUUZOUB UALIR CLU)IY TO nun U I T ~  D L ~ ;  cur ocmu u UDDISY-IKOYI 

l u n r x  u TOP, nun omm u o~srucrvl a r s ~ u s  M QYSTAL ACCRECATU ALICU~D 

I1 a. Q*T I8 W P P  la Q U l I S 8  Q l Y ;  C U T  D E Q W E S  UITl DC?TII. OCCUXS 

u sua~011~m*t sn1wu.s; w n  rtcarr mrun rw n r r  WITN ntm. arnxum TO 



x x X I  
- - -  ARGILLACEWS W I T E .  YEDIUM TO COARSELY CBYSTALLINE. M I T E  TO CLEAR,CUY OCCURS IN 

. STRATIGRAPHIC 
ELEV.  DEPTH COLUMN 

REMARKS 
(FT.  MSLJ ( F T . 1  

AMUYMIR. r ~ m r  CI~STALLIY~,  A L ~ U T I I C  L I G ~  AID DAU GRAY. LAHIMATED m vnr 
nImv mmm: ILDDIIS U I D U I * ~  sunmr. run o m  c o n A I r  ~ O L I T I I I C  STPUC- 

TUILS: UKU. <1/4. ClYSTAU 01 HALITE; UCUT BROYl CMMUATE ( 7 )  IYTERBED1; M S U  

COIIIm n * o r T I a A L .  

cAuovrn ( w m r n ? ) .  rrvnr C I Y S T ~ M ~  am ~ I M ~ D .  L I ~  BROYY VIM GUYISH-BIOVT 

W I U .  T U I l L I  WIMATCB. W I U  O C M  U COK*M S i Z S  AVERACING 4" TO 1" 

AEIOSS8 PIOWLt *LCU. STPQUTOLIfU: D U K P  L W I U  O I W I C  (?); BASAL CONTACT 

.W IT WBLK)IIZOKAL CUYISLI-IPOlnr W I Y I L .  CUMTIOUAL. 

DOUY(I~L. PIMELT a r s T u I M L .  LIGHT BROW, UIYI w BEDDIU: BASAL COUTACT SHARP. 

m o s 1 O U L .  

MDUR, UPWATE-IICP. rIrnr cnrsruruc. ALTWATIU L I ~  GRAY AID GRAY. --- ---- - - -  - TIIIIILI UIIIATED II UPPU 0.9'. a m I y D a  snucnmuss: BASAL COUTACT SUP. m+ - - - -  
SIOWAL. - - _  S I L ~  cursmu, cur, LOCALLY m ~ n r  ~ ~ I M A T ~ ;  covrurs DISPUCIV~ HALITE 

2364-- 1045 x , CIMAU: UIIL QYTACT S U M .  

I - -  -1 I(AWOOIRY-ORIPm0 STRINCtlS;  STRINGERS AND BLEPI Of P O L Y W I T E ;  BASAL CONTACT SHARP. 

2359-- 

2354--1055 

POLYHNIR.  ?INELY CRYSTISLINE. ORANGE. STRUCTURELESS EXCEPT NEAR 0ASL; LOCALLY 

- - -  HALITIC: mIr GRAY A N H Y D R I ~  BED O C C U ) ~  AT BASE; BASAL CONTACT SHARP, WKLD B Y  A 

1 MIY u r n  w c u r  c u r s T o w a .  

W I ~ .  MEDIM m causcrr CRYSTALLIME. WITE m CLEM; MIGILUCEOUS AT TOP. 

BEDDISP-BROW. C W l C W I  D E C L W E S  VITP DEPTH. C U Y  OCCUIS IM STRINGERS: TRACE POLY- 

1050 

- - -  mr in n r a  cur curssorr nEDr cur amm I M C R ~ ~ L S  s L 1 n m Y  ~ ~ L O U  1071 .6 ' .  COLOI 

I E D O I U - r n  TO C U T S  BECO)ILS Y U I  P O L Y l U I T I C  I I  LOYU 1.0'8 BASAL COUTACT S W P .  

E X H A U S T  S H A F T  
LITHOLOSIC LO6 

- 
x - X  
- - 

x 
x - 

~ \ M ~ \ ~ ~ * \  

\ 

X \ 

\ \ \ \ \ \ \ \ \ \ \  

urn. m~uc TO comsnv C I ~ S T A L L I ~ ~ .  unIn m crur m OWE; c u r  runIx IM 

m m  i.a*, UTE ocm u D I S P ~ C I W  CIYSTUS, cur camn DECWSES VITU DEPTH: 

CLAY wmmwcr CWCES FUN MTPIX m su~ua~ to t r ru  snrrcus SPACED I* n, rm, 
BW iw7.a' ARCILUCEOUS ~ I Y C P S   BE^ DISCOMTIYUDUS M OIIMED ~ G G M L Y ;  

IUtX DISQYTIWOUS S U B L I M I Z O n U  SIXIllCEIS UID PODS W POLYHALITZ, C O m M  

IM-u uxn D E ~ :  AT 1050.0* A 0.3' TUICI: LAHIMATED BED of A ~ R ~ ~ P I I ~ L  ocms. 
B M Y  TTIS BED CLAY C O N T M  DECREASES .MKEDLI  AYD T U C E  Am)UYTS W POLYHALITE AND 

AYIIYDIITE occu II DISCOUTIIIXXIS snxwcas; zm THICK BED of ANUYDPITE OCCUIS AT 

1011.0'; LOVL. 1.0' I S  VQI POLYWLITIC: M S U  CONTACf SHMP. 



EXHAUST SHAFT  
FIGURE 4 (CONTINUED) L I THOLOC I C  LO6 

. 
ELEV. 

[FT. M S L l  

2 3 3 4  

STRATIGRAPHIC 
COLUMN 

X 

X 

X 
X 

x X 

x x x x 

PRELtMINARy 

DEPTH 
I FT.) 

1075 

2329--1080 

REMARKS 

r4 

r o ~ n u ~ n ,  F I ~ ~ Y  C ~ Y S T U I ~ ,  OW: u v ~ ~ r  BY 112" ~ I C X  GUY CUYSTONC BED; 

2309-- 

2304- 

2299-- 

2294--1115 

2 2 8 9  

2324--1085 

- - -  - - 
x 

. x X 

7 BASAL M A C T  S l u u .  
nun. ~ I U I  TO C O M S ~ Y  CPYSTULII. CLUL TO n r r ~ c ;  uern 1.0' ~ c r ~ u c r o u s  
~ I I C D I , ~ O ~ ~ ~ D C ~ ~ S E S  ur rv  DUTM; D ~ L ~ ~ L I R  snrnccn. c o u r m  INCREASES 

U I T ~  ~ m ;  uu  ACT SWV. 

W L W I T E ,  IIllUY U Y S T U L I U C ,  OWICE,  STIUCNILLESS; U Y O U U I Y  BY I* TUICC CBAY 

2319--1090 

2314- -1095 

1100 

- 1 105 

1 1  10 

1120 

------- ------- .-------. - - - - 
- 

x 

X - - 
X - 
- -  X 

- 
X 
- X 

- 
X - 

X X ) ( X X X X X X X X X X  

X X 

X X 

, X  X X - - -  
- -  
- -  

- x  - 
X - - - X 

X 
- 

- - 
X - x  - - 

wrn. maarnrr ~ c ~ r u c ~ o u s  un, r o ~ n u L I T I c ,  H C D I U ~  TO C ~ A R S E L Y  cr r s r ,uLr t i c .  

W I R  TO EUU r0 TIUTCD O W E ;  WIL U W I S U - I t W  CLAY .UTIIX.  HALITE OCCURS AS 

D x s r u c r n  a y s r r u .  LCCAL crcarrn-cur rrarcrra zom;  uc~urccws s n r f f i u r  . 
U m  I8 U I P U  3.0'. COUTt?MT D C Q W U  U I m  DE-, A 6 S m  6 E L W  1103.0 ' :  

~OLI~WITI occuu AS DISSEMI~ATED BUDS AID STBIYCUS, mm ~ n c t u s ~ f f i  u r n  
ocm, 1- TLIIU WLY~IALITE BED AT I I O ~ . ~ ' ;  BASAL m m ~ m  SUM?. 

W L I T t ,  ARCILUCEOUS AND WLYHALITIC, COARSELY CBYSTALLIWE, WHITE TO CLEAR; C U Y  

O C C ~ S  AS STRINGERS; WLYHALITE OCCURS AS DISSEXINATED BLEBS AND STRINCERI, 6" TUICK 

IRRECVUS BED OF POLYHALITE AT 1120.5 ' ,  LOWER 6" VERY POLYHALITIC; BASAL CONTACT 

S U P .  



PRELIM'NARy STRATIGRAPHIC 
ELEV. DEPTH COLUMN 

REMARKS 
(FT.  U S L I  ( f T . 1  

2 2 8 9  1 1 2 0 X ~ ~  - U AIOVE 

X - 
- - 

I X- 

CZIYSTWE am; wu  ACT s w .  
I U I ~ .  RLDIUI TD C O A I S ~ Y  a~sru.un, VYIK TO ~ ~ l i l  ro TI- OWE; U P P ~  6" I 
cmm S W .  D I S C O I R ~ L C .  

-------  IULITL, C O A U U Y  U Y S T U Y L .  YIIITC TO CLEU TO M E ;  U ? ? n  1" VERY MCILLACEOUS, 

SLICYTLI MCIULOVI m 1lrr.o'; r o ~ a n r n r  ~ u r a u n  uuwmr-or~mm snrncus 
AID wcz IUU w mmun, comn ~ r c l u s ~ ~  v x a  D L ~ .  w r r  1.5' VERY ~ L Y -  

KALITIC COeflIMIlS D I S P U C I V t  KUlK C l Y S T U ;  m I Y - B R W U  CL&Y D I S S U I -  

N A ~  MI- u unlx. aumn ~ucnuscs vIn D E ~ :  ~ u r n n u ~ r  s w m  ZONES 

(1.0' x 2.0') O f  PUtt W I T Z  SCA- R I l O U C I I ~  WIT:  LOCAL SHALL ZONES 

01 REDUCED CILLIISLI-CRAT CLAY: DISlOLUTIW P I T S  M I O W  UNIT FILLED WITH MCILLA- 

ccous urn: m L r w u n c ,  comn ~ n c ~ u s r s  UITP DEPTII. DISCOYTIYVOUS la MI= 

GYPSW s u u m u ~  CPYSTAU B E C ~ E  A B U W D ~  BMY 1155  .a'. l / l b a  m 1" HIca. BEcoltr 

.'(ORE ABUYDAYT AYD u c n  u r n  D E ~ .  .*ST OCM u o ~  s u s n o r r z o w r A L  BEDDING PLAWES. 

OCCASIONNLY PSEUWm)RPLIS LIE  P W E L  TO 8EDDIWG: AT UPPEl COUTACT DISSOLUTION PITS 

rm umrm ocm.  FILLED U I ~  m r  ARGILLACEOUS n u x n  um WITIC YUDSTONZ. 

0 .5 '  TO 2.0' DEE? INTO M I Y M I T E .  BEDDING TERYINATED EROSIONALLY AT SIDES OF 

DISSOLLITIOM PITS: LOCALLY. POLYHALITE I S  INCLUDED IN HALITE FILLINC O f  HALITE 

PSEUWFORPHS *TTEl GYPSUH SUNLOUTAIL CRYSTALS. POLYHALITE ALSO OCCURS IN 

IRREGULARLY-SHAPED ZWES (1" a 3") A1 R E P U C M M  O? ANLIYDPITE; HALITE OCCURS ALONG - - -  
BEDDIX PLANES BE= 1151.0': L O U P  la COYTAIYS INTERBfm OF #JLIWLITE;  BASAL 

- - -  
UPPLl 4". I W I N D L I  STlWXUWLLSS n C E P T  POI W KALITE P S E ~ O R P U S  AFTER SYALLOY- 

TAIL CYPSUH CPYSTAU: COKtAIII  ABUYDUrr IBIECULABLT-SHAPED CRYSTALS OF HALITE (1132'' 

TO 112"): W R  3" I S  AWWDIITIC O. CARBONATE-RICE. C O W  GRADES TO BROUW AT BASE: 

BASAL COUTACT S W P ,  UNDUUIOILT W NO SCALES: ? I I N a  - UP 3". %Jol - UP TO 

2 .5 '  mrsrrs s o n  S E D I ~ E K T  DEFOR'(ATIOM DUL m LOMINC. 

STRUCTURES: M I C M E S S  RAKES FROM 0.1' TO 1 .0 '  : LOCALLY BROKEI BY 0" TO I" THICK 

FUCNBLS FILLED u ~ r t l  ~ L W  m OWE H A L I ~ :  BASAL CONTACT SW. ~ U L A T O R Y  UP m 
1 . 0 ' ,  D I S C O N F O M U .  

am3 u urns, ~ ~ ~ Y - O I I M L D  snxnccas. m *I TLIIQ SUBUOW)IIZO~AL S ~ I N C E I S  

i / b a  ma: m n n ~ m  a m s  w ~ z a  ~ L W I T L  snxmzcas, c o r n  INCRUSES VIM 

D L m :  BASAL COCfACI SUMP. UWDUUfOIT UP TO 1.0'. 

E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED) LITHOLOGIC LO6 



PRELIMINARY . 
STRATIGRAPHIC 

ELEV.  DEPTH COLUMN 
REMARKS 

~ F ~ . M S L I  I F T I  - . , . . . . , 
2 2 4 4  1165 x \ x - 

~ I R ,  r1m.r arsruIwt.  CMY m L I ~  cur. u r n  or nrrw wtrw~rrous; cow- 
rums I* ~ I U  umurr u x ~ ~  ZONES or nrxco u r n  rn rrutrr c n r s r u L x w r :  BUN. 

r \ \ \ \ \ \ \ \ \ \  OQ~ACI w. 
\ \ \ \ \  \ \ \ \ \  WLITE.  C0USU.X CRYSTULINE. W I T E  TO CLEAR: COYTIINS HORIZOYTAL STRINGERS OF 

ImDUUTLDGUY CUYSTOWC XAXXIX: S I Z E  01 NODULES INCEEASES YITM DEPTH; TEXTU'RE O? 

a 1.)' DLFINLD AS NODUU.:  BASAL CONTACT S H M P .  D I S C O N F O ~ B L E .  

-I=. ~ ~ ~ J T X C .  PIWELY CPYSTULINE. CMY m IROWISII-CMY. nIcao TO ~ I K L Y  WI- 

urn. MI*L UTPIAT~ r m  m D-: CO~TTAIMS  ow u r r r  ~ s r r m o r c ~ ~ n s  mu 

I I - I " I I ZmTAL STIIYCEPS OF POLYHALITE TO 112"  THICK; LOCAL C M Y  SUBHORIZOHTAL STRIYCERS Of  I 

2 2 2 4 t  I 8 5  } _"{, rr*l TOP ems U ~ A I N  WIE PSEUDO~OPPKS MTEI CYPSW SWALMAIL CRYSTALS I/&" TO 

CLAY TEIWIIATED AT PENECOMTLYPORANEOUS DISSOLUTION P I T S ;  BASAL CONTACT SHARP. 

DISCONFOLWU.  UNDWTORY UP TO 0 . 4 ' .  

mIn m MCIUCEOUS IULITE: HALITE: WITE TO C L ~  TO TINTED OWGE: CUY: 

------ ----- 

BLODISH-BIWM: UPPER 0 .5 '  VERY ARCILLACEOUS, CONTAINS D I S P U C I V E  HALITE CRYSTALS 

(< 114")  I11 WDSTONt! MTRIX.  UPPER 3" GREENISH-GRAY I N  COLOR, CLAY CONTENT SECREASES 

YITM DEFT3 TO l 1 8 9 . 0 Q ,  0.5 '  THICK REDDISU-8ROW ARCILLACEOUS HALITE BED OCCURS BELOW 

111" BIG#: BASAL CONTACT S W P .  IM)UUTDPY UI TO 0.5 ' .  DISCONFORlu%LC. . W E D  BY THE 

OCCURRENQ Of 1" TO 2" MI- BED OF C U T  CLAYSTONE. 

1 2 2 1 4 1  1195 ( - 1 1189 .0 ' .  CLAY COYTENT INCREASES ABRUPTLY. TPEN DECREASES WITH DEPTH. CLAY .UTERIAL 

ams IS I(*~PIX UTERIAL OR AS RANWHLY-ORIEWTED STRINCEIS. CLAY CONTENT LOCALLY 1 

B I L I ~ .  ausmx CBYSTALLIUE. WITE m c ~ w  ro r I w r r D  o w c t ;  BLESS UD S U ~ A O R I -  

I I I I I D C R U E S  BE, 120O.O1: TRACE POLYHALITE AT TOP. CONTENI I N C R U S i N C  WITH DEPTH. AS I 
I I I I DISSUIUATED BLEBS AwD RANWWLY-ORIENTED DISCONTINUOUS STRINCERS; BASAL CONTACT I 

EXHAUST SHAFT 

FIGURE 4 (CONTINUED) L I THOL06 I C LO6 
a -- en 



R E M A R K S  

WITt, MDIUI 10 COAISCLY QYSTALLIIR. U I T L  TO O I A U C I S l l ~ ~ I ~ ;  UPPLI 2.0' RLDDISY- 

I~OHI  WTIC l s m ~ ~ l t  EO~AIYIK DISPLACIVL WR QYSTU. CUDLS IMTO S L I C B ~ T  

MCIUICCOUS WTLI IDUIYW C O ~ A I U S  CUT CUY D I S S U I U T ~  ~ ~ I W G M O V T  u I ~ I -  

~ Y S T A U I ~  UTPIALI mrnu.xrt OCCUIS u umta,~-tm~fllfm sn~mcus UID D I S S ~ I .  

MATED ILLIS. ICML~ 1211.0' AUD 1219.0'. 2- MIR W L Y ~ . I T E  BEDS SPACED 0.5' TO 

1.0' OCCUR. 3- N I ~  DISCOIZIIUOVS 10 01 POL-IR WDCSLAIM BY A m11 BED 01 GUY 

N Y S ~ C  AT 1219.0'. ILD or T I ~ T  QYSTWYL OIUYCISP-WISE WLYWLITE 

STRATIGRAPHIC 

ocms BMU 1117.1' 10 1217.5~; 111- TO i/r- ma S U B ~ I ~ O N T A L  snxwcus of 
W L W I T L  O C a  II TUC I M Y E R V U S  FIQ( 1221.1. TO 1217.1' AND 1227.1' TO 1229.5'; 

MU QWTACT W?. SLIGHTLY VYDVUTOIT. DISCUIFOILUBU. 

ORIENTED DISCDYTIWOUS S'lTINCElS; UPPEl 2.0' MCILUCEOUS HALITE, HALITE OCCURS IY 

DISCDNTINUOUS ZONES AND PODS 01 cxrsrus IY CUY AND HALITE .WTRIX. CUY CONTENT 

DECREASES UIZll DEPTH: BASAL CONTACT SHAIL?. WDUIATORY. 

IACZWS HALIT2 OCtllPS I n  UPPEI 0.5' .  C O K T M  DCCIEASES wIl?J DEPTH; WLYHALITE OCCURS 

AS D I S C W Y I W M  STIIUCEIS. BLLOU 1243.0' POLYIWITE lECMcLS ABUWDAYT: BASAL COKTACt 

S W ? .  lmmLAToRY It? lu 1.0'. 

APPLMS TO WVL .WIM) FOPNS AT UPPU CONTACT; CONTAINS IRRECWLY-SHAPED CRYSTALS 

OF HALITE (1116" m 316") D I S S ~ ~ I N A T E O  nr~ow;nwr; aasu  CONTACT SHARP. WKED B Y  I"  

CUT, mmvr ~rcruscs UITM orm. s r T u r m  1zsr.e' AND 1257.0' s u s ~ o r ~ z o w r ~ ~  
S ~ I I Y C D J  or RCDDISI-IROVI CUY ARE C ~ I Y U O U S  AROUND THE CIRCLMFERENCE 01 THE 

S W ;  DISSDlIUTfD W L ' I W I R  BKBS. C W T M  INCILASCS UITM DDEPfP; BASAL CONTACT 

EXHAUST SHAFT 

F IGURE 4 (CONTINUED) L I THOLO6 -- I C  ~ 0 6  - - 

ELEV. 
(FT.  Y S L )  

2199 

2194--121s 

D E P T H  
(FT.) 

1210 

COLUMN 

x x x 
--------, -------- ----- ---. -------- 
--------, -------- --------, 

- - 

x 
- 



I s n I N u s  m r o L w I n  IM urru o.sn. IM nt RPLIIYDP or n ~ t  UNIT POLIIWITC 

O C m S  AS UU DISSUIMAfm BUBS: BASAL COYTACT S W .  
-- - - - - -~ - -- 

WLIR, QI~ISUY CIYSTALLI~, WITX m w; ucrrrrclom AT ror, cur o c n n q  

. 
ELEV. 

(Ft. MSLI 

2154 

2149 

FIGURE 4 (CONTINUED) 

STRATIGRAPHIC 
COLUMN 
- 

- - -  
X 

- x  - X 

- - -  - - -  - - 
X X 

DEPTH 
( f T . 1  

1255 

- - I 2 6 0  

EXHAUST S H A F T  

REMARKS 

as am 

YUITC, I(EDIPI TO COIU~LI QISTUIML, YYI'IL TO -I U P ~ U  0.s '  *~CIUCEOUS. 

tl*l OQUU mxn ~ U T E  AS ~ T U X ,  e m u  1zbo.i' cur ocms AS S n x n c E a s .  ~ o m  
o r ~ w n  nn acm: orssaruno mrnwxn BUDS; MSAL COWACT s i m p .  

2 144 

2139-- 

2134 -- 

2129-- 

2124-- 

2119 -- 

X ~LYUALITE,  ~ I Y L L Y  a r s T u x n ,  OUYCISM-UD, rnucnmcuss; UUDLIWM BY 1" TIIICI: 

-- 1265 YUITL, +TE m aw, aursar ars~*urrr ,  s~xcunr u c ~ ~ u c r o u s :  cur occuas IM - - -  S~IIEEU. carm #curt~ WITE prm, usm B E ~  izb8.0e; mcr ~ L Y K A L I T ~  - - eu1s; UuL Cmm sum. - 

1270 

- CUI~ irun 8m, occuu 3" aam urru conm: uut.  ACT SW. . w m  

1275 STIIUGCU *IID AS DISSmINAffD BKIS;  

SLICYTLY AICILJAQOUS. CUT CLAY snxxens TO 1276.o', Alsm e n v t a  1276.0' 

izno.o*, cur snIncms 11 i.on THICX m m  8tL.c~ 1280.0'. 8~ 1284.0' cur co 
IMCIWD AS SIRIIOIIZOWAL snrnccns; BASAL COWACT SUM?, SLIGHTLY UYDULATOR~. 

-~ 
1280 

1285 

1290 

- - 
- 

- - -  
- 
- 

X - -  
- X 

xxxxx X 

W L I R ,  n m I W  10 cOMSCLI CIYsTULIYt, YllITL TO CLEM; MGILUCEOUS. UiPLR 1 . 5 '  m 
2.0' UCIUACWXR wun WITI c u r  wp urn MATRIX. W I T ~  OCCL~RS AS ZONES AND 

PODS OI CRYSTALS AUD DISCLACIVL QYSTAU TU 1/2* ACXOSS. CLAY CONTENT DECREASES WITH 

DEPTII; POLT~UITE OCCU~S AS SUBHOIIZOYTAL STIINCLIS AIR) DISSEHINATED BLEBS, CONTENT 

INCRUSES WITH DEPRI; BASAL COYTACI SHNP, mrwurorr. 



1": FnQl 1331.5' r0 1331.8' O t  G U Y  l1WELY CUYSTALLIWE ANUYDIITE BED OCCURS; BASAL 

LSSIACT SWP. WD BY I" THIC~: 1m ot CUT CLAYSTOIL. 

HALITE. COARSELY tPYSTALLIMC. UHITE TO C L W ;  V U Y  SL1GUII.Y ABCILUCEOUS; TRACE 

FOLYHALITL AMD UHYDRITE. IaPECULM BUBS OF P O L m L I f L  OCCUPS ABOVE 1335.0 ' .  

ABXYDPITL OUNU U CD1TZIN'WUS AND DISCDNTINWJS STBIWGEPS B E D  1335 .0 ' .  BASAL 2.0 '  

~ ~ ~ A I U J  114' m a  SMWIZOMTAL STBINGEOJ OP AH~~YMITE; BASAL  ACT SHMI. 
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REMARKS 

rs rm 

FOL'IIUUTX, lIlLLI QYST*LUUC. U?DDIU+UlCI; CWIAIII IIILCUUI Q Y S T U  AND BEDS 

w nun) ~ l t  ~ A C X  s w ,  -r rutcmu. 

UTE, mxm m aumnr  crrs~rurn,  WITZ m aua m  TI^ o u u ~ r a  F Q L ~ L I T C  

am u I- U Y W I ( I Y - O L I ~  **D S U I ~ I I O ~ ~ U  mIYEns m u 
Q I S S O I I U I L O  B L U I ,  I M c l w C S  U I n  D t m ;  8- 1307.0' 1300.0 '  

LIQIUMAL m s ~ z o n u  snIucus or c u r  ocnnr mu c a r r A c r  DxrrusL.  

r 

UCI1- tuam wn, U ~ J O I S S - ~ ~  CUT.  nun WIR TO C U M 8  HALITE O C m s  I I  

mm UIP xnzcuuar-swm z ~ n t  *r AS nanr or a r n u  D I S P ~ ~ J ~ D  moucuorn, 
CIA1 U PIUn O C M .  AS MAIXXX8 MSAL CWI*R M a W A L .  

UTE, 0 0 ~ 9 n . y  CIYSTULIMK, nxn TO c m a t  SLIQITLI *LCILUCEOUS. BEDDISJI-BUM, 

CUT c ~ n m  occrwu u r n  DUTU: nrcr DI~~UIUTCD FOL'IIUUTZ BUDS, c o n m  
xuCltASn UITR DW, m a  1320.4' TO 1 3 ~ 0 . 9 '  A R m o I s a - O u r c s ,  F I I ~ L Y  C~YSTULIWE 

-?oLYUI" am ""I' MSAL CONTACT s w .  

2079--1330 

POLYIULIR. LIUITIC, PXYELT CRYSTALLINE. PBDDISB-ORAWCE: COCTAlW3 IRBECULM DISCOM- 

TIllllOUS BED¶ OC CLW HALITE AND I R P f C W L Y - S t V S E D  CRYSTALS 01 HALITE 1132'* TO l l8"  

ACPOSS: OCWIOYAL wrn P S E ~ O P P U S  m m  C Y P S U ~  SWALLOYTAIL CRYSTALS IN UPPEE 

- - 
- 

X X 

w~t, COMSZLT ~ Y S T U L I M C ,  uurn TO  nu^; UPPU 4" A R C I L I A C E ~ ~ ,  CLAY occurs AS 

PIWX D1SQ)LlflYUWS STIINCLIS, C O N T m  DECREASES YITM DELPT, A B S M  BELW 1326.0 ' :  

rccmcs FOLWITIC BELOY 1326.0'. COY~~YT INCREASES UITH DEPTH; BASAL CONTACT 

CWATIOII*L. 



E X H A U S T  S H A F T  

REMARKS 

U T Z ,  W U Y  Q Y S T U I U E ,  MITE-TO tUAS; P O L ~ I T C  OCCUPS AS CONTIlIWUS 

UOIIZO~~U M SMUORIZOUIU snxucms AUU AS IPPLCULAUY-sum BLEBS. COYTM 

IYC~USU nn ~cm: wu comm SUP. 

UCILLACWUS w n .  PIUCLY TO COAULLY ~ Y S T U I Y L .  PLDDISP-BPOVI ~ A L I T I C  CUYSTONC 

M N X ,  U I T Z  CL&M TO YYITE; HALITE OCCUIS AS IPPU;UUPLY-SLUSLD ACCRECATES OF 

Q ~ A U ;  COUIAIIS 114" TO 2" T~IICK SUIWIZ~Y~AL KALITZ-FILLED FRACNPLS; BASAL 

COllm UYWUIQIY UP IQ 2.0'. CLADITIOMAL TO S W .  D I S U I I I F O W L L .  

a c m  ~ A S M  zort 

2 0 1 9  
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C O K I ~  DECPUSLS UITM DEPTH, DLCBUSES m t u P n Y  B C ~  1390 .1 ' :  m c t  POLYHALITE AS 

M E  DISSmIIUTED M W n Y - O I ( I E N T E D  STXINCLPS AND BLEBS. COWTM INCREASES U I M  

DEPTH, POLYHALITZ BCD OCCUIS B E n r E t r  1390.9 '  MID 1 3 9 1  -1'. COWTfWT INCRUSES ABRUPnY 

W U P  BASE: LOCAL ZONES MID STPINCERS OF A&CILUCEOUS HALITE COWTAININC CMY CUY;  

BASAL COWTACI SUB?,  D I S C O N F O M L L .  1 3 9 0  

2054--1355 VAU n I s T A  UKEI BED 
HALITIC S I L T S ~ C .  PEDDISU-BPOYY. T)IIIRT UUNATED m snucnncrrss; MITE occrns 

--------- AS ISOLATED DISPUCIVE CXYSTNS U? TO 1-112'' AIXOSS; LOCAL QLAYrrL FILL STRUCTURES 

- X 

- 
- 

2049--1360 

- 1365 

1380 

1385 
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X - xxxxxx 
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u u x x x x x  x 

xxU(XX]O 

X 

X 
x 

- 
- 
X - 

X - - _ _ _ _ _ _ _ _  
a------___ ---------- --------- ,---------.----- - -- -3 

P R U M ;  COYIAIIS lKTlll SUBVEITICAL U D  SUBLKYIZOYIU W I K - F I L L E D  FUCNPES 118- TO 

- 2' Mia; CHUMEL I Y ~ O  UVDULYIUG WIT 3.0' DEEP (CAST SIDE OF SW): Y~EIOIJS  

f l u  QUmN UTIT; OCUSIWAL CIOSS-UI(1IATIWS; S U N  COUTACI GLA- 

DATIOYU TO LOCALLY SW. WWLATORT w TO 3.0'. 

W f L .  MCDIlPl TO COMSELY CXYSTALLIUL. WIT?. TO C U ;  M C I W ~  TO lwl.@', 

NT ams AS PCDPISU-UM m n ~ x .  e~lmrr ~cawcs U I ~ I  wm. MI- ocms AS 

IUECLURLT-SIWCD CIYSTU .%SSES; TUCL P a l W L I f L .  t O Y T M  I N C l W E S  UITtl DEPTU AS 

SUBHMIZOUTAL COYIIWUOW um DISCWTIII~OUI s n ~ f f i u s  M TUII BEDS, ALSO AS OISSPI- 

INATED BLEBS; 8 E W  1363.0' M C I U C f O U f  I U f L I I U  MCIJIS AS uK*r SUBHORIZONTAL 

SI~IWCERS;  I- ~ I C K  BED OF POL~SWITE ~~ AT 13bs.b.;  no^ 1373.6' TO 1313.9' 

UCILLICEOUS u L I n  OCMS; BASAL  ACT SW. DIXOYFDU(AIU. 

LIALITE, .XEDIUM TO COARSELY CRYSTALLINE, WHITE TO C L W  TO TINTED ORAWCE. CRUDELY 

THIU TO MEDIUM BEDDED: P O L n u L I T E  OCCLIES AS SUBHORIZO~AL PARALLEL STRINGERS CROUPED 

IU U P P P  2.0 ' ,  EUDCHLYQRIENTED STPINCEPS BELCU 1 3 8 0  - 4 '  , DISSF?(IWATED BLEBS, COW- 

TEIIT DECPWCS U I ~ I  DLPIZ: LOCNLY S L I C P ~ Y  UCILUCEOUS, COLOP YIIITISH-CRAY, SUB- 

HIOBIZ- S N Y C L P S  AND LDCN IRRECWLY-SHAPED ZONES OF CUY.  COWTENT DECREASE! 

WITH DEPM; 116- m 112" THICK CUYSTONE BED AT 1303 .8 ' :  e ~ s u  cowr~cr SHARP, 

s L I c H n r  ~ I I L A T O P Y ,  D I S C O N F O ~ L E .  

XALITIC CLAYSTOWE AHD MCILUCEOUS HALITE. CLAY REDDISH-BROYh, U L I T E  WHITE TO CLEAR 

AND FINELY CBYSTNLINE; HALITE CONTENT INCREASES VITB DEPTH. OCCURS AS J ISPUCIVE 

c a y s T u  ( ~ 1 8 "  TCI 112" ACROSS) AND PODS OF RELATIVELY PURL HALITE; LOCAL PODS OF 

POLYWLITE; BASAL CONTACI CIUDATIONAL. 

- HALITE. MEDIUM TO COARSELY CRYSTALLINE. WHITE TO C L W ;  LOCALLY ARCILUCEOUS. 

REDDISH-LIROYI CLAY OCCURS AS R*NWIILY-ORIENTED STRINGERS IN SUBHORIZONTAL ZONES, 



----I HALITE. XD1L.W TO COARSELY CRYSTALLINE. W I T L  TO CLEAR; XODERATELY ARCIL!ACEOUS. 

C U Y  RFDDISM-BRW TO G U Y  WITM DEPTH. OCCURS AS INTER-CRYSTALLINE U T E R I A L  AND 

SUBHORIZOKIAL TO aUIWHLY-ORIENTED STRINGERS. COWTENT DECREASES V I M  DEPTH: TRACE 

P O L r W I R  BLEBS. CONTENT INCREASES Y I T I  DEPTH, AT 1637 .5 '  A 0 . 1 '  THICK BED OF 

RLDDISU-OIWICE POLIHALITC OCCURS: BEUW POLYKALITE BED C I J Y  CONTENT INCREASES 

SLIGHTLY TUCN D E a U S E S  WITH DEPTH: BASAL CONTACT DIFFUSE. CONFORYAsLE. 
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FIGURE 4 (CONTINUED) L I THOL06 I C LO6 
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1989-- 1420 WDLIULIUBT ON NO SCALES: U J O R  - 0.8'. YINOR - 0 . 1 ' .  YARKED BY 1" THICK CREEHISH- 

CRAY CKAYSTONE BED. 

HALITE. SDIUW m COARSELY CRYSTALLINE. MITE m CLEAR; ME IRREGULAR DISCONTIN- 

UOUS STRIKERS AYD BLEBS OF FQLYHALITE: LOCAL TIUCE MOUNTS OF GRAY SUBifORIZONTAL 

STRINGERS OF C U Y :  BASAL CONTACT SHARP. SLIGHTLY UNDULATORY. DISCONFORUBLE. 
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R E M A R K S  

AS ABOVE 

WITIC cu~smiz. u p p e r  1" CMY, ~ W I W E R  REDDISH-BRW, S ~ ~ ~ U C ~ ~ E L E S S  ~ C E P T  FOR 

D I S P U C I Y L  C I Y S T U  (118' '  TO 111"); LOCAL CPEENISII-GUY BEDUCTIOW SPOTS; HINT OF  

RELICT BmDIYC; BASAL COUTAGK CBADATIONAL, LRIDUUTORY. 

urn, m r l m  m CDIPSELY CRYSTULIYE. UITE m CLW m TINTED ORANGE; VERY WLY- 

KALITIC m i b o o . o g ,  occunar~c u A B ~ D I J ~ ~  ~ ~ ~ ~ Y Q R I E ~ T E D  m ~ U B H O R I Z O N T ~  

sntrmea, AND zoms: BELOU 1ooo.o' WE w t m L I r r  AND SUBUORIZONTAL GRAY STRINGERS 

OC CLAY: D U A L  COlCZAR SLLABP, DISCOWFOWABLE. 

f i ~ ~ u c w s  W I I C ;  C M Y  CLAY IN UPPER 1 .0 ' .  RLI(A1NDCI REDDISH-BROW: HALITE OCCURS 

~ - R O U W D E D  PODS on COBBUS ( 1 )  1" m 6" ormrrm, FINE GPAINED OR CRYSTALLINE 

CMSMIK ~ Y U D ' C M E R .  WITL TO C L ~  WITH luat ORAWCE TINT, PODS BRW IN SPHER- 

 PA^; m x l J . Y  L W I T E  OCCURS AS C L W  TO U I T E  IPBECULARLY SHAPED ZONES, 

w~fl O C W  ~3 S W L  D I S P U C I V E  CRYSTALS ~ 1 1 3 1 "  TO 1IB" ACROSS; LOCAL 118" TO 

1/4' D 1 S - m  U T E - F I L L E D  (FIBROUS) F M C N B E S ;  CONTAIYS LOCAL POLYHALITE 

ZONES; W COUTACT SHAM. 

WITL. . ~ I W  m coAuseLY CRYSTALLINE, WITL TO CLEM TO TINTED ORANGE; ARGILU- 

CEOUS AT TQP. C M E N T  DECREASES V I M  DEP7'lf. LOCAL DISCONTINUOUS I R R E C W L Y - S H A P E D  

ZONES OF CUYSTONE, CLAY ALSO OCCURS AS KIUIWHLY-ORIENTED AND SUBHORIZONTAL 

STRINCEBS; MDEMELY ABWDWT WLYHALITE. OCCVRS AS DISSEYINATED a L e a s  wo 
SUBHORIZOKIAL DISCONTINUOUS STRINGERS; CLAY ABSENT BELOW 1 0 1 5 . 0 ' ;  BASAL CONTACT 

SHARP. SLIGMTLY UNDULATORY UP TO 0". 

POLYHALITC. FINELY CRYSTALLINE. REDDISH-ORANGE; THIN SUBHORIZONTAL HALITE-FILLED 

FRACTURES ~ 1 I 1 6 "  THICK: CONTAINS RARE CRYSTALS OF  HALITE 1 / 1 6 "  TO 110" ACilOSS; 

LOWER 6" CONTAINS BUCK M I N A E  PARALLEL TO LOWER CONTACT: BASAL CONTACT SHARP. 
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FIGURE 4 (CONTINUED) cusct L I THOL06 zc I C n c  LO6 en 

PRELIMINARy , 

'mLmuTt. r r h r  u r s . zun .  n t D D x s n - o w c t ,  s n u m u t s s ;  W I T I ~  In u p p a  

1.5'. UTE occw AS DISCOYZIYUOUS m ~ n  BEDS AND 1-1-SIUPED ZONES. ~ I T C  

m CLEM; wtma turn-ma; BASAL c o m a  s w ,  .wrro BY 1" ro 2" MICK 

I u c a W E S  Y I T n  D t m .  OCCURS AS PAPL D I S S E H I N A T R )  B L t B S  WD SUBIIORIZOWTAL. 

s T n 1 u c m t ;  Two 314" WIO: 8 m S  O f  W L Y X A L I T C  IIW 1450': D U A L  CONTACT S W P P .  

- - -  
. . . . . . . . . . . . . Y-SHAPED ZONES. DISCONTIWUOUS BEDS. D I S -  - - -  
- - -  

M C I L U C ~ U S  TO 16s9.01, cur CONTENT DECRWES YIM DEPTH.~C~CURS AS IRREGULARLY- 

SHAPED ZONES O F  W I T I C  C U Y S T O N L  Y I M  D I S P U C I V E  H A L I T E  CRYSTALS AND AS . U W I X  AND 

PA)IWI(LY-ORIEKILD STRINGERS O F  CLAY I N  A R C I L U C E O U S  W L I T E .  BELOY 1659.0' C U Y  CON- 

fM D E C R W E S  ABRUPTLY; TRACE WLYWL!Tf .  CONTENT I N C R U S E S  U I M  D E P T I .  OCCURS AS 

D I S S M I N A T E D  BLEBS AND R A W D O N L Y - O R I M E D  T O  SUBHORIZONTAL S T R I N G E R S .  S T R I l C E R S  

I% J.O', 0.5' T H I C K  BED O F  

D I S C O Y T I N W U S  BEDS 09 1RBLCUUU.Y-SHAPED PODS OF IfALITE; BECOMES LAMINATED UITU 

C U Y  PAPTINCS B E L W  1070.0': B A S N  CONTACT SHARP. W E D  BY la T O  6" M I C K  BED O F  

C U T  C U Y S T O N E  S P L I T  8 Y  BIFl lRCATING I W I T E - F I L L E D  SUBHORIZOHTAL FRACTURE. 

M S m  BELOY 1675.0'' BEDDED U I R f  SUBBORIZONTAL STRINGERS 01 CRAY CLAY B E W  

I Y T E P S T I T I A L  F I L L I N C  AND AS DISCONTINUOUS SUBHORIZONTAL STRINGERS;  BASAL CONTACT 

O W C E - T I -  WIR SPACED 1" TO 2": 1" a I c x  BED of C m N I S B - C U Y  CLAYSTONE 

C I Y L  CRYSTALS AWO S M B O P I Z O K N  FBACrUXE F I L L I N G S  114' M I C K ;  U P P E P  4" C R ~ ~ I S H -  

STRATIGRAPHIC 
COLUMN 

- 
XXU(- - - 

- 

€LEV.  
(FT. M S L I  

1974 

REMARKS 

U AIWC 

DEPTH 
( FT.) 

1435 

A .  . 

1969--1440 



REMARKS 
. -  ... -~- 

1929 1480 AS rm 

--------- 
v . . . . . . . . . . . 

WTL. ~ I U I  ?o musur  UYSTAUIYL. a 1 T Z  TO C L U I  TO TINTED O U C E ;  SLICHTLr 

lgz4  t 1 4 8 5  

-- r- - - .  M C I L L U L O U I  W T C ,  CIYtLY TO t O * U L L Y  Q Y S T U L I Y t ,  YYITL TO C-1 HALITE OCCUlS - - AS PODS ADD IUEc lURLY-S l lAPLD ZOlU Of QYSTALS SUUOUYDCO 11 P L D D I S E - B I W  CUr 

- - MTIIX; cur cpmrr ~ r a w t s  u In  DLPTB; UPPP rn COYIAIYS SUBHOIIZOYTU 

- snIrCus OI ~ucz~sn-cur cur SPACLO 1"; MU COYIICT DICCUSX. 

I I -  

- POLYHUITC MID C U Y  CLAY SPACED 1" TO 2"; BASAL CONTACT S U P .  - 
UITL, ~ I M  m connsnr carsrurxwt, m r n  TO TIKTED OIUWCE; UPPER 0 . 5 '  MCIL- 

X 

X 

LACEWS, BIDDISH-BRM.  COKTEUT D E C R U S f S  UITU DEPRi; T!dO 3" THICK BEDS OF REDDISW- I x  - 1  BROVY A E C I L U C E W S  HALIfL OCClR AT 1519.8 '  AJID 1520.2 ' ;  BASAL 0 .5 '  CONTAINS SUB- I 

*161umus ID u p m  2.mu u DISCOYIIB~WW WIWIRY-OIIMED snIw;us; mcc 
m ~ w n  u m. anm u r n   an. occuu u DrssnIu*no BUDS um 
sn~mcms wu anm s w .  

- 

X 

( SDIINATED IILE8S AUD RAY~I-01IEXTZD TO SUIHOPIZONTAL S'PRIMCERS; BASAL CONTACT I - I 

snixns or IUCI(ISY-GUY c u r  SPACZD 2" TO rn; BASAL c o w r ~ o  SUP. 

WIR, M Z L Y  QYSTALLIUZ. W I T C  TO TO T I m D  W E .  BANDED M I T E  AND 

E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED). L 1 THOL06 I C  LO6 

c u e r s  zc cn 



I I- I I 
AUCILLACUUI L W I T l .  JEDIUU TO COARSELY CPYSTAUINE. WHITE TO CLEAR TO TINTED 1 

I I I , I S W  DISPUCIVE HALITE CRYSTALS < 1/16' '  ACROSS; HALITE OCCURS AS AGGREGATES OF I 

. 'I' . 

CPYSTN.3 11 PODS 01 ZOYLS; CLAY OCCURS AS M T S I X  IY U P P U  PAST. OCCMS AS D I S S M I -  

MATED IUCCVUILY-SWED zoues AND RAHW~LY-QRIMED STPINGEPS WITH DEPM, CONTENT I 
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COLUMN 
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( F T .  M S L I  

1884 

I D E C P W B  WIN DLPM: BASAL CONTACT SHARP. 
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R E M A R K S  
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AS ABOVE 

D E P T H  
I FT.1 

1525 

- 
UNIW ANliYDIITE 

ANHTDRIR, U T E M A M  W I T I S H 4 R I Y  TO DdRK GRII. PIYELI CRYSTULIYE. mIMLY L M I -  

YAlLD TO m1BI.Y BEDDED; HALITIC. COYTAIYS RUO 1/76. C R Y S U  OF HALITE; U P E R  2. '10 

5. RLXHALITIC. DISUYTIYWUS FUYHALITE LDQ OCCURS W SIDE OF SHliFT 

wnmm 1539.5' M 1541.6': LOYER 1.0' TO 2.0' OMAIYS mIIE L M n m  I ~ R ~ E O O E D  

WITH UIfYDKITE. RlSj18l.I CARXUATE; B U U  CMm CR*DATIOIU. UTERWLTICU COKTACT, 

-1540 almwMLc. 

- ~ L W I ~ ,  I I ~ Y  CIYSTALLIHE. OBANCISH-RED '10 R E D D I S H - ~ ~ ~ K ; ~ .  m ~ n r  ~ I N A T E D  TO 

Ttl1WL.Y B m .  LOCALLY STRUCTURELESS, W I N A L  OFTM SLICUTLY CONTORTED; LOCALLY 

ANHYDRITIC. ams AS UNALTERED LAYINAE AND ZONES; BASAL GOUTACT SLIMP. WKED B Y  

Y 1545 

I I I I SLIGHTLY AltILUCEOUS. flODERATELY ABUNDANT IW UPPEl 1.0'. CONTENT DECREASES WITS 1 

XXXXXXX 

- 
1 1859 f  ISSO I I DEPTH. O C M S  AS DISSCIINATED BLEBS AND W m ( L Y I U 1 E N T E D  STRINGERS; BASAL CONTACT 1 

BEDDED BY DISCONTINUOUS SUBHORIZONTAL S2PINCERS OF POLYWLITC AND BANDS OF POLY- 

W L I T I C  WLITL; BASAL CONTACT SHARP. DISCONPORKABLL. 

W L I T L ,  . V D I M  tO COARSELY CRYSTALLINf. W I T L  TO TINTED OUNCE. STRUCTURELESS; 

- - - - - 

HALITL. FIYELY TO COARSELY CRYSTALLINE. WHITE TO CL-; ARCIL'dCEOUS IN UPPER 1 .5 ' .  

GRAY. AS SUlHORIZONTAL STRINGERS AND BEDS. CONTENT DECREASES Y I M  DEPTH, 1 .0 '  7 0  

2.0' THICK BED OF CRAY AECILIACEOUS HALITE AT 1560.2 '  ; BELOO 1560 .2 '  CLAY CONTENT 

INCREASES M D  BECOHES REDDISH-5ROUN. OCCLTS AS STRINGERS AND DISCONTIK'OUS aEDS OF 

ARGILLACEOUS HALITE. CONTENT DECREASES U I M  DEPTH. LOCALLY CRAY. CONTEXT 3ROPS 7 0  

TRACE NEAR BASE: SORE POLYHALITE, CONTEXT INCREASES TO 1 5 6 0 . 2 ' .  BELOW YH!CH I T  

DECREASES WITH DEPTB, OCCURS AS DISSE3INATED BLEBS AND IUNWHLY-ORIENTED TO 

SUBNOPIZONTAL STRINGERS; BASAL CONTACT SHARP. DISCONFORIUBLE. 
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KALITE. NEDIUII TO COABSELY cnrsTutrwa. wtlrn TO TINTED oaurcr. ~TBUCTURELESS: 
UPPER 0.5' SLIcunr ABCILUCLOUS, PLDDISH-BROWN. cotrrm oecauses WIM DEPTH. 

M S ~  BELOO 1 ~ 1 2 . 0 ~ .  occms AS DISCOUTIWUOUS STRIUCERS AND AS IHTBRCRYSTALLINE 
MATRIX; TIUCt DISSMINATEU W L W I T E  BLEBS: BASAL CONTACT GRADATIONAL, HIGHLY 

IBBECUUP, W E D  BY THE W C U R B M C E  OF ARGILLACEOUS HALITE. 

K A L I ~ ,  mrra TO c o ~ s a r  CRYSTAL~IH~, ~ I T E  20 CLEM; uPPLx 0.5' ws BEDDISH- 
BROWN CLAY M A N X ,  COYTEUT DECREASES SLIGHTLY WITH D E m ,  CLAY BECONES BOTK G U Y  

AND BEDDISB-BW, WtllPS AS RAHMmLY-ORIEWIED STRINGERS; TRACE WLYLIALITE. CONTENT 

INCREASES YIM DEPTH. OCCMS AS DISSMINATED BLeas AS STBINCERS YITK DEPTH; 

BASAL CONTACI CPADATIOWAL, DISCONFORWELL. 

HALITE, MEDIUM TO COABSELY CRYSTALLINE, UIiITL TO CL-; SLIGHTLY ARGILLACEOUS. CON- 

TENT DECREASES Y I a  DEPTH, REDDISH-BROWN. OCCURS AS INTERCRYSTALLINE !UTERIAL AND 

RANDOI(LYQR1ENTED STRINGERS, LOCALLY OCCURS IN GREATER CONCEWTRATIONS; TRACE POLY- 

HALITE. CONTENT INCREASES SLIGHTLY WITH DEPTH. OCCLIRS AS DISSEXINATED BLEBS. SLEBS 

BECOnE LARGER UIrtl D E P M  (UP TO 2" I 1"); BASAL CONTACT SHARP. 



I PRELIMINARY 1 ,,,.,.,, .-...- 1 I 
REMARKS 

5 1 K A I  I b H A P H l C  

COLUMN 

- X 

ELEV.  
I FT. M S L l  

1794 

E X H A U S T  S H A F T  

DEPTH 
( FT. )  

1615 

1784--1625 

FIGURE 4 (CONTINUED) L I THOLOG IC LOG 
C Y c ~ t  ZQ nE qn 

~ I T L ,  FINELY CRYSTALLINE. BROYYISH-GRAY TO oiunc~sn-TM. MINLY WINATLO: 

LOCALLY ALTERED m wr.uLIrr; LMIYAE o n u  COUTORTED AND srrcnnv HALITIC. 

LOCALLY WODULU, STPUCNRE OFTW M P O L I M I C :  U S A L  COWTACT GRADATIONAL. 

1789--1620 

X 
XXXXXXXXXXXXXXX 

X 
....................... 

1779--1630 ANUYDKITE. FIYCLY CPYSTALLIWE, BROYYISLI-CUY m TNISH-GRAY, ENTROLITHIC TO 

w o r n  m 1633.0'. s rm r b j j . o a . s r c o n r s  u n r w A T r D  TO T a r n L r  BEDDED, LOCALLY CON- 

TAIYS W Y D R I T E  PSELlDmORPHS AFTER GYPSUM SUALLOYTAIL CRYSTALS; LOCALLY POLY- 

W I T I C ;  BASAL CONTACT S U P .  M K t 3  BY 2.0 *' TO 6.0" THICK CRAY THINLY UYINATED 

CUYSIOHE BED CONTAININC SEVERAL SUBHOPIZOKIU FIBROUS HALITE-FILLED FRACTURES 118" 

TO l / b a  THICK, SPACED 1" TO 2"; BASAL CONTACT CB*OATIONU. 
1774--1635 

REPLACWENT OF AHllYDRITE OR CYPSUH NODULES IN GRAY CUYSTONE .UTRIX; NODULE CONCEN- 

TRATION I N C R W E S  YITII DEPTM UNTIL WTRIX I S  P O L W I T E ;  e U L E  DIAtiETER 118" TO 

112"; UNDERUIN BY 1" TO 2" CBAY CUYSTONE BED; BASAL CONTACT SHARP. WDUUTORY, 

WITt. FIYLLY m COARSELY c a Y s T U . I n t .  UHITE TO TINTED ORANGE; 3" THICK BED OF 

O W I S L I - R E D  POLYULITE AT 1624.2 ' :  TRACE POLYHALITE, OCCURS AS RANWSLY-ORIENTED 

TO SUBXORIZOUKAL STPINCERS AND AS DISSE?IINATED BLEnS: THIN 1" TMICK I R R E C U M  BED 

OF mnmn AT t sza .3 .  ; BASAL coarr~cr SUP, D I S C O N F O ~ ~ ~ ~ L E  ( 1 ) .  

1754--1655 

1749 

1764--1645 

1759--1650 

1660 

X 

----------. 
x x 

X 

- --------- 

x 

X 

- 

- X 

HALITE, .IEDIW TO COARSELY CRYSTALLINE. UHITE TO TINTED ORANCE; POLYHALITIC. OCCURS 

AS DISSEMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINGERS; CRAY 

CUYSTONE BED OCCURS AT 1649 .0 ' ;  POLYHALITE CONTENT TBACE SELOW 16411.0'; LOYER ! . 5 '  

CONTAINS TRACE MOLRlT OF C U Y  STRINGERS; BASAL CONTACT SHARP. ;RRECUL%R WITH 

DISSOLUTION PITS 0 . 3 '  DEEP. . W E D  BY 2" TO 3" THICK CRAY C'LAYSTONE B E D .  

- 
HALITE. FINELY m COARSELY CRYSTALLINE. WITE TO CLM TO ORANCE; POLW!TIC. 

OCCURS AS DISSWINATED BLEBS AND UNDOKLY-ORIEKTED TO SuBKORIZONTAL SX!NGLRS; 

TRACE DISSWINATED CRAY CLAY; BASAL CONTACT S L W P .  

CS lELOr 



EXHAUST SHAFT  

F I G U W  4 (CONTINUED) L I THOLO6 I C LOG 
SHEET 40 O F  qn 

_ 
E L E V .  

( F T U S L l  

1 7 4 9  

1744 

1739 

1734 

1729 

I724 -- 

1719 -- 

1714--1695 

1709 -- 

1704 

STRATIGRAPHIC 
COLUMN 

X 

- - -  

X 

- - -  
X 

X 

- - - 

- - 
- 

X 

- 
X 

X 

- - - - 
X - 
- 

- 

X 

DEPTH 
( F T )  

1660 

-- 1 6 6 5  

-- 1670 

-- 1 6 7 5  

-- 1680 

I685 

1690 

1700 

1705 

R E M A R K S  

W I R .  MEDIUM TO CUMSELY C1YSTNLIYL. YLIITL TO C U M ;  TRACE REDDISH-BROYW AND 

c u r  CUY. OCMIIYC AS S ~ I Y C L ~ S  AND AS LOWLY DISSC~INATED MTRIX. CLAY COYTCNK 

I M C I W E S  MKUPTLY 6- 1662.0' U PLDDISI-BROW STRINGERS, CONTEm DECREASES U r n  

DEPTH. ABCILUCLOUS ti*LITt BED OCCUKS UITil CLAY AS STRIYCEIS AND MATRIX B m E R I  

1673.0' 1673.8'. M U  2.5' COUTAIMS DIScoNTImouS aORIZONTN rVn, SU0HOKIZONTN 

STBIYCrnS OF C M Y  T U C E  POLTIIUITt, CONTRFl INCREASES U I M  DEPTLI. OCCURS AS 

D I S S E ~ I M A ~ D  BUBS YITU SIZE IYQUSIMC U I ~  DEPM (1" Dr~nErEa): n~su CONTACT 
SHAaP, ILILCUUI, UYMILIToIY To 0.5'. 

HALITE, MEDIUM TO COAkSELY CRYSTALLINE, UliITE TO CLEAR TO TINTED ORANCE: 

ARGILUCLOUS W I T E  OCCURS BLTUEEY 1681.4' AND 1682.6', GRAY C U Y ;  REDDISI-BROWN 

ARCILUCEOUS W I R  OCCURS BETUEm 1682.6' AHD 1684.1' , CLAY OCCURS AS RAWWWLY- 
ORIENTED STPINCERS AND AS .WTRIX; CLAY COHTEHT DECREASES ABRUPTLY BELOW 16EQ.l' ; 

TRACE W L Y W L I T E  B P L W  1686.4'. CONTElrr INCREASES WITH DEPTH, OCCURS AS 

DISSMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINGERS: BASAL 

CONTACT SKARP. 

ARCILUCEOUS HALITE, Y E D I M  TO COARSELY CRYSTALLINE. UiiITE TO CLEAR TO TINTED 

O W G E :  VERY ARGILLACEOUS IN UPPER 0.5'. CLAY REDDISH-BROWN, CONTENT DECREASES WITH 

DEPTB, OCCURS AS 1WTERCRYSTALL:NE XATRIX AHD RARE STRINGERS, CONTENT DECREASES 

ABRUPTLY BELOW 170k.0': TRACE W L W A L I T L ,  OCCURS AS DISSEXINATED BLEBS; BASAL 

CONTACT S W ,  IPPECLIURI DISCONfORtlA0LC. 

- 



FIGURE 4 (CONTINUED) 

E X H A U S T  S H A F T  
LITHOLOGIC LOG 
- - -  ... - - 

€ L E V .  
( F r .  U S L I  

1704 

1699 

1694 -- 

ABCILUCEOUS. COYmrr OECILUSES VITU DEPTH; TBACC POLWALITE. CONTENT INCREASES 

UITM DEPM, OCtUlS AS DISSMINATED BLEBS AND BWW)(LY-OBIEMTED STRINCERS, LOWER 

1.0' VERY P ( 1 L ~ I T I C ;  BUAL SHARP. IRlltCULAR. UNDULATORY. 

BASAL 0.4 CONSISTS OF GREENISH-CRAY CUYSTONE; BASAL CONTACT SUMP. UNDULATORY, 

HALITE. HEDIUU TO COARSELY CRYSTALLINE. Ull 

REDDISH-BROYW, COUTENT DECREASES WITH DEPTH: TRACE POLYHALITE, OCCURS AS DISSE!!I- 

HATED BLEBS; BASAL CONTACT SHARP. I R R E C U  W I M  DISSOLUTION PITS 1.0' DEEP INTO 

UNDERLYING UNIT. 

UCEOUS, C U Y  REDDISH-BROW, OCCURS AS RAHWHLY-ORIENTED TO SUBHORIZOHTAL STRINCERS 

AND DISSENINATED INTERCRYSTALLINE HATERIAL; TRACE WLYHALITE AT TOP. CONTENT 

INCRUSES Y I M  DEPM, OCCURS AS DISSMIHATED BLEBS AUD RAHWHLY-ORIENTED STRINCERS; 

BASAL CONTACT CRMATIONAL. 

. STRATlGRAPHlC 

COLUMN 

- 
X 

- 

- 

D E P T H  
(FT .1  

1705 

-- 1710 

1715 

REMARKS 

A S  AlOVE - 

- 
MITE, ~ C D I W  m c o m s n y  cays.curInr. WITE TO CLEM; UPPCII 0.3' TO 0.4' AND 

LWEll 0.7' PUK EALITL, I-MDU SLICIITLY APCILUCEOUS, C U Y  REDDISH-BROYW, 

BECmIWc GUY uITB DEPTU; BASAL COYTA~X SIWP. IRBECUIUL. DISCONFORUBLC. 



W L U I T E .  FIYELY CIYSTALLIYE. REDDISH-OWIGE. TRACE THIN W I N A T I O N S ;  U X N L Y  

~ A W Y Y D U T I C ;  BASAL CONTACT SHARP. 

U I R ,  .VDIUN TO COALSELY CRYSTALLIME. SMITE OCCASIONALLY TINTED ORANGE; SUBtlORI- 

I ZWAL m L u n  STPIYGEBS. IIII- mu; BASAL COIITACT SHARP. IBBEC~~W.  - 1755 x 
PDLYtWTl!, QIYELY CRYSTALLIYE. BEDDISU-OWICE; BASAL CONTACZ S W P ,  . W E D  BY 1" 

. PRELIMINAR , 

THICK CIAY CLAYSTONE BED. 

IIALIR. QUPSELY C r t r s r u L x u c ,  WITE TO CLEM TO TINTED ORANGE; POLYHALITIC, COHTENT 

STRATIGRAPHIC 

COLUMN 

X 

ELEV. 
fFT .  M S L )  

1 6 5 9  

I I BED O C C W  AT 1761 .9 ' ;  BASAL CONTACT S W P .  I 

REMARKS 

AS ABOVE 

DEPTH 
f FT.1 

1750 

WTt. M D I l l n  TO COMSCLI  CPYSTALLIYE. VllITt OCCASIONALLY TINTED OUNCE.  HIbT 2' 

BCDDIIIG PILW SUBUOPIZOYTIL S T P I M E I S  OF P O L W I R  S P A C m  0.2 ' ;  0 . 1 '  THICK BED O r  

MCILLACEOUS HALITE OCCLTBS AT 1767.3 ' ;  POLYHALITC CONTENT INCREASES ABRUPTLY N L C P  

BASE; BASAL CONTACT S U P .  OISCCUFOl!JUBLi?. 

- - -  ARGILLACEOUS HALITE, FINELY TO c o , u s n Y  CRYSTALLINE. SMITE TO CLEAR TO TINTED 

ORANGE: C u r  E U Y  OCCMS AS MATPIX AnD INTEPCPYSTALLINE MTEB1AL.CLAY BECOXES 

REDDISH-BROYT n e w  1713 . s* ,  c u r  CONTENT ormuses WITH DEPTH; cur-FREE 
WLYHNITIC HALITE a c m s  BETWEEN 1713.3 '  AND 1 7 7 3 . 8 '  ; POLYHALITE CONTENT INCREASES 

WITH DEPTH; BASAL CONTACT S W .  IRRECULAU. 

HALITE, UEDIW TO COARSELY CRYSTALLINE, VtlITl! 70 CLEAR TU TINTED ORANGE; MCiLU- 

CEOUS m 1782.r ' .  c omm DECR&ES m u p n r  BELW, CLAY OCCURS AS MTRIX: r u c e  
W L Y U L I T E .  CONTENT INCREASES U I r t l  DEPTH. OCCURS AS DISSUINATED BLEBS AND 

UNDOKLY-ORIENTED STRINCEBS; BASAL CONTACT CRADAT:ONAL. 

WLYHALITE. FINELY CRYSTALLINE. D A M  REDDISH-ORANGE. H I M  OF THIN LA.9INATIONS: 

m C E  W I T E ;  BASAL CONTACT StlARP, W E D  BY 1" THICK GRAY CLAYSTONE BED. SLIGHTLY 

16 19 PADING TU REDDISH-BROW WITH DEPTH. COhTl%T DECREASES WITH DEPTH UNTIL ABSENT AT 

1792 .3 ' ;  CLAY CONTENT INCREASES AS INTERCPYSTALLINE RATERIAL AND SiRINCERS BELW 1 
1 7 9 2 . 3 ' .  U)KTM DECPEASES UITH DEPTM, ABSENT BE- 1 7 9 4 . 0 ' ;  TRACE POLYHALITE. 

CONTE#I I U C P W E S  WITH DEPTM. OCCURS AS DISSE31UATED BLEBS AND WDOMLY-ORIEKTED TO 

SUBUOILIZWTN S T P I K C R S ;  BASAL CONTACT SHAKP. =ED BY 0 .1 '  THICK BED OF 

POLYHNITI! UWD?3LAII BY 1 1 4 "  THICK GRAY CUYSTONL BED. 

E X H A U S T  S H A F T  
FIELIRE 4 (CONTINUED) LITHOLOGIC LOG 

..a - - 



EXHAUST SHAFT  
FIGURE 4 (CONTINUED) 

- 
ELEV.  

(F r  MSLI 

1614 

1609 

L I  THOLOG I C  LO6 

STRATIGRAPHIC 

COLUMN 

- 
X - 

- X 

PRELIMINARY 

DEPTH 
I F T I  

1795 

--- 1800 

REMARKS 

hS hBOvE 

1604 

1599 

1594 

1589 -- 

1584 -- 

1579 -- 
I 

1574 -- 

I 5 6 9  

-- 1805 

-- 1810 

-- 1815 

1820 

1825 

1830 

1835 

1840 

- 

- 

X 

X 

X 

-------- - - - 
x 

X 

X 

X - -  

- 
- 

- 

X 

- 

- 

- 

X 

- X 

XI - 
UALIT~. WIIM m COABSELY cnysrm.INt, m r T t  m CLUB; CONTAINS suaiioRrzowTAL c u r  
CLAY S ~ I ~ C E I S  TO 1804.3~. A s s m  a t m  1804.3'; m c c  POLYWLITC, CONTENT 

I Y C l W E S  YITU DEPTH. OCNPS AS DISSMIUATED B U B S  AND SUBHORIZONTAL STRINGERS; 

BASAL OOYTACI S W P ,  HARKED BY 3" ZONE OF GRAYISH IULITE UNDERLAIN BY 1" THICK G U Y  

CLAYSTDYE. 

HALITE. HEDIUU TO COllaSLLY CRYSTALLINE, U I T E  TO C L U ;  UPPER 1.8' ARGILUCEOUS. 

PEDDISLI-BIW. COYTEMT DECREASES Y I M  DEPTH; TRACE POLYWLITE. CONTENT INCREASES 

WITH DEPTH, OCCUW AS DISSMIWATLD BLCBS. BLLBS N I C n D  IN ZONES AND STRINGERS 

OCCUP BLLaV 1817.6'; CONTAINS G U Y  CLAY AS STXINGEPS AND DISSLYIBATED INTER- 

aYsrALtIn ~ATLPUL B ~ L U  1819.2' AND 1819.9'; BASAL CONTACT SKARP. IRREGULAR. 

DISCONF0WL.C. 

- 

HALITE, FINELY TO COARSELY CRYSTALLINE. UHITE TO CLU% TO TINTED OUNCE; ARCILLA- 

CEOUS, REDDISH-BROW. CLAY OCCURS AS INTERCRYSTALLIIE 'ATRIX AND STRINGERS. CONTENT 

DECREASES WITH DEPTH, CONTENT DECREASES ABRUPTLY BELOY 1023.0'; TWICE POLYHALITE, 

OCCURS AS DISSMINATED BLEBS; BASAL CONTAtf GRADATIONAL. 

HALITE, FINELY TO COARSELY CRYSTALLINE. d I T E  TO CLEAR TO TINTED ORANGE; SLiCHTLY 

ARCILIACEOUS IN UPPER 0.0', CONTENT DECREASES WITH DEPTH, CLAY OCCURS AS STRINGERS 

AND INTERCRYSTNLINE ,MATRIX, CONTAINS RARE S W L L  (<1116") DISPUCIVE HALITE 

CRYSTALS; TRACE POLYHALITE. OCCURS AS DISSEXNATED BLEBS; BASAL CONTACT SHARP. 

WKED BY DISSOLUTION PITS 6" TO a" DEEP INTO UNDERLYING UNIT. IRREGULAR, UNDU- 
IATORY. 

HALITE, 3EDIUn TO COABSELY CXYSTALLIWE, M I T E  TO CLEM: ARGILLACEOUS TO 1839.8'. 

OCCURS AS GUY STRINGCIS; m c c  WLYHALITE. CONTENT INCREASES u r m  oeprtr, OCCURS AS 

BLEBS AND RMIX2lLY-ORIEBTED TO SUBl4ORIZONTN STRIWCEPS; BASAL CONTACT GRADATIONAL, 

HICiiL'I IBIECUUS, SLIGlinY UNDUYATO~Y. 



WITH D E m .  OCCURS AS DISSEHINATED BLEBS AND !UNDOHLY-ORIENTED DISCONTINUOUS 

STTtINGEES; CONTAINS LARGE IRRECULM ZONES (SEVERAL SQUARE FOOT AREA) OF PURE YHIrE 

U I T E  WIQI ARC CONTINUOUS INTO UNDERLYING UNIT (DISSOLUTION PITS ? ) ;  BASAL 

CONTACT S W ,  IMEGULAR, DISCONFON'!ABLC. 
W I f L ,  ltLPIM TO COARSELY CRYSTALLINE. M I T E  TO CLEAR: ARGILLACEOUS AT TOP, CON- 

E L E V .  
(FT.  M S L I  

1569 

1564 -- 

T M  D E d U t E s  WITH DEPTH, OCCUPS AS UNDOMLY-ORIEdTED STRINCERS; TRACE WLYHALITE, 

OCCURS AS DISSUIWTED BLEBS; CONTAINS DISSOLVTIOY PITS 2.0' TO 3.0' DEEP. FILLED 

miIn COARSELY CRYSTALLINE HALITE; BASAL CONTACT SHMP TO ABSENT, "ARKED BY L" 

POLYtWIZ. FINELY CRYSTALLINE. REDDISH-OMNGE; HALITIC; BASAL CONTACT GRADATIONAL, 

X VEPY I-. UNDUUTOPY. 

~IALITE, rxlttr m COUSELY CRYSTALLINE. UHITE TO CLEM TO TINTED ORANCE; ARGILLA- 

CEOUS, G U T  AT TOP CBADINC TO REDDISH-BROW WITH DEPTH, CONTENI DECREASES UITH 

DEPTH, CIA1 OCCURS AS SUBHORIZONTAL STRINGERS AND AS U T B I X  .!UTERIAL IN 

IRREGUWLT-SHAPED ZONES OF ARGILLACEOUS HALITE: W L W I T I C ,  CONTENT INCREASES I 

S T R A T I G R A P H I C  

COLUMN 

X 

X 

D E P T H  
( F T . 1  

1840 

1845 

THICK C U T  CLAYSTONE BED. 

R E M A R K S  

AS A ~ W L  

I INCRUSES WITH DEPTH, OCCURS AS DISSWINATED BLEBS AND SUBHORIZONTAL 110" THICK 

STRINGERS; BASAL CONTACT SHARP, SLICHTLY IJNDUUTORY. 

POLYEALITL. FINELY CRYSTALLINE, DARK REDDISH-ORANGE, STRUCTURELESS; ULITIC; 

HALITE, aEoIun m COARSELY CRYSTALLINE, WHITE TO CLEAR; SLIGHTLY ARGILLACEOUS, 

1 1 CONTENT DEEPEASES V I M  DEPTH. OCCURS AS SUBHORIZONTAL STRINGERS; WLYLIALITIC, CON- 1 
I x - I TENT I N C W E S  WITH DEPTH. OCCURS AS DISSENINAIED BLEBS AND SUBHORIZONTAL I 

I I ARGILUCEOUS HALITE, FINELY TO COARSELY CRYSTALLINE, UHITE 70 CLEAR: CLAY REDDISH- 

I BROWN TO CBAY, OCCURS AS IRREGULAR SUBHORIZONTAL STRINGERS; HALITE OCCL'RS IN PODS I 
OR ZONES OF CRYSTALS; TRACE POLYHALITE; 3ASAL CONTACT SHARP, SL:GHTLY 'JHDUUTORY. 

HALITE, COARSELY CRYSTALLINE, UHITE; SECOYES SLIGHnY ARGILLACEOUS 

P O L W I T I C ,  OCCURS AS BLEBS AND SUBHORIZONTAL STRINGERS; BASAL CONTACT SYARP, 

IFIRECLIW. SLIGHTLY LRIJUUTORY. 

ARCILUCEWS HALITE. REDDISH-BROWN WIT8 TRACE OF GRAY; HALITE, FINELY 70 COARSELY 

CRYSTALLIE, W I T E  TO CLEAR. OCCURS AS IRREGULARLY-SHAPED BEDS AND W D S ,  LOCALLY 

POLYHALITIC AND FREE OF C U Y ;  TRACE WLYWLITL. CONTEN? INCREASES W I M  DEPTH, 

OCtlTPS AS DISSEXINATED BLEBS AND I R R E C U W  RANWMLY-ORIENTED STRINGERS; 110" M I C K  

am or m ~ w r n  UNDERUIN er 114" rnrcr D I S C O N T I ~ U S  BED OF GRAY C'LAYSTONE 
1885 ( I OCCURS AT 1898.2';  BASAL CONTACT SHARP. IRRECUM. SLIGHTLY LWDUUTORY. I 

E X H A U S T  S H A F T  
l l fun t  n c r r  I n r  



EXHAUST S H A F T  
FIGURE 4 (CONTINUED) LITHOLOGIC LO6 

- 
PREL'MINAR 

-------- 

APGILUC~OUI urnxu ~ m u  1901.0'. CONTENT DECREASES WITH DEPTH. TOTALLY ABSN 

BELOU 1904.8'. OCCURS AS UNWffLY-OilIfNTED TO SUBHORIZONTAL SIXIHCEPS BECOHINC 

BLEBS VITll DEPTH; 114" THICK SUBHOPIZOWTAL STRINGERS OF AHHYDRITE OCCUR BELOW 

1910.0'; AT 1916.S8, A 0.2' THICK PINKISH-RED POLYWLITE BED OCCURS; BASAL CONTACT 

SMP. S L I ~ T L Y  IRBECW rn mumar. 

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  

XXXXXXXXXXXXXX 

AT BASE; W I T I C ,  BASAL CONTACT SHARP TO GRADATIONAL, W E D  BY 0.1 TO 0.2' THICK 

BLEBS: CONTAINS LOCAL ZONES OF PURE HALITE; BASAL CONTACT GRADATIONAL, IRREGLW. 

SUBHORIZONTAL STRIHCERS OF BUCK CLAY OCCUR BEIWEEN 1923.5' AHD 1926.4'; 

WLYHALITIC, c0m~u-r INCRUSES ABRUPTLY Bern ig26.n', THEN DECREASES WITH DEPTH, 

0CCUP.S AS DISSRiINATED BUBS; BASIU. CONTACT DIFFUSE. 

STRATIGRAPHIC 

COLUMN 

- 

- 

- 
- 

- 

ELEV.  
( F T  YSLI 

1524 

1519 

1514 -- 

REMARKS 

AS ABOVE 

DEPTH 
I F T . )  

I 8 8 5  

-- 1890 

1895 



E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED) LITHOLOGIC LOG 

. 
ELEV.  
f F T  M S L )  

1479 

1 4 7 4 ~ -  

1469-- 

STRATIGRAPHIC 

COLUMN 

.... .. ......... 
- - 

X 

- - 

X 

- - 
X 

X - X  

DEPTH 
I F T . )  

1930 

1935 

1940 

R E M A R K S  

HALITE, F I N n r  TO COARSELY CIYSTALLIYL, CLEM TO WHITE: .WDESATELY ARGILLACEOUS, 

COMDFT O E C I W E S  WITH OEPlW. O C m S  AS B U C K  BWBS AND STRINCLRS; TRACE WLY- 

HALITE, COYfEUT I Y C I W E S  Y I M  DLPTM. OCCUPS AS DISCOYTINUOUS I B B E C W  RANWRLY- 

ORIENTED TO SUBW)LIZOMAL S ~ I Y G E I S  m DISSMINATED BLEBS; CONTAINS LOCAL BEDS WD 

ZONES OF C U Y - F l I L  IULITC; PQLYULITL COYTEK I Y C B W E S  MIUPTLY N U B  BASE; BASAL 

COYTACT SWPP.  

*WIIYOaITL. FINELY CPYSTALLIME. LIGHT TO DARK CRAY, M I N L Y  IUIIYATED TO LAYINATED; 

UPPLI. 0 TO 0.5 '  # ) L W I T I C ;  L O W L Y  HALITIC. OCCURS AS DISCONTINUOUS BEDS AND 

1459 

1454 -- 

1449 -- 

1444-- 

1439 -- 

14 34 

1464- -1945 PODS; SQ(L W I U M  OIWIC-1113  ( ? I ;  L M I W U  UNDULATE SLIGKTLY; UNDERLAIN BY 0.1' 

m 0.3' m r a  cur WITIC curs-rour; BASAL CONTACT S ~ P .  IRREGULAR. S L I c K n Y  

U N D u L A m r .  

-- 1950 

1955 

1960 

ANllYDPITC, FINELY CPYSTALLINE. CRAY ALTERNATING WIT8 DARK GRAY. THINLY URINATED; 

LOCALLY CONTAINS PODS OF HALITE AN0 HALITE-RICH LAMINAE: 3ASAL CONTACT S M P ,  

1965 
CONFORMMU. 

ANHYDBITE. FlNELY CRYSTALLINE, GRAY; KALITIC ,  OCCURS AS ABUNDANT HALITE P S E U W  

-0RPNS AFTER GYPSIM SUALLOVTAIL CRYSTALS ALIGNED PARALLEL TO BEDDING. 118" TO 2" 

HIGH. . W O R I T Y  ORIENTED VERTICALLY; LOCALLY, MBYDRITE IS FREE OF PSEUW5ORPHS AND 

TKINLY WIINATED, URINAE ALTEUATE FROM LIGHT TO DARK GRAY; HALITE PSEUWNORPMS 

ABSENT BETUEEN 1966.6'  AN0 1 9 6 7 . 5 ' ;  BASAL CONTACT CRADATIONM TO DIFFUSE. 

1970 AHHYDRITL, FINELY CBYSTALLINE. ALTEXNATING LIGKT AN0 DARK GRAY, THINLY UYINATED TO 

URINATED: LMINAE OFTEM COHTAIY I N S I P I E N T  ENTROLIMIC STBUCTtlRES AllO ANHYDRITE 

PSEUWMOPPBS AFTER CYPSUtl SUALLOUIAIL CRYSTALS: UNDLRLAIU 8Y 0 .4 '  TO 0 .5 '  THICX BED 

OF n I C P O M I N A T E D  TO TXINLY U q r w ~ T E o  c l u Y  CLAYSTONE CONTAINING SUBHORIZQKTN 

BIFURCATIMC 0 TO 1- THICK U L L T E - F I U D  F R A c r v a t S ;  BASAL CONTACT SHARP. I R R L G W ,  
\ 

UNDIIUTOIY, D I S C O N F O W L E .  
1975 

'\\\'\\" - 

- 

---------. 

- 
- 

X 

W L I T C .  C O I l S t L Y  QYSTAUIYE. WHITE TO W TO TINTED ORAWCE, STRUCTURELESS; 

SLICBTLY AICILLACEWS IU u p p n  3 . ~ ' ,  O C ~ S  AS c u r  DISCONTINUOUS SUBHORIZONTAL 

STRINGERS, BELOY 1952.3' GOYIM INCREASES SHARPLY. THM DECREASES UITH DEPTH, 

DISCONTIWUOUS 1" TO ZU M I C K  I R l E C U W  G U Y  CUYSTONL BED OCCURS AT 1952.3' ; TRACE 

WLYKALITE, OCCUBS AS LICBT OLUHCISH-UHITE DISSMINATED BLEBS; I N  BASAL 1.0'  

POLYIWITE MID ANNYDPITE O C t l R  AS DISCONTINUOUS SUBHORIZONTAL STRINGERS; BASAL 

CONTACZ SliARP, IBRECULM. 



ELEV.  DEPTH 
( r r  M S L I  I F T I  

E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED) LITHOLOG IC LO6 

C Y C C T  h 7  cn 

1424 

1419 

1414 

1409 -- 

1404 -- 

1399 -- 

1394 -- 

1389 

STRATIGRAPHIC 

COLUMN 
R E M A R K S  

1429--1980 

-- 1985 

- 
- 

X 

- 

- 
X 

L \ \ \ \ \ \ \ \ \  

\ \ \ \ \ \ \ \ \I 

MGILLACLWS. W Y .  COYTENT DECPFASES YITM DEPTH, OCCURS AS DISSEMINATED RANWIILY- 

OPIMLD DISCOYTIWOUS S ~ I N C L P S  AYD BLEBS; TRACE POLYWLITL BLEBS; CONTAINS INTER- 

W I T  DISSOLUTIW PITS FILUD U I M  REUIIVELY PURL W I T C ;  FREE OF GRAY CLAY FROM 

1981.0' TO 1989.0'; THIN (<1/8") SUBllonIZWTU STZINGERS OF ANMYDRITE OCCUR B E W  

19~6.0'; IMEGUL~P BED OF WITIC AYIIYDRITC IM L C U ~  1" TO r OVERLIES BICBLY UNDU- 
~ r m r  BASAL am~,cr. couucr WXCD BY CLAY CLAYSTONE IN CWEL IROUCBS, CONTACT 

IXOSIOIIALLY TEUIINATES UWDePLYIYC W I T  AT THE WEST SIDE OF SHAFT; BASAL COYTACT 

s w .  

IULITC. HCDIW m couisr~r cnrsruIwc, wrrr; cour~rws DISCONTINUOUS sueaorrzowru 
S T P I U U S  01 mYDPITC. <1/4" 11IICK; UNIT TIIICYWESS VMIES FROM 0 TO 1.5' AS IT IS 

CXOSIWALLY TCMINATLD AT UPPER CONTACT; S W L  L E N T I C W  (0 TO 1.5' I 6 ' ) ;  B A S U  

COKACT S L W .  

-- I990 
AYII~ITE. CIN~LY CIYSTALLINL, L I ~ T  CLAY. LOCALLY mnr MINATED; CONTAINS urn- 
MBT U I l Z  PSND(#KIPPBS AFTER CYPSUn SUALLOYTAIL CRYSTALS; BASAL COYTACT SHAM. 

- wm BY ilrm TO 112" ~ I C K  CLAY C L A Y S T O ~  BED. 

WLITC. nm~un TO comscLr CPYSTALLIYL. WITE TO n u  m TINTED GRAY, BANDED, 
SPACLD 112" m rn, m c ~  GRAY CUY; ~ O K T A I ~ J  COYTINUOUS IIEECLIVS SUBBOPIZONTAL 

SnINceas OF c u r  CLAY; BASAL cowrrlcr SUP. sLIcttnY UNDULATORY UP TO 6". 
HALITE, HEDIUn TO COARSELY CRYSTALLINE. W I T E  TO C L U E  TO TINTED GRAY. BAMDED ON 

112" TO 2" SCALE. SLIGHTLY UGILUCEOUS. OCCURS AS SUBLIORIZONTAL STRINGERS AMD 

LOCU RANWHLY-ORIENTED STSINCEUS; TRACE POLYWLITC, OCCUPS AS DISSL!INATED BLEBS, 

CONTDFT INCREASES WITH DEPTH; BASAL CONTAtX S W .  

-- 1995 

- 

- X 

X - 

2000 

2005 

2010 

2015 

2020 

x 

- 
- 

- 
- 

- 
- 

- 

- 

- 

HALITE, UEDIUn TO COARSELY CRYSTALLINE. YLIITE TO CLEAR. STRUCTURELESS; SLIGHTLY 

CSCILUCEOUS IN UPPER PART, CONTENT DECREASES YITM DEPTH,MCURS AS REDDISH-BROWN 

RIJR)OMLY-ORIENTED STRINGERS; TRACE POLYHALITE. CONTENT INCREASES UITH DEPTH; BASAL 

CONTACT SHARP. SLIGHTLY IRREGULAR, SLIGHTLY UNDULATORY ( 3 " ) .  

ARCILIACEOUS HALITE. FINELY TO COAiSELY CRYSTALLINE, WHITE TO TINTED ORANGE; CLIY 

REDDISH-BROWN, CONTENT DECREASES UITH DEPTH. OCCURS AS 1NTERCRYSTALL:NE "ATRIX, 

CRMES TO SUBHORIZONTAL STRINGERS UITN DEPlW; W I T E  OCCURS AS DISCONTINUOUS BEDS 

AND ALIGNED PODS; BASAL CONTACT SHARP, I R R E G W ,  UNDUU7ORY. 



\ - \ I 1 HALITE. IEDIY. TO COARSELY CRYSTALLINE. WHITE TO CLEAR TO TINTED O U N C E  MLl G U Y .  

1 ( THINLY BEDDED TO GRAY ARGILLACEOUS HALITE WITH CLAY-FREE HALITE, BEDDING TERYINATED 

E L E V .  
I F T  M S L I  

1 3 8 9  

1 3 8 4 - - 2 0 2 5  

1379 -- 

\\MB +4am AT UPPER CONIACT; TRACE POLYHALITE AT TOP. CONTENT INCREASES YITH 3EPTH. OCCL'RS AS 

- DISSCIINATED BLEBS; ARGILLACEOUS, CONTENT DECREASES WITH DEPTH. G U Y  AT TOP GRADING 

X TO CRAYISH-BBWN WITH DEPTH. OCCURS AS DISCONTINUOUS WWHLY-ORIENTED STRINGERS 

AND LOCAL ZONES OF INTERCRYSTALLIWL MTERIAL. BECOMES REDDISH-BROWN BELOW 2070.Z1, 

CONTENT DECIfASES ABRUPTLY BELOY 2079.0'. BASAL 2.0' SLIGHTLY MCILLACEOUS; BASAL 

CONTACT S W .  SLICHl7.Y LnrDIIUTOPY, IRREGULAR. . W E D  BY DISCONTINUOUS I R R E G U M  2" - X M I C X  BfD W W I T I C  AWYDRITE. 

\ I \ \ \ \ \ \ \ \ \ \ \ \ \  SIDE OF SHALT; BASAL CONTACT SHARP. 

1374 -- 2 0 3 5  

ZOWLS COnAIUIYC UALITE PSELlWHORPBS AFTER C Y P S W  SUALLWTAIL CRYSTALS AND U K A L  

ZONES UITB lODUUB STRUCTURE. LOCALLY THINLY LAMINATED NEAll BASE; UPPER 2.0' ON 

WEST SIDE Of S U F I  CONSISTS OF THINLY LAHINATED ANLIYDRITC; BASAL CONTACT 

1369  -- 2 0 4 0  CRADATIOUAL. UUDULATORY. 

1364 -- 2 0 4 5  
PURE W I T E  BED OCCURS CONTAINS ONE DISCONTINUOUS STRINGER OF POLYEALITE; BASAL 

CONTENT DECREASES WITH DEPTH. OCCURS AS REDDISH-BROW TO GRAY UNDOYLY-ORIENTED TO 

SUBBORIZONTU STRINGERS W I C H  SECOYE SUBHORIZGHTAL WITH DEPTH; f U C E  TOLYHALIIE. 

I 3 5 9  -- 2050  OCCSRS AS DISSMINATED BLEBS AHD SURMORIZONTAL STRINGERS NEAR BASE; 1" TO 2" X I C K  

BED OF ANUYMITE (NORTHVEST SIDE OF SHAFT) AND POLYHALITE (SOUTHEAST SIDE OF SHAFT) 

AT 2059.3': SMHORIZONTAL STRINGERS OF AHHYDRITE IN LOUER 5.0'; NO CLAY OCCURS 

B E L W  2059.3'; BASAL CONTACT SHARP. UNDULATORY TO 0.4'. DISCONFORWLE. 

.STRATIGRAPHIC 

COLUMN 

- 
- X - X -  

- - 

- 

X - 

DEPTH 
I F T I  

2 0 2 0  

2 0 3 0  

E X H A U S T  S H A F T  

R E M A R K S  

AS 1 ~ 0 %  

IWITL. FINELY TO COARSELY CEYSTALLINE. W I T E  m TINTED ORANGE. OCCURS AS I R R E G U M  

DISCONTIWWS BEDS 112- TO 2- THICK AT TOP. Bcconcs MSSIVE WITH DEPTH; VERY ARGIL- 

LACEOUS AT TO?, CWTEWT DECRKASES UIIH DEpsll, OCCURS AS INTERCRYSTALLINE .%TRIX; 

ABUUDUT P O L U T E  AT TOP. mM INCRUSES U I M  D E m .  OCCURS AS DISSDIINATED 

BLEBS UD PW SUBHOIIZOUTAL S'IPIIICERS: CONTAINS ABUNDANT VERTICALLY-ORIENTED 

ELOMGATE ZOWU W PVPL AND POLMALITIC HALITE W I M  IRRECUUP EXES. 1.0' TO 2.0' 

ACROSS, W TO 3.0' DEW: BASAL COUTAC7 EXHIBITS C W E L  FORM. WITH HICH SIDE 

OCCUPPIUC 01 U U T  SIDE 01 S W  AT 2032.0' UD U)V POINT OCCURRING ON EAST SIDE OF 

SLIAi7 AT 2036.3'; CWWllEL FILL CONSISTS OF HALITE WD POLYHALITIC HALITE B f L W  

2031.0'. A 0.5' M I C X  BED OF FINELY CRYSTALLIME ANHYDRITE OCCURS AT 2032.3' AND 

TLRNIUATCS ACAIIKT LWDERLYINC UNIT AT WEST SIDE OF S W T .  FILL CONTAINS ABUNDANT 

SUBLIOIIZOKIAL STMIICEIS OF ANHYDRITE THAT TEBNINATE AGAINST UNDERLYING W I T  AT WEST 

FIGURE 4 (CONTINUED) L I THOLOG I C LOG 



EXHAUST S H A F T  

FIGURE 4 (CONTINUED) LI THOLOG I C LOG . - - 

. PREL'MINARY 

ous S U B M O P I Z ~ A L  S ~ I N ~ E P S  AND ussrs or WITIC a l rosTonr ,  CONTENT DECREASES ~ I T M  

AWD -1-MED STRINCLRS Or POLYKALITZ: ABCILUCEOUS IN UPPER 1.0'. CONTENT 

DECKCASES UITB DEPTH; W ANHYDPITZ STBINCEXS OCCUP N W  BASAL CONTACT: BASAL 

CONTACT S W P ,  SLIGHTLY I R R E G U  AND IRR)mmRY. 

P O L ~ I T E  BLEBS; ARGILLACEOUS AT TOP. CONTENT DECREASES YITH DEPTH EXCEPT FOR 

LOCAL INCREASES, CONTENT DECREASES ABRUPTLY BELW 2101.5' . OCCURS AS DISCONTINUOUS 

SUBYORIZONTM STRINCERS: THIN DISCONTII(UOUS STRINGERS OF ANHYDRITE AND POLYHALITE 

OCCUR IN LWEn 2 .0 ' ;  BASAL CONTACI S W P ,  S L I C H n Y  UNDLUTORY. 

REDDISH-BROYW M C I L U C E W S  HALITE. SPACtO 1' TO 2"; U C I L U c E o u s ,  CONTENT DECREASES 

WIT# DEPTII, OCCURS AS IWfEPCPYSTAWIWC IUTPIX IN ABCILUCEOUS UALITE BANDS AT TOP 

AND PAWWCnl-O1IamD S T R I U U S  UI'IB D E m .  CONTENT DECREASES ABPUPTLY BELW 

, STRATIGRAPHIC 

COLUMN 

X 

- 

X 

X 

- 

ELEV.  
I F T  M S L l  

1 3 4 4  

1339-- 

1334-- 

REMARKS 

- 
AS ABWC 

DEPTH 
( F T . )  

2065  

2070 

2075  



EXHAUST SHAFT 
FIGURE 4 (CONTINUED) 

- 
. 
€LEV 

M S L I  

1299 

1294-- 

1 2 8 9 ~ -  

1279 

1274 -- 

LITHOLOGIC LOG 
. rn  r n  

STRATIGRAPHIC 

COLUMN 

, 

X 

. . . . . . . . . . . . . . - - -  

- 

-----t--- 

- - 

X 

h\\\\\\\ > 

- 

PRELIMINARY 

DEPTH 
( F T  1 

21 10 

2115 

2 1 2 0  

1 2 8 4 - - 2 1 2 5  

-- 2 1 3 0  

2135  

-- 
REMARKS 

AS li)ovE 

. , 
HALITE. HLDILRL TO COMSELY CPYSTALLIYC. W I T t  TO C w ;  W E  STRINGERS OF C U Y  IN 

WPU 1.7'; TRACE S U B ~ O I I Z O ~ U  m W I I Z ~ N  c o ~ ~ ~ w u o u s  S ~ I N C E R S  oe ANBYDRITE 
BE- 2117.0'; BASAL CONTACT SHMP. 

KUIIE, HEDILRL TO COMSE~Y-AL-LIME, W H I Z  TO TINTED OUNCE, RARE mD0.XI.Y- 

O l I M m  C U Y  STPINCERS TO 2125.2'; UPPEI CONTACT W E D  BY ANHYDRITIC CUYSTOIE 

C[mAINIWC DISPUCIVL HALITL CPYSTAU (<1/6"); faACE POLYHALITE BLEBS; ANHYDRITE 

SIPINCLRS OCCUI BEIULM 2128.1' AWD 2126.5' ; BASAL CONTACT SHARP, SLICHTLY LINDU- 

UTORY. I W C U W .  

m m I T E  (A). FINELY CRYSTALLINE, LItllT CMY. M I n Y  LAMINATED. LAJ4INAf SLICHTLY 

CONTORTED: LOCALLY CONTAINS SK4L.L HALITE CIYSTAU (<l/lb"); BASAL CONTACT SHARP. 

1269-- 

1264-- 

-- 

\ 

\ 

- 

2 140 

2145 

- 2 1 4 6 4  

WLITL. n m I M  TD COMSLLY CPYSTNLINL, W I ~ L  TO CWAIL: RW CUY STEIWCERS TO 

2131.5': SUBklOPIZOYTN STRIYCEBS OF A W Y D R I n  SPACED 2" TO I" OCCUR BELOW 2136.0'; 

MSAL CONTACT SHMP. 

r 
ANHYDRITE (B). FINELY CRYSINLINE. L I C M  GRAY. HINT OF THIN LANINATIONS; HALITIC, 

X 

- 

X 

FACILITY 
LEVEL 

- 
LWITE. X E D I ~  m c o ~ s e ~ r  caysTuLINc. L~WIZE TO CLU; m e  SUBHORIZONTAL CLAY 
STRINGERS AT TOP. CONTFNT CECPEASES WITY DEPTH; VERY RARE BLEBS Of POLYHALITE; 

BASN CONTACT NOT OBSERVED. 

M S N  CONTACl SHARP. IRRECUW. SLICUTLY 'VNDIILATOPY. 
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EXHAUST SHAFT 

r CONCRE 
DUNE SAND AND C A L I C H E  
GATUNA AND S A N T A  ROSA 

DEWEY L A K E  REDBEDS 

TAMARISK M E M B E R  JI- 
I-a 

CULEBRA M E M B E R  D a  

U N N A M E D  L O W E R  MEMBER 
t 

B A S E  OF THE K E Y  

W l P P  F A C I L I T Y  L E V E L  

NOTES: 
/. ALL ROCKS BELOW SANTA ROSA ARE 

PERM/AN /N A GE. 

2. ALL DEPTHS ARE MEASURED FROM A 
REFERENCE EL E VAT/ON A T 3 4 0 9 ' M S L  

E X P L A N A T I O N  

SAND AND SANDSTONE .. . -*:. .. . . . . 
MUDSTONE AND SILTSTONE --- 

I/ ROCKSALT - 
DOLOMITE 

FIGURE 5 

GENERALIZED 
EXHAUST SHAFT 
STRATIGRAPHY 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 
CARLSBAD. NEW MEXICO 

IT CORPORATION 



1) T H I S  I N T E R V A L  WAS MAPPED ON 1 0 - 3 - 8 4 .  
2 )  THE L I T H O L O G Y  O F  T H L S I N T E R V A L  I S  D E S C R I B E D  I N  

F I G U R E  4. 
3 )  DEPTHS AND E V A L U A T I O N S  ARE R E L A T E D  TO THE REFERENCE 

E L E V A T I O N  O F  3 4 0 9  FEET ABOVE N S L .  
4 ONLY FRACTURES THAT WERE DEEMED 'MAPABLE' AT A S C A L E  

OF ONE I N C H  EQUALS F I V E  F E E T  ARE I N C L U D E D  ON THE MAP.  
5 )  M A P P I N G  E F F O R T S  WERE CONCENTRATED I N  THE DEPTH 

I N T E R V A L  FROM 1 9 5 . 0  F E E T  T O  2 0 0 . 0  F E E T .  

- 
> i  
5 1  
Z t  r -  
J >  
w r l  

3219 

3214 

3209 

3204 

E X P L A N A T I O N  

N A P P E D  FRACTURE U 2 0 .  SEE FRACTURE NOTES FOR Fy D E S C R l P T l O N  

m24 SAf lPLE L O C A T I O N ,  EXHAUST S H A F T  D E T A I L E D  N A P P I N G  SAMPLE 

::!PED F R A C T U R E  ( 2 9 .  FRACTURE SURFACE E X P O S E D  

;- 
4 :  
5 -  
z x NORTH EAST SOUTH WEST NORTH 
dl- 
w o  DISTANCE FROM SOUTH L INE .  / F E E T )  
Ez 25 2 0  I 5  10 5 

I I 
0 5 10 I 5  20 25 28 

I 

FIGURE 6 - SHEET 1 OF 11 

/95  

200 

FRACTURE LOG I N  
THE DEWEY LAKE REDBEDS 

DEPTH 190.0 THROUGH 205.0 FEET 
EXHAUST SHAFT 

WASTE I S O L A T I O N  P I L O T  P L A N T  

C A R L S B A D .  NEW N E X l C O  

Fa6 

205 - .I3 

m9 

2/0 

' 

P R E P A R E D  F O R  

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

C A R L S B A D ,  NEW M E X I C O  

I I I I 

I 

i 

I T  C O R P O R A T I O N  

I 



WI PP EXIIAUST SHAFT 
FIGURE 6 - SHEET 2  OF 1 1  

FRACTURE NOTES 

% x 
I I . ' , C  t I I I  <: 11111 o f  A x  i ~ I I L I  t t~ Fr5i1cLt1r.e  ill* S t r ~ ~ c t u r e  

P ~ L I I I I ~ J C  I .  - Fracture of Pole l 'hi ckness Material Within Vein 
Cross-Cu t t  ing 
Relat ionships 

1 / 4 -  1 /2" f l2 Fibers perpendicular to  No terminations 
f rac tured su r f ace ,  second 
growth 1 / 4  inch from base 

F2 70-85" 2  30 1/11-3/4" f g Sigmoidal growth of f i b e r s  
suggesting s l i g h t  l e f t  
l a t e r a l  movement 

5 6" 000 1 / 4 "  f s Fibers  a r e  s t r a i g h t ,  but F2 and F1  terminate F3 
a t  angle of 30" t o  the 
f rac tured sur face  

Fibers  or iented v e r t i c a l l y  F4 cut  by F2 
with s l i g h t  i nc l i na t i on  
t o  the f r a c tu r e  plane;  
conta ins  small s i l t s t o n e  
inclus ions  i n  cen te r  of 
vein 

Fibers  or iented v e r t i c a l l y  

Fibers  or iented v e r t i c a l l y  F6 i n t e r s e c t s  F 1 6 ,  F18, F28 
with small s i l t s t o n e  re la t ionsh ips  not de terrnined 
inclus ions  i n  middle to  
lower 1/2 

1 / 4 "  f g  Fibers  or iented v e r t i c a l l y  F7 in te r%sec t s  F a ,  F2 

1,'8 1 1 0 1 ~  i ; :C , I I~ , ; I I  1 / 8 -  1/11" f g Fibers  or iented v e r t i c a l l y  F8 tetminated a t  F2, F 1 8  

x I'c, - I ' l  l~l~olls  gy(.)sIIIlI 
x x 

* % x  
11% I 1111~1 1 1  01' I.)CJIC' d t : s ~ : t ,  i t ~ t s  L ~ I (  d i taectior~ of' d i p ;  quadrant riotation descr ibes  the  s t r i k e  of the p l a l ~ e .  
[ : I . ; I L : K . I I I . C :  110 t. n~sp[)cd 



WIPP EXHAUST SHAFT 
FIGURE 6 - SHEET 3 OF 11 

FRACTURE NOTES 

D i p  o f  Azimuth 
F r a c t u r e  - of P o l e  

1 2 0  0 7 0  

19" 0 1 0  

t ~ o t ~ i z o n t a l  t o  
u n d u l a t o r y  

s u b h o r  i z o n  t a l  
t o  ~ ~ n d u l  a t o r y  

F r a c t u r e  F i l l  S t r u c t u r e  
T h i c k n e s s  Material W i t h i n  V e i n  

C r o s s - C u t t  i n g  
R e l a t i o n s h i p s  

1 / 1 6 "  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  F9 i n t e r s e c t s  F7 a n d  F16  

1  / a1 '  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  
t o  s u b v e r t i c a l l y  

< 1/32"  f g F11 t e r m i n a t e s  a t  F2 % F18 

0- 1  / 1611 f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  F12  t e r m i n a t e s  i n  F13  

1  /161t f f2 F i b e r s  o r i e n t e d  s u b v e r t i -  F 1 3  t e r m i n a t e s  i n  F1 
cal  l y  I 

1  /4 -  1  /2"  f g F i b e r s  o r i e n t e d  s u b v e r t i -  F14  t e r m i n a t e s  i n  F 1 8 ,  F 1 3  
cal l y  

1 / 1  611 f f2 Gypsum d i s p l a y s  s u b h o r i -  F16  t e r m i n a t e s  i n  F111 ~ 1 
z o n t a l  s l i c k e n s i d e s  1 

I 
1 / 1 6 - 1 / 4 t 1  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y ,  F17  t e r m i n a t e s  a t  F111 1 

s u t u r e  l i n e  is f i b r o u s  i 
1: 1 8 811 O 2 60 1 /16-1 /2"  F i b e r s  o r i e n t e d  h o r i z o n -  F 1 4 ,  F 2 3 ,  F24 t e r m i n a t e  f g  t a l l y  f o r m i n g  a n g l e  of 30" F 1 8  

t o  f r a c t u r e  p l a n e ,  b i f u r -  F 4 ,  F 6 ,  F 2 0 ,  F21 i n t e r s e c t  
cates w i t h  i n c l u s i o n s  of ~ 1 8  
s i l  t s t o n e  u p  t o  o n e  i n c h  
b e t w e e n  b r a n c h e s  
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FRACTURE NOTES 

Dip o f  
Frat t u r e  

26" 

Azimuth F r a c t u r e  
o f  P o l e  T h i c k n e s s  

F i  11 
Material 

f g 

f g  

f g 

f g 

f g 

f g 

f g 

f g 

f i3 

S t r u c t u r e  
W i t h i n  Ve in  

Cross-Cu t t  i n g  
Re la  t i o n s h i p s  

F19 t e r m i n a t e s  a t  F8 & ~ 1 8  F i b e r s  o r i e n t e d  v e r t i c a l l y  
w i t h  s u t u r e  l i n e  

F20 c u t  by F28 ,  F18 
F20 i n t e r s e c t s  F30,  F35,  
a n d  F33 

C o n s i s t e n t  v e r t i c a l  s i g -  
m o i d a l  f i b e r s  

F21 i n t e r s e c t s  ~ 1 8 ,  F28,  
F30,  F33 a n d  F35 
F21 t e r m i n a t e s  a t  F37 

h o r i  z o n t a l  F i b e r s  o r i e n t e d  v e r t i c a l l y ,  
s u t u r e  c o n t a i n s  f r e q u e n t  
t h i n  l e n t i c u l a r  s i l t s t o n e  
i n c l u s i o n s  

F i b e r s  o r i e n t e d  v e r t i c a l l y  F22 t e r m i n a t e s  a t  El11  
a n d  F18 

slrbhor. i z o n  t a l  F i b e r s  o r i e n t e d  v e r t i c a l l y  F23 t e r m i n a t e s  a t  F18 

F i b e r s  o r i e n t e d  v e r t i c a l l y ,  
f i b e r s  are s t r a i g h t  t o  
s i g m o i d a l  , b i f u r c a t e s  w i t h  
i n c l u s i o n s  o f  s i l t s t o n e  u p  
t o  o n e  i n c h  t h i c k  

F24 t e r m i n a t e s  a t  F18 
F24 i n t e r s e c t s  F33 

F25 t e r m i n a t e s  a t  F24, F27 

F26 t e r m i n a t e s  a t  F28 

F27 t e r m i n a t e s  a t  F28 
F27 i n t e r s e c t s  F30 

F28 t e r m i n a t e s  a t  F111 
a n d  F1 
F28 i n t e r s e c t s  F 2 0 ,  F21,  
F 6 ,  a n d  F24 

l.'d G 22" 

F2'/ h o r i z o n t a l  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  s u b v e r t i -  
c a l  l y  



2 -5 2 
M M M  
M M M  
L L , L C r r  
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FRACTURE NOTES 

I I , , C ~ I I I  tl L)lp of' Az i nru t h  F r a c t u r e  F i l l  S t r u c t u r e  
Nl~rnbei. -- F r a c c u r . e  o f  P o l e  T h i c k n e s s  - Material W i t h i n  V e i n  

C r o s s - C u t t  i n g  
R e l a t i o n s h i p s  

t:6 3 subhcjl9 i ~ i . o r r t a I  0- 1 /8" f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  

I 
FG11 s ~ ~ b t ~ o t -  i z o i 1 L ~ 1  0-1 / 4 "  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  F 6 9  t e r m i n a t e s  F64 , I 

F6 5 s u b t ~ o r  i z o n  t a l  0 - 1 / 4 "  f g  F i b e r s  o r i e n t e d  s u b v e r t i -  
c a l  l y  

6ii a x 
6  5 190 1 /8" F1 a n d  F 6 5  t e r m i n a t e  F66 

l? 6 rl ~111i t lo t .  i z o n  t.31. 

F6 8 s t ~ b h o t i z o n  t a l  

0- 1 /8l' f g F i b e r s  o r i e n t e d  s u b v e r t i -  
ca l  l y  

1 / 4 -  1 / 2 "  f g  F i b e r s  o r i e n t e d  s u b v e r t i -  F 6 8  t e r m i n a t e s  a t  F93  
c a l l y ,  is a c o n t i n u a t i o n  F 6 8  i n t e r s e c t s  F 6 9 ,  F70 
o f  ~ 5 8  a n d  F61 a n d  F2 

F6 9 s i i b v c t , t  i c l i l  110 1/11- 1 / 2 "  f g F i b e r s  o r  i e n t e d  h o r i z o n -  F69  c u t  by F 6 2 ,  F68 ,  F 6 4 ,  
t a l l y  a n d  F 1 ;  F111 c u t  by F69 

F7 0 s ~ ~ b v e t ~ t  i c a l  110 F70  c u t  by F68  

L:'l 1 s l ~ b h o t ~  i z o l r t ; ~  1 1 / 4 -  1 /2"  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  F70  c u t  by F71 

F72  t e r m i n a t e s  a t  F111 
a n d  F 6 8  

[:'I 3 S L I ~ ~ I O I -  i Y , C ~ I I  t,=i I 1/8- 1 / 2 "  f g  F i b e r s  o r i e n t e d  v e r t i c a l l y  F 7 2  a n d  F70 t e r m i n a t e  F73  

I:'/ 11 S L I ~ ~ I C ~ I .  I X O I I L L ~  I 1 /[I" f g  F i b e r s  o r i e ~ r t e d  v e r t i c a l l y  F70  a n d  F72  t e r m i n a t e  F74 
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FRACTURE NOTES 

Azinlu t h  Fracture F i l l  Structure Cross-Cutt ing 
of Pole Thickness Material Within Vein Rela tionships 

1/8-1/4" F75 s u b v e r t  i c a l  110 f i3 F75 joins F70 and F72 B 
t 

F'/6 s u b t l o i ~ i : ~ o ~ ~ t a  1 

[*' x k x 
s i ib t '~o t~ izon ta  1 

F 7 8  - n o t  described 

1."79'" - n o t  d e s c ~ ~ ~ b e d  

F80 s u b h o r - i z o n t a l  

% # #  

I.'tli, sl.ll~lloi~ i Z U ~ I L ~ I  I 

FOE, sutliot'izorit:ril 

b ti'/ S L I L J I I O I .  izoir t a l  

178 8 s ~ r t h o r  i zoil t a l  

1 /8" F75 and F70 terminate F76 

1 /8" f g Fibers ori.ented ver t ica l ly  Joins w i t h  F78 and F79 

Fibers oriented ver t ica l ly  

Fibers oriented ver t ica l ly  

Fibers oriented ver t ica l ly  

Fibers oriented ver t ica l ly  

Fibers oriented subverti- 
cal  l y  

Fibers oriented ver t ica l ly  

Fibers oriented vert ical ly  

Fibers oriented ver t ica l ly  

Fibers oriented subverti- 
ca l  l y  

F80 joins F72 
F93 terminates F80 

F81 joins F68 

F82 terminates a t  F93 

F83 terminates a t  F2 

F80 terminates F84 

F80 terminates F88 
F88 joins F87 
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FRACTURE NOTES 

!, ' I  LC t iltse D i p  o f  
b l ~ ~ n ~ b e  1 %  Ft-ac t u r ' e  

p89%xx 
s ~ . ~ t h o t ~ i z c j n  t a l  

Azimuth F r a c t u r e  
o f  P o l e  T h i c k n e s s  

F i l l  
Material 

S t r u c t u r e  
W i t h i n  V e i n  

C r o s s - C u t  t i n g  
R e l a t i o n s h i p s  

F89 j o i n s  F 6 8  a n d  F80 F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  v e r t i c a l l y  D i s c o n t i n u o u s  

F68  t e r m i n a t e s  F92 

F l l l  t e r m i n a t e s  F 9 3  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  s u b v e r t i -  
cal l y  

F9 ll s u b t ~ o r  i z o n  t a l  

F9 5 s u b h o t s i z o r i  td 1 

F9 6 SLI bt 101. I z u r ~  t , ~  1 

F i b e r s  o r i e n t e d  v e r t i c a l l y  F94 t e r m i n a t e s  a t  F 9 3  

F i b e r s  o r i e n t e d  v e r t i c a l l y  F95 t e r m i n a t e s  a t  F93  

F i b e r s  o r i e n t e d  v e r t i c a l l y  F96 t e r m i n a t e s  a t  F 9 3  
F96 j o i n s  F97 

F i b e r s  o r i e n t e d  v e r t i c a l l y  F97 t e r m i n a t e s  a t  F 9 3  
F97 j o i n s  F96  

F i b e r s  o r i e n t e d  v e r t i c a l l y  F93  t e r m i n a t e s  F98  

F2 t e r m i n a t e s  F99 

F l OU s ~ l b t t o ~ ~ i z o r ~  t a l  F i b e r s  o r i e n t e d  v e r t i c a l l y  FlOO j o i n s  E l 0 1  

F1U1 s ~ t b t ~ o ~ ~ i z o r ~  ta 1  

x # 3C 
E'lU2 s ~ ~ b l l o r ~  i zon t a l  f g F i b e r s  o r i e n t e d  v e r t i c a l l y  F102 t e r m i n a t e s  a t  F 9 3  
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FRACTURE NOTES 

Dip  o f  
F r a c L ~ l r e  

Azimuth F r a c t u r e  
o f  P o l e  T h i c k n e s s  

F i l l  
Material 

S t r u c t u r e  
W i t h i n  Ve in  

Cross-Cu t t  i n g  
R e l a t i o n s h i p s  

s u b v e r t  i c a l  F98 t e r m i n a t e s  F102 F i b e r s  o r i e n t e d  s u b h o r i -  
z o n t a l l y  

s u b v e r t  i c a l  F104 t e r m i n a t e s  a t  F111 
a n d  E l01  

s u b h o r i z o n t a l  F i b e r s  o r i e n t e d  v e r t i c a l l y  F105 c u t  by F104 
F105 t e r m i n a t e s  a t  F2 

F106 t e r m i n a t e s  a t  F104 s u b h o r  i z o n  t a l  

s u b h o r  i z o n  t a  l 

s u b h o r  i z o n t a l  

l ~ o t  d e s c r h i  bed  

s u b h o ~ . i z o n t a l  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F107 t e r m i n a t e s  a t  F2 

F108 t e r m i n a t e s  a t  F2 

F i b e r s  o r i e n t e d  v e r t i c a l l y  F110 t e r m i n a t e s  a t  F2 
F110 j o i n s  F99 

F l l l  s i ~ b h o t *  i z o n  t a l  F i b e r s  o r i e n t e d  v e r t i c a l l y ,  F111 t e r m i n a t e s  mos t  v e r -  
f r e q u e n t  s i l t s t o n e  c l a s t s  t i c a l  f r a c t u r e s  e x c e p t  
a l o n g  s u t u r e ,  s u t u r e  F 2 ,  F69 ,  a n d  F70 
c l o s e r  t o  t o p  
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FRACTURE LO6 I N  THE DEWEY LAKE REDBEDS 
DEPTH 256.5 TO 280.5 FEET, EXHAUST SHAFT 
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W I  PP EXHAUS'I' S l l A F T  
F I G U R E  7 - SHEE'I' 2 01: 9 

E X P L A N A T  ! O N  NOTES 

H A P P E D  F R A C T U R E  # 2 0 ,  S E E  FRACTURE N O T E S  FOR 
F2y D E S C R I P T I O N .  

1) T H l S  I N T E R V A L  WAS M A P P E D  ON 1 0 - 3 - 8 4 -  
2 )  T H E  L I T H O L O G Y  OF T H l S  I N T E R V A L  I S  D E S C R I B E D  I N  

24 S A M P L E  L O C A T I O N ,  EXHAUST S H A F T  D E T A I L E D  M A P P I N G  S A M P L E  
I 

F I G U R E  4 .  
1124. 3 )  D E P T H S  AND E L E V A T I O N S  A R E  R E L A T E D  T O  T H E  REFERENCE 

I 
I 

E L E V A T I O N  O F  3 4 0 9  F E E T  ABOVE N S L .  
4 )  O N L Y  F R A C T U R E S  T H A T  WERE DEEMED " M A P A B L E "  A T  A  S C A L E  

OF ONE I N C H  E Q U A L S  F I V E  F E E T  A R E  I N C L U D E D  ON T H E  M A P *  
5 )  M A P P I N G  E F F O R T S  WERE CONCENTRATED I N  T H E  D E P T H ,  

INTERVAL FROM 2 6 9 . 0  FEET T O  2 8 0 . 5  FEET. i 
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FRACTURE NOTES 

L i p  of Azimuth ( Fracture Structure 
Ft.ric t11r.t2 of Pole Thickness Material Within Vein 

riot descrxi bed 

 lot descl-i bed 

subvet.L iciil 2 80 

subhorbizorl t a l  

Cross-Cutting 
Relationships 

1/4" wfg Fibers perpendicular to F4 & F5 terminate a t  F 3  
fractured surface,  w i t h  
suture  

1 / 811 wfg Fibers perpendicular to F4 terminates a t  F3 
fractured surface 

1 - 1-1/2" wfg Suture closer to  upper F5 terminates a t  F 3  & F7 
fractured surface (1 /3  
d is tance) ,  contains small 
fragment of wall rock 
material a t  suture 

89'' 100 1/16" wfg Fibers perpendicular to No terminations 
fractured surface 

7 9 1 00 1 /4" w f  g Fibers perpendicular to F5, F8, F10 terminate 
fractured surface a t  F 7  

t? ~ s ~ ~ b v e r , t  ical 9 0 1/4" wf6 Fibers perpendicular to F9 terminates a t  F8 
fractured surface F8 terminates a t  F7 

1/II" wfg Fibers perpendicular to F9 terminates a t  F8 
fractured surface & F12 

( I '  A X ~ I I I I ~ L I I  p u l e  desu~~illea the dit-ectiori of d ip ;  quadrant notation describes the s t r i k e  of the plane. 
( L )  1 - ~rtl i tu fibur,ous gypsum 
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FRACTURE NOTES 

F ~ * ~ C L L I  t.e D ip  o f  Azimuth F r a c t u r e  F i l l  S t r u c t u r e  
Nmbe  r F r a c  L ~ l r e  o f  P o l e  T h i c k n e s s  Material W i t h i n  Ve in  

C r o s s - C u t t i n g  
R e l a t i o n s h i p s  

1: 1 0 h o r  i z o r l t a l  1  wfg F i b e r s  p e r p e n d i c u l a r  t o  F10 t e r m i n a t e s  a t  F7 & F13 
f r a c t u r e d  s u r f a c e ,  s u t u r e  
c l o s e r  t o  t o p  

n o t  mapped 1 1 3  s u b h o r i z o n t a l  1  /4" wfg F i b e r s  d i p  W 80' 

F12 s ~ l b v e t - t  i c a l  8 0  1 /4"  wfg F i b e r s  d i p  SE 

F13 s u b v e r t  i c a l  7 0 1 /4"  w f g F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F10, F14 & F17 t e r m i n a t e  
a t  F13 

F 1 4 32" ( a p p a r e n t  ) undeLermined 5 /8"  w f g F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F14 t e r m i n a t e s  a t  F13 

5 /8"  w f g F i b e r s  d i p  W o f  
p e r p e n d i c u l a r  

No t e r m i n a t i o n  

0 - l / 4 "  w f g F i b e r s  d i p  W o f  
p e r p e n d i c u l a r  

F16 t e r m i n a t e s  a t  F20 

1 /2"  wfg F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F l 7  t e r m i n a t e s  a t  F13 

1 /16-3 /8"  w f g F i b e r s  p e r p e n d i c u l a r  t o  
1 f r a c t u r e d  s u r f a c e  

F18 t e r m i n a t e s  a t  F12 

0-1 /4"  wfg F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F19 t e r m i n a t e s  a t  F20 

1 /8-3/8" w f g F i b e r s  d i p  SW o f  
p e r p e n d i c u l a r  

F16,  F 1 9 ,  & F24 
t e r m i n a t e  a t  F20 
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FRACTURE NOTES 

I , ' [  A(: ture  Dip o f  Azimuth F r a c t u r e  F i l l  S t r u c t u r e  
Number -- Frtac t u r e  o f  P o l e  T h i c k n e s s  M a t e r i a l  W i t h i n  Vein  

Cross -Cu t  t i n g  
R e l a t i o n s h i p s  

118- 1/14" wfg F i b e r s  p e r p e n d i c u l a r  t o  F21 t e r m i n a t e s  a t  F20 
f r a c t u r e d  s u r f a c e  

F'22( 3 )  3 t "  45 1  / I  611 w f g  I n d e t e r m i n a b l e  ! 
~2 3 7 5 O  110 1  /4" wfg P e r p e n d i c u l a r  t o  f r a c t u r e  F24,  F 2 5 ,  F26,  F27 

s u r f a c e  t e r m i n a t e  a t  F23 

F211 1 7 " ( a p p n t ~ n t )  unde te rmined  1/4" w f i? F i b e r s  o r i e n t e d  v e r t i c a l l y  F24 t e r m i n a t e s  a t  F20 & 
F23 

F'L 6 s ~ ~ t j t l o r i z o n  t;ll 

0 -5 /8"  wfg F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

3/8-3/11'' wfg F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

1  /2" wfg F i b e r s  v e r t i c a l  t o  sub -  
v e r t i c a l ,  d i p  N 

FL 8 s u b v e t - t  I ca l  130 3/  16" wfg I n d e t e r m i n a b l e  

~2 9 83' 130 <1 /16 -1 /8"  wfg F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F25 t e r m i n a t e s  a t  F23 1 

~ 2 6  t e r m i n a t e s  a t  F23 & 
F2 8 

F27 t e r m i n a t e s  a t  F23 & 
F28 

F26 & F27 t e r m i n a t e  a t  F28 
I 

t 
F37 & F38 t e r m i n a t e  a t  F29 

F 3 0  74 " 3  0  1/16-1/8" w f g  F i b e r s  p e r p e n d i c u l a r  t o  no t e r m i n a t i o n s  
f r a c t u r e d  s u r f a c e  

84 120 0-3 /8"  wfg F i b e r s  p e r p e n d i c u l a r  t o  no t e r m i n a t i o n s  
f r a c t u r e d  s u r f a c e  

1.' j , < I G "  135 unde t e r m i n e d  wfg I n d e t e r m i n a b l e  no t e r m i n a t i o n s  
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FRACTURE NOTES 

F i l l  S t r u c t u r e  
Material W i t h i n  Ve in  

C r o s s - C u t  t i n g  
R e l a t i o n s h i p s  

U i p  o f  
F r a c t u r e  

Azimuth F r a c t u r e  
o f  P o l e  T h i c k n e s s  

wfg F i b e r s  o r i e n t e d  v e r t i c a l l y  F33  t e r m i n a t e s  a t  F34 

wfg F i b e r s  p e r p e n d i c u l a r  t o  F33  t e r m i n a t e s  a t  F34 
f r a c t u r e d  s u r f a c e  F34 i n t e r s e c t s  F21 ( r e l a -  

t i o n s h i p  i n d e t e r m i n a b l e )  

rlo t d e s c t - i  bed  

76" wfg F i b e r s  p e r p e n d i c u l a r  t o  F 4 1 ,  F38 & F37 t e r m i n a t e  
f r a c t u r e d  s u r f a c e  a t  F36 

s u b h o r  izoii  ta1 w f g  F i b e r s  p e r p e n d i c u l a r  t o  F37 t e r m i n a t e s  a t  F39 & 
f r a c t u r e d  s u r f a c e  F36 

wfg F i b e r s  p e r p e n d i c u l a r  t o  F38  t e r m i n a t e s  a t  F39 & 
f r a c t u r e d  s u r f a c e  F36 

wfg F i b e r s  p e r p e n d i c u l a r  t o  F39 t e r m i n a t e s  a t  ~113 
f r a c t u r e d  s u r f a c e  F40 & 42 t e r m i n a t e  a t  F39 

w f g  F i b e r s  p e r p e n d i c u l a r  t o  F40 t e r m i n a t e s  a t  F39 
f r a c t u r e d  s u r f a c e  

wfg F i b e r s  p e r p e n d i c u l a r  t o  F4 1 t e r m i n a t e s  a t  F39 ,  F36 
f r a c t u r e d  s u r f a c e  

w f g F i b e r s  o r i e n t e d  v e r t i c a l l y ,  F42  t e r m i n a t e s  a t  F39 & 
s u t u r e  c l o s e r  t o  t o p  F45  

( ) Elo t rrluppcd 



WIPP EXHAUST SHAFT 
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FRACTURE NOTES 

Az irnu t h  
of Pole 

Fracture F i l l  
Thickness - Material 

Structure 
Within Vein 

Cross-Cutting 
Relationships 

Fibers perpendicular to 
fractured surface 

F39 terminates a t  F43 
F43 terminates a t  F45 

subhor izon t a l  Fibers perpendicular to  
fractured surface 

F44 terminates a t  F45 

Fibers perpendicular to 
fractured surface 

F46,  F 4 4 ,  F43, F42 
terminate a t  F45 

Fibers perpendicular to 
fractured surface 

F46 terminates a t  
& F48 

Fibers perpendicular to 
fractured surface 

F47 terminates a t  F48 

F 4 6 ,  F47  & F49 terminate 
a t  F48 

Fibers oriented horizon- 
t a l l y  

rlo t  nlcasured clear  
f g 

Fibers perpendicular to 
fractured surface 

F49 terminates a t  F 4 8  & 
F5 0 

Fibers oriented horizon- 
t a l ly  

F52 & F49 terminate F50 

Fibers perpendicular to 
fractured surface 

F51 tern~inates  a t  F52 
F53 terminates a t  F51 
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FRACTURE NOTES 

I. I ,~ctui -e  D i p  o f  Azimuth 
N (~rnbc: r.  Frac t ~ ~ l ~ c  - o f  Pole 

~ ; ' 5  2 s u b h o r  izorl t a l  

F5 3 subhor izon t a  l 

F5 '1 G 5 " ( v a r ~ i a b l e )  7 0 
(20'  apparent 

i 11 I o~rel. p a r t )  

1% I 89'' 
( 21- 0 

120 
J ;It Lop)  

Fracture F i l l  Structure 
Thickness Material Within Vein 

3/4" wfg Fibers oriented ver t ica l ly  

3/4" wfg Fibers oriented ver t ica l ly  

1 / 4 "  w fg Fibers perpendicular t o  
fractured surface 

1/8- 1/11'' wfg Fibers perpendicular to  
fractured surface 

Cross-Cut ting 
Relat ionships 

F52 terminates a t  F50 & 
F5 5 

F53 terminates a t  F51 & 
F5 8 

No terminations 

F52 terminates a t  F55 
F53 in te rsec ts  F55 ( r e l a -  
tionship indeterminable) 

1/4-3/8" wfg Fibers perpendicular to No terminations 
fractured surface 

1 / 4 "  w fg Fibers perpendicular to F64 ,  F59 & F53 terminate 
fractured surface a t  F58; F61 intersects 

F58 (relat ionship 
indeterminable) 

1 / 4 "  7 fg  
Fibers oriented ver t ica l ly  F59 terminates a t  F58 & 

F6 1 

1/11" wfg Fibers oriented vwetically ~ 6 0  terminates a t  F61 

1/8" w fg Fibers perpendicular to  F59 & F60 terminate a t  
fractured surface F61;  ~ 6 1  intersects  F58 

( r e l a t  iorlship inde ter-  
minable) 
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FRACTURE NOTES 

subhol - izon  t a l  

subhor  i z o n  t a l  

Azimut;h F r a c t u r e  
o f  P o l e  T h i c k n e s s  

F i l l  
M a t e r i a l  

wfg 

wfg 

wfg 

wfg 

wfg 

w f g  

S t r u c t u r e  
Wi th in  Vein 

F i b e r s  d i p  S  

F i b e r s  d i p  W 

F i b e r s  o r i e n t e d  v e r t i c a l l y  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e d  s u r f a c e  

F i b e r s  o r i e n t e d  h o r i z o n -  
t a l l y  

C r o s s - C u t t i n g  
R e l a t i o n s h i p s  

F62 t e r m i n a t e s  a t  F63; 
F6l  t e r m i n a t e s  a t  F62 

F64,  F62,  F66 t e r m i n a t e  
a t  F63 

F64 t e r m i n a t e s  a t  F63 
& F58 

T e r m i n a t i o n s  i n d e t e r m i n -  
a b l e  

F66 t e r m i n a t e s  a t  F63 

T e r m i n a t i o n  i n d e t e r m i n -  
a b l e  
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4, 
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2 -  
i >  
w w  
K J  

FRACTURE LOG I N  THE DEWEY LAKE REDBEDS 
DEPTH 353.5 T O  380.0 FEET, EXHAUST SHAFT 

>. 
,Y- 
a +  
= L L  - -  N O R T H  E A S T  SOUTH WEST N O R T  f x  
11- DISTANCE FROM SOUTH LINE: (FEE TI 
w a  
K W 2 5  2'0 /5 /O 5 0 

W A S T E  I S O L A T I O N  P I L O T  P L A N T  

C A R L S B A D ,  N E W  M E X I C O  

a w  n o  
5 lo  /5 20 25 28 

I I I I I I I 
3059 350 

U3 C O N C R E T E  L I N E R  
353 5 -  

3054 355 W 
m 
a 
W 
a 

3049 360 
W 
x 
a 
-I 

3044 365 
- 

W 
3 
W 
a 

3039 370 

\ 

F / 3  

3034 375 - 928. F/s 
I 

.29 

3029 380 I 

P R E P A R E D  F O R  

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

C A R L S B A D ,  N E W  M E X I C O  

I T  C O R P O R A T I O N  



W I'PP EXHAUS'T StIAF'T 
FICUHE 8 - SHEE'l' 2 0 F  6 

E X P L A N A T  I ON NOTES 
MAPPED F R A C T U R E  # 2 0 ,  SEE FRACTURE N O T E S  FOR 

F2y D E S C R I P T I O N .  1) T H I S  I N T E R V A L  WAS MAPPED ON 1 0 - 8 - 8 4 .  
24 S A M P L E  L O C A T  ION,  EXHAUST SHAFT D E T A I L E D  N A P P I N G  SAMPLE 2 )  T H E  L I T H O L O G Y  OF T H I S  I N T E R V A L  I S  D E S C R I B E D  I N  

# 2 4 .  F I G U R E  4. 
3 )  DEPTHS AND E L E V A T I O N S  ARE R E L A T E D  TO REFERENCE 

E L E V A T I O N  OF 3 4 0 9  F E E T  ABOVE M S L .  
4 )  O N L Y  FRACTURES T H A T  WERE DEEMED "MAPPABLE', AT  A  S C A L E  

OF ONE I N C H  E Q U A L S  F I V E  F E E T  ARE I N L U D E D  ON THE MAP. 
5 )  M A P P I N G  E F F O R T S  WERE CONCENTRATED I N  T H E  DEPTH 

I N T E R V A L  FROM 3 6 5 . 0  F E E T  TO 3 7 5 . 0  F E E T .  
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FRACTURE NOTES 

I : I , ~ ~ C L L I I ~ C  D i p  of' Azin~uth  ( 2 )  F r a c t u r e   ill( ' ) S t r u c t u r e  
PJt.lmber* 

- F r a c  tu1.t. o f  P o l e  T h i c k n e s s  M a t e r i a l  Wi th in  Vein  

F 1 s u b h o r  i z o n  t a l  

F 2 s u b h o r i z o n  t a l  

F 3 s u b h o r  i z o n  t a l  

F ~ I  6 2 ; ~  

1. 5 s l l b l l o l ~ l 2 ~ ~ l l  t.1 1 

F t  sub l lo t~  I zon t a l  

I:'( s~ib l lo l .  i z o r ~ t ~ l l  

C r o s s - C u t t i n g  
R e l a t i o n s h i p s  

1/8-  1/4" w f F i b e r s  p e r p e n d i c u l a r  t o  F18, F17,  ~ 1 6 ,  F12,  F11, 
f r a c t u r e  s u r f a c e  , ( f r a c t u r e  F10 & F4 c u t s  F1 
a t  t o p  o f  mudstone bed )  

1/4-  1/2" wfg F i b e r s  p e r p e n d i c u l a r  t o  F18, F16,  F12, F11,  F10, 
f r a c t u r e  s u r f a c e  ( f r a c t u r e  & F4 c u t s  F2 1/4" down- 
a t  t o p  o f  mudstone b e d )  ward d  is placemen t o f  F2 

E. o f  F16 

wfg F i b e r s  p e r p e n d i c u l a r  t o  n o t  c u t  
f r a c t u r e  s u r f a c e  

w f g  F i b e r s  p e r p e n d i c u l a r  t o  F4 c u t s  F1 & F2 
f r a c t u r e  s u r f a c e  ( t h r u s t  

' c o m p o n e n t s  o f  movement 
1  / 4 - i n c h )  

0 -3 /8"  wfg F i b e r s  p e r p e n d i c u l a r  t o  n o t  c u t  
f r a c t u r e  s u r f a c e  

1 /8- 1  /4"  wfg F i b e r s  p e r p e n d i c u l a r  t o  n o t  c u t  
f r a c t u r e  s u r f a c e  

0 -  1  /4"  wfg B i f u r c a t e s ,  s i g m o i d a l  C r o s s - c u t  by s e v e r a l  minor 

I 
f i b e r s  i n d i c a t i n g  W/E s u b v e r t i c a l  f r a c t u r e s  d i p -  

p i n g  E a s t  w i t h  t h r u s t  con+ 
component o f  movement, 
d i s p l a c e m e n t  1 /8 - inch  

( I ) g = b i l l  i ti. t a i  L ~ L , U I J S  gypsum 
( 2 )  /\it ~ I I I I I L ~ I  of' [ )o le  c1esc1.i bes  t h e  d i  r - e c t i o n  o f  d i p ;  q u a d r a n t  n o t a t  i o n  d e s c r i b e s  t h e  s t r i k e  o f  t h e  p l a n e .  
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FRACTURE NOTES 

~ ' ~ ~ ' L C : ~ I I I ~ S  Ijip o f  Azirnu t h  F r a c t u r e  F i l l  
Material 

S t r u c t u r e  
W i t h i n  V e i n  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

C r o s s - C u t t i n g  
R e l a t i o n s h i p s  b111rnbet~ 

-. F r a c t u r e  o f  P o l e  T h i c k n e s s  

C r o s s - c u t  by s e v e r a l  m ino r  
s u b v e r t i c a l  f r a c t u r e s  d i p -  
p i n g  E a s t  w i t h  t h r u s t  corn- 
p o n e n t  o f  movement 1 / 8 - i n .  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e ,  f r a c t u r e  
b i f u r c a t e s  

F9 t e r m i n a t e s  a t  F10 sub t l o r  i z o n  ta1 

F l u  

F11 

I n d e t e r m i n a b l e  F10 c r o s s - c u t s  many h o r i -  
z o n t a l  f r a c t u r e s  

C r o s s - c u t s  many h o r i z o n t a l  
f r a c t u r e s ,  may h a v e  a corn- 
p o n e n t  o f  t h r u s t  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

F i b e r  are  n o t  p e r p e n d i -  
c u l a r ,  i n d i c a t e  t h r u s t  
d  i s p l a c e r n e n t  

No t e r m i n a t i o n s  o b v i o u s  

No t e r n ~ i n a t i o n s  o b v i o u s  

I n d e t e r m i n a b l e  

No t e r m i n a t i o n s  o b v i o u s  

F16 c u t s  F 3 1 ,  F1 & F2 

F17 c u t s  F33 ,F31  & F1 
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FRACTURE NOTES 1 

D i p  01' Aziniu th 
Frsac t u  t-e o f  P o l e  

F r a c t u t - e  F i l l  
T h i c k n e s s  M a t e r i a l  

I n d c t e r m i n a b l e  

I  nde  t et'n1i.nab1.e 

1116-  1181~ wfg 

I n d e t e r m i n a b l e  

1 /811 

I n d e t e r t ~ ~ i n a b l e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

l r~c- le te t~rr~i  n a b l e  

1 " 

S t r u c t u r e  
W i t h i n  V e i n  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

F i b e r s  p e r p e r r d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

I n d e t e r m i n a b l e  

F i b e r s  p e r p e n d i c u l a r  t o  
f r a c t u r e  s u r f a c e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

F i b e r s  a r e  n o t  p e r p e n d i -  
c u l a r  t o  f r a c t u r e  s u r f a c e ,  
b u t  i n c l i n e d  o u t  t o  t h e  
S o u t h  a t  e d g e s  a n d  to  t h e  
N o r t h  a t  t h e  s u t u r e  

C r o s s - C u t t i n g  
R e l a t i o n s h i p s  

C r o s s - c u t s  many h o t - i z o n t a l  
f r a c t u r e s  

No t e r m i n a t i o n s  

No t e r m i n a t i o n s  

' No t e r m i n a t i o n s  

No t e r m i n a t i o n s  

I n d e t e r m i n a b l e  

I n d e t e r m i n a b l e  

1 n d e t e r m i n a b l . e  

I n d e t e r m i n a b l e  

I n d e t e t * m i n a b l e  

I n d e t e r m i n a b l e  

F13  c u t s  €29 
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FRACTURE NOTES 

D i l l  o f  Azimuth F r a c t u r e  F i l l  S t r u c t u r e  
F'I-a c  ~ L I  r e o f  Pole  T h i c k n e s s  M a t e r i a l  W i t h i n  V e i n  

C r o s s - C u t  t i n g  
R e l a t i o n s h i p s  

s u b h o r  i zori t a  1 F i b e r s  similar t o  F29 No t e r m i n a t i o n s  o r  c r o s s -  
c u t s  d i s c e r n i b l e  

s u b h o t ' i z o r ~ t a  1 1/4-3 /4"  S u t u r e  n e a r  b a s e  F11 & F10 c u t  F31 

s u b h o r  i z o n  t a l  

riot d c s c r i  bed 

riot d e s c ~ , i  l e d  

r lot  d e s c t . ~  b e d  

S i g m o i d a l  f i b e r s  w i t h  S/N F10 c u t s  F32 
d i s p l a c e m e n t ,  b i f u r c a t e s  



EXPLANAT ION 

FRACTURE NOTES 

- 

I 
EAST SOUTH WEST NORTH L I T H O L O G I C  D E S C R I P T I O N  

ONLY FRACTURES W I T H  O B T A I N A B L E  A T T I T U D E S  WERE MAPPED AS 
THERE HERE TOO MANY SMALL FRACTURES TO B E  INCLUDED ON THE 
NAP. 

W 

2 m  ' 
P m 
$ z 

A Z I N U T H  OF 
u..L THE POI E 
7 5 "  9 0 "  
7 8 "  1 7 0 "  

NOT MEASURABLE 
6 4 "  8 0 "  
58 O 2 8 0 "  
78" 3 1 5 '  
6 9 '  2 8 0 "  
9 0 "  4 5 "  
7 2 "  3 4 0 "  
8 0  " 3 1 5 "  
5 4 "  2 8 0 "  
8 2 "  1 6 5 "  

T H I C K N E S S  
1 / 8 '  
1 / 8 '  
1 / 8 '  
1 1 4 '  
1 / 8 " - 1 / 2 '  
1 / 8 '  
1 / 8 '  
1/8' 
1 /8 ' -  1 / 4 "  
i / a =  
l / a *  
1 1 4 '  

2 5  
W W  u 2 ,, 
2879 

2874 

- SHARP CONTACT 

2 4  SAMPLE LOCATION, EXHAUST SHAFT 
D E T A I L E D  MAPPING SAMPLE # 2 4  
NAPPED FRACTURE 

w " 2869 540 

J 

5 a 
- 

LL 2859 5 5 0 .  
[L 
W a 
A w 
$ 5  ANHY DRlTE 
, % , 2854 555 , 

1) T H I S  I N T E R V A L  WAS MAPPED ON 1 0 - 1 5 - 8 4 .  
2 )  THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE L O C A T I O N  

AT 3 4 0 9 - 0  FEET ABOVE MSL. 
3 )  STANDARD GEOLOGIC SYMBOLS ARE NOT USED I N  ORDER TO 

ENHANCE THE C L A R I T Y  OF THE LOG COLUMN. 

U N l T  2 -  ARGILLACEOUS SILTSTONE, REDDI SH-BROWN, STRUCTURELESS; C O N T A l  NS FRACTURES S I M I L A R  TO U N l  T 1; APIINDANT GREEN 1 SH-GRAY 
REDUCTION SPOTS; GRADES TO S I L T Y  CLAYSTONE I N  UPPER 1 1 4 '  TO 5/4 ' ;  LOWER 1 1 4 '  T O  1 /2 '  CONSISTS OF GREENISH-GRAY 
ARGILLACEOUS SILTSTONE; FRACTURES I N  U N I T  DO NOT EXTEND I N T O  UNDERLYING ANHYDRITE; BASAL CONTACT SHARP, UNDllLATORY UP TO 
1 . 5 ' ,  EROSIONALLY TERMINATES L A R I N A E  I N  UNDERLYING ANHYDRITE.  

R U S T L E R  FORMATION 
U N I T  1- ANHYDRI IE ,  F I N E L Y  CRYSTALLINE, ALTERNATING n E D l U H  GRAY TO GRAYISH-FROWN, WHITE AT UPPER CONTACT, B4NDED TO OCCASIONALLY 

L A M l N A T t D ,  BANDS SPACED 1 / 1 6 '  r o  l', BANDS AND L A M I N A E  UNDULATE U P  TO 1 /4 '  AND OCCASIONALLY T E R n l N A T E  ABRUPTLY. GRAY 
BANDS ARE USUALLY THICKER; UPPER 5 .0 '  CONTAINS AN I N C R E A S I N G  ABUNDANCE UPWARD OF CLAY INTERBEDS; FROM 0 TO 6' OF GYPSUN 
OCCURS AT UPPER CONTACT; CONTAINS ABUNDANT HORIZONTAL TO SUBHORIZONTAL F IBROUS G Y P S U n - F I L L E D  FRACTURES. 118' TO 112. 
THICK,  SPACED 1' TO 3': BASAL CONTACT NOT OBSERVED. 

r ~- 

2~ OISTANCE FROM SOUTH LINE, ( F E E N  

F I G U R E  9 

G E O L O G l C  L O G  O F  
D E k E Y  L A K E  R E D B E D S  - R U S T L E R  F O R M A T I O N  C O N T A C T  

D E P T H  5 3 0  THROUGH 5 5 5  F E E T  
E X H A U S T  S H A F T  

D E W E Y  L A K E  R E D B E O S  
U N I T  1. SILTSTONE. REDDISH-BROWN, STRUCTURELESS, CONTAINS ABUNDANT GREENIZH-GRAY REDUCTION SPOTS, 1 /16 '  T O  1 1 2 '  DIAMETER; 

EXTENSIVCLY FRACTURED. T H I N  1 / 1 6 '  TO 1/8' T H I C K  F I B R O U S  G Y P S U n - F I L L E D  FRACTURES, ORIENTATIONS VAR!ABLE BUT MAJORITY ARE 
HORIZONTAL TO SUBHORIZONTAL, SPACED 1' ro 2'; BASAL CONTACT SHARP, S L I G H T L Y  UNDULATORY. 

W Q  
20 I 5  1 0  5 10 I5 20 25 ~a <5 

5 0 

WASTE I S O L A T I O M  P I L O T  P L A N T  

C A R L S B A D ,  NEW H E X  I C O  

530 

535 . 

P R E P A R E D  F O R  

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  

C A R L S B A D ,  NEW M E X I C O  

I T  C O R P O R A 1  I O N  

I I I I 

UNIT 

I I I I 

I 

I 



- SHARP CONTACT --- G R A D A T I O U A L  C O N l A C l  ( D E F I N E D  
W I T H I N  2 I N . )  -.- D I F F U S E  C0N;ALT ( D E F I N E D  
Y l I H l N  6 I N . )  

'24 S A B R E  L O C A T I O N  E X H A U S T  S'1hFT 
D E T A I L E D  n w P I N G  S A R P L L  r?s 

FJ/ MAPPED i R A c T u R E  1 3  

- 
>- -1 K m  
4 I  
zi 

1 )  THIS INTERVAL UPS RAPPED on to / i7 /as .  
2 )  D E P T H S  A R E  R E L A T E D  T O  T H E  R E F E R E N C E  E L E V A T I O N  A T  3 U 0 9 . 0  

F E E T  A B O V E  R S L .  

3 )  STANDARD GEOLOGIC S ~ B O L S  ARE no1 USED I n  ORDER :o 
E N H A N C E  T H E  C L A R l T Y  O F  T H E  L O G  L O L U P N .  

z -  
4' 
E k  

ALL FRACTURES ARE F I L L E D  W I T H  F I B R O U S  G Y P s U n .  
~1 - 118' -114 '  I H I C K .  H O R I ~ D N T A L  F I B E R  D R I E N T A T I O W  

F 5  - 1 1 1 6 ' - 1 1 8 '  THICK, H O R I Z O N I A L  F I B E R  D R l E N T A T I O N ~  
F 6 r  - 1 1 2 '  T H I C K .  S 1 6 M O I D A L  F I L L I N G  I N D I [ h T I Y G  SOUTH S I D E  

UPTHRONN R E L A T I V E  1 0  NORTH S I D E .  D I P  61.N. S I R I K E  
NB0.Y. 

F 6 1  - 1 1 2 '  T H I C K .  F l B C R S  O R I E N T E D  3 0 '  FROR FRACTURE PLANE, 
WEST S I D E  UPTHROYN R E L A T I V E  TO E I S I  S I D E  

F 7  - 1 1 4 '  T H I C K .  S T R I K E  NUS'Y. D I P  50 '5 .  
F 8  - 1 l B '  T H I C K ,  F I R E R S  O R I E N T E D  P E R P E N D I C U L A R  TO FRACTURE 

P L A N E .  S T R I K E  N 3 O ' Y  
F 9  - 1 1 6 . - 1 1 4 '  THICK,  F I B E R S  O R I E N T E D  P E R P E N D I C U L A R  1 0  

FRACTURE PLANE, S T R I K E  N 7 O ' Y  
F I O  - 1 1 2 '  T H I C K ,  F I B E R S  O R I E N T E D  6 0 '  FROM F R A C I U R E  P L A N E  

AND L O C A L L I  S I 6 R O I D A L .  S O U T H  S I D E  UPTHROYN R E L A T I V E  TO 
NORTH S I D E .  S T R I K E  NBO'Y. D I P  6 2 * N -  

F 1 1  - 1 1 4 '  T H I C K ,  S T R I K E  N 4 S a Y .  D I P  80'8. 
F i 2  - I l 8 - - l l 4 '  THICK,  F I B E R S  O R I E N T E D  P E R P E N D I C U L A R  TO 

FRACTURE PLANE. S T R I K E  N50.E. D I P  66.8. 
F 1 3  - 1 1 4 ' - 1 1 2 '  THICK.  F I B E R S  O R I E N T E D  PERPENDICULAR T o  

FRACTURE PLANE. S T R I K E  S3O.E. 

NORTH E A S T  SOUTH WEST LITHOLOGIC DESCRIPTION 
I I DISTANCE FROM SOUTH LINE, (FEETI  I 

a 30 15 20 I5 10 5 0 5 10 I5 20 25 28.5 
I I I I 

2844 565 -a 
2840.3 568.5 C O N C R E T E  L I N E R  U N I T  1- A N H I D R I T E .  F I N E L Y  C R V S T A L L I N I .  M E D I U 1 I  TO DARK GRAV, Y O S S I B L E  NODULAR S T R I I C I U R E .  HAID; IIPPER C O N T A C T  NOT n e s i ~ v l 0 :  B A S A L  CONTACT SHARP. 

U N I T  2. ANHYDRITE.  F I h E L Y  T O  nEDII:M C P f S I A L L I N E ,  A L T E R U A T l N i  L I G H T  TO DARK GRAY. S I R U C T U R E L t S S  AT TOP B F C n f i l U G  BANDED Y l T H  DEPTH, HAPD; G Y P S I F E R O U S  
YEAR ELSE:  B A S A L  C O N I A C T  S n r R P .  

U u 1 1  3. S I L T Y  I U D S T O I E .  GRAY ( R E O C L E O ) ,  THIN:Y L A ~ I N L T E D .  SOFT; F E L C T U R E S  FRO< U N O l R L Y l N G  l l N l T  C O Y T I N J O U S  l U l O  U N I T  3; R A S L L  C O l T A C T  GRADATIONAL.  
~ 

U Y l l  4. S I L T Y  CLAYSTONE, RECDISh-~~OYI, T h l N : Y  L A M I N A T E D .  CONTAINS 1/16.  TO 118. T H I C K  S U B H O R I Z O N I L L  G Y P S I I I - F I L L L O  F R A C I U R E F P ~ C ~  1' 10-3'; ~ A L  
CDNlhCT S H D R C  UNDULATOLY, D I S C O N F D R ~ A S L E ,  B A R K E D  BY TYE OCCURRENCE OF A F I N E L Y  L A R l N I \ T f D  S L I G H T L Y  F I S S I L E  DARK REDDISH-PROMU S I L T Y  
MUDSTONE. 

UNIT 5. SILTY CLAYSTONE. RECDISY-ELO"I, L O C A L L Y  TH INLY  LAMINATED; COPTAINS LOCAL IDYES nr G Y P S U ~  NODULES AND C R Y S T ~ L S ,  BEDDIUG LOCALLY DISRUPTED IN 
6 Y P S f i - R I C H  Z O N I S ;  L D C A L  P O 1 B L Y - D E F I N E D  Y H l T E  ZONES I G Y P S l i E R O U S  CLAVSTDNE 7 ) ;  B A S A L  C n N T A C T  SHARP. UNDULATORY. n l s C n N F D R b A R L E .  n A R K E D  B Y  
F I R S T  OCCURRENCE O F  GYPSU.,. 

a U N I T  6 .  S I L T Y  C L A ' f S T O K ,  RECDIS*-BROYU, LARGE C P E E N I S H - G R A Y  AREAS I N  LOYER 1 . 0 '  TO 1 . 5 ' .  T H I Y L Y  L A n l N A T E D ,  L A P I N P E  O F T E r  S L I G H T L Y  l l u n l i L A T O R Y  AND 

\----- 
TER*,INLTED EROSI0HL:LY.  T Y A C E  : R o s s - L A n l n A r I n N s ,  SOFT;  UPPFR o TO 5 -  DEFINED A S  GYPSIFEROUS C L A Y s T n u E :  u p s u n  NQDULES (CIIZ-I AND FINE 
E N T R O L I T H I C  S T R U C T U 2 i S  O L C I I 1  IdROUGHOUI,  CONTENT DECREASES TOYARD THE RASE, CLAYSTOWE L A n l N A E  SI IRRDUNDING 6YPSUm N D D l l L E S  A I D  E U T R n L I T H I C  

z STRUCTUHES E I R I B I T  SOFT-SECI7,El iT  D E F O R n A T l O N .  L M I N P E  ARE CONTORTED, CONVOLUTED, AND D I S R U P T E D  P I  GYPSIIR STRUCTURES; G R E E N I S H - L R h Y  R E O U C T I O N  
SPOTS L O C A L L Y  ABUNDAHT. O i T E u  PAVE RORPHOLDGY S I R I L A R  TO GYPSUR, SEVERAL 1- r n l c x  H O R I Z O N ~ A L  TO SUBHORIZONTAL Z O l l E S  r A N T A l Y l h 6  ABIINDANT 
GREEHISH-GRAY SPOTS OCCUR I k  UPPER 2 . 0 ' ;  B A S A L  CDUTACT SHLRP 1 0  GRADATIONAL,  OISCOUFORRABLE.  

U N I T  7. S I L T S T O N E  G R A D I N G  TO A R G I L L A C E J U S  S I L T S T O N E  W I T H  DEPTH. L I G H T  GRAY W I T H  RARE DARK GRAY ( O R G A N I C - R I C H  ? I  L A e I N L f .  T H I N L Y  L A n l N h l E D  TO VERY 
T H I N L Y  BEDOED. L A n l U A E  U U O U L I T L  S L I G H T L Y  P A R A L L E L I N G  LDYER CONTACT, RARE S O F T - S E D I M E N T  D E F O R ~ A T I O N ;  UPPER 0 . 2 '  TO 0 . 5 '  STRUCTURELESS W I T H  
F A I N T  H I N T S  OF T H I N  LA?, INLTIONS. S T E U C T U R E L E S S  ZONE BOUNDED AT B A S E  BY R l N O R  E R O S l n N A L  SURFACE WHICH T E R n l N A T E S  U N O E R L I I N G  BEDDING. C O N T A I N S  
NODULES OF W H I T E  GVPSUR 1 < 1 1 2 '  D I A R E T E R ) .  CONTENT DECREASES Y l T H  DEPTH; R O R I I O N T A L  AND S U B H O R I Z O N T A L  GYPSUF-F I L L E D  FRACTURES 1/16.  TO 1 1 4 '  
THICK.  UNDLILATCRY. FOLLOYS BEDDING P L A ~ E S .  AVERAGE s P a c I N 6  3' T O  5.: VERTICAL AND SUBVERTICAL GYPSIIM-FILLED FRACTURES 1/16. T O  I/Q' THICK.  

UPPER 0 . 2 '  T O  0.5'; BASAL C O N T A C T  SHLRP. UNDULATORY. EROSIONAL. 

U N I T  8.  AYHVDRITE,  F I N E L Y  : R Y S I A L L l N E .  GRAY TO GRAYISH-BROWN, T H I N L Y  L A H I N A T E D  I N  I IPPER 1 . 0 '  TO 2 . 0 '  (IRADING TO UOOULAR Y l T I i  DEPTP;  L O C A L  
G V P S I F E R D U S  AREAS NEAR TOP AN0 BASE ARE R E D l U i l  C R Y S T A L L I N E ;  n A J 0 R l T Y  O F  FRACTURES H O R I Z O N T A L  T n  SUBHORIZONTAL.  F I L L E D  Y l l H  F l e R O U s  b v P s i l f l .  
1 1 1 6 '  1 0  1 1 2 '  T H I C K .  SPACED 1' TO 1 . 0 ' ;  B A S A L  CONTACT SHARP, D I S C O N F O R I A R L E .  

28041 605 
UNlT 3 U N l T  1- DOLORITE.  G Y P I I F E R D U S ,  SOqE AREYACEOUS i?ATERIAL,  F I N E L Y  C R Y S T A L L I N E  AND FINE-GRATWEO. BROWN AND L I G H T  BROYN, T H I N  TO 'EDIU? PEDDED. BEDS 

w .73 IF60 INTEUNALLY STRUCTURELESS EXCEPT FOR R A R E  THIN LMINATIONS AND RARE CROSS-LARIYATIDNS, LOYER 3' CONTAIN EROSIONLLLY TERMINATED TABULAR BEDS; 

'z '" /  UNIT^ 4 ,, C O N T A I N S  G Y P S U R - F I L L L O  VUGS UP TO 114. D I A M E T E R ;  B A S A L  CONTACT SHARP, T E R n I N A T E S  U N O E R L Y I N G  BfDDlUG, D I S C O N F O R * A B L I  
1 

5 2799 610 U Y l T  2 -  DOLORITE.  G Y P S I F E R O U S ,  ABUNOAN! A R E l i A C E D l l S  R A T E R I A L ,  n E D I u * - S R A I H E D  SA13,  M A J O P I T Y  OF GRAINS !,PPEAR TO RE D O L I I V I T E .  L E S S  ASUY;ANl DARK 

0 
- 

GRA113.  A L T E R N A T I N G  L I G H T  AND K E D I U E  BROYN, R l C R O L A ~ ~ l N A l E D  1 0  VERY T H I N L Y  BEDDED, ABUNDANT C R O S S - L A r l N A T I O N S  AND R I P P L E  FOR.;. CROSS- 

--I a L P ~ I N ~ T I D Y  S E T S  BROAD. VARY F R ~ K !  2- T O  6. ACROSS, BEDDING TABULAR T O  LENTICULAR OFTEN TERRINATED EROSI~NALLY, LOAD STRIICTURES; OVERALL. 
STRUCTURE MORE BROAD AND LESS Y A R I A B L E  AND G R A I N  S I Z E  LARGER THAY UNDERLVING UNIT;: 2 -  T H I C K  STRUCTURELESS RED Y I T H  L O A D  C A S T S  A I  B A S E  g: 2794 615 - OCCURS BELOY UPPER CONTACT; G V P S U R - F I L L E D  VUGS UP TO 1 1 2 '  D l A R E T E R s  D E N S I T Y  OF S E D I R E N T A R Y  STRUCTllP,ES I N C R E A S E S  M A R K E D L Y  I N  LOWER 2' T o  3.; 
THIU CLAY B E D  A T  UPPER CONTACT; BASAL CONTACT SHARP. BARKED BY THIY CLAY LARINAE, EROSIONPLLY TERRINAIES B E ~ D I N G  O F  UNDERLYING I I N I T .  

UNIT 3. DOLOMITE. GYPSIFEROUS. SOME ARCNACEOJS RATCRIAL, FIUE-GRAINED AND FINELY CRYSTALLINE, ALTERNATING LIGHT A n n  nwr BROYN. RICROLARINATED TO 

5 2789 620 
THINLY BEDDEO, CROSS-LARINATED. OCCASIONAL TROUGH CROSS-LA~ IYAT IONS WITH VARIABLE CURRENT DIRECTIONS, cRnss-Lknl ! iATIoN SETS VARY FROR 2' TO 

C3 
U' ACROSS, O C C A S I O H A L  R I P P L E  FORnS, L A R G E R  B E D S  U S U A L L Y  C D H T l N u O U S  AROUND CIRCURFERENCE OF SHAFT, BUT ARE O C C A S I I I N A L L Y  TARl1LAP.i OVERALL.  

a B E D D I N G  *ORE C O N T I N U O U S  THAN UMDERLYIUG U N I T S ;  f lODERATELY ABUNDANT G Y P S U R - F I L L E D  VUGS I I P  TO 1 1 4 '  DIAMETER; B A S A L  C n N T A C T  SHkRP, R A R K E D  8 7  4' 

5 T H I C K  STRUCTURELESS LIGHT-COLORED BED O V E R L Y I N G  CLAY LAI(INAE, TERMINATES R E D D I N G  OF U Y D E R L I I N G  I I N I T .  

2784 625 U N I T  4-  D D L O 8 I T E .  G Y P S I F E R O U S ,  ABUHDANI ARENACEOUS R A T E R I A L ,  F I N E - G R A I N E D ,  L I G H T  BROYN u l T H  RARE DARK RROYU INTERREDS, R I C R C L A R I N A T E O  TO T H l U L V  - BEODED; STRUC1UP.E I N  UPPER 4' VERY F I N E ,  I N C L U D I Y G  F I N E  C R O S S - L A R l N A T I O N S ,  F I N E  STRUCTURE L O C A L L Y  DISRUPTED AROUND ABUNDLNT F Y P S U R - F I L L E D  
VUGS 1 1 1 6 '  TO 112. D I A R E T E R ;  B r l Y E E N  4' A H 0  8' B E L D Y  UPPER CONTACT, D m O n l T E  I S  T H I N L Y  RLDDED Y l l H  FEW C L A Y S T O N E  L A l l l N A E  A S  I Y T E R B E D S ;  - M A J O R I T Y  OF UNIT IS THINLY LARIUATED UITH CROSS-LAMINATIONS AND TROUGH c R o s s - L A n I N I \ T i n N s ,  CROSS-LAKINATION SETS  114. T O  2' ACRDSS. PREVALENT 

F I G U R E  10 

2779 6 3 0  

G E O L O G l C  L O G  O F  T H E  F O R T Y - N I N E R  
MEMBER C L A Y S T O N E  A N D  T H E  M A G E N T A  

D O L O M I T E  MENBER, R U S T L E R  F O R M A T I O N  
D E P T H  568.5 THROUGH 6 3 0  F E E T  

E X H A U S T  S H A F T  

CURRLNT D I R E C T I O N  SOUTH, EXTEE'IELY F I N E  S E U I R E I T A R Y  STRUCTURES. R I P P L E  FORnS OCCUR Y l T H  WAVELENGTHS OF 1. TO 2. A N D  A E P L I T U D E S  OF 114 ' ;  
LOUCR 0 . 5 '  L I G H T E R  COLORED, ROPE COARSELY 6 R A I H E D .  C O N T A I N S  DARK-COLORED S A I I D - S I Z E 0  G R A I H S  < 1 / 3 2 ' ,  POUNDED R Y  L O A D  STRUCTURES, T H I N L Y  BEDDED 
[ K E P T  FOR T H I N L Y  L A f i l H L l E D  I N l E R B E O S  OF DARK I I A T E R I A L ,  BEDS T H I C K E N  AND I H l Y  DUE TO L O A D I N G  STRUCTURES, C O I T A I Y S  ARUNDANT G Y P S U n - F l L L E D  
VUGS; B A S A L  COUTPCT SHARP. n A R K E n  BY L O A D  C A S T S  I N T O  U N D E R L V I N G  U N I T ,  EROSIONALLY T E R n l w A T E S  B E D P I N G  O F  U N D E R L Y I N G  I l N l T .  

U N I T  5. D O L O R I T E .  G Y P S I F E R O U S .  S O R i  ALCYACEOUS R A T E R I A L .  F I N E - G R A I N E D  A N D  F I N E L Y  C R Y S T A L L I N E ,  A L T E R N A T I N G  DARK AND L I G H T  BROWN, ? I C R n L A B I N A T E D  
( U S U A L L Y  DARK BROYNI TO IHINLY IIEDDED; UPPER 1.0' DARK BROWN YITH n I n o R  8 n o u u T s  OF LIGHT BROWN INTERBEDS, FINELY L A n l N A I E n ,  CROSS-LAMIN~TEOI 
TROUGH C R O S S - L A R I Y A T I O U S .  C u R R t Y T  OIRECTIONS V A R I A B L E .  CONTAINS CDNCAVE UPYARD BEDS OF LIGHT-COLORED ~ & T E R I ~ L  E R O S I O N A L L Y  PLANED OFF.  R I P P L E  
F D R n S  R O D E R A T E L Y  ABUNDANT. ALI .  C R O S S - L A R I Y A E  C O N T A I N  L l G H l  BROWN P E B B L E S  F L A T T E N E D  P A R A L L E L  TO BEDDING; R E R A I N D E R  L I G H T  PROMY COLOR 
D O R I N A T E S .  ~ I C R O L A ~ ~ Y L T E D  TO THINLY BEDDED, THICKER BEDS LENTICULAR TO TIBIILAR, OFTEN C o Y T a I N s  CROSS-LARINATIONS; C R O S S - L A ~ I N A T I O N S  AND 
TROUGH C R O S S - L L r m I N A T I O N S  Y l T H  V A R I A B L E  CURRCNT D I R E C T I O N S  VERY A B U N D l N T ,  C R O S S - L A R I N A T I O Y  S E T S  VARY F R O n  114. 1 0  2 '  ACROSS; B E D D I N G  BECORES 
EDRE S U B H O R I Z O U T A L  AND Y A W  YITW DEPTH, D E N S I T Y  OF C R O S S - L A f l l N A T I O N S  DECREASES W I T H  DEPTH. F E Y  BEDS ARE C D N T I Y U O U S  AROUND THE C I R C U R F E R E N C E  
OF THE S H A F T  R A R K I N G  n l N O R  EROSIONAL CONTACTS; U N I T  5 I S  BAJOR F L U I D - P R O D U C I N G  I O N E  I N  BAGENTA, MET AT OUTSET OF R A P P I N G ,  R E n l l N E D  Y E T  A F T E R  
OTHER I O N E S  YERE MASHED AND HAD D R I E D ,  NO O B V I O U S  SOURCE O F  F L U I D  Y A S  OBSERVED; B A S A L  COYTACT GRADATIOYAL.  

U N I T  6. D O L O R I T E .  G Y P S I F E R O U S .  SORE AREYACEOUS R A T E R I A L ,  F I N E - G R A I N E D  AND F I N E L Y  C R V S T A L L I N E .  A L T E R N A T I N G  L I G H T  AND DARK BROYN, R I C R O L A R I N A T f D  TO 
T H I W L V  BEDDED. L I G H T  BROYN COLOR D o n I u a T E s .  STRUCTURE s 1 n l L & R  T O  UNIT s EXCEPT FEVER c R o s s - L A n I N A T I o N S ,  BEDDING I S  COARSER. RDRE H O R I Z ~ ~ T A L .  
NAVY AND CONTIYUOUS; BASAL CONTACT SHARP, MARKED BY 1' TO 2' T H I C K  B E D  OF F I N E - G R A I N E D  D O L O R I T E  u l T H  NO I N T E R N A L  S T R U t T U R E  E X H I B I T I N G  R I P P L E  
F O R n S  ALONG UPPER SURFACE. 

U M I T  7. D O L O R I T E .  G V P S I F E I D U S ,  ABUNDANT ARENACEOUS M A T E R I A L ,  F I N E - G R A I N E D ,  A L T E R N A T I N G  L I G H T  AND DARK BROUY, T H I N L Y  L A R I N A T E D  TO VERY T H I N L Y  BEbDED, 
B E D D I N G  T A B U L A R  TO L E N T I C U L A R .  I H I N  L A M I N A E  OF DARK-COLDRED R A T E R I A L  DRAPE n V E R  R I P P L E  FORMS AT THE UPPER S U R F A C E  O F  T H I C K E R  REDS. B E D D I N G  
CONTINUOUS FOR U P  T O  2.0 '  AYO EROSIDYALLV T E R R I N U E D ,  FEY BEDS NAVE I N T E R N A L  STRUCTIIRE,  B L D S  T H I C K E N  AND T H I N  W I T H  BOTH UPPER AND L O N E R  
SURFACES E X H I B I T I N G  UNDULATIONS, A B I I Y D A N l  DRAPE OF DARKER L A R I Y A E  OVER UNDULATORY SURFACESi  C O Y T A l N S  1 / 1 6 '  T O  1 1 4 '  T H I C K  F I B R O U S  f iYPSUR- 
F I L L E D  F R L C T U R E S  P A R A L L E L  TO B I D D I N G ;  O C C A S I O N A L  G Y P S U M - F I L L E D  VUGS U P  TO 1 1 4 '  OIARETER; B A S A L  CONTACT SHARP, RARKEO R Y  BLACK C L A Y  L M I N A E ,  
E R O S I O N A L L Y  T E R R I N P T E S  B E D D l Y G  OF U N D E R L Y I N G  U N I T .  

UNIT 8.  DOLORITE. GYPSIFEROUS, ORGANIC OP CLAY-RICH.  son^ ARENACEOUS ~ A T E R I ~ ,  VERY FINE-GRAINED AND FINELY CRYSTALLINE ALTERNATING BROWN 
BROUN, T H I N L Y  L A R I N A T E D .  DARK BROYN L A R I N A E  P O S S I B L Y  O R G A N I C - R I C H ,  L A n l N A E  ARE ROUWDED, L A R I Y A E  OFTEN C O N T I N U O U S  F R O n  MOUBD I 0  ROUND, 
L A M I N A E  D I P  F R O n  3 0 '  TO 70 '  ON S I D E S  O F  MOUNDS, F I L L  BETUEEY MOUNDS I S  YEOGE F O R R  TO L E N T I C U L A R - S H A P E D  F I L L ,  O F T E N  DCCl lRS A S  A L T E R N A I I N G  
SEQUENCES O F  CONVEX AND CONCAVE L E N S  FORMS Y I T N  C L A Y - R I C H  L A R I H A E  DRAPED OVER E R O S I O N A L  R A R D l N S  OF L E N T I C A L S ,  H I G H E S I  D I P S  Of L A f l I N A E  IN 
CENTER OF ROUNOS. Y A V E L E N G T n  B l T Y E E Y  TROUGHS U' TO 8'; YEAR THE BASE L A R I N A E  BECOME S I I B H O R I I O N T A L  AM0 WAVY, NO ROUND FOR%: UPPER 1' To &' 
VERY T H I N L Y  BEDDED; F I B R O U S  GYPSUM-FILLED FRACTURES 1/16. TO 1 1 8 '  T H I C K  OCCUR P A R A L L E L  T O  B E D D I N G  S P A C E D  1 1 4 '  1 0  3'. G V P S U R - F I L L E D  vUGS T o  
1 1 4 '  D I A M E I L R  OCCUR, L O C A L  l O h E S  C O N T A I N  GYPSUMj BROYUISH-BLACK O R L A N I C - R I C H  ZONE OCCURS NEAR BASE; B A S A L  CONTACT 6 R A O L L L O U A L  TO D I F F U S E .  
D O L O M I T E  L A n I N A E  OCCUR LOCALLY.  SURROUNDED RY GYPSUR OF U N D E R L Y I N G  U N I T .  I N  R A R E  C A S E S  Z O N r S  OF GYPSUR ARE INCORPORATED I N T O  D O L D M I T E .  

lAuuuum 

U N I T  1. ANHYDRITE,  G Y P S I F E R O U S  AT TOP. [ONTENT DECREASES Y I T H  DEPTH. F I N E L Y  C R Y S T A L L I N E  TO n r o l u M  C R Y S T A L L I N I  ( G Y P S U R I ,  DARK &RAY TD Y H I l E *  N O D U L A R l  
BASAL C O Y T A C T  NOT OBSERVED. 

WASTE I S O L A T I O N  P I L O T  P L A N T  

CARLSBAD, NEW M E X I C O  

PREPARED FOR 

WESTINGHOUSE E L E C T R I C  C O R P O R A T I O N  

CARLSBAD, NEW M E X I C O  
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APPENDIX A 

WORK PLAN OF GEOTECHNICAL ACTIVIT ES 
IN THE WASTE AND EXHAUST SHAFTS (3 1 
WASTE ISOLATION PILOT PLANT (WIPP) 

CARLSBAD, NEW MEXICO 

 his plan is a working document to provide overall guidance for the 
field geotechnical activities. Its recommendations are subject to 
modification according to the actual field conditions and further 
analysis of the technical issues. 



WORK PLAN OF GEOTECHNICAL ACTIVITIES 
IN THE WASTE AND EXHAUST SHAFTS 

WIPP FACILITY, CARLSBAD, NEW MEXICO 

1.0 INTRODUCTION 

The purpose of this work plan is to describe the upcoming geotechnical 

activities during enlargement of the waste shaft (previously referred to as 

the ventilation shaft) and sinking of the exhaust shaft and to provide 

background information for the planning of field activities. The previous 

results of the geologic mapping of the 6-foot diameter vent shaft will be 

confirmed by additional geologic mapping in zones of interest (e.g., Magenta 

and Culebra dolomites, Rustler/Salado Formation contact) and by observations 

of the geology exposed during the enlargement of the shaft to a 19-foot 

finished diameter. In the new exhaust shaft, a geologic strip log to total 

depth will be produced, along with more detailed geologic mapping in zones of 

interest. Because the strata above the Salado Formation will be covered by a 

concrete liner in both shafts, emphasis will be directed to gathering geologic 

information on the overlying strata during shaft sinking. 

Information from the geologic mapping will be used to: - 

o Provide additional confirmation and documentation of 
the strata overlying the WIPP facility horizon. 

o Provide detailed information of the geologic conditions 
in the vicinity of the Magenta dolomite, Culebra 
dolomite, washout zones and the Rustler/ Salado 
Formation contact. 

o Confirm geomechanical instrument :eveis/locacions. 

o Provide basis for field adjustment and modification of 
key and aquifer seal design, based on the observed 
geology 

For the purposes of geologic mapping, the field proceaures given in Appendix A 

of the Site Validation Field Program Plan (McKinney 2nd Nencon, :983) will 3e 

followed; a copy oP Appendix A is inciuaed as dttaciment A to this work 

plan. Certain references in t\ttachmenc A are specific co the expioratory 

shaft mapping, but the principles and methods are aqpropriat? to t h e  wasc? and 

e x h a u s t  shaft mapping effort as weil. 



2.0 SCOPE OF WORK 

Prior to performing the geotechnical activities in the waste and exhaust 

shafts, the following work items will be addressed: 

o Hazard training for shaft work for all personnel who 
will perform shaft mapping. Training will be performed 
at the WIPP Site. 

o Familiarization with the geology overlying the facility 
horizon as necessary by review of appropriate 
literature and selected core in the WIPP core library. 

o Preparation of inspection and geologic mapping forms 
for use in the shafts. 

o Coordinate with OSM personnel to establish horizontal 
survey control (by use of tightlines or laser) and 
vertical survey control (relative to known construction 
features to be surveyed in later). 

o Coordinate with OSM personnel for shaft access, timing 
of mapping activities relative to on-going shaft 
sinking operations, galioway lighting, ventilation, 
etc. 

o Check, clean, and procure supplies and equipment needed 
to support the mapping activity. 

The specific activities to be performed in the two shafts are described below. 

2.1 WASTE SHAFT 

Geologic mapping, both detailed and reconnaissance level, has been performed 

in the existing 6-foot diameter ventilation shaft (to become the new waste 

shaft) from a depth of 97 to 2168 feet, as described in "Geotechnical Field 

Data Report No. 4." The geotechnicai activities planned for the new waste 

shaft will concentrate on confirming the previous mapping results and noting 

any change of conditions from that previousiy observed. The activities will 

include geoiogic inspection and observation of the e:<posed shaft surface 

during sinking operations and detailed mapping in specific zones of Inter- 

est. identified zones of interest inclcde: 

o Magenta doiomite - Approximate map depths 590-625 feet 

o Culebra dolomite - Approximate nap depths 700-735 'sez 



- 
o Keyway and the Rustler/Salado Formation contact - 

Approximate map depths 840-900 feet 

o Washout zones observed during the vent shaft mapping - 
Approximate map depths: 565-580 feet 

675-695 feet 
725-735 feet 
745-785 feet 

o Any anomalous areas in the Rustler Formation indicative 
of dissolution, brecciation, etc. 

In addition, a strip log near the major instrumentation levels not already 

covered by the above activities will be provided in the following areas: 

Piezometers - Approximate depths: 530 feet 
610 feet (Covered by mapping of 

Magenta dolomite) 
665 feet 
720 feet (Covered by mapping of 

Culebra dolomite) 

Extensometers - Approximate depths: 1073 feet 
1568 feet 
2058 feet 

The detailed geologic mapping in the zones of interest will consist of map 

coverage at a map scale of 1 in. equals 5 ft., horizontally and vertically, 

supplemented by continuous 360° photo coverage. Geologic observations and 

photographs will be made prior to placement of each segment of concrete 

liner. The shaft inspection form-is included in Figure 1 .  Of particular 

concern during the inspection will be areas producing observable amounts of 

water, vuggy areas, zones of possible dissolution, or any change of conditions 

from previous observations. 

2.2 EXHAUST SHAFT 

Reconnaissance mapping, resulting in a strip log at a scale of 1 in. equals i O  

ft., will be performed in the exhaust shart from the first available exposed 

bedrock down to the i'acility levei. The mapping will be performed ~ollowing 

upreaming of the exhaust shaft to a six-foot dianecer. Should the exhaust 

shaft be unavailable due to safety considerations or access limitations after 

gp-reaming, the mapping activities will be perfcrmea concurrent k~ith snaft 

enlargement activities, In addition to the reccnnaisssnce geologic Log, 



d e t a i l e d  360° g e o l o g i c  mapping a t  a s c a l e  of  1 i n .  e q u a l s  5 f t . ,  b o t h  

h o r i z o n t a l l y  a n d  v e r t i c a l l y ,  and  a p h o t o  l o g  w i l l  b e  made i n  zones  of 

i n t e r e s t .  Known z o n e s  o f  i n t e r e s t  are  similar t o  t h o s e  p r e v i o u s l y  d e s c r i b e d  

i n  t h e  waste s h a f t .  

2 . 3  PRESENTATION OF MAPPING RESULTS 

The r e s u l t s  o f  t h e  g e o l o g i c  mapping e f f o r t  w i l l  b e  summarized i n  a memo after  

t h e  s h a f t  mapping and  i n s p e c t i o n  h a s  been  comple t ed .  P h o t o  cove rage  and  o t h e r  

i n f o r m a t i o n  w i l l  b e  p r e s e n t e d  as t h e  p r o j e c t  n e e d s  d i c t a t e .  

3 . 0  PERSONNEL 

The r e c o n n a i s a n c e  g e o l o g i c  mapping a n d  pho to  l o g  e f f o r t  w i l l  b e  t y p i c a l l y  

pe r fo rmed  o n  a n o n - i n t e r f e r e n c e  b a s i s ,  c o n c u r r e n t  w i t h  t h e  C o n t r a c t o r ' s  

c o n s t r u c t i o n  a c t i v i t i e s  by a g e o l o g i s t  d e d i c a t e d  t o  t h e  a c t i v i t y .  D e t a i l e d  

g e o l o g i c  mapping o f  z o n e s  o f  i n t e r e s t  w i l l  a l s o  be  pe r fo rmed  c o n c u r r e n t  w i t h  

t h e  C o n t r a c t o r ' s  c o n s t r u c t i o n  a c t i v i t i e s ,  u s i n g  a second  g e o l o g i s t  t o  

s u p p l e m e n t  t h e  d e d i c a t e d  f u l l - t i m e  g e o l o g i s t .  However, s h a f t  time l i m i t a t i o n s  

f o r  p e r f o r m i n g  t h e  d e t a i l e d  mapping may r e q u i r e  f o u r  o r  more g e o l o g i s t s  

working  s i m u l t a n e o u s l y  i n  teams o f  two i n  o r d e r  t o  e x p e d i t e  t h e  d a t a  c o l l e c -  

t i o n ,  o r  i t  may become n e c e s s a r y  t o  n e g o t i a t e  a d e d i c a t e d  b l o c k  of  s h a f t  time 

from t h e  C o n t r a c t o r .  The a c t u a l  f i e l d  c o n d i t i o n s  w i l l  d i c t a t e  how t h e  mapping 

p e r s o n n e l  w i l l  be  s c h e d u l e d .  S u p p o r t  f o r  t h e  mapping e f f o r t  w i l l  b e  p rov ided  

by e i t h e r  o n - s i t e  p e r s o n n e l  o r  home o f f i c e  s u p p o r t ,  depend ing  on a v a i l a b i l i t y  

and  o t h e r  p r o j e c t  commitments .  

4 . 0  SCHEDULE 

According  t o  t h e  l a t e s t  a v a i l a b l e  C o n t r a c t o r ' s  s c h e d u l e ,  g e o l o g i c  mapping 

a c t i v i t y  w i l l  b e g i n  i m m e d i a t e l y  i n  t h e  w a s t e  s h a f t  and  w i l l  c o n t i n u e  th rough  

May 1984. S u b s e q u e n t  a c t i v i t y  i n  t h e  e x h a u s t  s h a f t  x i 1 1  beg in  i n  J u l y  1984 

and  w i l l  be comple t ed  i n  J a n u a r y  1985.  I t  is e x p e c t e d  t h a t  t h e  mapping w i t h i n  

t h e  c o n c r e t e - l i n e d  p o r t i o n s  o f  t h e  s h a f t s  ( a b o v e  t h e  S a l a a o  Fo rma t ion )  w i i l  

3 r i m a r i l y  be  l i m i t e d  t o  a s e v e r a l  hou r  b l o c k  o f  t i m e  'ol iowing b l a s t i n g  sna 

s i a s h i n g  o p e r a t i o n s ,  b u t  b e f o r e  t h e  c o n c r e t e  l i n e r  is p l a c e d .  s u e  t o  t h e  24- 

h o u r  c o n s t r u c t i o n  a c t i v i t i e s ,  t h e  g e o l o g i s t  a s s i g n e a  f o  t h e  s h a f t  a c t i v i t i e s  
- 

z o u l d  b e  a v a i l a b i e  o n - c a l l  t o  c o v e r  t h e  construction a c t i v i t i e s .  :ollowir.g 



completion of the field activities, a final report describing the geologic 

conditions will be produced. 

ADDITIONAL ITEMS 

5.1 SURVEY CONTROL 

In order to perform the geologic mapping of the shafts, it is necessary to 

establish survey control in the shaft for both depth and orientation. Since 

the working conditions are a typical shaft sinking operation, the survey 

control methods must be quick and reliable. Horizontal survey control can be 

established by using Contractor installed tightlines and marking an 

orientation (compass direction) on the exposed rock below the concrete and on 

the finished concrete surface of the lift above the zone to be mapped. Depth 

control for geologic mapping control can be tied into two systems. General 

approximate depths can be obtained from the Contractor by using the concrete 

curb ring for a particular concrete placement as a reference level during 

mapping. In addition, a reference point (such as a ramset nail with an 

identifying tag) can be installed in the concrete liner lift immediately above 

the zone to be mapped. Placing the reference point at a predetermined - orien- 

tation (compass direction) would provide both a horizontal and vertical 

reference for the zone being mapped. The identified reference points would be 

later surveyed using an EDM device to establish elevations. The actual method 

that will be used will depend on the field conditions. 

5.2 QUALITY ASSURANCE 

Quaiity assurance will be performed by R. A. Lundstrom (DtAppolonia) in 

accordance with the Quality Assurance Plan which was presented in the Site 

Validation Field Program Plan (YcKinney and Newton, 1983). The following 

exception is noted: there will be no field audit of the shaft activities. 

However, field records will be audited as a part of a project and report audit 

D? the presentation memo. Also, references in the QA plan to subcontractors 

or equipment calibration are not applicable to the snaft activities. 

5.3 ADMINISTRATION 

Ail geotecnnical work described in this pian wiil 5s ??ri'ormed under the 

cechnicai and administrative direction of Roy McKinney. I t  wiil be Mr. 



McKinneyls responsibility to coordinate activities of all permanent, 

temporary, and consultant-type personnel utilized during the performance of 

these tasks and to insure that the tasks performed are coordinated with the 

schedules of the project participants or interested individuals/organizations. 
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APPENDIX B 
EXHAUST SHAFT SAMPLE CATALOG 

All samples taken during the geotechnical activities in the exhaust 
shaft are permanently stored in the WIPP core storage library at the 
WIPP site for future reference. They are cataloged in two parts: a 
catalog of samples taken during reconnaissance geologic mapping (Appen- 
dix B-1) and a catalog of samples taken during detailed geologic mapping 
exercises (Appendix B-2). In each case, the notation used for sample 
identification also describes the depth and, in the case of detailed 
mapping samples, the location of the sampie with respect to the shaft 
wall. The notations are described below. 

RECONNAISSANCE GEOLOGIC MAPPING SAMPLES 

The method of identification used for samples taken during geologic 
inspections is as follows: 

The notation E ~ 2 4  indicates that the sample is exhaust shaft 
reconnaissance geologic mapping sample number 24. The number 466 
indicates that the sample was taken at the depth of 466 below the 
reference elevation. 

DETAILED GEOLOGIC MAPPING SAMPLES 

Sampies taken during detailed geologic mappicg exercises are identified 
using the following notation: 

As above, the ESM49 indicates that the sainple is the exhausc shaft 
sample number 49, and the number 715 corresponds with the depth. in 
addition, 10' N. of S. indicates the location of the sarrpie along the 
circumference of the shaft. This notation means that the sanple 
location is ten feet west of the south line a:ong the circmference of 
the shaft. 



APPENDIX B-1 

CATALOG OF SAMPLES TAKEN DURING 
RECONNAISSANCE GEOLOGIC MAPPING 

Sample  No. Forrna t ion 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

R u s t l e r  

R u s t l e r  
~- 

R u s t l e r  

R u s t l e r  

R u s t l e r  

R u s t l e r  

R u s t l e r  

E ius t l e r  

R u s t l e r  

R u s t l e r  

R u s t l e r  

R u s t l e r  

9 u s  t l e r  

R u s t l e r  



APPENDIX B-1 

CATALOG OF SAMPLES TAKEN DURING 
RECONNAISSANCE GEOLOGIC MAPPING 

Sample No. Format i o n  

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Dewey Lake 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 

Rustler 



Mapping E x e r c i s e  

Dewey Lake 

Dewey Lake/  
R u s t l e r  Con t a c t  

APPENDIX B-2 

CATALOG OF SAMPLES TAKEN DURING DETAILED 
GEOLOGIC MAPPING EXERCISES 

Date C o l l e c t e d  Sample No. 



APPENDIX B-2 
(Continued) 

Mapping Exercise Date Collected Sample No. 

Dewey Lake/ 10/ 15/84 ESM4O-550/11t W .  of S. 
Rust le r  Contact ESM41-550/4' W .  of S. 

ESM42/No loca t ion  
above D / R  contact  

ESM43/No loca t ion  
below D / R  contact  

Forty-Niner Member 
Clays tone 

Magenta Dolomite 
Member 

1 O /  19/84 ESM68-603/7' !d. of S. 
ESM69-603/6' id. of S. 
ESM70-604/26' Id. of S. 
ESM7:-605125' 1.:. o f  5.  
ZSM72-6051s. Line 
ESM73-607/l8' YJ. oI? S. 
ESM74-608/lg' Z .  OP S. 
Z3M75-6iOi3' Y. oi S. 
ZSM76-6il/:6' :I. o f  S.  
ESM77-6ili6' Z .  of S. 
ZSMT8-6i2/6' 2 .  oi S. 
z.'jM7G-ji2/'2' 3 .  ,?f 5. 
2SM80-612'24' ?.  o f  S. 
zSfl81-5;3,,'6' z .  sf 3 .  
55k!32-613,'!4' Z .  ;< 5. 



APPENDIX B-2 
(Continued) 

Mapping Exercise Date Collected Sample No. 

Magenta Dolomite 10/19/84 ESM83-613/1O1 W. of S. 
Member ESM84-614/24' E. of S. 

ESM85-614/111 E. of S. 
ESM86-618/23' W. of S. 
ESM87-624/8' E. of S. 
ESM88-626/24' E. of S. 
ESM89-626/24' E. of S. 
ESM90-626/10t W. of S. 
ESM91-626/27' E. of S. 
~sM92-627/6' W. of S. 
ESM93-627/14' W. of S. 
ESM94-627/7' W. of S. 
ESM95-627/8' W. of S. 
ESM96-627/101 W. of S. 
ESM97-629/101 W. of S. 

Tamarisk Member 
Clays tone 

Culebra Golomite 
Member 

10/29/84 ESM98-678/16' W. of S. 
ESM99-680/16' W. of S. 
ESM100-685/No location 
ESM101-688/17' E. of S. 
ESM102-689/20' W. of S. 
ESM103-689/12.5' W. 5 f  S. 
ESM104-687/6' W. of S. 
ESM105-690/20f X. of S. 
ESM106-690/3 ' W. of S . 
ESM107-690/14' E. of S. 
ESM108-691/3' t i .  of S. 
ESM109-692/16' W. CI? S. 
ESM110-693/17' !d. OP S. 
ESM111-693/25' E. of S. 
ESM112-694/101 W. of S. 
ESM113-695/6' 5 0ol S. 
ESM114-695/23' E. of S. 
ESM115-695/21t W. of S. 
ESM116-695/21' W. of S. 
ESM117-696/22' ! d .  o f  S. 
ESM118-6$I7/17' U. of  S. 
ESM119-6971i7' 7 .  of S. 
ZSM120-638/20f J. cl S. 
ESM121-69a/No locacion 
ZSM122-Unor:enced sample Unit 

11/'1/84 ESM123-NO ioca~ion 
ESM124-702/3' 5. of S. 
ESM125-702/3' !J. of' S. 
ESN126-703/4' 5. ~f S. 



APPENDIX B-2 
(Cont inued)  

Mapping E x e r c i s e  Date C o l l e c t e d  S a m ~ l e  No. 

Cu lebra  Dolomite 11/1/84 ESM127-707/5' W .  o f  S. 
Member ESM128-708/No l o c a t i o n  

ESM129-710/N. l i n e  
ESM130-710/301 W. o f  S. 
ESM131-711/7' E .  o f  S. 
ESM132-712/28.5' E .  o f  S. 
ESM133-714/101 W .  o f  S. 
ESM134-714.25/10f W. o f  S. 
ESM135-714/1' W. o f  S. 
ESM136-713.5/5' E. of S. 
ESM137-715/13' W .  o f  S. 
ESM138-715.515' W .  o f  S. 
ESM139-716/17.5' W. o f  S. 
ESM140-716/17.5' W. o f  S. 
ESM141-717.5/0.5' E .  o f  S. 
ESM142-720/28' W. of  S. 
ESM143-720/28' W. o f  S. 
ESM144-720/12.5' W .  o f  S. 
ESM145-720/28' W .  o f  S. 
ESM146-720.5/101 E. o f  S. 

ESM149-722/19' W. o f  S. 
ESM150-723/3' E. of  S. 
ESM151-723/3' W. of  S. 
ESM152-724/211 W. o f  S. 
ESM153-725/12.5' E .  o f  S. 
E~~154-725/8' W. OP S. 
ESM155-727/8.5' 5.  o f  S. 
ESM156-728/9' E. of  S. 
ZSM157-728/N. L i n e  
ESM158-730/14' id. o f  S. 
ESM159-732/9' !I. o f  S. 

Wnnamed Lower 
Member 

1 1 /3/84 ESM163-737/12' : i .  of  S. 
ES~1164-7j9/!7.5' :i. ox' S 
ESH165-739/5' $J.  of S. 
ESM166-739/'21' id. or' S. 
ESM167-7200i5' !d. gf S. 
EsM16a-721/5' Z. of S. 
ESM169-731/ig1 li. of S. 
ESM170-73i/22' z .  of 5. 
ES;1!7:-7;2/3' i;. sf S. 



APPENDIX B-2 
(Continued) 

Mapping Exercise 

Unnamed Lower 
Member 

Date Collected Sample No. 

1 1 /3/84 ESM172-743/4' E. of S. 
ESM173-743/1.5' E. of S. 
ESM174-745.5/4' W. of S. 
ESM175-744/S. Line 
ESM176-745/S. Line 
ESM177-747/S. Line 
ESM178-747/10t E. of S. 
ESM179/No location 

1 1 /6/84 ESM180-750/4' W. of S. 
ESM181-750/No location 
ESM182-751/6' W. of S. 
ESM183-751/lt W. of S. 
ESM184-751/7' E. of S. 
ESM185-752/15' W. of S. 
ESM186-755/12' E. of S. 
ESM187-756/6' E. of S. 
ESM188-756/10t E. of S. 
ESM189-760/211 W. of S. 
ESM190-761/2g1 W. of S. 
ESM191-762.5/5' E. of S. 
ESM192-763/14' W. of S. 
ESM193-763/13' E. of S. 
ESM194-763.5/gt E. of S. 
ESM195-767/6' E. of S. 
ESMl96-767/22' E. of S. 
ESM197-767/27' E. of S. 
ESMlgS-767/27' W. of S. 
ESM199-767/2' W. of S. 
ESM200-768/6' E. of S. 
ESM201-769/18' W. of S. 
ESM202-769/25' E. OI? S. 
ESM203-770/111 E. of 5 .  
ESM204-770/2!' E. of S. 
ESM205-771/4' E. of S. 
ESM206-771/29' E. of S. 
ESM207-771/3' W. of' S. 
ESM208-771/25' E. of S. 
ESM209-775/12' W. o f  S. 



APPENDIX B-2 
(Continued) 

Yapping Exercise Date Collected Sam~le No. 

Unnamed Lower 
Member 

Rus tler/Salado 
Contact 

Assorted Samples Near 
3asal Conglomerate 

1 1 /8/84 ESM216-779/9' W. of S. 
~~~217-782/17' W. of S. 
ESM218-782/21' W. of S. 
~~~219-782.5/16' E. of S. 
~SM220-786/Z1 E. of S. 
ESM221-787/15' W. of S. 
~~~222-787/6' W. of S. 
ESM223-788/4 ' W. of S. 
ESM224-788/11' W. of S. 
ESM225-789/14' W. of S. 
ESM226-790/14' W. of S. 
~~M227-790/14' W. of S. 
~~~228-790.5/4.5' W. of S. 
ESM229-792.5/No location 
ESM230-792.5/211 W. of S. 
~~~231-792/18' E. of S. 
~~~232-794/16' W. of S. 
~~~233-794.5/16' W. of S. 
ESM234-797/7' W. of S. 

Ill1 1/84 ~~~235-846/2' W. of S. 
E~M236-846/S. Line 
ESM237-846/2' W. of S. 
~~~238-846/5' W. of S. 
E~~239-846/111 W. of S. 
ESM240-847/15' W. of S. 
E~M241-847/13' E. of S. 
~~~242-847/18' E. of S. 
ESM243-348/14' E. of S. 
ESM244-848/25' E. of S. 
ESM245-849/20' \A/ .  of S. 
ESM246-849.8/14.7' W. of 5 .  
ESM247-850.5/15' W. of S. 
ESM248-850.5/22' W. of S. 
ESM249-85 1 /2' W. of S. 
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