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The Permian Basin i s  no t  a s tmc tu ra l  basin,  Ins tead ,  it i s  i 

portions: of loany s t . n ~ c t n r a l  basins i n  which hnlritc t n s .  d e p ~ s i t e d  olose 

together a e r i a l l y  during t h e  Pormiaa Pel+& of time. 

The Permian &sin  contains a t  l e a s t  f l v o  a raas  where s a l t  beds 

within a fornat ion cumla tkve ly  t o t a l  greater  than 200 f e e t ,  and are 

overlain by between 1,000 and 5,000 f e e t  of s t r a t a  ( l i ' i ~u re  I ) ,  These 

are the  Colorado-Kanszs, Kansas, Oklahoma-Texas, Clob3s and Carlsbad 

A few other  a reas  within ths Penmian. &-sin mxy contain s a l t  beds 

oo'llectfve3.y gi.sateip thsn  200 f e e t  thlck, but publ!.sI~cc! %nfom.ztisn 

about much of the remainder of the ~ e m i z <  &sin i s  scarcob 

The Carlsbad area contains a great th ickness  of salt and corors 

a very large area ( ~ i ~ u r e  f ), For t h e  Clovis and Oklahoma-Toxas a reas  

' . thers  is l i t t l e  da t a  available f o r  t h e  TGxqs..portions. The Kansas . 

area has the only halite mines with roans conparablo t o  those of t h e  

mopwad waste repository f a c i l i t y .   here i s  littls data available 

for- t h o  Colorado-Kansas ayea, e s p c i a l l y  f o r  tho Colorado port iono 



Figure 1 Arens  with a 200 f o o t ,  or [;-.cater, T h i c k n e s s  of 
Halite bctween 1,000 and 5,000 feet below Ground 



The Fci:mian Casin m z j o r  t e c t o n i c  elemcnts w e r e  formed 

be fo re  d e p ~ s i t i o n  o f  P e r n i a n  s a l t  beds ,  and oniS minor I 

i g ~ ~ c o u s  a c t i v i t y  and p o s s i b l e  f a u l t  movement  i s  a long t h e  

per ipher l in .  The g ~ a z t e s t  se ismic  s c t i v i t y  i s  a s s o c i a t e d  

w i t h  t h e  Ne:nr-lha Ridge a long t h e  nnrt'nec?st s i d e  o f  t h e  

Permian Easin,  and t h e r e  i s  no proven movexent, only a 
. . 

sugges t ion  o f  movement i n  t h e  form of l ineaments  (Smith 

e t  a l . ,  i n  p r e s s ) ,  t o  have caused man recorded earthqua,kes. 

A l l  of t h e  Permian  asin in i s  i n  z o n e  1 of ~offms'n and ClouJ. 

(1970.) where only  d i s t a n t  e2 r thquak .e~  may cause  dmage t o  

. s t r z c t u r e e ;  t h c r c f o r > s ,  ground r u p t u r e  i s  not z r . t i c ipe tcd  

. i n  t h e  Permian Basin d ~ ~ r i n g  t h e  t i m e  t h a t ' t h e  r a d i o a c t i v e  

waste i s  dmgerous .  



I. Physiographic S e t t l n g  I 

hccolu!ing t o  Fsnnelaan and Johnson (1930) t he  Carlsbad area  i s  

within the Tntar ior  Plains  major d iv i s ion ,  G'PeaL Plakns province, and 

rcainly tho Highplains ssction but i n c l d e s  smal l  areas of the Pecos 

Valley seetion.and the =wards Plateau section.  The main cha rae t ep i s t i c  

of the land surface is broad intervallcyeremnants of smooth f l u v i a t i l a  

plains, but the Pecos Valley in the sout1i;~estern portion of t ho  Clot-ks 

area i s  a l a t e  mature to o l d  p la in  and. the Edt~ards ~ l a t i a u  in t he ,  . 

s o n t l t s a s t o ~ n  corner of t h e  a rea  I s  a young plateau d t h  ?r,atum nrarg'ln 

cf mc~derzt.3 t o  sP.rong re l ief ,  Pgrennial st~eams Zro rare, and tbore 

are a fewintezmountain bssins and playas, Glaciers  w l l l n o t  Hkely  

extend this f a r  south fop t h e  nex-t q u a ~ t e r  million years, 



Since Precaz5r;an time t h o  aroa. has  Eone u p  a.1-1.3, down several 
1 

t,lmas with opeirogcn5.c mo\r%monts as  ev ic le~ced  by ~?:a~*ir!e and continental. '  

sedirnonts intarbeddsd and unconf'o~7d.tios, Also t h e  ground leva1 of the 

a r e a  i s  3,0004 f e e t  above s e a  level, Locally thore has  been d i f f e r en t i a l  

rnovenar,t be+:,.xeen .tiao basins, t h e  Midland Basin and Delaware Basin, and 

an f .nt ;~r ,rening area  cxl1.ed t h o  central Ba'sin Platform (figure 2 )  pro- 

ducinz  na jor  nor+-hwe st s t r i k i n g  faults between basins a.nd i n t e r v e n i n g  

a roa  (Bdy:1ey and ?:ushlborger, 1968)~ From the c ross .  sect ion one can 

i n t e r p r e t  t h a t  su1)sidence of the basins tool< place dur ing  most of 

Paleoz.oic time, Fore than 22,900 f o e t  o f .  sedf monts accw1u1a:t;ert In 

. tho Deleware Basin+ Huch of the Pen~iian seci.imiln'is. c a m  from t h e  

OuacMtas' t.o tho  south  i ~ h i c h  wore act ively 59ing o \ r o ~ * t h ~ . . s t  a t  t h f s  tineo 

Psmnian r o e i s  are S~htly tilted and warped. Eardloy ( 1951, p,229-230) 
. . 

' .  has 'hoticed minor l i n e a r  t e c t o n i c  featv-ras. .. . such ... .. as :. f l e x u r e s  i n  t he  
. . . . 

' - :  Guadalupe Mountains west of the Dela.ware b a s i n ,  and soms l i n e a r  foatures 

are f a u l t s ,  Most of t.he f e a t u r e s  he believos were forned d u r i n g  the 

Permian, b u t  sove moved aga in  i n  the Cenoaoic. It has bean suggested.  

. t h a t  t h e  Cen t ra l  Basin P l a t f o m  Is  comparable t o  block-faultad 

mountain ranges,  but v m t i c a l  movonent o f  the b a s i n s  unrelated to major 

. t e n s i o n a l  f orces sPellis nore plauszbla  due . . to  l a ck  of " s t r u c t u r a l  features 

of t e n s i o ~ a l  o r ig in  i n  surlro~mding areas. . 



Figure 2 Cross-section o f  D e 1 a w a . r ~  :+nd Midland Basins 
and C e n t r a l  Sasin Platform 



The CnrLsbad Area sed l9sn t . s  were depos i t ed  i n  tvd bas ins  and 

two ci.if f e r e n t  xajtir s t r a t i ~ r a p h i c  ,soctiol?s dovsPopzJ, one i n  t h e  

Ds1ar;ar.r; B s s i n  a.l.!c! ths o t h e r  i n  t he  I.3tlland Rasln, ' Figure' 2 sflaus 

ths 1n. terre la t ion het;.~ecn t h e s e  basins with carbonate reefs, such as 

tho  Cnp3.tan Reef having dcvalapad in shallotr water  around t h e  

perfp!~$r.ia of .the bzsins. T'no generalized s t r a t i g r 2 ~ h i . c  c o l m  

fo r  t h o  Gnome s i t e  (Figure 3 ) serves as a good exampla of Delaware. 
. . 

Basin s tra t iqraphy . 
Deposition \:as thickest I n  t h e  ' c e n t r a l  p a r t  of thO Delaware 

Basin, but  some form?.tlons are t h i c k e s t  on t he  margins as  exsniplrified 
. . 

b-~* Pc;nnayl:enisn s t r2 t - l  czd some e-.ra.prito >eds, i'la jor l a t e r a l  

chanps  i n  sadinclnL=qr pock ~f the  b a s h  occur a t  the  reefs, Shelf 

~ o c k s  clcss to the reefs consist of dolom'lto with subordinate a ~ c o ~ m t s  

of Pbes- tone ,  s l~a le ,  sandi tone  and a l i t t l e  anhydr i te .  Ful-thcr avay 

from t h o  reefs  onto the shelf are2 dolonite. t e n d s .  t o  giva way t o  

anhydrite. Deposlts of t h e  b a s i n  are  typ ica l .1~  shale,  . f ine-grained . 
. . 

sandstono, and dai-k-culored limestonec 



Fj.ci1r.e 3 Generalized S t l - n t i ~ . , r ~ t l p h i  c Coluo1:1 n.t Gni>:[~c S i t e  
and I lesct ipt i rz~? 01' 1,atol-a1 Varihtions 

Brokaw et nl., 1972, p. 18 



Salt.  13.i.3 r i n ~  Fo;-:?atlnns 
-- 

m l h s r o  a rq  l;~.?o f o m x t i o n s  t h a t  conta in  many th:Lck s a l t  bods 
. 

f n  the.  llclawaro bas in ,  Salado and Castile, The Itt:!land bas ln  

contains only  t h c ~  Salzdo, The R u s t l e r  F'om..-ztion ovor l ios  tho 

Salado i n  both basins, b u t  tho R u s t l e r  con tz lns  on ly  a few t h i n  

beds of s a l t ,  Arqas with more than 1,000 f e e t  of over ly ing s t l - a ta  

and q r s a t e r  than 200 feot of eombli.ned:.thickness of s a l t  beds i n  

the whole s t ra t ' lgsaphic  s e c t i o n ,  a r e .  shor,n on the map of Figure ' . 
Severa l  isopachus maps of s a l t  bea r ing  farmatfons are a v a i l o b l s  

(Brokarc, et a l . ,  1972 and Jones et a l . ,  19'73). S a l t  bed variabilfty 

i n  t.ld.c!mess across  the \j,.c?.ns is -shoVq I n  Figup6 'f . -$ram this c r o s s  

sectl;.on - ono oan sss that, Seds 3.13 genera l  a re  t.%icker= and mare 

n w c r o u s  toward t h e  center 04 t he  basins. Thickest salt bods occur 

i n  tho Salado Pomat iono  

The Salzdo Fornation conta ins  thick be'ds of  s a l t  and t h i n  
. 

. .. ...-. :, . 

.intervals of anhydr i te ,  s h a l e  , and pol-yhalito. I Iocal ly  t h e  .middle 

part of  t h e  for;;lation i s  rich i n  'potash  minerals .  S a l t  of  t h e  

Sal-ado Fornation i s  kenera l lv  l e s s  pure than t h a t  i n  the C a s t i l e  

Formations. &cspt ions  a r e  t h e  very pxire b a s a l  bods of t h e  Salado 

Fo~mat ion  i n  t he  Dalaware Basin. ' The t h i c k e s t  s a l t  u n i t  i n  t h e  

Carlsbad a r e a  of more than 1,7CO f e e t . i s . o n  t h e  east and n o r t h  . 

s ide  of the'!leXawaro Basin Kli.t.hin the Salado f;matj.on. I n  t h e  
. . 

.centor por t ion of t h e  Midland b a s i n  t h e r o  is a salt u n i t  i n  the 

Sal.ado Fornation more than .1,000 f e e t  t h i c k ,  Overlying t h e  Salado 



. ~ u r e  4 Cross-section of' S a l t ;  Beds in Deleware and 
Midland H n s i n s  

1 

Pierce and Rich, p ,  34 



Foplxation i s  t h e  !?us t l e r  Fol~r.3 t i o n  which co-r~ta ins  nuch a n k y d r i t e .  

And t h e  unc?crl;,~ng r u c ? ~  type i s  i.n m o s t  placcss, anhydri to.  Anhydrite 
1 

above ar~c?. br?lo*~ tho Sa lado  Fomat ion  l i k e l y  a c t s  as bar) - iors  t o  

water ;~!lich might d i s s o l v e  t h e  . s a l t .  The l;e:.rey Lake 33d beds about 

5CO f e e t  ahovo t.he sa1.t beds of  t h e  Sa1ad.a Fomat ion  prob.xbly 

conta in  pomeable water  b s a r i n g  zones. Tha Santa Rosa sandstone 

&bout 1,003 faet .ahavs s a l t  bed.s of the Salado F o r n ~ t i o n  is d e f i n i t e l y  
.. . . 

permeable and water  bearing, . . 

. . . . . .  The  ast ti lo Formation . . - . -- 
The C a s t i l e  Formation I s  r s s t r i c t e . d  t o  the  DePaTrsare b a s i n .  , , .- 

The1.s are' soveraP beds of ro l a t ive iy  purii rock s a l t  u p ' t o  700 f e o t  

thiclc. A maxf~num a c ~ r e g a t e  th ickness  is  about 1,000 f e e t .  S a l t  beds 

are separat.ed by a n h j d r i t e  beds up t b  500 f e e t  th ick ,  S a l t  co;?ipris3s 

.no more than 60 per c a n t  of t h e  f o r m a t i o n ' t h i c h e s s .  'Fine grained 
. . ... .. :. 

sandstono of the Bell Canyon F o m t i o n  irrme'diately m d e r l i e s  t h e  

'Castl le  Fom-ation i n  ,nost a r m s .  The sandstone i s  likely permeable 

.and water bearing:  y e t ,  over ly ing and underlying s a l t  beds t h e p @ . e r e  . 

: beds of anhydrike which a c t  as b a r r i e r s  t o  wa te r  which m i e h t . d i s s o l v e  

salt. 

Overlying permsable water b s a r i n g  s t r a t a  are tho  Santa Rosa' 

.Sandstone about 3,000 f n e t  above t h i c k  s a l t  beds i n  t h e  C a s t i l o  

Fomat ion ,  and the Dewey LRlie Red beds poss i5 ly  c a r r f a s  wa te r  about 
. . 

2,500 f ~ o t  ahova, 
. . 



.b 

h j o r  stnlck~rb i s  very ~ e n t l y  d i p ~ t n q  st.rai-.r in-;:aid to;;.a?-d 

the csnt,ral arcas of 4x0 -basins t t h g  YAd2.<nd. Basin r.ri  t.n .ra t ~ r r x ' m : ~ ~  

of about 10,900 f s e t  of strata and the  Dslar.rclre ?Jc?..sin with a :~,?xixum 

of about 20,000 f e e t  cf s t r a t a ,  The b a s h a  are, sor,ara.ted by an 

extremely gentle arch, the Central  Easin P l n t f c m ,  

The Centyal Easin P l a t f o m  has two main f a u l t  noxes on e i t h e r  

side of the elongate platform which t r o n d s  north-south, Thc faults 

are s teep  with the  do~m side toxard basins. Near t!.le. south ond of the 

Platform them a r e  several  i n t e r sec t ing  f a u l t s  vhich str . ika riorthwost, 

There are f a u l t s  which almost a n c i ~ c l e  both tha  1.5idland and 

Delauara Basins (Cohes, 1962))llany f2.ult.s a r e  along the  west s ide  cf 
r . . 

ths ~sl;zl; .aro Znsin (Xing, 19$8 and ;layes, 1964)~ and Xelley (1971) has 

in te rpre ted  a proninent lineament as  one of these f a u l t  t r m e s :  there- 

fore ,  t,?~is f a u l t  mag be of Holocene age, Ee has a l so  mapped slight 
. . 

b~2rps i n  s t r a t a  of the backslope of t h s '  Sacraasnto F h n t a i n s ,  and 
. . ... . :. 

. . 
I .  

these s t ruc tures  may extend i n t o  the  s a l t  bjds  (~achnan, e t i a l . ,  9973, 

p.23). . . 

At, Peast thrze a l k a l i  syani te  d . ikes ' cu t  tha  Cas t i l e  Formation 

s0ut.h of Carlsbad, They are 1,000 t o  4,000 fset long, s t r fko  about 

M~O'E, and dip is about 80% (Bachnan and ~dhnson,  1973# p. 23 &. 241, 

And on the south s ide  of the Delaware Basin t he re  i s  a Large f i e l d  

of Ter t ia ry  volcan-lc roclts', the Davis Kountaln Volcanic Area (Cohee, 
. - 

1962)~ 
. . 



I n  thf; I*?idlnncl Sas in  a f r?w miles  .SOU t,?:~.~e~lt ,of' i,lic!l.?,nd 3 s t.lin 

Odessa Disturbznco covcring about 10 acres .  I n  an ..-ma of a lnos t .  

horizont .al  st*-at,n thsrn a r e  d:i.ps u.p' t o  30' nea r  t!lc Odessa c r a t o r o  
I 

],!any motsor i tes  hav* b3en f o u ~ ~ b  i n  t h e  5rn1r;ediat.e area est;iblish.lng , 

a ~ n e t c o r l t i c  o r i g i n  f o r  t.ho f e a t u r o a  There are  many s o l u t i o n  

dspross ions  i n  the  surroundinlr, p l a i n  (Lobeck, 1939, pa712 and 73.61, 

There are many l in~~arr lents ,  eswcially wi th  a northwyst  strike, ov@r 

most of t h e  Carlsbad area .  A f,ers have. 11ccn a t t r i b u t e d  t o  dc.,flatj.cin 

Eetxeen l o n g i t u d i n a l  sand dunes (~achman,  et. a l e ,  19?3, p.35), 

Olive, (1957) has explaj.ned l i n e a t i o n s  i n  Eclcly County, n o t  f a r  frorr. 

~a r l sbzd . ,  as due t o  solut ion-subsidence t rouyhs  a lonk j o i n t  systems 

& a l l  Holocane d ~ m g s  have been descsibed i n  southeasteru! 

Nex Kex3.co by Vfna ( 1 ~ 6 0 ,  p. 1310-191 1) as .  a r e s u l t  of i ~ e a t h o r i n g  

and.prehzps combined r i s i n g  of salt. . . . . 

of grezti condemgl 1s poss ib le  mobili7a'ti'on .of. t h e  salt dur ing  

the storaye time of t h e  r a d i o a c t i v e  waste,. 250,000 yesrs, . h r i n g . r e c o n t  

d r i l l i n q  ... J.n t h e  b s  Medanes area Isy S~nd3.n Corpnrat ion a p o s s i b l e  s a l t  

pierconont t.ype st . ructuro 17as encountered i n  t,he C a s t i l e  Forma t ion .  

A prominant bed of s a l t  wi th in  the  C a s t i l e  l o m a t i o n  has  been knorm 

f a r  sono t5.m t o  have boon dofo~*niad. U n t i l  r o c e n t l y  - t h i s . d e f o r r a t i , o n  . 
, . 

has been int.nrpretod a s  havinc occurred a s h o r t  time' a f t e r  depos i t ion  

and caused by t i l t i n g  of t h e  s t r a t a  and subsequent grav3.ty sliding of 



t b e  s a l t  bed which causcd m l t i p l e  f o l d s  t o  fern a t  t h i s  one hor tzon 

r\ 

a.nd n o t  l;o Ixive affect-ed bsds above and helow (Figure  5 ). l h e  on ly  

o t h e r  apparent caiisn f o r  an i n t e r n a l  bed of a fo rna t ion  t o  bo doformond 
I 

i s  by plastic fioir duo a un ique  load Drnssura t o  thicknaks of  salt 

r a t i o  plus possibly some i r r e g u 1 a ~ i t j . e ~  of t h e  salt bed p r o h ~ p s  caused 

by o r i g i n a l  processes o f  sedinanta t ion . .Prehaps  a combination of 

int .erformationa1 fo ld ing  and p l a s t i c  f loxage has and i s  taking place, 

or maybe tho  f o l d i n g  and p las t i c ' p i e rce rnen t  took p lace  a t  the same 

t ime, long I n  t.he geologic past ,  "The f o ld igg  has r e s u l t e d  i n  some 

bucking and downwarping of roclcs i n  tho Salado Forma,t.ion, and it has 

up l i f t ed  the Salado and o t h e r  rocks a s  young as t h o  Chinle FornatLon . . 

. . ... it can d3t.J. cnl;-vr.ry broad ly  2s pnst-Lato T r i a s s i c  t o  pre-' 

P l - i ~ c e n e , ~ ~  (Jones ,  et, el.,  1973, p.32-33). 



Figure  5 F o l d s  i n  Css t ; i l c  Formation 

Jones e t  ale, 1973* Figure 3 



V, Hj.r]r;olo~y 

-Surf'ac~. '~-:at,sr 

Ths Pecos 2 ivs r  m s  along t he  soutll\<est s i d e  of the a rea , .  

Thts-4s the  only major perennial  stream, It flows t o  tho south- 

eas t .  Most of tho area .dra ins  east-southeastward across a p la teau  

along subparal3el tempora~y streans such a s  Sulpher Springs Creek. 

The area i s  very arid, ar.d t.hors a r e  m n y  tmporary la!ces and siiiall 

playas. There a r e  only a fox.  small, pem,anent l a b s ,  and some are 

man made. , One perennial laka i s  S a l t  Lake, e a s t  o f  Loving. 

Tho main aquifers a r e  t h o  ~ u l e b r a  Dolomite Vembor, tho b a s a l  

solut ion,byeccla  zone of t h e  R~stier ForaatLon,.and, t he  Santa Rosa I.: 

Sandstone, Locally t!le Gatuna Formation i s  an aquifer.,  The basal 

solut ion breccia zone I s  t he  u n i t  t h a t  i s  mast s ign i f i can t  i n  solu<fon 

of mck s a l t  i n  t h e  u p F r  p a r t  of t he  Salado Formation. Formations 

above 'the Sala80 seem t o  be inttirccnnected. z i ~ d  cons t i t u t e  a singlo ' . 

h y d r o l o ~ i c  system, and. a map of the water .  table (~ro1ca1.r e t  al,, 1972, 

p,44) 5 s  useful i n  pred ib t i tq  f l o w  within P.hs 'fornat,ions above the  

Salado Formation. The water t a b l e  i s  200 t o  f ,400 f e a t  above rock 

s a l t  i n  t he  Salado Fornation, Near Carlsbad groundxater above t.he 

Salad0 Horma tion moves ~ e n e r a l l y  south~iard and. southwestward i n t o  the , . . 
. . 

Pooas River near  Kalaga Bend (Brokaw e t  a l . ,  1972, ;: p, 56).  

. - 



Fomna!~3lit.g of +,he Salado Fom!ation i s  lo;$. Local ly  t!icsva 5,s 

. . 
great pernoabi l i ty  due  t o  f r ac tu r e s  o r  so1ut. j .o~ c a v i t i e s .  Occassicnaliy 

smn1. l  pockcts o f  water o r  Ras are o:~countered i n  mj..ning opnrationr; 

near Carl.sbac1. The d i s so lu t i on  front of t h e  S3,lado Fo;.:!:ation i s  

estimated t o  hsve movod l a t e s a l l y  a t  a rate of 3* t o  4 ~ n i l e s  per 

roillion years (~achnan  e t  a l e  , 1972, p, 60), 

Aquifcrs be1or.r t ? ~ e  Salado Formation are t h e  CapfLtan Lineston$.,, 

Yates, and Tans i l l  Fom+-.tions, and water I n  tbarn .is, under s t r c n g  

. .  a r t e s i a n  pressure. The potent iometr ic  surface i s .  largoly above t h e  

land surface.  Some o f  this water )nay move uyard and d i s so lve  cvey- 

lyling salt ;  bods. The d i s t . r l b u t i o ~  of chlorine '  i n ' t , h s  water arouvrd 

Carlsbad kuERests t o  i3;zhn.m 6 t  21. (9,37120 F.62) t h a t  ur;;:ard move- 

ment of water does take place* . 
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The Grromo s i t e  i h r e  x n u c l o a r  davico bras d e t ~ ~ ? a t . r ? d  is about 

25 Idlomets~s southeas t  of Carlsbkd, and t h e ~ * o  is much da.ta on 

the g e o l o ~  of the sits, anc! a brisf surmnary and a v a i l a b i l i t y  of 

d a t a  aro presented in a .  report by Brokaw , et al. (I  972). The 

shot chamber was located i n  t h e  u p p r  t h i r d  of  the s a l t  s ec t i on  

o f  the Salado .Formation, 

The two so lu t ion  m h i n g  t e s t s  wero conducted-10 t o  30 miles 

northeast  o f  Carlsbad (Brokaw, kt al., 1972, p.73). T!le projects 

have been abandoned for. mamy yaarse 



1 j'.lly~j.cal 2 ~ 2  Cilr?~ic:21 -- l"roc~>rti%!; 

S::j;ll pock?.;:;? of [?as o r  t ?a ta r  u n d w  !~.Iq!l prc,s:;ul*a arc ocr:x:;sional~.y 

csnco~z~tercd d u r ? ~ ~ :  patash mining operatj.onr; R e a p  C?.rl.sbad ( ~ r o l : a ~ ,  

e t  al,, 1972, p.60). 

l!y).drsLed evs.porite' minara ls  are abundarit in th3 Szlsdo ~ ~ c i  

Eustln,r FoqatJ .ons ,  but, they do not foriq nassivs' un3.t~ in the Castil.6 

Formationc 



nII, Conclusions .q.:ld Gsncral ]+\.a1 uatlon o r  ihcks  f c r  'd'? st.@ Rey)osit,ory 

Roc!< sqlf, bsds aye vc.?,y t!i-icl.: In both  t'ns S;zl;?$o >.nd Cast310 

Pornat3.ons, h u t  they are t h i c k ~ s t i n  t h e  Salndo Fomat jcn.  Castile ' 
Foznat im 7-ock sa l t ,  beds are nor0 pure th2n t?loss or" ?.hs Salado 9oYma- 

tion, excopt; the basal Salado Fornetion beds i n  the 1,:idland Basin 

a ra  also very pureo 

Tho pres&nca of hyc?rous svnpozite mlnerzls  i n  t h e  Salado Formation 

k r i l l  be a problom. T5e Castilo ?om-ation is probably free of th3-s 

as a major problem. 

There are many o r p l o r a t o r y  h o l e s  ldhich p e n e t r a t e  part o r  a l l  of 

the rock salt formaticns, - .  

con t a ~ i n ~ t i o n .  

In sor11.3 ar3 .3~  t he  Sa1.ado Folmation rcck s a l t  beds a r e  subjaet 

to solution Eron water  p e r c o l a t i ~ ~ g  upward from unciorlyinir, 2qUffers 

::: ., :. throug5 fractures .  

The Salado Fom,ztjon i s  abom soa level and sub$ect  to erosion. 

The rock salt bods  in tho rdddle  meillber of  the  asti ti lo F d m a t i o n  

have been highly folde:! and it nay be d i f f i c u l t  to dst.en;,ins the age 

sf the l a s t  dofoncat:lono 



I, PhysiograpSic Se t t ing  
1 

According t o  Fennonian and Johnson (1930). t h e  Clc\ds area is ' 

t r i th in  t h e  I n t e r i o r  P l a i n s  major diT.ision,, Great Plains province, and 

.thct H.i~h Plains section ~rl i ich i s  characterized by braad i n to rva l l ey .  

remnants of smooth fluviatilo plains, Perennial  streams a re  almost 

absent, Stream channels ace m a l l  and. drainage i s  gentle, and much is 

subterranean through. nm.o YOUS sfnk&olos according to t he  map of Rais z 

(1952)~ G ~ ~ Z C ~ C ~ P S  w i l l  no t  likely be very e f f ec t ive  i n  causing e r o s i o s  . . 

this far south f o r  the next quar te r  ln i l l ion yearri, 



11, Tectonics and Ss3.snicity 

The Clovis a7as 'Is i n  t h a  Pzlo Duro 3a:;in of ?'ci::is .=c,:d 

Tuc11ncal;i Erisin of So1.J Fkxlcoo Th.c?r;e aro bound by tila A?i:~rill.c 

U p l i f t  (a west-nor+,h:.:tzsl axtonsion of t he  iticM.ta U p l t f t )  on t.ha 
. 

n o r t h ,  t h o  I.Iatador U p l i f t  and Sie~rz Grande Arch t o  i-.lie krsst,  

The Palo Duro n a s i n  i s  a shallow fora land L o r t i o n  of t h o  

foreland b a s i n  of the Paleozoic Mar~ithon I<otmt.ains orogsn-y t o  tho  

south. The Palo Duro Basin wa.s '  l o c a l i z e d  by bounding h i ~ h  a r e a s  

dur ing  d i f f e r e n t  times within t.he Paleoaofc Era. Cne of  these  h i g h  

areas, the Matador, i s  unusually narrow. . It f s bound cn the  south 

by f a u l t s  and d i k e s .  The Amarillo U p l i f t  has faults on t h e  sout,h 

s i d e  i.,d,jacsn;; t o  the  Pnlo Curo Basin. Par t  of t,hs /cr;costr.al Rockies 

of Pennsy1vrznia.n age ,  t h e  Pedcrnal  U p l i f t ,  was intruc?cd by ultrc?basic 

rccks  5.n t he  ?'IBSOZ.OIC Eran The area was t i l t e d ,  moderately fo lded  

. . . . . .and ' f aul ted  betwoen Late Cret.aceous and early Tort iary time  ones, 
...., :. . . . . 

. . 
. . . . 1974, p, 171, . . 

. . 
. . 

3; . . 
' . Several earthquake n p i c r n t o r s  o f  smal l  in tons i t .y  have been 

loca ted  i n  and n sa r  t h o  Clovis  area ( ~ o r t h r ' o p  a.nd Sanford, 1972, p011i9 

and Docelc;il, 1970, Fig.11-o I ) ,  bu t  t h e  only concentl-at ion of epicent.ex-s 

which might bo associated w i t h  lo~orm s t r u c t u r e s  a r e  those  a long t h e  

An~aril'lo U p l i f t  



1 S t r a t i  c;.;ly;!;y 

C~:-?!::~.~.V Co>.?jrLn (;.!airily f ron Jones , 3.9711.) ----- -.- 

&..at21??2ry sc:c!ixent.s ~ r e  i n  loca l . .  t h i n  dsy;osi ts ,  and t h e y  

arc co;:~~oscc! n!,?inl.y of a l l u * ~ i a l  sanci t i i t h  some gravel, and thoro 

ars scx-9 wind t.rans!:orted sacd d o p o a i t . ~ ,  Alluviu!?l . i s  concent.ratc?d. a long 
p r s s e i ~ t  straC?m char.nols,  

The Pliocsne t o  ??iccno (Bachvan, e t  al., 1373, p.25) Ocnl la la  . 

Fornat!.on is next .  be lo;.^ a c l i s c o n f o r ~ i t y  and 15 t o  k l j  f e e t  t h i c k ,  

T!le Oge?lala Fomat lon 5.s sandstone,  s i . l l s t o n e  , conploxorate,  2nd 

cal-lche, This  format.lon 4s a cont , lnental  d e p o s i t  waslled mainly 

from t;!.ie a n c e s t r a l  Rocky Eountains and t'ns b a s i n  ranges of sout,I~ern 

New f.!exico t o  t h e  west and probably covered a l l  of  t h e  Yerxlan 1 3 ~ ~ 5 . 1 1  

(Bach~nan, et al., 1973, p;?!$ a d  25); 

unconfo~mity.  It .is 60 t o  165 f e e t  thic?.c and composed of shale,. 

v i t h  rd.ncr ataotults of san5.s-tono, It o c c u ~ s  mainly a s  l o c a l  autllers 

. . but is extensive iln the s ~ b s u r f a c e  of Curry and. Eoosevsl t  C ~ * m V i ~ s e  
. . >.... :. 

. . Eb1o.w a n a j o r  unconfomi ty  underl~clng the Tucumcarl Shalo I s  . . 
. . 

the 'upper Triassic Doclmn Group con ta in ing  the Chinla Formation and 

Santn Rosa Sandstono. Ths Dockurn Group i s  840 t o  1,520 f e a t  t,hlck 

and ecnposed of sandstone, shale and smal l  amount-s o f  conglomerate, 

The T r i a s s i c  rocks are a sequence of t e r r igenous  r e d  beds. 

The Upper and Lower I'e~inian A r t e s i a  Group is next below a major 

. u n c o i f o m i t y . ~ t  5.s composed of t h e  Tanslll and Yatos Formations, . '  



Ssven l i~vnrs  Fom.ation, and G Y B A ~  and Grayburg Forir~ation..;. 

T a ~ ~ s i l l  and Ynt0.s Forr?.aJilons a r e  up t o  210 f e e t  t h i c k  and C O X P D S S ~  

of  sandstone, s i l t s t o n : .  , and minor a s o ~ i ~ t s  of dolostono,  anhydri to.  ' 

and rock sa?.'c; The Sewn Rivers forfi~ation i s  155 Lo 500 f s e t  t h i c k  

and c o n p s e d  of rock s a l t ,  s h a l e ,  and anhydr i to ,  The G ~ e n  and 

Y i t o s  Fornations a r o  210 t o . 3 7 0  f e e t  t h i c k  and conposod of sandstone, 

sha le ,  and minor anounts of rock salt, anhydri to;  and. dolos tonsr  

The Artos iz  Group i s  a complex.deposit  of  r ed  beds and. evapor i t e*  

The Lover Permian San Andrss Folmation i s  next bolow an.un- 

conformity, It i s  6 6 0  t o  1,250 f e e t  t h i c k  and c o e p o s e d o f r o c k  

s a l t  anhydrito, sha lo ,  and dolo$tono. The formation'  th ickens  

no~t'nwasd ,&rid 6 a s t ~ ~ , x r d  arid is ~03posi5d of 10:::a~ and upper rnarnbarsc 

I n  yecent  gears t h i s  f o m a t i o n  has  been a s t r o n g l y  favored ox- 

p l o r z t o r y  t z ~ g e t  f o r  potrolsume 

'. .Conformably %elow i s  t,he h ~ e r  Ps-ian G l o r i e t a  Sandstone 

85 t o  160 f e a t  t h i c k  &oxposed of sandStone :and..ninor dolos tone 

and anhydri te .  ITalite may be i n  thosal-lds'tono a s  a cement i n  

Curry and Roossvolt C o ~ n t i i l s .  The saridstone i s  ennsral ly  permeable 

and yields b ~ a c k i s h  vate l*  t o  w b l l s  3n t.he western p a r t  of D e h a  
. . 

, 
County and s a l t  wattsr t.o wel l s  in the e a s t e r n  pl-..1; of t h e  county 

(I.i~warlt and Shoaa knr , 1970 p. 14, 77 , and 79). . . 

Next bcloi~ .are ,  tho  Abo a ~ d  Yeso Fromations c o n s i s t i n g  o f  a red . . 

. - bed ssquencc.--of shale and sandstone and l o s s e r  amounts of a n h ~ r d r i t e  . 

and dolostonc.  Rock s a l t  i s  also p r s s e n t  h u t  data on the two 



Tho str.ztii;r?..o!~y b*losr t ! ~ a  l'.:l?rjian is not dsscr ibe:d  by Jcnsc 

(l97h) kut. f u ~ t h . ~ : ~  5 .nhmat i .on  i s  111:el.v a s ~ a i l a b l o  i n  ' t h e  p ~ b l i s h o d  

work of Fost..er, ot ~1 . .  (1072)~  17!217y hole3 h:~vc onterad i'rr,ca:nb~*ian : 

basement rocks F ? ~ ~ c ! I  22'8 f o l s i c  irn(30us rocks, mainly r h y ~ l i t s  

fl-ows and, ~ ~ ~ o c l a s t i c  roclcst ~ i c r c g r a p h k c  granite; and supra 

crustal con t inen ta l  c l a s t i c  s ed imsn ta ry  rocks (nagley and Nushlborger, 

1968) 

Salt R e a r 3 . n ~  F o l ~ a t i c n s  ( I k i n l y  f r o 3  Jcncs, 1974) - 
. . 

Int.roduct i o n  . 

' 

S a l t  beds a r e  i n  a varied sequence of evapor i t es ,  red beds, and 

'ca~*honat.e rocks C - J I O T ~  as the Szn Andres r 'omation and t h e  Artesia 

Group, "The San Andres is nbstly salt and anhydrite in terbsdded with 

dolomite and shale ,  and i s  660-1,256 f e e t  ( 2 0 0 - 3 ~ ) a )  th ick ,  By 

con t r a s t ,  the +rtesia Group i s  c h i e f l y  sha le  and sandstone  intar- 

i :.. .. :. 

bedded t f 3 _ t b f 3 _ ~ k  s a l t  and anhydr5.$.e aid ranges i n  thiclmess fron 355 
1. . .  

. . 

. fee t  (105m) t o - . I ,  400 feet (33'j-m) (Jone's; 1974, . ~ h &  s z l t  . . 

beds a r e  no t  ),--,own t o  conta in  hfl.rous mitiel-assc Salt beds are 

th icker  i n  the San kndres and contskn fewsr intorbedded ssdfnontar3~ 

San Andres Font~atlon . . .  . 

F'@yr 6 'show$ thz  ae r i a l  d l s t r i b u t l o n  and t h l c h e s s  of salt 

In tho San bndrss Fo!-natj,on. Ths further  d f s t r i b u t i o n  ou ts ide  the  

area of t h o  msppetl a r o a  estimat,ed f o r  f?lplra \ . Thickness of 

overlying rocks exceeds 1,500 feet over most of t-he area. Tt is 





The Sari And yes Formatton consists. of a n  upper manbcr and a I 

lower me:*ibor, T h s  uppar memb<:r* j.s 4.00 t o  1,000 f e e t  I-,hick and 

contalfis seven major beds 04 rocl.; salt fron 12 t o  150 feet  thiclr. 

Tho upper member is largely roc!; s a l t  and  anhydrite interbedded 

t.dth shale and 'dolostone, The lower rnoln?xr i s  200 t o  300 f e e t  

thick and i s  predom'lnmtly dolos tone and anhydr i te  intorbedded 

w t l t h  shale, . . 

Aptesia Group . 

The Art.es3.a Group u n c o n f o r ~ ~ a b l y  overlies the S.m I~ndres  
. . 

Fomat.lsn and consist .?  cf Tiva fornations in descending n r d s r  

TansiLI, Yatas. Ssvan Xtvsrs, Qneen, and -Grayburg. Rock s a l t  and 

anhydri to are  interbcddcd wi th  tho red bsds of tho ~ r u u p b u t  are 

most p l e n t i f u l  i n  . t h e  middle pxrt which inc ludes  the Seven'Rivcrs 

Fornation, much ofthe com%insd b e e n a n d  Grayburp. Fornt t ions .  ' 

and a oma71 part com3iried Yates and Tansi l l  Fomatians. Sal t  

content OF tho s t i a t i g r a p h i c  scetion and thiciness,  1.650 t o  2.000 

foet, o f  overlying rocks  are greatest i n  the v i c i n i t ~ r  of C l o d s  

and Port.ales (Fiwre 7 ) . Salt beds are t h i c k e s t ,  up t o  60 feet, 

in the Sevon Rivers F o ~ m a t i o n ~  

. . . .  . . . . 





1 .  Strllct.:~rs 

Beds or t.h? C l o v i s  aro extre-*1cly flat, l y i n g .  Differont  

:i i-.ratip~+.?p'!ilc !lorinons s lope  ~ e n t 1 . v  f n  d i f f e r e n t  d i rec t ions .  The 

bitssment nonconformit,y clips t w a r d  t h o  c?r:-:.sr or  tho Tucurr:cari Basin 
" . 3, 

0 

t o  t,ke vest; :!.)I(! t owa~d  the PaloDuro Basln Ccntcr t o  t he  e a s t ,  The 

tg;, :nost,, fomer1.y cont.inuous straturn, the  base (major unconforml t~)  

of the O g a l l a l a  Fom'atioi~ of Pliocene and l o c a l l y  Miocene cge, has  
. 

a cen t l e  Lan~ozlinal eas+,?.izrd d i p  over a very larcp, area .  The ' top  

of the  San Andres Formation (unconfon!ity) of B r l y  Permian age has 

a qent i ,z -  southezst~iard  d i p  (Jones, 1974, p.11). 

. There ape a few f a u l t s  i n  and near  t h e  Clovis area.  There a l ~ e  
. . 

stoep f ~ u 1 t . s  that stri1,rc no~th-no~thcast r;nrj ars !norm t o  c u t  a% l e a s t  

Fsi-xian t l l r o u ~ h  T r i a s s i c  fo-miations h t  are  no t  bel ieved t o  hzve 

a f fec ted  t.32 Ogallala Fomat:\on of' Pliocene t o  Miocsne see (Figure f ) e  

Their  last movement i s  considered by Jones (1974, p. I?) t o  be Late . . . 

. . . . ... ., :. 

.Cretaceous o r  B r l y  Ter t i a ry ,  but  he i nd i ca t e s  t h e i r  precise  age is 
. . 

.. . , . . 

u n l n o ~ n i  Tho ~ o n i t a  Faul t  (Figure ? ) i s  Cretaceous o r  younger. It 

slzlkes nor+.l;east and strata a r e  down on t he  nort.hwest s ide .  An eas-t- 

west s t r iA5ng f a u l t  i s  along t h e  Matador Arch on tho  south  s i d e  of t h e  

: .  area, There aro  numerous northwest n ~ ~ d  a few nort.heast trending l inoa-  
i 
i .  . 
I 
I mefits over nos t  of the area, . . Their or ig in  and age are 'unknown,, 

I 
I There are two wast+~as t  trending dikes  southwest of the area 

I 
i -. 

about 10 to 20 miles.  One i s  about 30 f eo t  wide and 25 miles long,  and 

t h o  other 70 to 100 f n s t  w l d o  and 30 ~ n i l o s  lonrr, and it i s  an o l i v ine  
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i;'i(;ure 9 Strccture ;Sap o f  thc Pcr:ninn Dr~.sin 

Bachman et al,, 1973$ p a  30 



tbst surfacu w a . t s r  d r a t n s  ens twrd .  a.l.ong a s u b p r a l l e l  sect, 

of c h ~ ! ? i - i ~ l s ,  2;~;  ~ : a j n  one is itunninf?; !&Szr Creek. 19 small wrtj-cjn 

of t h a  arna d r a i n s  wssttrarcl 2nd e n t e ~ s  t h o  Pccos River which f l o t ~ s  

sout,llwarc!. 'Illore are Rany closcd bssi-ns or" dra inage j.nto playas 

and s inkholes ;  Ifirgs  amount,^ of sodiu:n ch10r3.de a m  carried by 

t h e  streams which d r a i n  t h o  a r m ,  (Bzch~a.n,  ot al., 1973, pe49)e ' 

Ground ?!.?tor -- - 
Tlzo Ogallala . Fornation i s  a major water r a s s r v o i r '  i n  the 

Srr3gated. prt,s of t h s  Clovis-Portales a r e a  (Jonesi  1974, p.17), 

Watar is 'ooing used so f a s t  9 t  f s bslng dzpleatzd ,  aii2 hy the year 

2020 t h e  q u a n t i t y  nay be c r i t i c a l l y  low {Bachman e t  a l , ,  1973, p;43). 

The sandstone bads of the Artesia Group :irr-: water b e a r i n  ($ones, 

1974, p,16), and sandstone and s h a l e  makg u p  about h a l f  of the  
'. . . . 

. . Group. l'hs Glor io ta  Sandstone which un-'erlios t h e  sal t -bearing 
- .  . . . . 

San Andros Formation conta ins  p e r m a b l e  sa?-ldstone which y i e l d s  ... . 

brackish water fr: t he  wsst.er-n pnrt of BaYqca County And salt water 
and 

i n  tho eastern pal-t (Xo-arant Shanzker, 1970, pa lb ,  77, and 79). 

'i 'hroukh~ut the area aquifers are probably f e w e r  t o  t h e  sou th  because 

sandstone is. less i n  this d i r a c t i o n o  

. . 
r>"i'ssolution of  s a l t  beds from outcrop has  been taking p l a c e ' .  

-very slowly. The p r e s s n t  d i s s o l u t i o n  f r o n t  h a s  been r e t r e a t h g  f o ~  
. . 

230 mi l l ion  gears. It f s est,imated t h a t  d i s s o l u t i o n  in t h e  v i c i n i t y  
\ 

of C a ~ l s b a d ,  New Plsxico has taken plsco a t  a r a t e  of 6 td8 miles  

per m i l l i o n  yezrs (Hachman a t  a l . ,  1973, pe2) .  This i s  based upon 



t!m r a t o  osiinrctect fcl- t f iu  l a s t  4 r: : i l l ion y f j ~ . ~ * s ;  t h e r e f o r e ,  the 

climato f o r  the  next quarter  mill-ion ysars is not likely t o  be 

r.::dically d i f f e r e n t  frola t h a t  ovcr t.ha last 4 t i l l i c n  and dissolution 

should not create a problcn for waste savoral miles from t h e  

dissolution front, 

. Aclditlotial i n f o m a t i o n  on ground v a t o r  can be obta insd f ~ o m  

published data. Ground w a t e r  i n  t h e  area has been s.tudied by Theis 
P fi it ,,. b. .,.i;.. fi Ad 

(I 932),  h3homa.kor (1 9 7 0 ) ~  and Cronin (1969) 



Sccio carbol??.t& rocks of t!l:r Sari. Xndrns Formation are oil an? 

62s  produc.:l~r: l lor i  m n s  (Jonas ,  i 9'14; p, 10) ; however, developed 

oil an6 6"s f i e l d s  nl-t? not sxtensivs  in t h a  C1ov.i~ a1-ea (Bacllnan 

et ale, 1973, p.16) .  

Tho ma.jor grour,dwatsr source f o r  the area is the O g a l l a h  

Farmation, Vatar, especially f o r  i r r i g a t i o n ,  comes from t h i s  



V J X ,  pjysical and Cnc.mic,zl P~opsrt.:.cs 

?hs sa l t ,  b2aring l ~ n i t s ,  t h o  : Andros and t,lro /i'rt,asia. 

contain nt.orc: ddotrital matorials than  those of' t!13 Cnrlsbad area8 I 

b u t  they  a r e  fr5o of polyi la l i te  and o the r  hydrous salt. niinerals 

as have h e n  reported 3.n - t he  Ochan dopos i t s  of the  Carlsbad area 

(Drokaw st ale, 1972, Rppandix A)  

Water has  apparznt ly  moved along faults and dissolved soma 

of t h e  sal t  bods (Figures 4 and 7 ) 0  
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I, ITrr:,~siograp!Iic S o t t i n $  
1 

Acceding t o  I;$nnezan and Jofmson (1930) t h o  e a s t  half approx- 

imate ly  i s  'Intor',or Plains najar divis ion,  Cent~al Lowland 

ant1 Osage Plains s e c t i o n  I-3-iic!~ fs ehzracl:.sriz,ed as old scarped p la ins  

bevel.lng fnint1.y incl ined s t r a t a  with main streams intrenched. The 

western part o f , t h s  OltPahona-Texazi arza i s  i n  the same ~ a j o r  divis ion 

a s  tho oastem par t  but i s  xitkin tho Great Plains province and High 

Blai!ls soction , charactericed by broad into,malloy remnants of smooth 

f l u v i a t i l e  plains, and a l so  a small area is withfn the  Great Blalns 

provlnco 2nd Pla5.n~ B O ~ ~ G F  sect ion characterized by submatu8ely t o  

waturoly di.ssoci;ed platszao 

SZ;resms 21-0 chiefly suSpra l le l  and flow eastward ar~ay from the 

South.ern Plrichy Motmtains, . The main stream is the  Canadian River which 

i s  dosply incised and trill likely ba a rcajor cause of s e ~ e r a l  hundred . . 
* .  .. 

, . f ee t  of st~ata to be e~odocl,fron much of t ho  Oklahoma-Texas area over 

t he  next feu thmsand years. Due t o  grea t  thickness of s a l t  t h a t  .is 

very soluble and high elevation of the area above sea  leve l ,  o ~ o s i o n  may 
. . 

rerncv-e mny hundreds o f . f e e t  of s t r a t a  i n  the next qua r t e r  ~? l i l l f an  yearso 

The edge of a febr  g1aciel.s may roach this f a r  south over the next 

250,000 years, but erosional  effects w i l l  not  b e  great. 
, '  



Ths Oklahoma-Texas area  :is b6thiri the Anadarko Sasin wi th  tho 

!dichit.a Up l i f t  alonq t b~e  south s ide ;  To $he e a s t  of the  basin  the re  

s a l t .  bods t h i n  't.0 ex.L:incti.on i s  t h e  Nemahz Ridgo, 

The north flank of t he  Anadarko basin  is a l o n ~  d i p  s l ops  of 

Paloo,.oic rocks on top  of  the  Precambrian \sas.c!ment, %la basin 

descends t o  a depth of 25,000 f e e t ,  On t ho  south  s i d ~ ,  . the  . b a s i n : i s  

' fault bound, and d i p  of beds i s  very s teep,  The basin d.eve1oped 

throughout Paleozoic time with occaissional epeirogenic u p l i f t s  which 

produced uncon fo rd t i e s .  I n  gayly Cambrian t h e  t h & m  was wlde spread 

volcanic a c t i v i t y  producing mainly ac id i c  rocks ( ~ a ~ 1 . e ~  ar,d ,l.l\ishlbcrger, 

1969) o . . . .. 

Since t he  a rea  was upl if ted by e p i r o g e n i c  fo rces  toxard t h e  

end of Paleozoic t ime,  no t e c ton i c  fo rces  arc lmoun t o  have a f f ec t ed  

the area .  The Oklahoqa-Texas area i s  wi th in  the rmtd-contir:snt c e n t r a l  
c'e 

stable region and seismic a c t i v i t y ' k s  low, :Dosaekal (1970, Figure 1) 

has p lo t tad  s .?DlI VII t o  VIII and seve ra l  sma l l e r  intensity ep i cen t e r s  

near  and alohg t rend of t he  1Jichit.a U p l i f t  suggesting a c t i v l t y  of f a u l t s  

vhich extend i n t o  ba.soment rocks between t h e  Anadarko Basin and \ . , J i c h f t .  

' Upl i f t ,  Yet, the re  i s  no suhstantiaked h i s t o r i c a l  o f l s o t  on t h e s ~  r a u l t s o  

. . Tho Nomaha Ridgo has four  PMI VII t o  VIIX and s eve ra l  smal ler  

i n t e n s i t y  ep- lcen te~s  near  and along t rend of t h e  Nonaha Ridgeo This 

.suggests a c t i v i t y  of f a u l t i n 5  associa ted wi th  t h e  Nemaha,Iildge. Thore 

i s  no substantiat.ed h i s t o r i c a l  movement on f a u l t s  assoc ia ted  with a i th 'er  
ct- r , l .  ( i.1 p n  53 

t ho  Nichita Upl i f t  o r  Nomaha Ridgo, Yet., acco~uiine; t o  Smith (-w.?* , 

t he r e  are pro:nhent lineaments on ERTS images which p a r a l l e l ,  .if not 

not. cu9lrciJe w i t h ,  f a u l t  ~ . F A C B S  ~ S S O C ~ A ~ C C ~  with . the  Nemaha Ridge, 



111. S t . t i . ? i  (>:?.,.ink7 CY!:,::: I,.~fotil.I, l?:.<n, and P:!arco and f:j.ch, . 1532) 

The O::lahorna.-?'ct.xX~s Area i s  underl.ain by +he C l e m  Fork G ~ o u p  

which cont,ains hzli te u ~ i t , s  in'icl*bc?dded wi%h rsd shals  , anh;).drit.c, 

and soae do1omit.a. l'i?c Gro?!p c ~ n s i s t s  oC th rcc  I"orrnat~.ons of L w e r  

Pgzmian 3.gs belonging t o  the Leonard Seriss. The th reo  formations 

from t o p  ' t o  hottote ar.? tho .Bockhaa Fo r~z"L ion ,  Cimarron "omat ion,  4% 

and the \i'ellfLnp,koi.~ "1-ma t i o n  T!iet d e t a i l s  of t h e  f ornat ions  ars 

depicted i n  a drawing by Loul.ss Jozdan ( k f o l d ,  1968, p.33), 

The Beckham For?zat,ion i s  divided i n t o  an upper nernbar t h e  Yelton 

S a l t  Hcmnber, a middle member t h e  Blaine ./inhydpite H.ler;ib;r, and a 

lower member the  F l c ~ ~ e r p o t  S a l t  leiember. 

The Ssl!tcfi Salt.Msnber i s  about 300 f e e t  t h i ~ k ,  A t  .ihs typo 

l o c a l i t y  the  Yelton S a l t  i s  20 t o  25 p2rco1-1t'shaleo 

Confomahly halc:a the Yel.ton S a l t  14i7xher i s  the  ~ l a - i n  Ar;hydrite 

Nsmber, It i s  about 200 feet t h i ck  and composed of anhydi*ite r . r i t t l  

fnterbsds of halite and sorne shale. a -. .. :, . 

Ths Flor~2rpot Salt Member 9s  about 360 faet t o  625 f e e t  th ick .  

In n o ~ t h e r n  Gray asid wos t-cant.rzl ")reeler County, Texas, t h e  Flowerpot 

S a l t  Meitlber l i e s  abauS 1,200 f e o t  below the sul*face of t h e  g r m d .  

The Cir~arron Fomat ion i s  conposed of f ou r  rnemhero~ an upp3r 

shale member, t?13 Upper Cinarron S a l t  I.lamba~, t h e  Cimarron Anhydri ts 
. . . . . ..., 

Wmmbar, and t he  Lover Cinarron S a l t  Henbsr. 



watcr  toward a ra:iioac.t,.ive iraste r r : . ; jmsi to~y i n  t?ls two I.:<,nibors be lo i ;~  

TI13 Upr,rr Cj.marl-on S.?lt l.Ien?>r;r i s  about 200 f r y ~ j t  thick and is 
. . 

coarse 11alit.l t h a t  i s  r e d s i s h  b r c ~ m  du.3 t o  s:1111 srn31.~?ts of clay, 

and ti?sro ars i n t e r b e d s  o f  roddish brot~n sl~a!.o and soms a n h 3 r d r j . t ~ ~  

The, Clmzr~on F+nhyclrit$ ivlonber is about 100 fsst thick ; ~ n d  con ta ins  

t h i n . i n t s i . h c d s  of shalc and dolomite. 
. . 

The Lotror ~ i h a r r o n  S a l t  Member is about 200 fee t  t h i c k  ~ i t h . . a  

. maximua t h i c b s s s  of a5oui; 440 f a e t  i n  n o r t h ~ . c c n t r a l  \healer '  County, 

Texas. Tho E<r,:!!bfsr i s  compassd of cozrsta c l o n r  h a l t t e .  Them are  a 

f e w  i n t e ~ ~ c a l a t i c n s  cif medal-ale rzddish-brown o r  greenish-grly s'na1.e. 

The h a l i t e  4s p n e r a 1 1 y  y r o  and sons s e c t i o n s  a s  much as 30 feat 

t h i c k  conta in  95 parcent ha l i t e ,  Srrch .a unit i s  likely th6 b e s t  '.Ln 
... .. :. 

t h e '  s e c t i o n  a s  a s i t e  f o r  a radi6act'~;re w s & e ~ r c p o s l t o r y ,  

The ~ o l l & ? ~ t o n  Fornation I$ coapossd of three m d c r s t  an upper 

shalc menbar, +ha i!utchj.nson S a l t  I~hh~Issr,. and a bower anl?~ydrit.e membei*. 

The uppsr sha le  member i s  .about  450 feof. th fck  a n d .  would pyobably 

serve as a barrier t o  r.ratsr c i r c u l a t i o n  knto  an overlying waste- 

. . , 

- The Hutchinson S a l t  l.:oml,er; is about 400 f e a t  t h i c k  a n d  i s  com- 

possd od  h s l i t o  and 5nta~br.clde.d shale  and. nnhy+l*ito. n a l i t s  beds aro 



n o t  as thj.cl: a s  in t h e  ovar ly ing t?.:o msl..hars arc? the re  is probably 

not  a h a l i t e  un i t  a s  P,h'ic!: ao  200 faat In ths  Ol:lahor,~a-T(:~a,s Area 

oxcopt in t h e  n o r t h  por t ion  whore The. Ol<~.akcn?~-l'axas Arm ovorlaps 

tha h n s a s  Area, 

The loua r  o n h y d r i t , ~  member is about l f j O  T ~ o t  thick.  This u n i t  

t.rould also probably servo as a barrier to upcam' movement of w~~GF,, 



Reds d i p  totrard t.hc; l o ~ < ~ , s ' c  ~xr-t  of t b a  ibladarko 13~s'Ln i n  t h o  

f 1 southeast  corncr of t,ho Ok!.c?horn;t-~cx;?s area. !3sds dip p n t l y  oxcefk 

along t h s  s0ut.h e i d o  t.5oy d i p  s'cecply northl.:nrd o f f  t h e  biichita U p l i f t  

o r  they are fau l ted  wi th  t h e  dokm s ide  on ";he nor th  toward. t h e  ~ n a d a r k o  

Basin, This i s  one of the dgopest bas ins .  It has more than 20,000 

f s o t  of structural r e l i e f  .. Thera a rs  no f a u l t s  except those along 

t h e  south s i d e ,  and no foldsi y e t  tbore  i s  nuch oil production and 

many s t ruc tu r e s  have proba.bly been found during p t r o l e m  explorati.on. 

Tlze area has not. been exami.ned thoroughly f o r  linoaments, b u t  a 
etfil. in v a s s J  

f e w  have been fcmd noar the I;nnsas bolden by ~rnith~.(-4%4!, North 

nor thozst  s t r i k 3 . n ~  linsaments are t he  most nuner,ous, 



S u r f a c e  1:!% t e? --- 
Major streams fol.:n a ':;ub$urallcl. pa t te rm and flow. 

generally sn:;tward., The 3.ofiy;es t str-earns a r e  the: Canadian 

River ,  t h e  Korth Canadian River ,  and t h e  North Pork of t h e  
. .  , 

Red River which runs along the sou the rn  edge of t h e  a rea .  

Ground \:,!at cr 

Li t t l - e  informat ion  i s  a v a i l a b l e  on ground water.  I~luch 

of t h e  movement of' the  ground wzter  i s  c o n t r o l l e d  by t h e  

deep Anadarko Basin s t r u c t u r e .  Extens ive  s a l t  s p r i n g s  i n  

- .  
and around t h e  a r e a  i n d i c a t e  a c t i v s . s o l u t i o n  of Permian 

h a l i t e  beds  (l3achnra.n ei; sl,, 'i 9731 ~ ~ $ 9 ) .  Chlorite con- 

c e n t r a t i o n  ranges from 20,000 t o  200,000 ppm. Nine major 

s p r i n g s  a r e  es t imatsd  t o  d i s s o l v e  6,300 t o n s  p e r  day 

(Lefond, 1968, p.38). 

. .. . < _. ... ?. . . . 



V T ,  N i h e r a l  !?esources 

A t  t h e  so:i thcastelan edee of' t h e  arnca s a l t  i s  s c l u t i o n e d  

ne3.r Say re  i n  Rec1tha.m County, The Upper Cirnarron S a l t .  
I 

I.icniber i s  br i r ied  frorn :: d e p t h  of 1518 f e e t  (Lefond,  1968, 

p . 3 9 ) .  S a l t  p r o d u c t i o n  i n  0klaho:za i s  on ly  about  10,000 

t o n s  p e r  y e a r ,  

O i l  and gas a r e  produced th roughou t  much of  t h e  a r e a  

and i s  c o n c c n t r a t e d  i n  t h e  s o u t h e r n  p a r t  where t h e  Anadarko 

g i v e s  wzy t o  t h e  Wich i ta  U p l i f t  (Rachrnan e t  a l e ,  19739 p.16).  
- .  

Producing h o r i z o n s  occu r  t h roughou t  much o f  t h e  P a l e o z o i c  

s e c t i o n  a l l  t h e  way down t o  g r a n i t e  wash on t o p  of t h e  

Precarnbrj.sn rocks .  



Ir, a Beave r  Co~lnLy w e l l  of  t h e  4!arrc:n Yetrol.e~zm C:ompa.ny 

(I . loc~.ne P l a n t )  t h e  Lowcr Cimarror~ S a l t  14ernber c o n t a i n s  a 
t 

s e c t i o n  30 f e e t  t h i c k  vhich.  i s  a t  l e a s t  95 p e r c e n t  salt. 

(Lei'ond, 1968,  p .  38) .  Some a n a l y s e s  by t h e  Oklahoma Geo- 

l o g i c a l  Survey  of ~ i m i r r o n  s a l t  a r e  shown i n  t h e  f o l l o w i n g  

tab1.c : 

Depth, ft:.. Thickness ,  f t ,  N a C l  % P r i n c i p a l  I m p u r i t i e s  

91 .a 57 S h a l e ,  a n h y d r i t e  

86-7 Anhy.dri te .  

1617 -- 1640 23 94-00 Shale, a n h y d r i t e  
. . 

7642.5-1 666 23-5 . . 93.1'5 Arihy dri t e , .s'h.ale 
. .  . . .  

. . 

1669  - 1694 25 9~1-89 Shale, anhyd.rit ,e 

1713 - 1738 2 5  93+79 Anhydr i t e ,  shale 



I ,  i- - ells. ~onclusion:: arid General Evaluation of R o c l ~ s  f o ~  a 

?t!nste Repository 

Th:: Cimarron Pormation contains halite beds sufficiently 

Lhic'x, pure, and deep for t;k;is area to be considered for a 

:.!aste depository. 'The Lower Cimarro1.1 Salt 14embcr is the 

purest, all(? likely contains a unit sufficiently thick. Im- 

mediately above the Upper Cimarron..Salt Member there is shale 
- .  

xhich will- likely be impermeable to cil.culating fluids and 

prevent solution of the underlying halite. And immediately 

below the Lower Cimarron Salt Member.there is shale in the 

Wellington Formation vhich will likely be impermeable to 
I 

. . circulating fluids and prevent solution of the overlying 

halite. 

In the northern part of the area there are halite zones 

grzater than 200 feet thick in both ths Cimarron and Melling- 

ton Formations. Thereare probably potential waste reposftory 

. .. 
. ,  .% -sites 'in both stratigraphic horizons., 

There is vcry little published information about the 

halite bearing formstions. Yet,, there is much well data likely 

available from the state geological surveys and the.oil 

companies. 
. . , . 

. . .,There is a great deal of oil and gas production in the 

area which will present problems of locating all Lhe wells 
- 

n e a r  a possible waste repository, and ren~oval of the fluids 



"ny cau.se u;:b~;:-n L e d  r -  i l - c : \ ; ~ ~ 2 j - i o r l  
a .- L of f l u i d s  nc sp  

repository. 
I 

The 11 . ...~y ,.. I.- aolubl-c h a l i t e  b e d s  abovr  t h e  Cimar6ron S a l t  

Nornber coupled with t l s e  f a c t  t h a t  many o f  the  h a l i t e  be'ds 

a r e  above sea  l e v e l  r-ay p r e s e n t  a  possible r a p i d  e r o s i o n  

r a . t e  over the next quarter m i l l i o n  years. 



Kansas Area 

X, Pnys5o~rap!lic 33 t t i n g  

i 
According t o  Fcnneman and Johnson (1930) t he  h n s a s  area is. 

15thi11 the In te r io r  Plains major divis ion,  Groat h a i n s  province, and 

the  Plhins E o r d e ~  section which is cha~ac te r l z sd  by 2 subnlaturely t o  

mture ly .d . i s sec t~d  plateau, Drainage i s  subparal lel  and mainly south- 

eastward, The Arkansas River i s  the major stream, and it i s  along the 

north'  s ido  of the arcs. The Cimarron River lvns through the southern 

portion of the area,  and the  North Canadian River i s  along the  

southern t5.p of the .a rea ,  Thousands of ys5r.s from now the Arkansas 

E v e r  may cut  across the area and produce some ~ e l a t i v e l y  rapid erosion. 

of a f e w  h.undred f e e t  of t h e  r&atilvely f l a t  strata. A l"6w g1ccie1-s 

may cover the area i n  the next quarter  mill ion years, but .  eroskon..~.riU. 

no t  l i k e l y  be groat; t h i s  f a r  southe 



Trio Kans.25 area  :is with in  t h e  i3:1(;olon ES-abq~mnt bound 02 the 

eas t  by t.he I\:cri..;!,~a Ridg:.: and on f.hs n o r t h  by tho C e n t r a l  K-rrnsas Arch 

and on t h e  vest b:y the L;ls kni~as Arch. The lIur<oton Emba.w:ent j.s a  

broac!, shallo:.? northward ex t sns ion  of tho  Anadarko Basin, I,?o more 

than a few t,housend f e e t  of s o d i ~ e n l s  were deposi ted  i n  t.!~s Hugoton 

E?nbapent 

The Hueoton Embapsnt  bevan subsid.once i n  t h e  Cambr5.a.n P e ~ i o d  

and continired t,hroughou:t post; of P a l o o ~ o i c  .time There were several 

opeirogenic u p l i f t s  wi th  resulting unconforrnities, l u c h  of t h e  a rch ing  
. . 

of the h s  Animas Arch dove l< ip~d  i n  Pennsylxranlan t h 9  probably due 

t o  su.bsidence of t h e  basins on e i t h e r  s i d e  (ihrdley, 1352, ~ , 2 1 9 ) ,  

Th5 Kernaha W.d ge associated f a u l t s  have bean ac t,ive from Precambrian 

i n t o  t h e  Per~l.:i.c?.n Peri,od and prchsps t o  t h e  p r e s m t  i f  a s s o c i a t e d  

:seismic activity i s  an i n d i c a t i o n  of movemen? .. on .. t h e  f a u l t s .  The' 
- 

. . Cbntral Kansas Arch and u ~ i d e r l y i n g  E l l i s  Arch a s  i t  i s  c a l l e d  in pre- 

Mississippian roelcs have haen pnsit-.ive dur ing  Paleozoic tilco and 

possibly i n  ~rot.ac6ou.s titre (Icing, 1951 ~ $ 6 0 )  ; SO, a s;ymr:etrical broad 

arch has cievolopsd with l o c a l  f o l d s  wi th  axes p a r a l l e l  t o  the main 

a r c h  a x i s  t .rending nor thxost ,  Also f a u l t s  p z r a l l e l  f o l d  axes and 
e+-',\t ie  ~ ' ~ 5 s  

Hnsaments v i s a b l e  on ERTS imgos (S:nithr@?4), The presence of the 

l ineaments s1.1cqest.s possiblo t o c t o n l c  a c t i v 5 . t ~  i n t o  very rr;cenl tiiiis, 

b u t  t h e  s o i s n i c  record  of eplcsnters  i s  n o t  yet  developed s u f f i c i e n t l y  



t o  n;.~ko very posi t ivo s tat~:msnt.s (Dosecl:al, f 470 F i p ~ r e  1.). Tilers 

are a couple cf i.3-3 VII t o  \'I11 i.nt,snsj.ty epi.contcrs which rdpkt bs 
I 

, . 
associa ted with tlic arc!?, h 1 . t  t h e  a c t i v i t y  could be due t o  move:zont 

associated with t h e  Nenaha Ridge s ince  t h e  epj.ccntors a m  ncar  tkio 

intersection of Lhoso two ~ c a j o r  t e c ton i c  features. Thero ara several 

salall3r int.ens5t.y earthquake ep icen te rs  trhich ritight very 11ie11 be due 

t o  a c t i v i t y  along the  Centra l  Kansas Arch, Most all t h i s  s e i s d c  

a c t i v i t y  does no t  havk t o  b . ~  'of  i ec ton ic  origin.  It may only be due 

such s n a l l e r  fo rces  a s  prosion and i s o s t a t i c  adjust,mont, . 

The Kansas aroa 3.s very se i smica l ly  s t ab lo  It i s  i n  the mid- 

containant., and only a f e w  earthquakes of less than 19% V I I  have 

n- beel+, rficoyxjeb, 1haT-a dcesnOt seem t o  be aily linear L~.snds ~ i '  e~5cc;ltel.s 

through the  area. Nearest earthquakes of 1.3~51 V I I  o r  l a r e e r  have 

occurred. f a r  t o  t h e  nor theant  along t h e  north-soutll t rendins Nemaha 

Ridge, and a l s o  f a r  tb the southeast along the *-.-, w e s t - n o r t h ~ ~ s s t  :. t r end ing  

] ~ i c h i t a  Up l i f t ,  



Sy 3 t. cm 
and 

S e r i e s  

Miocene a n d  
P l i o c e n e  

Cre taceous  
1 

T r i a s s i c  1 Dockwn ( ? )  Group 
------ 

Quarte ' rmaster  
Group 

Chase Group 

Counci l  Grove Group 

Admire Group 

Wabousee Group 

F'o rrna 'I; .i. 0.11 

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

Alluvium and So l son  d e p o z i t  s 

- --.- . -.-- 
Cre taceous  F'o:-nation:, 
i n c l u d i n g  D2.k o t a  Fo~>mz.t ion - --- .-.- 

- .-- 
Dry Creek ~ o l o z i t e  - --- ---- 
Whitehorse  Sands tone  

~ ~ 

- Dog Creek.  Sizale 

E l a i n e  Tormation ( c o n t a i n s  n a l i  t e )  

Flower Po t  S h s l e  ( c o n t s i n s  h c f i t e )  

Cedar K i l l  Sand.stone 

S a l t  P l a i n  F o ~ : ? ? a t i o n  (conta.inr; ',-icill,t 

Harper  Sands tone  
.,. :. 

Stone Qrral R~~:12tion ( c o n t a i n s  h a l i t e  

NTnnescah S h a l e  

ki 'cllington Fornation ( c o n t a i n s  ha2.i.t 
-- 



Sa3 . t  : ~ ' ~ ~ * : i ~ ~ . t , I o n s  __. -I-- 

r ' i  1l:c sa l t .  bearing for;iiation nl:ir.:l has a ~.un:nii l .ni- . i -~~C 

thickrlcss of greater thnn 200 feet 2nd occu:-s at greater 

than 1,000 Peel: below the r:urfzcc of tlie ~roi.nd is the 

~;lellington Formation as dsterrrlined from ]?a ch:iian et sl. 

(1973, p.16). The purest unit in the Wel-lingkon Formation 

is the Hutchinson Salt Member. The Hutchinson Selt Homber 

has very complex internal stratigraphy, 

is missing in the upper part of the Member, but both anhy- 

drite end shale Ere interbedded with the low'cr part of the 

Hutchinson (Lefond, 1968, , . p. 26). 
. . 1 .  

. T h e  Hutchinson Salt Member is u p  to 400feet thick 

and is L'gir lg  pure  with the princigal irnpi~rity Saing arhy- 

drite. At Hutchinson, Kansas,. the Member consists of 

alternating clear and whits coarse halite layers several 

inches thick with thin laminae of silty shale, gypsun, and 
> .  

- ranhydrite. The 'Wellington Formationis divided by the 

. . 
. Hutchinson Selt Nember into 3 members. (Lee, 1956, p .  116). 

An unanrocd shale member is above the Hutchinson. The shale . 
is about 100 feet thick and composed 
of gray and red shale. The lower member is about 150 feet : 
thick and consists of anhydrite interbedded with gray shale. 

The uppe r  and lower members are probably in!pkrmkable and 

will likely keep circulating fluids from dissolving the 



d t  t i  Kinsns-Oliiuiloma bo rde r  a t  1.e i :nt  t!lr.r: .:?or;:?.t;ionr9 

and maybe *'our., o v e ~ l a p  with a t  l e a s t  6C3 f e e t  i . o t a l .  hal. i tr .  

t h i c k n e s s .  The C i m n r r o r i  S a l t .  l+emberz a r c  mappcd i n  O!rl:t:.;_or2::n. 

extending t h i s  f a r  nor th ,  and, e t  about  t h e  sanic: s t r a t i c ~ a p h i c  

p o s i t i o n ,  the  s t o n e  C o r d  Forfiation hnlitc beds n r c  m e ~ p e d  

i n  Knnses . (Lefond, 1968, p.29j, and they  a r e  i n d i c a t e d  t o  

extend s o u t h  a c r o s s  t h e  s t a t e  l i n e .  Ferhaps  t h e  Cimnrrcn 

S a l t  Members end h a l i t e  i n  t h e  Stone Cor ra l  Forr~~r . t ion  a r e  

equiva lent .  Also the  Bla ine  Formation has  been niapped i n  

Kansas i n  t h e  s a m e g e n e r a l  a r e a a l o n g  t h e  s t e t e . l i n c  a s  t he  

Stone Corra l  (Lefond, 1968, p. 28).  



,*. 11. 

1n3 :~s.n:;.~-s arc?a 5 s  u.nderl-ain t,:y i;%e P r a i r i o  P l t i na  !:c::::c)clinzl 

Frgca!3?,ria.n surface d i -  ~s - v e r y  ~ e n t l y  to t h s  sonth. 

- The I*kadn Fnu.lt i n  ?.hado County (Tiguys 7 ) is Pl iocene  o r  

younee?. 35y.l:ly and. M~ishlberqar  (1969) d e p i c t  a f a u l t  nea r  t h e  bade 

Faul t  but w i t h  d i f f e r e n t  s t r i k e  rs~hich cuts basewont . rocks ,  There are 

tr:o faults b t w e e n  Kut.chinson and I.';cPi~erson ( ~ a c h n a n ,  e t  a l . ,  1973, p.30)~ 

Several  o.thar faults a f s ? ~  ollles west . o r .  I J i ch i t a  have been ra.pped a s  

c u t t i n g  basement rocks (Rayley and l~iuzhlbsrgor,  1968), 

Tliere are  severa.7. 3Sr?eznents sl:ri?ci.nq n>rthvest  n e a r  t h e  1-leade 

F a u l t  (Bnchxan e t  a l .  , 1973, p. l o ) ,  &ni short. l i n c ~ m e n t s  and a few 

C~YCUIAY features ;ire i n  tho  ayeat and tJo t.hs e a s t  a long t!ie Contra1 

Kznsas U p l i f t  there ars  n o r t . h s s t  stri!~n;l, l?.nea:rient.s which t r a n s e c t  
e t k l .  (I., p l r r s ]  

, north-south l insaments a long the Nsrzsha, Uplift ( ~ r n i t . l ? m ) .  . . 



V, Hydrology 

Surf  L C  o !:?at e r  

143 j o r  s trenllis run subpara l l - e l  east-southeastward.  

The Cirnarran R i v e r  i s  t h e  l . a rges t  stseam t o  r u n  a c r o s s  t h o  

a rea .  The S a l t  Fork of t he  Arlzanszs Rivcr, B l d f  Creek, 

R a t t l ~ s n a k e  Creek, and Medicine Creek o r i g i n a t e  w i t h i n  t h e  
r .  (. . 

a rea ,  The l a r g e s t  s t ream, t h c  ~rkansas Rivcr ,  r u n s  a long 

t h e  north s i d e  of t h e  a r e a  and t h e  Canadian R i v e r  a long  

t h e  south  s i d e ,  There i s  a  smal l  man-made l a k e  on Bluff  

Creek, 
. . 

Ground Water -- 
- .  

. Some very l a r g e  sinks produckd by d i sso lu t i z r r_  of 

s o l u b l e  rocks a r e  in t h e  western p a r t  of  t h e  m e a  (Ezclunan 

e t  a l . ,  1973$ p.30). Some of  t h o s e  s i n k s  a re  so l a r g e  they  
+ \  (in Pms j 

are v i s i b l e  on EATS imagery (Smith", O m  l a r g e  sink 
' .I 

is man-nade, i . e ,  having developed over:.a cavfty:made by 
. . 

the Meede Salt  %Jell in 3ieade County, . fianszs (Bachman et ., al., 

1973, p .26) .  

Stud ies ,  including hydraulic t e s t i n g ,  were made of t h r e e  

' a r e a s  s c v e r a l  m i l e s  n o r t h  o f  the  Kansas Area i n  Lincoln  

County, Kansas and several  miles northkegt in Wichita County, 

. .  . . . Kansas (Bayne amd Brinkley, 1972). Aquifers repor ted 



f rc j in  t h e s e  t;h.rce are::s a r c  Quaterno.rly alluvl.l:nl, OGF!.!.:?.!.':: 

F'ormati.on, and t h e  Cretaceous Dakota Format ion.  I n  L,incoin 

County h y d r a u l i c  t e s t s  on Permian r o c k s  above end below i 

t h e  IIutchi.nson S a l t  Member a r e  q u i t e  ir : lperzcuble,  lie;-;ever, 

i n  Wich i t a  County o n l y  45 f e e t  above t he  Blaine-Cedar  i i i l l s  

s a l t  t h e r e  i s  sands tone  v:ith some p e r m e a b i l i t y .  Eelow t h e  

s a l t  t o  t h e  t o p  o f  t h e  s t o n e  C o r r a l  Format ion t h e r e  i s  

l i t t l e  p e r m e a b i l i t y  (Bayne and B r i n k l e y ,  1972,  p. 1 9 ) .  



Twenty-f'ive t o  f i f t y  mil 'es n o r t h  and e a s t  of' t h e  

KLirlsas E r e 2  t h e r e  a r e - e i g l ~ t  s a l t ,  ~ n i n c s ,  t h r e e  of c h i c h  

a r e  a c t i v e  (Geo techn ica l  Corp., 1958, p.24 1 2 5 ) .  Within 

t h e  Kansns Arca s a l t  t!as produced fro!n a b r i n e  w e l l  i n  

i4esde Countaye 

There a r e  a  g r e a t  number of  o i l  f i e l d s  i n  t h e  e a s t e r n  

h a l f  of t h e  a r e a ,  and on ly  a few o i l  and g a s f i e l d s  i n  

t h e  wes te rn  h a l f .  ~ r o d u c i n ~  horizons  a r e  b o t h  above and 

below t h e  Permian s a l t  beds. . . 



\I J ./.I. - Fhy s:i.cri:! and  Cr~c:nicnl i'.i.oper.t;icr.s 

I I s l i t e  h n s  a p p a r e n t l y  t h i ckened  il-: p o s s i b l e  : ~ n t i c l i i ~ a l .  

s t r u c t u r e s  s u g g e s t i n g  p l a s t i c  xovcment o f  t h e  s c l t  ( P i e r c e  

~ n d  Rich,  1962, p.38). \!hen t a k i n g  sn;;:ples of  water  f o r  

c h e ~ x i c a l  a r ~ a l y s e s ,  i t  i s  easy t o  contnr:iinnte t he  sample 

where beds  o f  s o l u b l e  s a l t  arc concerned.  Holes d r i l l e d  

s p e c i f i c a l l y  f o r  c o l l e c t i n g  snmples may be  n e c e s s a r y ,  o r  

a t  l e a s t  s p e c i a l  ewe + r i l l  l i k e l y  be n e c e s s a r y  (Bayne ar_d 

Br ink l ey ,  1972) : 



V 1 : L I .  ConcZ~;..;ions and General Evz.luntj.on of' Rocks f o r  

1;aste Heposl t o r y  

A t  l e a s t  two format ions  c o n t a i n i n g  s a l t  beds which 1 

over lap  a.t t h e  Kansas-(>!cla.horna border  have n o t  l e s s  than  

400 t o t a l  f e e t  of' h a l i t e ,  and t h e r e  i s  probably a t  l e a s t  

1,000 f e e t o f  over ly ing  s t r a t a ,  'some of  t h e  over ly ing  s t r a t a  

i s  h r l i t e  a s . i r ~  the Elu ine  For~::lat;.on, and t h i s  may r e s u l t  

i n  some unusual ly  r a p i d  e r o s i o n  i n  terms of a q u a r t e r  of a  

m i l l i o n  yea r s .  Because of t h e  sha l low d-ip of beds, movement 

of ground water w i l l  be extremely d i f f i c u l t  t o - u n d e r s t a n d  

p r e s e n t l y ,  A f t e r  e r o s i o n  over  thousands o f -  y e a r s  movement 

of ground w 8 t . e ~  w l l l  Se  almost i lnpossible  Lo  p ~ * e i i l c t ,  



According t o  !?ennexarl 2nd Johzizon (1930) t5c Colcrado-Kensas I 

a rea  i s  wit11Sn t h e  I n t e r i o r  Plains  12njor di~.cisicn, Sireat Plains pro-.5nc~, 

and allnost e n t i r e l y  wi'chkn t.hc High Flzins section but m;y include a 

small portion of t11e C o l o ~ a d o  Piodzcmt o n ' t h e  west edgs of the area, 

The H-lgh Plains sect ion i s  eha~*aoteri?.  ad by broad int,o-mall.ey rernnants 

of smooth f l u v i a t i l e  plains, Ths Co1o~ad.o Piadwont i s  a l a t e  mature to 

old elevated plain, Drafnzge i s ~ s u b p ~ r a l l e l ,  an6 the major s treams 

flow easttrard away f r o m  t h o  Southorn 'Rocky PIomtains, Tho edge of a 

few g lac i e r s  may reach tllis i n  the next  quar te r  r d l l i o n  years, b u t  

g lae ia l  ercsion.:r.sill not 3.",:+!_y be  eat nno\qh t o  a f f e c t  a rad.4-oactivo 

waste s i t e  thousands of f ee i  belox g i . 0 ~ 6 ,  



I3:; 'i'c:r,t~,:lnics .?r::! 531 smic$t;y 

- ?- 'i:hc? Co1or.i:';~-bans= are2 !s a fc~01~1:di.;zr3 c?:t.onsAion of t h o  

A~.I  x i i t ~ n  3asj.n f ro~r! t h e  Pal.~o?:o-1 c orocenic ?.oi?c of  t,kc 1+.rathon 

t.:ocfitaj.ils 2nd &:$chi t a  Kocrrtc-in:: i;o :.he souLh. 'rho Colorado-Ii,?~lsas 

arna is t r a n s n c t c l  by t h e  ncrthhoast t r end ing  Las Animas Arch along 
. . 

14nj.ch I'recaiqbrial~ rccks 'nay  have been' exposed above sea level  i n  

oar-ly and rnidd2.o .Fcnnsylvanicln t i m e .  During Cretaceous and e a r l y  
. . 

Ter t i a r~ r  time t h i s  a r e a  was t.he foreland downwarp f o r  the Del~vsr 

Easin t o  the v e s t  which developed .during thg  Laramide Orogeny as t h e  

Front  Panga was f ol.ded, . t h r u s t  f a u l t e d ,  a.nd in t ruded bjr x i p a  which 

developed's g r e a t  p s r i p h e r a l  d i k e  system, 

mt. ~ , . e ro  e r e  r.3 e p i c e n t e r s  wi th in  tho  Colorado-K'a11sa.c a -33, Tho 

nearos t  largo i n t . m s i t y  (1.9.3 1r.I t o  VIII) e'rthquakes have occurrod 

n e a r  Corlver a l o i ? ~  t h e  Front  %nge fau.Pts which s t p i k e  p r i n c i p a l l y  

n o r t h  and thsrofol-e. do n o t  t r e n d  toysard the C~lorzdo-~ '~nnsas  a roa ,  

Rocent1,- sone earthquakes i n  t h e  v f c l n k t y  of Cenvor have bsen demon- 

. .  s t r a t e d  t o  be i s s o c i a t s d  with Front  Range by a s s ~ c i a t i n g  f l u i d  

i n j o c t i o n  i n t o  mils at; the ~ r o o n a l t r l t . i ~  frequency of oarthquakes, 

C Doscs1;al (1970, Figure 1) sho;rs a weak. concen t ra t ion  of  much s n a l l s r  

intensity ep icen te r s  w i t h  an eastward t rend from t h e  Front  Range 

gonorally toward the Colorado-Kansas a rea .  However, these  e p i c e n t e r s  

.' are ,probably  associated with  t h e  kpishnra Uplfft which extends  a long 

.the s o u t h v ~ e s t  side of t h e  Colorado-Kansas a r e a ,  - 
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F i g u r o  10 Thicknes s  Map of Salt Beds' in the B l a i n e  * Formation 

Lefond, p. 28 (Add stippled pattern in 

. . area surrounded by 400' contour. ) 



IV; Structure  

The Colorada-Kansas area has an extroaloly shallow d i p  0.f thg 
1 

Precarlt,rian surfzce soatheast,~card toward the  deeper portion of tho 

Hugaton &sin alld i n  Colorado includes most of the  c r c s t  of tye  h3 

Antmas Arch (Bayley and E!uehSoorper. 1968). Thero a re  no known f a u l t s  

in tho areae The h s  Antmas Arch is a very broad f lexuro v l th  a north- 

e a s t  trending ax is .  This i s  the only reported fo ld ,  but. i n  soarching . . 

f o r  o i l  o r  gas o the r s  have probably been found. A few lineaments 

. . . . .  . . . .  
' trend n o r W e s t  just. of the  Arkansas River (~achcan  at al., 1973, 

. . 
e t a \ .  ~ N S J )  . 

- p.30). SiJ,th wq using WPS inagdry found severa l  lineaments i n  
. . . . 

t h e  a rez ,  e spec ia l ly  east-west t rending ones and a l a rge  c l r c u l r r  . '  
. . .  

. . 
. . 

. . . .  featurs at, the p r o d n e n i  limn$ in the Arkansas ' f iver. A l l .  the l i n ~ a r i c n t s  



V, Hydrol.ogy 

, S u r f a c e W a t e r  
1 

Drainage i s  eastward a1on.g subpal-ull.el streams. The 

major streams a r e  t h e  lirltansas River ,  h h i t e  Woman Creek; and 

Xorth Fork Ladder Creek, I n  t h e  west co rne r  of t h e  g r e a  

B i g  Sandy Creek flows t o  t h e  sou th  and t h e r e  are s e v e r a l  . 
. . 

l a r g e  lakes .  
. . 

Ground Water . . 

. . 
, . . . . . .  There i s  very l i t t l e  pub l i shed  informat ion  a v a i l a b l e '  

. . 

\ on ground wnl.er.' n t h e  Colorado-Kansas Area, Sharon Spr iogs  f . . . . .  
. . 

. . 
. .  occurs  i n  tlie n o r t h  corner  of t h e  area .  

. . .  . . .  . .: . . 
, . . .  . . . .  - . .  . . 

. . .  . . . . 
. . . . . . .  



VI. Minera l  Resources 

A s m n l l  gas f i e l d  is i.n the southern  p a r t  of the  a rea  

in I!amil.ton County, Kansas.  One possible r aeason  for the , 
l i t t , l e  ai~cjunt of c x p l o r a t i o n  f o r  oil and gas 5.n th.e area  i s  

the shall.cil.mess of t he  Hugoton strtlctu:-3.1 bcs in .  



V I I ,  P h y s i c a l  and Chemical P r o p e r t i e s  . 

No s p e c i f i c  infor:nat;ion was found,  b u t  in te . rbedded  with I 

t h e  h a l i t e  w i l l  l i k e l y  be much sha.10 s i n c e  t h e  a r e a ' i s  nkarb 

t h e  bo rde r  o f  t h e , P e r m i a n  Basin .  T h i s  should  r e s u l t ;  i n  a 

h i g h  i o n  e x c h a ~ g e  c a p a c i t y  f o r  t h e s e  . s t r a t a .  
. . 



V I I I .  Conclusio~ls  and General  Evalua t ion  of  Rocks f o r  a 

Waste Repository 
. . 

Very l i t t l e  informati.on i s  a v a i l a b l e .  on t h e s e  s a l t  ! 

depos i t s .  Lack of minera l  e x p l o r a t i o n  i n  t h e  a rea  would be 

of b e n e f i t  s i n c e  t h e r e  a r e  fewer e x p l o r a t i o n  wells .  Also 

t h e r e  a r e  n o t  many minera l s  which will be l o s t  t o  f u t u r e  

genera t ions  if a r e p o s i t o r y  i s  developed a t  t h i s  l o c a l i t y .  
. . 

. . 
. . 
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