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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  m i n i n g - s l a s h i n g  enlargement o f  a n  upreamed s h a f t .  Geotechnica 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 des igned  t o  provide  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 rata  o v e r l y i n g  t h e  WIPP 

underground f a c i l i t y ,  p rov ide  d e t a i l e d  in fo rma t ion  abou t  t h e  geology i n  iden- 

t i f i e d  zones  of  i n t e r e s t ,  conf i rm t h e  geology o f  planned in s t rumen t  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  f o r  f i e l d  ad jus tmen 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 .  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  w i t h  

c o n s t r u c t i o n  d u r i n g  t h e  pe r iod  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  

Gatufla Formation o f  Q u a t e r n a r y  a g e ,  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 a g e  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  

Fo rma t 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 le r  c o n t a c t  (546.5  f e e t ,  F igure  9 )  

The For ty-Niner  Member 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 i g u r e  10) 

The Tamarisk Member c l a y s t o n e  (689 .0  t o  695.5 f e e t ,  
F i g u r e  11) 

The Cu leb ra  Dolomite Member (713 .5  t o  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  t o  
800 f e e t ,  F i g u r e  11) 

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  t o  912 .0  f e e t ,  F igu re  1 2 ) .  



The s t r a t i g r a p h y  obse rved  i n  t h e  exhaus t  s h a f t  c o r r e l a t e s  well wi th  t h a t  

observed i n  t h e  was te  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  zones  were observed 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  Formation. 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  f e e t  as a r e s u l t  o f  t h e  observed 

geology.  



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 o f  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  demonst ra te  t h e  s a f e  d i s p o s a l  

o f  r a d i o a c t i v e  was t e s  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  United 

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

demons t r a t e  t h e  s a f e  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) was te  i n  

bedded s a l t .  The second is t o  c r e a t e  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  was t e  i n  bedded sa l t .  

The WIPP f a c i l i t y  is l o c a t e d  approx ima te ly  26 m i l e s  e a s t  o f  Ca r l sbad ,  New 

Mexico i n  an  a r e a  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  app rox ima te ly  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  Formation ( 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  and 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  a r e  summarized i n  t h e  WIPP 

' tGeo log ica l  C h a r a c t e r i z a t i o n  Repor t"  (Powers e t  a l . ,  1978),  t h e  WIPP "Sa fe ty  

A n a l y s i s  Report ' '  (DOE, 1980) ,  t h e  WIPP "Pre l imina ry  Design V a l i d a t i o n  Report" 

( B e c h t e l ,  1983) ,  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" (Black  

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  be ing  conducted as p a r t  o f  

a n  ongoing program t o  f u r t h e r  r e f i n e  t h e  unde r s t and ing  o f  t h e  s i t e - s p e c i f i c  

geology.  The g e o t e c h n i c a l  a c t i v i t i e s  conducted  i n  t h e  exhaus t  s h a f t  a r e  p a r t  

o f  t h i s  program. 

The exhaus t  s h a f t  w i l l  p r o v i d e  a pathway f o r  t h e  r e l e a s e  o f  exhaus t  a ir  from 

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 an  enlargement o f  a s i x - f o o t  d i a -  

m e t e r ,  upreamed s h a f t .  The f i n i s h e d  d i ame te r  is 14 f e e t  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  and 15 f e e t  minimum i n  t h e  u n l i n e d  p o r t i o n .  Geo techn ica l  a c t i v i -  

t 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  g e o l o g i c  mapping, d e t a i l e d  g e o l o g i c  mapping 

i n  s p e c i f i c  zones  o f  i n t e r e s t ,  g e o l o g i c  conf i rma t ion  o f  i n s t rumen t  l o c a t i o n s ,  

and f i e l d  ad jus tmen t  and 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  seal d e s i g n  were 

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  from J u l y  16 ,  1984 t o  January  18, 

1985. Th i s  r e p o r t  p r e s e n t s  and d i s c u s s e s  t h e  f i n d i n g s  from t h e  g e o l o g i c  



mapping efforts in the exhaust shaft. Also, the construction history of the 

exhaust shaft is summarized, and several engineering geology characteristics 

are discussed. 

1.1 SCOPE OF WORK 

The detailed scope of work is presented in the January 12, 1984 Work Plan of 
Geotechnical Activities in the Waste and Exhaust Shafts (Appendix A). The 

objectives of the geotechnical activities are as follows: 

Provide additional confirmation and documentation of 
the strata overlying the WIPP facility horizon. 

Provide detailed information of the gypsum-filled 
fractures in the Dewey Lake Redbeds. 

Provide detailed information of the geologic conditions 
in the Rustler Formation in the vicinity of the Dewey 
Lake/Rustler Formation contact, the Forty-Niner Member 
claystone, the Magenta Dolomite Member, the Tamarisk 
Member claystone, the Culebra Dolomite Member, the 
upper portion of the unnamed lower member, the Rustler/ 
Salado Formation contact, and keyway interval. 

Confirm the geology of planned geomechanical instrument 
levels/locations. 

Provide a basis for field adjustment and modification 
of key and aquifer seal design, based on the observed 
geology. 

The geotechnical activities performed to fulfill these objectives included: 

Reconnaissance geologic mapping of the exposed shaft 
surface during sinking operations. 

Detailed, 360 degree geologic mapping of identified 
zones of interest. 

Geologic confirmation of planned instrument locations 
during the aforementioned activities. 

Reconnaissance geologic mapping was performed throughout the entire shaft 

section, with the exception of the zones mapped in detail. Detailed, 360 

degree geologic mapping was performed in previously identified zones of 

interest in the Dewey Lake Redbeds and the Rustler Formation. Three zones 

containing abundant gypsum filled fractures were selected in the Dewey Lake 



Redbeds. Seven zones  were s e l e c t e d  i n  t h e  R u s t l e r  Formation.  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 zone o f  i n t e r e s t  and  mapped in  d e t a i l .  

These zones  were s e l e c t e d  because  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  hydrologic  

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

1.2 METHODOLOGY 

1.2.1 Reconnaissance  Geo log ic  Mapping 

Reconnaissance  g e o l o g i c  mapping was performed c o n c u r r e n t l y  wi th  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 ) .  During each  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  ga l loway ( F i g u r e  3 )  a s  t h e  work p l a t f o r m .  The l i t h o l o g y  observed 

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  samples 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  o f  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  (pour ing  

c o n c r e t e  i n  t h e  c u r b  r i n g  and main f o r m s ) .  E x a c t l y  24 f e e t  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  each  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  pour ing  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  between t h e  base  o f  t h e  p r e v i o u s  pour and t h e  b a s e  of 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  (below 907 f e e t ) ,  r econna i s sance  g e o l o g i c  

mapping cou ld  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  t h e  

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  rock -bo l t ed  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)  "hanging" wire 

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 e n t  pos i -  

t i o n i n g  o f  t h e  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  mapping 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 

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 low a mapping 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  o f  t h e  s h a f t .  Reconnaissance mapping 

x a s  done on a weekly b a s i s  i n  t h e  un l ined  p o r t i o n  o f  t h e  s h a f t .  The e n t i r 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  was mapped i n  a t o t a l  o f  s i x  e x e r c i s e s  averaging  

abou t  f i v e  hour s  i n  l e n g t h .  Vp t o  250 f e e t  o f  exposed s e c t i o n  was mapped a t  

any one t ime.  A v e r t i c a l  s t r i p ,  approximate ly  f i v e  f e e t  wide,  o f  t h e  e n t i r e  

mapping i n t e r v a l  was c l e a n e d  and mappea. 



V e r t i c a l  su rvey  c o n t r o l  was p rov ided  by t h e  c o n t r a c t o r  d u r i n g  b o t h  phases  of 

s h a f t  c o n s t r u c t i o n .  As the 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  pou r  was p rov 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  of 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 th  

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  feet .  

1.2.2 D e t a i l e d  G e o l o g i c  Mapping ' 

Ded ica t ed  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  m y l a r  a t  a  scale o f  one  i n c h  e q u a l s  f i v e  feet .  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  ba se  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 p 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 cumfe rence  o f  

t h e  s h a f t .  H o r i z o n t a l  c o n t r o l  and t h e  sou the rnmos t  p o i n t  i n  t h e  s h a f t  were 

e 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  plumb l i n e s  ( s i d e  l i n e s ) .  A v e r t i c a l  l i 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  p o i n t  o f  t h e  s h a f t ,  and  t h e  s h a f t  wall 

was marked w i t h  s p r a y - p a i n t e d  v e r t i c a l  l i n e s  a t  f i v e - f o o t  i n t e r v a l s  bo th  east 

and west o f  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 .  T h 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 f a c e .  

Accu ra t e  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 t a c t s  and f e a t u r e s  were e s t a b l i s h e d  

g s i n g  t h e  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  means f o r  i d e n t i -  

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

:he s h a f t  w a l l .  P h o t o g r a p h i c  c o v e r a s e  of each  mapped i n t e r v a l  was provided  

f o r  t h e  f u l l  c i r c u m f e r e n c e  o l  t h e  s h a f t .  A l l  s amples  were marked w i th  a n  

az imuth  and a n  up a r r o w ,  so t h e y  can b e  p r o p e r l y  o r i e n t e d .  The samples  a r e  

c a t a l o g e 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  exhaus t  s h a f t ,  a ga l loway 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 steel 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  o f  t h r e e  l e v e l s  o r  decks .  The gal loway 

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 sys tem 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 r o v i d e s  a c c e s s  from t h e  s u r f a c e  t o  t h e  gal loway 

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 /o r  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 .  I n  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  wi re  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  obscu red  t h e  l i t h o l o g y .  During r e c o n n a i s s a n c e  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  walls 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 th  c o n s t r u c t i o n  p r o g r e s s .  

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  each 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  o f  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  en la rgemen t  o f  a s i x - f o o t  d i ame te 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:  Ra i sebor ,  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  mining-s lashing  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-foot  d i ame te 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 completed d u r i n g  t h e  p e r i o d  from September 22 ,  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 completed on February  10,  1984. Excavation f o r  t h e  exhaus 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 poured on J u l y  17, 1984. The s h a f t  was l i n e d  wi th  

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  base  of  t h e  s h a f t  key a t  a dep th  o f  

907 f e e 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 29 ,  1984. 

As p a r t  o f  t h e  s h a f t  d e s i g n ,  bo th  t h e  Magenta and Culebra  Dolomite Members o f  

t h e  R u s t l e r  Formation were covered  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 vo id  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 reven t  h y d r o s t a t i c  p r e s s u r e  bu i ldup  

b e f o r e  t h e  c o n c r e t e  l i n i n g  had reached i ts f u l l  s t r e n g t h .  After t h e  c o n c r e t e  

l i n i n g  had reached f u l l  s t r e n g t h ,  t h e  area behind t h e  l i n e r  p l a t e  was g rou ted  

t o  seal o f f  p o s s i b l e  f l u i d  in f low.  The Cu leb ra  was g rou ted  d u r i n g  t h e  pe r iod  

from December 2 t o  December 4 ,  1984, and t h e  Magenta was g rou ted  d u r i n g  t h e  

p e r i o d  from December 4 t o  December 5 ,  1984. Rock-bolted 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 Janua ry  17, 1985, excava t ion  i n  t h e  exhaus t  

s h a f t  was completed t o  t h e  WIPP underground f a c i l i t y  a t  a dep th  o f  app rox i -  

ma te ly  2150 f e e t .  A summary o f  t h e  e x h a u s t  s h a f t  c o n s t r u c t i o n  h i s t o r y  is 

g iven  i n  Tab le  1 .  



3 . 0  EXHAUST SHAFT GEOLOGY 

3.1 GEOLOGIC MAPPING RESULTS 

Geologic  mapping was performed us ing  two l e v e l s  o f  e f f o r t :  reconnaissance  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  r econna i s sance  geo log ic  

mapping a r e  p r e s e n t e d  i n  F i g u r e  4.  Twenty-f ive samples  were taken du r 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 provided  by d e t a i l e d ,  360 deg ree  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  

exhaus 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  informat ion  ga the red  

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  i n f o r m a t i o n  c o n c e r n i n g  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 a r e  well exposed i n  bo th  

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  

exhaus 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 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 ) .  

These zones  were mapped i n  d e t a i l ,  and t h e  f 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 t h e  f i g u r e s ,  it is impor tant  t o  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 no t  

mapped as they  were t o o  s m a l l  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  o f  t h e  s h a f t .  The l i t h o l o g y  o f  t h e s e  i n t e r v a l s  was reconnaissance  

mapped i n  an  e f f o r t  t o  c o n s e r v e  t h e  amount o f  time purchased 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 .  

D e t a i l e d  mapping i n  t h e  remainder o f  t h e  s h a f t  s e c t i o n  was performed in 

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 ,  a s  fo l lows :  

The Dewey Lake /Rus t l e r  c o n t a c t  (546 .5  f e e t ,  F igu re  9 )  

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



The Magenta Dolomi te  Member (602.5-627.0 fee t ,  
F i g u r e  10)  

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

The C u l e b r a  Dolomite  Member (71 3.5-736.0 feet ,  
F i g u r e  11 )  

The uppe r  p o r t i o n  o f  t h e  unnamed lower  member (736 .0-  
800 feet ,  F i g u r e  11) 

The R u s t l e r / S a l a d o  Format ion  c o n t a c t  and t h e  keyway 
(845.0-912.0 fee 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  are p r e s e n t e d  i n  F i g u r e s  6 

t h r o u g h  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  are c a t a l o g e d  i n  Appendix 8-2. 

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  well w i t h  t h e  geology  

i n  t h e  waste h a n d l i n g  s h a f t .  Minor e x c e p t i o n s  d o  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 .  O the r  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 comple t e  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  e x h a u s t  shaf t  mapping as 

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

t h a n  t h a t  p rov ided  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 h a n d l i n g  s h a f t .  

U n l i k e  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 conf i rmed 

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

e x h a u s t  s h a f t  were c o m p l e t e l y  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 SHAFT STRATIGRAPHY 

The e x h a u s 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 o n s i s t i n g  o f  Q u a t e r n a r y  dune 

s a n d s  and t h e  Mesca l e ro  c a l i c h e  and f i v e  f o r m a t i o n s .  I n  d e s c e n d i n g  o r d e r ,  

t h e y  are t h e  Gatuda  Fo rma t ion  o f  Q u a t e r n a r y  a g e ,  t h e  S a n t a  Rosa Sands tone  o f  

T r i a s s i c  a g e ,  and t h e  Dewey Lake Redbeds, t h e  R u s t l e r  Fo rma t ion ,  and  t h e  

S a l a d o  Format ion ,  a l l  of Permian a g e  ( 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  w ide - sp read  s ed imen ta ry  d e p o s i t  i n  t h e  WIPP s i t e  a r e a  is a 

t h i n  b l a n k e t  o f  windblown s a n d .  The s a n d ,  known l o c a l l y  as t h e  Mesca le ro  s and  



(Vine,  1963),  occurs  a s  r e l a t i v e l y  i n a c t i v e  dunes, except i n  a r e a s  where l o c a l  

blowouts occur .  

Nearly e i g h t  f e e t  o f  unconsol idated sand occurs  a t  t h e  exhaust  s h a f t .  This 

sand is reddish-brown, s i l t y ,  and poorly s o r t e d .  The major i ty  of  t h e  g r a i n s  

a r e  subangular .  Less than t en  percen t  o f  t h e  g r a i n s  a r e  mafic .  

3.2.2 Mescalero Cal i c h e  

The Mescalero c a l i c h e  is an informal  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 

from t h e  Mescalero p l a i n .  I t  is an a r e a l l y  ex tens ive  pedogenic p e t r o c a l c i c  

hor izon t h a t  began t o  form 510,000 y e a r s  ago (Bachman, 1985). 

The Mescalero c a l i c h e  is 9.5 f e e t  t h i c k  i n  t h e  a r e a  of t h e  exhaust  s h a f t .  The 

upper one-foot o f  t h e  c a l i c h e  is very hard ,  and t h e  hardness and o v e r a l l  

degree  o f  indura t ion  d e c r e a s e  wi th  depth .  I t  a l s o  becomes nodular  with depth ,  

and t h e  s i z e  of t h e  nodules  i n c r e a s e s  wi th  depth.  Locally,  s i l t s t o n e  and 

sands tone  a r e  engulfed by t h e  c a l i c h e .  Chert  and sandstone pebbles a r e  

engulfed higher  i n  t h e  s e c t i o n ,  and l a r g e  zones of sand a r e  engulfed a t  t h e  

base .  

3.2.3 Gatufia Formation 

The Gatufla Formation was named by Robinson and Lang (1938).  In  t h e  WIPP s i t e  

a r e a  t h e  Gatuila is represen ted  by a  t h i n  veneer of  f l u v i a l  sandstone 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  of t h e  formation is 

middle P l e i s t o c e n e  in  age  (Bachman, 1980) . 

The Gatufla Formation o c c u r s  i n  t h e  dep th  i n t e r v a l  from 17.2 t o  34.0 f e e t .  I t  

is a  poor ly  s o r t e d ,  f i n e  t o  very f i n e  g ra ined ,  f r i a b l e ,  ca lca reous  sandstone.  

The lower 1.5 f e e t  o f  t h e  Gatuila c o n t a i n s  angular  d e b r i s  from t h e  underlying 

San ta  Rosa Formation. 

3.2.4 San ta  Rosa Formation 

The La te  T r i a s s i c  San ta  Rosa Formation i s  p a r t  of t h e  Dockum Group. In the  

NIPP s i t e  a r e a ,  t h e  S a n t a  Rosa occurs  a s  an e r o s i o n a l  wedge t h a t  pinches out 

west o f  t h e  s i t e  c e n t e r  (Powers e t  a l . ,  1978).  



The S a n t a  Rosa o c c u r s  i n  t h e  dep th  i n t e r v a l  from 34.0 t o  5 3 . 5  f e e t .  I t  

c o n s i s t s  o f  c a l c a r e o u s  reddish-brown s i l t s t o n e  and f i n e - g r a i n e d  sands tone  and 

c o n t a i n s  pebb le s  of  c h e r t .  

3 .2 .5  Dewey Lake Redbeds 

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

Lake1' is now used f o r  Permian beds inc luded  i n  t h e  " P i e r c e  Canyon" o r i g i n a l l y  

proposed  by Lang ( 1 9 3 5 ) .  The term " P i e r c e  Canyon1' was used as l a t e  as 1963 by 

Vine i n  h i s  d e s c r i p t i o n s  o f  t h e  Permian r edbeds  i n  Nash Draw. However, t h e  

Uni ted  S t a t e s  G e o l o g i c a l  Survey (USGS) adopted  t h e  term "Dewey Lake", as it  

was more widely  a c c e p t e d  by g e o l o g i s t s .  

The Dewey Lake Redbeds o c c u r  i n  t h e  dep th  i n t e r v a l  from 53 .5  t o  546.5 f e e t .  

The Dewey Lake is c h a r a c t e r i z e d  by its reddish-orange  t o  reddish-brown c o l o r  

and v a r y i n g  sed imen ta ry  s t r u c t u r e s .  I n  t h e  exhaus t  s h a f t ,  t h e  Dewey Lake 

c o n s i s t s  a lmos t  e n t i r e l y  o f  mudstone, c l a y s t o n e ,  s i l t s t o n e ,  and in t e rbedded  

s a n d s t o n e .  Abundant s ed imen ta ry  s t r u c t u r e s  a r e  e v i d e n t  t h roughou t  t h e  Dewey 

Lake s e c t i o n  i n  t h e  e x h a u s t  s h a f t .  These s t r u c t u r e s  i n c l u d e  h o r i z o n t a l  lami-  

n a t i o n s ,  f i n e  c r o s s - l a m i n a t i o n s  o f  va ry ing  s i z e ,  r ip-up c l a s t s ,  s i l t - f i l l e d  

mud c r a c k s ,  i n t e r b a s i n a l l y - d e r i v e d  pebb le  conglomera tes ,  f ining-upward 

sequences ,  and s o f t  s ed imen t  deformat ion  f e a t u r e s .  L o c a l l y ,  g reen i sh -g ray  

r e d u c t i o n  s p o t s  are abundan t ,  and o c c a s i o n a l l y ,  e n t i r e  beds may have a g r a y  

c o l o r .  

With t h e  e x c e p t i o n  o f  t h e  upper  p o r t i o n ,  t h e  Dewey Lake is c h a r a c t e r i z e d  by 

l o c a l l y  abundant  gypsum-f i l l ed  f r a c t u r e s .  The m a j o r i t y  o f  t h e  f r a c t u r e s  a r e  

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

o c c u r r e n c e  o f  gypsum f r a c t u r e  f i l l i n g s  i n  t h e  Dewey Lake. The f i r s t  occur-  

r e n c e  o f  gypsum f r a c t u r e  f i l l i n g s  i n  t h e  Dewey Lake a t  t h e  exhaus t  s h a f t  is a t  

a d e p t h  o f  121.5  f e e t .  The s i g n i f i c a n c e  o f  t h e  f i rs t  o c c u r r e n c e  o f  gypsum- 

f i l l e d  f r a c t u r e s  a t  v a r i o u s  l o c a l i t i e s  is n o t  c l e a r .  P r e l i m i n a r y  comparisons 

o f  d a t a  g a t h e r e d  from t h e  w a s t e  hand l ing  and e x h a u s t  s h a f t s  w i t h  d a t a  ga the red  

from b o r e h o l e s  a round t h e  WIPP s i t e  i n d i c a t e  t h a t  t h e  f i r s t  gypsum f r a c t u r e  

f i l l i n g s  do n o t  occu r  i n  t h e  same s t r a t i g r a p h i c  i n t e r v a l  l a 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  pe rcen tage  o f  f r a c t u r e  t y p e s  i n  t h e  Dewey 

Lake. A t  least t h r e e  s e p a r a t e  ep i sodes  o f  f r a c t u r i n g  and subsequent  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 led  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  r a r e  c a s e s ,  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  of  t h e  

stress f i e l d  which produced 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  a r e  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 sp l acemen 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  t ime  o f  f r a c t u r i n g  and subsequent  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 sp l acemen 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  occu r 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 .  In  rare c a s e s ,  t h e  f i b e r s  have a 

s igmoida l  shape  which i n d i c a t e s  t h a t  t h e r e  was a component of  d isp 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  R u s t l e r  Formation 

The te rm R u s t l e r  Formation 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 Redbeds (now recognized  as t h e  

Dewey Lake Redbeds) and t h e  Sa lado  Formation.  Two l a t e r a 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  Culebra  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  subd iv i s ion  

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 (1963) .  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 as t h e  Forty-Niner  Member, and named t h e  i n t e r v a l  

between t h e  Culebra  and t h e  Magenta t h e  Tamarisk Member. 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  named and h e r e i n  is  r e f e r r e d  t o  a s  t h e  

unnamed lower member o f  t h e  R u s t l e r  Formation.  The R u s t l e r  Formation occu r s  

i n  t h e  depch i n t e r v a l  from 546.5 t o  850.5 f e e t .  O v e r a l l ,  t h e  l i t h o l o g y  o f  t h e  

R 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, a n h y d r i t e ,  

p 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 ,  and h a l i t e .  The lower p o r t i o n  o f  t h e  Ruscler  

c o n s i s t s  o f  c l a s t i c s  w i t h  some in t e rbedded  e v a p o r i t e s ,  and t h e  upper po r t ion  



c o n s i s t s  p r edominan t l y  o f  a n h y d r i t e ,  c a r b o n a t e s ,  and  c las t ic  materials. A s  

p r e v i o u s l y  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 i n  d e t a i l .  

The l i t h o l o g y  o f  e a c h  o f  t h e  f i v e  members is summarized below.  

3 . 2 . 6 . 1  Fo r ty -N ine r  Member 

I n  the e x h a u s t  s h a f t ,  the t o p  o f  t h e  Fo r ty -N ine r  Member o c c u r s  a t  a d e p t h  of  

546 .5  f ee t ,  and  t h e  d e p t h  t o  t h e  b a s e  is 602 .5  f e e t .  The Fo r ty -N ine r  c o n s i s t s  

o f  a n  uppe r  a n h y d r i t e  ( 2 9 . 0  feet  t h i c k ) ,  a m i d d l e  c l a y s t o n e  (11 .0  f e e t  t h i c k ) ,  

and  a l ower  a n h y d r i t e  ( 1 6 . 0  f e e t  t h i c k ) .  

The u p p e r  29 .0  f e e t  o f  t h e  Fo r ty -N ine r  Member c o n s i s t s  o f  g r a y ,  h a r d ,  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  w i t h  t h e  Dewey Lake Redbeds is s h a r p ,  and  

u n d u l a t o r y  up t o  1.5 f e e t  ( F i g u r e  9 ) .  Laminae w i t h i n  t h e  a n h y d r i t e  are 

e r o s i o n a l l y  t e r m i n a t e d  a t  t h e  uppe r  c o n t a c t ,  s u g g e s t i n g  a t  least a minor 

d i s c o n f o r m i t y  be tween  t h e  Dewey Lake and  t h e  R u s t l e r .  The a n h y d r i t e  is lami-  

n a t e d  t o  banded t o  l o c a l l y  n o d u l a r  a n d  c o n t a i n s  a n  i n c r e a s i n g  upwards c o n t e n t  

o f  c l a y  i n t e r b e d s .  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  up t o  

1 /2 - i nch  t h i c k  w i t h  v a r i a b l e  s p a c i n g  o c c u r  t h r o u g h o u t  t h e  a n h y d r i t e .  

An 11 - foo t  t h i c k  c l a s t i c  z o n e  u n d e r l i e s  t h e  uppe r  a n h y d r i t e  ( F i g u r e  1 0 ) .  The 

c l a s t i c  zone ,  commonly called t h e  Fo r ty -N ine r  Member c l a y s t o n e ,  is d i v i d e d  

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 t  mapping u n i t s  ( F i g u r e  l o ) ,  b u t  h e r e i n  is 

d i v i d e d  i n t o  t h r e e  c o m p o s i t i o n a l l y  d i s t i n c t  zones :  a n  u p p e r  s i l t y  mudstone 

and  c l a y s t o n e  zone ,  a m i d d l e  g y p s i f e r o u s  s i l t y  c l a y s t o n e  z o n e ,  and  a lower 

g y p s i f e r o u s  s i l t s t o n e  a n d  a r g i l l a c e o u s  s i l t s t o n e  zone .  

The uppe r  zone is a p p r o x i m a t e l y  o n e - f o o t  t h i c k  and  c o n s i s t s  o f  g r a y  ( a t  t h e  

t o p )  a n d  reddish-brown,  t h i n l y  l a m i n a t e d ,  s i l t y  mudstone a n d  s i l t y  c l a y s t o n e .  

An e r o s i o n a l  c o n t a c t  ma rks  t h e  b a s e  o f  t h e  gypsum-free u p p e r  zone .  

The midd l e  zone is a b o u t  s e v e n  f e e t  t h i c k  and  c o n s i s t s  o f  redd ish-brown,  

t h i n l y  l a m i n a t e d  t o  c r o s s - l a m i n a t e d ,  s i l t y  c l a y s t o n e  w i t h  v a r y i n g  amounts o f  

gypsum. The gypsum o c c u r s  l o c a l l y  as n o d u l e s  and  o f t e n  e x h i b i t s  e n t e r o l i t h i c  

s t r u c t u r e s ;  a l s o ,  gypsum may o c c u r  as cement .  The o v e r a l l  c o n t e n t  o f  gypsum 

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

o c c u r r e n c e s  o f  gypsum u s u a l l y  shows e v i d e n c e  o f  s o f t  s e d i m e n t  d e f o r m a t i o n .  



G r e e n i s h - g r a y  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  m i d d l e  zone  and  

o f t e n  h a v e  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 m i d d l e  zone  c o n t a i n s  o n e  ma jo r  e r o s i o n a l  s u r f a c e  between mapping 

u n i t  5 a n d  mapping u n i t  6  ( F i g u r e  1 0 ) .  The lower  c o n t a c t  o f  t h e  m i d d l e  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 l ower  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 ower  z o n e  is t h i n l y  l amina t ed  t o  v e r y  t h i n l y  

bedded a n d  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 z o n e ,  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  Fo r ty -N ine 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 ,  

a n d  e r o s i o n a l  . 

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

1 6 . 0  feet  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  o f  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  b a s e .  F i b r o u s  gypsum- f i l l ed  f r a c t u r e s  up  

t o  1 /2 - i nch  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 l ower  c o n t a c t  of 

t h e  l o w e r  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 Dolomi te  Member 

The Magenta Dolomi te  Member o f  t h e  R u s t l e r  Format ion  is t h e  uppermos t  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  Format ion .  I t  is c o n s i -  

d e r e d  t o  be  t h e  s econd  mos t  p r o d u c t i v e  h y d r o l o g i c  u n i t  i n  t h e  Los Medanos a r e a  

( M e r c e r ,  1983 ) .  

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  f rom 602.5 t o  627 .0  f e e t  ( F i g u r e  1 0 ) .  

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 r e n a c e o u s  d o l o m i t e  w i t h  

d i s s e m i n a t e d  gypsum c r y s t a l s ,  n o d u l e s ,  and  vugs .  I t  c o n t a i n s  a n  abundance  9f 

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 .  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 e d ,  and  o c c a s i o n a l l y  may be e r o s i o n a l l y  t r u n c a t e d .  

C ros s -bedd ing  and  c r o s s - l a m i n a t i o n s  a r e  p e r v a s i v e  t h roughou t  t h e  uppe r  p o r t i o n  

o f  t h e  Magenta .  The d e n s i t y  o f  c r o s s - l a m i n a t i o n s  d e c r e a s e s  w i t h  d e p t h .  C l ay  

d r a p e  o v e r  r i p p l e  fo rms  is l o c a l l y  a b u n d a n t .  The bedding o f t e n  r e s e m b l e s  

f l a s e r  bedd ing  and  wavy and  l e n t i c u l a r  bedding  ( a f t e r  Reineck and  S ingh ,  1980) .  
L 



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  beds ,  and l i g h t  

brown 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  bedding  and 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  abundan 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 

feet  (Magenta u n i t  8 ,  F i g u r e  10) .  These  s t r u c t u r e s  are 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  laminae .  A l so ,  a  zone 

c o n t a i n i n g  brownish-b lack  c l a y s t o n e  l a m i n a e  o f  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  o f  t h e  Magenta. The b a s a l  c o n t a c t  w i t h  t h e  Tamarisk Member is 

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

3 . 2 . 6 . 3  Tamar isk  Member 

I n  t h e  e x h a u s t  s h a f t ,  t h e  t o p  o f  t h e  Tamar i sk  o c c u r s  a t  a  d e p t h  o f  627.0 feet ,  

and t h e  b a s e  o c c u r s  a t  a  d e p t h  of  713.5 feet.  L ike  t h e  For ty-Niner  Member, 

t h e  Tamar i sk  Member may be  d i v i d e d  i n t o  t h r e e  p a r t s :  a n  upper  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 lower  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 feet o f  t h e  Tamarisk Member 

c o n s i s t s  o f  a n h y d r i t e .  The uppe r  o n e  t o  two feet o f  t h e  a n h y d r i t e  is gyps i -  

f 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  g y p s i f e r o u s  

area, 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 .  Sedimentary  

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 

b e  l a m 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  o f  t a n ,  t h i n l y  l amina t ed  ca rbo -  

n a t e  are q u i t e  common and  may be  a s s o c i a t e d  w i t h  a n h y d r i t e  pseudomorphs af ter  

gypsum s w a l l o w t a i l  c r y s t a l s .  A 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  gypsum- f i l l ed  f r a c t u r e s  o c c u r s  

a t  a d e p t h  o f  665.9 feet .  A one - foo t  t h i c k  l i g h t  and 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 d r i t i c  c l a y s t o n e  o c c u r s  1.5 f e e t  from t h e  t o p  o f  t h e  midd l e  

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

t h e  uppe r  a n h y d r i t e  w i t h  t h e  midd l e  c l a y s t o n e  is s h a r p  and o c c u r s  a t  a  d e p t h  

o f  689.0 feet .  

The Tamar isk  Member midd 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  on s h e  b a s i s  

o f  c o l o r ;  t h e  upper  p o r t i o n  o f  t h e  c l a y s t o n e  is g r a y ,  and t h e  l ower  p o r t i o n  is 

reddish-brown.  The c o n t a c t  between t h e  two is d i f f u s e ,  u n d u l a t o r y  up t o  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 ray  

and reddish-brown p o r t i o n s  o f  t h e  Tamarisk Member middle  c l a y s t o n e  con ta in  

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  o f  r e p o r t i n g ,  w i l l  b e  cons ide red  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 a m i n a t e d .  L o c a l l y ,  t h e  laminae  may be 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  occu r  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  wi th  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 inches  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  wi th  t h e  lower a n h y d r i t e  

o c c u r s  a t  a n  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 ,  ex t r eme ly  undu la 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 f e e t  i n t o  t h e  unde r 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 .  

Th 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  was te  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  t o  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 nodu la r  t o  t h i n l y  lami-  

n a t e d  t o  banded. The uppe r  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 .  In  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  

h a b i t .  Between a d e p t h  o f  702.0 and 702.5 f e e t ,  a d a r k  g r a y  c l a y s t o n e  bed 

o c c u r s ;  t h e  c l a y s t o n e  bed c o n t a i n s  l o c a l l y  b i f u r c a t i n g  f i b r o u s  gypsum-fi l led 

f r a c t u r e s .  Below t h e  c l a y  seam, 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  wi th in  t h e  

a n h y d r i t e  are e v i d e n t .  Thin  beds and laminae  c o n t a i n i n g  t h i n l y  laminated  

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

nodu la r  ch icken-wire  s t r u c t u r e .  The b a s a l  c o n t a c t  o f  t h e  Tamarisk Member 

o c c u r s  a t  an  a v e r a g e  d e p t h  o f  abou t  713.5 f e e t ,  is s h a r p ,  and is s l i g h t l y  

u n d u l a t o r y .  



3.2.6.4 C u l e b r a  Do lomi t e  Member 

The C u l e b r a  is t h e  lowermos t  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  d o l o m i t e  i n  

t h e  R u s t l e r .  The C u l e b r a  is t h e  mos t  p r o d u c t i v e  h y d r o l o g i c  u n i t  i n  t h e  Los 

Medanos area (Merce r ,  1  983) . 

I n  t h e  e x h a u s t  s h a f t ,  t h e  C u l e b r a  o c c u r s  i n  t h e  d e p t h  i n t e r v a l  f rom 713.5 t o  

a b o u t  736 .0  feet ( F i g u r e  1 1 ) .  The C u l e b r a  c o n s i s t s  p r i m a r i l y  o f  d o l o m i t e  and 

a r g i l l a c e o u s  d o l o m i t e  c o n t a i n i n g  some a r e n a c e o u s  material. Gypsum-f i l l ed  vugs 

a n d  n o d u l e s  are l o c a l l y  a b u n d a n t  a n d  may v a r y  i n  d i a m e t e r  f rom less t h a n  1/16 

i n c h  t o  1-1/2 i nch .  The d o l o m i t e  is mic ro l amina t ed  t o  medium bedded ,  and 

o f t e n ,  t h e  t h i c k e r  beds  are m i c r o l a m i n a t e d  t o  t h i n l y  l a m i n a t e d  t o  s t r u c t u r e -  

less ,  a n d  are 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 l o w e r  one -ha l f  t o  o n e  f o o t  o f  the C u l e b r a  (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  rest o f  t h e  s e c t i o n .  I t  c o n s i s t s  o f  well 

i n d u r a t e d  and  bedded,  t h i n l y  l a m i n a t e d  t o  l a m i n a t e d  d o l o m i t e .  The l aminae  

w i t h i n  t h i s  bed p a r a l l e l  a n  e x t r e m e l y  u n d u l a t o r y  lower  c o n t a c t  a n d  l o c a l l y  d i p  

u p  t o  45 d e g r e e s .  D e f o r m a t i o n a l  s p a c e  prob lems  are a p p a r e n t  as i n d i v i d u a l  

l a m i n a e  are 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 east-west t r e n d i n g  t r ough - shaped  downwarp o f  t h e  bedding  was obse rved  i n  

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

ated w i t h  t h e  downwarp. These  clasts a p p a r e n t l y  o r i g i n a t e  f rom t h e  b a s a l  u n i t  

i n  t h e  C u l e b r a  ( C u l e b r a  u n i t  7 ,  F i g u r e  1 1 ) ;  t h e  b r e c c i a  is clast s u p p o r t e d ,  

c o n s i s t i n g  o f  r o u g h l y  8 0  p e r c e n t  a n g u l a r  t o  s u b a n g u l a r  c l a s t s  o f  d o l o m i t e  w i t h  

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

I n  t h e  e x h a u s t  s h a f t ,  t h e  bedd ing  i n  t h e  C u l e b r a  is d i s j o i n t e d  by abundan t  

f r a c t u r e s  which c a u s e  a v e r y  broken  o v e r a l l  appea rance .  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  v a r y  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 i c k e d  on  t h e  b a s i s  o f  t h e  n a t u r e  o f  f r a c t u r e  p a t t e r n s .  I n  t h e  

C u l e b r a ,  t h e  d e g r e e  o f  i n d u r a t i o n  a n d  a p p a r e n t  competency o f  v a r i o u s  u n i t s ,  as 

well as t h e  n a t u r e  o f  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 ,  a p p e a r  t o  be  a f u n c t i o n  

o f  t h e  amount 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  c o n t e n t  o f  t h e  d o l o m i t e  

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

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



I n  t h e  u p p e r  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  a r e  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  l ower  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  less f r e q u e n t -  

l y ,  a n d  t h e  f r a c t u r e  s u r f a c e s  a r e ,  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 o f  t h e  R u s t l e r  Fo rma t 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  

f rom a b o u t  736.0 t o  850.5 feet.  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 leb ra  Dolomi te  Member. The c o m p o s i t i o n  o f  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  c 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 uppe r  n i n e  f e e t  o f  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  bo t tom is s u b d i v i d e d  as f o l l o w s :  a n  upper  c l a y s t o n e ,  

a n  u p p e r  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 idd l e  f in ing-upward  

s e q u e n c e ,  and a  l ower  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  o f  t h e  mapping 

u n i t s  a r e  u n d u l a t o r y  and  m i m i c  t h e  uppe r  c o n t a c t  w i t h  t h e  Culebra .  

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

deformed where t h e y  u n d e r l i e  t h e  b r e c c i a  a t  t h e  ba se  o f  t h e  Cu leb ra .  The 

mapping u n i t s  a r e  c o n t i n u o u 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 h a f t ,  b u t  are 

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

i d e n t i f i e d  a s  t h e  major  c o n s t i t u e n t s  i n  t h i s  zone .  The lowermost  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  a n d  t h i c k e n s  i n  t h e  area a d j a c e n t .  Flowage 

t y p e  s t r u c t u r e s  are abundan t  i n  t h e  zone  and are i n d i c a t e d  by abundant  

s l i c k e n s i d e s .  The m i d d l e  c l a y s t o n e  and t h e  m i d d l e  f in ing-upward  sequence  a r e  

b e n t  downward i n  t h e  area d i r e c t 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  

t h a t  d i r e c t i o n .  

The u p p e r  c l a y s t o n e  is g r a y  t o  gray ish-maroon  and  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 s i s t s  o f  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  ba se  

g r a d i n g  upward i n t o  s i l t y  c l a y s t o n e .  The midd l e  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  m i d d l e  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 ,  a r e  c o n t i n u o u s  

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

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 l ower  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  

a r e  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 l ed  

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  va ry  i n  t h i c k n e s s  from 

1/32 i n c h  t o  o n e  i n c h .  The o v e r a l l  s i z e  and  f r equency  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  a r 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 .  

The b a s a l  c o n t a c t  o f  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 .  

A n h y d r 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  f rom 745.0 t o  755.0 feet .  The uppe r  

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 one - foo t  t h i c k  bed o f  mixed r edd 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 .  Wi th in  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  t h e n  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 o b s e r v e d  i n  t h e  R u s t l e r  s e c t i o n  i n  t h e  

e x h a u s t  s h a f t .  The r ema inde 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 a m i n a t e d  

t o  l a m i n a t e d .  H a l i t e  pseudornorphs 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  w i t h  d e p t h .  The pseudomorphs v a r y  i n  s i z e  up 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 .  

An 11 - foo t  t h i c k ,  h a l i t e - r i c h  s equence  u n d e r l i e s  t h e  a n h y d r i t e .  I n  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 t r i t a l  c o n t e n t  d e c r e a s e s  

w i t h  d e p t h .  The uppe r  two feet  o f  t h i s  zone  c o n s i s t s  o f  t h i n l y  l a 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 t i o n  c o n s i s t s  of h a l i t i c  mudstone and a r g i l l a c e o u s  h a l i t e .  Halite o c c u r s  

as 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 . ,  Shearman, 1978). Deeper 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  z o n e s  p a r a l l e l  t o  

c r y s t a l  f a c e s .  Clay  o c c u r s  as i n t e r s t i t i a l  material and  m 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  t h e  midd l e  p a r t  o f  t h e  s e c t i o n .  The b a s a l  

c o n t a c t  o l  t h i s  i n t e r v a l  is g r a d a t i o n a l .  A two-foot  t h i c k ,  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  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  pe rcen 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-  

na t ed  a t  t h e  base .  The bedding  is d i s t o r t e d  i n  t h e  upper  10 t o  12 inches ,  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 s i m i l a r  t o  

ca rbona te  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  sequence  occu r s  benea th  t h e  a n h y d r i t e  i n  t h e  depth  

i n t e r v a l  from 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  f e e t  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 rbedded  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 midd le  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 .  H a l i t e  occu 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 equence  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 andy  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 .  In t h i s  lower u n i t ,  

h a l i t e  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  and a s  c l e a r  c r y s t a l s  w i th  f l u i d  

i n c l u s i o n s .  Although t h e r e  a r e  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  d e c r e a s e s  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  depth .  

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

member c o n s i s t s  o f  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  wi th  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 subdiv 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- 

laminated  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  a r e  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 sedimentary  

s t r u c t u r e s  i nc lude :  symmet r i ca 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  fining-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  sediment  de fo rma t ion .  The 

m 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 t  d i r e c t i o n s  t o  t h e  sou th .  

The remainder o f  t h e  unnamed lower member, w i t h  t h e  e x c e p t i o n  of  t h e  b a s a l  one 

t o  two f e e t ,  c o n s i s t s  main ly  o f  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  i n t e r -  

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

laminated  and e x h i b i t s  a n  abundance o f  s ed imen ta ry  s t r u c t u r e s .  A major por-  

t i o n  o f  t h e  remainder  o f  t h e  unnamed lower member c o n t a i n s  sedimentary  rock 

d i s t u r b e d  i n  a  manner which resembles  b i o t u r b a t i o n .  C l a s t s  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 n c h  i n  d i a m e t e r ,  occu r  l ower  i n  t h e  s e c t i o n  and 

may be a l i g n e d  i n  z o n e s  p a r a l l e l  t o  bedding .  A s a n d s t o n e  p e b b l e  conglomera te  

o c c u r s  n e a r  t h e  b a s e  of  t h e  unnamed lower  member. T h i s  cong lomera t e  c o n t a i n s  

f o s s i l  b i v a l v e  h a s h  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  o c c u r  i n  t h e  l ower  o n e  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  n o d u l a 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 l o w e r  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  w i t h  v e r y  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 

b a s a l  c o n t a c t  o f  t h e  unnamed l o w e r  member o f  t h e  R u s t l e r  Format ion  o c c u r s  a t  

a n  a v e r a g e  d e p t h  o f  850 .5  f e e t  and  is marked by a change i n  m a t r i x  from 

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

3.2.7 S a l a d o  Fo rma t ion  

The term S a l a d o  was o r i g i n a t e d  by Lang (1935)  f o r  t h e  u p p e r ,  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  R i c h a r d s o n  ( 1 9 0 4 ) .  An in fo rma l  t h r e e f o l d  d i v i s i o n  o f  

t h e  S a l a d o  Format ion  is h e r e i n  u t i l i z e d ;  it i n c l u d e s :  a n  unnamed upper  

member, a midd le  member l o c a l l y  d e s i g n a t e d  t h e  McNutt p o t a s h  zone ,  and a n  

unnamed lower  member. As e a c h  o f  t h e  members c o n t a i n  similar amounts  o f  

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 h e  

members is made on  t h e  b a s i s  o f  t h e  c o n t e n t  o f  o t h e r  po t a s s ium and  magnesium- 

b e a r i n g  m i n e r a l s .  The uppe r  a n d  l ower  members d e m o n s t r a t e  a l a c k  o f  t h e s e  

m i n e r a l s ,  w h i l e  t h e  m i d d l e  member (McNutt p o t a s h  zone )  shows a r e l a t i v e  abun- 

dance  o f  po t a s s ium and  magnesium-bearing m i n e r a l s .  Due t o  t h e  abundance o f  

l a t e r a l l y - p e r s i s t e n t  b e d s ,  t h e  S a l a d o  is a l s o  subd iv ided  on a  much f i n e r  

s c a l e .  A sy s t em o f  numbering i n d i v i d u a l  beds  o f  a n h y d r i t e  and p o l y h a l i t e  

(marker  beds )  was i n t r o d u c e d  by g e o l o g i s t s  o f  t h e  USGS ( J o n e s  e t  a l . ,  1960).  

The marker  bed sys t em is u s e d  e x t e n s i v e l y  by mining companies  i n  t h e  Car l sbad  

p o t a s h  mining d i s t r i c t .  

The t o p  o f  t h e  S a l a d o  o c c u r s  a t  a n  a v e r a g e  d e p t h  o f  850 .5  f e e t  i n  t h e  exhaus t  

s h a f t .  The S a l a d o  c o n s i s t s  o f  h a l i t e ,  a n h y d r i t e ,  2nd p o l y h a i i t e  w i t h  v a r y i n g  

amounts  o f  o t h e r  p o t a s s i u m - b e a r i n g  m i n e r a l s .  About 85 t o  90 p e r c e n t  o f  t h e  

S a l a d o  is h a l i t e  ( J o n e s ,  1 9 7 3 ) .  Beds o f  a n h y d r i t e  and p o l y h a l i t e  a l t e r n a t e  

idi th  t h i c k e r  beds o f  h a l i t e  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 .  



Halite in the Salado is rarely pure and often contains minor amounts of clay, 

polyhalite, and anhydrite. The halite is generally white to clear, but it may 

be tinted orange, reddish-brown, and gray by varying amounts of interstitial 

polyhalite or clay. Halite may also occur in some beds of claystone, argilla- 

ceous halite and, occasionally, anhydrite as displacive crystals. Halite 

replacements of sulfate are common and most visibly occur as halite 

pseudomorphs after gypsum swallowtail crystals. 

In the Salado, argillaceous halite is reddish-brown to gray in color. In an 

argillaceous halite, clay may occur as matrix material, interstitial material, 

and intercrystalline material. The clay content of most argillaceous halites 

decreases with depth. Clay frequently occurs as stringers, usually less than 

1/4 inch thick, which may be horizontal to subhorizontal or randomly oriented. 

Thin beds of claystone frequently occur at the base of sulfate units. 

The majority of the sulfate units in the Salado consist of finely crystalline 

polyhalite and/or anhydrite. In the exhaust shaft, various classic sulfate 

sedimentary structures were observed in the anhydrites and polyhalites of the 

Salado, including nodular structures, enterolithic structures, and swallowtail 

structures. Some of the anhydrite and polyhalite beds are visually structure- 

less. The majority of the polyhalite and anhydrite beds are underlain by thin 

beds of gray claystone. Polyhalite and anhydrite may also occur in halite 

beds as disseminated, irregularly shaped blebs or as stringers. 

Several sedimentary features, previously unreported at the WIPP site, were 

observed in the Salado at the exhaust shaft and are discussed below. In the 

depth interval between 1038.7 and 1040.3 feet, two beds of carbonate occur. 

The upper bed is thinly laminated with alternating light brown and grayish- 

brown laminae. The structure displayed in this interval is remarkably similar 

to that which occurs in an algal stromatolite. The lower bed consists of 

finely crystalline dolomite. 

The Vaca Trista marker bed, which marks the top of the McNutt potash zone, 

gccurs in the interval between 1353.6 and 1358.0 feet. The Vaca Trista is 

classified as a halitic siltstone. Abundant channel forms Tilled with 



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 .  Halite o c c u r s  as 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 inge r  ( 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  f e e 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 - foo t  deep  e r o s i o n a l  c h a n n e 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 w i d t h  o f  t h i s  channe l  c o u l d  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  c h a n n e l  was i n t e r c e p t e d  by t h e  s h a f t .  

3 . 3  ENGINEERING GEOLOGY 

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

Eng 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  cou ld  n o t  be r e a d i l y  obse rved  u n l e s s  b l a s t i n g  had removed t h e  b lock  from 

one  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 .  Where 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 f o r e m e n t i o n e d  f i g u r e s .  

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

O f  t h e  f i v e  formations obse rved  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 l y  t h e  R u s t l e r  Format ion  c o n t a i n e d  o b v i o u s  f l u i d - b e a r i n g  zones .  These zones  

a r e  t h e  Magenta and  t h e  C u l e b r a  Dolomite  Members o f  t h e  R u s t l e r  Formation.  

The R u s t l e r / S a l a d o  c o n t a c t ,  o f t e n  c o n s i d e r e d  a f l u i d - p r o d u c i n g  zone (Mercer ,  

1983 ) ,  d i d  n o t  y i e l d  any  o b s e r v a b l e  f l u i d .  

In  t h e  Magenta Dolomi te  Member, t h e  o n l y  zone  o b s e r v e d  producing  f l u i d  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  609.5 t o  615 .0  f e e t  (Magenta mapping u n i t  5 ,  

F i g u r e  ; O ) .  T h i s  zone produced  v e r y  l i t t l e  f l u i d .  i t  was moisc a t  t h e  onsec  



of mapping and remained so even a f t e r  the rock was washed and the res t  of the 

section had dried.  No obvious source of f luid was vis ib le .  The section was 

d i s t inc t ly  moist, b u t  the quantity of f lu id  produced was too small to  be 

measured or estimated. Fluid production i n  t h i s  interval  is confined to  a 

l i thologically d i s t i n c t  u n i t  and cannot be a t t r ibuted to any macroscopically 

v is ib le  l i thologic  features.  The u n i t  is neither fractured to any great 

extent nor does i t  contain an excessive amount of vugs when compared w i t h  the 

r e s t  of the Magenta sect ion.  The uni t  is well indurated and hard and contains 

an abundance of primary sedimentary structures.  

Unlike the Magenta, the en t i r e  Culebra section was wet. F l u i d  was observed 

issuing from bedding planes, f rac ture  surfaces, and small unfi l led vugs. In 

general, the zones producing the most f lu id  contained more abundant natural 

fractures.  The major f lu id  producing zone appeared to  occur i n  the interval 

between 724.5 f e e t  and about 735 -5 fee t  (Culebra mapping u n i t  6, Figure 1 1 ) .  

T h i s  zone i s  a l i tho log ica l ly  d i s t i nc t  unit  and is the most fractured unit  

mapped i n  the Culebra. Overall inflow into the shaf t  from the Culebra was 

visually estimated to  be between three and s i x  gallons per minute. 

3.3.3 Unstable Areas 

The majority of the shaf t  section could be considered relat ively s table  wi th  

respect to  overal l  rock strength character is t ics .  Only a few intervals  were 

substantial ly l e ss  s t ab le .  A l l  of these zones occur i n  the Rustler Formation 

and include the Forty-Niner Member claystone (575.5 to  586.5 f e e t ) ,  the 

Tamarisk Member claystone (689.0 to 695.5 f e e t ) ,  and the upper nine fee t  of 

the unnamed lower member (736 .0  t o  745.0 f e e t ) .  

3.3.4 Blast-Related Effects 

The e f fec t s  of smooth wall blasting were visually assessed during the geologic 

mapping. In pa r t i cu la r ,  two blasting-induced e f fec t s  were observed: over- 

b las t  and blast-induced f ractur ing.  

A s  used here, the term overblast r e fe r s  to  the removai o f  material,  by 

blasting, from outside the designed shaf t  wall circumference. The ideal f i na l  

resui t  of smooth wall blast ing is a re la t ively  smooth shaf t  wall w i t h  one-half 

of each of the outermost blast ing dr i l l -holes  remaining. An overblast 



s i tuat ion occurs when the explosive charge i n  an outer dr i l l -hole  is too large 

t o  permit the wall rock t o  remain i n  place, and thus removes more rock than 

originally designed, including a l l  t race of the or ig inal  dr i l l -hole .  Slight  

overblasts were observed in almost every interval  exposed i n  the shaf t .  Due 

to  the frequency and i r regular  d is t r ibut ion of overblasted zones, they were 

not included on the f i na l  l i tho log ic  descriptions. However, two general 

observations can be made; the frequency of overblasts in the Salado section 

was considerably l e s s  than elsewhere i n  the shaf t ,  and the Rustler anhydrites 

were rarely overblasted. 

The most common type of f rac tures  induced by blasting originate from a  

blast-hole a t  the shaf t  wall and radiate outward into the wall rock. The rock 

surface i n  the lined portion of the shaf t  was rarely exposed for more than one 

day before it  was covered w i t h  concrete. As a  r e su l t ,  blast-induced fractures 

;;ere rarely observed, and when observed, were not very prominent. In the 

unlined section,  the rock was not covered wi th  concrete and was observed up to 

a  week a f t e r  the i n i t i a l  exposure by blasting. In t h i s  case, blast-induced 

fractures were d i s t inc t ly  v i s ib le .  The fractures were commonly open, and 

of ten ,  several fractures could be observed originating from one remnant 

blast-hole. 

3.3.5 Shaft Design Modifications Based on Observed Geology 

With the exception of the diameter, concrete thickness, and s ta t ion  

configuration, the exhaust shaf t  design is similar to the waste handling shaft  

design. During mapping, however, i t  was noted that  the Magenta, Culebra, and 

the top of the Salado Formation occurred deeper i n  the exhaust shaf t  than i n  

the waste handling shaf t .  A s  a  r e su l t ,  the l ine r  plated zones and the shaft 

keyway were located deeper than originally designed (Table 2 ) .  

Designed geomechanical instrumentation locations (Table 3 )  were selected based 

on the observed geology and construction-related constraints .  



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  f rom J u l y  16,  1984 t h r o u g h  J a n u a r y  18, 1985. 

Geo log i c  mapping o f  t h e  s h a f t  ( i n c l u d i n g  documen ta t i on  from samp le s  and  

p h o t o g r a p h s )  f rom 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  seal  d e s i g n .  

The e x h a u s t  s h a f t  mapping d a t a  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  

w a s t e  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 -  

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

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

s e a l  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  Dolomi te  Members o f  t h e  R u s t l e r  Formation 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  z o n e s  o b s e r v e d  i n  t h e  s h a f t .  The f l u i d - p r o d u c i n g  

z o n e s  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 o n l y  minor  

amounts  o f  f l u i d .  
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TABLE 1 

ABRIDGED CONSTRUCTION HISTORY OF THE EXHAUST SHAFT 

Location: Eddy County, New Mexico 
New Mexico Grid Coordinates 
Y 499287.23, X 667370.39 

Elevation : Shaft Collar : 341 1 .5 feet  MSL 
Reference: 3409 fee t  MSL 

Construction Contractor: Ohbayashi-Gumi, L td .  

Subcontractors for Raisebore, Inc. and 
Raise Bore Shaft: J .  S.  Redpath Co. 

P i lo t  Hole for 
Raise Bore Started: September 22, 1983 

Pi lot  Hole Completed: December 16, 1983 

Upreaming Started : December 3 1 ,  1983 

Upreaming Completed: February 10, 1984 

Collar Excavation Began: July 15, 1984 

Liner Plate and Concrete 
Backfill Completed: July 17, 1984 

Concrete Liner Started: July 18, 1984 

Concrete Liner Completed: November 29, 1984 

Culebra Dolomite Grouted: December 2-4, 1984 

Magenta Dolomite Grouted: December 4-5, 1984 

Construction of Unlined December 7 ,  1984 
Port ion Began : 

Construct ion of Unlined 
Port ion Completed : January 17, 7 985 



TABLE 2 

EXHAUST SHAFT DESIGN LOCATIONS MODIFIED ON THE B A S I S  
OF THE OBSERVED GEOLOGY 

Design Locatio A s - B u i l t  Locati Net Adjustment ( 2 )  7 7 )  Depth (Feet)  ) Depth (Feet) (Feet) 

Top of Liner Plate 

Magenta 

Culebra 

Top of Keyway 

Bottom of Keyway 900 907 +7 

Notes : 

( ' ) ~ e ~ t h s  are  based on reference elevation a t  3409 feet  m s l .  

( ')positive ad justrnent ( + )  indicates that the item was adjusted downward 
re la t ive  to land surface. 



TABLE 3 

INSTRUMENT LOCATIONS ,IN THE EXHAUST SHAFT 

Instrument 
Type ( 1 )  Number 

Notes : 

( )Instrument Type: 

GE = Extensometer 
PE = Piezometer 
WE = Earth pressure cell 

Depth 
(feet>(*) 

Elevation 
(feet) 

(2)"~epths" are based on the reference elevation at 3409 feet MSL. 
From marked-up as-built drawing No. 35-5-003-030, ilev.2, p. 3. 
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IYC~WIMG YITI rzmt WDOIIATE COYTEWI IIICUCST II LIGHT COLORED SUBHOPIZOYTAL 
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C O Y C ~ T I ~  w S I L T S ~ O ~  m SAYDSTOWK; COUY BEC(Y(ES REDDISU-II(YY TUUMD BASES 

I M E C U U I L T - S W L D  DISCalTIYUOUS BEDS 01 SILTSTOIL. CHUT AMLI SUDSTOWE P E B B U  

CO-TC a r c u n  VUTIULLY MID IAT~BALLT; ma DISCOUTIYUWI BEDS w OI*IICISLI- 

BPOYI s m  OCM UCM BASES BASAL COYTACT o r m n c .  

3394-- 15 

C A M *  FORHATIW. S U D S I O I C ,  F IYL TO VPXT FIYE CUIYED. REDDISH-BROYW, POOlLT 

SOlTLD, C*LC*IWn. rnIMU, DRY: W A L  1.5' I S  SAMLISTOW. COMSC TO F I W  CLAIMED. 

SOI.TLD, tovnno, c o n A r r r u c  mnua D r s l r s  narc U N D ~ L Y I ~ :  arosros; BASAL 

COYTACI SMI, EROSIOUAL, SLICXTLY u m u u r n l y .  
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SAWD-SIZED CI*IUS, I L D D I S I - B R W ,  CILCAllEOUS. PUXLT WRO. COCTAIUS PEBBLES W 

c u m  ~JD WIC CL*IUS; urrn 1.0. muma WICIR 11 SUBM~IZOYTAL snrrcns: 
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STRATIGRAPHIC 
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EXHAUST SHAFT 
LlTHfJl n61C I fl6 

PREL'M'NARY STRATIGRAPHIC 

E L E V .  D E P T H  COLUMN R E M A R K S  
(FT.  M S L I  I FT.)  

AS A IOVE 

3354--55 

3 3 4 9 - 

3 3 4 4 - 
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3334--75 

3329--80 
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1 . 1  - - 
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----we-- ------- - .  - 
- - -------- -------- -------- 

- - - - - - - - .  

D m  un Umna . .  :. 

~ ~ x r m n  ~ m m p r p  u ~ y . u c ~ u ~ c r o u r  SILTSIOUC. I~DDISU-anow. mrnr ~ ~ I N A T ~ D  m 
n r r r  B L D D ~  ( i lrm TO I*). .nmo~us SLIGHTLY u n ~ ~ ~ m r .  WD; SEDIUMMY S ~ U C -  

NU1 IKLUDL: SMALL T M I R U  RIP-W CLAm ( * l I b w )  ALIYCD IY THIY BEDS, t 1 0 S S  

MIUTIWS, w s n m t s ,  FILLED D c s x c c m a  CLACKS; OCCASIONAL ~ - L I Z *  IYTEBBEDS 

01 CIA1 SILTSrmR; UiL CILCUISII-GUY I l W C T I O l  SPOT¶ (*1/16" DIMLTEI); BASAL 

COYTACT ClADATIOWAL. 



, PREL'M'NARY STRATIGRAPHIC 
€LEV .  D E P T H  COLUMN REMARKS 

( F T . M S L I  I F T . )  
2 

3324 85 
k-'-----i ------ ------- AS AIOVZ 

~$I~~$I---: -- -------- .-------. -------- 
IIIIDIIOIIL. PLDDISB-BIWU, MIULY UnI lAfCD 10 T U I n Y  BEDDED, W D ;  CONTAIUS Tl l I l  BEDS 

(112" TO 1") O t  C U T  SILTT nuDsron; n*CTWS P * l u u n  70 BEDDIM, SPACED 3"; OCCA- 

s ~ a u  clmxsu-cur I ~ ~ J C T I W  s m  (114- m 112" D I M E T E ~ ;  CONTAIUS OCUSIONU 

UYD snumms; BASAL COYTACI DIFNSL. 

S I L n  MUDSOMI I m M E D D E D  UITU MCILUClaUS SILTSTOYL. REDDISH-BROW, TtlINLY WI- 

una TO T N I ~ Y  B m D m  (<1132" m 2-112"); a c u l o u u  c n r n i 1 s ~ - c u r  s I r n T o w r  

.IYRULW; OCWIOYU UMD s n v c N l L s ;  ~RALL OPU PIACIUIKS PAUL= TO BLDDIK. 

S P ~  1" TO z-ilz": FEU s m v u n c A L  mcnmu, S P A C ~  1' m 2.3' ;  BUU COUTACI 

S U B ~ I Z O Y T U ,  mcnm~s P m L n  m n m D r n .  srum 3" m 9"; TUO 112" TUICK 

PAIALLEL ~ I Z O Y T U  manes FILLED u r n  uraa*n ocm AT 108.0' AND 108.5'; 

WIWATIB. RAU C~LUISU-CMY UWCTIO~ SFQTS (1116" TD 112" D I M ~ T E I ) :  

O C W I O Y U  1 / C  10 2" MICK C I E U I S I I - C U I  INTUDEDS; OCUSIOYU SOFT SEDI.YEIIT 

D ~ T I O I  dunmts: uoa~zmu F U ~ I U  PMALLEL m BEDDING, SPACED 1" TO 6"; 

MSAL CONTACT S W V .  

O t  SILTY MJDStQlIZ: LOAD STRUCNBES. NJDSTOMII UP-U? CUSTS; N0DLRATEL.Y MUYDAYT 

CRLRIISB-GUI BEWIfxIOu SPOTS (1116" m 114" DI*WETm): OCCASIOWU t l E N I s H - c I U I  

am (112" m 2" r t l r c r ) ;  THIY I I ~ I Z O C T A L  FSACMES ( a 1 3 2 " )  UIM CYPSW P I u I m  

s w  121.5'. SPACED 2"TO 1.5'; aA!uL c o w  S w n P .  

EXHAUST SHAFT 
L I THOL06 I C LO6 



SILTSTWE: =AIm CIOSS-UI(IIATIOM¶, f1Ll.U MSICCATIW CIACKS; SUBVEPTIW C U Y -  

FILLED ElMXLRU O C M  lLAI TO?. SPACED 3' TO 4"i LOCALLY. BEDDIYC .UY BC CRCWISU- 

CMY IY corn: a x M I O I W  CIEPISU-CUY P E W C T I ~  SPOn (1116" m 1" D I u r n r r ) ;  

SUBHORIZMTU Cllfill-FILLED N m U .  SPACED 3" TO 6"; SUBVEPTIW fMtTUPCS SPACED 

3" TO 12"; ID LOYLI in,  111" to 3- ma IK)IIZ&AL CP~L~ISYZUY PLOUCTIOI toms 
ocm ID mam. I~OIVIWAL Z O ~ S  S P A C ~  1/z0. mows SPACED 0.1' m 1.5' ; BASAL 

' ~JIITACT SBW, ruum n z" am or UHITISP-CUY SILTSTME VIM A c rcwIsu-cur  

PCDUCIIW M MID B W .  

r u I n r  MIMATED m ~ L D O E D  (c1/3zn m 11z"). w r  r r s s I u ,  o c w r o u u . ~  CROSS- 

WtIMATLD. BEDDIYC IUT TEB.YIYATE EPOSIOIAUY. STIUCIUPU BECOMES LESS FINE BELOW 

141.0'; uu SUIIRITICU m u I a  urnr fucmn urn i  c~unrur crpsrat r I r L I r  (<1/1" 

M I Q ) ~  m a  132.5' to 147.5'~ uumm s u w o u z m * L  mcnm~s. SPACED 1'; MUWDUIT 

c l r ~ ~ s u - c u r  umcna s m  (1132" m 2" D I ~ ) :  MSAL corrrcr CWUTIONAL. 

n I n r  W~IBATED TO BEDDED (113~- m 1-112*), 301~: OCWIOYALLY CPOSS-LUIIUA~LI). 

WUTAINS ULID S ~ V C N U I ,  ovw SEDII(MA~Y STIUCNIU mc LESS nrt nw om- 
LYIE WIT. CWD SIZC c w s m  WUWMD: 1" m z* ~ I C K  HOIIZOUTAL CPEEYISH-CUT 

REDUCED z m ,  SPACED 3- m 5"; ~ ~ c n n u  occrn BW 1w.5'. 11r" THICK. ~ I L L E D  

WITll WUM; SUBVnTICU FMCNRES SPACED 2' TO 3'. SUBLKYIZONTAL FMCNPCS SPACED 

0.5' TO 1.5'; BASAL 2' CWIAIYS CPEEYISP-CPIY AND REDDISH-BROW IKIEPBEDDCD 

msmwr; MUYDAIIT C ~ I S H - C P A Y  REWCTIOT SWTS (1132" TO 1" D I ~ C T E P ) ;  BASAL CON- 

TACT SHAV. 

OILY A E N  U I a  ABCLZ F'BAGnnrS !/a' rJICK, GYPSUM-FILLED. SmIKIMG N6OSW; AT 167.5' 

c w n  uc counortmx occurs COUTAIYIIG SILTSTOW PEBBLES; MIIILY LAMINATED SILR 

SPACED 4"; lLAI 171.3' BECOMES W L Y  SORTED; THInY IAnINATED YITLl CROSS- 

WINATIOWS AND EBOSIOIIU TEMINATIONS U?M BASE; CONTAINS CRECNISII-GRAY REDUCTION 

SPOTS UP m 2" D I ~ ~ T R ;  BASAL c o m a  CIADATIONAL. 

FIGURE 4 (CONTINUED) 
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FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG -..--- 7 cn 

REMARKS 

AS ABOVE 

MUDSTONE, U D D I S I I - B l m .  IMINLY W I N A T E D  TO BEDDED ( 1 1 3 2 "  TO 1 1 2 "  THICK) .  SOFT: 

BIDDING I I D I S T I Y C I ;  l A K  UIFNISII -CDAY l C D U C I I W  SPOTS T O  1" DIAMETER. lEDUCTION 

S W T S  COYCCBiTUTED ABOUND UDUCED. W D I I S I I - C I A Y ,  l* VIDE YOriZOUTAL BAND AT 1 9 1 . 1 ' .  ------- 
- - - - - - - - a  -------- VERY tw ILACNIES; WAL 1.5' I E C ~ E S  SILTY; BASAL COYTACT SWRP, s L I c n n r  
.-------. ------- - WDULATtMY, W t X L Y I B C  I L D s  D U P E  OVER COWTACT. EROSIONAL. 

SANDSTONE, VERY 1 I Y L  CPAIYLD, GRAYISH-CMITE. HARD TO SOFT; TROUGH CROSS-BEDDING 

BECOMES APPARENT IW W E :  C O ~ A I N S  1 I B P O U S  CYPSIM-FILLED FRACTURES WITH VARIABLE 

OlIEWTATION,  1 1 4 "  TO 1" TIIICK: BASAL COWTACI SHARP. 

S N D S T O N E  AT TOP GRADING TO S I L T S T W E ,  I C D D I S H - M O O N ,  W I N A T E D  TO BEDDED. DCCA- 

I I W A L L Y  ClOSS-LAMINATED, W D ;  COW BICOHCS niITISII-ttUOOW T W M D  BASE; LOUER 1.3' 

IS SAYDSTONE, m u m c u s s  n c c n  101 OCCASIONAL IUT~BBEDS 01 REDDISH-BROWN 

. . SILTSTWE; MUNDAYT mms.  MOST ~ I Z O Y T A L  TO SLIBWJRIZONTAL AND SLIGHTLY WDU- 
\ > 

U T O P Y .  F I L M  UITU 1 I I l O U S  C Y P S M ,  TUICKUCSS 1 1 1 6 "  TO 2". SPACED 118" TO 6": BASAL 
------- COWTACT SHARP, S L I I Z T L Y  UII#IUTOlY. ------- ------- CUYSTONE.  R C D D I S U - m a n .  T U l n Y  W I N A T E D ;  moss-LAMINATED,  SETS 1 1 2 "  A c r o s s ,  

------- BEDDING R O S I O U L L Y  'ILU(II*RD. Q)*IAIYS SOFT SEDI!iCUT DC?OFWTION ?UTUR&S: BECOHES 
------- S I L T Y  T W M D  W E ;  OCWIQIL ~ O I S H - C M Y  U D U C T I W  SPOTS TO 112"  DIAHCTEl ,  SPOTS ------- ------- OCCASIONALLY 11- BY ~ ~ - ? I L L E D  m C T U I E S ;  I C E  1 I C V B E  6 1Ol F U C N l E  MOTES; 

W A L  =ACT t U S A T I O I A L .  3204 - -205 ---------------: -------- .-------. -------- --------. -------- --------. -------- .-------- -- E - --=--- --------. -------- --------. MUDSTONE Y I M  I I I E l l E D D E D  SILTSTONE. DMK ICDDISII-BlOVW, THINLY LAMIWAfLD. UUYDANT -------- 
i Q O S S - W I I A T I O P S ,  ILDDINC OFm T M I I A T E D  R M I O N A L L Y ;  ABUNDANT SUBIIOBIZONTAL 

3199--210 I 
1 CYCSLm-FILLED RACN1LS. R A C E D  6". 118" TO 3" THICK; VERTICAL AND SUBVERTICAL -------- --------. -------- I U C N U S  W E ;  OCCASIOlAL C I S L I I S U - C U Y  U D U X I O 1 1  S m S ;  BASAL CONTACT GRADATIONAL. 

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

y - - - -  r . . . . . . . .  . . 
- 1 1 8 9  220  4.' . . . . . .  " I . . -  
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FIGURE 4 (CONTIN'ED) 

EXHAUST SHAFT 
L I THOL06 1C LO6 - - - 

REMARKS 

SILTSTOIIL IYTERBCDDED WITH VUI FIYL SAJIDSTOYE. REDDISH-BROW. THIYLY L*I(IYATED m 
BEDDED, CPOSS-UnIYATED, BEDS O R t l  U D S I O Y U L Y  TCIJIIYATED. HMD; C R O S S - U n I U T I W S  

I Y C I W E  BLLOY 213.0'.  IIOIIZOUTU. UOI IOYAL P W E S  OCtlR 8tLQI  223 .0e .  SPACED 1.0 '  

TO 7.0'; S U B ~ I Z O U I U .  CYPSLCi-FILLED F U C m E S  UIJMDUT. 1 /16"  TU 114" THICK: W E  

SUBVERTICAL F U C N P E S ;  BASAL mm tlAD*TIWU. 

. .  ............ ..:: ............. '" . . :. :: ,..,;:::A:.:.-.::::.' .. :::: .....:. : 
( 

I f 
3179--230 

' 
j 1 

-, IILDOISI-BIQI, s ILn ,  THIIX W I U A ~  TO I~D#D, o c w ~ t m u r  CRUU 

UI(IU~; UllDYR SUQIIMU CRSUUIUtD IltrrmL1, 1/16. TO l9 THIQ. SPLQI 

z- m 1.0.. nrnms rxmrerrr LOCUX; ~u sumrm~w msuu~ur~ mcmm; 
nuu CaTm w. 

SANDSTONE. REDDISH-BUM, SILTY, STRUCNRELESS EXCEPT UARL CROSS-WINATIONS AND 

HORIZONTAL U~(INATIONS: FNEI CYPSU)(-FILLED PMCNPES THAM o v e u L y I m  UNIT, FRAGIUUES 

TO 2" THICK; BASAL CONTACT CRADATIOYU.. 

31 59- - 2 5 0  

SANDSTOHE. REDDISH-BROW. SILTY. LOULLY UnIYATED AND CROSS-U7INATED; OCCASIONAL 

SUBHORIZONTAL GYPSUM-FILLED FRACNPES. 114' IV l l z m  THICK. SPACED 2.8' m 3.4'.  

F M C N R I S  B I F U I U f f  LOCALLY; SUBVERTICAL F U C i l l P E S  MU; OCCASIOYAL CREEUISH-CUY 

R E W ~ C T I W  s w n  TO lm D I M ~ I ;  BASAL 1.0' cowsrsn or U D D I S H - B P ~ ~ ~  S I L T S ~ * E ;  

BASAL & A t 3  CIA~~TIOI*L. 
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E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED) LITHOLOGIC LO6 

s u r c t  Q nc qn 

- 
. STRATIGRAPHIC 

ELEV.  D E P T H  COLUMN REMARKS 
IFI.YSL1 (FT.) 

IS IMn 

sw~~f0.1, UDDISP-BROYI, s n n .  WSTLY MSSIM UITI sctic LOCAL LMIIIATIWS AYP 

CPOSS-BCDDIYC; SUB-IZOMTAL W SUBVEXTICAL CYIIIII(-?I- ?LlCrWI, SUBW)IIZOUIAL 

3 O U M ~ , S C C ? I ~ ~ ; B A S U C W T A C T C U D A T I O U A L .  

3124- -285  

31 

3114--295 

3 1 0 9 - - 3 0 0  

3104- -305  

. 30 9 9 

19--290 

......... 
t - , 

- 
\ J .  

# - - 
I - 

I I - 
J f l -  - - 

I - - - 
\ 1 - .  -------- --------. 

u c f u e o u s  SILTSTOUC. ~DISII-BROH, M I ~ Y  U~~IUTZD TO U I U ~  (1116" m 114- 
TUIQ)) 'UUIDUII S m I n m u Y  snuennn IPC~UPIU: nam ~OS~-UI(IMATIOM~, 
E R O S I O U  SUlPACES T U C W K  AROUUU CIRCOnFERDlCE O? SHAFT. S O R  S E D I M M  DEFOR- 

.UTIW FUNIES; CROSS-(YIIYATIOI sm ME 1" m 4" ncnols. ~ ~ c n w r v c  m 2.0' m 
3.0' A ~ O S S  fim BASE; UIY~~ 1.8' ~ N Y S  i/rn NIQ BW w CU Y S ~ U E ;  m~rzwru 
m SUBWRIZOYTU CYPSM-IILD n * ~ ~ ~ f l  114. TO 1" ~ I Q ,  S P A C ~  0.5' m 2.0' ; 

VERTICAL AM0 SUBVERTICAL CYPSUlt?ILtLO P)*CNIU 111" tO 114" THICK, SPACED 3.0' TO 

5.0'; OCCASIONAL CRERIISII-CUY IRIUCTIW SPOTS m in D I A H ~ ;  BASAL COUIACT SHARP. 

!4M.KCD BY OCCUBBENCE Or A MUDSTONE BED. 

XIJDSTONE INTERBEDDED WITH SILTY CUYSTOIiE. REDDISH-BRWM. THIULY LAHIMATED TO VERY 

THINLY BEDDED (~111b" TO ill" THICK); MUNDAYT SETS Or IROUCU CROSS-LAMINATIONS I" 

TO 4'' ACBOSS. CLAY DRAPE OVER RIPPK CROSS-UWIMATIONS; OCCASIONAL SOFT SEDIXEHT 
-------- OEFORUTIOY; OCCASIONAL CULTWISM-CUT REDUCT104 SPOTS (11 16- TO 112" DIAMETER); 111112 
,.,--- -- ------ BOUNDED BY HORIZONTAL CYPSW-fILtLD fUCIURES, 1" TXICX AT m? CMDIW; TO 111" THICK 
------- AT BASE: BASAL CONTACT SHM?. 

------- HUDSTOUG AT mr C~ADINC m SILTSTO~ AT BASE, REDDISH-BB~. THIULY LAMINATED TO 
--------. THINLY BEDDED (116'' TO 1" THICK): MWUMT ?IvL SnUCTURES IYCLUDINC: FUSU. 
-----dB- .-------- -------- BEDDIYC, CROSS-LAMINATIOMI, IROU;Y CROSS-UIIYAT1011, FILLLD DESICCATION CRACKS. .-------- 
:-------------: LOU s m ~ m ~ s .  ABLRIDAMI EROSIMU ~ A C T S ;  CYPSM-FILLED F R A ~ E S  ARE HODEU-TELY 

.-------- -------- ABUNDAMT, i~ib* m 1-112" THICK. BORIZOYTAL AND SUB~RIZONIAL FRACTVBES SPACED I . o *  

.-------- 'ID r .o8 .  VERTICAL AND SUBVERTICAL FRACNPES SPACED 3.0' m 5.0'; OCCASIONAL 

CREENISH-CBAY REDUCfION SPOTS (1116" TO 1" DIAHCTU); RAU 1" THICK, SUBBORIZONTAL. 

GREENISH-CRAY REDUCED ZONES; BASAL CONTACT S W .  

3 1 0 

- r 

.. 
\ 
I -------- -------- 

------- - ,  -------- --- -----. ----------------. 
AS l E L I  



EXHAUST SHAFT 
L I T H O L O G I C  L O 6  

SHEET 10 OF 50 

REMARKS 

m m m  AT mr, CUDIYC TO S I L T S ~ E ,  DAU UDDISU-BIOYI m ~EDDISU-atour. UITY 

HIWI ~ r m ~ r n ~ r n  mmr. m ~ m r  L U I I ~ ~ D  m W(II*TCD (<1131* m 118"), WDI 

STRATIGRAPHIC 

COLUMN 

--------------Z -------- -------- 

ELEV. 
( fT .  USLI 

3 0 9  9 

PREL'M'NARY 

DEPTH 
(FT.1 

3 1 0 

3094--315 

3 0 8 9 - 

3084--325 

3079- -330 

3 0 74 - 

3069- -340  

3064--345 

3059- 

3054 

- 3 2 0 

- 3 3 5 

-350  

t 

355 

j 1 
/ 

' -- -------- -------- -------- -------- -------- 
< t -- -- -- 
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-, J----- -------- ---------------- -------- -------- 
------a- -------- 

( ( -  
1 ,  -------- -------- -------- ---- --- 

1 -------- --------. -------- -------- -------- -------- -- --- - 
1 1 - -------- -------- -------- -------- ------------ 

-------- -------- -------- -------- -------- -------- -------- - - - - - - - - -------- -------- -------- -------- ---------------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --- - - - - - .  -------- 
------- - ,  -------- -------- -------- --------- 
------ - - ,  -------- --------. -------- -------- -------- 
------- - .  -------- --------. -------- -------- 

' < I 

1 '  

7 

i \ 
I 

I 

1 

CROSS-WIUftD,  Be-YC MOW MIMDAliT U I m  D M ;  OCWIOlllL CRELYISH-CUT 

REDUCTIOl S ) O n  (1116" TO 114" DIAMETER); FIBROW CIPSUM-FILLED F M C N l E S  BECOME 

LESS UUUMUT U I T ~  DLPIM: HOIIZOCTAL up S U B ~ I Z O M T A L  ~ l n c r r n t ~  1/16" m 1" THICK. 

SPACED zn m 2.0.; VUTICAL up slnvunur pucnrnrr 1116" m 114" ma. SPACED 2" 

1 m 2.6' ;  BASAL #)K~ACI sum. 
HMSTONC AT TO?. GWIE m SILTSTONE UITH DM. DMZ UDDISE-BROW rn KDDISII- 

 ROW, WIT SIIIILU. TO MOVE UCCPT mt A 3" ma BED or HUDSTONC YLIICII OCNU AT 

316.1' AND BU A s u m  UPPU CWTACT AND WES m srtnmvr urn!  DEPTU. IUD: 

msmuz: s n U C N P t m s ;  SILTSTW~: F I N n r  ~ ~ M A T E D  m moss-LUIIYATCD; ~ u r n s  
SINILU. m wturrwc urn~; O C ~ ~ I O N A L  C ~ ~ L Y I S H - ~ ~ Y  t r w c ~ ~ w  swn TO 1" D I M ~ ;  

BASAL cmm IVIU(LD n r m a  S U B H O I I Z ~ A L  cnmrsu-r zoNr AND DAU PEDDISY- 

BROW HUDSTWC. S u m .  - 
HUDS~YL. WDDISU-BPW. s n u c n r n E u s s ;  F M ~ S  SIWU m OVULYINC WIT; BASAL 

m m  CL*DITIQIAL. 

CUYSZOIR, DAU IEDDISY-BPOVT, IYtEtlEDDED YITY SILTSTOWZ. LICNI REDDISH-BROW. 

XICWLAMIMATCO TO VUT TRIMLY BEDDED (<1131n 'IO 112"); SILTSTWE: CROSS-LAMIYATm; 

CLAYSTWE: S T l 7 S S :  ABI)YOIIR CltZUISl-QIT UDUCTIOl SPOTS; GRADES TO 

s 1 L n m - e  AT sur;  ALL rucnnn FILLED ~ ~ m i  F I B ~  G Y P S ~ ;  nmrzonu AND 

S U B H O R I Z ~ A L  FMCMLI 118" m 1" nircr, SPACED r m 2.0'; VERTICAL m SUB- 

VERTICAL FBACNPES 1 1 1 6 ~  m 114" THICK, SPACED 2.0' m 3-01 ; BASAL CONTACT swnr. 

CLAYSTONE. w REDDISU-BROW, XICRO-LAMINATED TU L ~ I ~ T  WINATED ( * l / ~ l "  TO 

1/16"). S ~ U C N B E  WOUT DEFINED DUE m ABUNDAJIT mcrun~wc, OCCASIONAL cnoss- 
WINATIONS. BEDDINC o n t l  CONVOLUTED AUD EROSIONALLY TEBI~INATED; MUIIDAMT CaEENIsu- 

cur  REDUCIIW S m n  ( 1 1 1 C  TO in D I M ~ ~ ) ;  ABUNDANT CYPSW-FILLED FBACNRES. -901 

HORIZONTAL AYD SUBIIMIZOMTAL; 1YO SCALE 01 SPACING: N I W  - 118" To 1". Wcl - 2" 

M 6". F M W l  DENSITY INCREASES lOYARD BASE. THIClMESS VAlIES FROM 1/16'' TU 1.0'; 

RE!iAININC - 1 0 1  VERTICAL AND SUBVERTICAL FUCNBES. SPACED 2" TO 2.5'. TIIICIMESS 

1116- m 1 1 4 ~ ;  BASAL ~ A C T  SUP. 

SILTSTONE, ~ D I S H - B R O W ,  WIMTCD m BEDDED, ~ ~ ~ ~ ~ - L A M I N A T E D .  ~ O P T  SEDINM 

D E F O ~ T I W  PUTUWlS. WID; ALL FRACTURES FILLED YITY FIBROUS CYPSLM; SUBIWIIZONTAL 

AND HORIZONTAL PBAIXIRES 1/16" TO 1" THICK. SPACED 1" TO 1.0 ' ;  VERTICAL ANU 

SUBVERTICAL FRACNRES 118" TU 112" THICK. SPACED 6" TO 2.0'; ABUNDANT CEEENISH-CUY 

REDUCTION SFWI'S 1/16" TO 1" DIAHEER; BASAL COYTACT S B W .  



EXHAUST SHAFT 

ELEV. 
1 F T . M S L I  

3054 

3049- -360 

3044--365 

3039- -370 

3034--375 

3 0 2 9 - 

3024- 

301 

3014--395 

3009 

STRATIGRAPHIC 
DEPTH COLUMN 

REMARKS 

IFT.) 

355 ,--,--, ------ msm~ GRADING m S I L T ~  IS VERTICAL G I U D A T I ~ U  scum~~ 1.0' m 3.0' mxa, 
1 I ------. R E D D I S H - B M  (SILTSTWE) AND DAM R E D D I S H - B W  (WDSWEI, EACH SEOUMCE COlUlSTS - - - - - -  OP STRUCTURELEU )UMOYE AT it CRADIYC m m I n r  L A M I N A ~  m BEDDED S I L T ~ ~ ~  AT 

BASE; A)IOWT OP M I ~ A R X  S T R J C T U ~  IYCEUD m em w EACH ~ U E H C E ,  mse 
STRUCTURE3 I-: CROSS-LIIIIYATIOIS, TROUCn CROSS-LAMIYATIOYS, EROSIOUN SUR- 

1 ------  F A W ,  O C C l S I O l U  XJFT M I M  DE-TIOY FEATURES; UPPER CONTACX OP EACH S E W C E  ----- 
IS EROSIOYU; OCCASIOUU CRWISH-CRAX E W C T I O I  SPOT3 ( l / l s m  TU I* DIAMETER); ALL 

I ------ FRICWRES GYPSI#-FILLED; VERTICAL AND HIGH UI;LC F R A C N R P  APPEAR YOUNGER M U  HORI- -----. - 2 W U  AUD SUBHORIZWTU FRACIURES; SUBHORIZaYTU FRACNRE FILLI f f i  OCc$IOUALLY 
1 1 ------ S1OI)IDU UID/OR TILTED; F I U I W C  IW VERTICU AND H I M  ANGLE FRACNREs HAVE A-COWPO- 

d NM Q TtUUST; THREE TYPES OF HORIZOWIU AND SUBHORIZOKtAL FRACNRES; THICK - 112' 
I ------ TO lm, SPACCD 1.0' TO 2.01; HODERATUX THIY - 118- TO 1/2:, SPACED 1. 10 1.5'; THIS  

- <i/am, SPACED i / i ~ =  m I-; e u r L  m r c r  SHARD. 
I I 

I ------ 
I I ---- - - - -  - - <- 

----- - .  ----- - - - 
3 I - - - - - -  

I I ------ - - --,- - T - 
1 J ------ 

I I 

-f----3 -: -------- -------- SILTSTONE, REDDISH-BRMI, YITU INTEBBLDDED CUYSTONE, DMK BLDDISB-BROW, 1" TU 4" - 3 8 0 r------------- 
f 

~ I C K  FININC UWMD SEQUENCES, Ttl1m.Y LMINATLD TO n r n r  BEDDED (1116'' TO 2" 

THICK). HMD; S L D I X M M Y  STBUCNBES INCLUDE: CROSS-LMINATIONS. SOFT SEDIUENT LOAD 

- 3 8 5  

--------. -------- --------. STRUCTURES, EROSIONAL CONTACTS AT TOP OF MCl l  FINIWC U W M D  SEQUENCE; U W L Y  - - - - - - - 
ABUNDANT GRLLIIISB-GRAY RLDUCTIW SPOTS (1116" TO 1" DIAHETLR). SOHE OCCUR I11 ALI'CNED 

I 
1 ZONES; OVERALL C M I M  S I Z E  INCSWSLS TO BASE; ABUNDUT BORIZONTAL, FIBBOUS CYPSUH- 

I f FILLED FRACTURES OCCUR I Y  TVO S I Z E  CROUPS: 0" TO 114" TMICK, SPACED 114" TO 1"; 114'' 
I 
I I TO 112" M I C K ,  SPACED 0.5' TO 2.0'; VERTICAL AND tlICII ANGLE FIBROW CYPSLM-FILLED 
------- --------. -------- 

f 
I ,  

\ 
= \ 

FBACNBLS M E  NODLUTELX MUWDUT. 1 /16"  TO 112" M I C K ,  SPACED 2.5'  TO 5'; BASAL 

CONTACT S W ? ,  UNDULATORY, POSSIBLY LPOSIONAL. 

9--390 \ 

-------- -------- -------- --------- -------- 
( f 

r l  

-------- -------- - -------- --------- -------- --------. -------- 
/ I I 

1 
4 0 0  I 



FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
L I THOL06 IC LO6 

e u r r r  19 rr C n  

REMARKS 

SILTSTOUE. REDDISH-BUM. UITH IIYTERBEDDLD CLAYSTOWL. DARK REDDISH-BROYW, 1" m 4" 

THICK FINIMC UPWARD SEQUENCES. THINLY IXYIIYATED TO M1IA.Y BEDDED (1116"  m 2" 

THICK). UMD; SEDI3ENTMY STRUCTURES IIYCLUDE: CROSS-UIINATIONS, SOFT SEDIMENT W A S  

S T R U m E S *  EPOSIONAL C W A C T S  AT TOP OF U C t l  FINING UPWMD SEQUENCE: W Y  

~svwom CPEENISP-GRAY REDUCTIW s m n  ( 1 1 1 6 w  m 1" DIAIcTEI) .  s o n g  OCCUR I U  A L ~ C N E D  

ZONES; OVUL CMIY SIZE INCRUSES m BASE; u l r w o m  ~~OPIZOUTAL. FIBROUS GYPSW- 

FILLED FRACTURES OCCUR IU NO SIZE CROUPS: 0" TO 114"  M I C K .  SPACED 114" TO 1"; 114" 

m 112" THICK, SPACED 0.5' m 1.0'; VEUIW AND HIGH ucr r  F I a R o u s  c ~ p s v n - F I L L E D  

------- F I A ~ R E S  ME ~ D E M T E L Y  urn~~~. 1 1 1 6 ~  m i l r  ni~cr, SPACED 2.5' m 5 ' ;  B A S ~  ------- CONTACT SUM?. WDUIATORY. POSSIBLY EPOSIONU. ------- 

c U Y S r O n  EWTS qlI8" DIMRZX; W IWIZBBLDS OC CLAYSTOUE. ~ / L C *  M I C K ;  ABUNDANT 

cntrwrsn-cur n m m I a  rPon (1116* TO 2"  DIM^) OCCUR I I  ZONES; ABUNDANT 

HOIIZOUTU AYD SUBUOIIZOUIU. F I B P W S  CYPSW-FILLED FMCTURfS. WOIITY 1116" THICK. 

SPACED 1" TO 2"; WDUATCLY ABVKDAWI V E I T I C U  AND SUBVEITICAL FIBROUS CYPSUH-FILLED 

FMCNRES UP m ~ I L *  ~ I C K ,  SPACED 1.0' m 3.0'; nuu comm O B S C ~ ~ E D .  
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FIGURE 4 (CONTINUED) 
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I S  IWC 

2949- -460 REDDISH-BPM, 1" M I Q  IIYIIW; WARD8 SEQMICD, TIIIHLY BCDDCD ( I " ) ;  HI- 

SI0WA.L CONTACTS AT ?Or W PI UIMC U N U P  SCQUUE; LKHIZOY1U AllD SMUOPIZOUTAt 

PIBBOUS CYPSIM-FILLED W I X J U S  (118" M I U ,  SPACED 0" TO ba; SUBVEnTICU *uo 

V E P T I U  FIBROUS CYPSW-PI= FBAtXUELS ME LESS MUYD*K AYD CROSS-CUT LiOlIZWTU 

Mm S U B H ~ I Z O U T U  FRACTURES; BASU COYTACT S W .  

. L 

2944- -465 

TUCK or BCDDIK AT TOP CMDIUC m srnucnnrrrss AT our. UND: *smm cnccuxsu- 
GUT IEWCIIOY s m  ( l l l b a  TO 2" o r u r r t r n ) ;  LionIrowru m suenorxzouru ?Isnous 
GYPSUM-FILLED PUCllRES s l I 8 "  THICX; SUBVZPTICAL AND VnTICAL CYPSIRI-FILLCD 

F W L S  ARC LESS ABLIWDAII AND CROSS-cur nOBIZoKTAL AYD SUBW)PIZOWTAL FRACNBLS: 

BASAL COYTACT S W 1 .  
2939--470 

( 

t 

--------- --- !+UDSTONL. SILTT. DARX REDDISH-BRWI, STRUCNRLLESS; NO HORIZONTAL On SUBBOPIZO~AL 

<~--------:? - ---- CYPSW-FILLED FRACTURES; W E  SUBVERTICAL AND VERTICAL FUCNRES PPLSLUT, On TO 112" -------- 
TBICX; BASAL CONTACI CBMATIONAL. 
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S U ~ ~ I Z ~ A L  t18wua CM~+IILKD mms 0" TO 118" ma, SPACED 0" TO 6"; 

.rODRAIUt ma AMD SUIVnTIU tIItOUl CYPSlW-IILtLD FMCTlRCS 118" TO 

112" MICI; U S &  CO.IICT SUM?. 
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COLUMN E L E V .  
IFT.  MSLI 

D E P T H  
(FT. )  

2874 

2869-- 

2864- 

2859-- 

2 8 5 4 ~ -  

2849- -560 

2844 - 

2839 -- 

2834 -- 

2829 

535 f 

5 4 0  

r 
1 

, f 
\ \ 
/ 

I 
I 

- 545 SILTS-, ( I I tW 9). 

lumn FWIV,TIaw 
mn-w~un IUBP 

U I R D ~ I ~ ,  FIUCLT a Y S T U r t .  CUT m CUYISY-BROW, wxn AT w m  ~ m ~ c r ,  BANDED 

m a w r w u r  MIUICD. SPACED 1116" m 1"; WDI UIP WIYU UWDUUYURT w m 
550  114" M OCWIOIULLT m r ~ n  u ~ u r n r .  ar r  u m  m w r  rsxatn. srcat srnvc- 

N U U ~ S  u r n  Prm, UKULT manu; w m  3.8' cmun IMTZU~DDLD cur trvrru. 
camrr D r a w 1 . c  u x n  prm; UKUST ~ m x ~ n o u r  11 u r n  6"; nu TOP, n a r z o u ~ u  
AIID S U I ~ I Z O C I U  CMUI-FILLED ~ C T U K S  *LL *I-. I I ~  IU I I ~ "  ma. SPACED 

I" 20 3"; BCDDIIC ItWIlATCD E l O S I O l l ~ T  U LWEI CWIACI; W R I M U  U D  SUUY*1- 

zmu cmw-truto ~ACMLCS SPACED I" 70 r.ea, 1tW- m - W  m m t  -1 ICU. 
555 M SUBVUTICAL cr~smt-FILLED F I A ~ E S .  118" m 114" ma. SPACED 2.0' IU 6.0': 

B U U  O%TUX S U U .  

- 565 

570 

ANHYDRITE; SEE FICUPE 10. 

575 

SILTT CLAYSTONE; SEE FICUIE 10. 

580 



FIGURE 4 (CONTINUED) 

PREL'M'NAR , STRATIGRAPHIC 

E X H A U S T  S H A F T  
11 THO106 I C 106 

SHEET 16 OF 50 

ELEV.  
(FT. USLJ 

2829 

DEPTH COLUMN 
REMARKS 

( F T . 1  

580  

-------- 
r--- ----. - 

2824--585 ' \ % 
- - 

AllUYDR1n: SEE PICUlL 10. 

2819 -- 590 

2814 - -595 

2809 - - 600  

2799--610 

2794 

2789 -- 

2784 
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/- - .  / 
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/ 8 
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/ . / 
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/ 
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1 8  
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f 
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/ 
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8 

625 



EXHAUST SHAFT 

. 

FIGURE 4 (CONTINUED) LITHOLO6 I C  LO6 
S ~ E E T  17 or  50 

ELEV.  
(FT. USLJ 

2784 

2779 - 

2774 

2769 - 

2764-- 

2759 -- 

2754-- 

2749 -- 

2744 - 

2 739 

STRATIGRAPHIC 
DEPTH COLUMN REMARKS 

(FT.1 

625 
.I, 

\ / - 
\ 

TAWISK M r n U  

mnm~n. P I ~ Y  QYSTALLIMC. cur  TO LIEY~ B I O Y T I S Y ~ ~ Y  m TU mn w m .  WII- 

m m  TO IOOUUI, BUD: LOCALLY mnxtuous AT urrn cmm; C C U T A I ~  xrrunrm ot - 630 WIIUATED E * W T A ~  LOCALLY AWD MU USC; WIIU .UY LOCALLY u ~ ~ I M A T ~  CR+ 

S I U Y l  I' TO 2' IUIElr OlCWIC ( 1 )  B U Q  CIAIS= AT 663.9'. -AIMS PIBIOUS 

CYWUI-TILLED IUCNIU. FIBLU OIIMLD VLITICIUY. 1/32' TO F IllICX. DISCO*- 

TIIUOUI. UKU~Y n I m a n l c ;  I Y ~ I ~ O Y T U  P I B ~  CYPSUI-TIW n*ennn nnoucvarn 
an SPUINC @.so TO i . s g ,  1/32' TO 1/16' mu; MU smvancrr r u m s ;  nrsu 
cmm n u u r I o r n .  

-- 635 

- 6 4 0  

645 

650 

655 

6 6 0  

- 665 

670 L\ \ \ \ \ \ \ \ I  



PRELIM I N A R Y  STRATIGRAPHIC 
ELEV. DEPTH COLUMN REMARKS 

( f T .  M S L l  ( f T . 1  

2739 6 7 0  AS ABOVL 

2734 - - 675 

2729 -- 680  

ANHYMITE; SEE ?ICUU 11. 

- I n :  SEE tICImE 11. 

2724 - - 685 

CLAYSTWE; S U  t I K m I  11. 

AIIMDIITL, Alc1LLAcms; m! t 1 m  11. 

SILTY NYSTOYE; SEE ?ICUId 11. 

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

2714- -695 :-------------- -------- 
AYIM)IITE; SEE F I m E  11. 

UIYYDIITL; SEE r 1 m E  11. 

2704-- 705 

2699-- 710 

, 2694 715 1 7 1  

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LO6 

SHEET 18 O f  50 



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LO6 

SHEET 19 O f  50 



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LO6 

SHEET 20 O f  50 

REMARKS 

AS A I O r l  

UALxl t ;  S U  IIRRI 11. 

STRATIGRAPHIC 

COLUMN 

-L-L-'-- 
- - - - -  

- - - 
- - - 

ELEV. 
(FT. M S L I  

2649 

2644-- 

DEPTH 
f FT.1 

760 

765 

2639-- 

2634- 

2629-- 

2624-- 

2619 -- 

2614 -- 

2609-- 

2604 

-In; SLL I I ~ I  11. 

770 

- 775 

780 

785 

SANDY llAiLITIC SILTSTOIL; SEE F I C U U  11. 

790 
SILTS'IOII AND SANDY SILTSTOIL, LICUT B1WU TO RCDDISU-B1OHI UII11 MII  U Y T 1 S  O I  

XLDIU( c u r  CIAYS'IWL m HUDSTWK. ZYIULY BCDDCD m r u r r r A m .  o ~ v ~ s r n u  IUTO u r r n  
8" m 20" m1a;  smorm m L M I M A T I ~ ~ S  CCNCIALLY norrzovru TO SUB~~ORI~OITAL.  swr -------- 

:.:::::::$ ..:....:::::. UAW ~LWIWC, SOM a ~ a o  cnoss-uic~urrous; P R ~  792.0' TO 191.0' LAPCU CROSS- 

\ ~ I K  RLUTIOYSUIPS UITY SWL U Y I ~  PMTIULY TO WHOLLY EROSIONUL~ R ~ O V E D .  uwrn .. , . ..:. :-. . .:: .: .::': .: . .:I 
795 L',,,-+Lz CR~LWLY WYY-CUT TO usr AND sotmuur; SIULL-SCNX c a o s s - ~ E D D I ~  us VMIMLZ 

cmm DIRECTIONS UITU DEPTH. HOST SOUTH; AT 794.0' S ~ E T I ~ I W  RIPPLES UITO CLAY 

OWE; RIPPLE s e n  114" TO 112" TUIQ: HINOR son SEDIXNT DEPORYATIW, LOCAL rrnrm: 
f 
I UPYMOS SEQUENCES; BASAL CONTACT GRADATIONAL. 

-------- 
r 

8 0 0  L--_)---I 

t .  

J 
! ---- - 

805 - ) - -5- 

- - \ 
- \  - - - -, - 

- - - - -  
- -  - 
- - - -  - - - - - , . . . .-&. . . . .. . . . . F+Lx-.px 

p..+*:. . - - - - - - - - 
- - - - - - 
- - - - 
- - - - .  - - - - - - 

--------, 

WTI, AUILUCD#n IIIILITC; S U  I I W  11. 

A~C~LUCEOUI nun M WTIC nuosmc; SLL IIW 11. 

; 
ABCIUICUW~ UALITL *IP LUUTIC . ~ ~ r r m ~ ;  m r x a u  11. 



REMARKS 

LANIMATIOYS. LOV-AYCU CROSS-LIJIIMATIOI SETS 01 VNYIMC SIZE (z* TO 3.0'): cuum 
DIIECTIOYS 11 SWLU SETS VMY, c v u m  D I n t c r r w s  IM wcn SETS msnr  uonnrusr; 
R U E  LOAD STRUCTURES. UOSIOMAL SCMR AUD 1IU; W UICll-MM3.C WITE-FILLED 

FRACN~ES: FPACNLL o c m f r c c  IMCPLUES UITH D E ~ ,  YCU BASE BARE UORIZO)IIU AUD 

S U B V L I T I W  UALITL-FILLED 1UCIUW 118" TO 3" MICE. SPACED 3.0' TO 8.0 ' ;  S a t E  

W C U  SUBLHHIZOWTAl F U C N P E S  OUIIBIT AU CAST (TO?) WEST (m) StlCAl: COMTAIUS 

DAU CUY SPOTS AYD BUBS (BIONIMTIOI) .  CoUTEUT I M C l W I U C  V I M  DEPTU; BECOMES 

AICILUCEOUS SILTSTWE VITM DEHII; CUY VITM LOCAL ILDDISII-BRWM M W .  THINLY 

LANIYATED m COYIAIMS BROYWISU cwn or mnm~rr ( i t a m  TO 1-LIZ" D I ~ T E R )  

ROUNDED AYD OCWIOYALLY FUTTENED PARALLEL TO BEDDIMC; CUSTS RANDOMLY SCATTERED 

MPOUC~OIJT: ~ ~ l l  LOU-ANCLE CROSS-MIMATION am: BASAL CONTACT GRADATIONAL OVER 

1 1 2 ~ .  IPBECUW. HAPPED AS DIFFUSE 'WE TO n-ram CONTACT umuurIowr. 

EXHAUST SHAFT 
FlGIIRF II ( ~ ~ N T T N I I F ~ )  LITHOLOGIC LO6 



FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
L ITHOLOC IC LO6 

SHEET 22 OF 50 

P R E L ' M ' N A R Y  STRATIGRAPHIC 
COLUMN 

- - - -  - : l - L - L - L  'I--- - - - -- - 3--2 .----- --- 
7-----*------7 -------- --- 

X - 
- 

ELEV. 
(FT. M S L I  

2 5 5 9  

2 5 5 4 - - 8 5 5  

REMARKS 

s u m  r O U U T I W  

LULITIC ~ Y E :  SLL r I c w  12. 

HALITE; SEE ~ I C U I E  1 2 .  i 

DEPTH 
f $1 

8 5 0  

X 
! 

X 
- 

- 
X 

X  - - ................. 
2 5 4 9 - - 8 6 0  - -  -- - - HALITE: SEE lICURE 12. 

- X 

2 5 4 4 ~ -  865 

- X  - X  - 

- X  - X -  

- X  - X -  

2529-- 

2524 - -  

2519 

2514 

8 8 0  

X -  X  
L - - - - - - - .  

rk-----=--x- ---+ ---- -------. - x - 
X - - X  -------- 

HALITIC CUYSTONE: SEE FICUPE 1 2 .  

HALITE; SEE FIGURE 1 2 .  

' >-----+-----jz- HALITIC CLAYSTONE: SLL FIGURE 1 2 .  
------- 

~->~-~-~~~-.~- ................ 
8 8 5  

- - e g o  

8 9 5  

- - -  -- ARGILLACEOUS U L I T E :  SEE FICUPE 12 .  =-----; -------- --- CLAYSTONE. S L I C K ~ ~  HALITIC: SEE FICIJRE 1 2 .  -&-3ZZL:: ------- - -------- 
-----r--->---- -------- --------. -------- 
--1---2---1- --------- -. - .....a.-.. 

- - HALITE. ARCILUCEOUS; SEE FIGLlRE 12. - - - -  - - - 
A - -  

- - - 



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

, 

FIGURE 4 (CONTINUED) 

r 

ELEV. 
( F T  Y S L I  

2514 

2509 - 

2 5 0 4 ~ -  

2499--  

2494--  

STRATIGRAPHIC 

COLUMN 

- - - - - 
--- 

X  

X 

- - -  
- - 

A - -  

- - ... . . . .  - 
- 

- - - - - 
- 

X 
, X  - 
- \ 
\ X 

X ------ - . 
\ 

PRELIMINARY 

D E P T H  
l F T . 1  

895 

- 900 

905 

910 

915 

REMARKS 

MCILUCEWS w ~ n ;  su ~ I C U U  12. 

w T E ;  su 11m 11. 

MCIUICLQUI wn ;  S P  I I C U U  11. 

WITL. SLIGHTLY ABCILIAC~OUS: su ~ I C U U  11. 

wn .  c o ~ l s n r  c n r s r u I r r .  uurn YU nmD suer, nxmr BEDDED u I n  nrrm 
S U B ~ I Z O Y ~ U  STIIYCLU 01 mmmn UID PJLIBUITL: SLICRLY ABCILIACEWS ID UPPP 

0.5'; MSAL amm SUB?. SLICIITLY UnDUurmr. 

s I L n  CLAYS~W~,  BRWISII-RED. v e r y  son; w L I r r c ,  MITE ocms u 114" TO 1- DIS- 

2489--  

2484--  

2479-- 

2474-- 

2 4 6 9  

r u c I n  c r m u r ;  conuws LOCALLY newcr~ CUY-; u u ~  COYTACT D I F ~ S E ,  cart- 
TICALLY t lUl lTIWAL.  

920  

925 

9 3 0  

935 

9 4 0  

- - 
- - 

X  
X  

X  

HALITE. SEDIM TO COAPSCLY CRYSTALLIYL, WITE TO C L E M ;  m A I M S  INTEISTITIAL BED 

CUY I 1  U P P P  3.0'. COYTM DtCtUSES YITU DLPTU; TUCE IANK8tLY OIICWTED STUINCLRS 

01 P O L W I T L  ID RNAIWOLI. 0 1  UYIT; BASAL COYTACT DIFNSE. 

X  
HALITE HIXED WITH POLWITE, FIMELY TO CDMSCLY a Y s T m I m .  win m CLEM: 

. . . . . . . . . POLYUALITZ COYTM DECILASES u r n  wm. c o r n  clu~csr rr UPPU o.sS, ocms AS - - - CROUPS w SUBIK~IZOYTAL STIINCUS, BLcolrImc LESS UI~~OA~CI YITM DEPTH; SUB~~ORIZOYTU 
- X  STII*CLW w ~ Y M I T E  OCCUR U I ~  ncm. STIIWCLU a POLIWLITC AMD ANHYWITE 

X  ---- DECQU ~ ~ c a y  o r r m  UITU n z m ;  MSAL cmm GUDATIONAL. 

X X X  HALITZ. HEDIW m COUSELY CRYSTNLINC. U U I ~  TO oucr TO c w ;  i r e m m  ~ L Y -  

\ HALITE I1 UPPU 3' T I m  HALITE OBAmE: SUBHOIIZOnU STtIYCf3S b t  WLYULITE WD 
X  ANHYDRITL SPACED I" TO 3"; BED OF VERY POLYWLITIC U I T L  OCCUIS 1lTUEEM 729.4' N U  
\ X  . - . . . . . . 730.0'. LWIDENTIFIED GAS ORIGINATES FRW M I S  MEA*LOUC ?lNXUREI; BASAL COU'KACT - - -  DIF?USJ!. - - - 
- - - - 

- - 
- 

- 

MCILUCEOUS MITE. MGILIACEOUS MATERIAL REDDISH-BIOYI, uIn YIIITISY-CIUY m 
CW; HALITE OCCUPS AS DISPUCIVL CIYSTIU ma -rn w QYSTUS; WIT COW 

TAINS LOCAL CREElIISH-CMY REDUCTlW ZMRS: R*Y ODllLII OLEIUSES YITY DEITY. 

DECPWES AB~UPTLY BCLCN 937.8': ROCK B ~ M  931.8' WSIPIED M I  WIYZ, YIIITZ, 

XEOIUH TO c o ~ s s t r r  CRYSTALLINC. sunmr ~ c ~ r u a a n .  cur comn nratuxmc u I n  

DEPTH. TWI POLIIULITI M mmIn s n I m u  Q I R ~  IBUUSIIS WIN DEPTY. 

SIRIUGCU W I W I ( L Y  m I m m  AT IW. B E ~ I M C  S L M Q I ~ A L  nn D t m .  s r r c r D  1- TO 

3-8 BASAL COYTACT CUD*TIOIIN. n m m  BY I- MIQ M or CUIISII-WITL turn. 



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOL06IC LO6 

SMFFT 3h  nr Cfl 

PREL'M'NARY STRATIGRAPHIC 

COLUMN 

- \ 
X 

-. 
\ 

X - 
\ \ 
- 

X X --- - - -  - - - - 

x 

E L E V .  
(FT. Y S L I  

2469 

2464-- 

2459- -950 

REMARKS 

U 

AWILUCEOUS UTE, r1m.y m cousar c r r r r u n ,  w~rrsa-cur TO nur, r w s ~ v t t  

BUITE OCCIRI u amu m c c ~ ~ t r  11 zwts a mm; CLAY arrmrr ~ccuuu 
A W ~ Y  BELOY 949.0'; mcc  DISSUIMATLD r o L r S I L I n  BLCU, c o m ~ ~  I Y ~ U S E S  UITI 

DE?TU; BECQUS BEDDED I 1  LOlRI 2.0' UITU ALTCUATIYC POLIIIlLITIC W I T E  AMD C L W  

W T E  Bern I" To 3- THICK; BASAL COYTACT S W ,  DIS-K. 

D E P T H  
I F T I  

940  

945 

2454- - 955 

2449- - 960 961.1': C m A I Y S  LOCAL CRENISH-CMY RCDUCTIW SPOTS I1 MCILUCtOUS U T U I A L  U W  

X XXXXXXXXX ma US; BASAL ~mm SHMP, WED BY 3" m I a  LHYIZOUTU ~ IBIOUS IIAI,ITE-CILLED 

WIIE CIYSTIU NW mr; COYTAIMS uu SUBVERTICAL HALITE-~ILLCU FRACNUS: B E C ~ ~ E S  
2444- - 965 AmYDlITIC (CUY) I 1  LWEl  2.0'; CQNTNYS DIStUCIVE W I I Z  ClYSTALS <LIB"; BASAL 

COYTACT s w .  

CUY C O Y r m  DECRLASES ABRUPTLY. UNIT BECOMES SLIGHTLY APCILUCEOUS *YD POLYWLITIC. 

2439- - 970 
CUY m POLTHALITE OCCVI AS RANLQHIY ORILYTED snIwtls: GVUUL CUY C O ~ ~ ~ I I I  

2434-- 975 

STRINGERS O? POLYWLITE; BASAL COYTACT S W .  W E D  

2424 985 

------- 
- \ -  - 

X ,  \ 
- \  - - 

X - x 

TYPE UITB DEPTH. BECOMES YEDIW TO COARSELY IXYSTALLIMC, W I T E  To CLEM. THIULY 

BEDDED 11 LOYU 2.0' UITU S n I K C l S  OC POLrWLITE SEtAUTIIG BEDS; ARCILUCEOVI 

I U ~ I A L  OCCUIS AS urn11 11 u p r n  PUT, s n ~ f f i n s  11 tonr PUT; SOHI crmrsu-cur 
mm~a s m  O C ~  YUI mt; n*n P O L T H A L I ~ ,  c w r m  ~musu u ~ n  D E ~ ,  

Wu m m  SUM?. O I S W Y r r m M L t .  



E X H A U S T  SHAFT 
FIGURE 4' (CONTINUED) L I THOLOC IC ~ 0 6  

SHEET 25 OF 50 

E L E V .  
(rr. Y S L )  

2424 

2419-- 

2414-- 

STRATIGRAPHIC 

COLUMN 

- x 
- - 

X X X  
X X X  - - 

X  - 
X  -- 

X x -  x - 
- - a -  - - -  - - - -  - - -  
------ - - -  
- - A  --  

D E P T H  
( F T . )  

985 

990 

995 

REMARKS 

AS A m  

A l C I U l f L O V I  IULITt?. MDIUI  TO UMLSCLT O Y S T U I I .  W I f t  TO TI= W E ;  

IL#)ISII-IIOLII CUT n*ntx 11 UPYU 4"1 ~ L I ~ U I T I C :  cur  AYD FOLYUUITE OCCUR AS 

S U U Y Y I z o n U  S'IIIYCLU SPACED 1" IO 4": UIIL. anm SUM?. 

CUILUUOIII urn CIADIK TO cuun u x n  DEPTU; cur occuu AS EEDDISU-~row~ 
U ' I I I X  AT TOP, U T E  OCCUU AS D I S I U C I M  CRYSTALS M CIYSTAL ACCPCCATES ALIGYm 

I1 UYCS. CLAY I 1  U P I U  A" ClllLTISP QIY; N Y  tWrPll D E C I W E S  YITM KITII. OCCURS 

AS S ~ B Q I U I ~ ~ A L  S ~ I Y C U S ;  w n  BLWS DWIM UKI( TYPL YITLI DEPTU, XCDIUII TO 

CO*~SELY a r s T u L I n .  ~ I T C  IO r0: TUCE W L T H U I ~  BUBS AYD W I ~ L Y  ORIENTED 

IO s m ~ a ~ z m u  S ~ I I G U S Z  w U ~ I T C  S'IIIYCEIS; mu 3.0' nmm owicr: 

2404-- 

2399-- 

2394-- 

2389-- 

2384--1025 

AS RLW 

- - -  
BASU C m U T  S U r .  - -  - 

2409--I000 - - 
- - 

1005 

1010 

1015 

114" T L l I d  BED O f  CUY CUYSTOMLI BASU CONTACT SLUI?. .'(APIILP BY DISSOLVrIOl 

1020 - - - - - - - - 
- - 

X  
- X  

X  - 
X  X 

X X X  

MCILLACIWJS LULITC. UUITt TO C L W ,  XEDIUR To COMSELY CRYSTALLINE; CUY OCCURS AS 

snow s u ~ ~ ~ ~ z o w r u  srnxncers. SPACED I" m zn; snxmms ME TEMIWAT~D EROSIONALLY 

AT UPPEI COBTACT. CUY CONTENT DECREASES YITLl DEPTII; TRACE POLMALITI? SnINCERS AND 

DISSU(1WATCU BLEBS, CONTENT INCREASES I# LOU= 3.0';  BASU CONTACT S W .  EROSIONAL. 

LRlDLlUTORY UP To 1.0'. 



r 
, PREL'MINAR STRATIGRAPHIC 
ELEV.  DEPTH COLUMN REMARKS 

( F T . M S C l  ( f T . 1  

A N H ~ I T Z .  FIYUY QYSTALLIYE. ALTL~~UTIYC L I C ~  AMD DMK cur .  LAHIMATED TO vnr 
n I n r ~ m m t  BCDDIMC unnnrm suclmr, OEM OFTU COYTAIU ~ O L I ~ I C  snuc- 
N I L S ;  WU <1/4. CIISTALS 01 WIIL: UWX BPOYl CMWNATL ( 1 )  IYI IPBLM;  M S U  

COYTm CIAMTIOUL. 

MIW. THIIL~ LAMIMATLO. IAHIW O C ~  AS COIC*VC DOYWMD SETS A v t u c I m  4" TO 1" 

ACPOSS; PIOWU UU. S n a u m L I T t s ;  DAUP LMIIIAE OIWIC ( ? I ;  BASAL CONTACT 

- - -  

cur  ! I D l r w ~  t W l C E S  FROM un1x TO SUBHOIIZOMTAL s n 1 w ; u s  SPACED I" TO 2". 

BLLOY 1Yl.@' APCILUCEOUS S T l I U C P S  BECOME DISCOUTIYUOUS UID OlIMtO -I) 

TRACE DISODIIIIWOUS SUBHOIIZOIZAL STIIYCEIS UID PODS OI POLYHALITt, C O Y T M  

BW  IS BLO CUY COYTM DECPWSES .UKEDL~ WD TUCK mm w r n L Y m L I T c  AND 

AYL~YDIIITL OCM IY DISCOYTINUOUS STIIUCLIS; 1- ma BED w ANHYDIITE OCCUIS AT 

lo>s.oo; LCUU I .a' IS vnr POLYWLITIC; MSU COYTACT SHAIP. 

anrtr~~ rraf*su V I ~  D E ~ I ;  AT 1071.6. in m ~ a  BED 01 m L w I n  ocms UYOEILAI~ 

IT 1- ma cur cursmn: IKO: cu r  amu~ IYCUUES S L I ~ L Y  BMY 1071.6'. COW 

l E D D I S 8 - m  10 Q A Y t  IKCOIIU V U Y  r O L W I T I C  I I  LWU 1.0'; BASAL COIZACT S W .  

EXHAUST SHAFT 
FIGURE 4 (CONTINUED) LITHOL06IC LO6 



EXHAUST SHAFT 
L I THOLOC IC L O 6  

rurrr 97 Cn 

ELEV. 
( F T  U S L I  

2 3 3 4  

STRATIGRAPHIC 

COLUMN 

X 

X 

X 
X 

x X 

x x x x 

DEPTH 
I FT. )  

1075 

2329 - -1080  

REMARKS 

I )  A M  

__j m ~ r n u r n .  r ~ n r r  CXYSTALLI~E. owcc; ~ ~ D E R U I U  BY 112" WICK CEAY CUYSTONE BED; 

2314- -1095  

2309- -  

2304--  

2299- -  

2294--1115 

2 2 8 9  

2324 - -1085  

- - -  - - 
X 

x X 

I BASAL -Am S W P .  
u n ,  M D I ~  TO c o ~ s n r  C ~ Y S T A U I ~ .  c r e u  m WITC: UPPU 1.0' ARGILUCEOUS 

m I U C C U .  CoUTUT DECREASES MITU D a m :  m L W I K  STRINGERS. CONTENT INCRUSES 

UITE D a m ;  MSU COTTACT s w .  

2319- -1090 

1100 

1 105 

i I 10 

1120 

------ --. -------- 
--------a - - 
- - 

- 
X 

X - - 
X - 
--  X 

- 
X 
- X - 
X - 

Xx)oO(XXXXXXX 

X x 

X X 

X X X - - -  
- -  
- - 

- x  - 
X - - 
- X 

X 
- 

- - 
X - x  - - 

C L A Y S T O ~  BED; u s u  c o n m  swr .  
HALITE, HODCUTELY MCILLACEWS AllD POLYUALITIC. W D I W  TO COARSELY CRYSTALLIUE, 

WITL TO CLEM TO TIUTED o w c c ;  LQCAL ~twrsu-slaw CLAY UIRIX, WITE occuts AS 

DIS~UCIW QYSTAU. LOW CRCUISII-CUY UDUCTIOI ZOYU; MCILLACCOUS STPIUCLU 
C 

MIIIIOUT II uprn 3.0'. C O N T ~  DECRUS~J u r n  D a m .  A s s m  acwu 11o3.o'; 

m ~ r n u ~ n  OCCURS AS DISSEMINATED BLEBS m STIIMCUS. mm INCRUSIMC UITI 

M m .  1- IBICI POLYHALITE BED AT 1105.2';  BASAL COIITACT SHARP. 

W L I K .  ARCILUCEOUS AND POLYULITIC.  COARSELY CRYSTALLINE. UHITE TO C L W ;  C U Y  

OCCUIS AS STRINGERS; WLYHALITE OCCURS AS DISSmINATED BLEBS AND STRIKERS,  6" THICK 

IRBECULAP BED OF POLYHALITE AT 1 1 2 0 . 5 ' .  W E B  6" VERY POLYHALITIC: BASAL CONTACT 

O W ? .  



FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LO6 
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E L E V .  
(FT. MSLJ 

2 2 8 9  

2 2 8 4 - - 1 1 2 5  

IYCIUSE;  COUIAINS n*CE POLYHALITE V I M  DEPTH; BASAL 

LUITIC ~UDSK).L COCTAINIE D I S ~ L A C I ~  win QYSTAU; LLDDISI-IIOYT CLAY DISSMI- 

NATED M I O K W U T  U MATIIX. CObRCUI INCREASES WITH D E m ;  ILlCCULMLY S W W  ZONES 

(1.0' a 2.0') 01 PURE W L I T I  W I W I ( L Y  SCAfTDLO IUIOUCHOUT UNIT; LQCAL SNALL ZONES 

OF REDUCED C~CMSB-CMY CLAY; D I S S O L ~ I O Y  r I n  niroucx u r n  r I L m  w ~ n i  MCILU- 

CEOUS HALITE; m L w n c .  C O N T ~  INCRFASES WITH ocm.  ~~sconxwuous in MICX 

THINLY BEDDED. BEDS SEPALAT0 BY D m  CBAY IUIM W I N A E :  HALITE PSEUWNOPPBS U T E 1  

CYPSM SVALLOYTAIL CRYSTAU BECOME ABUWDAUI BtLOY 1155.0'. 1/16'' TU 2" HICU. BECOME 

YORE ABUllDAYl *YD L M C n  Y I l l  DEPTU. HOST OCCUI SUBHOIIZOYTAL BEDDING PLANES. 

OCCASIONALLY PStVWm)PP!lS L I E  PABALLEL TU BEDDINC; AT UPPEI CONTACT DISSOLUTION P I T S  

INTO ANBYDPITE OCCUR. FILLED Y I ~ I  GRAI MCILUCEOUS win AND KALITIC XUDSTONL, 

0.5' TO 2.0' DEEP INTO M M I T E .  BEDDINC TERYINATED EROSIONALLY AT SIDES 01 

DISSOLUTION nn; LOCALLY. POLYHALITE IS INCLUDED I N  HALITE FILLING OF HALITE 

PSEUDOPORPHS urn GYPSIM SVALLWAIL CPYSTALS. WLYWLITI ALSO OCCURS I N  

IRBEGULMLY-SHAPED zwa (2" 1 3-1 AS sarucncur or A N U ~ I T E ;  HALITE OCCURS ALONC 

BEDDIWC P M E S  BE- 1157.0': LOUU 1' COMTA113 IICIERBEDS O r  POLYMALITL; BASAL 

m 112~) ;  mn F IS ~ I T I C  a CMBONATI-PIQ. COLOR MS TU BROW AT BASE; 

BASAL COWACI S W ,  UNDUUIDIY MI SCALES: SIW# - IR 3". W O E  - UP 

DEPTH 
( F T . 1  

STRATIGRAPHIC 

COLUMN 
REMARKS 

1 1 2 0 x m q  - AS ABOVE 

X - 
- - 
- x 

x 
- X - 

X 

- x x -  
x x  x x 

POLI~UITI. r I N n Y  UYSTALLIYE, OIU~CC. STIUCT~EKSS; UNDUIAIY BY 2" MICK m y  

CIAYSTOYE BW; BASAL t O n A C T  S W .  

LUITC. n E D r u t  m c o r s s r L r  UYSTALLINE, unIn m CLEM m TIKU) OWE; UPPU b* 

VERY ARCILLACEOW. CLAY OCCUU U UDDISY-BPOYT DISCOMTIYWUS IANWMLY-ORIENTED 

S T I I U E P S :  P a I Y O L I  COTTAINS TILACE C U Y  STI INCUS.  LOCALLY STIINCERS BECOME 



FIGURE 4 (CONTINUED) 

REMARKS 

m I T E  LOCAL ZONES OF HIXED UALITE AND FINELY CPYSTALLINE; BASAL 

2234-- 1175 

2229-- 1180 

EXHAUST SHAFT 
LITHOL06IC LO6 
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2224-- 

2214-- 

2209-- 

2204--1205 

2199 

1185 

2219--1190 

1195 

1200 

1210 

- 
X 

- 
- x 

------- ---- - -- - x - 
- 
- 

X ------- 
------L=-- - - X 
- 

X x 
X - 

- 
X 

- 
X - 

X 
,---------L 
- - - - 

- 
X 

- X  - X  

- 
X X 

x x 

CMTDlT D c a E A S E S  UITU DEPTU: BASAL COWTACT S H M P ,  DISCONFOWABLE. 

WLYHALIK. rimy QISTALLIYE, PALE ORAWGISII-BROW, LOCALLY HICPOLA~INATED TO 

W E D  (< 1 1 3 2 "  TO 1" THICK);  LOCALLY 1 1 2 "  TO 1- MI= UIALTERED W U Y D R I T E  BEDS, 

M TOP BE05 CONTAIN UALITE PSEUWHOPPPS AFTER CYPSUH S U A L L O Y f A I L  CRYSTALS 1 1 4 "  TO 

112-  HI^; BASAL CONTACT SWRP, L W D ~ T O R Y  UP TO 0.3'. DISCONPORMBLE. XAUED BY THZ 

(K(NRRRIO M 1- m 2" MICK BED or CUT CUYSTONE. 

HALITE, COARSELY CRYSTALLINE. YIIITE TO C L E M  TO TIWTED O U N C E ;  BLEBS AND SUbdORI-  

ZOCTAL S n I N C E R S  OF WLYHALITE TO 1 1 2 "  THICK; W C A L  C M Y  SUBHORIZONTAL STP:YCERS OF 

CLAY TEWINATED AT PENECONTMWEANEOUS DISSOLUTION P I T S ;  BASAL CONTACT SHARP. 

DISCONFOe 'WLE.  UNDUUTORY UP TO 0 . 4 ' .  

M I T E  Am M C I L U C E O U S  HALITE; HALITE: WHITE TO C L E M  TO T I N T E D  ORANGE; CLAY: 

REDDISH-BRMI: UPPER 0 . 5 '  VERY M C I L U C E O U S ,  CONTAINS D I S P U C I V E  H A L I T E  CRYSTALS 

(< 1 1 4 " )  I Y  XUDSTONE XATRIX. UPPER 3" CREENISH-CUY I N  COLOR, C U Y  CONTENT DECREASES 

V I M  DEF'll TO 1 1 8 9 . 0 ' .  0 . 5 '  THICK REDDISH-BROW A R C I L U C E O U S  H A L I T E  BED OCCURS BELOW 

1189.0 ' .  CLAY CONTENT INCREASES ABRUPTLY. THEN DECREASES WITH D E P M .  C U Y  M T E R I A L  

O C ~ S  AS un~x MTERIAL OR AS EANDOHLY-ORIE~ED S ~ I N C E B S .  CUY CONTENT LOCALLY 

I K R E A S E S  BELOW 1 2 0 0 . 0 ' ;  TRACE WLYHALITE AT TOP, CONTENT INCREASINC WITH DEPTH. AS 

DISSEMIUATED BLEBS AYD RANDOHLY-ORIEWTED DISCONTINUOUS S T R I N G E R S ;  BASAL CONTACT 

S U P .  S U C H T L Y  UNDULATORY. D I S C O N P O W B L C .  



F IGURE 4 (CONTINUED) 
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R E M A R K S  

WLITL, n e o ~ u l l  m c o ~ s n r  ~ ~ S ~ A L L I H E ,  WITL m O~~J~; ISLI-WITL;  UPPER 2.0' PEDDISU- 

STRATIGRAPHIC 
COLUMN 

x x x 
--------. -------- 

E L E V .  
(FT .  MSL) 

2199 

D E P T H  
(FT.)  

1210 

2194--1215 

ocms B ~ M U  1227.1' m 1227.5'; lIaa TO 114 n 1 1 a  SUBIIOIIZOWTAL STIINCE~S 01 

POLYUALITC OCQCC Ill IUL IMTUVALI FEW 1225.1' TO 1227.1' AYD 1227.5' TO 1229.5'; 

BASAL COYTACT S U P ,  SLICIITLY UYWUTOl'I. DISCOUFORUBK. 

2189--1220 - 

- - -  O I I m E O  OISCOWTIWOUS STIIWCE~S;  UPPEl 2.0' MCILUCEOUI WLITE. HALITE OCCIIRS Il l  

OISCONTIYU)U1 ZONES WD PODS 01 CRYSTALS IY N ' I  AMD LWITI! IIATRIX, CLAY CONTENT 

DECPWSLS UIIU OEPTU; BASAL CONTACT SHARP. UIIDIIUTOI'I. 

u OISCOKI~R~OUI SnxmccEs .  BELOY i2r3.0° ~ L Y U A L I T L  BEWS MONDAJII: BASAL COWTACI 

sum. uywurm~ w m  1.0'. 

LIALITL. m ~ m  m co 

-------- 
--------a -------- --------. 

- - 
X 

- 

BEOW LWITIC llllDTOYL COrrAIYIIC DISPUCIVL I W I T C  UYSTALS. CLADES IUTO SLICLITL'I 

M C I U L W I  UUITC; LLIUIYDU C m A I H I  CU1 N1 DISSMIIUICD MlOOCtlOUT AS IMTEl- 

CPXSTUIIR UTU~AL; m L W * L I a  occuu u PW#I(LY-OIIMLD STIIYCERS AND DISSMI - 
W A ~  BKII. B E ~ ~ U  1217.0' ~ l l ~  1219.0'. 2" IUIQ #)LTWLITE BEDS SPACED 0.5' TO 

1.0' wan. 3" IUIQ D I S ~ ~ ~ ~ I Y U O U I  BED w ~ L ~ I T I !  m u m  BY A MIY BED 01 c u r  
N'ISTOUC OCCUU A t  1219.0'. BED 01 CIUCLY U'ISIALLIYL ORAYGISU-WITE P O L W I I l !  



FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LO6 
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REMA.RKS 

1s liw 

UUITE. IILOIW TO ~XBSLLY QYSTUI~E. WITZ TO CLEM; UPPU 0.3' *BGILUCEOU~. 

C I A ~  ~ ~ ~ l l l  MI- UTE u N A ~ I X ,  BCLCU 1260.1' C I A ~  OCCURS AS S n I x E R s .  COUTWT 

DECRUES WI- O I S S U I W ~  POLXUUITC BUBS; BASAL COUTACT SWP. 

X POLYUALITE, I I Y t l Y  QYSTALLIYL. OWICISI-Lm. STIUfXUULCSS; UWDERUIY BY 1" THICK 

GUY CIAIfrrm am, uru a w r A c r  swu. 

2144-- 1265 X WTL. HUTL TO cum, cousar ~ Y S T A ~ J M E .  SLIGUTLY *BGILLACEOU~: CLAY OCCURS rr - 
- - -  snImxu, amm D C ~ S U  WITH w m ,  MSM BLLOY 126a.o' ;  TRACE ~ L ~ A L I T E  - - BLEBS; MUL awrm S H A U .  - 

OCCURS u DISCUITI~US P A Y D O I ( I Y - O P I ~  snrmcus AYD u D I S S ~ I N A T ~  WCBS; 

S L I ~ Y  *BCILLAQW~, GUY cur sTIrucas TO 1216.0'. usm nnnn 1276.0e 

12a0.0'. CLAY snrmcas IM 1.0' m r a  BARD BELW 1280.0'. BELW 1284.0' CLAY co 
I Y C I W U  U S W R I Z O W T U  STPINGLBJ; BASU CONTACT S W P .  SLIGHTLY UNDULATORY. 

- - -  

POW 01 CIYSTAU AMD DISPUCIVE CXYSTUS TO 111" ACROSS, CLAY CONTENT DECREASES WIM 

D E ~ ;  POL~ULITC ocms M S U B ~ I Z O N T U  snrmcus AUD D I S S ~ I N A T E D  BLEBS, COUTENT 

INCRUSES WITH DEPTH; M U  CONTACT S W .  UNDUUTORY. 

STRATIGRAPHIC 

COLUMN 

- 
- - -  

X 

- X  - X 
- - -  - - -  - - 
X X 

E L E V .  
(FT. MSLI 
2154 

2149--1260 

DEPTH 
IFT.) 
1255 



1 PRELIMINARY STRATIGRAPHIC 

COLUMN 
REMARKS 

WLYEALIII, C I m T  E ~ Y ~ Z U L I U C .  P L D D I S I 4 U X t ;  tOYTAIS8 ILLLCUIlI. QYSTALS AND BEDS 

I IK*IZmAL UID S ~ I Z O Y T U  SIPIYCCU W C U T  O C M l  BASAL W A C T  DIFFUSL. 

I x I CLAY COrrOrr D E Q W U  YITB DEPTH; TUACZ DISSUIUATCD POLYEALITL U U l S ,  CONTM 

I I C l W C S  UXTB DEllll, FPON 1320.4' TO 1320.9' A U D D I S I - O W ,  CIUELT CIYSTULINL 
:XxXXXXXXXXXxxXXI - -- -  7 L I I U L I I I  IED OCCULS; MU CONTACT S W .  

wn .  cousar carsrurwt, wurn m c m ;  u P P n  4- rsc~rucrws, cur wclns AS - - 
FIH D I S ~ Y U O U S  snxxcts, C O N T ~  DECPUSES YITLI DEPTB, MSM BELOY 1326.0'; 

[ AUHYDPITC. CIYLLY CPYSTULIYE, LICUT AND MLDIIM C U T ;  IYTCMEDS 01 W I T L  IU UPPel 

DECECASES ~ I T L I  DEPTLI; l O v n  1" c o u r ~ r h s  uo I Y T E E B ~ D ~  or ~ L I T E ;  BASAL 

TIWUOUS BED¶ 01 CLW W I T L  AND IPlfCUUILY-SHAPED QYSTAU OC W I T &  1/32'' TO 1/8" 

ACPOSS: a u I m u  wun p s ~ r r w n o r ~ v s  mn GYPSU~ SYULM*IL ~ Y S T A L S  IN UPPEE 

1": FEQl 1331.S' TO 1331.8' OC GRAY CINCLY CRYSTULIlt  AYYIDIITE BED OtClnS: BASAL 

-ACT s w ,  WD BY 1- m ~ c r  sm w cur cursmr.  

B U ~ .  w m a ~  C P Y S T U L I ~ .  u n I n  TO CU; VLIY S L I ~ Y  mcrueous;  TBACE 

POLYnuxTL m AWWDIITL, I B P E t U W  BUBS w P O L I I U L I n  O C m s  rn 133S.0'. 

m m I n  OCEULI u COY~IYU(W~ m DISCDWTIWUOUS SIPIM;IPS BELOY i33s.o ' .  BASAL 2.0' 

m ~ m  114" m a  S ~ W T I Z O I T U  snInccns w ~ ~ I T L ;  BAUL s u u .  

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LO6 

SHEET 17 nr < f l  



EXHAUST SHAFT 
FIGURE 4 (CONTINUED) 

REMARKS 

u n .  CO*WLLY C~YSTAUIYL. win m am; m L w I n  ~ ~ c u i t s  AS co~~~uuous  
mIzm*L M SMLKHIZO~AL snIucus mi AS IIPP~CULAILY-SWED BLEBS. C O N T ~  

IYOWW nni D E ~ ;  suu covr~ix sum. 

U~IWEOUI W I ~ .  FIY~LY m CWSLLY CIYSTALLIYE. R E D D I S H - B R ~  WITIC C U Y S ~ N E  

MATRIX. M I T E  C L U I  10 YLIITE; W I T 2  OCCURS AS I I n s r C U L Y - S W E D  ACCRECATES OF 

~PYSTAU; corr1~~s 114" m 1" T H I ~  ~UBHO~IZONTAL HALITE-FILLED mcnrucs; BASAL 

m m  m m ~ r  UP m z.oW, c m a ~ ~ o u u  m SWP. DIscowroart i lsLr.  

LITHOLOGIC LO6 
- - 

STRATIGRAPHIC 

COLUMN 

X 

X 

X X 

x x x  

- - 

ELEV.  
(FT. M S L )  

2064 

2059 

DEPTH 
( F T )  

1345 

- - I 350  

HcYVTT POTASH ZONE 

VAU TRISTA HARKEI BED 

HNITIC SILTSTONE. REDDISH-BRMI, THIBLY WIYATED 10 STIUCMELESS; ULITE OCCURS 

--------- AS ISOUTED DISPUCIVE n r s T u s  UP TO 1-112' ACROSS; LOW ~ E L  FIU S ~ R U ~ R E S  

--------- PRESENT: CONTAINS bOM SUBVERTICAL AND SUBHOIIZONTN IWIIE-FILLED FlACNRES 111' TO 

1" THICK: CIWMEL INTO WDEILYIMC W I T  3.0' DEEP ( W T  S I M  W S W ) ;  NUnEROVI 

FILLED CMNULU THIOUCllOVI W I T ;  OCCASIOYAL CROSS-UHINATIOYS; BASAL CONTACI CM- 

DATIWU TO LOWLY S W I ,  UNllULATOIY U) TO 3.0'. 2049- 

2044- 

2039--1370 

2034--1375 

2029--1380 

2 0 2 4- 

2019 

- 1360 

- 
- x - 

- 1365 

- 1 3 8 5 

1390 

- 
- - 

- 
X - 

X X X X X X  

- 

u u x x x x x  x 

M X X X X X L  

X 

X 
X 

- 
- 
X - 

X 
h - - - - - - - - - 
,A --------- 
-------------------. ---------- --- 
- X 

- 
- 

w n .  HEDIIP( TO COMSELY CRYSTALLI~L. wurn m crru;  MCIUCEOW ro 1363.r'. 

NY a m s  AS ILODISY-BIOVI UTIIX, com*r D E C R ~ U  WITH D L ~ .  nu~n mans u 
IUECUUIILY-SIWCD CRYSTAL .?.ASSES; TIACE POLYUALITC. C C M M  INCREASES WITH DEPTU AS 

SUBHOIIZOKTAL CONTINUOUI m DISCOI~II*VWI sn~ucus M 'I~III BEDS. NSO AS DISSL~- 

INATED BLEBS; BEW 1363.0. UCIUCEWI M m I u  am AS rn S U B W R I Z O ~ ~ A L  

STRINGERS; 1' THICK BED OF POLYHUITE OL'CUIS AT 1365.6'; 1313.4' TO 1313.9' 

ARCILUCEWS KALITE OCtlRS; BASN CONTACI S W .  DIXOYrrmWLC. 

W I T E .  W D I W  TO COARSELY CRYSTALLINE, Y I l I n  TO CLEM TO TINTED OUNCE. CRUDELY 

THIY TD MEDIIM BEDDED; P O L W I T E  OCCURS AS SUBHOlIZOUTAL PARALLEL STRINCERS CROUPED 

I11 U P P P  1.0'. m Y - O R I E N T E D  STPIllCERS B W  1380 .4 ' .  DISSEMINATED BLEBS, CON- 

m n  DEWES YIM D E ~ :  LOCALLY S L I C H ~ Y  APCILUCEOUS. com~ VIIITISH-CRAY, SUB- 

H a I z m  S ~ Y C L ~ S  AYD LOCAL IRIECUIAPLY-SHAPED ZONES OF CUY, CONTENT DECRFASE! 

U I M  DEPTU; 114" TO 112" THICX CUYSTONE BED AT 1313 .8 ' ;  BASAL CONTACT SHARP. 

SL1CMll.Y UNDUlAlDRY. D I S C O N F O ~ L E .  

EALITIC CLAYSTONE AND MCILUCEOUS W I T L ,  C U Y  REDDISH-BRM. iULITL UHITE TO CLEAR 

AND FINELY CIYSTALLINE; U L I T E  CONTENT INCREASES UITE DEPTH. OCCURS AS DISPUCIVE 

CaYSTALs (118" TO 112" ACROSS) AND PODS OF RELATIVELY PURE HALITE; LOCAL WDS OF 

WLYHALITL; BASAL CONTACT CRMATIONAL. 

- HALITE. MEDILM TO COARSELY CRYSTALLINE. U H I n  TO C L W ;  LOCALLY ARCILUCEOUS. 

REDDISH-BRWU CUY OCCURS AS RAHDOWLY-ORIENTED STRINCEXS IY SUBHORIZONTAL ZONES, 

comm D E ~ ~ ~ E S  WITH D E ~ ,  DECIWSLS MRUPTLY BELOY 1390.1 ' ;  ~ C E  ~ L Y H A L I ~  AS 

RARE D I S S U I U T E D  ~ Y - O R I C X T C D  STRINCERS AND BLEBS, COllTUlT INCREASES Y I M  

DEPM. POLYUALITE BED OCCUIS BENEL* 1390.9' AND 1 3 9 1  . I * .  C O r m C T  INCREASES MPUPTLI 

NEAR BASE; LOCAL Z W t S  AYD STPINCERS OF ARCILUCEOUS W I T L  COWTAIYINC CPAY C U Y I  

BASAL tOWTAC7 S W ? .  DISCONFORHMLC. 



E X H A U S T  S H A F T  
FIGURE 4 (CONTINUED) LITHOLOGIC LO6 

. TI. - -  r n  

. 
ELEV. 

I F T  MSL I 

2019 

2014-- 

STRATIGRAPHIC 

C O L U M N  . 

- 
X X X  - ,--------. - -- ~--%-I-~$~-~~~~~ ----- - - - -  

DEPTH 
I FT.)  

1390 

1395 

REMARKS 

AS ABOVE 

HALITIC CYAYSTOUI!, UPPIX 2" CRAY. RDUINDEP REDDISH-BRMRI, STRUCTIIRELESS EXCEPT FOR 

DISPLACIVE CPYSTU (118'' TO 112"); LOCAL CREEWISH-GUY REDUCTION SPOTS; HINT OF 

RELICI BLDDINC: BMAL CONTACT GRADATIONAL. UNDUUTORY. 

HALITE, KEDIUH TO COARSELY CRYSTALLINE, WHITE TO C L E M  TO TINTED OUNCE: VERY WLY- 

WLITIC YU 1400.0m, OCCUEZINC AS ABUNDANT RANWLY-ORIENTED TO SUBHORIZONTAL 

STBINCEIU AND ZOUES: B E M  1600.0' RARE WLYHALITE AND SUBHORIZONTAL GRAY STRINCERS 

OF CLAY: BASAL CONTACT SMP. DISCONFORMBLE. 2009-- 

- - 
f i  W-ROVWDED PODS OR COBBLES (?)  1" TO 4" DIUVTrP, FINE CUINED OR CRYSTALLINE 

COABSENIWC TOYARD CEBTER, WHITE TO CLEM WITH W E  O W G E  TIM. PODS BREAK IN SPHER- 

IOU.  PA^; LCCAI.LY HALITE OCCURS AS CLEM TO W I T E  IILRECIIIARLY SHAPED ZONES. 

WITI. AlSO OCCUIS AS S W L  DISPUCIVE CRYSTALS q1/3Zn TO 118" ACROSS; LOCAL 118" TO - - 
114" DISCoVIIWWS HALITE-FILLED (FIBROUS) FRACNPES; CONTAINS LOCAL WLYHUITE 

- - -  HALITE, .XEDIUI( TO COARSELY CRYSTALLINE, WHITE TU C L E M  TO TINTED OUNCE; MCILLA- 

CEOUS AT TOP, COUTIWI DECREASES WITH DEPTH, tOUJ. DISCONTINUOUS IRRECLIUALY-SHAPED 

ZONES OF CLAYSTONE. CLAY ALSO OCCURS AS RANWMLY-ORIMED AND SUBHORIZONTAL 

STBINCERS: MODERATELY ABUNDANT WLYHALITE, OCCURS AS DISSEMINATED BLEBS WO 

SUBBORIZWTAL DISCONTINUOUS STRINCERS: CLAY ABSENT BELW 1415.0'; BASAL CONTACT 

SHARP. SLIGHTLY UNDULATORY UP TO 6". 

FRACTURES q1116" MICK; CONTAINS RARE CRYSTALS OF HALITE 11 16" TO 114" ACROSS; 

LOWER 4" CONTAINS BLACK LAHIYAE PARALLEL TO M E R  CONTACT; BASAL CONTACT SHARP. 

UNDUUTOIY ON TYO SCALES: W O R  - 0.8'. MINOR - 0.1'. W K E D  BY 1" THICK CREENISH- 

GRAY CLAYSTOWE BED. 

UOUS STRIXERS AND BLEBS OF POLYIIALITE; LOCAL TRACE A.WLR(TS OF GRAY SUBHORIZONTAL 

STBINGEES OF CLAY; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY, DISCONFORYABLE. 

CLAY REDDISH-BRWU TO CRAY WITH DEPTH. OCCURS AS INTER-CRYSTALLINE PLATERIAL AND . 
SUBBORIZOYTAL m MN~MLYQRIENTED STBINCER~. CONTENT DECRUSES VIM DEPTH; TRACE 

W L W T C  BLEBS. CONTENT INCREASES W I M  DEPTU. AT 1431.5' A 0.1' M I C K  BED OF 

REDDISH-OMWCE POLYUALITE OCCURS' BELOW WLrtWITl BLD CLAY CONTENT INCREASES 

1400 

. - - - - - - - - - - ------- --- --- 
x x x  

x x x 
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REMARKS 

AS ABOVE 

POLWIR, F I N ~ ~ Y  CRYSTALLINE. PLDDISHQBAHC~, S ~ U ~ ~ ~ P E L L S S :  ULITIC I N  u P P m  

1.5'. WIR OCCMS 6 DISCOUTIWVOUS W I N  BEDS AND IPBEt lRARLY-SWED ZONES. W I T L  

1964--1445 

INCREASES YITU DEPTU. OCCURS AS BABE DISSEMINATED BLEBS AND SUBHORIZONTAL 

STRINCLBS; NO 314" M I C K  BEDS OF WLYHALITL NEAP 14S0' ;  BASAL CONTACT S W P .  

. 1954--1455 

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

1949--1460 s W E D  ZONES OF W L I T I C  CUYSTONL YITU D I S P U C I V E  W I T L  CRYSTALS AND AS .XATRIX AND 

BAYD(WRY4BIENTLD STRINCERS OF CLAY IN ARCILUCEOUS M I T E .  B W  1659.0" CLAY CON- 

T a T  DECREASES ABRUPTLY; TRACE WLYWL1TE.  CONTEXT INCREASES YITU DEPTH. OCCURS AS 

DISSMINATLD BLEBS AND RANWnLY-ORIENTED TO SUBHORIZONTAL STRINCERS. STRINCERS 

stcone HoaIzoNTAL m 114" THICK SPACED 2" TO 4" I N  LOU= S.O', 0 .5 '  THICK BED OF 

DISCOKINUOUS ~ m s  OF I ~ C U U P L Y - S W E D  WDS OF W I ~ :  BECOMES LAMINATED YIM 

CLAY PMTINCS BELOW 1470.0';  BASAL CONTACT SHARP. KARKED BY 1" TO 4" TlfICK BED OF 

1939-- 1470 

1675.0 ' ;  BASAL CONTACT S U P .  

X tlALITE, FINELY TO nEbIUll CRYSTNLINE, WHITE TO CLEAR: CRAYISB-BUCK CLAY OCCURS AS 

INTEPSTITIAL FILLING Mill AS DISCONTINUOUS SUBtIORIZONTAL STRINCLPS; BASAL CONTACT 

X S W U .  

1934--1475 - W I ~ ,  ~ D I W  m corasnr CPYSTAUINL, win m CLW m T I ~ D  owce, meo BY - OWE-TIKILD W L I ~  SPACED 1" m 2": 1" mxcx BED OF cn~mIsn-crur cursm~a - - OCCURS 1" ABOVE LOYn COWTACT; BASAL C O N T A a  SHARP, IW!CVLAI, SL1CUTT.Y UNDULATORY. 

W I T I C  CLAYSTONE AND MCILUCEOUS W I T E ,  REDDISH-BROW; B N I T L  OCCUBS AS DISPU- 

c r n  cnrsru rum susnouzovr~~ raAENar F I u r N c s  114" MICK; u p p c n  4" c n c n I s B -  

GUY;  BASAL QJUTACT DIFNSL.  

STRATIGRAPHIC 
COLUMN 

- 
)[UUUUDUUXXX%xx - - 

- - -  - 

PRELIMINARY 

ELEV.  
(CT.  M S L I  

1974 

DEPTH 
I 1 T . I  

1435 

, .. . 
1969--1440 



REMARKS 

M C I U C ~  II urrn 2.1' AS DISCO~IYWUS W I D Q I R Y + ~ I M E D  snIucms; m c c  
MLYMALITI AT 101. CWTM IIClCASU YITY DC?TU. O C N U  U DISSMIYATED BUBS AUD 

S n I I i c L u ;  ~ A L  COYIACT s u m .  

MCILIACCWS BIUTL. FIIRI TU ~O*UCLY C I Y ~ L L I Y L .  unIn m CLEM; win ocms 
- - AS POW AUD IWCUUILY-SWED ZONES O f  C l Y S T A U  SUUOUYDtD BY IEDDISII-BlOYI CUY 

- A n ~ n ~ x ;  CLAY c~mn DECICASES u I n  DePTs; w r u  4" cwr~rur sunncaIzovru, 
s n I 1 c m s  or BUCKISH-CUY CLAY SPACED 1"; BASAL COYTACT D I r r u s t .  

- 0 l I M E D  SnINCElS; 

POLWTE, covmn I I I C I I ~ E S  u ~ r a   em. OCCURS u DISSMINATED cress AND 

IUWWWLY+ULITLD S ~ I Y C E I S ;  BASAL COYTACT SHARP, S L I I ~ Y  mmumw. 

B R O W  MCIUACEWS UALITE OCCUl AT 1519.8' AHD 1520.2'; BASU 0.5' COUTAINS SUB- 

BOIIZOUTAL ~ U Y  CUY STPINCIIS. sPAcm I" m 3"; mct m ~ r t r ~ t ~ ~ c ,  OCCURS AS DIS- 

SEMINATED 0-s m ~ ~ ~ O M L Y - ~ I M L O  TU SUILLOIIZOUTAL S n I u c c l s ;  BASAL COUTACT 

SHARP, SLICUTLY ~ ~ T ,  DISCOYFOUWU. 

FIGURE 4 (CONTINUED). 
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FIGLIRE 4 (CONTINUED) 

EXHAUST SHAFT 
L 1 THOLOG I C  LO6 

C U C E T  7 7  nc C f l  

REMARKS 

AS ABOVE 

M C I L L A C C W S  W L I T E ,  MEDIUH TD COARSELY CRYSTALLINE. WHITE TO CLEAR TO TINTED 

OPAYGL; N T  REDDISH-BROWN. UPPER 1.0' TO 3.0'  GRAY ARGILLACEOUS HALITE WITH RARE 

SMALL D I S I l Y I V E  HALITE CRYSTALS < 1 1 1 6 "  ACROSS; HALITE OCCURS AS AGGREGATES O F  

CPYSTALS I I  COW OR ZONES; CLAY OCCURS AS M T R I X  I Y  U P P U  PART. OCCURS AS D I S S M I -  

MATED I M C ~ L Y - S H A P E D  ZONES AND W L Y - O R I E N T E D  STRINGERS O I M  DEPTH, C O N T m  

D E C P W E S  V I M  D E P M ;  BASAL CONTACT S W P .  

VLlIOY ANWYDIITE 

UWYDRITf, ALIERIIAIES W I T I S H 4 R A Y  m DARK CRAX, F1IlU.X CRYSTALLINE, THINLY LAMI- 

NATED TO r0IMLY BWCED; H N I T I C ,  C W A I N S  RARE 1/76. C R Y S I U S  W H N I X ;  UPPER 2. TO 

5" POLTHALITIC, D l S C O r r I Y W U S  POLYHNITE LENS OCaSRf 01 m)RMKSt S I M  W S H U T  

STRATIGRAPHIC 

COLUMN 

x - 
- - 
- 

- - 

- 
- 

I 

, 
ELEV. 

I F T M S L )  

1884 

1874-- 

PREL IMINARY 

DEPTH 
[ F T I  

1525 

1879--1530 

1535 

I 8 6 4 - 

1859-- 

1854--1555 

1849-- 

1844-- 

1839 

m 1539.5'  m 1 5 4 1 . 6 '  ; LMR 1 .o* m 2.0' carr~~ws WITE LWINU INTERBEDDED 

WITH NlliYDRITE. POSSIBLY CARBQIATE; B U  ClXTIICT CRADATIOYU. NTERWATIOW C M A C T ,  

1869--1540 CMOIIIIABU. 

~ L W I T L ,  t~mx CIYSTALLINE. OWGISH-RED m REDDISH-ORA~~CE. THINLY LAMINATED TO 

THINLY BED-, LOCALLY STRUCTURELESS. LAMINAE OFTEN SLICUTLY CONTORTED; LOCALLY 

IJMYDRITIC. OCCURS AS UNALTERED M I N U  AN0 ZONES: BASAL CONTACT SHARP. . W X E D  BY 

- I 5 4 5 

1550 

1560 

1565 

1570 

U)M CASTS I I T O  UNDERLYING UNIT (2"  DEEP BY 1" TO 3" ACROSS) AND FLA'IE STRUCTURES. 

--  - - - -  
=--=--L-T-T%"~ 

KXXXXX 

XXXXXXX 

- 

- 

- 

---- - - -  
- - - 

x x 

- - 
X 

- - 

I ANKYDBITIC C U X S T O I R .  FINELY LAMINATED, GRAY TO WITISII -CRAY:  CONTAINS LOCAL. S W L  

1 ENlXOLITHIC STRUCIIJTlES; BASAL COWTACT GBADATIONAL TO DIFFUSE.  

HALITE, nemw TO COARSELY CRYSTALLINE, WHITE TO CLEAR m TINTED ORANGE. s L I c n n Y  

BEDDfD BY DISCONTINUOUS SUBHORIZONTAL STRINGERS OF P O L Y W L I T E  AND BANDS O F  POLY- 

H A L I T I C  HALITE; BASAL CONTACT SHARP. D I S C O N F O ~ L E .  

HALITE.  3 E D I M  TO COARSELY CRYSTALLINE. WHITE TO TINTED ORANGE. STRUCTlJRELESS; 

SLIGHTLY AlGILLACEOUS. NODERATELY ABUNDANT I N  UPPER 1 .0 ' .  CONTENT DECREASES W I T 3  

D E P M .  OCCUlS AS D I S S M I N A T E D  BLEBS AND RANWMLY-ORIENTED STRINGERS; BASAL CONTACT 

CRADATIONAL. 

HALITE.  FIYELY TO COARSELY CRYSTALLINE. WHITE TO CLEAR; ARGILIACEOUS I N  UPPER 1 . 5 ' .  

G U Y .  AS SUBHORIZONTAL STRINCERS AND BEDS, CONTENT DECREASES W I M  DEPTH. 1.0'  TO 

2 . 0 '  THICK BED OF CRAY ARGILIACEOUS HALITE AT 1 5 6 0 . 2 '  ; BELOY 1 5 6 0 . 2 '  CIAY CONTENT 

INCREASES AND BECOMES REDDISH-BROWN, OCCURS AS STRINCERS AND DISCONTINUOUS BEDS OF 

ARCILUCEOUS W L I T E ,  CONTENT DECREASES WITH DEPTH. LOCALLY CRAY. CONTEN: DROPS TO 

TRACE N E M  BASE: SOME P O L W A L I T E .  CONTENT INCREASES TO 1 5 6 0 . 2 '  , BELOW WHICH I T  

D E C R U S E S  WITH DEPTH. OCCURS AS DISSEXINATED BLEBS AND RANDOMLY-ORIENTED TO 

SUBHOBIZOKTAL STRINCERS; BASAL CONTACT S W P ,  D I S C O N F O ~ B L E .  
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E L E V .  
( F T  M S L l  

1839 

1829-- 

1819-- 

1814-- 

1809-- 

1804-- 

1799-- 

1794 

STRATIGRAPHIC 

COLUMN 

X 

- 

X 

- 

- 

X 

x 
---- - - 

- 

X - 

X 

X 

X 
)O(XXXXXX 
*--- 

- X 

x - 

X 

- 

X 

X - 

DEPTH 
I F T . )  

1570 

1834--1575 

1580 

1824--1585 

1590 

1595 

1600 

1605 

1610 

1615 

REMARKS 

A S  AIOvL 

HALITE, MEDIUM TO COARSELY CRYSTALLINE. W I T E  TO TIRED ORANGE. STRUCTURELESS; 

UPPER 0.5 '  SLICtlnY ARGILUCEOUS, REDDISH-BROWN, c o m m  DECREASES VIM DEPTH. 

ABSENT BeLou i s ~ . o * ,  OCCURS AS DISCONTIWOUS STRINGERS AND AS INTERCRYSTALLINE 

MATRIX; TRACE DISSMINATED WLniALITE BLEBS; BASAL CONTACT GRADATIONAL, HIGHLY 

IRREGULAR, W E D  BY THE OCCURRENCE OF MGILUCEOUS HALITE. 

HALITE, fU!DIUM r0 W M S C L Y  CRYSTALLINE, UHITE TO CLEM; UPPER 0 . 5 '  HAS REDDISH- 

BROUU C U Y  IUTPIX, COMTCUT DECREASES SLIGHTLY UITH DEPTH, C U Y  BECOUES BOTH G U Y  

AND REDDISH-BROYY, OCCURS AS RAHWMLY-ORIENTED STRINGERS; TRACE WLYHALITE. CONTENT 

INCREASES WITH DEPTH. OCCURS AS DISSEMINATED BLEBS AND AS STRINGERS U I M  DEPTH; 

BASAL CONTACT GRADATIONAL, DISCONFOWLE. 

HUITE, nmxw TO COMSELY CRYSTALLINE, W~IITE TO CLLAB; SLIcnnY MGILUCEOUS, CON- 

TENT DECREASES WITH DEPTH, REDDISH-BROWN, OCCURS AS INTERCRYSTALLINE MATERIAL AND 

RANWnLY-ORIENTED STRINGERS, LOCALLY OCCURS IN GREATER CONCENTRATIONS; TRACE WLY- 

HALITE, CONTENT INCREASES SLIGHTLY WITH DEPTH, OCCURS AS DISSEHINATED BLEBS, BLEBS 

BECOME LAXGER WITH DEPTH (UP TO 2" x 1"); BASAL CONTACT SHARP. 



F IGURE 4 (CONTINUED) 

. PREL'MINARY STRATIGRAPHIC 
ELEV. DEPTH COLUMN 

REMARKS 
(FT.  M S L I  I FT.)  

1794 1615 - X 

ANHYDRITE. FINELY CRYSTALLINE. BROWNISH-CRAY TO ORANGISH-TAN. THINLY LMINATED; 

LOCALLY ALTERED TO POLYHALITE; LAMINAE OFTEN CONTORTED AND SLIGHTLY IULITIC, 

LOCALLY NODLIUs. STRUCTURE OFTEN MROLITHIC; BASAL CONTACT GRADATIONAL. 

EXHAUST SHAF.T 
LITHOLOGIC LO6 

SHEET 39 OF 50 

1779-- 

1769-- 

1764--1645 

1754--1655 

1749 

1784--1625 

X 
X X X X X X X X X X X X x x %  

X 
....................... 

HALITE, FINELY TO COARSELY CRYSTALLINE, W I T E  TO TINTED ORANGE; 3" THICK BED OF 

ORAWGISH-RED POLYHALITE AT 1624.2' ; TRACE POLYHALITE. OCCURS AS RANWXLY-ORIENTED 

TO SUBHORIZONTAL STRINGERS AND AS DISSEVINATED BLEBS; THIN 1" THICK IRREGULAR BED 

OF ANUYDRITE AT 1628.3' ; BASAL CONTACT SHARP, DISCONFOWBLE ( ? I .  

1630 ANUYDRITE. FINELY CRYSTALLINE. BROWNISH-GRAY TO TAHUISH-CRAY. ENTROLITHIC TO 

nowus TO 1633.0'. B a r n  ibjj.o'.etconts LAMINATED TO THINLY BEDDED, LOCALLY CON- 

TAINS ANHYDRITE PSEUDOMRPHS AFTEl GYPSUH SWALLOWTAIL CRYSTALS; LOCALLY POLY- 

HALITIC; BASAL CONTACT S M P .  M K E D  BY 2.0'' TO 4.0" THICK GRAY THINLY LAYINATED 

CLAYSTONE BED CONTAINING SEVERAL SUBHORIZONTAL FIBROUS HALITE-FILLED FRACTURES 118" 

TO 110" THICK. SPACED 1" TO 1"; BASAL CONTACT GRADATIONAL. 
1774--1635 

REPLACEYENT OF ANHYDRITE OR GYPSUH NODULES IN GRAY CLAYSTONE WTRIX; NODULE CONCEN- 

1640 

1759--1650 

1660 

x x 

X 

----- -- 
x X 

X 

- 
--------- 

x 

X 

- 

- X 

TRATION INCREASES WITH DEPTH M I L  MTRIX IS WLYHALITE; NODULE DIAMETER 118" TO 

111"; UNDERLAIY BY 1" TO 1" GBAY CLAYSTONE BED; BASAL CONTACT SHARP. UNDULATORY. 

I RBEGULAR . 
HALITE. NEDIIM TO COARSELY CRYSTALLINE. WHITE TO TINTED ORANGE; WLYHALITIC. OCCURS 

AS DISSMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINGERS; CRAY 

CLAYSTONE BED OCCURS AT 1649.0'; WLYHALITE CONTENT TRACE BELOW 1649.0'; LOWER 1.5' 

CONTAINS TRACE AMOWIT OF CLAY STRINGERS: BASAL CONTACT SHARP. IRREGULAR WITH 

DISSOLUTION PITS 0.3' DEEP. X M K E D  BY 1" TO 3" THICK GRAY CLAYSTONE BED. 

HALITE, FINELY TO COARSELY CRYSTALLINE. W I T E  TO C L E M  TO ORANGE; P O L W I T I C .  

OCCllRS AS DISSWINATED BLEBS AND BAHDOIRY-ORIRFTED TO SUBHORIZONTAL STRINCERS; 

TRACE DISSWINATED GRAY CLAY; BASAL CONTACT SHMP. 

AS )ELM 



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

, 
ELEV. 

I F T  M S L l  

1749 

1744 

1739 

1734 

1729 -- 

1724 -- 

1719 -- 

1714 -- 

1709 -- 

1704 

, STRATIGRAPHIC 
COLUMN 

x 

- - -  

X 

- - -  
X 

X 

- - - 

- - 

- 

X 

- 
X 

X 

- - - 
x - 
- 

- 

X 

DEPTH 
( F T . )  

1660 

-- 1665 

-- 1670 

-- 1675 

1680 

1685 

1690 

1695 

1700 

1705 

REMARKS 

HALITE, UEDIUf4 TO COAPSELY CPYSTALLIWE. W I T E  TO CLUB; TRACE REDDISH-BROW AND 

G U Y  CLAY. OCCVUIIK; AS STPIYCLPS AND AS L O W L Y  DISSEMINATED MTRIX, CLAY COUTENT 

IUCPUSES MPUPTLY D E W  1662.0' AS PLDDISH-BROW STRINCERS, CONT&NT DECRUSES WITH 

D E ~ ,  APCILUCLWS w ~ f t  BED ocms UIIU c u r  AS snIucras AND M ~ I X  BENEW 

1673.0' UID 1673.8', W U  2.5' COIITAIYS DISCOUTINUOUS ~ORIZONTAL AND SUBHORIZONTAL 

S ~ I Y G E P S  O? CP*Y CUY; W E  #)LMuI~~. COWTR~T INCREASES WITH DEPTH. OCCURS AS 

DISSUIUATED B U B S  YIIU SIZE IUCPUIIUC YITll DEPTH (1" DIAMETER); BASAL CONTACT 

SUMP. I1PLcmAl. lJuDLR*TOPY TO 0.5'. 

HALITE, XEDIUn TO COARSELY CRYSTALLINE. M I T E  M CLEAR TO TINTED ORANGE; 

ARCILLACEOUS HALITE OCCURS BENEEU 1681.1' AND 1682.6'. GRAY CLAY; REDDISH-BROW 

ARCILLACEOUS HALITE OCCURS BENEEN 1682.6' AND 1684.11, CLAY OCCURS AS RANWHLY- 

ORIENTED STRINCERS AND AS MTRIX; CLAY CONTENT DECRUSES ABRUPTLY BELOW 1684.1' ; 

TRACE P O L M U I T E  BELW 1686.1'. CONTENT INCREASES WITH DEPTH. OCCURS AS 

DISSMINATED BLEBS AND AS RANWXLY-ORIENTED TO SUBHORIZONTAL STRINGERS; BASAL 

CONTACT SHARP. 

ARGILLACEOUS HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHIT!! TO CLEAR TO TINTED 

O W E ;  VERY ARCILLACEOUS IN UPPEP 0.1'. CLAY REDDISH-BROW. CONTENT DECREASES WITH 

DEPTH. OCCURS AS INTERCRYSTALLINE MTRIX AND RARE STRINGERS, CONTENT DECRUSES 

ABRUPTLY BELW 1701.0'; T U C E  POLYHALITE, OCCURS AS DISSEXINATED BLEBS; BASAL 

CONTACT SHARP, IBPECIILAR, DISCONFOWLL. 
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1 

, 

ELEV. 
( F T  M S L l  

1704 

1699 

1694 

STRATIGRAPHIC 

COLUMN 

- 
X 

- 

- 

DEPTH 
( F T )  

1705 

--1710 

-- 1715 

REMARKS 

AS AIOVE 

HALITE.  W D I L W  TO COABSELY C P Y S T N L I N E ,  W I T E  T O  C L U B ;  UPPER 0.3' T O  0 . 4 '  AND 

LOWER 0 . 7 '  PURE MLITE, P M Y D E R  S L I C U T L Y  M C I L U C E O U S .  C U Y  REDOISB-BROW, 

BECOMING CPAY U I M  DEPTH; B A S N  CONTACT SHARP, IRPECULAE,  D I S C O N F O R U B L E .  

1689 

1684 

1679 -- 

1674 -- 

1669 -- 

1664 -- 

1659 

A R C I L U C E O U I ,  COKM DECREASES WITH DEPTH; TRACE P O L W I T E ,  CONTENT INCREASES -- 1720 U I I U  D E P M ,  OCCURS A S  D I S S M I N A T E D  BLEBS AND ~ Y - O R I E I I T E D  S T R I N C E R S ,  LOUER 

1 . 0 '  VERY P O L Y H U I T I C ;  BASAL M A C T  SHARP, IRREGULAR. UIIDULATORY. 

-- 1725 

1730 REDDISH-BROW, CONTENT DECREASES V I M  DEPTH; TRACE POLYHALITE,  OCCURS A S  D I S S D I I -  

HATED BLEBS; B A S N  CONTACT SHARP. IRRECULAE U I T H  DISSOLUTION P I T S  1 . 0 '  DEEP I N T O  

UNDERLYINC UNIT. 

1735 
U C E O U S ,  C U Y  REDDISH-BROW, OCCURS A S  RANWMLY-ORIENTED T O  SUBHORIZONTAL STRINCERS 

AND DISSENINATED I N T E R C R Y S T N L I N E  M T E B I A L ;  TRACE POLYHALITE AT T O P ,  CONTENT 

1740 

1745 

1750 

x - 

- X 

X - 

X 

INCREASES U I M  DEPTH. OCCURS AS D I S S M I N A T E D  BLEBS AND RANWULY-ORIENTED STRINGERS;  

BASAL CONTACT C W A T I O N N .  



R E M A R K S  

. . . . . . . . . . . . . . . . . . . .  

- - -  
BASE; B A S U  CONTACI SHARP, DISCOIIFOEHA0LE. 

ORAYCC; GPAr CLAY OCCUBS AS M T R I X  AND INTCRCPYSTALLINC M T E R I A L , C U Y  BECOMES 

REDDISH-BROYII Bern 1773.0.. CLAY CONTENT DECPEASES WITH DEPTH: CUY-FREE 

P O L r W L I T I C  W L I T E  E C U B S  B E N E E N  1 7 7 3 . 3 '  AND 1 7 7 3 . 8 '  ; WLYHALITE CONTENT INCREASES 

WIT11 DEPIII; BASAL CONTACT S W .  IRREGULAR. 

UANDDKLY-ORIENTED S T R I N G U S ;  BASAL COKTACT GEADATIONAL. 

SHARP, W E D  BY 1" THICK GRAY CUYSTONE BED, SL1CHlX.Y 

GRADING m REDDISH-BROWN wrm DEPTH, CONTENT DECRWSCS WITH DEPM UNTIL ABSENT AT 

1 7 9 2 . 3 ' ;  CLAY COUT)?NT IYCBWSES AS INTLBCPYSTALLIYC M T E I I I U  AND STRINGERS BELOU 

1792.3 ' .  C D K T M  DCCPEASES WITH DEPTM. ABSENT 8ELOU 1 7 9 4 . 0 ' ;  TRACE WLYHALITE, 

O O Y T M  I Y C P W E S  YITU DCHLI, OCEUPS AS D I S S M I U A T C D  BLEBS AND RAWWHl,Y-ORIEUTED TO 

S U B ~ I Z ~ A L  S n I u c c n s ;  BASAL CONTACT SW, PUKED BY 0.1' THICK ILD OP 

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

COLUMN 

- 

X - 

- X 

. 
ELEV. 

( F T M S L I  

1614 

REMARKS 

AS ABOVE 

DEPTH 
( F T )  

1795 

LIALITC. MEDIUM TO COMSELY CRYSTALLINE, M I T E  CLEAR; CONTAINS SUBHORIZONTAL CRAY 

C U Y  STPIIGEXS TO 1804.3'. MSEUr BELOU 1804.3' ; TRACE P O L W I T E ,  CONTENT 

I N C X W E S  UITH DEPTH, OCCUPS AS DISSEHINATED BLEBS AND SUBHORIZONTAL STRINGERS; 

BASAL COYIACI S W P ,  W E D  BY 3" ZONE OF GRAYISH HALITE UNDERLAIN BY 1" THICK GRAY 

CUYSmYE. 

LLALITC, n w I w  TO COARSELY CRYSTALLINE, UHITE TU CLUB; UPPER 1.8' ARCILUCEOU~, 

BEDDISU-BICUN, CfMtTENT DECREASES UITH DEPTH; TRACE P O L W I T E .  CONTENT INCREASES 

UITH DEPTB, OCCUPS AS DISSMINATED BLEBS. BLLBS ALICllED IN ZONES AND STPINCERS 

OCCUX BCUU 1817.6'; CORAINS CRAY CLAY AS STPINCERS AND DISSL7INATED INTER- 

CRYSTUIUE M T W A L  BETYEEN 1819.2' AND 1819.9'; BASAL CONTACT SHARP, IRRECIIUR, 

DISCONPORIWLE. 

IIALITE, FINELY TO COARSELY CRYSTALLINE, UHITE TO C L U B  TO TINTED ORANGE: ARCILLA- 

CEOUS, REDDISH-BROW, C U Y  OCCURS AS INTERCRYSTALLINE .UTRIX AND STRINGERS, CONTENT 

DECREASES UIll DEPTH, CONTENT DECREASES ABRUPTLY BELW 1823.0'; TRACE POLYHALITE. 

OCCUBS AS DISSMINATED BLEBS: BASAL CONTACT GRADATIONAL. 

HALITE, FINELY m COARSELY CRYSTALLINE. WITE TO CLEAR TO TINTED ORANCE; SLICHTLY 

ARCILUCEOUS IN UPPER 4 . 0 ' ,  CONTENT DECREASES WITH DEPTH, CLAY OCCURS AS STRINGERS 

AND INTERCRYSTALLINE MTRIX, CONTAINS RARE SsULL (<1/16") DISPLACIVE HALITE 

CRYSTALS; TRACE POLYHALITE, OCCURS AS DISSEYINATED BLEBS; BASAL CONTACT SHMP, 

. W E D  BY DISSOLUTION PITS 6" TO 8" DEEP INTO lRlDERLYING UNIT, IRREGULAR, UNDU- 

UTORY. 

HALITE, HEDIUM m COAXSELY CXYSTALLINE, MITE TU CW; ARGILUCEOUS m 1839.8*, 
OCCURS AS G U Y  STRINCEIS; T U C E  POLYHALITC, CONTENT INCXCASES WITH DEPIM, OCCUBS AS 

BLEBS AJID WIOOWLY-OXI~D TO S U B ~ I Z O N T A L  s n r w c n s ;  BASAL CONTACT CBADATIONAL, 

UICIILY I U E G U W ,  SLICMTLY UNDUUTOXY. 

1604 

1599 

1594 

1589 -- 
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1579 -- 
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1574 -- 

1569 
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STRATIGRAPHIC 

COLUMN 

X 

X 

- 
, 

ELEV. 
(FT  MSLl 

1569  

1564 -- 
POLYHALITL, FINELY CRYSTALLINE, REDDISH-ORANGE; W T I C ;  BASAL CONTACT GRADATIONAL. 

x VEEY IBPECUUI, UNDULATORY. 

HALITE, FIUELY TO COARSELY CRYSTALLINE. UHITE TO CLEAR TO TINTED ORANGE; ARCILU- 

CEOUS. G U T  AT TOP GRADING TO REDDISH-BROW WITH DEPTM. CONTENT DECREASES WITH 

DEPM, C U T  OCCURS AS SUBHORIZONTAL STRINGERS AND AS MATRIX .UTERIAL IN 1559 -- 1850 
IRREGUIULT-SHAPED ZONES OF ARGILUCEOUS HALITE; POLYHALITIC. CONTENT INCREASES 

WITH DEPTH. OCCURS AS DISSEHINATED BLEBS AND RANDOHLY-ORIENTED DISCONTINUOUS 

STRINGf3S; CONTAINS U R G E  IRREGUUS ZONES (SEVERAL SQUARE FOOT AREA) OF PURE WHITE 

1554 -- 1855 
T M  D L C U L S  YITH DEPTH. OCCURS AS RANWIRY-OPIEKTED STRINGERS; TRACE POLYHALITE, 

OCCUBS AS DISSUINATLD BLEBS; CONTAINS DISSOLVTIOY PITS 1.0' TO 3.0' DEEP. FILLED 

WITH W I T L  COMSLLY CRYSTALLINE HALITE; BASAL CONTACT S U M P  TO ABSENT. U K E D  BY I" 

THICK CBAT CUYSTONE BED. 

STBINCERS; BASAL CONTACT SHARP. SLIGHTLY UNDULATORY. 

1544 -- 1865 

DEPTH 
I F T . )  

1840 

1845 

1539 

1534 

! 

1529 

1524 

-- I 8 7 0  

-- 1875 

-- I 8 8 0  

1885 

- x 

X - 

X .  

- 
X 

- 
- 

x 

- 
- 

x 
- 

UWDERUIU BY 4" THICK BED OF GRAY HMITIC CLAYSTONE; BASAL CONTACT GRADATIONAL. 

WALITL. ~ I U U  m COARSELY CRYSTALLINE. YHITL TO CW; SLIGHTLY ARCILUCEOUS. 

CONTENT D E t P W L S  WITH DEPM. OCCURS AS SUBHORIZONTAL STRINGERS; POLYtlALITIC. COU- 

TENI INCLUSLS WITH DEPTH, OCCURS AS DISSWINARD B U B S  AND SUBHORIZONTAL 

SllUNGERS, POLYHALITE BED 0.1' THICK AT 1875.7'; BASAL CONTACT SHARP. IRRECUM. 

SLIGHTLY QDUIATOBY. 

ARGILUCEWS HALITE. FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR: C U Y  REDDISH- 

BROWN TO M Y .  OCCURS AS IRREGULAR SUBHORIZONTAL STRINGERS; HALITE OCCURS IN PODS 

OR ZONES OF CRYSTALS; TRACE POLYHALITE; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 

HALITE. COARSELY CRYSTALLINE, WHITE; BECOHES SLIGHTLY ARGILLACEOUS WITH DEPTH: 

POLYHALITIC. OCCURS AS BLEBS AND SUBHORIZONTAL STRIKERS; BASAL CONTACT SHARP. 

IRREGULAR. SLIGHTLY UNSULATORY. 

ARCILUCrrmS HALITE, REDDISH-BROW WITH T U C L  OF GUY; HALITE. FINELY TO COARSELY 

CBYSIALLIR, ~ I T E  TO CLW. occuas AS IRRECULABLY-SHAPED BEDS AHD PODS.  ALLY 
m L w I n c  m FREE OF CUY; TRACE P O L Y W I ~ .  c o r n  INCRUSES WITH DEPTH, 

0cmis AI DISSEYINATED BLEBS AHD IRBECVLAP ~ANDOIRY-OILIENTED STRINGERS; I / & "  ~ I C I  

BED 01 =TUU.IIl! UNDERUIN BY 114" THICK DISCOUTIYUOUS BED OF GRAY CLAYSTONL 

OCCVPS AT 1393.1'; BASAL CONTACT SHARP. IRRECUUB, SLIGHTLY UNDULATORY. 
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AS ABOVE 

MCILLACLOUI H A T P I U  BELOU 1901.0'. CONTENT DECREASES WITH DEPTH, TOTALLY ABSENT 

BEtOY 1904.8'. OCCUIS AS WmOnLY-ORIENTED TO SUBHORIZONTAL STRINCERS BECOXINC 

BLEBS WITH DEPTtl: 114" THICK SUBHORIZONTN STRINGERS OF ANHYDRITE OCCUR BELOU 

1916.0'; AT 1916.5'. A 0.le THICK PINKISH-RED WLYHALITE BED OCCURS; BASAL CONTACT 

SKARP. SLIGHTLY IRBECUUS AND UNDULATORY. 

\\\\\\\\\\\\\\\\\ 

OCCURS AS RANWHLY-ORIENTED STRINGERS; ABUNDANT WLYHAL.ITE, OCCURS AS DISSENINATED 

WLYHALITIC. CONTENT INCREASES ABRUPTLY BEtOY 1926.8'. THEN DECREASES WITH DEPTH. 

OCCURS AS DISSWINATLD BLEBS; BASN CONTACT DIFFUSE. 

STRATIGRAPHIC 

C O L U M N  
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- 

- 
- 

- 

E L E V .  
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1514 -- 
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I F T )  

I 8 8 5  

-- 1890 

1895 



EXHAUST SHAFT 
FIGURE 4 (CONTINUED) LITHOLOGIC LOG 

r t l rrr  I IC  nr  Cft 

ELEV. 
f F T  M S L I  

1479 

1474-- 

1469-- 

STRATIGRAPHIC 

COLUMN 

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

x 

- - 

X 

- - 
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DEPTH 
f FT . )  

1930 

1935 

1940 

R E M A R K S  

HALITE. FINELY TO COARSELY CRYSTALLINE. C L W  TO WHITE; UODEBATELY ARCILUCEOUS. 

CONTENT DECIEASES V I M  DEPTH. OCCURS AS BUCK BLEBS AND SIIINCERS; TRACE WLY- 

HALITE. COYTENT INCREASES VITL~ DEPM, OCCURS AS DISCONTINUOUS IRREGULAR w W n L Y -  

ORIENTED 10 SUBBORIZOKIAL STXINCERS AND DISSLYINATED BLEBS; CONTAINS LOCAL BEDS AND 

ZONES OF CUY-FREE UALITE; W L Y U L I T E  CONTENT INCREASES ABRUPTLY NEAR BASE; BASAL 

COUTACT S W P .  

ANtlYDRITE, FINELY CRYSTALLIYE. LICHT TO DARK CRAY, THINLY LAMINATED TO (JLYINATED; 

1464 -- 

1459 -- 

1454-- 

xxxx \\\\\\ 
AWtMDRITt, f1N'GX.Y CRYSTALLINE, CBAY ALTERNATING V I M  DARK CRAY, M I N L Y  LWINATED; 

1444-- 1965 
C O N F O W U .  

AIMYDRITE. FINELY CRYSTALLINE. CRAY; HALITIC,  OCCURS AS ABUNDANT M I T E  PSEUM)- 

nouPBs  APT= CYPSU~ SVALLWTAIL CRYSTALS ALIGNED PARALLEL TO BEDDING, 118" TO 2" 

HICH, W O R I T Y  ORIENTED VERTICALLY; LOCALLY, ANtlYDRITE I S  FREE OF PSEUWMORPBS AND 

THINLY IAtlINATED, LAflINAE ALTERNATE FROM LICBT TO DAM CRAY; HALITE PSELltX)HORPHS 

ABSENT BEWERI 1966.6 '  AND 1967 .5 ' ;  BASAL CONTACT GRADATIONAL TO DIFFUSE. 

1439 -- 1970 ANIIYDRITE, FINELY CRYSTALLINE. ALTCWATINC LICHT AND DARK GRAY. THINLY W I N A T C D  TO 

LAMINATED; LAMINAE OFTDl CONTAIN INSIPIENT EMBOLITHIC STRUCNBES AND ANHYDRITE 

PSClJWWlRPllS AFT= CYPSUn S V A L L M A I L  CRYSTALS: UUDERUIII BY 0 . 4 '  TO 0 .5 '  THICK BED 

OF HICROW(1NATED 10 TUINLY W I N A T L D  GRAY CLAYSTONE CONTAINING SUBHORIZONTAL 

BINI(CAT1K 0 TO 1" M I C K  M I T E - P I -  FBACNPLS; BASAL COWTACT S U P ,  IRBLCVW. 

W D U T O I Y .  DISCONFOEMBU. 

X - X 
UPPER 0 TO 0.5' POLYWLITIC; LOCALLY HALITIC. OCCURS AS DISCONTINUOUS BEDS AND 

1945 
PODS: sac WIIIAC OICAIIC-RICII ( ? I ;  WINAC muun s L I m n Y ;  UNDERLAIN BY 0.1 ' 

m 0.3' MICX ca r ry  IIALITIC cursmwe; BASAL CONTACT SHARP. IRRECUUB, s L I c n n Y  

1950 

1955 

- 

---------. 

- 
- 

X 

UNDIJLATOIY. 
HALITE, COARSELY CRYSTALLINE, W I T C  tLW 10 TINTED ORANCL, STRUCTURELESS; 

S L I c B n r  APCILLACEOVS III UPPU 5.0'.  OCCURS AS CUY DISCONTINLOUS SUBHORIZONTAL 

STRINCERS. BELGW 1952.3 '  CONTENT I N C I W E S  SHARPLY, THM DECRfASES WITH DEPTH, 

DISCONTINWUS 1" m 2" THILX r ~ a c c u r u  c u r  c u y s m l r r  BED OCCURS AT 1952 .3 ' :  r uce  
POLYHALITL, OCCURS AS LIGHT ORANCISB-WITE DISSMINATED BLEBS; IN  BASAL 1 . 0 '  

POLYULITE AND ANHYDRITE OCCUR AS DISCONTINUOUS SUBBORIZONTAL STRINGERS; BASAL 

CONTACT S W P P ,  IBRECIIUB. 
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1434 

1424 

STRATIGRAPHIC 

COLUMN 

- 
- 

X 

- 

- 
X 

\I\\\\\\\\ 

\ \ \ \ \ \ \ \ \ \  

P R E L ' M I N A R Y  

DEPTH 
( F T . 1  

1975 

1429--1980 

-- 1985 

REMARKS 

HALITE. 3EDIUn COARSELY CRYSTALLINE. VUITE TO CLEAR. SlKUCTURELESS; SODERATELY 

MCILUCEOUS, GUY. COYTENT DECREASES VITH DEPTU. OCCURS AS DISSEMINATED BAWWnLY- 

O R I M E D  DISCOYTIXUMJS STRINGERS AND BLEBS; TRACE P O L Y U I T E  BLEBS; CONTAINS IYTER- 

UNIT DISSOLUTIW PITS FILLED VITH RELATIVELY PURE HALITE; FREE OF C U Y  CLAY F R M  

198s.o' m 1989.0'; MIU (<118") susnoaIzowrfi sTaINcERs or ~ Y D R I T E  O C C ~  BELOY 

1986.0'; IRREGULAR BED OF U I T I C  ANHYDRITE IM W E B  1" TO 3" OVERLIES HIGHLY UNDU- 

unnr COUTACT, COYTACT  ED BY cur CUYSTONE IN CHANNEL TROUCHS, COYTACT 

EROSIONALLY TCBMINATES UNDEPLYIUG UNIT AT M E  VEST SIDE Of S W :  BASAL CONTACT 

s w .  

HALITE, a m I m  m COMSELY CRY~TALLINE. VUITE: CONTAINS DI~CONTINUOUS SUBHORIZONTAL 

STRIUCEPS Or MRIYDRITE, <114" MICK; UNIT THICKNESS VARIES FROM 0 TO 1.5' AS IT IS 

~0SIaWALL.Y TUMINATED AT UPPER CONTACT; SHAPE LENTICULAR (0 TO 1.5' X 6 ' ) ;  BASAL 

COYTACT S W .  

1419 -- 

1414 -- 

1409 -- 

1404 -- 

1399 -- 

1394 -- 

1389 

\ A Y L I ~ I T E .  F I N ~ Y  CRYSTALLINE, LIGHT GUY, LOCALLY MIKLY LAMINATED; CONTAINS ABUN- 
1990 

nun turn Psmnoaptls urea c r ~ s u n  SWALLOWTAIL carsTrss; B A s u  COYTACT SHARP. 

1995 

2000 

2005 

2010 

2015 

2020  

- X 

X - 

x 

- 
- 

- 
- 

- 

- 
- 

- 

- 

HAMID BY i/rn m 112- THICK GUY CLAYSTONE BED. 

HALITE, MEDILPI m C O ~ S E L Y  cnrsruIwt. u m I n  TO nun TO TINTED GRAY. BANDED. 

sPAcm 112- m r-, TRACE GRAY CUY; C O K T A I ~  COYTINUOUS IILBEGW SUBHOI~IZONTAL 

SlKINCERS OF CRAY C U Y ;  BASAL COYTACT S W .  SLICHTLY UNDULATORY UP TO 0". 

HALITE, fiEDIUn TO COARSELY CRYSTALLINE, WIT2 TO CLEAR TO TINTED CBAY. BANDED ON 

112" m 2" SCALE, SLIGHTLY ARGILLACEOUS, OCCURS AS SUBHORIZONTAL STRINGERS AND 

UKAL RANDOKLY-ORIENTED STRINCERS; TRACE FULYHALITE. OCCUBS AS DISSLYINATED BLEBS, 

COYTENT INCREASES WITH DEPTH: BASAL CONTACT SUMP. 

HALITE. fiEDIW TO COARSELY CRYSTALLINE. M I T E  TO CLEM, STRUCTURELESS; SLICHTLY 

ARCILUCEOUS IN UPPER PART, CONTENT DECREASES V I M  DEPTH. OCCURS AS REDDISH-BROWN 

RANDOMLY-ORIENTED STRINCERS; TRACE POLYWLITE. CONTENT INCREASES WITH DEPTH; BASAL 

CONTACT SHARP, SLIcmnr IRREGULAR, SLIctlnr UNDULATORY (3''). 

ARCILUCEOUS HALITE. FINELY TO COARSELY CRYSTALLINE. UHITE TO TINTED ORANGE: CLAY 

REDDISH-BROWN, CONTENT DECREASES WITH DEPM. OCCURS AS INTERCRYSTALLINE UTRIX. 

GRADES TO SUBHORIZONTAL STRINCERS UITH DEPM: HALITE OCCURS AS DISCONTINUOUS BEDS 

AND ALIGNED PODS; BASAL CONTACT SHARP. IRREGULAR, UNDULATORY. 



- - 
U C E O U S  AT TOP. CMTEUT DECREASES UITH DEPl'U. OCCURS AS IHTERCRYSTALLINE M T R I X ;  

ABIM)ANT POLYlIALIIl! AT TOP. COUTENT INCREASES WITH DEPTH. OCCURS AS D I S S N I N A T E D  

BLEBS MID M U  SUBHOIIZONTAL STRINGERS; CONTAINS ABUNDANT VERTICALLY-ORIENTED 

ELOYCAIl! ZONES M PUPL AUD P O L Y M U I T I C  W I T E  WITH IRREGVIAB EDGES, 1.0 '  TO 2.0'  

ACBOSS. UP m 3.0' DEEP: arsu CONTACT uttreIrs CHANNEL FORM. UITH HIGH SIDE 

OCCUPPIYC OT UCSI S I D E  O P  SHAFT AT 2031.0' MID LOV POINT OCCURRING ON EAST S I D E  O F  

S H m  AT 2036.3' ; M I L  F I L L  CONSISTS O F  t W I T E  AND POLYHALITIC HALITE B E L W  

2032.0'. A 0.5' THICK BED O F  FINELY CRYSTALLINE ANHYDRITE OCCURS AT 2 0 3 2 . 3 '  AND 

TEEMINATES ACAIUST UNDERLYINC U N I T  AT YEST S I D E  O F  SHAFT. F I L L  CONTAINS ABUNDANT 

SUBHORIZOKTAL STPINCERS O F  ANHYDRITE THAT TERHINATE AGAINST UNDERLYINC UNIT AT WEST 

S I D E  OF SHAFT; BASAL CONTACT SHARP. 

WEST S I D E  01 SHAFT CONSISTS OF THINLY L M I N A T E D  ANHYDRITE; BASAL CONTACT 

GRUIATIONAL. UYDULATORY. 

CONTEUT DECREASES WITH DEPTH. OCCURS AS REDDISH-BROW TO CRAY RANWHLY-ORIENTED TO 

SUBHORIZONTAL STRINCERS UHICH BECOME SUBHORIZONTAL WITH DEPTH; TRACE W L Y H A L I T E ,  

OCCURS AS D I S S M I N A T E D  BLEBS AND SUBHORIZONTAL STRINCERS NEAR BASE; 1" TO 2" THICK 

BED OF WYDIITE (NORTHVEST SIDE OF SHAFT) AND POLYHALITE (SOUTHEAST SIDE OF SHAFT) 

AT 2059.3'; SUBHORIZONTAL STRINCERS OF ANHYDRITE I N  LOWER 5.0 ' ;  NO CLAY OCCURS 

B E L W  2059.3' ; BASAL CONTACT SHARP. UNDULATORY TO 0.4 ' .  D I S C O N F O R W L E .  

AT UPPER CONTACT; TRACE POLYHALITE AT TOP. CONTENT INCREASES WITH DEPTH, OCCURS AS 

D I S S E X I W T E D  B U B S ;  ARCILLACEOUS, CONTENT DECREASES WITH DEPTH. CRAY A T  TOP CRADINC 

TO CRAYISH-IROVW UITH DEPTH. OCCURS AS DISCONTINUOUS R A N W H L Y d R I E N T E D  STRINCERS 

AND LOCAL ZOYES O F  INTERCRYSTALLINE U T E R I A L ,  BECOMES REDDISH-BROW B E L W  2070.2', 

CONTENT D E C I U S E S  ABRUPTLY B E L W  2019.0'. BASAL 2.0' SLIC8TI.Y ARGILLACEOUS; BASAL 

CONTACT S W U ,  S L I C t m T  UUDVUTOIY.  IRRECULAR. HAWED BY DISCONTINUOUS IRREGULAR 2" 

EXHAUST S H A F T  
FIGURE 4 (CONTINUED) L I THOLOG I C  LOG 

c u c c r  I I Q  ne E n  
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REMARKS 

AS ABOVE 

HALITE. 3 e D I w  m COARSELY CRYSTALLINE. uurre TO CLEM: mct P a r r n u I T E ,  OCCURS AS 

DISSf)(INATED BLEBS: ARGILUCEOUS I N  U P P U  1.2' .  OCCURS AS REDDISH-BROW DISCONTINU- 

OUS SUBHOPIZWTU STRINCERS AND tiASSLS 01 W I T I C  !4lJDSTONE. CONTENT DECREASES U I n  

DEPTH; B A S U  COYTACT SHARP. 

HALITE, WEDIIJM m COARSELY CRYSTALLI~E, wu~n m c w ;  TRACE DISSE~INATED BLEBS 

AND luNKOMLY4RIEYTED STRINGERS 01 POLYHALITL: ARCILIACEOUS IN UPPER 1.0' .  CONTENT 

DECREASES MITE DEPTH: LOCAL ANHYDXITL STPINCEBS OCCUR NEAR BASAL CONTACT; BASAL 

CONTACT S U P .  SLIGHTLY I R R E C W  AND UNDULATORY. 

M I T E .  HEDIW TO COARSELY CRYSTALLINE. WHITE TO CLEAR: RARE DISSESINATED 

POLYHALITE BLEBS: ARCILUCEOUS AT TOP. COUTENT DECREASES UITH DEPTH EXCEPT FOR 

LOCAL INCREASES. CONTENT DECREASES ABRUPTLY BELW 2101.3' ,  OCCURS AS DISCONTINUOUS 

SUBHORIZONTAL STRINCERS; THIN DISCONTINVOUS STRINCEBS OF ANHYDPITE AND POLYHALITE 

ocnm IN men 2.0': BASAL CONTACT SHARP. srImnr v n o v u r o a y .  

PREL'M'NARY 

DEPTH 
( F t . 1  

1299 

- 

1344 

1339-- 

1334-- 

1329 

1324-- 

13 19 -- 

1314 -- 

1309--  

1304--  
ANHYDRITI, FINELY CRYSTALLINE. ALTEMATIUC LIGHT AND D A M  CRAY. THINLY LMINATED: 

UNDERUIW BY 112" THICK GRAYISH-BROW N Y S T W C  BED; BASAL CONTACT SHARP. 

HALITE. FINELY m COMSELY C~YSTALLINE, wurn m TINTED OWICE. BEDDED AT TOP MITU 

REDDISH-BROW ARGIUACEWS HALITE, SPACED 1" TO Z*; MCILIACEOUS, C O N T W  DECREASES 

WITH DLPTU, OCCURS AS IWTePCPYSTALLIWE U T P I X  I Y  NCILIACEOUS M I T E  BANDS AT TOP 

2110 

2 0 6 5  

2070  

2075  

AND P*WtCM.Y-OlIUmD S f P I U C U I  V I M  D E m ,  C O N T m  DECPuSES ABRUPTLY B E W  

2111.3'; W E  DISSMINATCD BLEBS 01 POLYHALITC: BASAL COUTACT D I F N S t .  

X 
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X 

X 

- 
X 

-- 2 0 8 0  

2 0 8 5  

2 0 9 0  

2095  
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X 
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- X 
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2100  

2105 
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X 

\\\\\\\\\\ 
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1299 

1294-- 

1274 -- 

1269--  

1264-- 

- 

STRATIGRAPHIC 

COLUMN 

, 

X 

. . . . . . . . . . . . . .a - - -  

- 

---- - 

- - 

X 

\ 

- 

DEPTH 
I F T I  

2110 

2115 

1289- -2120 

1 2 8 4 - - 2 1 2 5  

1 2 7 9 - - 2 1 3 0  

2135  

2 1 4 0  

2  145 

- 2146.4 

- 

.- 

REMARKS 

AS ABOvt 

HALITE. HEDIU~ TO COARSELY CRYSTALLINE. WITE TO CLUB; RARE STRINGERS OF CLAY IN 

UPPCt 1.7'; TRACE SUBHORIZOUTAL TO UOlIZONTAL CONTINUOUS STaINCERS OF ANHYDRITE 

BELOY 2117.0'; BASAL CONTACT S W .  

W I T E .  HEDIW TO COARSELY CRYSTALLINE, WHITE TO TINTED ORANCE. RARE RANM)!II.Y- 

OPIENTED C U Y  STPINCERS TO 2125.2'; UPPEl CONTACT HARKED BY ANHYDRITIC CLAYSTOIiE 

CONTAINING DISPLACIVE HALITE CRYSTALS (~111"); T U C E  POLYHALITE BLEBS; ANHYDRITE 

STPINCERS OCCUR IETUEEU 2128.1' AYO 2121.5'; BASAL CONTACT S W P ,  SLICHTLY LRIDU- 

LATORY. IPPLCUW. 

ANUYDRITE (A), FINELY CRYSTALLINE, LICUT GUY. THINLY LANINATED. LAMINAE SLICHTLY 

cOYTORTED; LOCALLY CONTAINS S W  HALITE CRYSTALS (c1116"); BASAL CONTACT SHARP. 

SLIGHTLY W T O R Y .  

\ 

\ 

- -- - 

X 

- 

X 

FACILITY 
LEVEL 

WLITE. HEDIU TO COARSELY C~YSTALLINE, Win TO c w n ;  ~uat CLAY ~ T R I N G E R ~  TO 

2131.5'; SUBHORIZONTAL STPINCERS OF AJIHYDRI'TE SPACED 2" TO 4" OCCUR B E L W  2131.0' ; 

MSAL CONTACT S W P .  

ANUYDRITE (0). FINELY CRYSTALLINE. L I m  GUY, HIUT OF THIN MINATIONS; HALITIC, 

MSAL CONTACT S W P ,  IRRECUW, SLICHTLY UNDULATORY. 

HALITE; ncDIUn TO COARSELY CRYSTALLINE, WHI'TE m CLEAR; me SUBHORIZONTAL CLAY 

STRINGERS AT TOP, CONTENT DECREASES UITII DEPTLI; VEBY RABE BLEBS OF POLYHALITE; 

BMAL CONTACT UOT OBSERVED. 



EXHAUST S H A F T  

DUNE SAND AND CALICHE 
GATUNA AND SANTA ROSA 

DEWEY LAKE REDBEDS 

---- 

MAGENTA MEMBER 

TAMARISK MEMBER 
I-< 

CULEBRA MEMBER 0 2  
2 E  

UNNAMED L O W E R  MEMBER=: 
\L 

& B A S E  O F  T H E  KEY 

N O T E S :  
/. ALL ROCKS BELOW SANTA ROSA ARE 

PERM/AN /N AGE. 

2. ALL DEPTHS ARE MEASURED FROM A 
REFERENCE ELEVATION AT 3 4 0 9 ' ~ S L .  

:XPLAIUATIO IU 

SAND AND SANDSTONE 

MUDSTONE AND SILTSTONE 

ANHYDRITE 

ROCKSALT 

DOLOMITE 

F I G U R E  5 

G E N E R A L I Z E D  
E X H A U S T  S H A F T  
S T R A T I G R A P H Y  

PREPARED FOR 

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  
CARLSBAD, N E W  M E X I C O  

IT CORPORATION 



EAST SOUTH WEST NORTH 
OIS T4 NCE FROM SOUTH LINE, I FEETI 

1) T H I S  I N T E R V A L  WAS MAPPED ON 1 0 - 3 - R 4 -  
2 )  THE 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 l 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  OF 3 4 0 9  F E E T  ABOVE R S L .  
4 )  ONLY FRACTURES THAT WERE DEEMED ' f lAPPBLE' 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 RAP.  
5 )  R A P P I N G  E F F O R T S  HERE CONCENTRATED I N  THE DEPTH 

I N T E R V A L  FRON 1 9 5 . 0  F E E T  TO 2 0 0 . 0  F E E T .  

E X P I  A N A T I O N  

R A P P E D  FRACTURE W20, SEE FRACTURE NOTES F O R  Fy D E S C R I P T I O N  

.24 
S A M P L E  L O C A T I O N ,  E X H A U S T  S H A F T  D E T A I L E D  R A P P I N G  SAMPLE 

FRACTURE 1 2 9 .  FRACTURE SURFACE E x W s t D  F IGURE 6 - SHEET 1 ~ ~ ' 1 1  

FRACTURE LOG I N  
THE DEWEY L A K E  REDBEDS 

DEPTH 1 9 0 . 0  THROUGH 2 0 5 . 0  K.EET 
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 ,  HEW M E X I C O  

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 H E X l C O  

I T  C O R P O R A T I O N  



WIPP EXHAUST SHAFT 
FIGURE 6  - SHEET 2  OF 11 

FRACTURE NOTES 

?4 +i 
I .  r.ac t ~ ~ r ' i :  D i p  o f  Az imut  h  F r a c t u r e   ill* S t r u c t u r e  

Numbet3 F r a c t 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 ~ s  

F 1  h o r i z o n t a l  1  /4-  1 /2"  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 ,  s e c o n d  
g r o w t h  1 / 4  i n c h  f r o m  b a s e  

F2 70-85" 2 30 1/4-3/4"  f g  S i g m o i d a l  g r o w t h  o f  f i b e r s  
s u g g e s t i n g  s l i g h t  l e f t  
l a te ra l  movement 

5  6"  0  00 1  /4"  f g  F i b e r s  are s t r a i g h t ,  b u t  F2 a n d  F1 t e r m i n a t e  F3 
a t  a n g l e  o f  30"  t o  t h e  
f r a c t u r e d  s u r f a c e  

3 30 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  F4 c u t  by F2 
w i t h  s l i g h t  i n c l i n a t i o n  
t o  t h e  f r a c t u r e  p l a n e ;  
c o n t a i n s  small s i l t s t o n e  
i n c l u s i o n s  i n  c e n t e r  o f  
v e i n  

~ 5 * * %  4 4 O 055  < 1/  16" 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 s u b h o r  i z o n t a  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  F6 i n t e r s e c t s  F16 ,  F 1 8 ,  F 2 8  
w i t h  small s i l t s t o n e  r e l a t i o n s h i p s  n o t  d e t e r m i n e d  
i n c l u s i o n s  i n  m i d d l e  t o  
l o w e r  1 / 2  

F  7  20"  270  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  F7 i n t e r s e c t s  F 8 ,  F2 

k' 8 t l o r i z o n t a l  1  /8- 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  F8 t e r m i n a t e d  a t  F 2 ,  F18  

ii 
**t 'g = f ' i b rous  gypsum 

X it % 
Azirnut.l .~ o f  p o l e  d e s c ~ . ~ i b e s  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  r l 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 .  
F r . a i : t ~ r ~ . e  r ~ o t  mapped 
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FRACTURE NOTES 

I-'~-ac t u r e  
Number 

Dip  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  

F i l l  
Material 

S t r u c t u r e  
Wi th in  Vein  

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  

F i b e r s  o r i e n t e d  v e r t i c a l l y  F19 t e r m i n a t e s  a t  F8 & F18 
w i t h  s u t u r e  l i n e  

h o r i z o n t a l  C o n s i s t e n t  v e r t i c a l  s i g -  F20 c u t  by F28 ,  F18 
mo ida l  f i b e r s  F20 i n t e r s e c t s  F30 ,  F35,  

and  F33  

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 ,  F21 i n t e r s e c t s  F18 ,  F28,  
s u t u r e  c o n t a i n s  f r e q u e n t  F30,  F33 and  F35  
t h i n  l e n t i c u l a r  s i l t s t o n e  F21 t e r m i n a t e s  a t  F37 
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  F111 
and  F18 

subho 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  F23 t e r m i n a t e s  a t  F18 

s u b l ~ o r i z o n  t a l  
u n d u l a t o r 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 ,  F24 t e r m i n a t e s  a t  F18 
f i b e r s  are s t r a i g h t  t o  F24 i n t e r s e c t s  F33 
s i g r n 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  

75" 

22"  

h o r i z o n t a l  

F25 t e r m i n a t e s  a t  F24, F27 

F i b e r s  o r i e n t e d  v e r t i c a l l y  F26 t e r m i n a t e s  a t  F28 

F i b e r s  o r i e n t e d  s u b v e r t i -  F27 t e r m i n a t e s  a t  F28 
c a l l y  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  F20 ,  F21 ,  
F 6 ,  and  F24 
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FRACTURE NOTES 

F~.; ic  t11r.e D i p  o f  
ld umbe 1% F r a c t u r e  

* f i i  
F2 3 h o r i z o n t a l  

Azimuth 
o f  P o l e  

F r a c t u r 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  

F29 t e r m i n a t e s  a t  F28 
a n d  F 3 0  

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  

F30 s u b v e r t i c a l  F30  t e r m i n a t e s  a t  F111 
F 2 7 ,  F21  a n d  F20  i n t e r s e c t  F30  

~ 3 1 * * *  s u b v e r t i c a l  

F32 2 3 "  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  p l a n e  

F32  t e r m i n a t e s  a t  F33 
a n d  F 3 0  

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  

F 3 3  c u t  by F21  a n d  F20 
F 3 3  i n t e r s e c t s  F24 
F33  t e r m i n a t e s  a t  F111 

F34 s u b h o r  i z o n  t a l  F34 t e r m i n a t e d  by F33  
F34 c u t  by F 3 5  

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  

F35  t e r m i n a t e s  a t  F111 

F36 s u b h o r i z o n t a l  F36 t e r m i n a t e s  a t  F37 
F36 c u t  by F 3 5  

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  

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  

F37 t e r m i n a t e s  a t  F111 
F37  j o i n s  F41  

F38 - n o t  d e s c r i b e d  

F39 s u b v e r t  i c a l  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  

I n d e t e r m i n a b l e  
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FRACTURE NOTES 

1 : l . d ~  t u r e  Dip  o f  
N urrrbe 1' F r a c t u r e  

F4 2  s u b h o r  i z o n  ta1 
u n d u l a t o r y  

F4 3 s u b h o r  i z o n t a l  

F44 - n o t  d e s c r i b e d  

F4 5  65"  

~ 4 7 ' * *  s u b h o r  i z o n  t a l  

~ 1 1  8jC'ji s u b h o r  i z o n  t a l  

~ 4  9'*' s u b v e r t  ical  

~ 5 0 " '  30"  

F5 1 s u b h o r  i z o n t a l  

Azimuth F r a c t u r e  F i l l  S t r u c t 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  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  

300 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  F40 t e r m i n a t e d  a t  F111 a n d  
F4 1 

070  1 /8- 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 -  F24 a n d  F111 t e r m i n a t e  F41 
c a l  l y  

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  F42 c u t  by F53  

1  /8- 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 ,  F43 c u t  by F53  
i n c l u d e s  s i l t s t o n e  c l a s t s  

1  / 16- 1/8" f g  F i b e r s  o r i e n t e d  s u b h o r i -  F45 t e r m i n a t e s  a t  F111 
zon  t a l l y  and  F51 

1/8"  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  p l a n e  

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  

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  

n o n e  

1/16-1/8"  f g  F i b e r s  o r i e n t e d  s u b v e r t i -  F50 t e r m i n a t e s  a t  F52 
c a l  l y  

1  /8- 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  F51 c u t  by F52 
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FRACTURE NOTES 

D i p  o f  Azimuth 
F r a c t u r e  of P o l e  

F r a c t u r e  
T h i c k n e s s  

F i l l  S t r u c t u r e  
Material W i t h i n  V e i n  

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  N30E f g  F i b e r s  o r i e n t e d  s u b h o r i z o n -  F52 t e r m i n a t e s  a t  F53  
t a l l y  

v e r t i c a l  N35E f g  F i b e r s  o r i e n t e d  s u b h o r i -  F 5 3  t e r m i n a t e s  a t  F111 
z o n t a l l y  w i t h  s u t u r e  l i n e  F 5 3  i n t e r s e c t s  F42 

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  F54 t e r m i n a t e s  a t  F 5 3  s u b h o r  i z o n 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  F 5 3  a n d  F56  t e r m i n a t e  
F5 5 

s u b h o r  i z o n  t a l  

s u b v e r t i c a l  S60E f g  Gypsum f i l l i n g  is d i s c o n -  
t i n u o u s ,  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  

s u b h o r  i z o n t a l  f I3 F i b e r s  o r i e n t e d  s u b v e r t i -  F 5 3  a n d  F56  t e r m i n a t e  
c a l l y  F5 7 

s u b h o r i z o n t a l  

s u b h o r  i z o n  ta 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  F 5 8  i n t e r s e c t s  F60  

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  F56 a n d  F 6 0  t e r m i n a t e  
F5 9 

8 5 "  0 4 0  

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  

F111 t e r m i n a t e s  F60 

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 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  F62  i n t e r s e c t s  F60 a n d  F69 
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FRACTURE NOTES 

F'rac t u  txe 
Number 

D i p  o f  Azimuth  
F r a c t u r e  o f  P o l e  

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  

s u b h o r  i z o n  t a l  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  

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  F69  t e r m i n a t e s  F64 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  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 -  
cal  l y  

6 5 "  190  

s u b h o r  i z o n  t a l  

1  /8" F1 a n d  F 6 5  t e r m i n a t e  F66 

0- 1  /8" 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  

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  F 9 3  
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 ,  F 7 0  
o f  F 5 8  a n d  F61 a n d  F 2  

s ~ ~ b h o r  i z o n  t a l  

1  /4 -  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 -  F 6 9  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  

s u b v e r t  i ca l  110  

F 7 0  c u t  by F 6 8  s u b v e r t i c a l  1 1 0  

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  F 7 0  c u t  by F71  s u b h o r  i z o n t a l  

25"  0 6 0  F 7 2  t e r m i n a t e s  a t  F111 
a n d  F 6 8  

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  F 7 3  s u b t l o r  i z o n t a l  

s ~ ~ b h o r  i z o r l t a l  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 7 0  a n d  F 7 2  t e r m i n a t e  F74 
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FRACTURE NOTES 

b'1.a~ Lure  D i p  o f  Azimuth 
N~lrnber. F r a c t u r e  o f  P o l e  

F7 5 s u b v e r t i c a l  110  

F76 s u b h o r  i z o n  t a l  

F'77%*s s u b h o r  i z o n t a l  

F78 - n o t  d e s c r i b e d  

F79**' - n o t  d e s c r i b e d  

F80 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  

F82 s u b h o r  i z o n  t a l  

F8 3 s u b h o r  i z o n t a l  

~ 8 4 ' * *  37"  0 0 0  

~ 8 5 ' ~ '  s u b h o r  i z o n  t a l  

F86 s u b h o r i z o n  t a l  

F87 s u b h o r i z o n t a l  

F8 8  s u b h o r  i z o n t a l  

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  

Cross -Cu  t t  i n g  
Rela t i o n s h i p s  

1 /8 -1 /4"  f g  F75 j o i n s  F70  a n d  F72 

1  /8" F75 a n d  F70  t e r m i n a t e  F76 

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  J o i n s  w i t h  F78  a n d  F79 

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  

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 -  
ca 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  

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 -  
ca l  l y  

F 8 0  j o i n s  F72  
F 9 3  t e r m i n a t e s  F80  

F81 j o i n s  F68  

F82 t e r m i n a t e s  a t  F93  

F 8 3  t e r m i n a t e s  a t  F2 

F2 t e r n i i r ~ a t e s  F86 

F80  t e r m i n a t e s  F84 

F80  t e r m i n a t e s  F88  
F88  j o i n s  F87 
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FRACTURE NOTES 

t:l .hcture 
Number 

~ 8 9 ' "  

F3 0 

F9 1  

F92 

F9 3 

F94 

F95 

F9 6 

-5'9 7 

F9 8 

F9 9  

FlOO 

F101 

F102**f 

Dip o f  
F r a c t u r e  

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  

s u b h o r i z o n t a l  

68"  

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  

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  

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  

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 

f g  

f g  

f g  

f g 

f !3 

f g  

f g  

f g  

f g  

f i3 

f g  

f g 

f g 

S t r u c t u r e  
W i t h i n  Vein  

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  

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  

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  

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  

F i b e r s  o r i e n t e d  v e r t i c 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  

F89 j o i n s  F68 a n d  F80 

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 

F111 t e r m i n a t e s  F93 

F94 t e r m i n a t e s  a t  F93 

F95 t e r m i n a t e s  a t  F93 

F96 t e r m i n a t e s  a t  F93 
F96 j o i n s  F97 

F97 t e r m i n a t e s  a t  F93  
F97 j o i n s  F96 

F93 t e r m i n a t e s  F98 

F2 t e r m i n a t e s  F99 

F100 j o i n s  F101 

F102 t e r m i n a t e s  a t  F93 
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F I ~ C  Lure Dip o f  
Number. F r a c t u r e  

F 103*%' s u b v e r t i c 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 

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 t r u c t u r e  
W i t h i n  Vein  

F i b e r s  o r i e n t e d  s u b h o r i -  
zon  t a l l y  

F98  t e r m i n a t e s  F102 

F104*" 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  F101 

~ 1 0 5 ~ ~ '  s u b h o r  i z o n  t a l  F105 c u t  by F104 
F105 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  

~ 1 0 6 * * '  s u b h o r  i z o n  t a l  

F 107 s u b h o r  i z o n  t a l  

F108 s u b h o r  i z o n  t a l  

~109" '  - n o t  d e s c r i b e d  

F110 s u b h o r  i z o n  t a l  

F106 t e r m i n a t e s  a t  F104 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  

FlO7 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 

F111 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 ,  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 las 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 ,  F 6 9 ,  a n d  F70 
c l o s e r  t o  t o p  



> 
u I I 

NORTH - * LL 
EAST SOUTH WEST NORTH 

DISTANCE FROM SOUTH L INE, IF€€Tj  

25 20 /5 / O  5 0 5 lo /5 20 25 

C O N C R E T E  I L I N E R  

I 

17 

FIGURE 7 - SHEET 1 OF 9 

FRACTURE LO6 I N  THE DEWEY LAKE REDBEDS 
DEPTH 256.5  TO 280.5  FEET, EXHAUST SHAFT 

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 ,  NEW M E X I C O  

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 T I O N  



WI P P  EXIIAUS'T S H A F T  
F I G U R E  7 - SHEE'T 2 OF 9 

E X P L A N A T I O N  NOTES 

N A P P E D  FRACTURE # 2 0 ,  SEE FRACTURE NOTES FOR 
Fzy 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 - 3 - 8 4 .  
2 )  T H E  L I T H O L O G Y  O F  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  

24 S A M P L E  LOCAT I O N ,  EXHAUST S H A F T  D E T A l  L E D  N A P P I N G  SAMPLE F I G U R E  4. 
# 2 4 .  3 )  DEPTHS AND E L E V A T I O N S  ARE R E L A T E D  TO T H E  REFERENCE 

E L E V A T I O N  OF 3 4 0 9  F E E T  AROVE N S L .  
4 )  O N L Y  FRACTURES THAT WERE DEEMED " N 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  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  T H E  DEPTH 

I N T E R V A L  FROM 26 '3 .0  F E E T  TO 2 8 0 . 5  F E E T -  
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FRACTURE NOTES 

C.'l*ric t u r e  D i p  o f  Azimuth F r a c t u r e  ~ i 1 1 ( * )  S t r u c t u r e  
N~lnibe~. F r a c 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  V e i n  

F 1 n o t  d e s c r i b e d  

F2 n o t  d e s c r i b e d  

F3 s u b v e r t  ical  280 1/4"  

subhorl  i z o n  t a l  

s u b h o r  i z o n  t a 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  

wfg F i b e r s  p e r p e n d i c u l a r  t o  F4 & F 5  t e r m i n a t e  a t  F 3  
f r a c t u r e d  s u r f a c e ,  w i t h  
s u t u r e  

1/8" wfg F i b e r s  p e r p e n d i c u l a r  t o  F4 t e r m i n a t e s  a t  F3 
f r a c t u r e d  s u r f a c e  

1  - 1-1/2"  wfg S u t u r e  c l o s e r  t o  u p p e r  F5 t e r m i n a t e s  a t  F3 & F7 
f r a c t u r e d  s u r f a c e  ( 1 / 3  
d i s t a n c e ) ,  c o n t a i n s  small 
f r a g m e n t  o f  wall r o c k  
material a t  s u t u r e  

100 1 1 1 6 ~ ~  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  

7  9"  100 1 /4"  wfg F i b e r s  p e r p e n d i c u l a r  t o  F5 ,  F8 ,  F10 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  F7 

F 8 s ~ ~ b v e r t  i c a l  90 1/4" wfg F i b e r s  p e r p e n d i c u l a r  t o  F9 t e r m i n a t e s  a t  F8 
f r a c t u r e d  s u r f a c e  F8 t e r m i n a t e s  a t  F7 

F9 s u b h o r  i z o n  t a l  1/4"  wfg F i b e r s  p e r p e n d i c u l a r  t o  F9 t e r m i n a t e s  a t  F8 
f r a c t u r e d  s u r f a c e  & F12 

' )  A z i m u t t ~  o f  p o l e  d e s c r i b e s  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 .  
( 2 )  wfg - ~ t ~ i t e  f i b e r o u s  gypsum 
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FRACTURE NOTES 

Frat t~1r.e 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 F r a c t 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  Vein  

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  

F  1 0  h o r i z o n t a l  1  " w f g  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  

F I  I ( ~ )  s u b h o r  i z o n t a l  1/11'' wf g  F i b e r s  d i p  W 80" n o t  mapped 

F12 s u b v e r t  i c a l  8 0  1/4" w f g  F i b e r s  d i p  SE 

F13 s u b v e r t i c a l  7  0  1/11'' wfg F i b e r s  p e r p e n d i c u l a r  t o  F10, F14 & F17 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  F13 

F14 32O ( a p p a r e n t )  u n d e t e r m i n e d  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  F14 t e r m i n a t e s  a t  F13 
f r a c t u r e d  s u r f a c e  

F15 s u b h o r  i z o n  t a l  

F16 s u b h o r  i z o n t a l  

F17 s u b h o r i z o n  t a l  

F18 h o r i z o n t a l  

F 19 s u b h o r  i z o n  t a l  

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  

0-  1  /4"  wfg 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  

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  F17 t e r m i n a t e s  a t  F13 
f r a c t u r e d  s u r f a c e  

1  / 16-3/8" wfg F i b e r s  p e r p e n d i c u l a r  t o  F18 t e r m i n a t e s  a t  F12 
f r a c t u r e d  s u r f a c e  

0 -  1  /4It wfg F i b e r s  p e r p e n d i c u l a r  t o  F19 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  

F20 49" 45  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 

( ') Not mapped 
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FRACTURE NOTES 

t:1,ac Lure 
Number 

~ 2 1 ( ~ )  

D i p  o f  Azimuth F r a c t u r e  F i  11 
F r a c t u r e  o f  P o l e  T h i c k n e s s  Material 

S t r u c t u r e  
W i t h i n  Vein  

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  

h o r i z o n t a l  1/8-  1/11" 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  

F21 t e r m i n a t e s  a t  F20 

I n d e t e r m i n a b l e  

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  

F24,  F 2 5 ,  F26,  F27 
t e r m i n a t e  a t  F23 

1 7 " ( a p p a r e n t )  u n d e t e r m i n e d  1/4" 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  F24 t e r m i n a t e s  a t  F20 & 
F23 

s u b h o r  i z o n t a l  0-5/8"  wf  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  

F25 t e r m i n a t e s  a t  F23 

s u b h o r  i z o n  ta1 3/8-3/11'' wf g  F26 t e r m i n a t e s  a t  F23 & 
F28 

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  

s u b h o r  i z o n  t a l  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 

F27 t e r m i n a t e s  a t  F23 & 
F28 

s u b v e r t  i c a l  130 3/ 1  6It wfg 

83" 130 < 1/16-1/8"  wfg 

F26 & F27 t e r m i n a t e  a t  F28 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 d  s u r f a c e  

F37 & F38 t e r m i n a t e  a t  F29 

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  

no  t e r m i n a  t i o n s  

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  

no  t e r m i n a t i o n s  

76O 1 35 u n d e t e r m i n e d  wfg I n d e t e r m i n a b l e  n o  t e r m i n a t i o n s  

( 3 )  N u t  mapped 
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FRACTURE NOTES 

F'rsc t u r e  D i p  o f  Azimuth 
Number F r a c t u r e  o f  P o l e  

~ 3 5 ( ~ )  n o t  d e s c r i b e d  

F36 7  6 "  4 3  

F37 s u b h o r  i z o n t a l  

F38 h o r i z o n t a l  

F4 u h o r i z o n t a l  

F4 1 s u b h o r  i z o n t a l  

F4 2 s u b h o r  i z o n t a l  

F r a c t u r e  
T h i c k n e s s  

F i l l  S t r u c t u r e  
Material W i t h i n  Vein  

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  

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 )  

wfg F i b e r s  p e r p e n d i c u l a r  t o  F4 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 

wfg 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 

w f g  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  F43 
f r a c t u r e d  s u r f a c e  F4O & 42  t e r m i n a t e  a t  F39 

wfg 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  F41 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  

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 ,  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  

( 3 )  Not mapped 
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FRACTURE NOTES 

Frat t u r e  
N umbe r 

Dip  o f  
F r a c t u r e  

66" 

Azimuth F r a c t u r e  F i  11 
o f  P o l e  T h i c k n e s s  Material 

S t r u c t u r e  
W i t h i n  Vein 

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  

F39 t e r m i n a t e s  a t  F43 
F43 t e r m i n a t e s  a t  F45 

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  

F44 t e r m i n a t e s  a t  F45 s u b h o r  i z o n  t a l  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  

F46, F 4 4 ,  F43,  F42 
t e r m i n a t e  a t  F45 

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  

F46 t e r m i n a t e s  a t  
& F48 

h o r i z o n t a l  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  

h o r i z o n t a l  F47 t e r m i n a t e s  a t  F48 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  

F46,  F47 & F49 t e r m i n a t e  
a t  F48 

25 n o t  measured  clear 
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  

F49 t e r m i n a t e s  a t  F48 & 
F5 0  

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  

F52 & F49 t e r m i n a t e  F50 

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  

F51 t e r m i n a t e s  a t  F52 
F53 t e r m i n a t e s  a t  F51 
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FRACTURE NOTES 

S t r u c t u r e  
Wi th in  Vein 

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  

I ; ~ , a c t u r e  Dip o f  
N umbe r F r a c t u r e  

Azimuth F r a c t u r e  F i l l  
o f  Po l e  T h i c k n e s s  M a t e r i a l  

F5 2 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  F52 t e r m i n a t e s  a t  F50 & 
F5 5  

F5 3 subhor  i zon  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  F53 t e r m i n a t e s  a t  F51 & 
F5 8 

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  

No t e r m i n a t i o n s  

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  

F52 t e r m i n a t e s  a t  F55 
F53 i n t e r s e c t s  F55 ( 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 )  

F5 7 6 5 " ( v a r i a b l e )  
(20 '  a p p a r e n t  

i n  lower  p a r t )  

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  

No t e r m i n a t i o n s  

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  

F64, F59 & F53 t e r m i n a t e  
a t  F58;  F61 i n t e r s e c t s  
F58 ( 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 )  

F59 t e r m i n a t e s  a t  F58 & 
F6 1  

subhor  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  

F60 t e r m i n a t e s  a t  F61 subhor  i z o n t a l  F i b e r s  o r i e n t e d  v w e t i c a l l y  

89" 
( 2 5 "  a t  t o p )  

F59 & F60 t e r m i n a t e  a t  
F61; F61 i n t e r s e c t s  F58 
( 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 )  

F i b e r s  p e r p e n d i c u l a t -  t o  
f r a c t u r e d  s u r f a c e  



WIPP EXHAUST SHAFT 
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FRACTURE NOTES 

Dip o f  
F r a c  Lure  

6  5"  

70" 

s u b h o r  i z o n  t a l  

89"  

s u b h o r  i z o n  t a l  

8 0 °  

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 

wf  g  

w f g  

wfg 

wfg 

w f  g  

wfg 

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  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;  
F61 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  



FIGURE 8  - SHEET 1 OF 6 

FRACTURE LOG I N  THE DEWEY LAKE REDBEDS 
DEPTH 353.5 TO 380.0 FEET, EXHAUST SHAFT 

W A S T E  I S O L A T l O N  P I L O T  P L A N T  

C A R L S B A D ,  NEW M E X I C O  

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 T I O N  



W 1 PP EXIIAUS'T SHAF'I' 
FIGURE 8 - SHEET 2 OF 6 

E X P L A N A T  I O N  NOTES 
MAPPED FRACTURE # 2 0 ,  S E E  FRACTURE NOTES 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 I O N ,  EXHAUST SHAFT D E T A I L E D  N A P P I N G  SAMPLE 2 )  THE L I T H O L O G Y  OF T H I S  I N T E K 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 )  ONLY FRACTURES T H A T  WERE DEEMED "MAPPABLE" ,  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 L U D E D  ON THE 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  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 .  



WIPP EXHAUST SHAFT 
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FRACTURE NOTES 

b'1.a~ t u r e  D i p  o f  ~ z i m u t h ( ~ )  F r a c t u r e   ill( ) S t r u c t u r e  
Number F r a c t 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  

F 1 s u b h o r  i z o n t a l  

F2 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  

6 2 "  E  

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 ~ - i z o n  t a 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"  wfg F i b e r s  p e r p e n d i c u l a r  t o  F18,  F 1 7 ,  F16 ,  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  muds tone  b e d )  

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  muds tone  b e d )  ward d i s p l a c e m e n 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  

wfg 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 
I  / 4 - i n c h )  

0-3/811 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  
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  com- 
component  o f  movement, 
d i s p l a c e m e n t  1 / 8 - i n c h  

~ i ' g  = w h i t e  * > i b e r o u s  gypsum 
Azimuth o f  p o l e  d e s c r i b e s  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 .  



WIPP EXHAUST SHAFT 
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FRACTURE NOTES 

F r a c t u r e  D i p  o f  Azimuth F r a c t u r e  F i l l  S t r u c t u r e  
- Ilumber F r a c t 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  

F8 s u b h o r  i z o n  t a l  1  /4" wfg F i b e r s  p e r p e n d i c u l a r  t o  C r o s s - c u t  by s e v e r a l  minor  
f r a c t u r e  s u r f a c 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  com- 
p o n e n t  o f  movement 1 / 8 - i n .  

s u b h o r  i z o n t a l  w f g  F i b e r s  p e r p e n d i c u l a r  t o  F9 t e r m i n a t e s  a t  F10 
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  

wfg 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 com- 
p o n e n t  o f  t h r u s t  

74"NE 

82"NE 

v e r t i c a l  

74 O N E  

62"E 

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  o b v i o u s  

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  o b v i o u s  

wfg 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  

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  o b v i o u s  

w f g  F i b e r s  p e r p e n d i c u l a r  t o  F16 c u t s  F 3 1 ,  F1 & F2 
f r a c t u r e  s u r f a c e  

wfg F i b e r  a re  n o t  p e r p e n d i -  F17 c u t s  F33 ,F31  & F1 
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 m e n t  



WIPP EXHAUST SHAFT 
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FRACTURE NOTES 

Ft.acture 
Number- 

Dip of Azimuth 
Fracture of Pole 

Fracture F i l l  
Thickness Material 

S t ruc ture  
Within Vein 

Cross-Cutting 
Relationships 

Fibers  perpendicular t o  
f r a c t u r e  surface 

Cross-cuts many horizontal  
f r ac tu res  

62"E 135 

61 "SE 135 

30°Nlrl 340 

Indeterminable 

Indeterminable 

1/16-1/811 wfg 

Indeterminable No terminations 

Indeterminable No terminations 

Fibers  perpendicular to  
f r a c t u r e  surface 

No terminations 

Fibers  perpendicular to  
f r a c t u r e  surface 

No terminations 

Indeterminable 

1 /8" 

Indeterminable Indeterminable 

Indeterminable Fibers  perpendicular to  
f r a c t u r e  surface 

85"E 80 

75"N 345 

71°N 340 

58"W 280 

subhor izonta l  

Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

1 " 

Indeterminable Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

F13 cuts  F29 

Indeterminable 

Indeterminable 

Indeterminable 

Fibers  a re  not perpendi- 
cu lar  t o  f r ac tu re  su r face ,  
b u t  inclined out  t o  the 
South a t  edges and t o  the  
North a t  the su ture  
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FRACTURE NOTES 

I;'t3ac t ~ 1 1 . e  D i p  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 -- F r a c t u r e  of 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  

F30 s u b h o r i z o n  t a l  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  cross-  
c u t s  d i s c e r n i b l e  

F 3  1 s u b h o r  i z o n  t a l  1/4-3/4"  S u t u r e  n e a r  b a s e  F11 & F10 c u t  F31 

F32 s u b h o r  i z o n t a l  

n o t  d e s c r i b e d  

n o t  d e s c r i b e d  

n o t  d e s c r i 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  



S O U T H  W E S T  N O R T H  L I T H O L O G I C  D E S C R I P T I O N  
OISrANCE FROM SOUTH LINE, I F E E N  

I5 10 5 10 I5 20 25 0 5 
I 1 I I I I I I 

I 1 
DEWEY LAKE REOBEOS 

U N l T  1. SILTSTONE. REDDISH-BROWN, STRUCTURELESS; CONTAINS ABUNOANT 5REENI:H-GRAY REDUCTION SPOTS 1 /16 '  TO 1 1 2 '  DIAMETER; 
EXTE4SIVELY FRACTURED. T H I N  1 / 1 6 '  TO 1 /8 '  THICK F I B R O U S  GYPSUM-FILLED FRACTURES, O R I E N T A t I G N S  V A R I A B L E  BUT MAJORITY ARE 
HORrZONTAL TO SUBHORIZONTAL. SPACED 1' To 2'; BASAL CONTACT SHARP. S L I G H T L Y  UNDULATORY. 

2869 I 5 4 0  1 I 
\ FIO 

U N l T  2. AR6ILLACCOUS SILTSTOWE. REDDISH-BROWN. STRUCTURELESS; CONTAINS FRACTURES S I M I L A R  TO U N l T  1; APllNDANT GREENISH-GRAY 
N I  REDUCTION SPOTS; GRADES TO S I L T Y  CLAYSTONE I N  UPPER 114 '  TO 3/4'; LOWER 1 /4 '  TO 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, UNDULATORY UP TO 
1.5 ' .  EROSIONALLY TERMINATES L A H I N A E  I N  UNDERLYING ANHYDRITE. 

RUSTLER F C ~ R M A T I O N  

2859 550 
.39 U N I T  1- ANH'JRITE. F I N E L Y  CRYSTALLINE, ALTERNATING MEDIUM GRAY TO GRAYISH-BROWN, WHITE AT UPPER LONTACT, BhNDED TO OCCASIONALLY 
m4I LAMINATED. BANDS SPACED 1 / 1 6 '  TO 1'. BANDS AN0 LAMINAE UNDULATE U P  TO 1 /4 '  AND 0CCASIONAI.LY TERMINATE ABRUPTLY, GRAY 

BANDS ARE USUALLY THICKER: UPPER 3 .0 '  CONTAINS AN INCREASING ABUNDANCE UPWARD OF CLAY IN!ERBEDS; FROM 0 TO 6' OF GYPSUH 

ANHY DRITE OCCURS AT UPPER CONTACT; CONTAINS ABUNDANT HORIZONTAL TO SUBHORIZONTAL F IBROUS GYPSUH-F ILLED FRACTURES, 1 /8 '  TO 112 '  

2854 555 THICK, SPACED 1' TO 3'; BASAL CONTACT NOT OBSERVED. 
. . 

E X P L A N A ?  I O N  -- 
FRACTURE NOTES 

ONLY F R A C T U R E S  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 
T H E R E  WERE TOO MANY S M A L L  FRACTURES TO B E  I N C L U D E D  ON THE 
MAP. 

A Z I M U T H  OF 
4.I-t THE POI E  
7 5 "  9 0 "  
7 8 "  1 7 0 "  

NOT MEASURABLE 
6 4 "  8 0 "  
5 8 "  2 8 0 "  
7 8 "  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 / 4 '  
1 / 8 " -  1 1 2 '  
1 / 8 '  
1 / 8 '  
1 / 8 '  
1 1 8 " - 1 1 4 '  
1 / 8 '  
1 / 8 '  
1 / 4 '  

- SHARP COIITACT 

.24 SAMPLE LOCATION,  EXHAUST S H A F T  
D E T A I L E D  M A P P I N G  SAMPLE # 2 4  
NAPPED FkACTURE 

NOTES 

1) T H I S  I N T E R V A L  WAS MAPPED ON 1 0 - 1 5 - 8 4 .  
2 )  T H E  DEPTHS ARE R E L A T E D  TO TI!,: SHAFT REFERENCE L O C A T I O N  

AT 3 4 0 9 . 0  F E E T  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. 

F I G U R E  9 

G E O L O G I 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  530 T H R O U G H  555 F E E T  
E X H A U S T  S H A F T  

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 J  N E W  M E X I C O  

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 J  N E W  M E X I C O  

I T  C O R P O R A T I O N  



N O R T H  EAST SOUTH WEST NORTH 

I I I 
D/STANCE FROM SOUTH L/NE, /FEET/ 

40 35 30 25 20 15 10 5 0 5 10 15 20 25 30 
I I I  I I  I  I I I ! I I  I I- 

I 

_----- 
UNIT 2----- 

-242- - - - _ - -  
JUMBO .......... . UN I T  .4 CBSCURED .......... 
ROCK U N l T  I I 

UN lT  ( 3 

UNlT I 
/-- 
- -  4-\----.-tZ--___ ----- - - 

U N l T  1 5 
I 

U N l T  1 8 
I UN!?. .?.\-.-....... .............................................. ... ............................. . - - - - - -______---_ ___----- t-------- 

l l N l T  
UN lT  

UNlT  \ l l  

- 7 

6 

7 

UNlT 1 2 ~ .  

L I T H O L O G I C  D E S C R l P T l Q N  

.- 

UNIT 

RUSTLER FORMATION - UNNAMED LOWER MEMBER 

U N I T  1- A R 6 1 L L A C E O U S  S I L T S T O N E .  GRAY W I T H  LOCAL REDDISH-BROYN M E A S ,  T H I N L Y  L A M I N A T E D ,  RARE LOU-ANGLE C R O S S - L J R I N A T I O N S ;  C O N T A I N S  BROWN C L A S T S  OF 
ANNYORITE RANDORLY S C A T T E R E D  THROUGHOUT U N I T ,  1 1 8 '  TO 1 -112 '  D IARETER.  ROUNDED AND F L A T T E N E D  PARALLEL TO REDOING; BASAL CONTACT G R A D A T I O N A L  +------ ------------J-------_----------- -- 

13 

I OVER 112'.  IRREGULAR.  UNDULATORY, REDUCTION-OXIOATION :ONTACT, RAPPED AS D I F F U S E  DUE TO EXTRERE CONTACT UNDULATIONS.  
U N I T  2. SANDY S l L l S I O l E  Y l T H  A R G I L L A C E O U S  S l L l S I O H E  AT TOP, REJDISH-BROWN Y l T H  LOCAL GRAY AREAS, F I N E L Y  LAMINATED, LOW ANGLE CROSS-LAWINATIONS 

ROOCRATELY ABUNDANT; BROWN C L A S T S  OF ANHYORITE OCCUR nROUGHOUT BUT CONCENTRATED I N  UPPER PART, SNALLER C L A S T S  ARE LOCALLY A L I G N E D  I N  ZONES 

UN lT  1 14 ............................................................................................................................ 
1 

P A R A L L E L  TO BEDDING,  LOWER 1' TO 2' D E F I N E D  AS SANDSTOllE PEBBLE CONGLOIERATE:  Y H l T E  TO L I G H T  GRAY TO BLACK, R A T R I X  S I L T S T O N E ,  POORLY SORTED; 
F I N E  SANDSTONE P E B B L E S  ROUNDED T O  SUBANGULAR, GRAY AND REDUCED, TO 1' H 1 6 H  AND Y LONG, F L A T T E N E D  PARALLFL  TO BEDDING; CONTAINS F O S S I L  
B I V A L V E  HASH; T H I N  B L A C K  L A H I N A T I O N S  OCCUR THROUGHOUT, E X H I B I T S  P E T R O L I F E R O U S  ODOR WHEN BROKEN; ROCK AND R A T R I X  ABOVE PEBRLES REDUCED; LOWER 
1 1 3 2 '  C O N T A I N S  S A N D - S I Z E D  CLASTS;  BASAL CONTACT SHARP, E X H I B I T S  SOFT S E D I R E N T  L O A D I N G  I N T O  UNDERLYING U N I T S .  L O C A L L Y  REDOING AND CONGLORERATE 
B E D  ARE BENT AND SQUEEZED DOYNWARO I N T O  UNDERLYING U N I l ,  LARINAE OF U N l l  AT BASE P A k A L L E L  LOWER COYTACT AND CORRONLY E X H I B I T  ROOM PRORLEMS 
H I G H E R  I N  S E C T I O N  DUE TO L O A D I N G  DEFORRATION, L O C A L  C l i Y  DRAPE OVER B A S A L  CONTACT I N O I C A T E S  THAT I T  I S  EROSl f lNAL ,  CONTACT UNDULATORY. h I ' U N I T  3 -  S l L T S l O N E ,  REDDISH-BROWN, T H I N L Y  L A I I N A T E D ,  CROSS-LARIIIATED, F I N E S  UPWARD; SOFT S E D l R E l l  L O A D I N G  OF OVERLYING U N l T  A T  TOP; B A S A L  CONTACT I 
GRADATIONAL.  

U Y I I  4.  S U B D I V I D E D  I N T O  TMO L I T H O L O G I C A L L Y  D I S T I N C T  S U B U N I T S :  ' 
4A.  A N H Y D R I T E  AND P O L Y H A L I T E .  F I N E L Y  CRYSTALL INE,  REDDISH-BROYN T O  Y H I T I S H - G R A Y ,  POORLY REDDED TO STRUCTIIRELESS. LOCALLY NODULAR TO 

E Y T R O L i T H I C ;  3' TO 1.0'  T H I C K ;  BASAL CONTACT SHARF, RARKED BY F I R S T  OCCURRENCE OF O l S P L A C l V E  H A L I T E .  
4 8 .  A R 6 1 L L A C E O U S  P O L Y H A L I T E  AND ANHYDRITE. REDDISH-BRONN TO YHITE,  L A R I N A T E D ;  UPPER CONTACT VARKED BY 112 '  TO 1' T H l C K  RED OF GREENISH-GRAY 

A R G I L L A C E O U S  AWHYDRITE C O N T A I N I N G  SnALL  D I S P L A C  l V E  H A L I T E  CRYSTALS, OCCURS AROUUD 7 0 2  OF C IRCURFERENLE OF SHAFT; SRALL. < 1 1 3 '  ACROSS. 
MARKED BY CHANGE I N  R A I R I X  FROM ANHYDRITE TO C L A Y  

SALAD0 FORMATION 

UN!T 1. H A L l T l C  RUDSTONE. REDDISH-BROWN. CONTAINS CLEAR D I S P L P : I V E  H A L I T E  CRYSTALS 1 1 3 2 '  T O  1 /16 .  ACROSS AND 114' TO 3' PODS OF WHITE T O  ORANGE 
H A L I T E ;  LARGE GREENISH-GRAY SPOTS UP TO 2' DlAf lETER; B:tSAL.CONTACT 6RADATIONAL.  

UNIT 2. HALITE. FINELY T O  COARSELY CRY:TALLINE. SLIGHTLY ARGILLACEOUS AND POI YHALITIC. PINK TO WHITE TO CLEAR. n a s s l v E  EXCEPT FOR DISCONTINUOUS CLAY - - - - . - . 
STRINGEKS;  C L A Y  CONTENT I N C R E A S E S  W l T H  DEPTH, C L A S S l F l t O  AS ARGILLACEOUS H A L I T E  AT BASE; B A S A L  CONTACT D I F F I I S E .  

] I I U N I T  3 -  H A L I T E ,  R E D I U R  TO COARSELY C R Y S T A L L I N E ,  W H I T E  TO P INK,  LOCALLY REDD1SH-ORANGE AND REDDISH-BROWN; TRACE P f l L Y H A L I T  RLEBS; L O C A L L Y  A R G I L L A C E O U  

I '  NEAR TOP, CONTENT DECREASES W l T H  DEPTH. CLAY OCCURS I N  STRINGERS NEAR BASE; B A S A L  CONTACT GRADATIONAL.  
UNIT 4. HALIIIC CLAYS~OUE ulrn POLYHF,LITE AND ANHIDRITE; UPPER 0.2' T O  0.3' CONSISTS OF STRUCTURELESS PINK POLYHALITE; THIN DISCONTINUOUS BED OF 

U N I T  9. A R 6 I L L A C E O U S  H A L I T E ,  I E D I U M  TO COARSELY CRYSTALL INE,  M&?RIX REDDISH-BROWN, H A L I T E  P I N K  TO W H I T E  TO CLEAR. COARSELY BEDDED; TRACE P O L Y H A L I T E ;  

CRYSTALS. RERAINDER T H I N L Y  L A R I N A T E D ;  
TO 1' THICK;  BASAL CONTACT OIFFUSE.  

U N I T  11- H A L I T E ,  R E D I U n  T C  COARSELY C R Y S T A L L I N E ,  W H I T E  TO P I N K  TO REDDISH-BROWN; ARGILLACEOUS,  5 2  1 0  1 0 1  CLAY, CLAY OCCllRS AS I N T E R S T I T I A L  R A T E R I A L  
AND AS L E N T I C U L A R  CLAYSTONE PODS, CONTENT DECREASES W I ? H  DEPTH; SURHORIZONTAL D l S C O N T l N U n U S  STRINGERS OF CLAY AND ANHYDRITE SPACED 2' TO 4'; 
BASAL CONTACT SHARP. 

U N l T  12 .  ARGILLACEOUS H A L I T E ,  REDDISH-BROWN, F A I N T L Y  LARINATEO:  I l A L l T E  OCCURS A S  D l S P L A C l V E  CRYSTALS;  R A S A L  CONTACT SHARP, RAPPED AS GRADATIONAL A S  I T  
HAS OBSCURFD. 

- 

U N l l  13 .  H A L I T E ,  R E D l l l n  TO COARSELY CRYSTALL INE,  WHITE TD S L I G b i L Y  ORANGE, T H I C K L Y  BEDIIED; TRACE SUBHORIZONTAL STRINGERS AND BEDS OF P O L Y H A L I T E ,  
SPACED 2' TO 5'. CONTENT DECREASES W l T H  DEPTH, RARE STSINGERS OF CLAY NEAR BASE; B A S A L  CONTACT SHARP. 

U N l l  1 4 .  A K G I L L A C E O U S  H A L I T E ,  REDDISH-BROUN; H A L I T E  OCCURS A S  C l S P L A C l V E  C R Y S T A L S  TO 314. ACROSS; 1' T H l C K  BAND OF H A L I T E  OCCURS 2' BELOW UPPER 
CONTACT; B A S R L  CONTACT D I F F U S E .  

I A F I G U R E  12 

UNIT 

1 )  T H I S  I N T E R V A L  MAS MAPPED ON 1 l l l l l R U  AND 1 1 1 1 6 1 B L  
2 )  THE DEPTHS ARE R E L A I E O  TO THE SHAFT REFERENCE E L E V A T I O N  

AT 3 4 0 9 . 0  FEET ABOVE MSL. 
3 1  STANDARD GEOLOGIC SYRBOLS ARE NOT USED I N  ORDER TO 

ENHANCE THE C L A R I I Y  OF THE LOG COLURN. 
4 1  1HE INTEUVAL FROM 8 3 5 - 8 5 5  F E E 1  MAS RAPPED FROB THE 

JUnBO.  
6 )  THE R A P P I N G  I N T E R V A L  V I S I B L Y  PRODUCED NO YATER. 

n 0 u E v E R .  R A P P I N G  C O S D I T I O N S  WERE YET FRON CULEBRA 
O I S C H A R G E  

15 

- 

- SHARP CONTACT 
--- GRADATIONAL COSTAL1  I D E F I N E D  

M I T H I N  2 I N . )  ........ O I F F U S E  U l T H I S  CONTACT 6 I N . ]  I D F F I N E D  

.24 SAMPLE LOCATl f lN ,  EXHAUST SHAFT 
D E T A I L E D  MAPPING SARPLE t 2 4  

U N I T  1 5 -  H A L I T E ,  COARSELY C R Y S T A L L I N E ,  W H I T E  TO T I N T E D  ORRNGE, CJARSELY BEDDED B Y  H A L I T E ,  C O N T A l Y l  NG HORIZONTALLY A L I G N E D  PODS OF ARGILLACEOUS H A L I T E ,  
SEPARATED BY BEDS OF W H I T E  H A L I T E ;  LOWER 2 .0 '  CONTAINS STRINGERS OF CLAY, POLYHALITE,  AND ANHYDRITE SPACED 1' TO 2'; B A S A L  CONTACT SHARP. 

GEOLOGIC L O G  OF 
R U S T L E R - S A L A D 0  F O R M A T I O N  CONTACT 

AND THC KEYWAY AREA 
D E P T H  835 THROUGH 915 F E E T  

EXHAUST S H A F T  

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  
OF THE ROCK WAS OBSCIIRE D THE D R I L L I N G  

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  CORPORATION 

CARLSBAD, NEW n E x l c o  

I T  C O R P O R A T I O N  
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APPENDIX A 

WORK PLAN OF GEOTECHNICAL ACTIVIT ES 5 IN THE WASTE AND EXHAUST SHAFTS ( ) 
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 levels/locations. 

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 procedures given in Appendix A 

of the Site Validation Field Program Plan (McKinney and Newton, 1983) will be 

followed; a copy of Appendix A is included as Attachment A to this work 

plan. Certain references in Attachment A are specific to the exploratory 

shaft mapping, but the principles and methods are appropriate to the waste and 

exhaust shaft mapping effort as well. 



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, galloway 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 geotechnical activities planned for the new waste 

shaft will concentrate on confirming the previous mapping results and noting 

any change of conditions from that previously observed. The activities will 

include geologic inspection and observation of the exposed shaft surface 

during sinking operations and detailed mapping in specific zones of inter- 

est. Identified zones of interest include: 

o Magenta dolomite - Approximate map depths 590-625 feet 
o Culebra dolomite - Approximate map depths 700-735 feet 



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 10 

ft., will be performed in the exhaust shaft from the first available exposed 

bedrock down to the facility level. The mapping will be performed following 

upreaming of the exhaust shaft to a six-foot diameter. Should the exhaust 

shaft be unavailable due to safety considerations or access limitations after 

up-reaming, the mapping activities will be performed concurrent with shaft 

enlargement activities. In addition to the reconnaissance 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  o f  1 i n .  e q u a l s  5  f t . ,  both 

h o r i z o n t a l l y  and v e r t i c a l l y ,  and a  photo log  w i l l  be made i n  zones o f  

i n t e r e s t .  Known zones o f  i n t e r e s t  a r e  s i m i l a r  t o  those  p rev ious ly  descr ibed 

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  be summarized i n  a  memo a f t e r  

t h e  s h a f t  mapping and i n s p e c t i o n  has  been completed. Photo coverage and o t h e r  

informat ion w i l l  be p resen ted  a s  t h e  p r o j e c t  needs d i c t a t e .  

3 .0  PERSONNEL 

The reconnaisance  g e o l o g i c  mapping and photo log  e f f o r t  w i l l  be t y p i c a l l y  

performed on a  n o n - i n t e r f e r e n c e  b a s i s ,  concurrent  wi th  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  dedica ted  t o  t h e  a c t i v i t y .  Deta i led  

geo log ic  mapping o f  zones  o f  i n t e r e s t  w i l l  a l s o  be performed concurrent  with 

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 ,  us ing a  second g e o l o g i s t  t o  

supplement 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  performing t h e  d e t a i l e d  mapping may r e q u i r e  four  o r  more g e o l o g i s t s  

working s imul taneous ly  i n  teams o f  two i n  o rde 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  it may become necessa ry  t o  n e g o t i a t e  a  ded ica ted  block o f  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  cond i t ions  w i l l  d i c t a t e  how t h e  mapping 

personnel  w i l l  be schedu led .  Suppor t  f o r  t h e  mapping e f f o r t  w i l l  be provided 

by e i t h e r  o n - s i t e  pe r sonne l  o r  home o f f i c e  suppor t ,  depending 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  schedule ,  geo log ic  mapping 

a c t i v i t y  w i l l  begin  immediately i n  t h e  waste s h a f t  and w i l l  cont inue  through 

May 1984. Subsequent a c t i v i t y  i n  t h e  exhaust  s h a f t  w i l l  begin i n  J u l y  1984 

and w i l l  be completed i n  January  1985. I t  is expected t h a t  t h e  mapping wi th in  

t h e  concre te - l ined  p o r t i o n s  o f  t h e  s h a f t s  (above t h e  Salado Formation) w i l l  

p 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  hour block o f  time fol lowing b l a s t i n g  and 

s l a s h i n g  o p e r a t i o n s ,  bu t  b e f o r e  t h e  concre te  l i n e r  is placed.  Due t o  t h e  24- 

hour 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  ass igned t o  t h e  s h a f t  a c t i v i t i e s  

would be a v a i l a b l e  o n - c a l l  t o  cover t h e  cons t ruc t ion  a c t i v i t i e s .  Following 



completion of the field activities, a final report describing the geologic 

conditions will be produced. 

5.0 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 

Quality assurance will be performed by R. A. Lundstrom (D'Appolonia) in 

accordance with the Quality Assurance Plan which was presented in the Site 

Validation Field Program Plan (McKinney 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 

of the presentation memo. Also, references in the QA plan to subcontractors 

or equipment calibration are not applicable to the shaft activities. 

5.3 ADMINISTRATION 

All geotechnical work described in this plan will be performed under the 

technical and administrative direction of Roy McKinney. It will be Mr. 



McKinneyts 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 

A l l  s amples  t a k e n  d u r i n g  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 r e  p e r m a n e n t l y  s t o r e d  i n  t h e  WIPP c o r e  s t o r a g e  l i b r a r y  a t  t h e  
WIPP s i t e  f o r  f u t u r e  r e f e r e n c e .  They a r e  c a t a l o g e d  i n  two p a r t s :  a 
c a t a l o g  o f  s a m p l e s  t a k e n  d u r i n g  r e c o n n a i s s a n c e  g e o l o g i c  mapping (Appen- 
d i x  B-1) and  a c a t a l o g  o f  s a m p l e s  t aken  d u r i n g  d e t a i l e d  g e o l o g i c  mapping 
e x e r c i s e s  (Appendix B-2).  I n  e a c h  c a s e ,  t h e  n o t a t i o n  used f o r  sample  
i d e n t i f i c a t i o n  a l s o  d e s c r i b e s  t h e  d e p t h  and ,  i n  t h e  c a s e  o f  d e t a i l e d  
mapping s a m p l e s ,  t h e  l o c a t i o n  o f  t h e  sample w i t h  r e s p e c t  t o  t h e  s h a f t  
wall. The n o t a t i o n s  a r e  d e s c r i b e d  below. 

RECONNAISSANCE GEOLOGIC MAPPING SAMPLES 

The method o f  i d e n t i f i c a t i o n  used  f o r  samples  t a k e n  d u r i n g  g e o l o g i c  
i n s p e c t i o n s  is as f o l l o w s :  

The n o t a t i o n  ES24 i n d i c a t e s  t h a t  t h e  sample  is e x h a u s t  s h a f t  
r e c o n n a i s s a n c e  g e o l o g i c  mapping sample  number 24.  The number 466 
i n d i c a t e s  t h a t  t h e  s a m p l e  was t a k e n  a t  t h e  d e p t h  o f  466 below t h e  
r e f e r e n c e  e l e v a t i o n .  

DETAILED GEOLOGIC MAPPING SAMPLES 

Samples t a k e n  d u r i n g  d e t a i l e d  g e o l o g i c  mapping e x e r c i s e s  a r e  i d e n t i f i e d  
u s i n g  t h e  f o l l o w i n g  n o t a t i o n  : 

A s  above ,  t h e  ESM49 i n d i c a t e s  t h a t  t h e  sample  is t h e  e x h a u s t  s h a f t  
sample  number 4 9 ,  and  t h e  number 715 c o r r e s p o n d s  w i t h  t h e  d e p t h .  In 
a d d i t i o n ,  10 '  W .  o f  S .  i n d i c a t e s  t h e  l o c a t i o n  o f  t h e  sample  a l o n g  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 .  T h i s  n o t a t i o n  means t h a t  t h e  sample 
l o c a t i o n  is t e n  f e e t  west o f  t h e  s o u t h  l i n e  a l o n g  t h e  c i r c u m f e r e n c e  of 
t h e  s h a f t .  



APPENDIX B-1 

CATALOG OF SAMPLES TAKEN DURING 
RECONNAISSANCE GEOLOGIC MAPPING 

Sample No. 

ES1-196 

ES2- 197 

ES3- 199 

ES4-2 12 

ES5-225 

ES6-324 

ES7-344 

ES8-350 

ES9-393.5 

ES 10-42 1 

ES11-435 

ES 12-645 

ES 13-665.9 

ES14-667 

ES15-812 

ES16-814.5 

ES 17-822 

ES 18-822 

ES 19-823 

ES20-828 

ES2 1 -828 

ES22-833 

ES23-835 

ES24-835 

Format ion 

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 



APPENDIX B-1 

CATALOG OF SAMPLES TAKEN DURING 
RECONNAISSANCE GEOLOGIC MAPPING 

Sample No. Format ion 

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 Exercise 

Dewey Lake 

Dewey Lake/ 
Rustler Contact 

APPENDIX B-2 

CATALOG OF SAMPLES TAKEN DURING DETAILED 
GEOLOCIC MAPPING EXERCISES 

Date Collected Sample No. 



APPENDIX 6-2 
(Continued ) 

Mapping Exercise Date Collected Sample No. 

Dewey Lake/ 10/15/84 ESM40-550/111 W. of S. 
Rustler Contact ESM41-550/4' W. of S. 

ESM42/No locat ion 
above D/R contact 

ESM43/No locat ion 
below D/R contact 

Forty-Niner Member 1 O/ 17/84 ESM44-573/ 13' L-J. of S. 
Clays tone ESM45-575/24' W. of S. 

ESM46-575/ 19' E. of S. 
ESM47-576/23' E. of S. 
ESM48-577/26' E. of S. 
ESM49-577/24' W. of S. 
ESM50-577/25' W. of S. 
ESM5 1 -578/27 ' E. of S. 
ESM52-578/2a1 E. of S. 
ESM53-579/22' E. of S. 
ESM54-580/1a1 E. of S. 
ESM55-583.5/15' W. of S. 
ESM56-584/15' W. of S. 
ESM57-584/24 ' E. of S. 
ESM58-584/ 17' E. of S. 
ESM59-584/15' W. of S. 
ESM60-585.5/12' E. of S. 
ESM61-586/4' E. of S. 
ESM62-586/5' W. of S. 
ESM63-587/ 14' E. of S. 
ESM64-587/6' W. of S. 
ESM65-588/ 18' E. of S. 
ESM66-589/ 13 ' E. of S. 
ESM67-589/13' W. of S. 

Magenta Dolomite 10/19/84 ESM68-603/7' W. of S. 
Member ESM69-603/6' W. of S. 

ESM70-604/26' W. of S. 
ESM71-605/25' W. of S. 
ESM72-605/S. Line 
ESM73-607/ 18' W. of S. 
ESM74-608/? 9 ' E. of S. 
ESM75-610/3' W. of S. 
ESM76-611/16' W. oP S. 
ESM77-611/6' 5. of S. 
ESM78-612/6' E. of S. 
ESM79-612/12' E. o ~ S .  
ESM80-6 12/24' E. ol S. 
ESM81-6i3/6' 5 .  of S. 
ESM82-6131'11' E. of  S. 



APPENDIX B-2 
(Continued) 

Mapping Exercise Date Collected Sample No. 

Magenta Dolomite 10/19/84 ESM83-613/101 W. of S. 
Member ESM84-6 14/24 ' 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 . 
ESM90-626/101 W. of S. 
ESM91-626/27' E. of S. 
ESM92-627/6' 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 Dolomite 
Member 

10/29/84 ESM98-678/16' W. of S. 
ESM99-680/16' W. of S. 
ESM100-685/No locat ion 
ESM101-688/17' E. of S. 
ESM102-689/201 W. of S. 
ESM103-689/12.5' W. of S. 
ESM104-687/6' W. of S. 
ESM105-690/201 W. of S. 
ESM106-690/3' W. of S. 
ESM107-690/ 14 ' E. of S. 
ESM108-691/3' W. of S. 
ESM109-692/16' W. of S. 
ESM110-693/17' W. of S. 
ESM111-693/25' E. of S. 
ESM1 12-694/101 W. of S. 
ESM113-695/6' E. of S. 
ESM114-695/23' E. of S. 
ESM115-695/211 W. of S. 
ESM116-695/211 W. of S. 
ESM117-696/22' !d. of S. 
ESM118-697/17' W. of S. 
ESM119-697/17' W. of S. 
ESM120-698/201 W. of S. 
ESM121-698/No location 
ESM122-Unoriented sample Unit 4 

11/1/84 ESM123-No location 
ESM124-702/8' E. of S. 
ESM125-702/3' W. of S. 
ESM126-703/4' E. of S. 



APPENDIX B-2 
( Continued) 

Mapping Exe rc i se  

Culebra Dolomite 
Member 

Unnamed Lower 
Member 

Date Co l l ec t ed  

11/1/84 

Sample No. 

ESM127-707/5' W. of  S. 
ESM128-708/No l oca t ion  
ESM129-710/N. l i n e  
ESM130-710/30t W. of S. 
ESM131-711/7' E. of  S. 
ESM132-712/28.5' E. of  S. 
ESM133-714/10' W. o f  S. 
ESM134-714.25/10t 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. 
ESM138-715.5/5' 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. of  S. 
ESM142-720/28' W. o f  S. 
ESM143-720/28' W .  o f  S. 
ESM144-720/12.5' W. of S. 
ESM145-720/28' W. o f  S. 
ESM146-720.5/10t E. of  S. 
ESM147-721/2.5' E. o f  S. 
ESM148-722/16' E. o f  S. 
ESM149-722/1gt W. o f  S. 
ESM150-723/3' E. of S. 
ESM151-723/3' W .  o f  S. 
ESM152-724/211 W. o f  S. 
ESM153-725/12.5' E. of  S. 
ESM154-725/8' W .  of S. 
ESM155-727/8.5' E. o f  S. 
ESM156-728/9' E. of S. 
ESM157-728/N. Line 
ESM158-730/14' W. of S. 
ESM159-732/9' W .  of S. 



Mapping Exercise 

Unnamed Lower 
Member 

APPENDIX B-2 
(Continued) 

Date Collected 

1 1 /3/84 

Sample No. 

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 
ESM178-747/101 E. of S. 
ESM179/No location 

ESM180-750/4' W. of S. 
ESM181-750/No location 
ESM182-751/6' W. of S. 
ESM183-751/1' 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. 
ESM188-756/101 E. of S. 
ESM189-760/21' W. of S. 
ESM190-761/29' W. of S. 
ESM191-762.5/5' E. of S. 
ESM192-763/14' W. of S. 
ESM193-763/13' E. of S. 
ESM194-763.5/9' E. of S. 
ESM195-767/6 ' E. of S. 
ESM196-767/22' E. of S. 
ESM197-767/27' E. of S. 
ESM198-767/27' W. of S. 
ESM199-767/2' W. of S. 
ESM2OO-768/6 ' E. of S. 
ESM201-769/18' W. of S. 
ESM202-769/25' E. of S. 
ESM203-770/111 E. of S. 
ESM204-770/211 E. of S. 
ESM205-77 1 /4' E. of S. 
ESM206-771/29' E. of S. 
ESM207-771/3' W. of S. 
ESM208-77 1 /25' E. of S. 
ESM209-775/ 12' W. of S. 



APPENDIX B-2 
(Continued) 

Mapping Exercise Date Collected Sample No. 

Unnamed Lower 
Member 

Rustler/Salado 
Contact 

Assorted Samples Near 
Basal Conglomerate 

1 1 /8/84 ESM216-779/9' W. of S. 
ESM217-782/17' W. of S. 
ESM218-782/21t W. of S. 
ESM219-782.5/16' E. of S. 
ESM220-786/2' E. of S. 
ESM221-787/15' W. of S. 
ESM222-787/6' W. of S. 
ESM223-788/4' W. of S. 
ESM224-788/11t W. of S. 
ESM225-789/14' W. of S. 
ESM226-790/14' W. of S. 
ESM227-790/14' W. of S. 
ESM228-790.5/4.5' W. of S. 
ESM229-792.5/No location 
ESM230-792.5/21t W. of S. 
ESM23 1 -792/ 18 ' E . of S . 
ES~232-794/16' W. of S. 
ESM233-794.5/16' W. of S. 
ESM234-797/7' W. of S. 

ESM235-846/2' W. of S. 
ESM236-846/S. Line 
ESM237-846/2' W. of S. 
ESM238-846/5' W. of S. 
ESM239-846/11t W. of S. 
ESM240-847/15' W. of S. 
ESM241-847/13' E. of S. 
ESM242-847/ 18' E. of S. 
ESM243-848/14' E. of S. 
ESM244-848/25' E. of S. 
ESM245-849/20t W. of S. 
ESM246-849.8/14.Tt W. of S. 
ESM247-850.5/15' W. of S. 
ESM248-850.5/22' W. of S. 
ESM249-851/2' W. of S. 
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LITHOLOGICAL DESCRIPTION 

.LINE,  L I G H T  GRAYISH-BROYN TO TAN, T H I N L Y  LAMINATED TO BEDDED, BEDDING MAY TERMINATE EROSIONALLY.  CARBONATE 
!CREASES AND COLOR BECOMES GRAY TO DARK GRAY Y l T H  DEPTH; BASAL CONTACT GRADATIONAL. 
!LINE, BROWNISH-GRAY, M I C R O  TO T H I N L Y  LAMINATED, LAMINAE UYDULATE WlTH CRESTS ABOUT 1.0' APART AND TROUGHS 1/2'  
I, MARKED BY 1 /2 '  BED O F  BLACKISH-GRAY ORGANIC ( 7 1  CLAYSTONE. 
\Y TO BROWNISH-GRAY, T H I N L Y  L A H I N A T E D  TO T H I N L Y  BEDDED. LOCALLY CONTAINS ANHYDRITE PSEUOOMORPHS AFTER GYPSUM 
IONTAL TO SUBHORIZONTAL F I B R O U S  GYPSUM-FILLED FRACTURES WHICH FDLLDY BEDDING PLANES, L O C A L L Y  BIFURCATE AND 
ro 1 /2 ' r  BASAL CONTACT L O C A L L Y  SHARP, MAPPED AS 6RADATIOHAL. UNDULATORY UP TO.1'. 
4 I N L Y  LAMINATED.  L A M I N A E  CONTORTED AND D I P  AT H l G H  ANGLES I N  UPPER PART; CONTAINS ABUNDANT F I B R O U S  G Y P S U k F I L L E O  
BIFURCATE AND TERMINATE, UP TO 2' THICK,  LOCALLY DISTORTS REDDING; LOWER 0 TO 4' C O N S I S T S  OF SOFT CLAYSTONE WHICH 
?P. 
REENISH-GRAY TO GRAY, T H I N L Y  L A M I N A T E D  TO T H I N L Y  BEDDED, LOCALLY ENTROLITHIC,  CONTAINS NOOULES OF ANHYDRITE 
I 0  4' LONG; 1/2'  TO 1' T H I C K  BEDS OF ANHYDRITE OCCllR NEAR T O P j  LOCAL NODULAR GYPSUM, VERY SMALL CRYSTALS OF P Y R I T E  
.AWES I N  LOYER PART; B A S A L  CONTACT IINDULATORY, SHARP, MARKED BY F I R S T  OCCURRENCE OF GRAY CLAY.  
iHAPED ZONES OF REDDISH-BROWN, LOCAL WHITISH-GRAY ZONES, CONTAINS F A I N T  H I N T S  OF T H l N  L A l r l N A T I O N S ,  LOCALLY T H I N L Y  
JLES OF GYPSllM AND IRREGULARLY-DEFINED CLASTS OF ANHYDRITE, 1/8'  TO 3' DLAMETER, GYPSUM NODULE CONCENTRATION 
I R S  LOCALLYI L A M I N A E  S L I C K E N S I D E D  I N  M I D D L E  AND LOWER PORTION OF UNIT .  OVERALL U N I T  APPEARS 1 0  HAVE UNDERGONE 
Y/OXIDATION CONTACT. H I G H L Y  IRREGULAR, IINDULATORY. 
EGULARLY-SHAPED ZONES OF GREENISH-GRAY, COLOR GRADES TO DARK BROWNISH-GRAY I N  LOYER 2' TO 1 .5 ' .  A L L  COLOR CONTACTS 

T H l N  L A M I N A T I O N S ,  LOCAL STRINGERS OF VERY F INE-GRAINED ORANGE SAND; ABUNDANT GYPSUM NODULES TO 3' D IAMETER AND 
INCENTRATION INCREASES W l T H  DEPTH; GRAY ZONE AT BASE LOCALLY ANHYDRIT IC;  STRUCTURE S I M I L A R  TO OVERLYING UNIT ;  BASAL 
3N WEST S I D E  OF SHAFT. 
GRAY, NODULAR; UPPER 0 .1 '  TO 0 .2 '  CONTAINS BROWN GYPSUM STARS OR ROSETTES; LOWER 1 .0 '  ARGILLACEOUS AND LAMINATED;  

iD .  CONTAINS L A M I N A E  OF S I L T  AND SAND NEAR BASE; E X H I R I T S  CLAY DRAPE OVER IINDULATORY BASAL CONTACT; L A M I N A E  OFTEN 
' I  CONTAINS SUBHORIZONTAL FIBROUS G y P s u m - F I L L E n  FRACTURES WITH VERTICAL FIBERS. LOCALLY TERMINATE ANO BIF I IRCATE;  
IF G y p s u n  UP TO 114- ACROSS; BASAL CONTACT SHARP, EROSIONAL. 
LMINATED TO BANDED, UNDULATORY BEDDING SHOWS CROSS-CUTTIN6 RELATIONSHIPS;  UPPER 3 .0 '  CONTAINS GYPSUM CRYSTALS TO 
UPPER CONTACTi  BEDS T H I C K E N  TO 3 / 4 '  W I T H  D E P T H j  CARRONATE LAMINAE OCCUR WITH OEPTH; LOYER 2 . 0 '  6YPSIFEROUS.  

!ONTAL F IBROUS GYPSUM-FILLED FRACTURES OCCUR NEAR BASE, SPACED I' TO 3'. 1 / 3 2 '  TO 1 / 4 '  THICK.  F I B E R S  S I G M O I D A L ,  
INTI BASAL CONTACT SHARP, UNDULATORY, P O S S I B L Y  EROSIONAL. 

AMINATED, CROSS-LAMINATED, STRUCTURE BECOMES L E S S  OBVIOUS Y I T H  DEPTH; UPPER 9' CONTAINS COARSE S A N O - S I Z E D  6 R A I N S  OF 
ERAL LAMINAE OF DARK BLACKISH-BROWN ORGANIC ( 7 1  CLAYSTDNE NEAR MIDDLE AND BASE OF U N I T ;  CONTAINS WHITE TO CLEAR 
LAMETER; FRACTURE SURFACES LOCALLY S T A I N E D  RED; LOWER 1' CONTAINS A F I N I N G  UPYARDS SEQUENCE OF SMALL GYPSUM G R A I N S  
D FRACTURE SURFACES; BASAL CONTACT SHARP. UNDIILATORY. MARKED BY CLAY LAMINAE,  E R O S I O N I L .  
CEOIIS MATERIAL,  F I N E L Y  C R Y S T A L L I N E  AND F INE-GRAINEO.  L I G H T  AND DARK RROWN, T H I N L Y  TO MEDIUM BEDnED W I T H  T H l N L Y  
EOUS DOLOMITE POORLY TO MODERATELY INDURATED, DOLOMITE Y E L L  INDURATED; SMALL GYPSUM-FILLED V l lGS I N  A R G l L L A C E n l l S  
L CONTACT SHARP TO GRADATIONAL.  

,L. F I N E L Y  C R Y S T A L L I N E  AND F I N E - G R A I N E D ,  M E D I U N  BROWN, T H I N L Y  LAMINATED TO STRUCTURELESS. MODERATELY WELL I N O U R A T E D i  
ABUNDANT SMALL c i / 1 6 '  D IAMETER GYPSUM-FILLED AND u N F l L L E n  VUGS, LARGER F l L L E n  VUGS UP TO 1' DIAMETER MOOERATELY 
TERN, I N D I V I D U A L  BLOCKS AVERAGE 9' H l G H  BY 9' LONG, MOST FRACTURE SURFACES COLOREO WITH ORANGE S T A I N ;  BASAL CONTACT 
IRE. 

STALLINE AND FINE-GRAINED, m l u n  BROWN, V E R Y  THINLY BEDDED TO THINLY BEDDED WITH LAMINATED TO CROSS-LAMINATED 
S U M - F I L L E D  AND U N F I L L E D  VUGS TO 1 / 4 '  DIAMETER, VERY RARE LARGE GYPSUM-FILLEO VUGS TO 1 - 1 / 2 '  DIAMETER; CHARACTERIZED 
TURED THAM OVERLYING U N I T ,  ORANGE S T A I N  APPARENT ON MOST FRACTURE SURFACES; BASAL CONTACT SHARP, MARKEO BY GRAY 

CEOUS MATERIAL,  F I N E L Y  C R Y S T A L L I N E  AND F INE-GRAINED,  BROWN, T H I N L Y  TO M E D I I R  BEDDED Y l T H  F I N E L Y  L A M I N A T E D  INTERNAL 
(TED, LOCAL ZONES OF MODERATELY INDURATED n O L O M I T E j  RARE LARGE 1' DIAMETER GYPSUM-FILLED AND U N F I L L E D  VUGSJ FRACTURE 
N ON FRACTURE SURFACES; BASAL CONTACT D I F F U S E  TO GRADATIONAL. 
EDS OF ARGILLACEOUS DOLOMITE, SOME ARENACEOUS MATERIAL,  F I N E L Y  CRYSTALLINE AND F INE-GRAINED.  L I G H T  BROWN, VERY 
ATED TO MICRO CROSS-LAMINATED I N T E R N A L  STRUCTURE, VERY POORLY INDURATEDj  VERY YET, F L U I D  OBSERVED O R I G I N A T I N G  FROM 
ANT SMALL ~ 1 1 3 2 '  D IAMETER U N F I L L E D  VUGS, MODERATELY ABllNDANT LARGE GYPSUM-FILLED VUGS TO 1 - 1 / 2 '  D l A M E T E R i  FRACTURE 
ORANGE S T A I N  ON FRACTURE SURFACES OCCURS L E S S  OFTEN, MAJORITY OF FRACTURE SURFACES MARKED BY R E L I C T  GYPSUM FRACTURE 
A L J  BASAL CONTACT SHARP, P O S S I B L Y  EROSIONAL. 

S T A L L l N E  AND F I N E - 6 R A I N E D .  ALTERNATING T H I C K  BROWN AND T H l N  DARK BROWN LAMINAE,  T H l N L Y  L A M I N A T E D  TO LAMINATED,  
R G A N ~ R I L H . 1 7 ~  LAMIUAE. LAMIYAI C n u T n R r F o  PARAIIFI r n  RASAL COUTACT. RFOS I n r . n I v  nip IIP ro 45' run ARF 

- SHARP CONTACT 
-- - - DRADATIONAL CONTACT ( D E F I N E D  

u l T n l N  2 111.1 . . . . . . . . D I F F U S E  CONTACT ( D E F I N E D  
W I T H I N  6 IN. )  

.24 SAMPLE LOCATION EXHAUST SHAFT 
D E T A I L E D  M A P P ( N ~  S A l P L E  1 2 9  

F4/ MAPPED FRACTURE 19. SEE FRACTURE 
NOTES ~ - 

/ H A L I T E  F I L L E D  FRACTURE 

1) T H I S  INTERVAL WAS MAPPED I N  F I V E  PARTS:  INTERVAL 
6 7 5 . 0 - 6 9 8 . 5  FEET ON 1 0 - 2 9 - 8 9 .  I N T E R V A L  698 .5 -730 .0  
F E E T  ON 1 0 - 3 1 - 8 9 ;  I I I T E R V A L  7 3 0 . 0 - 7 4 8 . 0  FEET ON 1 1 - 5 -  
8 9 1  IRTERVAL 7911 .0 -775 .0  F E E T  011 1 1 - 6 - 8 9 ;  INTERVAL 
7 7 5 . 0 - 8 w . o  FEET OR 11-8-811. 

2 )  THE MAJOR F L U I D  PUODUCIRG ZONE I N  THE CULEBRA OCCURS 
I N  THE l11TERVAL FROM 7 2 9 . 5  FEET TO ABOUT 7 3 5 . 5  FEET 
(CULEBRA MAPPING U R l T  6 ) .  

3) THE SHAFT CIRCUMFERENCE WAS MEASURED DURING EACH 
MAPPING E X E R C I S E .  AS A RESULT. V A R I A T I O N S  I N  TH€ 
SHAFT C lRCUl lFERENCE ARE RECORDED ON THE MAP. 

9 )  D€PTWS AND ELEVATIONS ARE RELATED TO T I E  R L F I R L l Y L  
ELEVATION AT 5 4 0 9 . 0  FEET A I O Y I  lgL. 

5 )  STANDARD GEOLOGIC SYMBOLS ARE NOT USED I N  ORDER TO 
ENHANCE THF C L A R I T Y  OF THE LOG COLUMN. 
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T H I N L Y  BEDDED TD T H I N L Y  BEDDED W I T H  MICROLAMIY 
SMALL U N F I L L E D  VUGS AND FRACTURE PLANES; ABUNO 
PATTERN BLOCKY TO TABULAR TO RANDOMLY-SHAPED, j 

SEE NOTE BELOW F I L L I N G ,  LOCAL ZONES WITH ABUNDANT CLAY M A T E R I  
BRECCIA Z O N F  U Y l T  7. D O L O I I I I E .  SOME ARENACEOUS RATERIAL.  F I N E L Y  C R I  



U N l l  I .  CLLYSIONE.  GRRY R 1  TOP AN0 BOTTOM, GRAY l O H E  I 

----- 
---A- 

BRECCIA ZONE 

t l .  AISILLIYEOII IM.011ITE. BROMW, BOX L 1 6 U L A R  TO SUBAW6ULAR CLASTS OF D O L M I T E .  APPARENT SOURCE OF DOLOMITE I S  U N l T  7 OF CULEBRA. 

DOLOMITE M A T R I X  M l T H  W0 M l X I W 6  OF U W D E R L Y l N 6  CLAY, OVERLYlW6 BEDS FRACTURED AND TREND DOMWWLRDJ I lPPER AND LOWER COWTACTS 6RLDATIONAL.  

B-2. C U Y S T M E .  E O U I V A L E N T  TO U W l T  1 AND P O S S I B L Y  U N I T  2 OF UNWAMED LOWER MEMBER, SL ICKEWSIDED,  SURROUNDING BEDS T H I N  lOMARD ZONE, S E T S  119' TO 112' I H l C K  WITH VARI f iBLE CURREMI  i 

BASAL c n m T A c T  DIFFUSE. 


