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THE FOUR-TOWNSHIP STUDY AREA NEAR CARLSBAD, NEW MEXICO.: 

VULNERABILITY TO FUTURE SUBROSION 

By Arthur H. Piper 

SCOPE AND ACKNOWLEDGMENTS 

I n  an e a r l i e r  p p e r  (piper,  1973-b) the  wri ter  sununarised informtion 

then ava i lab le  as t o  the  present extent and prospective fu ture  progress 

of subrosion i n  and about a four-township study a rea  near Carlsbad, New 

Hexico--specif i c a l l y ,  Ts. 21 and 22 S, , Rs. 31 and 32 E, This paper extends 

t h a t  summary according t o  addi t ional  information now at  hand from recent, 

and current investigations by others. Both papers concern one aspect of 

s t o r ing  wastes from the  nuclear-fired power industry i n  bedded salt of the  

Salado formation. 

The one aspect  of concern has been the  vulnerabil i ty of the  four- 

tounship study a r ea  and the  candidate s tomge horicon t o  fu ture  subrosion. 

The wr i t e r ' s  earlier paper was reasonably de f in i t i ve  i n  regard t o  natural  

vu lnerab i l i ty  from the  west1 the  present paper seeks chief ly  t o  assess  

vu lnerab i l i ty  from the  north, =st, and south. 

The writer must acknowledge h i s  grsat indebtedness t o  G. 0. Bachman, 

Y. L. H i s s ,  and C. L. Jones of t he  U. S. Geological Survey, sources of most 

of t h e  new information a t  hand. A l l  three  of these investigators were 

q u i t e  open handed with t h e i r  reoent findings, even as t h e i r  individnal 

repor t s  were i n  draft or  pending publication. 



HYDROLOGIC SETTING 

Capitan aqui fe r  and assclcisted rocks of Permian (Cuadalupe) age 

General fea tures  

The so-called Capitan aqui fe r  comprises t he  Capitan and G o a t  Seep 

limestones of Permkn (Cuadalupe) age. Throughout i t s  his tory it has dominated 

deep movement of ground water i n  t h e  region surrounding the  study a rea ,  and so  

it has been a pr inc ipa l  f a c t o r  i n  t h e  subrosive process. Its fea tures  t h a t  

a r e  germane t o  t h i s  r e p o r t ,  a r e  summarized below, a f t e r  H i s s  (1973, 1974) . 
The aqui fe r  matrix is the  limestone of a reef  which fringed the  Delaware 

Basin (fig. 2) during virtually a l l  t h e  Castile-evaporite epoch and the  

e a r l i e r  part of t h e  Salado-evaporite epoch. in the  l a t e r  par t  of t h e  Salado 

epoch, however, t h e  reef  was topped by evaporites which spread beyond the  

basin, especial ly  northward onto t h e  Northwestern Shelf. The basinward margin 

of t he  aqui fe r  is generally r a t h e r  abrupt;  its shelfward margin is a conplex 

of in te r f inger ing  tongues. Width of t he  aqui fe r  ranges from about fj milee 

along t h e  eastern s i d e  of t h e  barsin t o  about 12 miles a t  its northernmost 1 

reach, where it sweeps through t h e  v i c i n i t y  of t he  present study a rea  ( f ig .  1 ) .  1 
Hydraulic conductivity of t h e  Capitan aqui fe r  is r e l a t i v e l y  la rge ;  it ' 1  

ranges about between 1 and 20 ft/day and averages about 5 ft /day along the  1 
1 

northern and eastern l i m b s  of t h e  basin--that is, between the  present I 
Cuadalupe Mountains near Carlsbad, New Mexico, and t h e  Glass Mountains near 

Alpine, Texas ( f i g .  2).  I n  contras t ,  conductivity of t h e  contiguous San 

Andres limestone in t h e  Hobbs Channel (which i n  Gnadalupe time extended 

near ly  eastward from t h e  a rea  t r ea t ed  In  t h i s  repor t )  is about 0.15 t o  0.3 

ft/day--that is, about one order of mgnitude l e s s  than t h a t  of t h e  Capitan, 
I n  fu r the r  cont ras t ,  conductivity of contignous she l f  sediments i n  Eddy and 
Lea Counties, New Mexico, averages about 0 .w  ft/day; t h a t  bf. contiguous basin 
sediments in adjacent  Yard and Uinkler Counties, Texas, averages about 0.02 
ft/day. I n  other  words, conduct ivi t ies  of these sh&lf and basin sed i ren ts  
are about two orders  of magnitude l e s s  than conductivity of t h e  Capitan. 



Transniss iv i ty  of t h e  Capitan aqu i fe r  ran8es about from 10,000 t o  500 

ft /day In  t he  v i c i n i t y  of t he  present study area.  Minimum transmissivity 

appears t o  be i n  easternmost Eddy County, nhere cross-sectional are8 of t he  

aqu i fe r  diminishes sharply i n  a c l u s t e r  of former surge channels o r  

"submarine canyons" t ransverse  t o  t he  reef .  Evidently t h i s  c lus te r  has, 

s ince  t he  ree f  was formed, l imi ted movelnent of water betneen western and 

eas tern  limbs of t h e  aquifer .  Other channels and "canyons" segment the  

t ransmiss ivi ty  of t h e  aqu i fe r  elsewhere but, seemingly, nowhere as sharply 

as j u s t  described. 

Unt i l  l a t e  i n  t h e  Cretaceous period, t h e  Capitan aquifer  remained 

v i r t u a l l y  undef ormed. Lying c lose ly  o r  immediately beneath t he  Salado 

formation, and general ly  abut t ing t h e  Castile foraat ion along its basinward 

margin, it could have served as a regional  in terceptor  o r  dra in  f o r  any 

subrosive c i rcu la t ion  t h a t  may have developed. No spec i f i c  pat tern  of such 

c i r cu l a t i on  can be projected from information a t  hand. A s  w i l l  be outl ined,  

however, t he r e  is persuasive evidence t h a t  salt was dissolved extensively. 

Late Cretaceous t o  ~ i d d l e ( ? )  Pleistocene time 

The . c ru s t a l  deformation of l a t e  Cretaceous time t i l t e d  t he  e n t i r e  

aqu i f e r  downward t o  t h e  east; a l s o , i t  ra ised t h e  present Guadalupe Mountains 

a r ea  southwest of Carlsbad, New Mexico, and t he  Glass Mountains a rea  t o  the  

south and e a s t ,  i n  Texas. Rejuvenated erosion soon exposed t he  aqu i fe r  in 

t h e  two mountainous t e r ranes ,  which s o  became unconfined catchment areas. 

A regional  a r t e s i a n  c i r cu l a t i on  i n  t h e  Capitan aqu i fe r  then developed-- 

eastward from t h e  Guadalupe Mountains area i n  t h e  northern limb and northward 

from t h e  Glass Mountains area i n  t he  eas tern  limb. 



F a i r l y  d e f l n l t l v e  evidence ind ica tes  t h a t  the  a q u i f e r  discharged eastward, 

p r i n c i p a l l y  by way of t h e  Hobbs Channel from beneath t h e  nor theas tern  corner 

of t h e  a r e a  represented by f i g u r e  1, and secondari ly by way of t h e  Shef f i e ld  

Channel t o  t h e  south ,  toward t h e  present  Brazos River basin,  i n  Texas. 

Presumably t h e  hydros ta t i c  head stood above t h e  Salado and Rus t l e r  formations 

throughout t h e  v i c i n i t y  of t h e  present  s tudy area, much as it does today. 

Thus, a hydraulic d r i v e  competent t o  have sus ta ined subrosion would have 

required  a g r e a t e r  head i n  formations overlying t h e  Rust ler  forniation, a l s o  

much as is t r u e  today. 

~ o s t ~ ~ i d d l e ( ?  ) Pleis tocene time 

By Ple is tocene (probably Mid&le ~ l e i s t o c e n e )  time, erosion of t h e  

present  Pecos River va l l ey  had c u t  through t h e  Capitan a q u i f e r  near Carlsbad, 

with two effects here  of concern: (1) Water moving eastward i n  t h e  aqu i fe r  

from t h e  Guadalupe Mountains has subsequently been in te rcep ted  and discharged 

t o  t h e  l and  surface  from t h e  so-called Carlsbad Springs. (2) Hydraulic d r i v e  

from t h e  Guadalupe Mountains having been s o  cu t  o f f ,  a v i r t u a l  ground-water 

d iv ide  developed i n  t h e  Capitan a q u i f e r  a t  t h e  c l u s t e r  of t r ansverse  "canyons" 

and channels about beneath t h e  western boundary of t h e  present  s tudy a r e a .  

Natural  hydrologic conditions.-- Half a century  ago, under n a t i v e  

condi t ions  of t h e  cur ren t  hydrologic epoch, t h e  piesometric surface 

(correc ted  t o  fresh-water dens i ty )  f o r  t h e  Capitan a q u i f e r  and s h e l f  sediments 

i n  r e l a t i v e l y  good hydraul ic  communication with t h a t  a q u i f e r ,  was about 3,200 

f e e t  above sea  l e v e l  immediately nor th  of t h e  present  s tudy area. I n  o the r  

t e r m s ,  it was about 2,600 feet above t h e  t o p  of t h e  a q u i f e r ,  700 f e e t  above 

t h e  t o p  of t h e  t o p  of  t h e  sa lad0 forriat ion,  and at o r  s l i g h t l y  above t h e  t o p  
of t h e  Dewey Lake redbeds. Thence, t h e  pieeometric s u r f a c e  decl ined genera l ly  
eastward i n  a g e n t l e  trough, a t  rates diminishing about from 25 t o  5 ft/mile. 
Such conf igura t ion would i n d i c a t e  c i r c u l a t i o n  genera l ly  eastward t o  t h e  head 
of t h e  Hobbs Channel, which has  been described.  



Beneath t h e  s tudy area, bas in  sediments of t he  same general  age as t h e  

Capitan a q u i f e r  a r e  gene ra l ly  i n  poor hydraul ic  communication with t h a t  

aqu i f e r .  For  those  sediments,  a t  t h e  cen te r  of t h e  s tudy a r e a ,  t h e  na t ive  

piezometr ic  s u r f a c e  was about 3,300 f e e t  above sea  l e v e l .  Thence, t h e  su r face  

dec l ined  northeastward about 15 f t /mile  . This piezometric configurat ion 

would s i g n i f y  water  movement gene ra l ly  toward t h e  Capitan aqu i fe r .  Rate of 

such movement would have been about  two o rde r s  of magnitude l e s s  t h a n  

c a p a b i l i t y  of t h e  Capitan t o  i n t e r c e p t .  

P resen t  cond i t ions  of hydmul i c  s t ress . --  D u r i n ~  t h e  last 50 Years, 

n a t u r a l  piezometr ic  conf igura t ion  has been modified g r e a t l y  f o r  t h e  Capitan 

a q u i f e r ,  and modified somewhat f o r  a s soc ia t ed  rocks,  by very l a r g e  ex t r ac t ions  

of water ,  S p e c i f i c a l l y ,  from t h e  discovery of o i l  i n  1923 ( i n  Eddy county) 

through 1969, water  withdraun with o i l  from rocks of Permian (Guadalupe) aqe,  

i n  Eddy and Lea Counties,  New Mexico, and f i v e  ad jacen t  count ies  i n  Texas 

t o t a l e d  about  1.4 mi l l i on  acre- fee t .  Much of t h i s  was from f i e l d s  i n  poor 

hydrau l i c  communication with t h e  Capitan aqu i fe r ,  bu t  about 0.82 mi l l ion  acre-  

f e e t  was from one l a r g e  Capitan-water-drive f i e l d  i n  Winkler County, Texas, 

about  50 mi les  sou theas t  of t h e  s tudy a rea .  During about t h e  first t h r e e  

decades of  o i l  product ion,  waste water  from t h e  o i l  f i e l d s  was discharged a t  

t h e  l and  su r face  i n t o  p i t s  o r  n a t u r a l  undrained depressions.  I n  l a r g e  p a r t  

t h i s  d i s s i p a t e d  by pe rco la t ion  ( ~ i c h o l s o n  and Clebsch, 1961, p, 103-106). 

S ince  t h e  m i d - f i f t i e s ,  however, waste water g e n e r a l l y  has been re- in jec ted;  

c u r r e n t l y  t h e  t r e n d  is t o  "recycle" i n t o  t h e  very zone from which it had been 

ex t r ac t ed  (Garza and Wesselman, 1962, p. 30) , 



Beginning i n  t h e  f o r t i e s ,  Capitan water has been extracted f ron  e@ht  

f i e l d s  f o r  secondary recovery of o i l ,  i n  a n  aggregate volume of 0.32 mil l ion 

ac re - fee t  through 1969. Addit ionally,  about 0.41 mil l ion ac re - fee t  has been 

extracted from t h e  Capitan f o r  municipal use, i m i m t i o n ,  and other  purposes 

excluding t h e  petroleum industry.  A s  t h e  ne t  r e s u l t  of these l a r g e  and 

continuing ex t rac t ions  and t h e  re- in ject ion,  t h e  piezometric surface has 

been depressed notably i n  t h e  eas te rn  and northern limbs of t h e  Capitan 

aquifer- -speci f ica l ly ,  as much as 200 f e e t  i n  t h e  recharge area of t h e  Glass 

Mountains, and a maximum of about 700 f e e t  (fresh-water equivalent)  about t h e  

reg iona l  cen te r  of pumping near K e r m i t ,  Texas, 15 miles southeas t  of t he  a r ea  

shown on f i g u r e  1. Northward i n t o  Lea County, New Mexico, depression of t h e  

piezometric surface extends i n t o  she l f  rocks which a r e  i n  r e l a t i v e l y  good 

hydraul ic  communication with t h e  Capitan aqu i fe r .  It is about 500 f e e t  i n  

T. 22 S., 400 f e e t  a t  t h e  head of t h e  Hobbs Channel, and 200 f e e t  immediately 

nor th  of  t h e  s tudy  area In R s .  31 t o  33 E. S t i l l  f a r t h e r  n e s t ,  toward 

Carlsbad, t h e  amount of depression diminishes r a t h e r  r ap id ly  and then 

f e a t h e r s  out .  This major piesometric depression is deepening cur ren t ly ;  i n  

Lea County, about 20 f e e t  per  year i n  1970 and 1971 ( ~ i s s ,  1973, f ig . 6).  

Presumably t h e  depression d i e s  ou t  eastward a long t h e  Hobbs Channel (and t h e  

Shef f ie ld  Channel t o  t h e  south).  A s  a consequence it is in fe r red  that, t h e  

antecedent na tu r a l  hydraul ic  g rad ien t  having been reversed,  t h e  Capitan 

a q u i f e r  no longer  d ischarges  toward t h e  Brazos River bas in  i n  Texas. 



Presently there  is a v i r tua l  pieeometric discontinuity a t  the 

basinnard edge of the  Capitan aquifer  along the northern and eastern limbs 

of t h a t  aquifer.  Eastward across the  four-township study area,  the  

discontinuity increases about from 250 t o  450 feet .  Toward the southeast it 

increases progressively t o  about 750 f e e t  a t  the  New Mexico-Texas boundary. 

A s  w i l l  be shown more specif ical ly ,  its ef fec t  would be t o  increase several- 

fold  the  potent ia l  hydraulic dr ive f o r  subrosive circulation in  and near . the  

study area. This is a man-caused effect  of a few decades only; it post- 

dates  the  latest and h i s to r i c  subsidence i n  San Simon Sink and so can not 

have caused tha t  subsidence. 

Chemical character of the  waters 

Chemical character of water i n  the  Capitan aquifer  and associated rocks 

var ies  great ly ,  most conspicuously i n  chloride content. Within the Capitan 

i t s e l f ,  i n  one zone or  another, chloride-ion concentration is  extensively 

l e s s  than 1,000 mg/l from the  Glass Uountains recharge area northuard in  the  

eastern limb of the  aquifer about t o  the  Texas-New nexico boundary; less than 

5,000 mg/l northward in to  T. 20 S. i n  Lea County, New Mexico, and thence 

northeastward i n  a 12-mile-wide tongue t o  and beyond Hobbsl and, i n  the  

northern limb of the  aquifer ,  about from 10,000 t o  20,000 mg/l westward t o  

t he  v i c in i ty  of the  Pecos River. I n  loca l  zones of the Capitan, and i n  

interfingered tongues of associated rocks along the  shelfward edge, higher 

concentrations a r e  common. 



I n  rocks assoc ia ted  with t h e  Capitan wi thin  t h e  Delaware Basin, 

chloride-ion concentrat ion of na t ive  waters general ly  increases  northeastward 

from about 50,000 mg/l beneath t h e  Pecos River t o  150,000 m g / l  near t h e  

basinward edge of t h e  Capitan r e e f .  I n  associa ted rocks on t h e  Northwestern 

Shelf ,  chloride-ion concentrat ion general ly  exceeds 80,000 m g / l  except 

adjacent  t o  t h e  Hobbs Channel, Local extreme concentrat ions i n  Lea County, 

New Mexico, reach a t  l e a s t  186,000 mg/ l  i n  bas in  rocks and 199,000 %/l i n  

she l f  rocks.  Chloride-ion concentrat ions so  l a r g e  s i gn i fy  waters v i r t u a l l y  

sa tu ra ted  i n  sodium chlor ide .  

From the se  va r i a t i ons  i n  t he  chemical character  of t h e  waters, a l s o  from 

t h e  piezometric configurations t h a t  have been out l ined,  it i s  in fe r red  t ha t :  

(1)  Before u p l i f t  and t i l t i n g  l a t e  i n  Cretaceous time, rocks of t h e  Guadalupe 

s e r i e s  i n  t h e  Delaware Basin, and t h e i r  counterpsr ts  on t h e  Northwestern 

She l f ,  contained v i r t u a l l y  sa tu ra ted  b r ine  derived from extensive,  but slow 

and probably i n t e rmi t t en t ,  subrosive c i rcu la t ion .  (2)  Subsequently, t h e  very- 

slightly-permeable bas in  and shelf  rocks have been f lushed incompletely by 

f r e sh  water from t h e  west, beyond t h e  present  Pecos River, A t  t h e  l a t i t u d e  

of t h e  present  s tudy area, t h e  Pecos River and its antecedents presumably have 

been perennial  much o f ,  if not  a l l ,  t h e  time. However, having t h e  lower head, 

t h e  r i v e r  has not been (and is not)  a competent source f o r  f lush ing  rocks of 

t h e  Guadalupe series. (3) Also i n  post -upl i f t  t ime, t h e  core of t h e  permeable 

Capitan aqu i fe r  has been almost completely f lushed by land-derived f r e s h  water, 

p r i nc ipa l l y  from t h e  Glass Mountain i n  Texas and, u n t i l  Middle (?) Pleis tocene 

time, from t h e  Guadalupe Mountains i n  New Mexico. These inferences  a t t e s t  t o  

t h e  very slow r a t e s  of regional  snbrosive and f lushing c i r cu l a t i ons .  Cer ta in  

s p e c i f i c  r a t e s  w i l l  be derived,  



Aquifers above the  Rustler  formation 

I n  t h e  v i c i n i t y  of t h e  study a rea ,  p r inc ipa l  fresh-water aquifers  above 

t h e  Rus t l e r  formation are (1)  t h e  Santa Rosa sandstone of Late T r i a s s i c  age 

and (2)  coarse zones i n  alluvium of Quaternary age, especia l ly  i n  th ick  tongues 

of alluvium f i l l i n g  former stream cha~e1 .S .  I n  general  t h e  Santa Rosa 

sandstone i s  t h e  more consis tent  producer; wel ls  tapping it commonly yield 

100 g p m  (gal lons  per minute) o r  more and as much as 1,875 gpm is reported from 

one well  i n  which t h e  sandstone was "fmctured." The Chinle formation which 

o v e r l i e s  t h e  Santa Rosa sandstone, and t h e  Dewey Lake redbeds which immediately 

under l ie  it, a r e  of small average permeability and do not  sus ta in  uater-supply 

wel ls .  The Rust ler  formation, which intervenes between t h e  Dewey Lake redbeds 

above and t h e  Salado formation below, y ie lds  only s a l i n e  water containing a s  

much as 90,000 mg/l of chlor ide  ion (Nicholson and Clebsch, 1961; Garza and 

Messelrean, 1962) . 
Figure 1 geneml izes  t h e  configurat ion of t h e  piezometric surface f o r  

t h e  fresh-water aquif e r f  p r inc ipa l  f e a t u r e s  include: (1) I n  t h e  northern 

par t  of t h e  area, a bifurcated terrsce i n  T. 20 S., R s .  31 and 34-35 E. 

(2)  I n  t h e  south-central  p a r t ,  a prominent r idge  o r  d iv ide  c res t inq  i n  two 

"highs," one i n  t h e  southern half of t h e  four-township study area .  (3) I n  the  

western t h i r d  of t h e  a r e a ,  a broad trough o r  drain spanning t h e  Pecos River 

val ley ,  of which trough a conspicuous branch heads immediately north of t h e  

study a r e a  i n  Ts. #I9 and #20 S.,  R s .  #32 and #33 E., t rends  across  t h e  northwest 

quadrant of t h e  study a r e a ,  and then passes beneath Nash Draw.  (4) Southeast 

of t h e  study a rea ,  a second broad trough heading i n  a closed depression o r  

"sink" beneath San Simon Swale. These pr incipal  f e a t u r e s  a r e  inferred  t o  be 

natu,-1 i n  general  form. The piezometric t e r r a c e  and r idge  would s iqn i fy  

areas of ground-water recharge, whereas t h e  piezometric troughs would s iqn i fy  

d r a i n s  toward which t h e  ground water tends t o  concentrate and alonq which 
water  m y  move downnard a s  well as horizontal ly.  The piezometric s ink would 
s ign i fy  water movement only downward, a t  some i n t e r i o r  f o c a l  area .  
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The fresh-water a q u i f e r s  and t h e  fresh-water c i r c u l a t i o n  j u s t  out l ined 

c o n s t i t u t e  t h e  p o t e n t i a l  source sus ta in ing  any present  subrosion of t h e  

Rus t l e r  and Salado formations beneath t h e  study a r e a  and its v i c i n i t y .  The 

p o t e n t i a l  hydraul ic  d r i v i n g  f o r c e  f o r  subrosive c i r c u l a t i o n  can be assessed 

i n  terms of d i f f e r e n t i a l  head (correc ted  t o  fresh-water dens i ty )  between t h e  

fresh-water  a q u i f e r  system above t h e  Rus t l e r  f o r m t i o n ,  here described,  and 

t h e  deeper Capitan a q u i f e r  and assoc ia ted  rocks of Guadalupe age, previously 

described.  Two f a i r l y  d i s t i n c t  hydrologic subprovinces a r e  involved; t h e s e  

a r e  (1) t h e  area of t h e  Capitan a q u i f e r  and associa ted  s h e l f  rocks t o  t h e  

nor th  and east, and (2)  t h e  area of t h e  Delaware Basin. 

Under n a t u r a l  condi t ions  and wi th  regard  t o  t h e  Capitan and she l f  

a q u i f e r s  a lone ,  t h i s  d i f f e r e n t i a l  appears t o  have been: (1) v i r t u a l l y  zero a t  

mid-point of t h e  nor th  boundary of t h e  s tudy area--that is, along t h e  a x i s  of 

t h e  piezometric trough shorn on figure 1: (2) 300 t o  400 feet  p o s i t i v e  ( t h a t  is, 

g r e a t e r  head in t h e  aqu i fe r  system above t h e  ~ u s t l e r )  i n  T . 20 S, , R ,  34 E., 

and eastward toward t h e  head of t h e  Hobbs Channel; (3) 250 t o  300 f e e t  p o s i t i v e  

i n  T. 21  S . ,  R s .  33 t o  35 E,; (4) 100 feet  p o s i t i v e  i n  T. 23 S., R. 36 E. 

and (5) f a r t h e r  south,  100 f e e t  o r  more negative,  

Under t h e  present  condi t ion  of hydraulic stress, t h e  p o s i t i v e  d i f f e r e n t i a l  

head i n  t h e  a q u i f e r  system above t h e  Rus t l e r  is g r e a t e r  and more extensive-- 

s p e c i f i c a l l y ,  (1)  about  350 f e e t  a t  mid-point of t h e  northern boundary of t h e  

s tudy a r e a ;  (2) t o  t h e  east, as much as 1,000 feet a t  t h e  head of t h e  Hobbs 

Channel; (3) 700 f e e t  a t  mid-point of t h e  eas te rn  boundary of  t h e  s tudy area, 

a l s o  eastward in T. 21 S. and southward i n  R ,  36 E. t o  t h e  l a t i t u d e  of San 

Simon Sink; (4) 500 f e e t  a long t h e  e a s t e r n  f l ank  of San Simon Swale and 

southward about through T. 24 S.: and (5) about 250 f e e t  a t  t h e  New Mexico- 

Texas Boundary, 



A s  j u s t  outl ined,  t he  posi t ive  d i f f e r en t i a l  heads t r an s l a t e  i n to  

vertically-downward hydzaulic gradients  su f f i c i en t  t h a t ,  under natura l  

conditions and over geologic t h e ,  subrosive c i rcu la t ion  presumably would 

have penetrated from the  land eurface t o  the  Capitan aquifer In the  northernmost 

and northeasternmost pa r t s  of the  study area and thence eastward and 

southeastward t o ,  and 5 t o  10  miles beyond, t he  l a t i t u d e  of San Simon Sink. 

Subrosion would have resu l t ed  wherever a permeable path was open t o  the  

Rust ler  o r  Salado formation. In fe ren t ia l ly ,  regional  discharge could have 

been eastward through t he  Hobbs Chamel t o  t he  Brazos River basin i n  Texas. 

Under the  present condit ions of hydraulic stress, vertically-downward 

hydraulic gradients  adjacent  t o  the. study area on t h e  north and e a s t  appear 

t o  be two- o r  three-fold g r ea t e r  t h a t  natural .  The greater  gradients would 

tend t o  acce le ra te  subrosive c i rcu la t ion  comensurately. A s  has been noted 

however, t h e  hor izonta l  gradient  i n  o r  near t h e  Hobbs Channel presumably 

has been f l a t t ened  or reversed,  Thus, under the  s t ressed condition, 

accelera ted downward c i r cu l a t i on  from above t h e  Rust ler  f o r m t i o n  would be 

compensated i n  t h e  ex t rac t ion  by pumping from t h e  Capitan. 

I n  t he  part of t he  area t h a t  over l i es  t h e  Delaware Basin head of the  

aqu i f e r  system above t h e  Rust ler  formation is na tu ra l ly  about equal t o ,  or  

lower than, t h a t  of water I n  t he  underlying rocks of Gradalupe age (fresh-water 

equivalent) ,  A t  t h e  l a t i t u d e  of t h e  study a rea  and along t he  a x i s  of the  

Pecos River val ley ,  t he  above-Rustler head is about a t  land surface and 400 

t o  500 f e e t  lower than t h e  head f o r  rocks of t he  Guadalupe s e r i e s ,  Accordin~ly ,  

t he  po t en t i a l  f o r  v e r t i c a l  movement of water qenerally i~ the  reverse of t h a t  

in t h e  Capitan subprovince, and upuard from the  Guadaluper subroslon would be 

very l a rge lyby  r e l a t i v e l y  'shallow c i rcu la t ion  of l o c a l  m t h e r  than regional  

reach. 



Relation t o  past and prospective c l imates  

Rate of bedded-evaporite d i s so lu t i on  would tend t o  increase  with volume 

r a t e  of subrosive c i r cu l a t i on ,  and r a t e  of c i r cu l a t i on  t o  increase  with 

wetness of climate. The first r e l a t i onsh ip  approaches simple cause and e f fec t  

and t h e  two r a t e s  wel l  might be i n  a r i thmet ic  proportion, one t o  t h e  o ther  

because, i n  general ,  ve loc i ty  of c i r cu l a t i on  would be s u f f i c i e n t l y  slow t h a t  

any water making contact  with evapor i te  could become saturat.ed, The second 

r e l a t i onsh ip  is i n d i r e c t ,  however, and t h e  con t ro l l i ng  f a a t o r s  a r e  

t r ansmiss iv i ty  of t h e  re levan t  aqu i f e r  system and hydraulic gradient  o r  

d r iv ing  force .  A s  w i l l  be shown, v a r i a b i l i t y  of these  two f a c t o r s  i s  limited. 

Over a moderate i n t e r v a l  of geologic time, say up t o  a mil l ion years o r  

so ,  physical  geometry of a p a r t i c u l a r  a q u i f e r  system o rd ina r i l y  would chang;e 

l i t t l e ,  and t h a t  l a rge ly  by modification of in take zone, discharge zone, o r  

both. Thus, as a first approximation, t r ansmiss iv i ty  of t h e  aqu i f e r  system 

may be  assumed t o  be near ly  a constant  (under a pa r t i cu l a r  hydraulic g rad ien t )  . 
Hydraulic p d i e n t  would have two l imi ts- -speci f ica l ly ,  (1)  zero recharge 

under a n  extremely dry cl imate,  with gradient  and c i r cu l a t i on  diminishinq 

u l t ima t e ly  t o  zero1 and (2) recharge area sa tu ra ted  t o  land surface  under a 

wet cl imate,  with gradient  a maximum whatever t h e  "wetness." 

A reasonable ba s i s  f o r  p ro jec t ing  f u t u r e  r a t e s  of  subrosive c i r cu l a t i on  

would be t o  assume t h a t  t h e  c l imat ic  and hydrologic environments of 

P le i s tocene  time w i l l  recur .  I n  o ther  words, t he r e  would be expected a n  

a l t e r n a t i o n  between r e l a t i v e l y  cool,  wet p luv i a l  ( g l ac i a l )  epochs and warm, 

d ry  i n t e r p l u v i a l  ( i n t e r g l a c i a l )  epochs. The pas t  few cen tur ies  have been 

v i r t u a l l y  i n t e r p l u v i a l ,  probably somewhat cooler  and wet te r  than t h e  

i n t e r p l u v i a l  extreme of Ple is tocene time but  considerably warmer and d r i e r  

than t h e  p luv i a l  extreme, 



A s  w i l l  be noted, dur ing  c e r t a i n  in te rp luv ia l  epochs of the  Pleistocene,  

c a l i c h e  developed extens ively  over s t a b l e  land surfaces  i n  and near t h e  study 

a r e a  of t h i s  r epor t .  Caliche, e s s e n t i a l l y  a carbonate-cemented s o i l ,  forms 

only i n  a r e l a t i v e l y  w a r m  and d ry  climate--so dry  that a l l  t h e  l i t t l e  

r a i n f a l l  is d i s s ipa ted  by evaporation and none percolates t o  and below the  

water t ab le .  Once formed, an unbreached l a y e r  of ca l iche  severa l  f e e t  th ick  

i s  a l l  but  impermeable. Accordingly, it can be concluded that, l o c a l l y  i n  

and near  t h e  study area, subrosive c i r c u l a t i o n  probably has lapsed in termi t tent ly  

i n  t h e  pas t  and w i l l  l apse  i n t e r m i t t e n t l y  i n  t h e  fu tu re ,  

There is evidence t h a t  during p luv ia l  epochs of t h e  Pleistocene,  

p r e c i p i t a t i o n  i n  t h e  region about t h e  study a rea  nas several-fold g rea te r  

than i n  h i s t o r i c  time. Rocks of t h e  a rea  being of r e l a t i v e l y  low average 

permeabil i ty,  conceivably t h e  i n f i l t r a t i o n  from such p rec ip i t a t ion  was 

s u f f i c i e n t  that p r inc ipa l  recharge areas were sa tura ted  up t o  t h e  land surface. 

Even so ,  hydraulic p o t e n t i a l  t o  d r i v e  subrosive c i r cu la t ion  down t o  t h e  

Capitan a q u i f e r  and associa ted  she l f  rocks could not  have been more than two- 

o r  three-fold g r e a t e r  than n a t u r a l  po ten t i a l  i n  t h e  h i s t o r i c  past. This 

n a t u r a l  p o t e n t i a l  has been outl ined.  Further ,  t h i s  maximum conceivable 

p o t e n t i a l  of t h e  past would be about equal t o  present  po ten t i a l  under t h e  

hydraul ic  s t r e s s  caused by l a r g e  ex t rac t ion  of water i n  t h e  pas t  t h r e e  decades. 

Over t h e  nor theas tern  part of t h e  Delaware Basin, a p a r t  which includes t h e  

g r e a t e r  part of t h e  study a r e a  ( f i g .  l ) ,  it seems l i k e l y  that even t h e  maximum 

p r e c i p i t a t i o n  of t h e  p a s t  could have sustained only a nominal deep c i rcu la t ion ,  

much weaker than c i r c u l a t i o n  i n  t h e  contiguous Capitan subprovince. 



EPOCHS Am RATES OF SUBROSION 

Subrosion, t he  subsurface dissolut ion of salt with at tendant  collapse 

of the land surface and other re la ted  processes, proceeds only under a 

continuing c i rcu la t ion  of unsaturated water and so, generally, requires an 

environment of t e r r e s t r i a l  erosion (Piper, 1973-a) . This being so,  each 

pr incipal  interrupt ion i n  marine sedimentation poten t ia l ly  has beenan epoch 

of subrosion, e i t h e r  youthful or  rejuvenant. For the general v i c in i ty  of 

t h e  four-township study a rea , s ix  such epochs a r e  inferred o r  a r e  discriminated 

tentat ively!  these w i l l  be described. 

S a l t  a l s o  can be dissolved during or  between epochs of evaporite 

accumulation, a s  the sea re-occupies an area previously desiccated. Thus, i n  

the  v i c in i ty  of t he  present study area, inter-formational dissolut ion occurred 

during the  in t e rva l  between the  Cast i le  and Salado epochs of accuntulation 

and, even more notably, between the  Salado and Rustler epochs  dams, 194J+, 

p. 1608). Having no d i r e c t  bearing on the questions here a t  issue,  the 

e f f e c t s  of such dissolut ion w i l l  not  be described, 

Early and Middle Triassic  time - 
I n  and near the  study area,  t he  e a r l i e s t  recognizable epoch of salt 

dissolut ion,  presumably in a t e r r e s t r i a l  environment, was during Early and 

Middle Tr iass ic  t i m e .  Then, the  Salado formation and the  overlying Rustler 

formation would have been un-deformed and overlain only by the  Dewey Lake 

redbeds, about 470 t o  560 f e e t  th ick ,  and of moderate t o  small permeability. 

The water c i rcu la t ion  required f o r  dissolut ion of salt from the  Rustler and the 

Salado presumably could readi ly  have been t r ibu ta ry  t o  the  Capitan aquifer.  



Dissolut ion of s a l t  i n  T r i a s s i c  time was recognized by Adams (1944, 

p.  1622-1624) i n  a "small" basin adjacent  t o  t h e  Capitan ( r e e f )  limestone 

along t h e  eas te rn  margin of t h e  Delanare Basin. There, according t o  Adams, 

d i s s o l u t i o n  of s a l t  from t h e  Salado formation created a trough 800 t o  900 

f e e t  deep, which subsequently was f i l led by rocks of T r i a s s i c  age, i n  an 

over-thick sec t ion .  The loca t ion  of the  basin is described vaguely; Jones 

(1974) i n f e r s  it t o  be one t h a t  is  t ransected  by t h e  Pecos River some 100 

miles southeas t  of t h e  study area .  The p a r t i c u l a r  basin i a  one 

segment of  a n  eas te rn  lobe  of very extensive and deeply f i l l e d  d issolu t ion  

bas ins  which l i e  south of t h e  s tudy a r e a  and l a r g e l y  i n  Texas (Maley and 

Huffington, 1953). Among those extensive bas ins  t h e  g r e a t e s t  thickness of 

" f i l l "  is about 1,800 f e e t ,  o r  approximately twice t h e  excess thickness of 

rocks  of T r i a s s i c  age  as discriminated by Adams. More w i l l  be s a i d  concerning 

t h i s .  

If t h e  over-thick sec t ion  of  T r i a s s i c  rocks noted above is wholly 

c o m e l a t i v e  with t h e  Santa Rosa sandstone and Chinle formation it is of 

l a t e  T r i a s s i c  age. Accordingly, t h e  so lu t ion  trough it occupies would have 

developed i n  some p a r t  of Ear ly  and Middle T r i a s s i c  time. Assuminq trough 

development t o  have spanned ha l f  t h i s  a v a i l a b l e  time, o r  about a t h i r d  of 

a l l  T r i a s s i c  time, t h e  mean rate of basin deepening--that is, v e r t i c a l  r a t e  

of  subrosive removal of  salt--would have been i n  t h e  order  of 85 f e e t  per  

mi l l ion  gears .  



Gorman and Roebeck (1946) have recognized Tr iass ic  subrosion near Santa 

Rosa, J.75 miles north of Carlsbz Recently, Bachman and Jones (1974) have 

found addi t iona l  evidence tha t  subrosion a t  the  time was extensive In 

eastern N e w  Mexico--specificall& (1) i n  the  v i c in i ty  of Crow F la t ,  about 

35 miles north-northwest of t he  study area, "chaos" s t ruc ture  involves 

t i l t e d  blocks of rocks as old as Tr iass ic ;  (2) about 25 miles west of the  

study area, rocks of Tr iass ic  age were deposited i n  an antecedent sinkhole; 

and (3) cores from wel ls  some 20 miles south- s outhwest of t h e  study a rea  

d i sc lose ,  i n  salt as much as 400 f e e t  below the  top  of t he  Salado formation, 

enclosed blocks of dolomite, cher t  pebbles, materials reminiscent of the  

Dewey Lake redbeds, and other  f ea tu re s  interpreted as debr i s  f i l l i n g  a former 

k a r s t  topography. A t  t h e  l a t t e r  l o c a l i t y  t h e  contactbetween the  Rustler 

formation and the  Dewey Lake redbeds seemingly had been depressed about 300 

f e e t  by collapse. None of t h i s  evidence a f fords  an estimate of the  ve r t i ca l  

r a t e  of subrosion, 

Jones (1974) i n t e rp re t s  a l l  t h e  evidence a t  hand t o  ind ica te  t h a t ,  by 

Late Triassic time erosion and subrosion probably had removed a l l  salt of 

t he  Salado formation west of t h e  general longitude of Carlsbad. I f  so, 

presumably the  f ea the r  edge of erosion and subrosion would have reached even 

f a r t h e r  eastward toward the  study area. However, because thickness of t he  

Santa Rosa sandstone (Late Tr iass ic  age) varies  l i t t l e  within the  study area 

(generally about 200 t o  250 f e e t ) ,  t h e  wr i t e r  f e e l s  t h a t  the eastward reach 

of subrosion i n  t h i s  e a r l i e s t  epoch (Early and Middle Tr iass ic  time) probably 

was somewhat l e s s  than implied by Jones, 



J u r a s s i c  (?) t ime 

By t h e  start of J u r a s s i c  t ime t h e  evapor i tes  of t h e  Salado and Rust le r  

formations i n  and near  t h e  four-township s tudy a rea  would have been mantled 

by some 1,000 t o  1,500 f e e t  o r  more of insoluble  sedimentary rocks of 

moderate t o  low permeabil i ty--specif ical ly,  by t h e  Dewey Lake redbeds of 

of Permian (0choa) age,  470 t o  560 f e e t  t h i c k  as a l ready noted; and add i t iona l ly  

by t h e  Santa Rosa sandstone, 205 t o  245 f e e t  t h i ck ,  and the  Chinle formation, 

300 t o  800 o r  more f e e t  t h i c k ,  both of Late  T r i a s s i c  age. During J u r a s s i c  

t ime,  s e v e r a l  l i n e s  of evidence imply s t rong ly  that t h e  area was land: (1) No 

rocks  of that age  a r e  known p resen t ly  t o  e x i s t  c l o s e r  than about 80 miles t o  

t h e  south i n  trans-Pecos Texas, o r  160 miles  t o  t h e  nor th  near  Tucumcari, 

New Mexico. (2 )  Extensively west of Carlsbad, New Mexico, rocks of T r i a s s i c  

age  a r e  absent  and rocks of  Cretaceous age  r e s t  on those  of Permian age o r  

o l d e r  (Bachman, 1974). I n  genera l  t h e  presumed t e r r e s t r i a l  environment would 

have favored subrosion,  e i t h e r  new o r  rejuvenant ,  d e s p i t e  t h e  thickened mantle 

descr ibed  above. I n  f a c t ,  Jones (1974) concludes t h a t  subrosion and land- 

s u r f a c e  subsidence were ex tens ive  i n  t h e  a r e a  of t h e  present  Gypsum P la ins  and 

t h e  ~ u s t l e r  H i l l s .  

Reference has been made t o  a n  e a s t e r n  lobe  of  deeply- f i l led  subrosive 

b a s i n s  heading some 4 0  mi les  southeas t  of t h e  s tudy area. A more extensive 

western lobe  heads i n  T. 25 S., R.  30 E., about 20 miles  south-southwest of 

t h e  s tudy  area ( ~ a l e y  and Huffington, op. c i t . ) .  Adams (1944, p. 1609, 1612) 

conculdes that t h e  subrosion of t h a t  l obe  was loca l i zed  and f a c i l i t a t e d  by 

beds of coarse sand t h e r e  i n t e r f i n g e r e d  i n t o  t h e  upper p a r t  of t h e  Salado 
f o r n a t i o n ,  t hose  beds se rv ing  as conduits  f o r  ready c i r c u l a t i o n  of 

unsa tura ted  water.  Haximum th ickness  of f i l l  i n  t h e  western lobe  is  some 

1 ,700 f e e t ,  nea r  Pecos, Texas; i n  t h e  eas t e rn  lobe ,  some 1,800 f e e t .  



Age of these  subrosive bas ins  and of t h e i r  f i l l  has been dated var ious ly  
I 

by d i f  f e r e n t  inves t iga to r s .  Adams (1944) concluded t h a t  d i s s o l u t i o n  of 1 
salt i n  t h e  western lobe  occurred mainly i n  T e r t i a r y  time, and seemingly 1 
was l imi ted  t o  areas from which Cretaceous cover had been s t r ipped .  A s  has 

been noted, however, he ascr ibed some subrosion i n  t h e  eas te rn  lobe  t o  

T r i a s s i c  t ime; it seems most un l ike ly  t h a t  t h e  a r e a  of t h e  western lobe  

could have gone unscathed by subrosion a t  t h e  same time. On t h e  o t h e r  hand, 

it has been pointed out  t h a t  t h e  l o c a l  over-thickness of ( U t e ? )  T r i a s s i c  rocks 

i n  t h e  e a s t e r n  lobe  i s  only about hal f  t h e  maximum thickness  of f i l l  (depth 

of  subrosion) along t h a t  lobe. Thus, it seems a l s o  most un l ike ly  t h a t  

t h e  a r e a  of t h e  eas te rn  lobe  could have gone unscathed by subrosion through 

a l l  post -Tr iass ic  time. Maley and Huffington (1956) presumed t h e  f i l l  i n  

t h e  b a s i n s  probably t o  be l a r g e l y  Quaternary ~ l e i s t o c e n ~  i n  age,  but  i n  its 

o l d e r  p a r t  t o  be of T e r t i a r y  age. Thus they imply t h e  antecedent  subrosion 

t o  have occurred i n  T e r t i a r y  time. From inspect ion of w e l l  c u t t i n g s ,  Jones 

(1974) t e n t a t i v e l y  a s s i g n s  much of t h e  f i l l  i n  t h e  northwesternmost of t h e s e  

extens ive  bas ins  t o  t h e  Cretaceous, owing t o  l i t h o l o g i c  s i m i l a r i t y  between 

it and d e p o s i t s  of accepted Cretaceous age  i n  t h e  surrounding region.  Thus, 

he a s c r i b e s  t h e  antecedent  subrosion t o  J u r a s s i c  time. 

More d e f i n i t i v e  information as t o  charac te r  d i s t r i b u t i o n ,  and age  of 

t h e  deep-basin f i l l ( s )  seems necessary before  t h e  antecedent  subrosion can 

be dated  c l o s e l y  and conclusively. Lacking such c l o s e  da t ing ,  a commen~urately 

dependable es t imate  of r a t e  of subrosion is precluded. However, a u ~ e f u l  range 

of such es t ima tes  can be der ived;  these  follow. 



Assuming t h a t  t h e  maximum thickness of basin f i l l --1,800 feet-- indicates 

t h e  same v e r t i c a l  reach of subrosion, mean v e r t i c a l  r a t e  uas about: (1) 80 

f e e t  per  mil l ion years i f  a l l  t h e  subrosion occurred within Early and Middle 

T r i a s s i c  time o r  within J u r a s s i c  time1 (2)  possibly a s  slow as 35 f e e t  per 

mil l ion years  if t h e  subrosion was continual  durinq much of Tr iass ic  and 

J u r a s s i c  time; and (3) 60 f e e t  per mi l l ion  years if the  subrosion occurred 

wi th in  t h e  Paleogene (ea r ly )  d iv i s ion  of Ter t i a ry  time. The preceding mean 

rates der ive  from t h e  cen t ra l  p a r t  of t h e  f i l led-bas in  area ,  where subrosive 

downcutting was presumably most rapid  o r  longest  sustained.  

With t h e  c lose  of J u r a s s i c  time, any antecedent subrosion i n  t h e  f i l l e d -  

bas in  area presumably would have lapsed, Certainly re tu rn  of a marine 

environment ea r ly  i n  t h e  ensuing Cretaceous period would have ended the 

fresh-water hydraulic d r ive  necessary f o r  subrosive c i rcula t ion.  

Cretaceous and ea r ly  T e r t i a r y  (pre-08;allalal time) 
-.----- .-- - -.- - 

Early  in Cretaceous time, erosive planation and l o c a l  sedimentation 

presumably smoothed t h e  landscape inher i ted  from J u r a s s i c  time, Then in an 

encroaching sea ,  insoluble  marine sediments were deposited extensively. Late 

i n  Cretaceous time, o r  possibly i n  e a r l i e s t  T e r t i a r y  time, t h e  study area  and 

its v i c i n i t y  were t i l t e d  e a s t m r d ,  with two e f f e c t s  here of concern: (1) The 

s t r a i n  from t i l t i n g  induced flowage of s a l t  i n  t h e  Cas t i l e  and Salado 

formations, r e s u l t i n g  i n  some l o c a l  thickening and updoming of the Salado 

 ones, 1974). ( 2 )  The study area and its v i c i n i t y  again became land;  erosion 

s t r ipped  antecedent sediments of Cretaceous age and l o c a l l y  thinned the  

remaining mantle overlying t h e  evapori tes of t h e  Rustler  and Salado formations. 

(3) Probably subrosion was soon rejuvenated loca l ly ,  althouqh no pa r t i cu la r  

l o c a l e s  can be i d e n t i f i e d  with c e r t a i n t y ,  It i s  a t  t h i s  s t a e e  of geologic 
h i s t o r y  t h a t ,  under the  chronology of Maley and Huffirqton (1956), subrosion 
would have s t a r t e d  i n  t h e  d e e p b a s i n  area t o  t h e  south. 



Bachmen (1974) does not recognize an interrupt ion of uubrosive processes 

d u r i n ~  Cretaceou~ time; ra ther ,  he  covero Into  a s ina l e  epoah all po~t -Tr laoa lc  

pre-Gatuna time. Jones (1974) concludes t h a t ,  ~ e n e r a l l y  i n  and near the study 

a rea ,  subrosion had reached i ts maximum geographic extent by ea r ly  Ter t ia ry  

time and t h a t  " insofar  a s  has been determined there  has been no extension of 

t h e  subrosional processes beyond the  * * * areas  of pre-Ogallala salt removal" 

Late Te r t i a ry     gal la la) time 

By l a t e s t  Miocene o r  Pliocene time, erosive douncutting had reached a 

landscape-relief of a few hundred f e e t ;  subsequent f l u v i a l  deposit ion f  gal la la 

formation) b u i l t  an  extensive p la in  of extremely low r e l i e f ,  a p la in  which 

reached its climax about with t he  close of Pliocene time (~achrnan, 1974). 

Present remnants of t h i s  climax land surface a r e  the  conspicuous High Plains  

of southeastern New Mexico and adjacent p a r t s  of Texas. Features of these  remnants 

i n  t h e  study a r ea  a r e  summarized in the  wr i t e r ' s  e a r l i e r  paper (piper,  1973-b, 

P. 5-81. 

To t h e  west of t h e  study area, subrosion of t he  Rust ler  and Salado 

formations must have been rejuvenated by the  beginning of Ogallala deposition-- 

t h a t  is ,  some 12 mill ion years ago. Thus, as summarized i n  t he  wr i t e r ' s  

e a r l i e r  paper (op. c i t . ) ,  t he  base of the  Ogallala would have intersectaed t he  

t i l t e d  Rust ler  formation within a b e l t  some 5 t o  1 0  miles wide, trending 

somewhat west of south, and about spanning the  present s i t e  of Clayton Racln. 

Likewise, t h e  t o p  of t he  t i l t e d  Salado formation would have been intersected 

i n  a p a r a l l e l  b e l t  beginning some 5 t o  1 0  miles west of the  present a x i s  of 

Clayton Basin. Also, t h e  permeable Ogallala formation doubtless would have 

cons t i tu ted  a regional  fresh-water aqu i fe r ,  serving as a competent source fo r ,  

and maintaining the  hydraulic d r ive  of ,  widespread subrosive water c i rcu la t ion .  



The e v a p o r i t e ~  of t h e  Rust ler  and Salado having been so  truncated,  

t h e  w r i t e r  presumes t h a t ,  i n  and near  t h e  l o c a l  a r e a  of t runcation,  

subrosion has been continual  through e s s e n t i a l l y  a l l  subsequent time--that is,  

throuqhout t h e  severa l  s t ages  i n  which t h e  present  Pecos River va l ley  has 

been sculptured.  There t h e  r a t e  of subrosive downcutting may have varied 

considerably during t h e  two epochs y e t  t o  be described, but the re  is no 

c l e a r  evidence t h a t  the  requirements f o r  subrosive c i r cu la t ion  lapsed 

completely a t  any time, Thus, the  w r i t e r  recognizes no basis f o r  a separate 

es t imate  of a v e r t i c a l  r a t e  of subrosion i n  t h e  p a r t i c u l a r  l o c a l  a rea  during 

t h e  Ogallala epoch alone,  Including post-Ogallala time, t h e  mean v e r t i c a l  

r a t e  west of t h e  four-township study a r e a  has been estimated (p iper ,  1973-b, 

p. 22) as about 80 f e e t  per  mi l l ion  years ,  This  est imate is a mean durinq 

t h e  presumed time i n t e r v a l  and over a moderately extensive geographic area.  

Assuming that a c t u a l  depth of subrosion varied uniformly across  the  a r e a ,  

from some maximum t o  a f e a t h e r  edge, t h e  mean maximum r a t e  would have been 

twice t h a t  j u s t  stated, o r  160 f e e t  per  mil l ion years .  The est imate assumed 

t h a t ,  a t  t h e  onse t  of Ogallala  deposi t ion and a t  t h e  longitude of present 

Carlsbad, t runca t ion  had removed a l l  t h e  Rust ler  formation and had thinned 

t h e  Salado formation t o  one four th  of i ts  thickness as deposited, On the  

o t h e r  hand, Jones (1974) has concluded t h a t ,  by e a r l y  Late T r i a s s i c  time, the  

"eroded edge of Salado s a l t  fms a t  t h d  general  longitude of CarlsbadW--in 

o t h e r  words, t h a t  a l l  t h e  Salado had been removed f a r t h e r  west. 



Eastward from the  in fe r red  b e l t s  of t runcat ion,  evapor i tes  of the  Rust ler  

and Salado formations d i p  beneath a progressively thickening mantle of strata 

of low average permeabil i ty--specif ical ly,  beneath the  Dewey Lake redbeds of 

Permian (0choa) age and the  Santa Rosa sandstone and the  Chinle formation 

of Late T r i a s s i c  age. I n  Ogallala time, t h i s  mantle was general ly  about 

750 t o  1,000 feet th ick  a t  t h e  longitude of t h e  study a rea ,  and probably as 

much as 2,000 f e e t  th ick  20 miles f a r t h e r  east a t  t h e  general  lonai tude of 

present  San Simon Swale. Being so  t h i ck  and lacking aqu i fe r s  of l a r g e  

t ransmiss iv i ty ,  t h i s  mantle doubt less  r e s t r i c t e d  subrosive c i r cu l a t i on  of 

unsaturated water t o  t he  Rust ler  and t h e  Salado r a t h e r  ex t ens ive ly  over 

much of t h e  Delaware Basin. However, above t he  Capitan limestone and 

assoc ia ted  shelf  rocks t o  t he  nor theas t ,  it seems l i k e l y  t h a t ,  a s  is t r u e  today, 

fresh-water head i n  aqu i f e r s  above t he  Rust ler  formation was s u f f i c i e n t l y  high 

i n  Ogallala time t o  d r i ve  a subrosive c i r cu l a t i on  discharging genera l ly  

eastward by way of t he  Hobbs Channel. Configuration of the  t op  of t he  Rust ler  

formation i n  t h i s  a r e a ,  as mapped by H i s s  (19?4), suggests t h a t  such may have 

occurred, although corroborative evidence is not  a t  hand. Also, the  evident  

subrosive co l lapse  a t  San Simon Sink could have s t a r t e d  i n  t h i s  epoch, 

presumably with c i r cu l a t i on  general ly  southnard touard t he  eas te rn  lobe of 

J u r a s s i c  (?) subrosion a l ready  noted. A t  whatever time it did occur ( t h e  

ensuing Gatuna o r  post-Gatuna epoch seems the  more l i k e l y ) ,  subsidence a t  the  

s ink  undoubtedly generated f r a c t u r e s  t r ansec t ing  a l l  strata above t h e  Rus t l e r  

(and Salado ?)  and s o  imparting subs t an t i a l  t ransverse  permeabil i ty t o  those 

stmta loca l l y .  

Spec i f i c s  of subrosive a c t i v i t y  e a s t  of the  study a r ea  i n  Ogallala time 

a r e  obscure. Presumably any po t en t i a l  f o r  subrosive c i r cu l a t i on  would have 

diminished o r  lapsed extensively  a t  t h e  end of t h e  epoch, with development 
of  t h e  High P l a in s  "caprock" o r  ca l iche .  



Gatuna epoch ( ~ u e r e c h o  p l a i n )  --- 
Uestuard from t h e  s tudy a r e a ,  major forms i n  t h e  present  landscape of 

t h e  Pecos River  v a l l e y  developed by l o c a l  subrosive co l lapse  and by e ros ive  

d i s s e c t i o n  of t h e  High P l a i n s  dur ing  t h e  Nebraskan and Kansan p luv ia l  c taaes  

of e a r l y  and middle P le i s tocene  time. Presumably rainfall was s u b s t a n t i a l l y  

more than a t  p resen t ;  temperature probably uas lower, A juveni le  Clayton 

Basin and Nash D r a w ,  a l s o  o t h e r  co l l apse  features, presumably were ear ly .  

The w r i t e r  i n f e r s  t h a t  t h e r e  developed u l t ima te ly  an In tegra ted  land-drainage 

system of whose va l l ey - t r a in  depos i t s  ( ~ a t u n a  formation, 0 t o  375 f e e t  t h i ck )  

discontinuous remnants extend gene ra l ly  southward from t h e  head of t h e  

p resen t  Rosnel l  Basin, a long Long Arroyo east of Hagerman, pass  15 t o  20 miles 

east of Artesia, and 20 t o  30 miles east of Carlsbad t o  t h e  New Mexico-Texas 

boundary. Contained pebbles are of rock types denoting o r i g i n s  as widely 

d i spe r sed  as t h e  Capitan and Jicarilla mountains west and northwest of Roswell, 

and t h e  High P l a i n s  caprock e a s t  of Rosnell  (Bachman and Jones,  1974). 

Southward t h i s  v a l l e y  t r a i n  a l i n e s  c l o s e l y  with t h e  western lobe of t h e  

subros ive  bas ins  of Jurassic (?) age  ( f i l l  of Cretaceous (?) age)  t o  which 

r e f e r e n c e  has been made. 

A t  i t s  climax l e v e l  t h e  upper surface of  t h e  v a l l e y  train of Gatuna time 

appears  t o  have merged i n t o  t h e  ex tens ive  Querecho P l a i n s  ( ~ e s c a l e r o  Pediment) 

descr ibed  b r i e f l y  i n  t h e  w r i t e r ' s  e a r l i e r  r e p o r t  (p ipe r ,  1973-b, p. 9-11), 

Also, t h e  Gatuna formation gene ra l ly  is capped and t h e  Querecho P la in  is 

widely under la in  by t h e  Mescalero ca l i che ,  whose ex i s t ence  denotes a s t a b l e  

land s u r f a c e  and a c l imate  probably warmer and d r i e r  than t h e  present .  

B a c b n  (1974) a s s i g n s  t h e  Mescalero c a l i c h e  t o  Yarmouth-interpluvial age, 

about  600,000 yea r s  ago. 



Altogether,  t h e  Gatuna epoch of land-surface scu lp tu re  i n  t h e  Pecos 

River va l l ey  emerges as much more extensive and d i s t i n c t i v e  than had been 

demonstrated heretofore.  Bachman (1974) recognizes a separa te  Gatuna epoch 

of subrosion d u r b g  which "solut ion and co l l apse  * * * was t h e  most extens ive  

t h a t  has occurred during t h e  Pleistocene."  It can be in fe r red  that, p r i o r  t o  

and during accumulation of t h e  reg iona l  va l l ey  t r a i n  and c u t t i n g  of t h e  

bordering pedimerrt, subros ive  c i r c u l a t i o n  was a c t i v e  and genera l ly  southward 

toward t h e  western lobe  of t h e  f i l l e d  bas ins  of J u r a s s i c  (?) age. However, 

no c l e a r  evidence of subrosive re juvenat ion a t  t h e  head of t h a t  lobe  i n  Gatuna 

t h e  is known t o  t h e  miter. Conversely, it can be in fe r red  t h a t  subrosive 

c i r c u l a t i o n  lapsed with formation of t h e  c a l i c h e  mantle over v a l l e y  t r a i n  

and pediment. The w r i t e r  recognizes no basis f o r  a separa te  es t imate  of 

t h e  v e r t i c a l  r a t e  of subrosion dur ing t h e  Gatuna epoch a lone.  

Eastward from t h e  genera l  longi tude  of t h e  study area, i n  t h e  Gatuna 

epoch a succession of swales and r i d g e s  was eroded i n t o  t h e  High P l a i n s  

surface .  Undoubtedly t h e  High P l a i n s  caprock was breached l o c a l l y .  Local 

dra inage ways in tegra ted  i n t o  San Simon Swale and Monument D r a w ,  which 

discharged t o  t h e  a n c e s t r a l  Pecos River i n  Texas. The Swale a l i n e d  g e n e r a l l y  

wi th  t h e  e a s t e r n  lobe  of  t h e  deep subros ive  bas ins  o f  J u r a s s i c  (?) age , which 

have been descr ibed.  Now wholly ephemeral, a t  least t h e  trunk reaches  of t h e  

Gatuna dra inage system well may have flowed p r e n n i a l l y .  



Local ly  along present  San Simon Suale,  t h e  erosion c u t  e n t i r e l y  through 

t h e  rocks  of T r i a s s i c  age  ( ~ h i n l e  and Santa ~ o s a )  and ha l f  through t h e  

Dewey Lake redbeds, l eav ing  a bedrock mantle above t h e  Rus t le r  formation 

only  about  300 f e e t  t h i c k  a t  t h e  l a t i t u d e  of San Simon Sink. The subsequent 

unconsolidated f i l l ,  now about  850 f e e t  t h i c k  a t  t h e  S ink   ones, 1974), 

presumably was s u b s t a n t i a l l y  more permeable than t h e  antecedent  mantle rocks. 

Thus, t h e  p o t e n t i a l  f o r  subrosive c i r c u l a t i o n  was improved. However, . 

information a t  hand t o  t h e  writer is not  s p e c i f i c  a s  t o  a c t u a l  ex tent  of 

subrosion. 

Post-Gatuna time 

Bachman (1974) cons iders  a l l  post-Gatuna time--about t h e  last 600,000 

years--to c o n s t i t u t e  a d i s t i n c t  epoch of "subsurface s a l t  so lu t ion  with 

r e l a t e d  c o l l a p s e  of t h e  land  surface." Presumably t h e  epoch began with 

subros ive  re juvenat ion  a f t e r  t h e  onse t  of p l u v i a l  condi t ions  following 

Yarmouth t ime;  subsequently it has continued without known major in t e r rup t ion .  

I n  t h e  epoch, most of t h e  subros ive  work occurred west of t h e  s tudy a r e a ,  

where Clayton Basin and Nash D r a w  were enlarged t o  t h e i r  present  bold form 

and cons iderable  relief,  very l a r g e l y  by col lapse ,  I n  t h e  same area, many 

smaller c o l l a p s e  features sca r red  t h e  Mescalero Pediment ( ~ u e r e c h o  P la ins )  

and c o u n t e r p r t s .  For  two p r o f i l e s  across Nash Draw, Bachman (op. c i t .  ) 

concludes t h a t  depth  of subros ion  i n  post-Gatuna time has been from 120 t o  

180 fee t ;  i n  o t h e r  terms, a t  rates equiva lent  t o  200 t o  300 feet  p e r  mi l l ion  



North of t h e  study area, Williams Sink an? t h e  Lagunas P l a t a ,  Toston, 

Tonto, and Gatuna--all r e l a t i v e l y  shallow depr ;ions i n  t h e  Mescalero 

Pediment--were formed. Here, Jones (1974) r e p o r t s  t h a t  evidence from 

numerous wel ls ,  including wells on t h e  Lagunas P l a t a  and Gatuna, is  c l e a r  

t h a t  no sal t  has been removed from e i t h e r  t h e  Rus t l e r  o r  t h e  Salado i n  a l l  

post-Permian time. He and Bachman (1974) concur t h a t  W i l l i a m s  Sink and a l l  

four  lagunas are products of deflation by t h e  wind i n  post-Gatuna time. In 

o t h e r  words, d e s p i t e  t h e  conspicuous piezometric t rough t h a t  encloses them 

( f i g .  1 ) .  t h e  s ink  and t h e  lagunas a r e  not  products of subrosion. 

Eas t  and southeas t  of t h e  study area, with one exception, land forms 

a f fo rd  no c l e a r  evidence of subrosion i n  post-Catuna t i m e .  The exception is 

San Simon Sink, t o  which reference  has been made and which is a conspicuous 

f e a t u r e  of co l l apse  wi th in  r i n g  f r a c t u r e s ,  a long t h e  a x i s  of San Simon Swale 

and l a r g e l y  i n  sec.  18, T. 23 S , ,  R e  35 E., 20 miles southeas t  of t h e  s tudy 

area. Here, one co l l apse  event occurred a s  la te  as 1922 (Bachman and Johnson, 

1973, p. 29). Bachman (1973, p. 21) a s c r i b e s  t h e  co l l apse  t o  s o l u t i o n  of 

salt i n  t h e  underlying R u s t l e r  and Salado formations. Jones (1974) would a s c r i b e  

t h e  h i s t o r i c  subsidence t o  delayed co l l apse  i n t o  a n  antecedent  cavern. To t h e  

w r i t e r ,  however, t h e  hypothesis  of delayed co l l apse  fails owing t o  t h e  l a r g e  

e x t e n t  of t h e  area enclosed by conspicuous r i n g  fractures, about 1 by 1* miles 

( ~ i c h o l s o n  and Clebsch, 1961, fig. 8), and t o  s t r e n g t h s  of t h e  rocks  involved. 

The w r i t e r  concludes t h a t ,  al though h i s t o r i c  subsidence s i g n i f i e s  h i s t o r i c  

d i s s o l u t i o n  of salt a t  depth,  as a depress ion on t h e  present  land su r face  t h e  
t h e  

Sink is a product  o f / p o s t - ~ a t u n a  epoch, but  t h a t  d i s s o l u t i o n  of  s a l t  t h e r e  may 

have s t a r t e d  earlier. Hydrologic condi t ions  which may have o r ig ina ted  

d i s s o l u t i o n  a t  t h e  Sink have been ou t l ined  i n  t h e  preceding d i scuss ion  of 

late T e r t i a r y  ( ~ g a , l l a l a )  time. 



VULNERABILITY TO FUTURE SUBROSION 

Subrosion from na tu ra l  causes 

Figure 1 shons the  accumulated ex ten t  of subrosion t o  d a t e  i n  and near 

the  four-township s tudy a r e a ,  i n  t h e  Rust le r  formation and separa te ly  i n  the  

underlying Salado formation. As has been noted, subrosion here of concern 

may have s t a r t e d  e a r l y  i n  T r i a s s i c  time, a s  much as 185 mill ion years  aqo; 

Clea r ly  it has been a c t i v e  cont inual ly  during and s ince  l a t e  T e r t i a r y  

   gal la la) time--that is, during t h e  last 12 mi l l ion  years.  Throughout the  

l a t t e r  i n t e r v a l  t h e  a r e a  has been l and ;  c r u s t a l  deformation has been 

v i r t u a l l y  n i l ;  e ros ion  has progressed through regional  planat ion,  rejuvenation, 

and mature d i s s e c t i o n ;  and c l imate  has var ied  from cooler  and considerably 

we t t e r  t o  somewhat warmer and d r i e r  than i n  h i s t o r i c  time. Subrosion 

presumably has var ied  i n  r a t e ,  but  i n  major f e a t u r e s  has clung t o  one general 

geographic pa t t e rn .  It  may be presumed that t h i s  general  pa t t e rn  w i l l  

p e r s i s t  i n t o  t h e  f u t u r e ,  f o r  t e n s  o r  a f e n  hundredsofthousands of years.  

Vu lne rab i l i ty  of t h e  s tudy area t o  f u t u r e  na tu ra l  subrosion appears 

c l e a r l y  t o  be least on t h e  north and nor theas t ,  a l s o  on t h e  south. On the  
-. --. - 

north and nor theas t ,  subrosion seemingly has y e t  t o  start; from t h a t  d i r e c t i o n  
-___ .- -- -  

t h e  hazard of immediate subrosive a t t a c k  appears  t o  be v i r t u a l l y  zero. To the  
-- .-- --- - - - 

south  and l a r g e l y  i n  Texas, i n  t h e  deeply-f i l led  bas ins  described by k l e y  

and Huffington (1953), subrosion appears  t o  have been dormant f o r  severa l  

mi l l ion  yea r s  a t  least. The nea res t  two lobes  of t h a t  apparent ly  dormant -- - - -- - - - -  - - - -  - - -  

a r e a  a r e  r e s p e c t i v e l y  about  20 miles south-southwest and 35 miles southeast  
_ __----- - ------ - - -  

from t h e  c e n t e r  of t h e  s tudy a rea .  Thus, immediate hazard t o  the  s tudy a r e a  - __ _ _ _-_ _ - .---- --- -- --- . -.- -- _ 
throuqh re juvenant  subros ive  a t t a c k  from the  south and southeas t  I s  f e l t  - - - - 

t o  be extremely small, i f  not a l s o  v i r t u a l l y  zero. - - - - _  . - ---- . 



i u l n e r a b i l i t y  om t h e  e a s t  seems-&~>-r)e-wre- than- moderate. Here, __- - - 
-s -- -- -- - --  

subrosion t o  d a t e  has a t t acked  t h e  Rus t l e r  formation wi th in  a b e l t  4 t o  7 

miles wide a lone  o r  near t h e  basinward edge of t h e  Capitan a q u i f e r .  Attack 

reaching down t o  t h e  underlying Salado formation is l imi ted  t o  a zone about 

9 miles long by 3 miles wide, i n  p a r t  beneath San Simon Sink, and a t  its 

c l o s e s t  about  13 miles southeas t  from t h e  cen te r  of t h e  study a r e a  ( f i g .  1). 

The w r i t e r  i n f e r s  t e n t a t i v e l y  t h a t  t h i s  p a r t i c u l a r  b e l t  and zone of 

subrosion a r e  products of water c i r c u l a t i o n  t o  t h e  underlying Capitan 

a q u i f e r .  A s  has been summarized, man-caused hydraulic  s t r e s s  p resen t ly  

has increased,  two- o r  three-fo ld ,  t h e  p o t e n t i a l  hydraul ic  d r i v e  f o r  such 

c i r c u l a t i o n .  Thus, f o r  t h e  e a r l y  f u t u r e  and u n t i l  t h e  hydraul ic  s t r e s s  

may d i s s i p a t e ,  v u l n e r a b i l i t y  t o  subrosive a t t a c k  here  would be moderately 

g r e a t e r  than n a t u r a l .  On t h e  o the r  hand, p o t e n t i a l  hydraul ic  d r i v e  and 

v u l n e r a b i l i t y  would be r e l a t i v e l y  i n s e n s i t i v e  t o  c l i m a t i c  v a r i a t i o n s .  

I n c i d e n t a l l y ,  t h e  a r e a  of p a s t  subrosive a t t a c k  on t h e  Salado i n  T. 26 S.,  

R.  36 E. ( f i g .  I ) ,  rep resen t s  t h e  northeasternmost lobe  of t h e  deep-basin 

a r e a  of k l e y  and Huffington, where subrosive a c t i v i t y  appears p resen t ly  

dormant . 
Southwestward from t h e  b e l t  j u s t  described,  and extending i n t o  t h e  

south-cent ra l  p a r t  of t h e  study a r e a ,  is a second b e l t  about  5 t o  8 miles 

wide which, l i k e  t h e  d i s t r i c t  nor th  and nor theas t  of t h e  s tudy area, 

appears  thus  far t o  have escaped subrosive attack. That  second b e l t  spans 

a l o c a l  topographic and hydrologic d i v i d e  and s o  is  a n  area prospect ive ly  

least l i k e l y  t o  genera te  e f f e c t i v e  subrosional  c i r c u l a t i o n .  



Vulne rab i l i t y  t o  f u t u r e  n a t u r a l  subrosion appears  d e f i n i t e l y  t o  be 
- --- _ _ -- -- .. - - 

q r e a t e s t  from t h e  n e s t .  There,  p a s t  subrosion has reached donn i n t o  t h e  - .- - _ --- \ .  

Salado formation ex tens ive ly  n e s t  of t h e  s tudy  a r e a ,  and l o c a l l y  within 

a tongue t h a t  pene t r a t e s  nea r ly  5 miles i n t o  the  northwest quadrant o f  

t h e  s tudy  a r e a  ( f i g .  1 ) .  Fa r the r  east, pas t  subrosion has a t tacked  only 

t h e  Rus t l e r  formation i n  a b e l t  some 3 t o  6 miles nide,  which spans most 

of t h e  west h a l f  of t h e  s tudy  a rea .  S t i l l  f a r t h e r  east t h i s  l a t t e r  b e l t  

merges i n t o  t h a t  nhich is a l i n e d  about  a long t h e  basinnard edge of t h e  

Capitan a q u i f e r ,  as descr ibed  previously. 

West o f ,  and a t  t h e  genera l  l a t i t u d e  of t h e  s tudy  area, subrosion 

i n  t h e  Salado formation du r ing  and a f t e r  l a t e  T e r t i a r y  ( ~ ~ a l l a l a )  time 

appears  t o  have been by r e l a t i v e l y  sha l lon  c i r c u l a t i o n  which presumably 

nould have been s e n s i t i v e  t o  c l i m a t i c  f l u c t u a t i o n .  A s  has  been summarized, 

he re  has occurred t h e  most agg res s ive  d i s s o l u t i o n  of salt.  Accordlnqly, 

v u l n e r a b i l i t y  a s se s sed  f o r  t h i s  p a r t  of t h e  area should, i n  genera l ,  be 

conse rva t ive  f o r  o t h e r  p a r t s ,  

Seve ra l  estimates f o r  v e r t i c a l  r a t e  of subrosion have been derived o r  

c i t e d  e a r l i e r  i n  t h i s  r e p o r t .  A l l  t h e s e  are of t h e  same qenera l  order  of  

magnitude; t h e  maximum, 300 feet per m i l l i o n  yea r s ,  is  a mean f o r  a l l  post- - .- - ~ . - .. - . . 

Gatuna time a t  one p r o f i l e  a c r o s s  Nash D r a w ,  j u s t  west of  t h e  s tudy  area. 

Its time span inc ludes  two p l u v i a l  s t a g e s ,  t h e  I l l i n o i a n  and t h e  Wisconsin: 

a l s o ,  a t  least prt of  t h e  Yarmouth i n t e r p l u v i a l  s t a g e ,  a l l  t h e  Sangamon 

i n t e r p l u v i a l  s t a g e ,  and a l l  post-Pleis tocene time which climate-wise is  

analogous t o  a t h i r d  i n t e r p l u v i a l  i n t e r v a l .  Accozrlinqly, t h e  c i t ed  mean 

rate nould seem t o  r ep re sen t  a reasonable low-term averaqe of c l i m a t i c  

v a r i a t i o n s  i n  t h e  reg ion  surrounding t h e  s tudy  area. Poss ib ly  t h i s  mean 

is  b iased  somewhat toward t h e  i n t e r p l u v i a l ,  



The r e l a t i on  of var la t ion i n  climate t o  var la t ion i n  hydraulic dr ive  

f o r  subrosion has been summarized. Generalizing from t h a t  sumwry, it seems 

unlikely t h a t  a t r u e  mean f o r  a l l  pos t4a tuna  time, which is about 600,000 years, 

would d i f f e r  by a f a c t o r  of more than three  f'rom the  maximum r a t e  f o r  any 

part of t h e  full term. Further, it seems inconceivable t h a t  mean and 

 maxim^^^ could d i f f e r  by a whole order of magnitude. Accordingly, applying a 

fac tor  of t h ree  t o  t he  mean r a t e  which has been c i ted ,  t h e  wr i te r  suggests - -- 
1 foot per  thousand years (1,000 f e e t  per mill ion years) as a probable 
/ 

--- - -  

maximum v e r t i c a l  r a t e  of subrosion under natural  oonditions. On that bas i s  3uo$,4f' - - - 
rr-=fl 

a waste reposi tory 1,000 f e e t  below the  top  of aa l t  in t he  S a l d o  formation 
- - . .__ _ .  -.- . id 

would be proof, with an  aasmsnae f a c t o r  of f in, .ginst na tu ra l  subrosion ,uf 
/ 

-.-- -- ---- _ __ _ .. . . - +/- 
over a fu tu re  t e r n  of 200,000 years. 4 

r'jc .-- 
.I. 

Beyond t h i s  c a l c a l a t d  depth below top  of salt, suggested s i t e  c r i t e r l a  
' 

# 

ares (1) present base of subrosion above t h e  top  of t h e  Salado formation; 
,6 1' %.#,fla: . 

4$' 
(2) as close as pract icable  t o  t h e  topographic and hydrologic divide which 

t rends about southeastward from t h e  south-central part of t h e  study area; 

and (3) a t  least 5 miles southwestward from the  basinward edge of t h e  

Capitan aquifer ,  hopefully t o  avoid unnaturally l a r g e  hydraulic dr ive  f o r  

aubrosive c i rcu la t ion ,  a8 has been discussed. These suggested c r i t e r l a  

would be a t i s f l e d  within most of Tw 22 S., R. 31 E., t h e  southwest half 

of T. 22 s., R. 32 E., and most of T. 23 S., 32 They would 

a l l  t h e  northern half ,  and one-fourth of t h e  southern ha l f ,  of t h e  present 

four-township study area. 



Subrosion p o t e n t i a l l y  caused by man 

R e i t e r a t i n g  a statement from t h e  w r i t e r ' s  e a r l i e r  r epor t  (1973-b, p. 26), 

t h e  g r e a t e s t  t h r e a t  t o  t h e  i n t e g r i t y  of a waste r epos i to ry  i n  the  Salado 

formation, i n  o r  near  t h e  four-township study area, probably l i e 8  In 

inadequate o r  de te r io ra t ed  casings i n  nearby o i l  o r  @s wells ,  o r  in  

inadequately plugged exploratory holes.  Only fragmentary qeneml  Information 

is a t  hand f o r  a s sess ing  t h i s  t h r e a t .  Spec i f i ca l ly ,  (1) piezometric l eve l  

(fresh-water equivalent )  f o r  a q u i f e r s  of t h e  Capitan-Yates-Tansill zone is  

i n  t h e  order  of 750 f e e t  above t h e  t o p  of t h e  Salado and (2) piezometric 

l e v e l  is  "extremely low" over o i l  f i e l d s  of t h e  Delaware Basin ( ~ i s s ,  1974). 

Thus, t h e  p o t e n t i a l  t h r e a t  t o  a repos i to ry  is two-edged: f looding by the  

waters  of high piezornetric l e v e l ,  o r  subrosive c i r c u l a t i o n  of in jec ted  

o i l - f i e l d  waters  downward t o  the  zones of low piezometric l e v e l .  Small 

producing o i l  f i e l d s  o r  deep exploratory holes e x i s t  i n  t h r e e  of t h e  four  

townships t h a t  make up t h e  present  s tudy a r e a ,  a l s o  in a l l  but  one of t h e  

contiguous surrounding townships, Thus, t h e  p o t e n t i a l  t h r e a t  is no t  

e a s i l y  avoided, I n t e g r i t y  of each candidate loca t ion  f o r  a waste r epos i to ry  

would need be assessed  by meticulous inventory of a l l  adjacent  o i l - f i e l d  

works and opera t ing  p rac t i ces .  
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Approximate position of Capiton and G w t  Seep Limestones 

F . i ~ u r e  2.- Rela t i o n  of area covered by Firure 1 (shaded) t o  
t s c t o n i c  elements i n  the  P c m i ~ n  basin cf 
soi l theastern ?Jsw Plexico and'western Texas 
( a f t e r  Riss, 1973); 




