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NALUATION OF BRECCIA PIPES I N  SOUTHEASTERN NM MEXICO AND THEIR 
RELATION TO THE WASTE ISOLATION PILOT PLANT (WIPP) SITE, 

w i th  a section on DRILL-STEM TESTS, YIPP 31,.by J. W. Mercer 

BY 

R. P. Snyder and L. M. Gard, Jr. 

INTRODUCTION 

The Waste Is01 at fon P f l  o t  P lan t  (WIPP) s f t e  f s located about 40 km (25 
mf east o f  Carl sbad, N. Mex. ( f f  g. 1). The sf  t e  geography has been described 
i n  d e t a i l  by Powers and others (1978) and U.S. Department o f  Energy (1980, 
1981). S i t e  se lect ion was based p r fnc fpa l l y  on the  existence of a th fck 
sectf on o f  Permf an evaporf tes, mainly ha1 f te. The purpose o f  establ f shfng 
t h i s  s i t e  f s t o  demonstrate whether o r  not an evaporite envf ronment f s  
acceptable fo r  t he  disposal o f  trans-uranfc waste generated by t h e  Nation's 
defense programs. 

The prfmary concern regarding safe df sposal of nuclear waste f s  t o  
is01 a t e  t h e  waste from t h e  b f  osphere unt f  1 f t f s no 1 onger a danger t o  
mankf nd. One o f  the most probable methods o f  accidental re1 ease of rad ia t ion  
from nucl ear waste i so la ted  f n a geologic medf urn f s 1 eaching and t ranspor t  of 
the  waste by movf ng ground water. It f s  therefore o f  primary fmportance t o  
i dentf fy any po ten t ia l  channel ways t h a t  mf ght a1 1 ow water t o  enter a 
repos i tory  s i t e  located f n bedded s a l t  o f  t he  Sal ado Formatf on o f  southeastern 
New Mexfco. The presence o f  t h e  t h f  ck Permf an (225 m.y.) rocks a t t es t s  t o  t h e  
fact t h a t  major df sso lu t f  on o f  the  ha1 f t e  by unsaturated ground water has not 
occurred a t  t he  WIPP s f te .  

Focus of Current Study 

Thf s repor t  descrf bes several df ssol u t f  on features f n t he  De1 aware Basf n 
and elsewhere t h a t  have been re fe r red  t o  as breccf a pfpes. Breccia pfpes 
(a1 so c a l l  ed breccf a chfmneys) as they occur f n evaporf tes  are ver t f  cal 
cy l  i ndr i ca l  pfpes o r  chfmneys t h a t  may o r  may not  i nvol ve more than one 
geol ogi  c formation- The chimneys a re  f i l l  ed w i th  downward-df spl aced 
breccf ated rock. I n  t h f  s context, t he  rock f s  breccfated by havfng collapsed 
i n t o  a vo id  a t  depth t h a t  was probably created by ground-water so lu t ion and 
removal o f  deep-lyf ng evaporf t e  o r  carbonate rocks f n an underlying aquifer 
system (Anderson and Kfrkland, 1980; Bachman, 1980). Such features have been 
described f n evapor i te deposf t s  f n many areas. of t h e  nor1 d. 

The current  study was done f o r  t he  U.S. ~ e ~ a & n e n t  o f  Energy (DOE) I n  
response t o  a suggestion t h a t  because brecc ia  pfpes a re  thought t o  be the  
resul t o f  deep df sso lu t f  on, they may represent channelways for fu tu re  f ngress 
o f  ground water, and t h a t  they should be consfdered f n r f  sk assessment 
programs f o r  t he  eval ua t f  on o f  proposed waste reposf t o r i  es i n  bedded evaporf t e  
rocks. To t h f  s end, features re fe r red  t o  as breccf a pf pes f n  southeastern New 
Mexf co have been assessed i n  r e l a t f  on t o  t he  f ntegrf t y  o f  the WIPP s i te .  
Reports by Anderson (19781, Bachman (19801, and Vf ne (1960) descrf bed 
d fsso lu t fon  and ka rs t  features f n the  Pecos regfon o f  southeastern New Mexfco 





and discussed t h e  o r i g i n  and h is to ry .  o f  brecc ia  pipes. The present repor t  i s  
intended t o  suppl ement these s tud ies and provide detai 1 t h a t  was not  avai 1 abl e 
t o  them a t  t h e  t ime t h e i r  repor ts  were wr i t ten .  

Using t h e  data from exploratory work, answers may be found t o  t h e  
f o l  1 owing questions concerning brecc ia  pipes: 

Do brecc ia  pipes penetrate through t h e  evapor i te sect ion? 
What i s  the  physical desc r ip t ion  o f  a pipe? 
How are  they formed? 
How deep do they go? 
When are they formed, and are they forming a t  present? 
Are they permeabl e? 
Where are they formed, can they form a t  the  WIPP s i t e ?  
Do they represent a t h r e a t  t o  t h e  WIPP s i t e ?  

We thank James Wall s, v ice-president and general manager o f  M i  ss i ss ipp i  
Chemical Carp., Eddy County, N. Mex., f o r  h i s  generous assistance and 
cooperation and for  a1 lowing us access t o  t h e  mine. Discussions w i t h  C. L. 
Jones (USGS, r e t i r e d )  and Dennis W. Powers o f  Sandia National Laborator ies 
( SNL) he1 ped t o  c l a r i f y  i n f  t i a l  ideas i n t o  expl ainabl e processes. 

STRAT16RAPHIC SETTING OF THE WIPP SITE 

The WIPP s i t e  i s  a t  t h e  nor thern end o f  t h e  Delaware Basin o f  New Mexico 
and Texas, a sedimentary bas in  o f  Pennian age which i s  surrounded by t h e  
Capitan Reef. The geology. o f  t h e  area has been described i n  d e t a i l  by Jones 
(19731, Powers and others (19781, and Bachman (1980) and i s  only summarized 
here. 

The s t r a t i g raph i c  sequence and t ime d i v i s i ons  of the  rocks o f  
southeastern New Mexico pe r t i nen t  t o  t h i s  discussion a r e  shown i n  tab1 e 1. 

Petrian Rocks 

Permi an rocks i n  t he  Del aware Basin a re  a1 1 o f  mri ne o r i g i n  and they are 
d iv ided  i n t o  f o u r  p rov inc ia l  series, which a re  i n  ascending order: 
Wol fcampian, Leonardian, Guadal upian, and Ochoan. Only rocks o f  t h e  
Guadal upian and Ochoan Series a re  pe r t i nen t  t o  t h i s  report .  

Capi tan Limestone and Bacltreef Equival ents, 
Tansill and Yates Formations 

The Capitan Lfmestone and i t s  backreef equival ents, t h e  Tans i l l  and Yates 
Formations, comprise t h e  Guadalupian Series rocks. The Capitan i s  t h e  reef 
1 imestone t h a t  surrounds t h e  Del aware Basi n. The 1 imestone i s  general l y  
porous and permeabl e (Bachman, 1980). Submarine canyons c u t  through t h e  r e e f  
and were 1 a t e r  f f  11 ed w i t h  f i  ne-grained carbonate-cemented sand (Hiss, 
1975). These deposits are  much l ess  permeable than t h e  reef 1 imestone and 
they tend t o  r e t a r d  t he  migrat ion o f  ground water (Hiss, 1975). 



Table 1,--Hajor s t r a t i g r a p h i c  and t ime d iv i s ions ,  southeastern New Mexico 

(Time d i v i s i o n s  from Berggren, 1972, and Bachman, 1980. ) .  

ERA SYSTEM SERIES' FORMATION AGE ESTIMATE 

Quaternary Holocene Windblown sand 

Ple is tocene Mescal ero  ca l  i che cam 500,000 years 
Gatuna Formation ca. 600,000+ years 

Cenozoi c P l  i ocene -5 m i  1 l i o n  years------- 

Ogal l a l a  Formation 
T e r t i a r y  Miocene 

26 m i l l i o n  years------- 
01 i gocene Absent southeastern 
Eocene New Mex i co 
Pa 1 eocene 

65 m i  1 1 i o n  years------- 
Cretaceous Upper Late)  Absent SE N. Mex. 

Lower I Ear ly )  D e t r i t u s  preserved 
136 m i  11 i o n  years------- 

Mesozoic Ju rass ic  Absent SE N. Mex. 
190-195 m i l l i o n  years--- 

T r i a s s i c  Upper (Late) Dockum Group 
. Lower Absent SE N. Mex. 

225 m i l l i o n  years 
Dewey Lake Red Beds 

Ochoan Rust1 e r  Formation 
Sal ado Format i o n  
C a s t i l e  Formation 

Pal  eozoi c Permi an 280 m i  1 1 i o n  years------- 

Guadalupf an [y;T;li 1 
Formation 

stone 
Formation 

1Tems i n  parentheses are Epochs. 

2Rocks o l de r  than t h e  Capitan Limestone are not  described i n  t h i s  report .  



- 

The backreef co r re la t i ves  o f  the Capitan, t he  Tans i l l  and Yates 
Formations, a re  present i n  the areas o f  H i l l s  A, 0 ,  and C, and the W i l l s -  
Weaver pipe, b u t  are not  present a t  the  WIPP s i t e .  These formations consist  

I mainly o f  bedded 1 imestone 6nd interbedded sandstones over the  ree f  i n  the 
repor t  area. 

I Cas t i l  e Formation 

The Cas t i l  e Formation consists o f  several t h i ck  ha1 i t e  and anhydr i te 
members (Anderson, 1972). I n  the  basin, t h e  Cas t i l  e conformably overl i es the  
Bel l  Canyon Formation and i s ,  i n  turn,  ove r l a i n  by t h e  Salado Formation. The 
Cas t i l  e i s  about 412 m (1350 f t )  t h i ck  a t  t h e  WIPP site: 

i Sal ado Formati on 

The Sal ado Formati on cons1 s t s  of ha1 i t e  u n i t s  1 n t e r s t r a t i  f i  ed w i t h  
th inner  beds o f  anhydri te, polyhal i te, beds of g l  auberi te, and potash 
mineral s. The ha1 i t e  beds contain varying amounts of s i l t  and c lay  and a re  
considerably " d i r t 1  er"  than the  ha1 i t e  beds o f  t he  Cas t i l  e. Many o f  t h e  
anhydri t e  and polyhal i t e  beds are pers is ten t  throughout t h e  basin. These have 
been numbered (Jones and others, 1960) and are used as marker beds f o r  
co r re l  a t i  on purposes. The basal u n i t  of t h e  Sal ado, where i t  overl i es t h e  
Capitan Limestone, i s  t he  F l  etcher Anhydrite of Lang (1942). Local ly, t h e  
thickness o f  t h e  Salado var ies  as t h e  r e s u l t  of d isso lu t ion  a t  t h e  top o f  t he  
formation. A t  t h e  WIPP s i t e  t he  Salado i s  603 m (1976 f t )  th ick .  

I 

Rust l  e r  Forslation 

Where no d i sso lu t i on  has occurred a t  t h e  top  o f  t h e  Sal ado i t  I s  over la in  
conformably by t h e  Permi an Rustl e r  Formation which i s  a1 so pa r t  o f  the  Ochoan 
evapor i te sequence. The Rust ler  i s  d iv ided i n t o  f i v e  members which are, I n  
ascending order, t h e  1 ower unnamed member, Cul ebra Do1 omi te, Tamarisk, Magenta 
Dolomite, and ~ o r t y - n i n e r  Members. 

The lower unnamed mentier i s  composed p r ima r i l y  o f  s i l ts tone.  The 
Tamarisk and Forty-niner Members a re  s i m i l a r  t o  each other and where 
unaffected by d l  ssol ut lon,  are composed o f  anhydr i te and m i  nor s i l  ts tone 
beds. Hal i t e  i s present i n  a1 1 th ree  members except where i t  has been removed 
by d isso lu t ion.  Th is  d isso lu t ion  i s  progressing from west t o  east across t he  
WIPP area. These th ree  members vary i n  thickness depending on t h e  amount o f  
ha1 i t e  removed by dissolut ion.  Where d i  ssol u t i o n  has occurred, a reddish- 
brown s i l t y  res idue remains. This d i sso lu t i on  has created most o f  t he  k a r s t  
features described by Bachman (1980). 

The Cul ebra Dolomite and Magenta Dolomite Members are d i s t i n c t i v e  marker 
beds i n  t h e  Rust ler  Formation. The Culebra, about 8 m (27 f t )  th ick,  i s  a 
yellowish-gray, thin-bedded, f i ne ly  c rys ta l1  i n e  dolomi te. Many 1 ayers contain 
d i s t i n c t i v e  vugs about 2-10 nun (0.08-0.39 in.) i n  diameter which sometimes 
contain s e l e n i t e  crys ta ls .  The Cul ebra i s  t h e  most s i g n i f i c a n t  aqui fer  i n  the  
bas in  area. The Magenta i s  composed o f  a1 te rna t ing  t h i n l y  1 amlnated reddish- 
brown do1 omi t e  and gray anhydri t e  1 ayers. The 1 ami nae displ  ay d i s t i n c t i v e  
undulatory bedding. The Magenta i s  about 7.6 m (25 f t )  t h i ck  i n  t he  area and 
i s  .a1 so an aqui fer ,  a1 though t o  a 1 esser extent  than the  Cul ebra. 



The average Rustl e r  i n  the  v i c i n i t y  o f  the  WIPP s i t e  i s  about 82 m 
(270 f t )  and ranges from 11 t o  146 m (35-480 f t )  i n  thickness, depending upon 
the  amount o f  d isso lu t ion  t h a t  has occurred. 

Dmey Lake Red Beds 

The Dewey Lake Red Beds, conformably over ly ing t h e  Rust ler Formation, 
consist  o f  so f t ,  t h i n  even beds o f  poorly indurated reddish-brown t o  reddish'- 
orange s i  1 ts tone and fi ne-grai ned sandstone which d i  spl ay numerous greeni sh- 
gray reduct ion spots 1-10 mm (0.04-0.39 in.) i n  diameter. Small-scal e cross 
1 ami n a t i  ons and r i ppl e marks are common. Lenses o f  cross-1 ami nated f ine-  
grained sandstone become more common near the  top o f  the formation i nd i ca t i ng  
t h a t  a change from marine t o  fl uv ia l  deposi t ion was occurr ing near the  end o f  
Ochoan time. Evapori te deposits are not present i n  the  Dewey Lake b u t  
secondary sel eni t e  f i l l  s concordant and discordant f ractures. Sel eni t e  a1 so 
f i l l  s par t ings a1 ong bedding p l  anes. These openings were probably caused by 
sagging o f  t h e  Dewey Lake over areas where d isso lu t ion  had removed ha1 i t e  from 
the underly ing Rustl er  Formation. The formation was eroded i n  pre-Tri assic 
t ime and var ies i n  thickness from zero t o  the  west t o  172 m (560 f t )  t o  the 
east o f  t he  WIPP s i t e .  

Trl  assi c Rocks 

Rocks o f  T r i ass i c  age l i e  unconformably on and over1 ap the Dewey Lake Red 
Beds. Bachman (1980, p. 26) re fe r red  t h e  Tr iass ic  rocks i n  t h i s  area t o  t h e  
Dockum Group and t h a t  usage w i l l  be followed i n  t h i s  report. 

These rocks cons is t  mainly o f  we1 1 - indurated fl uvi  a1 sandstone, 
conglomeratic sandstone, and s i l  tstone, most o f  which have been removed by 
erosion i n  southeastern New Mexico, and are f r regu l  a r l y  d i s t r i bu ted  and 
preserved i n  t h e  WIPP a.rea. A1 though t o  t h e  east i n  Lea County the  Dockum 
Group i s  as much as 460 m (1500 ft) th ick,  i t  pinches out  a1 ong a roughly 
north-south l i n e  t h a t  passes through the  center o f  t he  WIPP s i te .  These rocks 
are important t o  t h i s  repor t  as they are found i n  brecc ia pipes elsewhere i n  
the  area. 

Jurassic and Cretaceous Rocks 

The area i s  be1 i eved t o  have been above sea 1 eve1 throughout Jurassic 
. t ime and no rocks o f  t h a t  age are present. I n  Cretaceous t ime the  area was 

covered by a shallow sea, b u t  rocks o f  Cretaceous age are only found i n  
c o l l  apse debr is  i n  areas o f  d isso lu t ion  southwest o f  Carl sbad, N. Mex.--none 
being preserved i n  the  WIPP area. 

Cenozoic rocks 

Cenozoic rocks i n  the  WIPP area inc lude t h e  Ogal lala Formation o f  Miocene 
and Pliocene age, and t h e  Pleistocene Gatuna Formation and Mescalero 
caliche. Sheets and dunes of Holocene windblown sand are scattered across the  
area. 



Ogal 1 a1 a Fonnati on 

The Ogall a1 a Formation i n  southeastern New Mexico cons is ts  mainly o f  
windblown sand on which t he  wel l  -known "Cal i che  caprock" of  the  High Plains 
has formed. The Ogall a1 a i s  no t  present a t  t he  WIPP s i t e  and was e i t he r  never 
deposited o r  more 1 i k e l y  has been removed by erosion. The c losest  outcrop of  
Ogal la l  a i s  a t  "The Div ide"  11 km (7 mi )  east o f  the  WIPP s i t e .  

Gatuna Formati on 

The Gatuna Formation o f  middle Pleistocene age o r  o l de r  (Bachman, 1980, 
p. 38) unconformably over1 i e s  the  Permi an and T r i ass i c  rocks i n  t he  area 
except where absent owing t o  erosion o r  nondeposition. 

The Gatuna, mainly o f  f l u v i a l  o r ig in ,  cons is ts  o f  unconsolidated beds 
ranging from si1. t  t o  gravel.  Much o f  t h e  Gatuna i s  l o c a l  l y  derived, 
espec ia l ly  from reworking o f  T r i ass i c  conglomerates and ca l  i che  of the  
Ogal 1 a1 a caprock. 

Mescal e m  Cal i c h e  

The Mescal era ca l  i che  (an informal  name) caps many of  t h e  o lder  rocks o f  
t h e  area. According t o  Bachman (1980, p. 42) i t  appears t o  have accumulated 
as t h e  C hor izon o f  an anc ient  s o i l  a f t e r  deposi t ion o f  t h e  Gatuna 
Formation. Bachman repor ts  t h a t  dates derived by t h e  uranium ser ies  
d i  sequi l  i b r i  um technique show t h a t  t he  Mescal era formed between 510,000 and 
410,000 years ago. 

PREVIOUS WORK ON BRECCIA PIPES I N  SOUTHEASTERN NEW MEXICO 

Numerous s u r f i c i a l  features i n  and near t he  Delaware Basin have been 
described as be ing r e l a t e d  t o  d isso lu t ion  o f  t he  evapor i tes of  the  Ochoan 
Seri es. Vine (1960) described four  dome1.i k e  features as possib l  e p i pe  
structures.  La te r  work done under t he  d i r ec t i on  o f  personnel o f  the  SNC and 
t h e  USGS dur ing s tud ies f o r  t h e  WIPP s i t e  showed t h a t  two and probably three 
of t h e  four domal s t ruc tu res  are indeed brecc ia  pipes. 

Addi t iona l  s u r f i c i  a1 features have been mentioned as possib l  e p ipe  
structures.  Reports by Reddy (1961). Vine (1963) , and Anderson (1978) mention 
several domal s t ruc tu res  i n  t h e  basin. Vine (1963, p. 840-841) c i t e s  11 of 
these t o  t h e  west o f  t h e  WIPP s i te .  Many o f  these domal s t ruc tures were found 
by Bachman (19801 t o  be  no more than cal  iche-capped h i 1  1 s carved p r i o r  t o  
Mescal era  time. The h i l l  i n  t he  SE 1 /4 sec. 24, T. 23 S., R. 29 E. was mapped 
i n  d e t a i l  by Bachman (1980, f i g .  20) and described as an exampl e o f  ancient 
so lu t i on  and fill structure.  Another s t r uc tu re  c i t e d  by Vine (1963) i n  secs. 
33-34, T. 22 S., R. 29 E. was mapped by Bachman (1980, f i g .  18) and d r i l l e d  
(WIPP 32) as p a r t  o f  t h e  studies f o r  the WIPP s i t e  (Snyder and McIntyre, 
1980). No i n d i c a t i o n  o f  d i sso lu t i on  i n  t he  Salado below t h e  Vaca T r i s t e  
Sandstone Member (Adams, 1944) was found. The s t r uc tu re  i s  re1 ated t o  sha l l  ow 
d i sso lu t i on  i n  t h e  Rust1 e r  and Salado Formations and no t  t o  deep 
d isso lu t ion.  A nearby d r i l l  hole, WIPP 29 (Snyder and McIntyre, 19791, 
d r i l l  ed t o  ga in  in format ion f o r  hydrologic s tud i  es i n  Nash Draw a lso showed no 
d i sso lu t i on  be1 ow t h e  Vaca Tr i s te .  



A h i l l  i n  the NW 1/4 sss. 11, T. 2 1  S., R. 29 E. about 1.6 km (1 m i l  west 
o f  t he  Miss iss ipp i  Chemical Corp. (MCC) main shaf t  was mapped by Bachman 
(1980) and found t o  have beds o f  the  Dewey Lake Red Beds dipping as much as ' 

19". According t o  Bachman, " the Dewey Lake Red Beds which are gent ly f o l  ded 
b u t  no t  brecciated," are covered w i th  cal iche. "The folds are presumed t o  be 
the  resul  t o f  d i  ssol u t i  on and hydrat i  on o f  evapori tes i n  the  underly ing 
Rustl e r  Formation.'' 

Another exampl e o f  domal s t ruc ture  c a l l  ed Tower Hi1 1, 1 ocated i n  secs. 1, 
2, 11, 12, T. 21 S., R. 29 E., has been p a r t i a l  l y  penetrated by mining out  
hor izonta l  rooms f o r  use i n  s to r i ng  b l a s t i n g  powder used i n  the  MCC mine. C. 
L. Jones (o ra l  commn., 1980) has stated t h a t  t he  bedding 1.s nearly hor izontal  
and undisturbed around the  wall s o f  these rooms. 

Reddy (1961) s tudi  ed several dome1 i ke, .quasi -c i rcu l  a r  features southeast 
o f  Malaga a t  Queen Lake. The features are generally surrounded by hogback 
r idges d ipping outward from t h e  central  por t ions o f  t he  domes. These hogbacks 
are nearly always t h e  Cul ebra Dolomite Member o f  the  Rustl e r  Formation. The 
central  por t ions o f  these domes consis t  o f  brecciated Sal ado and 1 ower Rustl e r  
Formation rocks. Reddy (1961) a t t r i b u t e d  the  doming t o  upward movement o f  the  
Sal ado o r  Cast i l  e ha1 i t e s ,  t h e  movement being caused by d i f f e r e n t i a l  loading 
o f  the  overburden dur ing 1 a te  P l  iocene o r  ear ly  P I  eistocene time. Addit ional 
s t ress appl i ed dur ing t h e  1 a t e  Cenozoic up1 i f t s  o f  t h e  Guadal upe and Del aware 
Mountains coul d .have aided i n  accel e ra t ing  the  upward movement o f  t he  ha1 i t e  
and causing t h e  Rustl e r  Formation t o  be in t ruded by t h e  1 ower formations 
(Reddy, 1961, p. 71). 

Bachman (1980, p. 74, f i g .  15) i n te rp re ts  the  formational h i s to ry  o f  
these domes somewhat d i f f e ren t l y ,  He defines the  features as "karst  domes. II 

Much of the  area near Malaga Bend (Queen Lake locale)  i s  underlain by chaot ic 
brecc ia of t h e  Rustl e r  Formation. The domes have a cent ra l  inso l  ubl e residue 
o f  Sal ado p a r t i a l l y  over la in  by a brecciated cover o f  Rustl er. The 1 ess 
sol ubl e do1 omi t e s  are  draped around t h e  s i  des o f  t h e  domes. Accordi ng t o  
Bachman, the  formation o f  these domes i s  re1 ated t o  d isso lu t ion  o f  the solubl e 
por t ions of t h e  u n i t s  and tec ton i  sm o r  sal t flowage i s  no t  a factor.  

Lang (1947) explained Cretaceous debris found l y i n g  on t h e  Cast i l  e near 
the  Black River va l l ey  about 40 km (25 m i )  southwest o f  Carlsbad as the  r e s u l t  
of co l lapse i n t o  a so lu t i on  channel formed i n  the  Sal ado Formation. This 
debris was washed i n t o  t h e  channel and preserved. Subsequent erosion o f  t he  
surrounding Permian (Ochoan) beds eventually 1 e f t  the  debris scattered on the 
surface on t h e  C a s t i l e  Formation, Thereeare no remnants o f  Ochoan rocks other 
than t h e  Cas t i l  e i n  the irnmedi a t e  area which imp1 i ed t o  Lang tha t  simp1 e 
erosion o f  t h e  in tervening Ochoan beds was not  t h e  answer. 

Bachman (1980) be1 ieves t h a t  the  Cretaceous rocks were deposited on 
t i 1  t ed  and beveled rocks o f  t he  1 ower Rustl er, Sal ado and Cast i l  e Formations, 
and t h e  f o s s i l  debris i s  t he  remnant o f  t ha t  heavi ly eroded Cretaceous 
section. The debr is  may be  the  mater ial  from a shallow c a l l  apse sink which 
formed during Cenozoic t ime (Bachman, 1980, p. 84). Anderson (1981) questions 
t h i s  i n t e r p r e t a t i o n  c i t i n g  other Cretaceous deposits nearby t h a t  r e s t  i n 
younger-than-Castil e depressions a t  s t r a t i  graphic horizons equal t o  the  1 ower 
Salado. He a lso  states t h a t  a " t runcat ion surface s u f f i c i e n t  t o  a l low pre- 
Cretaceous d isso lu t ion  t o  reach I n t o  the  Cast i le"  would d i p  about 19 meters 



per k i lometer  (100 fee t  per m i l e )  and because t h i s  i s  the present regional 
d ip,  there i s  no allowance for  post-Cretaceous u p l i f t .  

I I GEOPHYSICAL STUDIES 

Numerous geophysical studies have been ca r r i ed  ou t  on and around the WIPP 
s i t e  spec i f i ca l l y  t o  gain subsurface in format ion concerning t he  s i te .  Some o f  
these surveys 'were adesi gned t o  search for  possibl e brecc ia  pipes. Among these 
were magnetic and g rav i t y  surveys by Ferruccio Gera (1974) o f  Oak Ridge 
National Laboratory (ORNL) i n  conjunct ion w i t h  R. Hopkins o f  t he  Tennessee 
Val 1  ey Au thor i t y  (TYA) , and g r a v i t y  and e l  e c t r i c a l  r e s i s t i v i t y  surveys by 
Mining Geophysical Surveys (West and Wieduwil t, 1976) in te rp re ted  by E l l i o t  
Geophysical Company (E l  1 i ot, 1976a,b; 1977). 

The r e s i s t i v i t y  surveys i n te rp re ted  by E l l i o t  (1976a,b) were run over 
e igh t  suspected o r  known pipes. Tab1 e 2 1  i s t s  t he  names o r  areas involved and 
the  1 ocations. R e s i s t i v i t y  p r o f i  1  es across sel ected s i  tes  are shown i n  
f igs.  2, 3, 4. and 5. Complete p r o f i l e s  and technical data f o r  a l l  e igh t  
loca t ions  a re  given by E l l i o t  (1976a). The r e s i s t i v i t y  data across Hi11 A 
shows a d e f i n i t e  anomaly. The cent ra l  p a r t  o f  the  brecc ia  p ipe  has a low 
r e s i s t i v i t y  t h a t  i s  bounded by h igh  r e s i s t i v i t y  peaks as the  survey 1 i n e  
crosses t h e  c i  r cu l  a r  r i n g  fau l  t. In te rp re ta t ions  of the  res i  s t i v i  t y  p r o f i l  es 
along w i t h  addi t iona l  data discussed 1 a t e r  i n  t h i s  r epo r t  have 1 ed us t o  t h e  
conclusion t h a t  the  fo l low ing  a re  brecc ia  pipes: (1) Wills-Weaver, (2)  H i l l  
C, (3 )  H i l l  A, and (4 )  Hi11 B. The remaining f ou r  s i t e s  a re  no t  in te rp re ted  
as pipes. 

Grav i ty  surveys by M i  n i  ng Geophysical Surveys (West and W i  eduwil t, 1976) 

I 
were run  across t h e  W i l l  s-Weaver s i t e ,  and H i l l  s  A, 8, C, and D. The data 
were in te rp re ted  by El 1  i o t  Geophysical Company (El 1  i o t ,  1976b). Reasoning 
behind t h e  be1 i e f  t h a t  g r a v i t y  surveys across brecc ia  pipes mu1 d show 
anomalous readings i s  as follows: 

If the  brecciated mater ia l  i n  t he  p ipe was not  wel l  consolidated, t h e  
addi t iona l  poros i t y  as compared t o  t h e  poros i t y  o f  t h e  surrounding rocks woul d  
cause t h e  instruments t o  record a  g r a v i t y  low across t h e  pipe, and i f  the  

I '  
mater ia l  i s  denser than o r  b e t t e r  cemented than t h e  surrounding rock, a  
g r a v i t y  h igh m u 1  d be  recorded. 

* Figures 6, 7, and 8 show t h e  g rav i t y  and topographic p r o f i l  es across t he  
W i l l  s-Weaver area, and H i l l  C and H i l l  A, respect ively.  Figures 6  and 8 show - a  d e f i n i t e  g rav i t y  low a t  t h e  Wills-Weaver and H i l l  A s i tes ,  b u t  there i s  no 
such low a t  t h e  H i l l  C s i t e  ( f i g .  7). E l l i o t  (1976b, v. 1, p. 22) s ta tes t h a t  

, g rav i t y  data do not g i ve  a  cons is tent  g rav i t y  response across known breccia 
pipes; and t h a t  g r a v i t y  surveys a r e  no t  a  d e f i n i t i v e  method fo r  l oca t i ng  these 

* brecc ia  pipes. 

Sel smi c - re f l  ec t ion data (Hern and others, 1978) were obtained across t he  
W i l l  s-Weaver and H i l l  s  A-B 1 ocations. Generally un in terpretab l  e  r e f l e c t i o n s  
came from the  center of these features. 



Table 2,--Designation, loca t ion ,  and remarks, e i g h t  loca t ions  

covered by e l e c t r i c a l  r e s i s t i v i t y  surveys 

Breccia p ipe 
des ignat ion 

o r  l oca le  Location 
i d e n t i f i c a t i - o n  Sec., T. S., R. E. Remarks 

W i l  1s Weaver 12, 20, 

H i l l  C 5, 21, 

H i l l  A 

H i l l  B 

H i l l  D 

Unnamed h i  1 1 

Sec, 9 s i nk  9, 22, 

Sec. 14 s i nkho le '  14, 23, 

- - 

Small h i l l ,  center of h i l l  400 f t  
northwest of GW-1 d r i l l  ho le  t h a t  
penetrated 821 ft (250 m) of b recc ia  
from the  surface. 

 ill, d r i l l  ho le  W-16 penetrated 1300 
ft (396 m) of brecc ia  and downdropped 
Rust ler  Formation, MCC mine d r i f t  
i n te rsec ted  breccia p ipe d i r e c t l y  
under h i  11 . 

Breached h i  11 , d r i  11 ha1 e W-31 
penetrated 1,981 f t  (604 m)  o f  
brecc i  ated rock and downdropped Santa 
Rosa Sandstone, Dewey Lake Red Beds, 
Rust ler  and Salado Formations and 
F le tcher  Anhydri t e ( ? )  . 

H i l l  adjacent t o  Hi 11 A,  breached on 
southwest s ide exposing brecc ia ted 
rock. 

Hi1 1 southeast o f  Hi 11 C, no rock 
exposed under ca l i che  cap, no 
i n d i c a t i o n  o f  d ipp ing  beds i n  
underground workings t h a t  pass c lose  
t o  where p i p e  would be. 

Hi 11 about 1 m i  west o f  MCC main shaf t ,  
mapped by Bachman (1980) and found t o  
have no breccia exposed, d i d  have 
fa1 ded beddi ng. 

Surface s ink i n  southeast corner o f  
sec. 9, nor thern p a r t  of UIPP s i t e ,  
d r i  11 ho le  U-14 loca ted  here t o  
ob ta in  data t o  exp la in  g r a v i t y  
anomaly. Normal s t r a t i g r a p h i c  
sect ion as deep as 1000 ft. 

Sink ho le  southwest o f  WIPP s i t e ,  l i n e  
run over wrong p a r t  of section, 
missed sinkhole, data inconclusive.  
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CORE HOLES AND UNDERGROUND MAPPING AT HILLS A AND C 

H i l l  A 

H i l l  A l i e s  i n  the  SW 1/4 sec. 35, T. 20 S., R. 30 E., about 30 km 
(18.5 m i  I east-northeast o f  Carl sbad ( f i g .  1) and i s  the loca t ion  o f  d r i l l  
hol e WIPP 31. It has been described i n  de ta i l  by Vine (1960, p. 1905) and by 
Bachman (1980, p. 62). The h i l l  has a low-circul a r  shape wi th  re1 i e f  o f  about 
15 m (50 f t )  and i s  about 370 m (1200 ft) i n  diameter. It i s  crossed by a 
spur of the Atchison, Topeka, and Santa Fe Rai l  road. The central  par t  o f  the 
h i1  1 has been eroded as a shal l  ow basin tha t  drains t o  the  west. The outer 
slopes o f  the h i l l  are formed by Permian Dewey Lake Red Beds over1 a in  by 
Tr iass ic  rocks and capped by Mescal ero cal i che which dips quaquaversal l y  about 
15' ( f igs.  9 and 10). 

Within the  basin and w i t h i n  a r i n g  faul t about 245 m (800 f t )  i n  diameter 
1 i e  brecciated angular rock fragments o f  t he  Tr iass ic  Dockum Group t h a t  both 
Vine and Bachman agree appear t o  have come from rock s t ra t i g raph ica l l y  higher 
than t h a t  present ly exposed outside the  r i n g  faul  t. 

To explain the  beds a t  the surface dipping away from the  breccia pipe as 
shown on p l a t e  1 ( i n  pocket) and f i g u r e  10, a discussion o f  the  d isso lu t ion  
front i s  needed. The name d isso lu t ion  front can be appl fed t o  two d i f f e r e n t  
s t ra t ig raph ic  horizons, the  Rustl e r  Formation and the  top o f  t he  Sal ado 
Formation. Work a t  the  WIPP s i t e  and the  surrounding area has shown tha t  
h a l i t e  from both o f  these formations i s  being removed by near-surface 
dissolut ion. This d issolut ion i s  progressing from west t o  east across the 
Delaware Basin ( f i g .  9). It appears t h a t  the  d isso lu t ion  f r o n t  i s  roughly 
wedge shaped, t rend i  ng north-south, w i  t h  the 1 eadi ng edge toward the  east. 
This 1 eadi ng edge s t a r t s  i n  t h e  Forty-niner Member o f  Rustl e r  and, as the  
wedge thickens, progresses downward and westward i n t o  the lower two ha1 i te-  
bearing members o f  t h e  Rust ler and i n t o  t h e  upper pa r t  o f  t h e  Salado 
Formation. The overa l l  appearance o f  t h i s  wedge o f  d isso lu t ion  i s  a " s t a i r  
step" arrangement dropping s t ra t i g raph ica l l y  down from east t o  west. The 
1 eading edge i n  the  Rust ler a t  the  WfPP s i t e  i s  i n  the  southeast quarter of 
the  s i t e  and the  1 eading edge i n  tne  Sal ado i s  i n  the  western s ide  o f  the  
s i  te. 

This d isso lu t ion  pat tern i s  also present over the Capitan Limestone i n  
the v i c i n i t y  o f  H i l l  A. The geophysical 1 ogs of t he  two o i l  and gas 
exploratory holes (B ig  Eddy 17 and 78) show no probabl e ha1 i t e  i n  the  Rustl e r  
and d e f i n i t e  removal o f  h a l i t e  from the  top o f  the  Salado. 

F i  el d mapping has shown the  Mescal ero cal i che draping the outward-di ppi ng 
surface o f  H I 1 1  A d i d  no t  form on t h e  present-dipping surface, thus, the area 
around and across the  pipe must have been f a i r l y  1 eve1 during deposit ion o f  
t he  caliche. Only a f t e r  the  formation o f  t h i s  ca l iche d i d  the  removal of 
ha1 i t e  from the  area surrounding t h e  p ipe cause the  area t o  subside, which d i d  
no t  af fect t h e  re1 a t i v e l y  impermeabl e rock i n  the  pipe. This 1 owering o f  t he  
surrounding area has resul ted i n  the  outward dipping o f  the surface a t  H i 1  1 
A. Bachman (1980, p. 42) s tates t h a t  the  Mescalero began t o  form about 
510,000 years ago and t h a t  the upper c rus t  formed about 410,000 years ago. 
This waul d date the  movement o f  t h e  d isso lu t ion  f r o n t  through the  area as 1 ess 
than about 400,000 years ago. 







D r i l l  hole WIPP 31, H i l l  A 

D r i l l  hol e WIPP.31 was s i ted  ins ide the r i n g  Paul t zone mapped by .Vine 
(1960) and Bachman (1980). The hol e was d r i l l  ed i n  two stages. The f i r s t  
247 m (810 f t )  were d r i l l e d  during September and October 1978, and the hole 
was 1 ater  (July-August 1980) deepened t o  604 m (1981 f t )  . Only a few feet o f  
core were taken i n  the upper 247 m (810 f t )  o f  the hole. One core, from 229 
t o  230 m (750-756 f t ) ,  was anhydrite of the Rustler Formation, the f i r s t  
i nd i ca t i on  o f  t h i s  formation and somewhere between 8 and 94 m (25-310 f t )  
below i t s  normal s t ra t ig raph ic  posit ion. Tab1 e 3 describes i n  general the . 
1 i tho logy of cut t ings and core from WIPP 31. 

It shoul d be pointed out tha t  a1 though a spec i f i c  rock, i d e n t i f i a b l e  as 
the  Rustler Formation, was f i r s t  found a t  a spec i f i c  depth, i t  does not imply 
tha t  the strat igraphy i s  normal from tha t  depth downward ( f ig .  11). I n  .fact, 
rocks of t he  Dewey Lake Red Beds were found as deep as 503 m (1650 f t ) ,  which 
i s  about 366 m (1200 f t )  below the  base o f  the u n i t  i n  the surrounding area. 
Fragments o f  t he  Magenta ( f i g .  12) and Cul ebra Dolomite Members ( f i g .  13) o f  
the  Rustl e r  Formation were found 274-366 m (900-1200 f t )  below t h e i r  normal 
posit ions. 

One par t  o f  the Sal ado Formation ha1 i t e  (about 12 m o r  40 ft; t r u e  
thickness) was the  only th i ck  recognizabl e pa r t  of t ha t  formation cored, bu t  
many o f  the anhydrite fragments and m c h  o f  the reddish-brown c lay probably 
are Sal ado rocks, The anhydrite, s ta r t i ng  a t  a depth o f  580 m (1903 f t )  and 
continuing t o  a t o t a l  depth o f  604 m (1981 f t )  i s  ten ta t ive ly  assigned t o  t h e  
Fletcher Anhydrite, o r  t h e  base o f  t he  Salado Formation. It i s  the  only known 
anhydrite i n  t h i s  area t h a t  i s  th ick  enough t o  account f o r  the amount cored, 
The 50' d ip  noted on the  1 aminations would g ive  the cored in te rva l  o f  24 m 
(78 f t )  a t rue  thickness about 15 m (50 f t ) ,  It i s  estimated tha t  about 3-9 m 
(10-30 f t )  o f  t he  Fletcher remains below t o t a l  depth o f  WIPP 31. 

Because the  Tans i l l  and Yates do not contain water-sol ubl e evapori tes, 
they are probably no t  t h e  cause of t he  collapse of t he  over ly ing rocks. Below 
these formations i s  the Capitan Limestone, a somewhat soluble rock known t o  
contain 1 arge caverns (Carl sbad Caverns). The most reasonabl e expl anati on f o r  
c a l l  apse o f  the  rocks cored i n  WIPP 31 i s  tha t  a 1 arge cavern fanned i n  the  
Capitan, and the  over ly ing rocks, as young as the  Tr iass ic  Dockum Group, 
collapsed i n t o  the  void. The Fletcher Anhydri t e  probably acted as a 
supporting beam over t h e  collapse f o r  some time, bu t  as the cav i ty  i n  the  
Capitan grew wider, the  width exceeded the ab i l  i t y  o f  the Fletcher t o  serve as 
a support, and col lapse occurred. Another possibl e method t o  consider i s  t ha t  
the  cav i ty  was f i l l  ed w i th  water t o  the  base o f  the Fl etcher, and- declining 
water 1 eve1 s removed the  bouyant support on the  F l  etcher. This mu1 d cause an 
apparent increase i n  weight of *SO percent of the  Fl etcher tha t  woul d increase 
the  stress and.exceed t h e  rock strength. The Fletcher i s  considered as the  
support beam ra ther  than one o f  the un i t s  i n  the Tansi l l  or  Yates because o f  
i t s  1 ack o f  bedding and i t s  intergrown crystal1 i n e  structure. The Tansi l l  and 
Yates are t h i n  bedded granul ar rocks. 

Most of the  ha1 i t e  of the Sal ado Formation, and a l l  o f  the ha1 i t e  i n  the 
Rustl e r  Formation are missing i n  the  core from WIPP 31. There i s  no Cast i l  e 
Formation present over the  Capitan. I n  an o i l  and gas exploration hol e 
(C i t i es  Service O i l  and Gas, Big Eddy u n i t  17) about 0.8, km (112 mi) southwest 



Table 3.--Lithologic descript ion of cu t t ings  for  YlPP 31 

[Color desiqndtion from Rock-Color Chart (Goddard and others. 1948). Depths not 
correlated with qeophysical loss. To convert feet t o  meters mu l t ip ly  feet by 
0.3048; depths are from ground leve l ]  

Thickness 
deDth in te rva l  

Desctlption ( feet)  ( feet ) 

Cuttings 

Mud and s l  l tstone. dark-reddlsh-brown (10; 314) through 

dark-ye1 low-brown ( I O E  314). some greenish-gray 

(5GJ 314) sf 1 tstone; trace b l o t l t e  and limestone; 

calcareous; as much as 10 percent sandstone i n  part---- 37 - 65 

h d ,  s i l ts tone,  and sandstone, as i n  37- t o  65-ft 

Core 1 

Rubble o f  s i l ts tone,  sandstone, and mudstone, moderate- 

reddish-brown (10; 4/6), dark-reddish-brown (101 314) 

and grayish-red (10; 4/2), nulnerous greenlsh-gray 

( 5 E  611) reduction spots 112-2 mm I n  d lamter ;  rubble 
fragrmnts as large as 15 em---------------------------- 459 - 465.3 

Cuttings 

Mudstone. s l l t s tone ,  and sandstone r a m  as un f t  a t  

37-65 f t  ; occasfonal f r a g n n t s  o f  chert, selenfte, 

and mi caceous s i  l t s tone  m d  smdstone------------------ 467 - 519 

Core 2 

Mudstone, s l l ts tone,  and sandstone, dark-reddish-brown 

(101 314) t o  grayish-red (10E 412) and moderate 

reddish-brow ( 105 416) ; t i 1  tstone contr lns selenf te 
veins and greenish-gray ( 5 1  611) a l te ra t ion  spots and 

b i o t i t e  and pyr i te ;  fragments as large as 22 em-------- 519 -526.3 
NO co~------------------------------------------------ 526.3- 529 

Cuttfngs 

Si l tstone, smdstone, and Pudstone, moderate reddish- 

bram, (1e 4/6), grayish-red (101 412) and l i gh t -g r r y  
&7-46) ; ca l c i  t i c  . b i o t i t f c ,  minor seleni te------------ 529 - 579 

Core 3 

Wstone,  s i l ts tone,  and smdstone, moderate-reddlsh- 

brown (101 416). dark-reddfsh-brown (101 314). and 
grayish-red (101 412) ; greenish-gray ( 5 E  611) . 

reductlon' spots I n  s i l ts tone,  selenfte veins cu t  

s l l t s t one  and mud matrix; scattered chert pebbles ; 

possible carbonaceous plant ~ t e r l a l  a t  584 ft--------- 579 - 589 

Cuttings 

Sfl tstone, mudstone. and gumbo clay, moderate-reddfsh- 

brown (101 4/6), dark-reddish-brow (101 314) m d  

1 fght-gray e 7 )  ; minor chert pebbles------------------- 589 - 695 



Table 3.--1lthologic descript ion of cut t lngs and core for  UIPP 31--Continued 

Oescriptlon 

Thickness 
depth in terval  
(feet ) (feet ) 

cut 4 - 
Si l tstone, mudstone, and mlnor sandstone, moderate-reddlsh- 

brown (105 4/6) and dark-reddish-brown (101 3/4); 

qreenish-gray ( 5 E  6/1) reduction spots; s i l t s tone  
contalns beddlng planes dipplng from 32. t o  4O0-------- 695.5- 703.4 7.9 

No c o r e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  703.4- 705.0 1.6 

Cuttings 

Si l ts tone and mudstone, same as u n i t  a t  589-695 ft------- 705.0- 750.0 45.0 
Anhydrlte, white eg)----------------------------------- 750.0- 751.0 1.0 

Core 5 

Anhydrlte. graylsh-green (56 5/2) and - dusky ye1 lowish- 

green (1ffiJ 312). gypslferous; mottled; very f i ne l y  

crysta l  1 lne; laminated; I rregular a r g i l  laceour lamlnae 

a t  753.8 f t  ; d lp  o f  Iamlnae ranges from 32' t o  40'----- 751.0- 756.6 

Si ltstone, dark-reddish-brow (101 3/4) and grayish-red 

(10; 4/2); gypsiferous rnhydr l te  bands a t  757.0 m d  

757.4 ft); s i l t s t one  f r l n t l y  bedded-------------------- 756.6- 758.9 
b core-------------------------------------------------- 758.9- 759.7 

Core 6 

Eludstone breccia ; gray1 sh-red ( 101 4/2) through dark- 

reddish-brow (101 3/4) and rrdim-dark-gray @4), 

fragments less than 3 oa; s l i g h t l y  calcareous matrix--- 759.7- 767.5 

Sdndstone. irk-reddish-brown (101 3/4) and gray1 sh-red 
. - 

(101 4/2), very f ine  grained. hard. fr lable, minor 

ca l c i t e  ccfirnt, MO2 s t r t n  on bedding surfaces. 
prpsun f i l l e d  fracture--------------------------------- 767.5- 771.0 3.5 

Cuttings 

Siltstone. mudstone, sandstone and gypsrm, reddlsh-brown 
(1% 3/4), grayish-red (101 4/2) and dark-reddish-brow 

(101 3/4) s i  ltstone. audstone same wi th SQC medium 
dark gray e4 ) ,  sandstone s a w  color  as si l tstone. 

gypsrm. site e 9 ) ;  minor chert pebbles and selenite--- 771.0- 800.0 29.0 

Core 7 

Brecei r of mudstone and s i  1 tstone. moderate-reddi sh- 

b m  (101 4/6). dark-reddish-brown ( l o t  3/4), 

grayish-red (lo! 4/2), greenlsh-qray (5GJ 6/1); 
s l i q h t l y  calcareous; mud matrix; port ions colored 

dark-yellowlsh-orange (10% 6/6)---------------------- 800.0- 809.8 9.8 
NO com-------------------------------------------------- 809.8- 810.0 .2 

Con 

Mudstone-slltstone breccla, moderate-reddlsh-brow 

(101 4/6) t o  dark-reddish-brow (102 3/4); mudstone 

fra-nts up t o  20 an; s i l t s t one  contalns greenish- 

gray ( 5 .  6/1) reduction spots, lower 4 ft 

I s  one block, s i l t s t one  i n  rest  o f  unlt .  fragments 
as much as cm, most less than 4 cm--------------------- 819.0-1022 



Table 3.4.1 thologic  descr ip t ion o f  cut t ings and core for YlPP  31--Cont inued 

Descript ion 

Thickness 
depth in te rva l  - 
( feet  ) ( f ee t )  

Anhydrite, ol ive-gray ( 5 1  4/1), f i ne l y  c rys ta l l i ne ,  

in ter layered w i th  moderate-reddish-brown (101  4/6) 

s i  l t s tone  contal n i  ng a1 t e ra t i on  spots------------------ 1022.0-1032.4 10.4 

Si l tstone, moderate-reddish-brown (102 4/6) and dark- 

reddish-brown ( 10& 3/4), numerous reduct l  on spots and 

veins of selenite; u n i t  mostly shattered fragments o f  
s ingle block o f  rock----------------------------------- 1032.4-1051.7 

Anhydrite, 1 ight-01 ive-gray ( 5 1  6/1) t o  dark-yellowish- 

brown ( 1 O E  4/21, laminated i n  upper 2 ft; very 

f i ne l y  c rys ta l  l i n e  and medium-gray e 5 )  I n  lower 
0.8 ft-----.------------------------------------ 1051.7-1054.4 

St 1 tstone, dark-reddl sh-brown ( 101  314) and mderate-  

reddi sh-brown (101 4/6) ; numerous greeni sh-gray 

( 5 E  6/1) reduction spots; many lenqths of core are 
from indiv idual  blocks; gray Q6) c lay  f i l l i n g  

fractures near base o f  un i t ,  some sandstone layers----- 1054.4-1 147.4 
Anhydrite. mdium- t o  medim4ark-gray e5-4)  ; f i n e l y  

c rys ta l l i ne ,  large fraqnents o f  anhydrite-------------- 1147.4-1149.8 

SIl tStone same as u n i t  a t  1054.4-1147.4 ft, anhydri te 

fragment a t  1167.9-1168.2 i t ;  soam mudstone 

in tervals ;  most o f  u n i t  appears t o  be large 

broken block w i th  d ips o f  bedding as much as 55'------- 1149.8-1210.8 

Anhydrite, medium- t o  medium-dark-gray @4), f i n e l y  

c rys ta l l i ne ,  many large blocks interspersed w i th  s m l l  

( < l o  cm) blocks of anhydri te and s i l t s tone :  1.5-ft- 

th ick  gravel layer  a t  1224.6-1226.1, gravel i s  

rounded $1 ltstone; d o l m l t e  fragments a t  1249, 1250. 

1254, 1263, 1267.5. 1276. 1280-1285 f t  ; dark-gray e 3 )  

s l  l t s tone  a t  1251-1253.3 ft over ly ing reddlsh-brown 

( 1 O E  4/6) d isso lu t ion  resldue-------------------0--- 1210.8-1292.0 

Si l ts tone breccia, moderate- t o  dark-reddish-brown 

( l o t  4 / 6 -10~  3/4); minor fragments o f  anhydri te as large 

as 45 an (1.5 f t ) ;  minor mudstone and sandstone fragments; 

rounding o f  edges o f  fraqnents coanon------------------ 1291.0-1436.6 145.6 

Anhydrlte. medim-light-gray c 6 )  t o  mediua-dark-gray 

@4), very f i ne l y  c rys ta l  l i ne ;  brecciated zone fi 1 l ed  
wi th c lay  frm 438.3-438.4 m (1437.9 t o  1438.4 ft)----- 1436.6-1442.5 5.9 * 

Hudstone, s i l ts tone,  sandstone, and anhydrl te breccia; 

noderate-reddish-brown ( 10& 4/6), dark-reddf sh-brown 

(101 3/4) s i l t s tone ,  mudstone, and sandstone, medium- 

pray (&) anhydrite; fragments o f  l i gh t -g ray  (17) t o  

l ight -o l ive-gray ( 5 1  6/1) dolomite scattered through 

core; h a l i t e  f i l l e d  vuq 4x7 cm a t  1447.9 f t )  

medium-blul sh-gray ( 5 1  5/1) c lay  a t  base--------------- 1442.5-1457.6 



Table 3.--Lithologic descrlpt lon of cut t ings and core f o r  YIPP 31--Continued 

Thickness 
depth i nterva.1 

Oescrfption (feet) ( f - t )  

Hal i t e ,  l ight-gray Q7). nedium-gray e 5 ) .  pale-reddlsh- 

brow, ( l o t  5/4) moderate-reddi sh-orange (101 6/6), 

f ine ly  t o  coarsely crystalline; l ight-gray portions 

appear t o  be recrystal l tzed; pale-reddish-brom 

port lons are a r g l l  laceous. and mderate-reddish- 

orange port ions are po lyha l i t i c ;  dips measured 

along ~ o l y h a l i t i c  streaks range from 50' t o  6O0-------- 

Si l ts tone and anhydrlte breccia; sl l tstone. moderate- 

reddish-brown (105 4/6) and dark-reddish-brown 

(101 3/4), many fragments contain greenish-gray 

( 5 E  6/1) a l te ra t ion  spots; angular anhydrlte fragments 

range fn 01 l ve  gray t o  very l i g h t  gray (5L 4/1 t o  

NS); fragmnts o f  p i t t e d  dolonl te a t  1549.5-1551.2. - 
1559.. 1578. 1586.7. 1614 t o  1624 It; laminated 

light-brownish-gray ( 5 .  6 / 1 )  dolomite fragment a t  

1627.2 ft; o i l  stains a t  1629 and 1648 ft; gl ruber i te  

crysta ls  a t  1628.9-1629.3 ft; h a l i t e  f i l l e d  fractures 
and vugs I n  lower 30 h------------------------------- 

Anhydrlte, mcdjunt-gray e5) .  speckled w l  t h  dusky- 

yel lowish-bran ( 1 0 E  2/2) specks, very f l ne l y  

c rys ta l l ine :  scattered h a l i t e  crysta ls  throughout 

Anhydrlte and s l l t s tone  breccia. matrix o f  mud; angular 

anhydrlte fragments nedlum-dark-gray e 4 )  ranging 

t o  SO a; sl l tstone, nuderate-reddlsh-brow (105 4/6) 

t o  dark-reddish-brm (104 3/4); dark-reddish-bron 

(15 4/3) md matrix about 30 percent o f  unit---------- 

W. anhydrlte. and s i l t s tone  breccia; aredim-1 igh t -  

gray @) t o  1 ight-bluish-gray (54 7/1) mud i s  about 

60 percent o f  unit ,  anhydrlte and s l l t s tone  fragments 

as I n  u n i t  above; p i t t e d  dolamite f ragmnts a t  

1703 ft; s c a t t e d  glauborlte c rys ta ls  and ha l t t e  

Md and mhydr i te  breccia; ad matrix grayish-red 

(e 412) and S o a r  I l l rd imqray  QS); anhydrlte as I n  
u n i t  a t  1658.2-1702.6 ft------------------------------- 

Anhydrite a d  nud breccia; rnhydr i te  as I n  u n i t  a t  
1658.2-1702.6 ft; ad autr lx, l i g h t  bluish-gray 
(56 - 7/1)---------.---0-------0----------------------- 

khyd r i t e ,  a r d i m q r r y  (35) t o  ardiundark-gray e4). 
very f i ne l y  crysta l l ine;  rock i s  brecclated and 

fractures are f i t  l ed  w i th  mcdium-bluish-gray (51  5/1) 

clay; solsl In tervals contain subrounded laminated m d  

subrounded dense rnhydr l te  fragments as large as 4 cm 



Table 3.--Lithologic descr ipt lon o f  cut t ings and core  f o r  YIPP 31--Continued 

Thickness 
depth * i n t e r v a l  

Description ( f e e t )  ( f e e t )  
--- - - - -  - - 

Anhydrite, medium-qray @5) and l ight -o l ive-gray 

( 5 1  611) laminated I n  pa r t  wi th  brownish-gray 

( 5 E  411) and grayish-black c2) anhydr i te ,  u n i t  

dips about 50. and appears t o  be one l a rge  block------ 1903.0-1981.0 78.0 



Figure 11.--Core from WIPP 31 showing b lock o f  younger Dewey Lake Red Beds 
under l y ing  01 der  fragments o f  R u s t l e r  Formation. The smal l  1  i ght-gray 
spots i n  lower  p a r t  o f  core are  reduc t i on  spots. Arrows p o i n t  down- 
hole.  

.Figure 12.--Fragments o f  s i l  t s tone and anhyd r i t e  w i t h  a  fragment c f  t h e  
Magenta Dolomite below 1627-footage mark i n  WIPP 31. Arrows p o i n t  
down ho 1  e  . 

Figure 13.--Breccia from WIPP 31 c o n t a i n i n g  anhydri  t e  and s i  1  t s tone  
fragments. A fragment o f  t h e  Culebra Dolomite has the  depth number 
1448 w r i t t e n  on it. . Arrows p o i n t  downhole. ' 



of  d r i l l  ho le  WIPP 31, there i s  a t o t a l  thickness o f  a t  l e a s t  358 m (1175 f t )  
o f  ha1 i t e  i n  t h e  Sal ado. I n  a second hol e (Perry R. Bass, B ig Eddy u n i t  78) 
about 0.8 km (1/2 mi)  northeast o f  WIPP 31, there i s  over 305 m (1000 f t )  o f  
ha1 i t e  preserved i n  t he  Salado Formation. The missing ha1 i t e  (>305 m o r  
>lo00 f t )  o f  the  Sal ado i n  WIPP 31 must have been dissolved a f t e r  c o l l  apse o f  
t he  mater ia l  i n  t h e  pipe. 

A t  some time, minor amohts of o i l  migrated from the  Yates Formation 
upward i n t o  t h e  Sal ado. Traces of o i l  found i n  the brecc iated rock i n  WIPP 31 
have been i d e n t i f i e d  (Palacas and others, 1982) as being s i m i l a r  t o  o i l  from 
d r i l l  hol es nearby t h a t  a re  producing from t h e  Yates Formation. The o i  1 
s ta ins  were found i n  brecc ia (497 m o r  1629 f t )  cons is t ing  .o f  s i l  tstone, 
anhydrite, and dolomite fragments and a ma t r i x  o f  mud, recrys ta l  1 ized ha1 i t e  
and g l  auberi t e  c r ys ta l  s (rocks o f  t he  Dewey Lake, Rustl er, and Sal ado 
Formations) . 

Resul t s  o f  hydro1 ogic t e s t s  i n  WIPP 31 run by USGS personnel a rz  reported 
i n  a f o l l ow ing  section. Continuous moni tor ing of t h e  d r i l l i n g  f l u i d  performed 
by Morco Geological Services t o  determine t h e  presence and amounts o f  
nitrogen, carbon dioxide, hydrogen sul f ide,  and hydrocarbons demonstrated t h a t  
none o f  these gases was present i n  detectable amounts. 

B r i e f l y ,  t h e  order of  the  formation o f  t h e  b recc i  a p ipe  a t  Hi11 A i s  
in te rpre ted  as fol lows: 

1. Deposi t ion o f  rocks as young as T r i ass i c  Dockum Group. 
2. Cavi ty formation i n  t h e  Capitan Limestone by c i r c u l a t i n g  

ground water. 
3. Collapse o f  the  Yates and T a n s i l l  Formations i n t o  cavi ty.  
4. Support by t h e  F letcher  Anhydrite kept f u r t h e r  upward co l lapse 

from occurr ing f o r  some time. 
5. Eventual c o l l  apse o f  t h e  F le tcher  and downdropping of  Sal ado 

and younger uni ts.  This stage probably consisted o f  some massive 
and some fragmental downdroppi ng. 

6. Continual d isso lu t ion  o f  Sal ado and Rustl e r  ha1 i t e s  i n  the  pipe, 
poss ib ly  from downward movi ng water. Mud and small rock fragments 
i n  t h e  p ipe  cont inua l l y  being c a r r i e d  o r  dropped downward dur ing 
t h i s  stage. 

7. Formation o f  Mescalero ca l i che  across near ly hor izontal  surface. 
80 D i  ssol u t i  on f r o n t  ranoves a1 1 Rustl e r  ha1 i t e  and some upper ha1 i t e  

from the  Salado from around t h e  p ipe  causing near-surface beds t o  
d i p  away from pipe. 

Hill C 

H i l l  C i s  another dome-shaped surface feature 3 km (2.5 mi) southeast o f  
H i l l  A. It r i s e s  about 30 m (100 f t )  above t h e  surrounding te r ra in ,  i s  
roughly c i r c u l a r  i n  plan, and i s  about 350 m (1150 f t )  across. It has been 
breached on t h e  west s ide  i n  a manner s i m i l a r  t o  H i l l  A bu t  t o  a lesser  
extent. The surface, where not eroded, i s  formed by draped Mescal era cal i c h e  
which p a r t i  a1 l y  engul f s  t h e  Gatuna Formati on and brecc i  ated rock o f  T r i  assf c 
age. The Mescal ero cal  i che  i s  o f f s e t  s l  i g h t l y  i n  several p l  aces and i s  
d isp l  aced downward toward the  center o f  t h e  h i 1  1, apparently i n  response t o  



minor readjustments o f  the breccia mass ( f i g .  14) .  Unlike H i l l  A, only a very 
small area of Dewey Lake Red Beds i s  exposed i n  the gu l l y  t ha t  drains the  
western par t  o f  the h i l l  . The rock exposed i n  the  center o f  the h i l l  i s  
brecci ated Tr iass ic  Dockum Group fl uvia l  sandstones and s i l  tstones. 

. Samples fo r  palynomorph analyses were co l lected from the brecciated 
Dockum Group rocks and were studied by Robert M. Kosanke o f  the  USGS. Kosanke 
reported (ora l  commun. , 1981 on the findings as f o l l  ows: The sampl es y i  el ded 
few palynomorphs and they were poorly preserved. Palynomorphs are usually not 
found i n  red o r  oxidized rocks and the  presence of calcareous matter does not 
normally he1 p w i th  the  preservation. The sampl es did, however, y i e l d  a few 
poorly preserved palynomorphs. Kosanke states (wr i t t en  comn. ,  1981) "The 
most abundant o f  these would be the remains o f  the  alga Botryococcus c f .  B. 
brauni i .  Botryococcus i s  known t o  occur from early Paleozoic time t o  the- 
present day where i t  i s  a member o f  the  freshwater plankton, i s  widely 
d i s t r i bu ted  throughout the  lakes o f  the  United States, b u t  i s  rare ly  
abundant. Botryococcus i s  abundant and the primary const i tuent o f  boghead o r  
algal  coals known t o  occur i n  Alaska, Austral ia, France, Scotland, South 
Africa, and mainland United States. It i s  no t  so much an ind ica tor  o f  age as 
i t  i s  an ind ica tor  o f  freshwater environment. A s ing le pol len grain, probably 
re1 ated t o  the  Composi t a e  was found together w i th  two t r i c o l  pate pol 1 en 
grains, and several winged p o l l  en grains assignabl e t o  Pinus. I n  addition, 
several spores referabl  e t o  t h e  fungi were observed. m s  not  an 
assembl age--there i s  not enough evidence t o  eval uate wi th  any degree o f  
confidence. If what was found i s  val i d  and no t  modern contamination, the  
presence of the Compositae would suggest 01 igocene o r  younger." 

The rocks, as mentioned above, have been dated by f i e l d  mapping as 
Triassic; thus i nd i ca t i ng  the 1 i k e l  i hood o f  contamination of the sampl es 
precluding the  use of  palynomorphs, i n  t h i s  case, t o  date the  exposed rocks i n  
the central  s u r f i c i a l  pa r t  o f  Hi11 C. 

The breccia pipe a t  H i l l  C provided an unparall  e l  ed opportunity t o  study 
a p ipe i n  three dimensions. P r i o r  t o  our invest igat ion, t h i s  was the  only 
breccia pipe t h a t  was known t o  contain brecciated rock a t  depth. During 
mining operations i n  1975, i n  the  7 t h  ore zone (see Jones and others, 1960, 
f o r  s t ra t ig raph ic  loca t ion  o f  ore zones) i n  the  MCC potash mine one o f  the 
mine en t r ies  encountered t h e  edge o f  t h i s  pipe. Not only were the  rocks 
adjacent t o  the  pipe exposed 366 m (1200 ft) below the  surface, bu t  also some 
o f  t h e  breccia i n  t h e  p ipe  i t s e l  f could be studied. 

The object ives o f  inves t iga t ing  H i l l  C were t o  explore and def ine the  
hor izontal  dimensions o f  the  breccia pipe .at mine 1 evel, and study the  e f fec ts  
o f  the c o l l  apse on the  adjacent rock i n  the MCC potash mine. Addit ional ly,  i t  
was p l  anned t o  match the  underground p ipe boundary w i th  i t s  surface expression 
and t o  i d e n t i f y  the  s t ra t ig raph ic  o r i g i n  o f  the displ  aced rock fragments i n  
the  p ipe  a t  m i  rie 1 evel . Addit ional object ives were t o  determine the  
permeabil i ty and poros i ty  o f  the  pipe and, i f  possibl e, the or ig ins  and / o f  mineral phases associated w i th  dissol ution. 

It was planned t o  d r i l l  horizontal core holes across the  
from the  mine 1 evel t o  examine the  breccia, determine the  
c o l l e c t  sampl es tha t  might be useful f o r  age determination. Bef 





hol es were t o  be d r i l l  ed, i t  was thought advisabl e f o r  safety reasons t o  d r i l l  
a v e r t i c a l  ho le  from the  surface t o  ascer ta in  whether the brecc ia  contained 
f l u i d s  o r  gases t h a t  might endanger the  mine i f  intercepted by hor izontal  
holes. Borehol e WIPP 16 was designed f o r  t h i s  purpose and was located on H i l l  
C (W1/4 SW1/4 sec. 5, T. 21 S., R. 30 E. ) .  The ho le  was cored from 37.5 m 
(123 f t)  t o  a t o t a l  depth o f  396 m (1300 ft), about 27 m (88 ft) below t h e  
mining horizon. A summary of  t h e  s t ra t igraphy f o r  rocks recovered jrom WIPP 
16 i s  g iven i n  t a b l e  4, and an abbreviated l i t h o l o g i c  l o g  i s  given i n  t a b l e  5. 

Expl oratory  d r i l l  holes f o r  potash are 1 ocated i n  t he  immediate v i c i n i t y  
o f  t h e  b recc ia  p i p e  ( f i g .  141, and two o f  these are combined w i t h  borehol e 
WIPP 16 t o  const ruct  a cross sect ion across the  p ipe and i n t o  t he  surrounding 
rock ( f i g .  15) .  

WIPP 16 penetrated b recc ia ted  rock o f  t h e  Tr iass ic  Dockum Group,' and the  
Permian Dewey Lake Red Beds and p a r t  o f  t h e  Rustl e r  Formation.. A1 though t h e  
Rust ler  has been downdropped and shattered, t h e  beds, u n l i k e  t h e  over ly ing 
rocks, were f n  recognizable s t ra t i g raph i c  order. The contact  o f  t h e  Rust ler  
and t h e  over ly ing  Dewey Lake has been downdropped about 189 m (620 f t )  ( f i g .  
151, as has t h e  Cul ebra Dolomite Member o f  t h e  Rustl er. H a l i t e  be1 ow t h e  
Cul ebra was cored i n  UIPP 16, and t h i s  d i f f e r s  markedly from d r i l l  ho le  UIPP 
31 a t  H i l l  A where no ha1 i t e  and no recognizabl e s t ra t i g raph i c  sequence o f  
rock was found t o  represent t h e  Rustler. 

The explanation f o r  t h e  near ly  i n t a c t  Rustler, minus h a l i t e  i n  t he  Forty- 
nf ner and Tamarisk Members, i n  WIPP 16 f s  a problem. A t  Hi1 1 A (WIPP 31), the  
sequence o f  deposf t i on ,  c a l l  apse of  mater ia l  f n pipe, erosf on, deposf t f  on o f  
ca l  fche, and df sso lu t ion  o f  ha1 i tes  f n t h e  Rustl  e r  and upper Sal ado seems 
reasonabl e. To praserve Rustl  e r  ha1 i t e  i n  t h e  p ipe  a t  WIPP 16, and arrange a 
p laus ib l e  sequence o f  events f o r  t he  formation o f  t h e  p ipe  a t  H i l l  C, c a l l s  
f o r  stages o f  d i sso lu t i on  o f  t h e  Rustl e r  and upper Salado ha1 i t e s  t h a t  suggest 
an unreasonabl e t im ing  f o r  t h e  d i  sso lu t f  on o f  these ha1 i tes. It i s  probabl e 
t h a t  t h e  formation o f  t h e  pipes a t  H i l l  s A and C occurred a t  widely spaced 
times. 

The df ppf ng beds shown abut t f  ng t h e  p ipe  i n  f igu re  15 are explained by 
t h e  f o l l  w f  ng evidence. The surface d ips  o f  t h e  und i f f e ren t i a ted  Tr iass ic  
rocks are mappable a t  t h e  surface.. The inward dipping rocks o f  MB 121 are 
mapped i n  t h e  potash mine d r i f t  ( f i g .  23). Dips o f  beds between these two 
horizons and below MB 121 a re  hypothetical,  b u t  a reversal between the  surface 
and MB 121 i s  t rue,  and somewhere above t h e  base o f  t h e  d i sso lu t i on  o f  ha1 i t e  
i n  t h e  Sal ado (M8 109) i s  a reasonabl e place t o  pu t  f t. . 

Of1 smears were found on core from UIPP 16, j u s t  as they were i n  WIPP 
31. I n  WIPP 16 t h e  rocks conta in ing these smears were anhydrite, ha1 i t e ,  and 
dolomite o f  t h e  Rustl e r  Formation. (Analysis o f  t h i s  o f1  was reported by 
Pal acas and others, 1982. ) 

Hydrologic t e s t i n g  o f  WIPP 16 was not done because of  the  i n s t a b i l i t y  o f  
t h e  hot e wal l  s. A neutron l o g  run  by USGS personnel, Albuquerque, N. Mex., 
d i d  no t  I nd i ca te  t he  presence o f  water. Morco Geological Services 
cont f  nuously 1 ogged d r f  11 i ng f lu ids  t o  detect  C02, hydrocarbons, nf trogen, and 



. .. 
Table 4.--Stratigraphic column o f  borehol e WIPP 16 

S t ra t i g raph i c  u n i t  

Thickness 

Meters Feet 

Chaotic brecc ia  of  T r i ass i c  rocks and 0-349 0- 1145+ 

Dewey Lake Red Beds 

For ty-n iner  Member, anhydr i  te ,  sandstone 

Magenta Do1 omi t e  Me~nber---------------------- 361-365 

Tamarf sk Member, anhydr i  te ,  sandstone 

Culebra Dolomite Member---------------------- 382-389 

Lower unnamed member, h a l i t e ,  anhydr i te ,  



Table 5.--Abridged l i t ho l og i c  loq o f  borehole YIPP 16 

[Color designation from Rock-Color Chart (Coddard and others, 1948). Cuttings 
40-120 f t .  core 123-1300 f t ;  depths from d r i l l e r ,  not matched t o  qeophysical 
loqs; to  convert mu l t ip l y  footage hy 0.0348; depths are from ground level ]  

Description 

Thickness 
depth i nterva 1 
( feet)  (feet ) 

Sandstone, s i l ts tone,  and clay;. sandstone i s  grayish 

red (101  4/2), very f i n e  t o  f i ne  grained and ranges 

from 10 t o  60 percent o f  sample; s i l t s t one  f s  

mderate reddish brown ( 1 0 i  4/6) and l i g h t  o l i v e  

gray ( 51  6/1) wi th traces of greenish-gray ( 5 g  6/1) 

reduction Spots, 40 percent of sample; c lay i s  medium 

l i g h t  gray e 6 ) ,  4 3 0  percent o f  sample; s o n  (10 

percent) mderate-reddish-brown (102 4/6) t o  dark- 

reddlsh-brow (101 3/4) nudstone i n  lower (25 f t)------  40.0- 120.0 80.0 
No r+turns--------------------.-------------------------- 120.0- 123.0 3.0 

Sl l ts tone breccia, moderate-reddf sh-brown (101  4/6) 

and dark-reddlsh-brown (101 3/4) ; scattered blebs and 

patches o f  greenish-gray ( 5 g  6/1) a l t e ra t l on  zones; 

core conslsts o f  unbroken blocks as large as 0.3 m 

( 1  f t )  as wel l  as angular and rounded fragments o f  

recemented s l l ts tone;  a l te ra t ion  spots do not  cross 

fragnent boundaries; dlps, where bedding apparent, 

are as steep as 71.. but there i s  no regular  pattern; 

som mud matr ix betwecn s i l t s tone  i n  places; core loss 

f r ~ n  125.4-126.4, 130.0-132.1, 135.7-136.7, 151.0-153.3, 

153.6-154.0, 163.7-164.0, 169.2-170.2, 172.1-176.0, 

180.6-181.0, 185.3-186.0, m d  189.01191.0 ft----------- 123.0- 191.7 68.7 

Endstone, graylsh-red (1% 4/2), moderate- and dark- 

r edd i sh -b rm  ( 1 0 i  4/6-104 3/4), f i n e  grained ; 

fractures rchealed w i th  c a l c i t e  and selenite; dlps 

of crossbedding range from SO0-80'. no c o n  from 
59.7 t o  59.7 m (19s .8-196.0 ft )----------------------- 191.7- 201.4 9.7 

Sl l ts tone and mudstone breccia, modcrate-mddlsh-brow 
( 1 0 l  4/6) s l l ts tone;  dark-nddlsh-brow (101 3/4) 

mudstone: f ragnn ts  a re  subangular t o  subrounded and 

range f n  s i r e  from 0.5 t o  4 en, (1/2-1 1/2 in.)--------- 201.4- 203.0 1.6 
Endstone, slltdon.e, and b m c i a  conslst lng o f  

smdstona, sf Itstone, and mirstone, moderate-reddish- 

b r m  (105 4/6), and dark-reddlsh-brawn (105 3/4) ; 

som greenish-gray (561  6/1) zones m d  spots; dfps o f  

c r o s s b ~ d l n g  I n  sandstone ran- from 50' t o  7S9: 

fractures I n  sandstone and s f l t s tone  rehealed w i th  

ca l c l t e  and selenite; much of breccia has a matrix o f  

mud; no core recovery a t  220.6-221.0, 224.0-226.0, 

244.9-247.0, 247.8-251 .O, 260.4-261.0, and 
265.6-265.8 It------------------------------------ 203.0- 265.8 62.8 



Table 5--.--Abridged I f t ho l og i c  log  o f  d r i l l  hole Y-16--Continued 

Description 

Thickness 
depth in te rva l  
( fee t )  ( f ee t )  

Mudstone, dark-reddish-brown ( 1 0 i  3/4); breccia o f  

mudstone and sandstone and s i l t s tone ;  some greenlsh- 

qray ( 5 E  611) mud f i l l f n g  between fragments; most 

fragments range from 3 t o  5 cm (1-2 in.)--------------- 265.8- 272.5 6.7 
Sandstone. moderate-reddish-brown (10L 614). very f l ne  

gralned, fractures f l l  led w i th  mud; few scattered 

greenish-gray ( 5 E  611) reduction spots---------------- 272.5- 280.0 7.5 

hdstone,  dark-reddfsh-brown (lo& 314) brecciated and 

interspersed w i t h  subrounded sandstone and s i l t s t one  

fragments rangfng frm 2 t o  10 cm (1-4 In.); mfnor 

qreenish-gray ( 5 s  611) a l te ra t lon  spots and zones 

throuohout u n i t  ; mfnor core loss a t  295.9-296.0 and 
305.9-306.0 ft---------------------------------------- 280.0- 329.8 49.8 

Sandstone, s f l ts tone,  and mudstone breccia same as u n f t  

at 61.9-81.0 m (203.0-265.8 f t ) ;  c a l c i t e  and rnudstone 

f f l l e d  f ractures throughout unf t ;  fragnents range fran 

2 t o  17 an (1-7 In.), matr ix o f  mud: no core from 458.8- 

459.0, 489.0-491.0, 494.5-496.0, 498.8-501.0, and 
5o4.&so6.0 ft------------------------------------- 329.8-563.0 233.2 

hds tone  breccia, dark-reddlsh-brom ( 101 3/4), scattered 

subrounded t o  angular f ragmnts o f  sf l t s tone  and 

sandstone ranglng fra 1 t o  10 cin (112-4 In.); 

scattered greenish-gray (5GJ 611) reduction spots; no 

core f r a n  17.7 t o  177.1 n (580.8 t o  581.0 ft)---------- 563.0- 594.6 31.6 

Sandstone. sf l tstone, and mudstone breccla same as u n f t  

a t  329.8-563.0 ft ; c a l c l t e  healed f ractures I n  sandstone 

f ragmnts;  mud m t r f x  around fragments t ha t  range I n  

s lze  from 0.5 t o  17 cm (1/2-7 In.), dfps of 
crossbedded sandstone about 55' where measured; core 

loss a t  610.3-610.8. 619.7-621.0, 624.0-626.0, 

628.9-631.0. 634.0-636.0, 637.6-641.0, 641.7-646.0, 

648.4-651.0, and 654.4-656.0 ft------------------------ 594.6- 657.3 62.7 



Table 5--.--Ahridged l i t h o l o g i c  l o g  o f  d r i l l  ho le  Y-16--Continued 

Descr ip t ion 

Thickness . 
depth i n t e r v a l  
( f e e t )  ( f ee t )  

S i l t s t o n e  and mudstone breccia. dark-reddish-brown 

(105 314) and moderate-reddish-brown ( 1 0 1  416). much 

of u n i t  cons is ts  of f a i r l y  undisturbed rock, except , 

f o r  i t s  steep dip. Scattered subrounded 

fragments of moderate-reddish-brown (105  416) 

sandstone and greenish-gray ( 5 z  611) mudstone 

and c l a y  f i l l i n g s  between fragments; d ips  o f  

30'-65' on bedding planes; scattered f rac tu res  

rehealed w i t h  gypsum and se len i te ;  core  l oss  a t  

659.0-661.0, 685.9-686.0, 703.6-706.0, 706.6-709.5, 

719.4-720.7, 730.9-731 -0, 734.7-735.3, 747.0-747.5, 

755.0-755.5. 762.7-767.9, 774.6-776.0, 777.1-781.0, 

783.6-786.0, 790.3-791.0. 791.8-796.0, 797.7-798.2. 

805.4-805.6, 810.2-810.6, 833.6-833.8, 850.8-851.0, 

853.4-R57.0, 938.9-939.0, 945.6-946.0, 960.8-961.0. 

977.8-978.0, 1070.6-1071.0. 1078.5-1079.0, 

1084.7-1086.0, 1123.6-1124.2, 1138.0-1139.5. and 

Anhydrite. medium-gray E S )  and o l ive-gray (2 4/11 

laminated i n  p a r t  w i t h  brownish-gray ( 5 s  411) and 

moderate-brown ( 5 2  414). p a r t l y  brecciated. 

f rac tu res  fil l e d  w i t h  c lay;  do lom i t i c  band 3 cm 

( 1  in. t h i c k )  a t  355.7 m (1167.0 f t ) ;  laminae d i p  from 

20. t o  36'; o i l  b leed ing from brecc ia ted zone a t  

352.3-353.0 m (1156.0-1158.2 ft)----------------------- 1145.3-1168.9 23.6 

Mudstone. moderate-reddish-brown ( 1 0 l  4/6), conta in ing 

s I l t s t o n e  f r a g n n t s  and reduct ion spots---------------- 1168.9-1172.0 3.1 
No c o r e - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1172.0-1175.0 3.0 

Anhydrlte. o l ive-gray ( 5 L  4/1) and medim-bluish-gray 

( 5 1  511). a r g i l  laceous f i l l i n g  i n  h a i r l i n e  fractures--- 1175.0-1177.7 2.7 

Anhydrite. brownish-gray ( 5 2  411). l igh t -b lu ish-gray 

(5: 7/1), 1 ight-greenish-gray (SGJ 611) and gray ish-  

ye1 lo* ( 5 1  814). very f i n e l y  c r y s t a l  1 ine, d ips  38.-40. ; 

f rac tu res  f i l l e d  w i t h  clay----------------------------- 1178.0-1186.3 8.3 

Anhydri te,  dolomi t i c ,  greenish-gray ( 5 1  611) and I fgh t -  

brownish-gray (SIR - 6/1)-------------------------------- 1186.3-1186.6 .3 

Anhydrlte, do loml t ic ,  sdme as u n i t  a t  1186.3-1186.6 ft, 

brecc ia ted and recemented; laminae d i p  36'------------- 1186.9-1192.6 5.7 

Dolomite, grccnlsh-qray ( 5 1  611). l i gh t -o l l ve -g ray  

( 5 r  611). and l ight-brownish-gray ( 5 -  611) wavy 

o l i ve -b lack  ( 5 r  211) laminae, gypsum along some 

lamlnae; brecc ia ted and rehealed i n  part--------------- 1192.6-1198.6 6.0 



Table 5--.--Abridged 11 tho1 ogic log  o f  d r i l l  hole Y-16--Continued 
-- - 

Thickness . 
depth in te rva l  

Description ( fee t )  ( feet ) 

Anhydrite. same as un i t  a t  1145.3-1168.9 ft. brecciated 

'in par t  and containing subangular t o  subrounded dolomite 

dolomite fraqments. breccia very we1 1 cemented; laminae 
i n  unbroken parts d i p  SO0------------------------------ 1198.6-1220.4 21.8 

Anhydrite. l lght -o l ive-qray ( 5 1  611) mott led 4 t h  

brownish-gray ( 5 1  411). very f i ne l y  c rys ta l  l i ne ,  2-cm- 

long dolomlte fragment a t  1224.3 ft; mtnor fractures 

Anhydrite and brecciated anhydri te and dolomi t ic  

anhydrlte; medium-gray ( 5 1  511) and dark-greenlsh-gray 

( 5 E  411). doloml t lc  par ts  Iaminated w i th  l i gh t - o l l ve -  

gray ( 5 1  611); fragments are subangular t o  subrounded 

mud f i l l i n g  between fragments; sonc fractures mud 
fllledo--------------------------------- 1227.0-1237.0 10.0 

Mudstone. medlum-bluish-gray ( 5 1  511) gradlng t o  

moderate- and dark-reddlsh-brow ( 1 0 i  416-101 314). 

p l iab le .  contains f ragmnts o f  s i l t s t one  and gypsum 

less than 2 n; l o w r  foot mostly anhydrlte/gypsum----- 1237.0-1243.4 6.4 

Anhydrite. medlum-light-gray 0, f a i n t l y  laminated and 

m t t l e d  dark-ye1 lwlsh-brown (1OE  412); few bftuminous 

l m l n a e  w l t h  011 bleedlng from them--------------------: 1243.4-1249.4 6.0 

Oalmi te,  I lqht-ol ive-gray ( 5 1  6/1-51 5/2), very 
f ine ly  crystalline------------------------------------ 1249.4-1250.1 

Anhydrite. same as u n i t  a t  1243.4-1249.4; h a l i t e  c r ys ta l s  

f i l l i n g  vugs along bedding----------------------------- 1250.1-1251.5 

Dolomite, medium-1 lght-gray @6) t o  l ight-blulsh-gray 

( 5 1  7/1); very f i n e l y  crysta l l fne;  anhydr l t l c  I n  part,  

lower par t  grades t o  grayish-yellow ( 5 1  8/1) and 

(5L 7/2); numrous vugs; h a l i t e  f l l l e d  f ractures I n  
1-r ~ r t  of unit------------------------------------- 1251.5-1276.1 

Mudstone and clay, brownish-gray ( 5 E  4/1). medium-gray 

@5), and aerate-reddish-brown (101 4/6) ; contacts w i t h  

upper and louer  u n i t s  d i p  32. and 35*, respectively---- 1276.1-1278.4 

Hal l  te ,  moderate-reddish-bron (101 416). f i ne ly  t o  

mdiw crys ta l l i ne ,  very arqi l laceous; numerous 

anhydrl te s t r ingers  scatered throughout; o i l  bleedlng 

from h a l i t e  a t  1281.5-1282.0 ft----------------------.-- 1278.4-1286.9 

Clay, grayish-red (101 4/2) m d  01 lve-gpay ( 5 1  4/1) ; 
rounded anhydrl te fraqarnts i n  l o w r  part-------------- 1286.9-1287.3 

Anhydrlte. very l i g h t  gray @a) t o  l i g h t  gray (3). very 

f lne ly  c r ys ta l l i ne ;  numerous h a l i t e  f i l l e d  fractures; 
fa in t  laminae d i p  40°-450------------------------------ 1287.3-1293.5 

Hal i te .  moderate-reddish-orsnge (105 6/6), f l n e l y  

c rys ta l  1 ine; anhydrl te stringers scattered 
througho~t~-------------------------------------- 1293.5-1294.0 



Table 5--.--Abridged 1 i tha log ic  log o f  drill hole Y-16--Continued 

Description 

Thickness 
depth interval  
( f e e t )  ( f e e t )  

Anhydrite, same as u n i t  a t  1287.3-1293.5 f t .  h a l i t e  bands 

p a r a l l e l  t o  anhydrite laminae diping 40m-45m---:------- 1294.0-1297.7 3.7 

Mudstone. anhydr i t ic ,  dark-reddish-brown (lor 3/4), 

gypsiferous and halltic-------------------------------- 1297.7-1300.0 2.3 





hydrogen su l f i de .  Between depths o f  362 and 367 m (1188 and 1204 f t), 
I .  hydrogen s u l f i d e  was detected; t h e  readings ind icated as much as 6 par ts  per 

. m i l l i o n  between 365 and 366 m (1198 and 1200 f t ) .  No other gases were 
detected i n  t he  d r i l l  hol e. 

I n  WIPP 16, a l l  o f  t he  b recc ia  above t h e  Rus t l  er  Formation i s  composed o f  
T r i a s s i c  Dockum Group and Permian Dewey Lake Red Beds. Some idea o f  t h e  
minimum thickness o f  these u n i t s  a t  the  t ime o f  co l lapse of t he  mater ia l  i n t o  
t h e  p ipe  can be  estimated. The present thickness o f  these two u n i t s  i n  t h e  
p ipe  i s  about 350 m (1150 f t )  . These u n i t s  w i thout  c o l l  apse are about 145 m 
(475 f t )  t h i c k  i n  nearby d r i l l  holes. Using an approximate bu l k i ng  f ac to r  o f  
1.25, averaged from those o f  Houser (1970) f o r  a l luv ium and z e o l i t i z e d  bedded 
t u f f  a t  t h e  Nevada Test Si te,  t h e  expected thickness o f  the. brecc ia ted rock i n  
t he  p ipe  would b e  about 181 m (595 f t ) .  This i s  about h a l f  (181 versus 350 m; 
595 versus 1150 f t )  o f  what i s  present. Apparently there was another ,145 m 
(t475 f t )  o f  Dockum Group rock ove r l y i ng  t he  present Dockum Group. Fol lowing 
t h i s  1 i n e  o f  reasoning, t h e  c o l l  apse may have occurred a t  a t ime  when a more 
c o w l  e t e  sequence was present. The core from WIPP 16 contained no voids, b u t  
r a the r  a great  deal o f  f i n e  sediments, most ly c l a y  and s i l t - s i z e  mater ia l .  
This fill i n g  woul d have been obtained from d is in tegrated fragments o f  c o l l  apse 
mater i  a1 , and t h i s  woul d 1 ower t h e  bu l k i ng  f ac to r  t o  something 1 ess than 1.25 
and thereby requ i re  an even t h i c k e r  sect ion o f  rock than t he  ex t ra  k145 m 
( d 7 5  f t )  a t  t h e  t ime o f  col lapse.  

This est imat ion technique cannot be used i n  WIPP 31 because t h e  l o s s  o f  
ha1 i t e  i n t h e  Sal ado and Rustl  e r  Formations adds too  many var iab l  es t o  t h e  
ca lcu la t ions.  Unfortunately, the re  i s  no way o f  est imat ing t h e  erosional r a t e  
o f  t h e  Dockum Group rock, b u t  i t  must have taken hundreds o f  thousands o f  
years t o  remove most o f  t h e  rock. The Dockurn Group i s  about 220 m (720 f t )  
t h i c k  26 km (16 m i )  t o  t h e  east  o f  H i l l  C, and thicknesses o f  over 457 m (1500 
f t )  a re  found f a r t h e r  east. 

Dur ing t h i s  stage o f  t h e  col lapse, a depression probably formed a t  the 
surface a l low ing  surrounding T r i ass i c  surface mater ia l  t o  be washed i n t o  the  
depression. This mater ia l  , especi a1 l y  t he  ma1 1 e r  fragments o f  sandstone and 
s i l t s t one ,  was c a r r i e d  downward t o  form t h e  mat r i x  o f  t he  brecc ia ted mater ia l  
now found i n  t h e  pipe. 

Underground Expl o ra t i on  

I n  .doing development work t o  open another area o f  t h e  7 t h  o re  zone i n  t h e  
MCC potash property for mining, en t r i es  were dr iven t o  the northwest from the  
main haulage en t ry  ( f ig.  14) .  I n  t he  MCC mine, t h e  7 th  o re  zone d ips  gent ly  
northeast. As t h e  new en t r i es  were advanced northwestward and approached t he  
b recc ia  pipe, t h e  o re  zone began t o  d i p  down a t  a steeper angl e than t h e  
mining machine cou ld  fo l low, so t he  machine mined progressively h igher and 
h igher  beds ( f i gs .  16 and 17) u n t i l  t h e  edge o f  t h e  p ipe was reached ( f i g .  
18). Mining exposed about 19 m (63 f t )  o f  s t r a t i  raphic sect ion above the  7 th  
o r e  zone i n  a hor izonta l  d is tance o f  44 m (145 f t  ? ( f i g .  8). Mining was 
advanced about 5.5 m (18 f t )  i n t o  t he  brecc ia  p ipe  and a hor izonta l  
exp lora tory  hol e was d r i l l e d  10.7 m (35 f t )  i n t o  t h e  p ipe and s t i l l  
encountered breccia. The hard p o l y h a l i t e  marker beds above the  7 t h  ore zone 



Figure 16. - -Le f t  r i b  o f  16-L d r i  ft, brecc ia  p ipe  t o  r i g h t  o f  photo. Back o f  
d r i f t  shows a t  top o f  p i  c ture.  The 1 i ght bands d i  pplng about 
23 t o  t he  r i g h t  are t he  anhydri t e s  o f  MB 122. The dark band 
a t  the  lower r i g h t  (NW) i s  a  very a rg i l l aceous  h a l i t e  capped by 
a  0.3-m- ( 1 - f t - )  t h i c k  c l a y  seam. Dark l e f t  edge o f  p i c t u r e  i s  
an o f f s e t  room 23 m (75 f t )  from p ipe  edge. Arcuate s t r i a t i o n s  
on a l l  p i c t u res  are caused by mining equipment. 

Figure 17.--Left r i b  o f  16-L d r i f t  as i n  f i gu re  16. Base o f  MB 120 i s  
s l i g h t l y  below the  center o f  photo, t op  o f  MB 120 i s  near 
upper l e f t  corner. Dark p o r t i o n  o f  p i c t u r e  t o  r i g h t  i s  o i l  
s ta in. .  Pipe about 5 m (16 f t )  t o  r i g h t .  



Figure 18.--Left r i b  16-L d r i  ft. Pick lean ing on breccia pipe mater ia l .  
Boundary o f  inp lace ha1 i t e  and breccia o f  p ipe i s  l i n e  
t h a t  s t a r t s  a t  base o f  o i l  s t a i n  i n  lower l e f t  corner, 
passes j u s t  above hammer handle and reaches top  o f  photo 
near center. The l i n e  i s  a c l a y - f i l l e d  (not  gouge) f a u l t  
zone. The fragments o f  anhydr i te,  po lyha l i te ,  and h a l i t e  
t o  the r i g h t  o f  the f a u l t  show as various shades o f  gray. 
P=polyhal i  te, Asanhydri te. 



(Nos. 120,  121, and 122)  and the b l o c k s  o f  a n h y d r i t e  and polyhal i t e  ( f i g s .  19  
and 20)  i n  the b r e c c i a  caused  s o  much d i f f i c u l t y  f o r  the  mining machinery t h a t  
mining i n  t h a t  d i r e c t i o n  was d i s con t inued .  

Oevel opmental mining was con t inued  by d r i v i n g  the e n t r y  t o  the n o r t h e a s t  
f o r  183 m (600 f t )  and t h e n  proceeding no r thwes t  aga in  i n  o r d e r  t o  bypass  the 
b r e c c i a  p ipe .  Here aga in  the o r e  zone was found t o  d i p  more a b r u p t l y  and 
s t e e p l y  t h a n  the machine coul d fol low.  I n  t h i s  c a s e  the beds a1 s o  d ipped  down 
toward t h e  p i p e ,  b u t  the p i p e  now l a y  t o  the southwes t  o f  the newly mined 
en t ry .  The o r e  zone  d i sappea red  benea th  the f l o o r  f o r  a d i s t a n c e  o f  abou t  76 
m (250 f t )  and the d r i f t  exposed a b o u t  3 m (10 ft) o f  t h e  s t r a t i g r a p h i c  
s e c t i o n  above t h e  o r e  zone  ( f i g .  21) .  To t h e  nor thwes t  a long  the new e n t r y ,  
the o r e  zone  rises t o  i t s  normal a1 ti t u d e  a g a i n  and the reg iona l  d i p  
resumes. T h i s  p e r t u r b a t i o n  of  the r eg iona l  d i p  i s  a1 s o  shown by t h e  s t r u c t u r e  
c o n t o u r s  i n  f i g u r e  22. I t  i s  assumed t h a t  t h e  d i p  o f  t h e  beds  i n  the bypass  
d r i f t ,  which is ve ry  ab rup t ,  is i n  r e s p o n s e  t o  c o l l a p s e  of m a t e r i a l  i n t o  the 
p i p e  which l ies  t o  t h e  southwes t  o f  t h a t  e n t r y .  No f a u l t i n g  i s  s e e n  i n  this 
e n t r y  o r  i n  a small  d i ame te r  c o r e  h o l e  t h a t  SNL d r i l l  ed h o r i z o n t a l l y  towards 
the p i p e  f o r  19.5 m ( 6 4  ft). 

Permiss ion  was g ran t ed  by the MCC f o r  USGS personnel  t o  do underground 
mapping and f o r  SNL personnel  t o  perform s e v e r a l  exper iments  i n  the v i c i n i t y  
o f  the p i p e  i n  o r d e r  t o  de te rmine  the s h a p e  and dimensions o f  the pipe.  Two 
underground r a d a r  s t u d i e s  were done by personnel  o f  SNL and by Dr. Rober t  R. 
Unterberger  of Texas A&M (Un te rbe rge r ,  1981) .  The purpose  of t h e s e  f i e 1  d 
s t u d i  es was t o  a t t e m p t  t o  ou t1  i n e  a p o r t i o n  o f  t h e  b r e c c i a  p i p e  wal l  by 
r e c o r d i n g  r e t u r n  s i g n a l  s from the rada r .  The r a d a r  exper iments  were n o t  
s u c c e s s f u l  i n  de l  i n e a t l n g  the b r e c c i  a-pi p e  boundary. Geol o g i c  mappi ng of  t h e  
mine e n t r i e s  i n  the v i c i n i t y  o f  the b r e c c i a  p i p e  was done i n  February  1980 by 
p r e p a r i n g  p r o f i l e s  o f  t h e  r i b s  ( w a l l s )  t o  show a s  much s t r a t i g r a p h i c  and 
s t r u c t u r a l  d e t a i l  a s  p o s s i b l e  ( f i g .  23 ) .  The mapping was supplemented i n  
s eve ra l  pl a c e s  by a u g e r i n g  upward through t h e  back ( r o o f )  t o  p r o b e  f o r  c e r t a i n  
marker beds.  The a u g e r  and crew were f u r n i s h e d  by the MCC. 

Mapping showed t h a t  n o t  o n l y  had t h e  s t r a t a  o f  t h e  Sa lado  Formation on 
t h e  s o u t h  s i d e  o f  t h e  p ipe ' been  b e n t  downward by the c o l l a p s e  b u t  a l s o  t h e  
beds a r e  d i s p l a c e d  downward toward t h e  p i p e  a b o u t  5 m (17 ft) by a n e a r l y  
v e r t i c a l  p e r i p h e r a l  f a u l t  43  m (140 f t )  from t h e  p i p e  ( f i g .  2 4 ) .  T h i s  
f a u l t i n g  and the downbowing of  t h e  b e d s  s u g g e s t  t h a t . t h e  u n d e r l y i n g  chamber 
i n t o  which t h e  rocks c o l l a p s e d  may have been l a r g e r  i n  d i ame te r  t h a n  the 
p r e s e n t  diameter o f  t h e  p i p e  a t  t h e  s u r f a c e .  

O i l  s e e p s  were  encountered  i n  the mine ( f i g .  23)  nea r  the b r e c c i a  p i p e  i n  
d r i f t s  15-L and  16-L. Most o f  this o i l  was s e e p i n g  f r o m ' t h e  f a u l t  43  m 
(140 f t )  from t h e  p i p e  and moving a long  bedding  p l a n e s ,  e s p e c i a l l y  where 
polyhal i t e  and a n h y d r i t e  beds  i n t e r s e c t e d  the f a u l t .  Ana lys i s  o f  t h i s  o i l  and 
t h a t  from the h o r l z o n t a l  d r i l l  h o l e s  is r e p o r t e d  by Pal a c a s  and o t h e r s  (1982).  

Hor izonta l  Cori ng Underground 

Using a p o r t a b l  e d r i l l  i n g  assembly des igned  and b u i l  t by SNL personnel  , 
three h o r i z o n t a l  c o r e  holes were bored  from mine 1 eve1 toward the b r e c c i a  p i p e  
( f i g .  25). The p l a n  was t o  i n t e r s e c t  the p i p e  a t  t h e  t h r e e  l o c a l i t i e s .  The 



F igu re  19 . - -Le f t  s i d e  o f  exposed b r e c c i a  p i p e  a t  end o f  16-L d r i  ft showing 
numerous anhydr i  t e  b l ocks  and m a t r i x  o f  c l a y  and h a l i t e  and 
an h y d r i  t e  fragments. A=an h y d r i  t e .  

F i gu re  20.--Enlargement o f  upper r i g h t  p o r t i o n  o f  f i g u r e  19. L i g h t  s t r e a k s  
a l o n g  l e f t  s i d e  o f  anhydr i  t e  b l ock  are secondary h a l i t e  seam 
c u t t i n g  th rough g reen i sh  c l a y .  Above g reen i sh  c l a y  i n  upper 
l e f t  i s  r e d d i  sh-brown c l  ay. Laminat ions apparent  on upper 
r i g h t  s i d e  o f  anhydr i  te .  Dark s t r eak  on r i g h t  i s  shadow. 
A-anhydr i  t e  , H-ha1 i t e .  
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mine workings, Panel 4A, 5 t h  l e v e l ,  HCC mine. 





hol es were cored i n  a1 phabetical order (A, B, C); t h e  core was 2.5 cm (1 in.)  
i n  diameter. Hol e A penetrated t he  p ipe  boundary. F igure 26 shows. about 
1.8 m (6 f t )  o f  core a t  t h e  "bottom" o f  d r i l l  hole A. The d isc ing o f  the core 
was caused by torque and d i r e c t  pressure on t he  b i t  face and t he  discs var ied 
from about 3 mm t o  10 cm (118 t o  4 in . )  i n  length. Argi l laceous h a l i t e  and 
anhydri t e  1 ayers made up t h e  1 ongest 1 engths. 

I n  t he  next  t o  t h e  bottom row o f  core i n  f i gu re  26, j u s t  i n  from the  1 e f t  
s i de  i s  t h e  c l a y  seam contact  24.7 m (80.9 f t )  between t he  normal s t ra t igraphy 
and t he  b recc ia  pipe. I n  t h e  bottom row of  core, t h e  shades of  gray are 
fragments o f  ha1 i t e  and anhydr i te  i n  a brown c l a y  matr ix .  The black d isc  i n  
t he  second row 1 e f t  i s  an o i l  -s ta ined ha1 i t e .  F igure 27 i s  a geologic cross 
sect ion o f  t h e  hole. 

Hole B ( f i g .  25) was cored t o  a leng th  of 18.3.m (60.1 f t ) .  The core i n  . 
t h e  f i r s t  fou r  rows i n  f i g u r e  28 was shat tered dur ing d r i l l i n g ,  l ess  pressure 
was appl i ed t o  t h e  b i t  durf ng cord ng o f  t he  rock i n  the 1 as t  two rows. O i l  
s ta ined t he  lower  0.4 m (1.4 f t ) .  The of1 caused a lack  o f  c i r c u l a t i o n  o f  t he  
a i r  coo l ing  t h e  b i t  and hindered removal o f  t h e  cu t t ings  below 17 m (56 ft) 
and t h e  bottom 1.2 m (4.1 f t )  o f  core was l os t .  The p ipe  boundary was no t  
reach'ed. O i l  from t h f  s ho le  was described i n  Pal acas and others, 1982. 
F fgure 29 f s  a geo log ic  cross sect ion o f  t h e  hole. 

Hole C ( f i g .  25) was d r i l l e d  s l  f g h t l y  up from hor izontal  t o  a leng th  o f  
19.6 rn (64.15 ft). No recognizabl e 1 f  tho1 og ic  unf t s  were penetrated. Clay 
was penetrated f n  t he  l a s t  0.6 m (2  ft) o f  t he  ho le  and t he  b i t  and pfpe were 
jammed i n  place. A t o t a l  o f  14.6 m (48 f t )  o f  d r f l l  p fpe was recovered, 
1 eaving 7.3 m (24 ft) i n  t he  hole. It f s  not  cer ta f  n whether o r  no t  t h i s  c lay  
represents t h e  p i pe  boundary; t h e  SNL d r i l l e r s  be1 i eve  t h a t  t he  r ~ c k  be ing 
cored j u s t  be fo re  t h e  p ipe  became stuck was d r i l l i n g  1 i k e  h a l i t e  and not  1 i k e  
t he  b recc ia  mater ia l  i n  d r i l l  hol e A. The p i pe  boundary was pred ic ted several 
tens o f  f ee t  beyond the  end o f  d r i l l i n g .  F igure  30 i s  the  geologic cross 
sec t i  on o f  ho l  e C. 

The quest ion o f  whether o r  not  the  wa l l s  of  the  brecc ia  pfpe are ve r t f ca l  
o r  t h e  p i pe  i s  a cy l  f ndr i ca l  -shaped body cannot be  ful l y  answered w i t h  t h e  
ava i l  able data. Superimposing t he  surface t r ace  o f  t he  p ipe  w i th  t he  one area 
underground shows t h a t  t h e  underground boundary o f  t h e  p i pe  f s  about 30 m (100 
f t )  f u r t h e r  t o  t he  southeast than t he  correspondfng p a r t  o f  the p ipe  a t  the  
surface. Th is  could i nd f ca te  t h a t  e i t h e r  t h e  pfpe does increase i n  diameter 
w i t h  depth o r  if it  i s  a cy l  inder, then t h e  cy l  i nder  i s  not i n  a ve r t i ca l  
o r f  e n t a t i  on. 

I n  s tud i  es done by P i  per and Stead (1965, p. 341, i t was found t h a t  most 
co l lapse s t ruc tu res  over underground nuclear t e s t s  are  roughly c y l i n d r i c a l .  
I n  add i t i ona l  studies on t he  same subject, Houser (1970) used a cy l  f  nd r i ca l  
shape f  n h i s  in te rp re ta t ions ,  a1 though he s ta tes (p. 51) t h a t  whfl e evidence 
po in ts  t o  t h e  cy l  i n d r i c a l  shape i n  some cases, o ther  cases i nd i ca te  an 
i nve r t ed  cone (openf ng downward). 

Landes and Piper  (1972) i n  studies of  b r i n e  cav i t y  subsidence i n  
Michigan, s t a t e  t h a t  surface features outs ide t h e  co l lapse area do no t  extend 



Figure 26.--Bottom core from d r i l l  ho le  A ,  MCC mine hor i zon ta l  ho le .  Near ly  
a l l  o f  the  bottom two rows o f  core are  breccia p ipe  m a t e r i a l  
(core measures 1 i n .  i n  d iameter ) .  





Figure 28.--Bottom hole  core from d r i  11 hole 8 ,  MCC mine h o r i z o n t a l  ho le .  
The upper f o u r  rows a r e  n e a r l y  pure h a l i t e  crushed d u r i n g  
c o r i n g ,  t h e  lower two rows a r e  o i  l - s a t u r a t e d  a r g i  1  laceous 
h a l i t e  (core  measures 1 i n .  i n  d iameter ) .  







outward f a r t h e r  than t he  underground so lu t i on  cav i t y .  This imp1 i es  t ha t  the  
poss ib le  shape o f  t he  co l lapse  s t r uc tu re  i s  an inver ted cone o r  .a near ly 

, 

v e r t i c a l  c y l  inder. 

Eck and Redf ie l  d (1963) i n  t h e i r  study on t he  Sanford Dam near Borger, 
Tex., r epo r t  numerous f i l l  ed chimneys having i r r e g u l a r  v e r t i c a l  sides 
(p. 56) .  'The upper por t ions  o f  these-chimneys have funnel shapes. 

. The general shapes o f  t he  b recc ia  pipes a t  H i l l s  A and C a re  be l ieved t o  
be near -ve r t i ca l  cy l  inders, possib ly widening s l  i g h t l y  w i  t h  depth. 

OTHER SUSPECTED PIPES IN DELAUARE BASIN 

I n  t h e  e a r l i e r  discussion o f  geophysical studies ca r r i ed  ou t  i n  t h e  basin 
fo r  t h e  WIPP s i t e ,  t h e  W i l l  s-Weaver area was mentioned. A ho le  was d r i l l e d  i n  
sec. 12, T. 20 S., R. 29 E. and penetrated 250.2 m (821 f t )  o f  brecc ia ted 
rock. I n t e r p r e t a t i o n  of geophysical surveys, namely e l  e c t r i c a l  r e s i s t i v i t y  
(E l  1 i ot, 1976a) and grav i  t y  surveys (El  1 i ot, 1976b , were run across the  area 
and bo th  gave anomalous readings across t h e  suspected pipe. No other  work has 
been done a t  t h i s  s i te .  It i s  be1 ieved t o  be a brecc ia  pipe. The h i l l  over 
t h e  p i p e  has n o t  been breached by erosion and no near-surface s t r uc tu re  can be  
s een . 

H i l l  B 

H i l l  B l i e s  immediately south o f  H i l l  A ( f i g .  9)  and r i s e s  28 m (93 f t )  
above t h e  surrounding t e r ra i n .  It i s  round i n  plan, dome shaped and ca l i che  
capped. The h i l l  i s  only s l  l g h t l y  eroded on the  west and south sides where 
some b recc ia ted  T r i ass i c  rocks (Bachman, 1980) a r e  exposed, b u t  no r i n g  f a u l t  
has been seen. 

E l e c t r i c a l  r e s i s t i v i t y  ( E l l  i o t ,  1976a) and grav l  t y  (E l  1 l o t ,  1976b3 
surveys g i v e  anomalous readings across t he  h i l l  much 1 i k e  a t  Hi11 A. No . 
d r i l l  i n g  was done on Hi1 1 0, b u t  t h e  data o f  Bachman and E l  1 i o t  s t rong ly  
suggest t h a t  t h i s  h i l l  marks t h e  l o c a t i o n  o f  a b recc ia  pipe. 

WXPP 13 Area 

An e l e c t r i c a l  r e s i s t i v i t y  survey ( E l l i o t ,  1977) across an area about 2.4 
km (1 132 m i )  north-northwest o f  t h e  center o f  t h e  WIPP s i t e  ind ica ted  a 
possib l  e b recc ia  p ipe  area. The r e s i s t i v i t y  s ignature across t h i s  area 
appeared m c h  1 i k e  those signatures across H i l l  s A and C. I n  1978, 
i n t e r p r e t a t i o n  of a g r a v i t y  survey across t h e  area ind icated a g rav i t y  low 
centered on t h e  WIPP 13 s i t e  (L. J. Barrows, SNL, o ra l  commun., 1981). There 
i s  no topographic expression, of  e i t h e r  a h i l l  o r  a depression; b u t  because o f  
t h e  closeness of  t h i s  area t o  t h e  actual  repos i to ry  locat ion,  f u r t he r  
exp lora t ion was needed. D r i l l  ho le  WIPP 13 i s  located near t he  center o f  t h e  
r e s i s t i v l  t y  anomaly. Core and cut t ings,  a1 ong w i t h  downhol e geophysical 1 ogs 
i n d i c a t e  t h a t  no bur ied  s t r uc tu ra l  anomal l e s  e x i s t  a t  the WIPP 13 1 ocat ion 
(Gonzales and Jones, 1979) t o  account f o r  t he  r e s i s t i v i t y  anomaly. The 
probable cause fo r  t he  anomaly i s  an increase o f  sandy, more porous mater ia l  
i n  t h e  Dewey Lake Red Beds conta in ing more water than i s  found i n  t h e  



surrounding area. WIPP 13 was 1 a te r  deepened from i t s  o r i g ina l  depth of.311.2 
m (1021 f t )  t o  about 1279.0 m (3868 f t )  t o  study the s t ruc ture  i n  the  Cas t i l e  

. Formation. 

WIPP 32 and WIPP 33 

About 17.6 km (11 m i )  west-southwest o f  the center of the WIPP s i t e  i s  a 
small topographic high which was described by Vine (1963) as an elongated 
domal structure. Rocks o f  t h e  Rust ler  Formation are exposed a t  t he  surface. 
D r i l l  ho le WIPP 32 was located on t h i s  structure. Most of  the soluble rocks 
o f  t h e  Rustler, as wel l  as the  h a l i t e s  i n  the upper 34.7 m (114 f t )  o f  the  
Salado Formation, have been removed by ground water. Belo" the  Vaca T r i s t e  
Sandstone Member i n  the  Sal ado, a normal undissolved sect ion was penetrated 
(Snyder and McIntyre, 1980). Bachman (1980) states tha t  the brecc i  ated 
Rust ler and Salado rock i n  d r l l l  ho le  WIPP 32 i s  the r e s u l t  o f  b lanket  
d isso lu t ion  i n  the  area, and the  fact t h a t  the feature i s  not re la ted  t o  deep 
d isso lu t ion  be1 ow t h e  Salado precludes i t  from being a breccia pipe. The 
feature i s  c a l l e d  a k a r s t  mound by Bachman (1980, p. 781, and I s  p r imar i l y  an 
erosional feature. 

A m a l l  closed depression about 4.8 km (3 m i )  northwest of t he  center o f  
the  WIPP s i t e  was found t o  contain an unusually t h i ck  amount o f  f i l l  mater ia l  
(G. 0. Bachman, o ra l  comrmn., 1980). The sink might be the  surface expression 
o f  a brecc ia pipe. WlPP 33 was d r i l l e d  and cored I n  the  de ression t o  a depth 
o f  256.0 m (840 ft). Below the th i ck  f i l l  (13.4 m o r  44 ft ! , inc lud ing  
a r t i  f i c i a l  f i l l  for  d r i l l  pad, a normal s t ra t ig raph ic  sect ion was found 
(Snyder and Mclntyre, 1981). Dissolut ion residues I n  the  Rust ler  Formation 
and the  upper 0.3 m (1 f t )  o f  t h e  underly ing Salado Formation were expected as 
the d r i l l  ho le i s  1 ocated j u s t  east o f  Nash Draw and i n  the  area where t h i s  
d isso lu t ion  has been found i n  other d r i l l  hol es (Bachman, 1980). No brecc i  a 
associated w i th  p ipe s t ructures was found i n  WIPP 33. 

PIPELIKE FEATURES I N  OTHER AREAS 

. Pipe1 i k e  s t ructures have been studied and mapped i n  a number o f  places i n  
the  world. A l l  o f  these structures are i n  areas t h a t  have evaporites i n  the  
sub surfac e. 

South Dakota and Wyod ng 

I n  South Dakota and Wyoming, studies o f  the M i  nnelusa Formation by Bowl es 
'and Braddock (1963) show t h a t  t h e  M I  nnel usa (Perm1 an-Pennsyl vanian) , composed 
o f  limestones and gypsum has under one d isso lu t ion  and brecciat ion. The 
over ly ing  rocks, as much as 305 m 9 1000 f t )  th ick,  have been affected and 
blocks o f  the  M I  nnelusa Formation have dropped as much as 45.7 m (150 f t ) .  
The u n i t  underly ing the  Minnelusa i s  a sandstone t h a t  has undergone only minor 
boxwork weathering. Blocks o f  the over ly ing Opeche ( Permi an) and Spearfish 
(Permi an-Tri assi c)  s i l  tstones are found incorporated i n  the brecc i  a. 

Solut ion t h a t  formed these pipes s ta r ted  I n  Ter t ia ry  time, proceeding 
downdi p from surface exposures. Some p i  pes s tar ted devel opment i n Hol ocene 
t ime and are 73 m (240 f t )  deep and 18 m (60 f t )  I n  diameter. Analysis o f  
water sampl es from springs and we1 1 s I ndicates t h a t  d l  ssol u t i o n  i s cont inuing 
a t  the present time. 



I n  a r epo r t  by Brobst and Epstein (1963, p. 3311, pipes "tens t o  hundreds 
o f  f ee t  i n  diameter" and 61  m (200 f t )  deep were mapped i n  the  Fanny Peak 
quadrangle o f  Wyoming and South Dakota. The authors a t t r i b u t e  the  p ipe  
formation t o  t h e  so lu t i on  o f  anhydr i te  and gypsum i n  t he  Minnelusa 
Foqa t i on .  Fragments o f  over l y ing  Permi an rocks are incorporated i n  the  
b recc ia  i n  t h e  pipes. The formation of  these pipes s ta r ted  a f t e r  t he  Black 
H i l l  s  up1 i ft (La te  Cretaceous-Early T r i ass i c ) ,  and t he  d isso lu t ion  i s  
cont inu ing t o  t h e  present. 

I n  t h e  Wyomi ng-South Dakota area, t he  anhydri te-gypsum 1 ayers o f  the 
Minnel usa and ove r l y i ng  Opeche and Spearfi sh Formations. a re  t he  rocks involved 
i n  t h e  d isso lu t ion.  H a l i t e  a lso was and i s  be ing dissolved from the  
formations as i nd i ca ted  by ana lys is  o f  wel l  water i n  t he  area. Brobst and 
Epstein (1963, p. 336) a t t r i b u t e  t h e  near-ver t ica l  o r i en ta t i on  o f  the  pipes t o  
t h e i r  format ion a t  i n t e r sec t i ons  o f  j o i n t s .  They a1 so postulated t h a t  most o f -  
t h e  pipes have t h e i r  r oo t s  i n  the  M i  nnel usa, a1 though some may be rooted i n  
t h e  under lyf  ng Pahasapa. The b recc ia  i n  t h e  pipes has been well-cemented by 
CaC03, and t h e  pipes stand ou t  on c l  f  f f  faces and as small h i l l s  above t he  
surround1 ng t e r r a i  n. 

HI chf  gan 

Michigan a lso  contains brecc ia  pipes. Landes and others (1945) describe 
t he  occurrence and poss ib le  formative h i s t o r y  o f  these pipes i n  t h e  Mackinac 
S t r a i t s  area. They a t t r i b u t e  formation o f  t he  pipes t o  c a v i t y  fonnfng f n  t h e  
evapori t e - r f  ch Poi n t e  aux Chenes Fomat f  on (usage o f  t h e  Michigan Geological 
Survey) o f  Sf1 u r f an  age. I n  t h e  subsurface t h e  formation f  s  ca l l ed  t he  
Sal f  na. No breccf  ated rocks have been found f  n t h e  under ly ing Nfagara 
Formation, and Landes and others pu t  t h e  base o f  t h e  pipes f n  t he  Pofnte aux 
Chenes. 

Several .previous explanatfons f o r  t h e  forming o f  the breccias are given 
f  n t h e  Landes report .  He and t h e  o ther  authors favor  a so lu t fon  to-cav i ty  to-  
co l lapse  o f  ove r l y f  ng rocks theory. Whether o r  not  t h e  co l lapse was 
catast rophfc  and occurred as a s f  ngl e event f  s  unknown. Landes be1 f  eves t h a t  
some o f  t h e  process f  nvol ved catastrophfc c o l l  apse, because brecciated rocks 
o f  much younger age a r e  found i n  t h e  b recc ia  mass. Downward displacements o f  
from 183 t o  457 rn (600 t o  1500 ft) are  recognized i n  a quarry a t  Calc i te,  
Mich. (Landes and others, 1945, p. 129). Landes and others  ( p .  134) described 
these breccfas as a conglomeratfon o f  rock fragments of every degree f n  s i ze  
w i t h  f  n t e r s t f  ces between t h e  1 arger  fragments f i l l  ed w i t h  small e r  fragments 
which range downward from a few inches t o  dust size. 

Where ca l c f  urn carbonate was avaf 1 abl e i n  t h e  water movf ng through t h e  
breccfated rocks, they are  f i rm l y  canented by ca l c i t e .  Other pipes have 
1 i ttl e cement' f  f the1 r matrf x contaf ns shal e whf ch f f  11 ed t h e  f  n te rs t f ces  
between t h e  1 fmestone b locks and impeded t h e  f low o f  ground water. 

The age o f  t h e  b recc ia t fon  has been estimated by Landes and others (1945, 
p. 136-137). The youngest rock found f n  t h e  brecc ia  masses i s  the  D e t r o i t  
River Formatf on o f  Devonian age. These rocks must have sol i d i  f f  ed p r f  o r  t o  
c o l l  apse o r  they woul d not  fonn d i sc re te  blocks f  n t h e  breccia. A t  a quarry 

b i n  Calc i te,  Mfch., t h e  fl at-bedded Dundee Limestone (Devonian) can be  seen 
over ly f  ng t h e  breccf  ated D e t r o i t  River Formation. Cal l  apse and b recc ia t ion  
m s t  have been compl eted be fo re  t h e  Dundee was deposited. Collapse cou ld  have 



begun i n  the  formations below the D e t r o i t  River Formation p r i o r  t o  the 
deposi t ion o r  indura t ion  o f  t h i s  formation, bu t  there i s  no evidence f o r  
t h i s .  The d i sso lu t i on  o f  rocks i n  the  Pointe aux Chenes Formation appears t o  
be 1 i m i  ted  t o  t h e  outer  boundary of the Michigan Basin where the  formation i s  
near the  surface. There may be some cont inuing d isso lu t ion  now, b u t  the  
ma jor i t y  o f  t h e  formation not  dissolved now 1 i e s  be1 ow the  1 eve1 a t  which 
major d i sso lu t i on  occurs. 

Canada 

Underground explorat ion i n  Saskatchewan, Canada, f o r  potash resources has 
added grea t ly  t o  t h e  study of d isso lu t ion  of evaporites. Much o f  t he  research 
has covered 1 arge-scal e (megabrecci a t i  on) d i  ssol u t i  on i n  the  Pra i  r i  e 
Evapori t e s  (Devonian), b u t  1 ocal c o l l  apse and brecc i  a t i on  have been documented 
(Gor re l l  and A1 derman, 1962; D e M i l l  e and others, 1964; Christiansen, 1971). 

Crater Lake i n  southeastern Saskatchewan i s  described by Christ iansen 
(1971) as a b recc ia  chimney o r  pipe. The s t ruc tu re  consists of  two concentr ic 
faul t-bounded c y l i n d r i c a l  collapses; t he  inner  c y l  inder  about 30 m (100 f t )  i n  
diameter and t h e  outer  cy l  inder  about 213 m (700 f t )  i n  diameter. The 
co l lapse o f  t h e  inner  cy l inder  occurred be fore  1 a t e  P l  eistocene and t h e  outer  
about 13,600 years ago. Total ve r t i ca l  co l lapse f o r  the  two cy l  inders i s  
about 58-73 m (190-240 f t )  (Christiansen, 1971, p. 1511-12). 

F igure 31 i s  a diagram by Gorre l l  and Alderman (1962, p. 307) t h a t  can, 
w i th  modif icat ion, expla in  t h e  anomalous s t ruc tu re  of  t h e  b recc ia  p ipe  a t  Hi1 1 
C i n  New Mexico ( f ig .  321, where beds i n  t he  subsurface d ip  toward t h e  p ipe  
and those a t  t h e  surface d i p  away from t h e  pipe. I n  comparing these two 
f igures, . the c a l i c h e  i n  f i g u r e  32 could be  subst i tu ted f o r  t he  Jurass ic  i n  
f i gu re  31 t o  expla in  t h e  outward dipping o f  t h e  s u r f i c i a l  rocks a t  H i l l  s  A and 
C. 

D isso lu t ion  i n  t h e  Venn area may be  t h e  resul t o f  the porous W i  nni pegosi s 
r e e f  ac t i ng  as a channelway f o r  freshwater t o  reach t h e  over ly ing  sal t and 
cause l o c a l  d i sso lu t i on  (Bishop, 1954, p l  . 1 and f ig .  4; Gor re l l  and A1 derman, 
1962, p. 311). 

Numerous c o l l  apse s t ructures i n  the  Zechstein area o f  Germany have been 
described by P r i  nz (19731, Bernhard (19731, and G r i m  and Lepper (1973), among 
others. The surface expressions of these s t ructures are near ly always 
depressions. The collapsed rock a t  t h e  surface, t he  Bundsandstein o f  T r i ass i c  . 
age, over l  i e s  t h e  ha1 i t e  o f  the  Zechstein (Upper Permi an). Grimm and Lepper 
(1973) c i t e  examples o f  b r e c c i a - f i l l e d  pipes i n  t h e  So l l i ng  Arch i n  t h e  
Bundsandstein 750-950 m (2460-3117 f t )  above t h e  Zechstein sal ts.  The 
diameter o f  these s inks ranges from 20 t o  250 m (66-820 f t ) .  There i s  no 
soluble mater ia l  i n  t h e  Bundsandstein, and the  inference given by G r i m m  and 
Lepper i s  t h a t  t h e  pipes go downward t o  t he  Zechstein. 

Bernard (1973) describes an area 25 km (16 mi) northwest o f  Kassel , FRG 
having co l lapse s inks now f i l l e d  w i t h  rocks o f  Keuper and Muschelkal k 

. . (Tr iass ic )  age. These sinks are i n  rocks o f  the  Lower Muschel ka l  k (Middl e 
'T r iass ic )  which over l  i e t h e  Bundsandstei n. He a t t r i b u t e s  the  c o l l  apse t o  t h e  



Figure 31 .--Formation of anomalous Mississippian th icks  and coincident 
s t ruc tura l  highs i n  younger strata. ( A )  Post-Mi ss i  ss i  ppi an erosion; (B 
Later stage during post-Mi ss i  ss i  ppi an penepl anati on fol 1 owing removal o f  
P r a i r i e  Evapori te s a l t  section by solution; (C) Subsequent deposition o f  
uniform thicknesses of Jurassic and Cretaceous beds on smooth 
M i  ss i  ss i  ppi an surface; ( D  Final stage f o l l  owi ng so lut ion o f  remaining 
Prai  r i e Evapori t e  sal t (modi fi ed from Gorrel 1 and A1 derman, 1962). 
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Figure 32.--Formation of breccia pipes i n  southeastern New Mexico i l l u s t r a t i n g  
how s u r f i c i a l  beds d i p  outward and deeper beds d i p  inward toward p ipe 
boundary. (A)  Precol lapse; ( B )  A f t e r  c a v i t y  formed i n  Capi tan  Limestone, 
col lapse o f  ove r l y ing  beds dragged surrounding beds downward toward pipe; 
(C) Collapse complete, surface s ink  i n f i l  l e d  by erosion o f  Dockum Group, 
ca l  iche formed over surface; (D) Hal i t e  removed from Rust le r  Formation 
and upper Salado Formation by d i s s o l u t i o n  causing s u r f i c i a l  rocks t o  d i p  
outward. 8 



- d i s so lu t i on  o f  anhydr i te and possib le m i  nor amounts o f  ha1 i t e  from the  Rdt 
facies o f  t he  Bundsandstein (poss ib ly  as much as 100 m o r  328 ft o f  evaporite 
rocks).  Bernard be l ieves t h a t  t h e  Zechstein a t  t h e  loca t ions  of  these pipes 
contains 1 i ttl e ha1 i te; t h e  edge o f  t h e  Zechstein i s  i n  t h i s  area, and 
therefore  cou ld  not  be t h e  roo t  zone for  the pipes. He does acknowl edge the  
existence o f  Zechstein rooted s inks 25 km (16 mi)  t o  t h e  nor th  o f  Kassel i n  
t he  "Cloudburst" area o f  Tendel burg. Bernhard (1973) dates the  formation o f  
t h e  pipes near Kassel as 1 a te  Te r t i a r y  t o  ear ly  Quaternary on t h e  bas is  o f  the  
s i n k - f i l l  mater ia l  conta in ing Keuper rocks (Upper T r iass ic ) .  

CONCLUSIONS 

Method(s1 o f  Fomat fon  o f  Breccf a P I  pes and Age o f  F o m t f o n  o f  
Known P f ~ e s  i n  Basin Near t h e  MI 

The understanding o f  t h e  method( s) o f  formation o f  breccf a pipes I n  t h e  
Del aware Basf n i s  c r f  t i c a l  t o  t h e  placement o f  a repos i to ry  f o r  radf oactf ve 
waste a t  t h e  UIPP sf te. The p r f  ncipal  questfon i s :  Can a p fpe develop under 
t h e  reposf t o r y  and cause a breach f n t h e  system t h a t  wf 11 a l l  ow access o f  
f l u 1  ds t o  t h e  waste can1 s te rs?  A secondary question f s: Could a nearby 
developing p i pe  adversely a f f e c t  the -  repos i tory? Invest fgat fons a t  and near 
t h e  WIPP s f  t c  have helped t o  de f ine  what a brecc ia  p ipe  i s  and how a pfpe 
devel ops, b u t  n o t  what governs i t s  1 ocatf on--see be1 ow. Another quest1 on ' 

i s: Can df ssol u t f  on o f  beds a f f e c t  t h e  i n teg r f  t y  o f  t h e  reposf t o r y?  

Examples o f  pfpes i n  Mfchfgan show t h a t  a t  some stage i n  t h e  development 
of those pfpes t he re  was catastrophfc collapse. En t h e  Mackfnac Straf  t s  
regf on o f  Mf chf gan, breccf a fragments have been f dent i  f f  ed 183-229 m (600-750 
f t )  below thef  r normal s t r a t i g raph i c  hor izon (Landes and others, 1945, p. 
129). Lfmestone beds above t h e  cavf t f  es where ha1 1 t e  had been df ssol ved coul d 
have formed support beams whf ch he ld  u n t i l  increasf ng wf dths o f  t he  cav f t f  es 
caused faf l u r e  o f  t h e  beams, a t  whf ch t ime t h e  mater ia l  above t h e  exf s t f  ng 
cavf t f  es cou ld  co l lapse rap id ly ,  causf ng a jumbl f ng o f  materf a1 f n t h e  
c o l l  apse chimney. 

Rock i n  core from WIPP 16 and WIPP 31, d r i l l e d  i n t o  known o r  expected 
breccf  a pfpes no r t h  o f  t h e  WIPP s f  t e  f n southeastern New Mexico, a lso shows a 
great  deal o f  f n t e n f  ngl f ng o f  var ious strata.  Do1 om1 t e  fragments have been 
found 335 m (1100 f t )  below thef  r normal s t r a t i  raph ic  pos f t f  on f n WIPP 31. 
S f l t s t o n e  fragments i n  WIPP 16 are found 183 m 600 ft) below t h e i r  expected 
1 eve1 . 9 

Dependf ng upon t h e  type o f  rock above t he  so lu t f  on cavf t f  es, t he  downward 
movement o f  t h e  over l y ing  rocks can be  catastrophfc as i n  t h e  above cases, o r  
s lowly as I n  many s a l t  mines (ac tua l l y  as s a l t  flowage). I f  t he  movement i s  
slow o r  f n t h e  catastrophfc cases i f  t h e  drop f s n o t  far ,  t h e  f a l l i n g  rocks 
wf 11 f r a c t u r e  b u t  no t  be m i  xed and jumbl ed w i t h  surroundf ng 1 f tho1 ogf es. 

The on ly  known breccf a pipes f n t h e  Del aware Basf n i n  t he  vf c f  nf t y  o f  t h e  
WIPP s f  t e  a re  loca ted  19-32 km (12-20 m i  northwest o f  t he  center o f  the  
s i t e .  Two pfpes, and probably a t h i r d ,  have surface expressions which are 
near ly  c i  r cu l  ar, rounded and breached h i1  1 s 15-30 m (50-100 ft) f n 
e j  evat f  on. These a re  Hf 11 s A, R ,  and C o f  Bachman (1980) (domes A, B, and C 



o f  Vine, 1960). Re1 i e f  o f  a four th pipe, t he  W i l l  ~-Weaver, i s  not as high, 5 
m (15 f t ) ,  and i s  not  breached t o  al low par ts  of  the  inner  near-surface rock 
t o  be seen. A l l  o f  these locales are over the  bur ied Capitan reef .  

Numerous other small h i1  1 s and sinks i n  the  Delaware B a s i ~  have been 
invest igated t o  see i f  they are surface expressions of brecc ia pipes. 
Geophysical work, el  e c t r i c a l  r e s i s t i v i t y  and g rav i t y  surveys, as we1 1 as 
surface geol ogic mapping, suggest t ha t  a1 1 bu t  the  above four mentioned 
1 ocations are caused by other  types o f  so lu t ion  o f  evaporites. Bachman (1980) 
describes t h e  features as ka rs t  domes (Malaga Bend area, southeast o f  
Carl sbad), k a r s t  mounds (WIPP 29, WIPP 32 d r i l l - h o l  e areas) and so lu t ion  and 
f i l l  s t ructures ( h i l l  about 4.8 km o r  3 mi) east o f  southern end o f  Laguna 
Grande de l a  Sal. A l l  o f  these features are formed by near-surface 
dissol  u t i o n  o f  evaporites and do not  have a deep-rooted base below the upper 
p a r t  o f  t he  Salad0 Formatidn. 

The method o f  formation o f  the  brecc ia p ipe a t  H i l l  A can b e  p a r t i a l l y  
reconstructed from t h e  core of  d r i l l  ho le WIPP 31 and t h e  cross sect ions 
constructed through the  p i  e using subsurface data from o i l  and gas 
exploratory hot es ( f i g .  10 ! . I n i t i a l l y ,  a cavern must be  formed i n  some u n i t  
a t  depth. The only rock s t i l l  below the  bottom o f  WIPP 31 (604 m o r  1,981 f t )  
t h a t  contains a great deal o f  sol ubl e rock i s  t h e  Capftan Limestone. Ground 
water moving through t h e  Capitan could cause extremely l a r g e  caverns t o  
form. Bretz (1949) a t t r i b u t e s  the  formation of  Carlsbad Caverns and numerous 
nearby caves t o  phreat ic condit ions. Jagnow (1979) be1 ieves t h a t  t he  caves 
were formed under vadose condi t ions and only e x f o l i a t i o n  and speleothem 
development m d f  fi ed them t o  t h e i r  present shapes. Both authors agree tha t  
the  major por t ions  of  t he  caves formed dur ing and a f t e r  u p l i f t  and 
northeastward t i 1  t i n g  o f  t he  Delaware Basin. during l a t e  Pl iocene time. 

The ground-water h i s to ry  dur ing the  1 a t e  Pliocene t i 1  t i n g  i s  unknown. I n  
the area o f  H f l l s  A and C, ground water must have moved through the  fractured 
Capi tan, dissol  v ing  the  1 imestone along f rac tu re  se ts  s i m i l a r  t o  so lu t ion  
phenomena along the  u p l i f t e d  port ions o f  the r e e f  on the  western edge o f  the 
basin. This d isso lu t ion  could have caused t h e  formation o f  caverns i n  t h e  
Capi tan Limestone i n t o  which over ly ing rocks coul d c o l l  apse. 

Above t h e  Capitan Limestone a t  H i l l  A are t h e  Yates and Tans i l l  
Formations, consis t ing o f  interbedded sandstones, s i t  tstones, and do1 omi tes. 
The soluble carbonates i n  these formations are no t  t h i c k  enough t o  account f o r  
the  c a v i t y  s i ze  necessary t o  cause the  massive col lapse o f  the  rocks above 
them. . Core from t h e  bottom p a r t  o f  WIPP 31  consisted o f  anhydrite, broken and 
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reheated, no t  jumbled, and dipping about 50'. This rock i s  t e n t a t i v e l y  
assigned t o  t h e  Fletcher Anhydrite. It i s  t h e  only  known anhydr i te  bed th i ck  
enough t o  account f o r  t he  approximately 15 m (50 f t )  ( t r u e  thickness) of 
anhydri te i n  t h e  d r i l l  hole. Using t h e  pro jected depth a t  which t h e  Fletcher 
should have been encountered ( f ig .  101, a drop o f  about 76 m (250 f t )  
occurred. During t h e  ear ly  formation o f  the  H i l l  A pipe, t h e  co l lapse may 
have been a slow process w i th  the  Tans i l l  and Yates dropping i n t o  the  cav i ty  
forming i n  the  Capitan Limestone u n t i l  t h e  th i ck  beam o f  t h e  fl etcher was 
reached. This u n i t  could a c t  as a support beam holding up t h e  over ly ing rocks 
u n t i l  the  c a v i t y  below reached s u f f i c i e n t  hor izontal  spread t h a t  t he  beam 
fai led. A t  t h i s  time, t he  Fletcher coul d have dropped the  complete 76 m (250 
f t )  a t  one time, al lowing some o f  the  over ly ing  ha1 i t e  and t h i n  anhydr i te  and 



polyhal  i t e  beds of  t he  Salado Formation t o  drop w i t h  it. Rocks o f  the  
ove r l y i ng  Rustl e r  Formation, Dewey Lake Red Beds, and Dockum Group may have 
a1 so dropped. 

The c a v i t y  woul d be f i l l e d  w i t h  unsaturated water and as the mass o f  rock 
dropped near l y  instantaneously i n t o  the  cav i t y ,  the  water would be forced 
out. The eas iest  path would be upward i n t o  t h e  vo id  and f rac tured rocks 
created by t h e  col lapse.  Much o f  t h e  ha1 i t e  would be dissolved by t h i s  water 
and eventua l ly  t he  now saturated water would move downward and out  through the 
e x i s t i n g  paths i n  t he  reef .  

It i s  doubtfu l  i f  c o l l  apse t o  t he  surface occurred a11 a t  one time. The 
mix tu re  o f  rock un i t s ,  w i t h  some rocks dropping as much as 335 m (1100 f t )  t o  
be mixed w i t h  rocks from a 1 esser v e r t i c a l  drop, imp1 i e s  t h a t  the re  were 
several stages o f  co l lapse  as t h e  p i p e  stopped i t s  way t o  t h e  surface. 

Boulders o f  Dockum Group conglomerate now present on t h e  surface 
ove r l y i ng  t h e  p i p e  a re  be1 ieved t o  come from a h igher  s t r a t i g raph i c  pos i t i on  
(Bachman, 1980, p. 67 ) .  The presence of these younger rocks impl ies  t h a t  the  
Dockum Group was t h i c k e r  a t  t h e  t ime  o f  formation of  t h e  p i p e  than i t  i s  now. 

A f t e r  t h e  c u l l  apse t o  t h e  surface, t h e  resul  t i n g  depression served as a 
catchment basin, and as t h e  c o l l  e c t i  ng water percol ated downward, i t  a1 so 
d isso lved ha1 i t e ,  potash, and other  so lub le  rocks. Nearly a1 1 o f  t h e  Sal ado 
ha1 i t e  and a l l  o f  t h e  Rust ler  h a l i t e  was removed by t h i s  process a i d i ng  
add i t i ona l  co l lapse  i n  t h e  pipe. Th is  process a1 so t ransported c lay,  s i l t ,  
and sand downward and these p a r t i c l e s  became the  mat r i x  o f  t h e  brecc ia ted rock 
i n  t h e  pipe. 

Compl e t e  removal o f  so lub le  rocks has not  occurred i n  t h e  p ipe  f i l l i n g  a t  
H i l l  A. ' Evidence o f  t h i s  i s  found i n  t h e  anhydr i te  and gypsum fragments and 
beds s t i l l  present, and i n  t h e  1 arge b lock of Sal ado ha1 i t e  cored between 
depths o f  444 and 464 m (1458 and 1522 ft). Addi t ional  evidence o f  t h e  
i ncompl e t e  removal of sol ub l  es i s  found i n  fragments of t he  Dewey Lake Red 
Beds. S t r ingers  o f  se l en i t e  (gypsum) a re  found c u t t i n g  these fragments b u t  
no t  t h e  b recc ia  matr ix. Sel eni t e  s t r i nge rs  are  found i n  t h e  Dewey Lake Red 
Beds where t h e  u n i t  has no t  been brecciated. These deposi ts a re  thought t o  be 
caused by downward perco la t ing  o f  calc ium sul  fate-enriched water f i l l  i n g  
beddi ng-pl ane par t ings  and f rac tu res  caused by gent1 e subsidence o f  t he  rock 
as u n i t s  below a re  slowly be ing dissolved. This process i s  occurr ing o r  has 
occurred i n  m c h  o f  t h e  Dewey Lake Red Beds on t h e  western h a l f  o f  t h e  WIPP 
s i t e  (Jones, 1978) t o  t h e  south o f  H i l l  A. 

Over some per iod  o f  time, surface erosion removed t he  Dockum Group rocks 
and any depression over t h e  s ink  was f i l l e d  i n  by debr is-carry ing surface 
water. About 600,000 years ago t h e  Gatuna Formation was deposited across a 
gent ly  r o l l  i n g  t e r r a i n  f i l l  i n g  i n  lows i n  t h e  topography. Above t h e  Gatuna, 
t h e  Mescal ero ca l  i c h e  was deposited on a near ly  f l  a t  surface (410,000-510,000 
years ago, Bachman, 1980). The ca l i che  was deposited over t he  p ipe  a t  H i l l  
A. The present d i p  o f  t h e  ca l i che  beds away from t h e  center  of H i l l  A 
i nd i ca tes  removal o f  ha1 i t e  from around t h e  pipe. Holes d r i l l e d  nearby show 
t h a t  t h e  Rustl  e r  ha1 i t e  and t h e  upper p a r t  o f  t he  Sal ado ha1 i t e  have been 
removed. This removal i s  re fe r red  t o  as t he  d i sso lu t i on  f ron t  (see p. 181, a 



wedge-shaped subsurface so lu t ion  process, proceeding from west t o  east across 
t h e  area. The presence o f  the  Mescalero ca l i che  a t  H i l l  A i nd ica tes  t h a t  t h e  
d i sso lu t i on  f ron t  passed through the  area 1 ess than 500,000 years ago. This  
process o f  d i sso lu t i on  around the  margins o f  t he  p ipe accounts f o r  t h e  
outward-dipping beds. 

Hydrologic t e s t s  (see sect ion or! D r i l l  -Stem Tests, WIPP 31, t h i s  repor t )  
show t h a t  t h e  p ipe  mater ia l  i s  no t  capabl e o f  t ransmi t t ing  ground water. The 
c lay  mat r i x  surrounding the  rock fragments acts as an impermeabl e b a r r i  er, and 
so there  i s  probably no addi t ional  d i sso lu t i on  o f  evapor i t i c  rocks i n  t h e  
pipe; a t  l e a s t  i n  t he  upper 549 m (1800 f t )  above the  massi-ve anhydr i te  found 
a t  the  bottom of d r i l l  ho le  WIPP 31. 

The brecc ia p ipe a t  H i l l  C exh ib i t s  much the same h i s t o r y  o f  formation as 
the  one a t  H i l l  A. I n  add i t ion  t o  a d r i l l  ho le  i n t o  t he  p ipe  from the  
surface, there i s  the  added feature o f  a mine d r i f t  t h a t  penetrates a few f e e t  
o f  t h e  p ipe  on t h e  southeast s i de  about 366 m (1200 ft) underground (MCC 
d r i f t s  15-L and 16-L and a d r i f t  t h a t  bypasses t h e  p ipe on the  northeast 
side). Both o f  these areas underground show t h a t  t h e  s t r a t a  o f  t h e  
surrounding rocks d i p  i n  toward the  pipe. These d i p  d i rec t ions  are j u s t -  t h e  
opposi te o f  t h e  ones a t  t h e  surface o f  bo th  pipes where t h e  d ips a re  
outward. The reversal  o f  d i p  i s  a t t r i b u t e d  t o  the  fol lowing: dur ing i n i t i a l  
c o l l  apse o f  t h e  mater ia l  i n  t h e  pipe, t h e  surrounding beds were dragged 
downward toward t h e  pipe; subsequent d i sso lu t i on  of upper s t ra ta,  namely t h e  
Rustl e r  ha1 i t e s  above t h e  Cul ebra Do1 omi t e  Member, as t h e  d i sso lu t i on  f r o n t  
moved from west t o  east across t h e  area, lowered t h e  upper few hundred fee t  o f  
t h e  surface surrounding t h e  pipe, causing t h e  near-surface beds t o  d i p  away 
from t h e  pipe. 

To a depth o f  about 350 m (1148 ft) i n  d r i l l  hol e WIPP 16 a t  Hi1 1 C, 
brecc ia fragments o f  t h e  Dewey Lake Red Beds and t h e  Dockum Group make up t h e  
mater ia l  i n  t h e  pipe. The f i r s t  anhydri t e  o f  t he  Rustl e r  was cored a t  350 m 
(1148 ft) , and from t h i s  depth t o  t o t a l  depth (396 m, 1300 ft) a near ly  normal 
sect ion o f  Rustl e r  was cored. The beds were dipping about 3S0, i n d i c a t i n g  
some t i 1  t i n g  o f  t h e  beds a f t e r  coming t o  rest .  These Rust ler  rocks a r e  
f ractured b u t  no t  jumbled 1 i tho log lca l  l y  1 l k e  t h e  over ly ing  Dewey Lake Red 
Beds and Dockum Group rocks. Both marker doloml t e  beds a re  present i n  t h e  
core. Be1 ow t h e  1 ower do1 omi t e  (Cut ebra) , t h e  d r i l l  hol e penetrated ha1 i t e  
beds normally found i n  t h e  Rustl er. H a l i t e  beds between t h e  dolomites and 
above t h e  upper one (Magenta) are missing and only an inso lub le  res idue i s  
l e f t .  This ind ica tes  t h a t  t h e  d i sso lu t i on  f r o n t  had no t  reached t h e  h a l i t e t  
below'the Cul ebra a t  t h e  t ime o f  t h e  co l lapse  a t  H i l l  C. This d i f fe rs  from 
H i l l  A where no ha1 i t e s  were found t h a t  could b e  i d e n t i f i e d  as Rustl er. 

The t o t a l  depth o f  WIPP 16 (396 m, 1300 ft) i s  about 24 m (80 f t )  below 
t h e  d r i  f t  i n  t h e  mine. Rocks o f  Rustl e r  were cored i n  t h e  bottom p a r t  o f  WIPP 
16, b u t  i n  t h e  wal l  o f  t he  p ipe  i n  t h e  mine are rocks o f  probabl e Sal ado. 
These rocks i nc lude  1 arge blocks o f  anhydr i te  t h a t  coul d have come from MB 103 
o r  109, normally about 98-122 m (320-400 f t )  above t h e i r  present 1 eve1 . 

Be1 ow t h e  bottom o f  d r i l l  hol e WIPP 16, t h e  estimated depth t o  t h e  
F letcher  Anhydr i te i s  223 m (700 ft) a t  H i l l  C. The presence of a moderately 
disturbed upper Rust ler  Formation i n  WIPP 16 seems t o  imply t h a t  there  may no t  



have been t he  r a p i d  downward movement i n  t h i s  pipe, b u t  more than 183 m (600 
f t )  o f  rock o f  var ious l i t h o l o g i e s  was l e t  down slowly, only t i l t i n g  about 35' 
a t  i t s  f i n a l  r e s t i n g  depth. Here the  two pipes d i f f e r  i n  the  condi t ion o f  the 
rock, H i l l  A conta in ing brecc ia ted and jumbled rock down t o  the F le tcher  
Anhydrite Member, H i l l  C conta in ing these only t o  t h e  top o f  the  Rust ler  
Formati on. 

The d i s s o l u t i o n  f ront ,  moving from west t o  east, had penetrated i n t o  t he  
Salado Formation a t  H i l l  A, b u t  only i n t o  t h e  Rust ler  Formation a t  H i l l  C a t  
t he  t ime o f  co l lapse  o f  the  pipe, presuming t h a t  t h e  two pipes formed a t  
near ly  t h e  same time. 

The ca l i che  over l y ing  ~i'll C has been downdropped toward t he  center o f  . 
t h e  p ipe  i n  several p l  aces i n d i c a t i n g  t h a t  minor co l lapse occurred a f t e r  t h e  
main co l1  apse. This m i  nor cot 1 apse can be dated as 1 ess than 410,000 years 
ago. 

Minor amounts o f  o i l - s ta ined  core from bo th  WIPP 16 and WIPP 31, as wel l  
as o i l  seeps i n  t h e  MCC d r i f t s  near H i l l  C, were analyzed t o  see i f  an answer 
could be found t o  account f o r  t he  presence o f  t h e  o i l  (Palacas and others, 
1982). Gas chromatograph and geochemical ana lys is  i n d i c a t e  t h a t  t h e  th ree  
o i l s  a re  r e l a t e d  t o  t h e  o i l  from we l l s  t o  t h e  nor th  of t he  pipes taken froin 
t h e  Yates Formation. The Yates over1 i e s  t h e  Capitan r e e f  on t h e  backside o f  
t h e  reef. It i s  poss ib le  t h a t  o i l  from t h i s  format ion migrated toward t h e  
area o f  t h e  b recc ia  pipes and e i t he r  entered t h e  rocks before co l lapse 
occurred o r  i t  was f o r c e f u l l y  emplaced dur ing col lapse, being pushed 
s t r a t i g r a p h i c a l l y  upward by hydros ta t i c  pressure as t h e  water i n  t h e  
under ly ing vo id  was forced upward by t h e  i n f a l l  i n g  rocks. I n  WIPP 31, t h e  011 
s ta ins  were i n  rocks o f  Dewey Lake Red Beds, and Rustl  e r  and Salado Formations 
cons is t ing  o f  s i l  tstone, anhydrite, and dolomite fragments and a matr ix  o f  
mud, r e c r y s t a l l  i r e d  ha1 i t e ,  and g l aube r i t e  c r y s t a l  s. I n  UIPP 16, t he  o i l  
s ta ins  were I n  t h e  Rustl e r  Formation i n  anhydr i te  above t he  Magenta Dolomite 
Member and i n  h a l i t e  below t h e  Culebra Dolomite Menber. The o i l  seeping i n t o  
t h e  MCC mlne appears t o  be coming from a near ly  v e r t i c a l  f a u l t  about 43 m (140 
f t )  from t h e  edge of  t h e  brecc ia  pipe. 

Poss ib le  E f f e c t  on UIPP S i t e  

Numerous domes and s inks dot  t he  1 andscape i n  t h e  Delaware Basin. Some 
o f  these features can be  shown t o  be  remnants o f  near-surface d isso lu t ion  o r  
surface erosion; others are  from d i sso lu t i on  and cav l  ty  formation i n .  the 
Capi t a n  Limestone. Known 1 ocations where deep d l  ssol u t i o n  occurs and fonns 
s t ruc tures c a l l  ed brecc ia  pipes are 1 im i t ed  t o  areas over t he  bur ied Capitan 
reef, no c l ose r  than 16 km (10 m i  t o  t h e  UIPP s i t e .  The four  known 
occurrences are H i l l s  A, B, C, and t h e  Wills-Weaver s i te .  

Col lapse o f  these structures,  a t  1 east  t o  t h e  surface, occurred sometime 
before 400,000-500,000 years ago. 

Locales on and around t h e  WIPP s i t e  t h a t  were invest igated f o r  evidence 
o f  p i pe  formation, w i t h  none be ing found, inc lude  t h e  s i t e s  o f  d r i l l  holes 
UIPP 13, WIPP 32, WIPP 33, and WIPP 34. Numerous surface features were mapped 
and found t o  b e  near-surface erosion and d isso l  u t i o n  features. 



No examples o f  b r e c c i a  pipes t h a t  could l e a d  t o  breaching o f  a repos i to ry  
a t  t h e  WIPP s i t e  have been found t o  d a t e  and a r e  no t  l i k e l y  because t h e  
Capitan Limestone i s  not  present  beneath t h e  s i t e .  



DRILL-STEM TESTS, Y IPP 31 

By J. Y. Mercer 

During d r i l l i n g  and cor ing o f  WIPP 31 reentry, formation tests  were 
conducted over selected in te rva ls  o f  the borehole t o  determine the possible 
presence of f lu ids  ( l i q u i d s  o r  gases) and, i f present, t o  obtain estimates o f  
quant i ty , qua1 i t y  , and source. The formation tes ts  were conducted using 
standard d r i l l - s tem t e s t  procedures as described i n  Dolan and others (19571, 
Bredehoeft (1965), Hackbarth (19781, and i n  "Supplement 81 t o  the f i e l d  
operations plan for WIPP 31 Re-Entryn as discussed i n -  a l e t t e r  from U. D. 
Weart. SNL, t o  D. Schuel er, DOE, dated July  25, 1980. 

The d r i l  1-stem t e s t  i s  a temporary we1 1 completion whereby the tone o f  
in te res t  i n  the borehole i s  iso lated by the expansion o f  a rubber packing 
element o r  packer attached t o  the d r i l l  str ing. These packers i so la te  the 
t e s t  i nterval , re1 i eving the  mud column pressure and a l l  owing the tone t o  
produce formation f l u i d  ( i f  present) t o  the d r i l l  pipe. I n  addit ion t o  these 
packers, the d r i l l  -stan-test1 ng tool consists o f  valves, pressure-recorders, 
and re1 ated equi v e n t .  During each indiv idual  d r i l l - s tem test, normal 
procedures c a l l  f o r  mu1 t i p 1  e opening ( fl ow-i n) and c los ing (shut-in) o f  the 
tes ter  valve w i th  subsequent recording o f  the  pressure changes. As discussed 
i n  Bredehoeft (1965) , in terpre ta t ion  and analyses o f  d r i l l  -stan tests  can 
y i e l  d information about the  undisturbed formation pressure, a coef f i c ien t  o f  
permeabil i ty for the st rat igraphic in te rva l  tested, and i n  some cases a sample 
o f  formation f l u id .  

During cor ing o f  WIPP 31, seven indiv idual  formation tests  were attempted 
over various st rat igraphic in te rva ls  i n  the borehol e. Of these seven tests, 
only f i v e  were successfully completed, the f i r s t  two f a i l  i n g  because o f  
ma1 function o f  the tes t i ng  tool .  The procedure p r i o r  t o  each dr i l l -s tem t e s t  
i ncl uded w n n i  ng geophysical 1 ogs (gamma, density , and neutron) for 1 i tho1 ogic 
control  as we1 1 as a ca l i pe r  t o  sel ect packer seats. As d r i l l  i ng  proceeded, 
the core was monitored f o r  any f rac tur ing  o r  1 i t ho log ic  changes tha t  might 
I ndicate a zone o f  f l u i d  entry. 

F i e l d  data obtained during tes t ing  are included i n  tab le  6 and various 
packer configurations f o r  the  tes ts  are shown on f igure 33- These tes ts  (DST- 
3 and -4) ind ica te  tha t  the  tone tested from 246 t o  324 m (808 t o  1064 ft, 
DST-3) and 246 t o  376 m (808 t o  1235 ft, DST-4) contained some f l u1  d, however, 
production rates were so low tha t  the only f l u i d  recovered was d i lu ted  
d r i l l i n g  mud. Calculated permeabil i t ies were 0-57 and 0.90 m i l l  idarcies (mD), 
respectively. DST-5 from 371 t o  426 m (1,216 t o  1,396 f t )  indicated very low 
permeabil i ty wi th a calculated value o f  0.11 mDe The tes ts  f o r  DST-6 (456-514 
m o r  1,495-1,687 ft) and DST-7 (451-604 m o r  1,480-1,981 ft) indicated the 
formation was extremely t i g h t  and d i d  not y i e l d  enough f l u i d  t o  make 
cal  cul a t i  ons for permeab i 1 1 t y  . 
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