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ABSTRACT 

This preliminary report on part of Union County, in northeastern New Mexico, 
summarizes ground-water condi t ions  in Clayton and Seneca 15-minute  quadrangles.  
The text,  wri tten for residents o f  Union County,  emphasizes the way well  data can be 
used. Technica l  data are  presented in f igures and  tables.  

Geologic formations include basalt flows and the "Ogallala formation, " of late 
Cenozoic age; Graneros shale  and Dakota group (Dakota and Purgatoire formations) 
sandstone  and  sha le ,  o f  Cre taceous  age ;  Morr ison fo rmat ion,  "Wanakah fo rmat ion,"  
and Exeter (Entrada)  sandstone, o f Jurassic  age;  and Dockum group, o f  Triassic age. 

Simpl i f ied geo logic  maps fo r the  two quadrangles,  scale  o f  2  in.  per mi le ,  
show surface extent of basalt, Ogallala, and "bedrock"; bedrock includes Graneros 
shale  and Dakota group. Fi f ty- foot contours on eroded bedrock surface  beneath 
Ogal la la  formation, constructed from 1,000 shothole  logs and some outcrops,  indicate  
local rel ief of 50-200 ft. Regional dip, according to 100-ft contours on base of Dakota 
f o rmat ion ,  i s  40-50  f t  pe r  m i le  to  the  eas t-sou theas t .  Geo log ic  maps  show loca t ion  
and elevation of 100 bench marks. 

Hydro logic  maps  o f  the  two quadrang les show data fo r we l ls .  According  to  
contour  l ines  wi th  50- f t  inte rva l ,  the  wate r  table  s lopes  eas tward  about  35  f t  pe r  
mile. The maps also show areas where water will  not be encountered in the Ogallala 
formation. 

Low-yield wells may be developed almost anywhere in the area in the Ogallala 
formation or Dakota group at depths less than 200 ft.  High-yie ld  wells  may be  devel-
oped: (1 )  in buried val leys f i l led  by Ogal la la ,  (2 )  in sandstones in the  lower hal f  
o f the Dakota group, and (3 ) possibly in local sandstones at top of  Morrison formation. 

Table  1  l is ts  data for 410 domestic,  stock, municipal (Clayton) ,  industria l , 
and  i r r i ga t i on  we l l s .  Tab le  2  l i s t s  qua l i t y  o f  wate r  da ta  f o r  36  we l l s .  Wa te r  i s  
hard to  extremely hard, and for i rr igat ion purposes i t  is  excel lent to  good. 

Assuming a  re charge  ra te  o f  one -ha l f  in .  a  year ,  27 ,000  acre - f t  i s  re charged  
in and west of  the quadrangles in the ground-water tr ibutary area o f perhaps 1,000 
square  miles .  Annual  discharge  by we l ls  and springs west o f  the  quadrangles is 
about 1,000 acre-ft .  Within the quadrangles,  the est imated annual  discharge of  springs 
and low-yie ld  we l ls  is  500 acre - ft ,  o f  munic ipal  and industr ia l  we l ls  is  500 acre - ft ,  and 
o f  present i r r iga t ion deve lopments is  about  5 ,000 acre - ft .  A  calcula t ion made  to  
check these f igures indicates 14,000 acre-ft  o f  ground water f lows east across the 
New Mexico l ine annually.  

INTRODUCTION 

Fie ld study of the geology and ground-water resources of Union County was 
carried on intermittently between 1953 and 1956, and a technical report is in prepa-
ra t ion.  The  present  pre l iminary  report ,  which  is  conce rned  wi th  about  one -e ighth 
o f  the  county ,  is  wri tten primar i ly  for  res idents o f  the  county ;  there fore ,  the  text 
is modified from the usual technical treatment. However, much technical infor-
mation is given in tables and on maps. 
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The  area o f  this  report was chosen to  inc lude  most o f  the  areas o f  recent 
se ismic exploration by oil  companies, because the dril lers '  logs of shotholes have 
supplied valuable information that is not available  for the remainder of the county. 
Study of these logs made it possible to map an ancient land surface, with hills and 
valleys,  that is  now buried under 25-400 ft  of  younger sedimentary deposits.  The 
buried val leys are  s i tes  recommended for  i rr iga t ion tests .  

The area of the report includes the municipal water supply of the town of 
Clayton, the largest town in the county, and in addition, includes some of the new 
irr iga tion we l ls  in Union County.  A lthough the  report speci f ica l ly  t reats  only part  
o f  the  county,  descript ion of  geologic  formations and o f  ground-water conditions 
generally apply to the remainder of the county. 

The amount of  ground water available  for i rr igat ion is  estimated from moder-
a te ly  re l iab le  data .  Throughout  the  report ,  emphas is  is  p laced  on the  way new we l l  
data can be  used to  modi fy  and  improve  the  present understanding o f  geology and 
ground-water conditions in Union County. 

This  report describes the two 15-minute quadrangles designated Clayton 
quadrangle  and Seneca quadrangle .  These  quadrangles,  each 240 square  miles  in  
area,  l ie  a long the east edge o f  Union County in the  northeast corner o f  New Mexico 
( f ig .  1) .  The east part o f Clayton quadrangle  is  in Texas and is  not inc luded in this  
study. 

Geography 

The town of Clayton, county seat of Union County, is in the northwest part of 
Clayton quadrangle .  The  populat ion o f  Clayton in 1956 was reported as 3 ,951 by the  
Ne w Me x i co  Econom ic  D e ve l opme nt  Commis s i on .  C lay ton  s e rve s  an  a g r i cu l tu ra l  
t rade  area  that  reaches  into  Co lo rado ,  Kansas ,  Ok lahoma,  and  Texas .  The  e conomy 
o f  the  area is  based on catt le  growing ,  dry  farming,  i rr iga tion farming, and touris t  
t rade .  Paved  highways  ex tend  f rom C layton in  s ix  d i rec t ions ,  and  the  Co lo rado  & 
Southern Rai lway Company paral le ls U. S.  Highway 87 through the area. 

East-central  Union County  is  ro l l ing country typical  o f  the  High P la ins,  with  
f l a t  up lands  cu t  by  va l l e ys  100-200  f t  deep .  The  Rabb i t  Ea r  Bu t te s  northwest  o f  
Clayton are  vo lcanoes;  the  larger  butte  r ises to  6 ,062 f t ,  about 1 ,000 f t  above  the  
up lands .  C layton is  on the  d iv ide  be tween the  Canadian River  and  North Canad ian 
R i v e r  d ra i n a g e s .  C a r r i z o  C r e e k ,  S a n d  A r r o y o ,  P e r i c o  C r e e k ,  R a b b i t  E a r  C r e e k  
(Apache  Canyon) ,  C ienegu i l la  C reek  (Seneca  C reek ) ,  and  Nor th  Canad ian  R ive r  
(Corrumpa Creek)  drain southeast or east across the  area.  These  creeks have  water 
ho le s  and  some  pe rmanent  f low,  ch ie f ly  west  o f  N .  Mex .  H ighway 18 .  Sur face  wate r  
in these  creeks runs out  o f  the  county  and  sta te  only  af te r heavy ra ins .  The  c l imate  
i s  semiarid ,  and  average annual  prec ip i ta t ion is  15  inches  ( f i g .  2 ) .  
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The bar graph shows tota l  prec ip i tat ion fo r each  year f rom 1914 through 1956. The normal annual  pre-
cipi tat ion, based on the per iod 1921-1950, is 15.42 inches; th is  is essent ia l ly the same as the average of  
15 .52 inches  fo r  the  per iod  1914-1956.  D is t r ibu t ion  o f  norma l  month ly  p rec ip i ta t ion  i s  ind i ca ted  by  the 
bar graph in the upper right corner; prec ip itat ion in the half year f rom May through October accounts for 
three- fourths of  norma l annual prec ip i tat ion.  

Cl imat i c  f luc tuat ions are ind icated by the l ine o f  cumu lat ive depar tu re f rom normal annual p rec ip i tat ion.  
The general r ise of the l ine f rom the beginning of 1914 through 1930 indicates above-normal prec ip i tat ion 
that  aggregates 37 inches . The below-normal prec ip i tat ion from 1931 through 1940 causes the l ine to fa l l  
an aggregate of  50 inches f rom the 1930 point .  In 1941 the 37.65 inches of  prec ip i tat ion causes the l ine 
to rise abrupt ly  22 inches. From 1942 through 1946 the annual departures above and below the normal of 
15.42 inches average out .  The moderately  wet years f rom 1947 through 1950 cause a r i se o f  some 15 
inches, but  the below-norma l prec ip i tat ion from 1951 through 1956 cancels  out  th is  gain.  

In the 43 years of record, two types of  prec ip i tat ion patterns are suggested: a lternat ion of above-normal 
and below-normal years, and a sequence of below-normal years. The variat ion from the normal annual 
prec ip i tat ion is  more s igni f icant  than the few years of  normal prec ip i tat ion.  

F igu re  2 .  P rec ip i ta t ion  da ta  fo r  C lay ton ,  New Mex ico  
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For those  interested in learning more  about the  geo logy and ground water in 
th is  re g ion,  se ve ra l  te chnica l  reports  are  ava i lable .  A  report  by  Parke r  (1933 )  
subdiv ided the  Triass ic  sedimentary  rocks o f  the  "Dry"  Cimarron River  Val ley into  
three  parts .  Re fe rences in a  report  on the  geo logy  and ground-water resources o f  
Cimarron County, Oklahoma (Schoff and Stovall , 1943), include essentially all  of the 
ear l i e r  reports  re ga rd ing  the  geo logy  o f  the  Dry  C imarron  Va l le y .  G r iggs  (1948 )  
reported  on the  geo logy  and  ground-wate r  re sources  o f  eas te rn Co l fax  County .  A  
recent summary of the geologic formations of the region is included with the map of 
eastern Col fax  County  by Wood,  Northrop,  and  Griggs (1953) .  A  recent report 
(McLaughl in ,  1954 )  on the  geo logy  and  ground-wate r  re sources  o f  Baca  County ,  
Colorado, just northeast o f  Union County,  describes geo logic  and hydro logic  condi-
t ions  s imi lar  to  those  in  Union County .  No tes  on the  geo logy  o f  the  Dry  Cimarron 
Va l le y  in  Un ion  County  we re  p re pare d  by  Ba ldwin  (Ok lahoma  C i t y  Geo lo g i ca l  
Socie ty,  1956, p .  12-13, 23-31) ,  and Foster  (1956)  reported on the  subsurface  
stratigraphy. Geophysical  study o f  a  buried val ley south o f Clayton is  included in a 
report on induced polarization (Vacquier,  1957) . 

Previous Work 

Photomosa ics  prepared  by  the  So i l  Conse rvat ion Se rv ice  a t  a  sca le  o f  one -
half mile  per inch were used as base maps in the fie ld study of Union County. In the 
course  o f  geo logic  mapp ing ,  Ba ldwin located  many o f  the  3 ,000  ope rat ing  o r  aban-
doned water wells in the county. Bushman scheduled wells as to total depth, depth to 
wate r ,  y ie ld ,  qua l i ty ,  and  fo rmat ions  encounte red  in  dr i l l i ng .  For  most  we l l s  the  
recorded data are those reported by the owner, but for many wells  depths and water 
l e ve l s  we re  measured .  A l t ime te r  t rave rses  f rom be nch  marks  to  we l l s  and  to  ge o-
logic  contacts  were  run with an error generally  of  less than 10 ft .  

Present Work  

The  U. S.  Coast  and Geodetic  Survey has  establ ished an exce l lent ne t o f  l eve l  
l ines in  Union County  requir ing 800 bench marks. Most  o f  the  leve l  l ines were  estab-
l i shed in  1955  a t  the  request  o f  the  Sta te  Bureau o f  Mines .  Bench marks , which are  
brass caps usually  set in concrete  posts ,  are  points  o f precise ly determined e levations. 
They do not indicate  the  posit ion o f  sect ion or township l ines,  but many bench marks 
a re  se t  nea r  se c t i on  co rne rs  so  tha t  the y  may  be  f ound  e as i l y .  Loca t i ons  and  e le -
vat ions  o f  bench marks  in  C layton and  Seneca  quadrangles  are  g iven on the  geo log ic  
m ap s  ( f i g .  6 ,  8 ) .  Be n ch  m a rk s  i n  C la y t on  a re  sh o wn  i n  F i gu re  3 .  Lo ca t i o ns  a nd  
e le vat ions  o f  bench marks  in  a l l  o f  Union County  are  shown on manuscr ip t  maps  
available  in ozalid reproduction from the State Bureau of Mines and Mineral Resources, 
Socorro ,  New Mex ico .  

Continental Oil Company and Skelly Oil Company initiated seismic exploration 
programs in  east-centra l  Union County in  1954 and 1955, whi le  the  Bureau 's  f ie ld  
study o f  Union County was in progress.  A total  o f four weeks t ime , d istr ibuted over 
many months, was spent with the  dri l le rs  in catching samples and exhib it ing interest 
in good logs.  The  dri l le rs  generously responded with  much bette r logs  than were  
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required for se ismic explorat ion purposes by recording the  co lor o f  c lay and shale  
inte rva ls .  For  many ho les  they  a lso  recorded the  base  o f  the  Oga l la la  fo rmat ion or  
the  top o f  the  Morrison formation.  The  companies la te r re leased to  the  Sta te  Bureau 
o f  Mines the  dri l le rs '  logs,  locations ,  and e levations for  more  than 1,000 shotholes.  
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GEOLOGIC FORMATIONS 

I n  t h e  C l a y t o n  a r e a ,  t h e  s e d i m e n t a r y  r o c k s  b e t w e e n  t h e  P r e c a m b r i a n  " b a s e -
m e n t  c o m p l e x "  a n d  t h e  p r e s e n t  l a n d  s u r f a c e  a r e  m o r e  t h a n  a  m i l e  i n  t h i c k n e s s ,  b u t  
o n l y  t h o s e  f o r m a t i o n s  t o  a  d e p t h  o f  8 0 0  f t  a r e  o f  i n t e r e s t  f o r  g r o u n d - w a t e r  d e v e l o p m e n t .  
F i g u r e  4  s h o w s  a  t y p i c a l  s e c t i o n  o f  t h e s e  f o r m a t i o n s  a s  t h e y  o c c u r  b e n e a t h  C l a y t o n .  
T h e  f i g u r e  i s  b a s e d  o n  l o g s  o f  m u n i c i p a l  w a t e r  w e l l s ,  a n d  o n  t h e  c h a r a c t e r  o f  t h e s e  
f o r m a t i o n s  w h e r e  t h e y  a r e  e x p o s e d  e l s e w h e r e  i n  t h e  c o u n t y .  T h e  g e o l o g i c  m a p s  ( f i g .  6 ,  
8 )  s h o w  w h e r e  t h e s e  f o r m a t i o n s  a r e  e x p o s e d  a t  t h e  s u r f a c e  i n  C l a y t o n  a n d  S e n e c a  
q u a d r a n g l e s .  T w o  m a p  u n i t s  o f  l a t e  C e n o z o i c  a g e  c o v e r  m o s t  o f  t h e  a r e a :  f l o w s  o f  
b a s a l t i c  l a v a ,  o r  " m a l p a i s "  a s  t h e y  a r e  k n o w n  l o c a l l y ;  a n d  t h e  t a n  s a n d y  c l a y ,  s i l t ,  
s a n d ,  a n d  g r a v e l  o f  t h e  O g a l l a l a  f o r m a t i o n .  A  t h i r d  m a p  u n i t ,  w h i c h  c o n s i s t s  o f  
d a r k - g r a y  G r a n e r o s  s h a l e  a n d  b r o w n  t o  y e l l o w  s a n d s t o n e  a n d  d a r k - g r a y  s h a l e  o f  t h e  
D a k o t a  g r o u p ,  o f  l a t e  M e s o z o i c  a g e ,  i s  t h e  " b e d r o c k "  o n  w h i c h  t h e  O g a l l a l a  f o r m a t i o n  
w a s  d e p o s i t e d  i n  t h e  v i c i n i t y  o f  C l a y t o n .  B e n e a t h  t h e  D a k o t a  g r o u p  i s  a  s e q u e n c e  o f  
o l d e r  M e s o z o i c  r o c k s  w h i c h  a r e  n o t  e x p o s e d  i n  t h i s  a r e a ,  b u t  w h i c h  a r e  w e l l  e x p o s e d  
a l o n g  t h e  D r y  C i m a r r o n  R i v e r .  

A s  t h i s  r e p o r t  i s  c o n c e r n e d  w i t h  t h e  l o c a t i o n  a n d  d r i l l i n g  o f  i r r i g a t i o n  w e l l s ,  
t h e  g e o l o g i c  f o r m a t i o n s  w i l l  b e  d i s c u s s e d  i n  o r d e r ,  f r o m  t h e  t o p  d o w n ,  f r o m  t h e  
y o u n g e s t  d o w n  t o  o l d e r  f o r m a t i o n s .  I n  t h e  C l a y t o n  a r e a ,  t h e  m a l p a i s  r e s t s  o n  t h e  
O g a l l a l a  f o r m a t i o n .  T h e  O g a l l a l a  f o r m a t i o n  o v e r l i e s  e i t h e r  t h e  G r a n e r o s  s h a l e  o r  t h e  
D a k o t a  f o r m a t i o n  i n  m o s t  o f  C l a y t o n  a n d  S e n e c a  q u a d r a n g l e s .  W h e r e  t h e  g e o l o g i c  m a p s  
s h o w  b e d r o c k  a t  t h e  s u r f a c e ,  t h e  O g a l l a l a  f o r m a t i o n  h a s  b e e n  e r o d e d  a w a y  a n d  w i l l  n o t  
b e  f o u n d  i n  w e l l s .  A l s o ,  o n c e  a  w e l l  h a s  b e e n  d r i l l e d  i n t o  d a r k - g r a y  ( " b l u e " )  s h a l e  o r  
b r o w n i s h  s a n d s t o n e  i t  i s  b e n e a t h  t h e  O g a l l a l a .  

Format ions  o f  Late  Cenozo ic  Age  

F l o w s  o f  b a s a l t i c  l a v a  o r  " m a l p a i s "  c o v e r  m u c h  o f  t h e  a r e a  o f  t h i s  r e p o r t .  
M a l p a i s  s o u t h  o f  A p a c h e  C a n y o n  c a m e  f r o m  v o l c a n i c  c e n t e r s  n e a r  M t .  D o r a  o r  e v e n  
f a r t h e r  w e s t .  T h e  l a v a ,  o n l y  1 0 - 5 0  f t  t h i c k ,  f o l l o w e d  t h e  e a s t w a r d  c o u r s e s  o f  s t r e a m  
v a l l e y s  w h i c h  e x i s t e d  a t  t h a t  t i m e .  S e v e r a l  f l o w s  f r o m  d i s t a n t  v o l c a n o e s  a l s o  u n d e r l i e  
R a b b i t  E a r  M e s a  n o r t h  o f  C l a y t o n ,  b u t  t h e y  a r e  n o w  l a r g e l y  b u r i e d  b e n e a t h  a s  m u c h  a s  
3 0 0  f t  o f  s o m e w h a t  y o u n g e r  l a v a  a n d  c i n d e r s  t h a t  w e r e  e r u p t e d  f r o m  t h e  v o l c a n o e s  o f  
R a b b i t  E a r  B u t t e s .  L a v a  f r o m  t h e s e  v o l c a n o e s  a r e  n o t  d i s t i n g u i s h e d  o n  t h e  g e o l o g i c  
m a p s  ( f i g .  6 ,  8 )  f r o m  t h e  l a v a  t h a t  w a s  e r u p t e d  f r o m  d i s t a n t  c e n t e r s ,  b u t  t h e  l a t t e r  
f l o w s  c a n  b e  s e e n  a n d  t r a c e d  a l o n g  t h e  n o r t h  r i m  o f  A p a c h e  C a n y o n  a n d  a l o n g  t h e  s o u t h  
s i d e  o f  S e n e c a  C r e e k .  

"Malpa is "  -  -  -  Basa l t  F l ows  

M u c h  o f  t h e  m a l p a i s  i s  n o w  c o v e r e d  b y  u p  t o  2 0  f t  o f  s o i l  a n d  c a l i c h e  a n d  b y  t a n  
s a n d y  c l a y  s i m i l a r  t o  t h e  O g a l l a l a  f o r m a t i o n .  A b o u t  1 2  m i l e s  s o u t h  o f  C l a y t o n  a n d  3  
m i l e s  e a s t  o f  N .  M e x .  H i g h w a y  1 8 ,  d r i l l e r s  r e p o r t e d  l a v a  b u r i e d  u n d e r  a b o u t  4 0  f t  o f  
O g a l l a l a - l i k e  m a t e r i a l .  I n  C l a y t o n  a n d  S e n e c a  q u a d r a n g l e s ,  m a l p a i s  l i e s  o n  t h e  
O g a l l a l a  f o r m a t i o n .  F l o w s ,  a n d  c i n d e r s  b e t w e e n  f l o w s ,  m a y  y i e l d  s o m e  w a t e r  t o  w e l l s ,  
b u t  m a l p a i s  i s  c o s t l y  t o  d r i l l ,  a n d  w h e r e  p o s s i b l e ,  a  w e l l  s h o u l d  b e  l o c a t e d  b e y o n d  t h e  
edge of a f low. 
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F igu re  4 .  Summary  o f  geo log ic  fo rmat ions  near  C lay ton ,  New Mex ico  



T h e  O g a l l a l a  f o r m a t i o n  i s  e x p o s e d  o v e r  a  l a r g e  p a r t  o f  C l a y t o n  a n d  S e n e c a  
q u a d r a n g l e s ,  a n d  i t  a l s o  o c c u r s  d i r e c t l y  b e n e a t h  t h e  e x t e n s i v e  l a v a  f l o w s .  T h e  
O g a l l a l a  c o n s i s t s  o f  t a n - t o - p i n k  s a n d y  c l a y ,  s i l t ,  s a n d ,  a n d  g r a v e l .  L a y e r s  o f  c a l i c h e  
a r e  c o m m o n  a t  o r  n e a r  t h e  s u r f a c e .  T h e  a r e a s  o f  O g a l l a l a  s h o w n  o n  t h e  m a p s  i n c l u d e  
a l l u v i a l  d e p o s i t s  o f  m o d e r n  s t r e a m s ,  b e c a u s e  t h e  a v a i l a b i l i t y  o f  g r o u n d  w a t e r  i n  
a l l u v i u m  i s  s i m i l a r  t o  t h a t  i n  O g a l l a l a .  E s s e n t i a l l y ,  a l l  g r a v e l  p e n e t r a t e d  i n  w e l l s  

Ogallala  Formation and Buried Valleys  

i n  t h e  C l a y t o n  a r e a  i s  e i t h e r  i n  O g a l l a l a  o r  i n  a l l u v i u m ,  a n d  p e b b l e s  a r e  u n c o m m o n  i n  
t h e  M e s o z o i c  f o r m a t i o n s .  I n  s o m e  p a r t s  o f  t h e  a r e a ,  t h e  O g a l l a l a  i s  a s  m u c h  a s  4 0 0  f t  
t h i c k  a n d  w h e r e  t h e  m a p s  s h o w  b e d r o c k  a t  t h e  s u r f a c e ,  t h e  O g a l l a l a  h a s  b e e n  r e mo v e d  
b y  s t r e a ms .  

T h e  O g a l l a l a  c o n c e a l s  h i l l s  a n d  v a l l e y s  o f  t h e  b e d r o c k  s u r f a c e ,  m u c h  a s  p a t c h i n g  
p l a s t e r  c o n c e a l s  h o l e s  a n d  c r a c k s .  O n e  o f  t h e  p r i n c i p a l  c o n t r i b u t i o n s  o f  t h i s  r e p o r t  i s  
t o  r e c o n s t r u c t  t h e  b u r i e d  t o p o g r a p h y  w h i c h  i s  s h o w n  b y  c o n t o u r  l i n e s  i n  F i g u r e s  6  a n d  
8 .  T h e  b u r i e d  v a l l e y  t h a t  d r a i n s  s o u t h e a s t w a r d  8  m i l e s  s o u t h  a n d  2  m i l e s  e a s t  
o f  C l a y t o n  i s  2  m i l e s  w i d e  a n d  2 0 0  f t  d e e p .  T h i s  i s  s i m i l a r  i n  s i z e  t o  A p a c h e  C a n y o n .  

T h e  b u r i e d  h i l l s  a n d  v a l l e y s  w e r e  c a r v e d  d u r i n g  m u c h  o f  t h e  C e n o z o i c  e r a ,  
w h e n  t h e  G r e a t  P l a i n s  a r e a  w a s  b e i n g  e r o d e d  b y  s t r e a m s  w h i c h  h e a d e d  i n  m o u n t a i n s  
f a r  t o  t h e  w e s t .  T h e s e  s t r e a m s  r e m o v e d  a  t h o u s a n d  o r  m o r e  f e e t  o f  s e d i m e n t s ,  a n d  
i n  t h e  C l a y t o n  a r e a ,  c u t  d o w n  t o  t h e  G r a n e r o s  s h a l e  w i t h  s o m e  o f  t h e  v a l l e y s  c u t  
t h r o u g h  t h e  D a k o t a  g r o u p  i n t o  t h e  M o r r i s o n  f o r m a t i o n .  I n  t h e  s o u t h  p a n h a n d l e  o f  
U n i o n  C o u n t y ,  t h e  M o r r i s o n  f o r m a t i o n ,  " W a n a k a h  f o r m a t i o n , "  E x e t e r  s a n d s t o n e ,  a n d  
T r i a s s i c  r e d  b e d s  w e r e  e x p o s e d  b y  s t r e a m  e r o s i o n .  T h e  t o p o g r a p h y  o f  t h i s  o l d e r  s u r -
f a c e  m u s t  h a v e  b e e n  s i m i l a r  t o  t h e  f l a t - t o - r o l l i n g  c o u n t r y  i n  U n i o n  C o u n t y  t o d a y .  

S o m e  1 0  o r  2 0  m i l l i o n  y e a r s  a g o ,  i n  l a t e  C e n o z o i c  t i m e ,  t h e r e  w a s  r e n e w e d  
u p l i f t  o f  t h e  m o u n t a i n s ,  a n d  s t r e a m s  b e c a m e  m o r e  v i g o r o u s .  T h e y  r e m o v e d  m a t e r i a l  
f r o m  t h e  m o u n t a i n s  a n d  s p r e a d  t h i s  d e b r i s  a s  c l a y ,  s i l t ,  s a n d ,  a n d  g r a v e l  o v e r  t h e  
b e d r o c k  t o p o g r a p h y  o f  t h e  p l a i n s .  I n  t h i s  r e p o r t ,  t h e  O g a l l a l a  f o r m a t i o n  i n c l u d e s  a l l  
o f  t h e s e  l a t e  C e n o z o i c  s e d i m e n t a r y  d e p o s i t s  e a s t  o f  t h e  m o u n t a i n s .  T h i s  a p r o n  o f  
s e d i m e n t s  c o n t i n u e d  t o  a c c u m u l a t e  u n t i l  a  f e w  m i l l i o n  y e a r s  a g o ,  w h e n  v o l c a n o e s  
b e g a n  t o  e r u p t  i n  U n i o n  C o u n t y .  

F r o m  t h e n  t o  t h e  p r e s e n t ,  s t r e a m s  h a v e  b e e n  c u t t i n g  d o w n  i n t o  a n d  t h r o u g h  t h e  
a p r o n  o f  t h e  O g a l l a l a  f o r m a t i o n ,  a n d  v o l c a n o e s  h a v e  i n t e r m i t t e n t l y  b e e n  e r u p t i n g ,  w i t h  
l a v a  f l o w i n g  e a s t w a r d  a l o n g  v a l l e y s .  A b o u t  8 0  v o l c a n i c  c e n t e r s  h a v e  b e e n  m a p p e d  i n  
Un ion  County ,  and  mos t  o f  t h e s e  o c c u r  i n  s e t s  o f  t h r e e  o r  m o r e  o n  l i n e s  a  f e w  m i l e s  
l o n g .  T h e  m o s t  r e c e n t  a c t i v i t y  w a s  i n  t h e  n o r t h w e s t  p a r t  o f  t h e  c o u n t y ,  w h e r e  t h e  
C a p u l i n  M o u n t a i n ,  B a b y  C a p u l i n ,  T w i n  M o u n t a i n ,  a n d  P u r v i n e  H i l l s  v o l c a n o e s  e r u p t e d  
b e t w e e n  4 , 5 0 0  a n d  1 0 , 0 0 0  y e a r s  a g o ,  a t  o r  s o o n  a f t e r  t h e  t i m e  o f  F o l s o m  m a n  
( M u e h l b e r g e r ,  1 9 5 5 ) .  

T h e  O g a l l a l a  f o r m a t i o n  p r o b a b l y  w i l l  y i e l d  l a r g e  a m o u n t s  o f  w a t e r  f r o m  t h e  
b u r i e d  v a l l e y s .  T h e  f o r m a t i o n  w a s  d e p o s i t e d  b y  s t r e a m s  t h a t  s h i f t e d  c o u r s e  c o n s t a n t l y ,  
a n d  s o  t h e  s a n d  a n d  g r a v e l  o f  t h e  s t r e a m  c h a n n e l s  a r e  c o m p l e x l y  i n t e r w o v e n  w i t h  t h e  
m o r e  w i d e s p r e a d  s i l t  a n d  s a n d y  c l a y  o f  t h e  f l o o d p l a i n s .  T h e  i n d i v i d u a l  s t r e a m - c h a n n e l  
d e p o s i t s  c a n n o t  b e  t r a c e d  b y  w e l l  l o g s ,  b u t  s e d i m e n t s  t h a t  f i l l e d  v a l l e y s  i n  t h e  b e d r o c k  
s u r f a c e ,  i n  m o s t  c a s e s ,  c o n t a i n  m o r e  s t r e a m  c h a n n e l  d e p o s i t s  t h a n  d o  s e d i m e n t s  t h a t  
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f i n a l l y  c o v e r e d  b e d r o c k  h i l l s .  T h e s e  s t r e a m - c h a n n e l  d e p o s i t s  i n  t h e  v a l l e y s  a c t  a s  a  
c o l l e c t i n g  g a l l e r y  f o r  g r o u n d  w a t e r  f r o m  a d j a c e n t  l e s s - p e r m e a b l e  O g a l l a l a  o r  b e d r o c k  
m a t e r i a l s .  T h e r e f o r e ,  t h e  l o c a t i o n  o f  b u r i e d  v a l l e y s  i s  a n  i m p o r t a n t  c l u e  f o r  t h e  
l o c a t i o n  o f  i r r i g a t i o n  w e l l s .  

A l t h o u g h  t h e  O g a l l a l a  r e s t s  o n  d i f f e r e n t  f o r m a t i o n s  i n  d i f f e r e n t  p l a c e s ,  t h e  
s e q u e n c e  o f  M e s o z o i c  f o r m a t i o n s  i s  c o n s t a n t .  T h e s e  f o r m a t i o n s ,  i n  o r d e r  f r o m  t o p  
d o w n ,  a r e  t h e  G r a n e r o s  s h a l e ,  D a k o t a  g r o u p  o f  s a n d s t o n e  a n d  s h a l e ,  M o r r i s o n  f o r -
m a t i o n ,  " W a n a k a h  f o r m a t i o n , "  E x e t e r  s a n d s t o n e ,  a n d  D o c k u m  g r o u p  ( r e d  b e d s ) .  
L i g h t -  t o  d a r k - g r a y  s h a l e  i s  f o u n d  i n  t h e  G r a n e r o s  s h a l e  a n d  D a k o t a  g r o u p ,  b u t  n o t  
b e l o w ,  a n d  g r e e n i s h - g r a y  o r  r e d  m u d s t o n e  i s  f o u n d  i n  t h e  M o r r i s o n  a n d  b e l o w ,  b u t  n o t  

F o rm a t i o n s  o f  M e s o z o i c  A g e  -  -  -  " B e d r o c k "  

a b o v e .  T w o  s a n d s t o n e  i n t e r v a l s  i n  t h e  D a k o t a  g r o u p  a r e  i m p o r t a n t  f o r  i r r i g a t i o n  w e l l s ,  
a n d  t o  t e s t  t h e m  p r o p e r l y  a  w e l l  s h o u l d  b e  d r i l l e d  i n t o  t h e  g r e e n  a n d  r e d  m u d s t o n e s  o f  
t h e  M o r r i s o n .  F i g u r e  4  s h o w s  t h e  g e o l o g i c  a g e s ,  t h i c k n e s s e s ,  a n d  o t h e r  i n f o r m a t i o n  
r e g a r d i n g  t h e s e  M e s o z o i c  f o r m a t i o n s .  

T h e  G r a n e r o s  s h a l e  i s  d a r k - g r a y  s o m e w h a t  s i l t y  s h a l e  a b o u t  1 5 0  f t  t h i c k .  
H o w e v e r ,  b e f o r e  t h e  O g a l l a l a  w a s  d e p o s i t e d ,  a n c i e n t  s t r e a m s  h a d  r e m o v e d  m o s t  o f  
t h e  G r a n e r o s  f r o m  U n i o n  C o u n t y .  I n  m o s t  p a r t s  o f  t h e  C l a y t o n  a r e a ,  l e s s  t h a n  6 0  f t  
o f  G r a n e r o s  i s  p r e s e r v e d  b e n e a t h  t h e  O g a l l a l a  f o r m a t i o n .  T h e  G r a n e r o s  i s  t o o  s o f t  
t o  f o r m  g o o d  e x p o s u r e s ,  b u t  s e v e r a l  t h i n  l i m e s t o n e  b e d s ,  a b o u t  3  f t  t h i c k ,  f o r m  f a i n t  
b e n c h e s  m a r k e d  b y  s l a b s  o f  p l a t y  l i m e s t o n e .  A b o u t  5 0  f t  a b o v e  t h e  h i g h e s t  s a n d s t o n e  

Graneros Shale  o f Cretaceous Age  

o f  t h e  D a k o t a  g r o u p  i s  a  l i m e s t o n e  c h a r a c t e r i z e d  b y  a  v e r y  f i n e - g r a i n e d  t e x t u r e  a n d  b y  
v e r y  t h i n  b e d d i n g .  A  b e n c h  u n d e r l a i n  b y  t h i s  l i m e s t o n e  c a n  b e  s e e n  1 0 0  y d s  w e s t  o f  
M o u n t a i n  R o a d  ( N .  M e x .  H i g h w a y  3 7 0 ) ,  o n  t h e  s o u t h  s i d e  o f  A p a c h e  C a n y o n  ( 2 6 . 3 5 . 2 1 .  
2 1 0 ) ,  a n d  a l s o  o n  a  l o w  h i l l  a l o n g  t h e  t r a i l  t w o  m i l e s  f a r t h e r  w e s t  ( 2 6 . 3 5 . 1 8 . 3 2 2 ) .  
A n o t h e r  l i m e s t o n e  b e d ,  a b o u t  2 0  f t  a b o v e  t h e  h i g h e s t  s a n d s t o n e  o f  t h e  u n d e r l y i n g  
D a k o t a  g r o u p ,  i s  a  b r o w n i s h - g r a y ,  f i n e l y  g r a n u l a r  r o c k  w i t h  t i n y  n e e d l e s  o f  c a l c i u m  
c a r b o n a t e .  T h i s  l i m e s t o n e ,  w h i c h  w a s  r e c o g n i z e d  i n  t h e  t o w n  o f  C l a y t o n  w e l l s  n o .  6  
a n d  7 ,  c r o p s  o u t  a t  t h e  t o p  o f  a  c u t - b a n k  n o r t h w e s t  o f  C l a y t o n  ( 2 6 . 3 5 . 1 8 . 2 4 3 ) .  F o s s i l  
o y s t e r  s h e l l s  i n  t h e  l i m e s t o n e  b e d s  i n d i c a t e  t h a t  t h e  G r a n e r o s  w a s  d e p o s i t e d  i n  a  
shal low sea .  

I n  t h e  c o u r s e  o f  d r i l l i n g ,  t h e s e  l i m e s t o n e  b e d s  a r e  c o m m o n l y  m i s t a k e n  f o r  
s a n d s t o n e ,  a n d  w i t h o u t  g o o d  s a m p l e s  o f  t h e  s o - c a l l e d  " h a r d  s t r e a k s "  i t  i s  d i f f i c u l t  t o  
d e t e r m i n e  t h e  c o n t a c t  b e t w e e n  t h e  G r a n e r o s  s h a l e  a n d  t h e  D a k o t a  g r o u p .  S a n d s t o n e s  i n  
t h e  D a k o t a  g r o u p  d o  n o t  o r d i n a r i l y  r e a c t  t o  a c i d ,  b u t  a  d r o p  o f  d i l u t e  m u r i a t i c  a c i d  
( o n e  p a r t  a c i d  t o  5  p a r t s  t a p  w a t e r )  o n  a  c h i p  o f  l i m e s t o n e  w i l l  r e l e a s e  b u b b l e s  o f  
c a r b o n  d i o x i d e .  T h i s  t e s t  w i t h  a c i d  i s  a  v a l u a b l e  a i d  i n  d i s t i n g u i s h i n g  t h e  G r a n e r o s  
s h a l e  f r o m  t h e  D a k o t a  g r o u p ,  b e c a u s e  l i m e s t o n e s  a r e  n o t  f o u n d  i n  t h e  D a k o t a  g r o u p  
n o r  a r e  s a n d s t o n e s  f o u n d  i n  t h e  G r a n e r o s  s h a l e .  
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W h e r e  t h e  O g a l l a l a  r e s t s  o n  t h e  G r a n e r o s ,  t h e  u p p e r  t e n  o r  m o r e  f e e t  o f  t h e  
G r a n e r o s  i s  c o m m o n l y  a l t e r e d  t o  a  y e l l o w - g r a y  c o l o r .  A l t h o u g h  t h i s  c l a y  m a y  s o m e -
w h a t  r e s e m b l e  t h e  t a n  s a n d y  c l a y  o f  t h e  O g a l l a l a ,  i t  i s  o n l y  s l i g h t l y  g r i t t y ,  e v e n  
b e t w e e n  t h e  t e e t h .  M o r e o v e r ,  i n  d r i l l  c u t t i n g s  t h e  G r a n e r o s  o c c u r s  a s  f l a t  c h i p s ,  
w h e r e a s  t h e  O g a l l a l a  c u t t i n g s  a r e  i r r e g u l a r .  A  g o o d  l o g  t h a t  r e c o r d s  a n  i n t e r v a l  o f  
" y e l l o w  c l a y "  w i l l  a l s o  i n d i c a t e  w h e t h e r  t h i s  i s  O g a l l a l a  o r  G r a n e r o s .  

A l t h o u g h  t h e  G r a n e r o s  s h a l e  d o e s  n o t  o r d i n a r i l y  y i e l d  w a t e r ,  e v e n  f o r  s t o c k  
w e l l s ,  i t  d o e s  s e r v e  i n  p l a c e s  t o  c o n f i n e  w a t e r  i n  t h e  D a k o t a  g r o u p .  T h u s ,  i n  a  w e l l  
d r i l l e d  t h r o u g h  t h e  G r a n e r o s  i n t o  a  w a t e r - b e a r i n g  s a n d s t o n e  o f  t h e  D a k o t a  g r o u p ,  
a r t e s i a n  p r e s s u r e  m a y  c a u s e  w a t e r  t o  r i s e  a b o v e  t h e  s a n d s t o n e .  

I n  t h e  C l a y t o n  a r e a  a n d  i n  m o s t  o f  U n i o n  C o u n t y ,  t h e  D a k o t a  g r o u p  c o n s i s t s  o f  
a b o u t  2 5 0  f t  o f  i n t e r b e d d e d  s a n d s t o n e ,  s h a l y  s a n d s t o n e ,  a n d  l i g h t -  t o  d a r k - g r a y  s h a l e  
w i t h  s o m e  t h i n  b e d s  o f  c o a l .  T h e  c o l u m n a r  s e c t i o n  i n  F i g u r e  4  a t t e m p t s  t o  i n d i c a t e  

Dakota Group of Cretaceous Age  

t h e  e x t r e m e  v a r i a b i l i t y  b e t w e e n  s a n d s t o n e  a n d  s h a l e  i n  t h e  D a k o t a  g r o u p .  F o r  i n s t a n c e ,  
i t  i s  p o s s i b l e  t o  d r i l l  t h r o u g h  t h e  D a k o t a  g r o u p  a n d  f i n d  v e r y  l i t t l e  s a n d s t o n e ,  a n d  y e t  t o  
d r i l l  a  s e c o n d  h o l e  w i t h i n  a  q u a r t e r  o f  a  m i l e  a n d  f i n d  v e r y  l i t t l e  s h a l e .  A l s o ,  a  
p a r t i c u l a r  s a n d s t o n e  m a y  b e  u n c e m e n t e d  a n d  q u i t e  p e r m e a b l e  i n  o n e  h o l e ,  a n d  y e t  i n  a  
n e a r b y  h o l e  t h e  s a m e  s a n d s t o n e  m a y  b e  s o  w e l l  c e m e n t e d  t h a t  t h e r e  a r e  o n l y  a  f e w  o p e n  
s p a c e s  b e t w e e n  t h e  g r a i n s .  T h e s e  v a r i a t i o n s  i n  t h e  r o c k  c a n n o t  b e  p r e d i c t e d .  H o w e v e r ,  
t w o  s a n d s t o n e s  a r e  f a i r l y  p e r s i s t e n t  a n d  i n  p l a c e s  a r e  i m p o r t a n t  s o u r c e s  o f  w a t e r  f o r  
i r r i g a t i o n  w e l l s .  N o t  m u c h  i s  k n o w n  a b o u t  t h e s e  s a n d s t o n e s  i n  t h e  C l a y t o n  a r e a ,  b e -
c a u s e  m o s t  w e l l s  h a v e  n o t  g o n e  t h r o u g h  t h e  e n t i r e  D a k o t a  g r o u p ,  a n d  o n l y  a  f e w  l o g s  
a r e  o n  f i l e .  I t  i s  r e c o m m e n d e d  t h a t  a  h o l e  d r i l l e d  t o  t e s t  s a n d s t o n e s  i n  t h e  D a k o t a  
g r o u p  b e  d r i l l e d  1 0  f t  i n t o  t h e  g r e e n  o r  r e d  m u d s t o n e s  o f  t h e  M o r r i s o n  f o r m a t i o n ,  a n d  
t h a t  a  c a r e f u l  l o g  b e  p r e p a r e d ,  e m p h a s i z i n g  t h e  c o l o r  o f  s h a l e  a n d  c l a y  b e d s .  

I n  t h i s  r e p o r t ,  t h e  D a k o t a  g r o u p  i s  d i v i d e d  i n t o  t h e  D a k o t a  f o r m a t i o n  a n d  t h e  
P u r g a t o i r e  f o r m a t i o n  ( f i g .  4 ) .  T h e  t e r m  " D a k o t a "  s h o u l d  n o t  b e  u s e d  a l o n e ,  b e c a u s e  
" D a k o t a "  c a n  r e f e r  t o  t h e  D a k o t a  g r o u p  ( t h e  e n t i r e  i n t e r v a l  b e t w e e n  t h e  G r a n e r o s  s h a l e  
a n d  t h e  M o r r i s o n  f o r m a t i o n ) ,  t o  t h e  D a k o t a  f o r m a t i o n  ( t h e  u p p e r  p a r t  o f  t h e  D a k o t a  
g r o u p ) ,  o r  t o  t h e  D a k o t a  s a n d s t o n e  ( t h e  l o w e r  m e m b e r  o f  t h e  D a k o t a  f o r m a t i o n ,  a c c o r d -
i n g  t o  u s a g e  b y  d r i l l e r s  i n  t h e  C l a y t o n  a r e a ) .  

D a k o t a  F o rm a t i o n .  T h e  D a k o t a  f o r m a t i o n  i s  a b o u t  1 5 0  f t  t h i c k  i n  t h e  C l a y t o n  
a r e a .  T h e  u p p e r  m e m b e r  i s  g e n e r a l l y  t h e  m o r e  v a r i a b l e ,  c o n s i s t i n g  o f  i n t e r b e d d e d  
d a r k - b r o w n  t o  g r a y  s h a l y  s a n d s t o n e ,  l i g h t -  t o  d a r k - g r a y  s h a l e ,  a n d  l o c a l l y  s o m e  t h i c k  
y e l l o w  s a n d s t o n e s .  T h e  l o w e r  m e m b e r  i s  a  f a i r l y  p e r s i s t e n t  m a s s i v e  l i g h t - c o l o r e d  
s a n d s t o n e  w h i c h  a v e r a g e s  a b o u t  3 0  f t  i n  t h i c k n e s s .  T h i s  s a n d s t o n e  f o r m s  t h e  c l i f f s  o f  
t h e  m e s a s  a l o n g  t h e  D r y  C i m a r r o n  V a l l e y .  I n  p l a c e s ,  t h e  m a s s i v e  s a n d s t o n e  g r a d e s  
l a t e r a l l y  i n t o  t h i n - b e d d e d  a n d  s h a l y  s a n d s t o n e .  T h e  l o w e r  m e m b e r  m a y  l o c a l l y  f i l l  
c h a n n e l s  c u t  d o w n  i n t o  t h e  P u r g a t o i r e  s a n d s t o n e ,  a s  s u g g e s t e d  i n  F i g u r e  4 ,  b u t  t h i s  
c o n d i t i o n  i s  a n  i n t e r p r e t a t i o n  w h i c h  m a y  a p p l y  i n  o n l y  a  f e w  a r e a s .  

Pu rg a to i r e  Fo rm a t i o n .
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 T h e  P u r g a t o i r e  f o r m a t i o n ,  4 0 - 1 0 0  f t  t h i c k ,  g e n e r a l l y  
c o n s i s t s  o f  d a r k - g r a y  s h a l e  i n  t h e  u p p e r  h a l f  a n d  l i g h t - c o l o r e d  s a n d s t o n e  i n  t h e  l o w e r  
h a l f .  I n  s o m e  p a r t s  o f  U n i o n  C o u n t y ,  s u c h  a s  t h e  a r e a  j u s t  w e s t  o f  S t e a d ,  t h e  P u r g a -
t o i r e  a p p e a r s  t o  b e  a b s e n t .  I n  o t h e r  a r e a s ,  t h e  s a n d s t o n e  m e m b e r  i s  a b s e n t  a n d  t h e  



P u r g a t o i r e  i s  r e p r e s e n t e d  b y  d a r k - g r a y  s o m e w h a t  s a n d y  s h a l e .  I n  t u r n ,  t h e  s h a l e  m e m -
b e r  m a y  b e  c u t  o u t  l o c a l l y  b y  c h a n n e l  s a n d s t o n e s  o f  t h e  o v e r l y i n g  D a k o t a  f o r m a t i o n .  
S i n c e  1 9 4 7 ,  w e l l s  i n  B a c a  C o u n t y ,  C o l o r a d o  ( M c L a u g h l i n ,  1 9 5 4 ) ,  h a v e  b e e n  p r o d u c i n g  
a s  m u c h  a s  1 0 0 0  g p m  f r o m  t h e  s a n d s t o n e  m e m b e r  o f  t h e  P u r g a t o i r e  f o r m a t i o n ,  w i t h  
t h e  o v e r l y i n g  s h a l e  m e m b e r  c o n f i n i n g  w a t e r  u n d e r  a r t e s i a n  p r e s s u r e .  I n  t h e  C l a y t o n  
a r e a ,  s o m e  o f  t h e  h i g h - y i e l d  w e l l s  m a y  o b t a i n  w a t e r  f r o m  t h e  s a n d s t o n e  m e m b e r  o f  
t h e  P u r g a t o i r e  f o r m a t i o n ,  a l t h o u g h  a s  n o t e d  b e l o w ,  t h i s  s a n d s t o n e  m a y  a c t u a l l y  b e  i n  
t h e  M o r r i s o n  f o r m a t i o n .  

T h e  M o r r i s o n  f o r m a t i o n  i n  t h e  C l a y t o n  a r e a  c o n s i s t s  o f  a b o u t  3 0 0  f t  o f  g r e e n ,  
l i g h t - g r e e n i s h - g r a y ,  r e d - b r o w n ,  a n d  m a r o o n  s a n d y  c l a y ,  w i t h  l o c a l  l e n s e s  o f  w h i t e  
s a n d s t o n e  a n d  m i n o r  t h i n  l i m e s t o n e .  T h e  M o r r i s o n  f o r m a t i o n  a p p e a r s  t o  b e  m o r e  t h a n  
5 0 0  f t  t h i c k  i n  t h e  H e r n d o n  M o c k  N o .  1  o i l  t e s t  ( 2 7 . 3 6 . 2 5 . 1 1 1 ) .  T h e  c h a r a c t e r i s t i c  
c o l o r  o f  t h e  M o r r i s o n  i s  t h e  f a i n t  g r e e n  o f  r a w  c e m e n t .  A b o u t  1 0  f t  a b o v e  t h e  b a s e  o f  
t h e  M o r r i s o n  f o r m a t i o n  t h e r e  i s  a  p e r s i s t e n t  l a y e r  o f  r e d d i s h - o r a n g e  t o  l i g h t - b l u i s h -
g r a y  " a g a t e "  n o d u l e s .  T h i s  u s e f u l  m a r k e r  i n d i c a t e s  t h a t  t h e  E x e t e r  s a n d s t o n e  i s  l e s s  
t h a n  8 0  f t  b e l o w .  

Morrison Formation o f  Jurassic  Age   

I n  t h e  t o w n  o f  C l a y t o n  w e l l  N o .  6 ,  t h e  s a n d s t o n e  b e l o w  3 1 0  f t  u n d e r l i e s  s a n d y  
c l a y  a n d  t h e r e f o r e  i s  M o r r i s o n .  T h i s  s a n d s t o n e  i s  e v i d e n t l y  t h e  m a i n  a q u i f e r  i n  t h i s  
w e l l .  I n  g e n e r a l ,  h o w e v e r ,  t h e  M o r r i s o n  d o e s  n o t  s u p p l y  e n o u g h  w a t e r  e v e n  f o r  s t o c k  
wells. 

A  s e q u e n c e  o f  2 5 - 7 0  f t  o f  t h i n - b e d d e d  l i g h t - b r o w n  s i l t s t o n e  w i t h  s o m e  i n t e r b e d d e d  
l i g h t - c o l o r e d  s a n d s t o n e  a n d  r e d - b r o w n  m u d s t o n e  o c c u r s  a t  t h e  b a s e  o f  t h e  M o r r i s o n  
f o r m a t i o n .  T h i s  s e q u e n c e  i s  t r e a t e d  a s  p a r t  o f  t h e  M o r r i s o n  i n  s o m e  r e p o r t s  ( S c h o f f  
a n d  S t o v a l l ,  1 9 4 3 ;  M c L a u g h l i n ,  1 9 5 4 ) ,  b u t  i n  e a s t e r n  C o l f a x  C o u n t y  ( W o o d ,  N o r t h r o p ,  
a n d  G r i g g s ,  1 9 5 3 )  t h e  u n i t  i s  t e n t a t i v e l y  c l a s s i f i e d  a s  t h e  u p p e r  p a r t  o f  t h e  W a n a k a h  
f o r m a t i o n .  C o o l e y  ( 1 9 5 5 )  s h o w e d  t h a t  t h e  b r o w n  s i l t s  i n t e r t o n g u e  w i t h  t h e  u n d e r l y i n g  
E x e t e r  s a n d s t o n e .  

"Wanakah Formation"  o f  Jurassic  Age  

T h e  E x e t e r  s a n d s t o n e  w a s  n a m e d  b y  L e e  ( 1 9 0 2 )  f o r  e x p o s u r e s  " n e a r  E x e t e r  
p o s t  o f f i c e " ;  t h i s  i s  e v i d e n t l y  t h e  o l d  V a l l e y  p o s t  o f f i c e  w h i c h ,  b e f o r e  1 9 1 5 ,  w a s  

Exeter (Entrada) Sandstone of Jurassic Age  

l o c a t e d  a s  s h o w n  i n  F i g u r e  1  ( 3 1 . 3 3 . 8 . 2 4 3 ) .  T h e  E x e t e r  i s  8 0  f t  t h i c k  a t  i t s  t y p e  s e c t i o n  
( L e e ,  1 9 0 2 ;  P a r k e r ,  1 9 3 3 )  n e a r  W e d d i n g  C a k e  B u t t e  i n  t h e  D r y  C i m a r r o n  V a l l e y ,  b u t  
i t  i s  g e n e r a l l y  m u c h  t h i n n e r  a n d  i n  p a r t s  o f  t h e  c o u n t y  i s  a b s e n t .  A t  t h e  t y p e  s e c t i o n ,  
t h e  E x e t e r  l i e s  a c r o s s  t i l t e d  a n d  e r o d e d  b e d s  o f  t h e  D o c k u m  g r o u p .  T h e  E x e t e r  i s  t h e  
O c a t e  s a n d s t o n e  o f  t h e  C o l f a x  C o u n t y  r e p o r t  ( W o o d ,  N o r t h r o p ,  a n d  G r i g g s ,  1 9 5 3 )  a n d  
i s  c o r r e l a t e d  w i t h  t h e  E n t r a d a  s a n d s t o n e  o f  t h e  C o l o r a d o  P l a t e a u .  
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For most purposes the Exeter sandstone is too  deep to  warrant testing in the 
Clayton area,  but in those  parts  o f  Union County where  the  Morrison is  at the  surface,  
i t  may be  desirable  to  dril l  into  the  Exeter.  

The  Dockum group is  more  than 500 ft  thick  and includes red-brown s i l ty  
muds tone ,  l i gh t- co lo red f ine  sands tone ,  s i l t -pebb le  cong lomera te ,  and  some  g reen 
and red mudstone . In the Dry Cimarron Val ley,  Parker (1933)  subdivided the  Dockum 
into the Sheep Pen sandstone, the Sloan Canyon formation of green and red mudstone, 
a n d  th e  u n d e r l y i n g  " r e d  b e d s . "  A  s t i l l  l o we r  u n i t ,  t h e  " p u rp l e  m e m be r , "  wa s  
recognized  by  R.  W.  Foste r  (1956) ,  o f  the  Sta te  Bureau  o f  Mines ,  f rom we l l  samples  
and  was  la te r  recognized in  exposures  north  o f  the  junct ion o f  N .  Mex.  Highway 370  
and N.  Mex. Highway 325. The  red-bed sequence  forms the  bulk o f  the  Dockum 

" R e d  B e d s "  -  -  -  D o c k u m  G r o u p  o f  T r i a s s i c  A g e   

group and in general  direct ly  underl ies  the  Exeter sandstone. In the  Dry Cimarron 
Val ley,  several  s tock we l ls  obtain low yie lds o f  moderate  to  poor  qual i ty  water from 
the red beds. 



 



 



 



 



 



C O N T O U R  L I N E S  

T h r e e  s u r f a c e s  a r e  s h o w n  b y  c o n t o u r  l i n e s  o n  t h e  g e o l o g i c  a n d  h y d r o l o g i c  m a p s .  
O n  t h e  h y d r o l o g i c  m a p s ,  t h e  w a t e r  t a b l e  i s  s h o w n  b y  s o l i d ,  d a s h e d ,  a n d  d o t t e d  l i n e s ,  
w i t h  a  c o n t o u r  i n t e r v a l  o f  5 0  f t .  O n  t h e  g e o l o g i c  m a p s ,  t h e  b a s e  o f  t h e  O g a l l a l a  
f o r m a t i o n  i s  s h o w n  b y  s o l i d  a n d  d a s h e d  l i n e s  w i t h  a n  i n t e r v a l  o f  5 0  f t ,  a n d  t h e  b a s e  o f  
t h e  D a k o t a  f o r m a t i o n  i s  s h o w n  b y  d o t t e d  l i n e s  w i t h  a n  i n t e r v a l  o f  1 0 0  f t .  

E a c h  c o n t o u r  l i n e  c o n n e c t s  p o i n t s  o f  e q u a l  a l t i t u d e  a b o v e  s e a  l e v e l .  W h e r e  
l i n e s  a r e  c l o s e  t o g e t h e r  t h e  c o n t o u r e d  s u r f a c e  i s  s t e e p ,  a n d  w h e r e  l i n e s  a r e  f a r  a p a r t  
t h e  s u r f a c e  i s  n e a r l y  l e v e l .  W h e r e  c o n t o u r s  b e n d  i n  a  U - s h a p e ,  w i t h  t h e  i n n e r  c o n t o u r s  
r e p r e s e n t i n g  a  l o w e r  e l e v a t i o n  ( f o r  e x a m p l e ,  O g a l l a l a  c o n t o u r s  i n  f i g .  6 ,  2 4 . 3 5 . 1 . 4 0 0 ) ,  
t h e  U  o u t l i n e s  a  v a l l e y .  W h e r e  t h e  i n n e r  c o n t o u r s  r e p r e s e n t  a  h i g h e r  e l e v a t i o n  ( f i g .  8 ,  
2 7 . 3 6 . 1 ) ,  t h e  U  o u t l i n e s  a  r i d g e .  

T h e  water table

T h e  

 w a s  c o n t o u r e d  b y  d a t a  f r o m  t h o s e  w e l l s  i n  T a b l e  1  f o r  w h i c h  
s u r f a c e  e l e v a t i o n s  a n d  m e a s u r e d  d e p t h s  o f  w a t e r  a r e  g i v e n ;  f o r  e a c h  w e l l ,  t h e  d e p t h  t o  
w a t e r  i s  s u b t r a c t e d  f r o m  t h e  s u r f a c e  e l e v a t i o n  t o  g i v e  t h e  e l e v a t i o n  o f  t h e  w a t e r  t a b l e  
a t  t h i s  p o i n t .  C o n t o u r s  a r e  d r a w n  a s  s m o o t h  c u r v e s ,  a c c o r d i n g  t o  t h e  p l o t t e d  p o i n t s  o f  
e l e v a t i o n .  F o r  e x a m p l e ,  i n  w e l l  2 8 . 3 6 . 2 3 . 3 3 3  t h e  w a t e r  t a b l e  i s  a t  4 , 6 8 1  f t  a b o v e  s e a  
l e v e l ,  a n d  i n  w e l l  2 8 . 3 6 . 2 7 . 1 3 4  i t  i s  4 , 7 2 6  f t .  T h e r e f o r e ,  t h e  4 , 7 0 0 - f t  c o n t o u r  i s  
d r a w n  b e t w e e n  t h e s e  w e l l s .  C o n t o u r s  a r e  n o t  a d j u s t e d  t o  f i t  a l l  t h o s e  w e l l s  f o r  w h i c h  
d e p t h s  t o  w a t e r  a r e  o n l y  r e p o r t e d .  

base of the Ogallala formation

T h e  

 i s  c o n t o u r e d  l a r g e l y  f r o m  s h o t h o l e  d a t a ,  
s u p p l e m e n t e d  b y  s o m e  p o i n t s  o f  e l e v a t i o n  o n  w e l l s  w i t h  g o o d  l o g s ,  a n d  o n  o u t c r o p s  o f  
t h e  O g a l l a l a - b e d r o c k  c o n t a c t .  T h e  c o n t o u r s  a r e  d r a w n  t o  s h o w  a n c i e n t  t o p o g r a p h y ,  
a n d  s o  a  s i n g l e  w e l l  t h a t  r e a c h e d  b e d r o c k  a t  a  l o w e r  a l t i t u d e  t h a n  n e a r b y  w e l l s  i s  
n e c e s s a r i l y  i n  a  v a l l e y .  T h e  s u r f a c e  e l e v a t i o n  o f  w e l l  2 5 . 3 6 . 7 . 1 3 3  i s  4 , 9 1 2  f t ,  a n d  
s a m p l e s  t o  1 5 0  f t  s h o w e d  m a l p a i s  a n d  O g a l l a l a .  T h e r e f o r e  t h e  b a s e  o f  t h e  O g a l l a l a  
h e r e  i s  b e l o w  4 , 7 6 2  f t .  T h i s  i s  l o w e r  t h a n  i n  s e v e r a l  n e a r b y  w e l l s ,  a n d  s o  t h e  w e l l  
m u s t  b e  i n  a  b u r i e d  v a l l e y .  T h e  v a l l e y  i s  s h o w n  d r a i n i n g  s o u t h e a s t w a r d  b e c a u s e  
s h o t h o l e  d a t a  w i t h i n  a  f e w  m i l e s  w o u l d  n o t  p e r m i t  e x t e n d i n g  t h e  v a l l e y  i n  a n y  o t h e r  
d i r e c t i o n .  

base  o f  the  Dakota  f o r m a t i o n

T h e  

 i s  c o n t o u r e d  f r o m  s h o t h o l e  d a t a  i n  t h e  
n o r t h  p a r t  o f  S e n e c a  q u a d r a n g l e ,  a n d  f r o m  s c a t t e r e d  w e l l  l o g s ,  s h o t h o l e  l o g s ,  a n d  
o u t c r o p s  o f  t h e  l o w e r  l i m e s t o n e  o f  t h e  G r a n e r o s .  O n l y  t h o s e  h o l e s  o r  w e l l s  w h i c h  
w e r e  d r i l l e d  i n t o  t h e  M o r r i s o n  c o u l d  b e  u s e d ,  a n d  s o u t h  o f  S e n e c a  o n l y  a  f e w  h o l e s  
w e n t  t h i s  d e e p .  T h e  c o n t o u r e d  s u r f a c e  r e p r e s e n t s  t h e  r e g i o n a l  w a r p i n g  o f  b e d r o c k  
f o r m a t i o n s .  B e c a u s e  s o  f e w  c o n t r o l  p o i n t s  a r e  a v a i l a b l e ,  t h e  c o n t o u r s  a r e  
g e n e r a l i z e d .  

Ogallala rests on Purgatoire  or Morrison
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 i n  s e v e r a l  p l a c e s ,  a c c o r d i n g  t o  
c o m p a r i s o n  o f  t h e  O g a l l a l a  a n d  D a k o t a  c o n t o u r s .  O n e  p l a c e  i s  a l o n g  t h e  b u r i e d  v a l l e y  
i n  t h e  s o u t h e a s t  p a r t  o f  C l a y t o n  q u a d r a n g l e  ( f i g .  6 ) .  N o t e  t h a t  t h e  4 , 6 0 0 - f t  c o n t o u r s  
o f  b o t h  t h e  O g a l l a l a  a n d  D a k o t a  c r o s s  i n  2 4 . 3 5 . 1 . 2 0 0 ,  t h e  4 , 5 0 0 - f t  c o n t o u r s  c r o s s  i n  
2 4 .  3 6 .  8 .  3 0 0  a n d  t h e  4 , 4 0 0 - f t  c o n t o u r s  c r o s s  i n  2 4 . 3 6 . 1 5 . 3 3 0  a n d  2 4 . 3 6 .  2 1 . 3 2 2 .  I f  
5 0 - f t  c o n t o u r s  a r e  s k e t c h e d  i n  f o r  t h e  D a k o t a ,  t h e y  w i l l  c r o s s  t h e  c o r r e s p o n d i n g  c o n -
t o u r s  o f  t h e  O g a l l a l a .  B y  m a r k i n g  t h e s e  p o i n t s  o f  i n t e r s e c t i o n ,  i t  i s  p o s s i b l e  t o  o u t -
l i n e  t h e  a r e a  i n  w h i c h  t h e  O g a l l a l a  r e s t s  o n  t h e  P u r g a t o i r e  o r  M o r r i s o n .  A  s i m i l a r  



s i t u a t i o n  e x i s t s  i n  2 6 . 3 6 . 1 . 4 0 0  ( f i g .  8 ) ,  w h e r e  t h e  b a s e  o f  t h e  O g a l l a l a  i s  a b o u t  5 0  f t  
b e l o w  t h e  b a s e  o f  t h e  D a k o t a .  

T h e  water table  is be low the Ogallala formation

4 ,  7 0 0 - f t  w a t e r - t a b l e  c o n t o u r  t o u c h e s  t h e  t i p  o f  t h e  4 , 5 5 0  f t  O g a l l a l a  c o n t o u r ,  t h e r e  i s  
1 5 0  f t  o f  s a t u r a t i o n  i n  t h e  O g a l l a l a  f o r m a t i o n .  

 i n  t h e  s h a d e d  a r e a s  o f  F i g u r e s  7  
a n d  9 ,  a c c o r d i n g  t o  c o m p a r i s o n  o f  O g a l l a l a  a n d  w a t e r  t a b l e  c o n t o u r s .  I n  2 5 . 3 6 . 3 1 . 3 4 2  
t h e  4 , 7 0 0 - f t  w a t e r - t a b l e  c o n t o u r  c r o s s e s  t h e  4 , 7 5 0 - f t  O g a l l a l a  c o n t o u r ,  a n d  s o  t h e  
w a t e r  t a b l e  i s  i n  b e d r o c k  5 0  f t  b e l o w  t h e  O g a l l a l a .  B u t  i n  2 4 . 3 5 . 1 . 4 4 4 ,  w h e r e  t h e  

Thickness of saturation

G R O U N D - W A T E R  C O N D I T I O N S  

 a b o ve  t h e  b a s e  o f  t h e  D a k o t a  g r o u p  c a n  b e  d e t e r mi n e d  b y  
c o m p a r i n g  t h e  w a t e r - t a b l e  c o n t o u r s  w i t h  t h e  D a k o t a  f o r m a t i o n  c o n t o u r s ,  a d d i n g  a b o u t  
5 0  f t  f o r  t h e  u n d e r l y i n g  P u r g a t o i r e  f o r m a t i o n .  

T h e  d e s c r i p t i o n  o f  g r o u n d - w a t e r  c o n d i t i o n s  p r e s e n t e d  h e r e  w i l l  b e  c o n c e r n e d  
n o t  s o  m u c h  w i t h  a  t e c h n i c a l  a p p r o a c h  t o  t h e  c o n c e p t s  o f  g r o u n d - w a t e r  h y d r o l o g y ,  a s  
w i t h  e x a m p l e s  a s  t h e y  o c c u r  i n  C l a y t o n  a n d  S e n e c a  q u a d r a n g l e s .  M a n y  r e f e r e n c e  
v o l u m e s  a r e  a v a i l a b l e  t o  t h o s e  w h o  c a r e  t o  s t u d y  a n y  p h a s e  o f  g r o u n d  w a t e r ,  o r  w h o  
d e s i r e  m e r e l y  t o  r e a d  a  b i t .  T o l m a n  ( 1 9 3 7 )  b r o u g h t  o u t  t h e  f i r s t  f o r m a l  t e x t  o n  t h e  
c o m p a r a t i v e l y  n e w  s c i e n c e  o f  g r o u n d - w a t e r  h y d r o l o g y ,  a n d  B e n n i s o n  ( 1 9 4 7 )  h a s  
w r i t t e n  f o r  t h e  w e l l  d r i l l e r  a n d  t h e  w e l l  o p e r a t o r .  T h o m a s  ( 1 9 5 1 )  g a v e  " a  s u r v e y  o f  
t h e  p r e s e n t  g r o u n d - w a t e r  s i t u a t i o n  i n  t h e  U n i t e d  S t a t e s , "  w h i c h  s h o u l d  b e  o f  s p e c i a l  
i n t e r e s t  t o  r e a d e r s  i n  t h e s e  s e m i - a r i d  r e g i o n s  o f  t h e  c o u n t r y .  

T h e  g r o u n d - w a t e r  r e s e r v o i r  c o n s i s t s  o f  t h e  s p a c e s  b e t w e e n  t h e  g r a i n s  a n d  
p e b b l e s ,  a n d  t h e  c r a c k s  i n  t h e  r o c k s ,  i n c l u d i n g  l a r g e  c r e v i c e s  o r  p o s s i b l y  s m a l l  
t u n n e l s  i n  s o m e  f o r m a t i o n s  s u c h  a s  m a l p a i s .  T h e  u p p e r  s u r f a c e  o f  t h e  z o n e  o f  
s a t u r a t i o n ,  i f  i t  i s  o p e n  t o  a t m o s p h e r i c  p r e s s u r e ,  i s  k n o w n  a s  t h e  w a t e r  t a b l e ,  a n d  
t h e  f o r m a t i o n  i s  k n o w n  a s  a n  a q u i f e r  i f  i t  w i l l  y i e l d  w a t e r  t o  w e l l s  a n d  s p r i n g s .  A s  
g r o u n d  w a t e r  i n  a n  a q u i f e r  m o v e s  f r o m  t h e  r e c h a r g e  a r e a ,  a n  o v e r l y i n g  i m p e r m e a b l e  
b e d ,  p e r h a p s  a  s h a l e  b e d ,  d i p p i n g  a t  a  s l o p e  g r e a t e r  t h a n  t h e  w a t e r  t a b l e ,  m a y  c a u s e  
t h e  w a t e r  t o  b e  c o n f i n e d  u n d e r  p r e s s u r e .  U n d e r  t h e s e  c o n d i t i o n s  t h e  w a t e r  w i l l  r i s e  

O c c u r r e n c e  

i n  w e l l s  a b o v e  t h e  t o p  o f  t h e  a q u i f e r ,  a n d  t h e  w e l l s  a n d  a q u i f e r  a r e  s a i d  t o  b e  " a r t e s i a n . "  
A l t h o u g h  n o n e  o f  t h e  w e l l s  i n  t h e  C l a y t o n -a r e a  f l o w  a t  t h e  s u r f a c e ,  s o m e  o f  t h e m  a r e  
a r t e s i a n  w e l l s .  

T h e  w a t e r  t a b l e  i s  t h e  s u r f a c e  c o n n e c t i n g  w a t e r  l e v e l s  i n  w e l l s  i n  a n  u n c o n f i n e d  
a q u i f e r ;  t h e  p i e z o m e t r i c  s u r f a c e  i s  t h e  i m a g i n a r y  p l a n e  c o n n e c t i n g  w a t e r  l e v e l s  i n  a n  
a r t e s i a n  a q u i f e r .  I n  t h e  a r e a  o f  t h i s  r e p o r t ,  t h e  t w o  s u r f a c e s  a r e  n e a r l y  c o i n c i d e n t  a n d  
t h e  " w a t e r - t a b l e "  c o n t o u r s  s h o w n  o n  t h e  h y d r o l o g i c  m a p s  ( f i g .  7 ,  9 )  i n d i c a t e  t h e  
altitude at which water will stand in wells in both unconfined and artesian aquifers.  
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The source of  a l l  ground water in the Ogal la la formation and the Dakota group 
in the Clayton area was one o f the forms of  precip i tation within the re lative ly recent 
past. Though most of  the rainfal l  is  e ither quickly evaporated or used by vegetation, 
some smal l  part wi l l  perco late  below the  l imits  of  evaporation and the  root zone  and 
may eventually reach the water table. Theis (1937) concluded that the average annual 
recharge  to  the  ground water was less than one-hal f  inch in the  Southern High P la ins 
o f  southeastern New Mexico .  The is '  est imate  was for an area in which condit ions ,  
inc luding the average  annual  precipi tation of  152 inches,  are  much l ike those in this 
part of Union County. 

Source and Recharge  

Ground wate r  that  moves  eas tward  into  these  quadrang le s  was  prec ip i ta t ion  
within  Union County .  The  Sie rra Grande  arch,  a  structural  r idge  that  trends north-
northeast  through Des  Mo ines ,  ac ts  as  a  barr ier  to  ground-water  movement  f rom the  
Rocky Mountains .  Moreover,  in parts  o f  Union County  streams have  cut  through the  
Oga l la la  fo rmat ion and  the  Dakota  group ,  inte rcept ing  most  o f  the  ground wate r  in  
those  p laces.  In  the  sect ion on Est imates ,  i t  i s  shown that  recharge  by  under f low may 
be  14,000 acre- ft  per year from the  area bounded on the  north by the  North Canadian 
River and i ts  southern tributaries,  on the west by Sierra Grande, and on the south by 
Carrizo Creek. 

Though some wate r  moves  d i rec t ly  downward  in  areas  o f  f la t  sandy te rrain ,  
o r  i n  usu a l l y  d r y  l ake s ,  o r  a l o n g  c ra cks  i n  ma lp a i s ,  t he  p r i n c i pa l  s ou rce  o f  
p resent-day  recharge  to  the  ground-water  rese rvo i r  is  that  port ion o f  the f lood  f low 
of the streams that percolates through the sandy bottoms of the arroyos and washes, 
part icu lar ly  eas t  o f  N .  Mex .  Highway 18 . 

A r t i f i c i a l  recharge along the main sandy arroyos could supplement the natural 
recharge  to  the  ground-wate r  reservo i r .  Natura l  recharge  i s  about  3  percent  o f  the  
ave rage  annual  prec ip i ta t ion.  Much wate r  runs  past  the  re charge  area  dur ing  f lood  
f l ows  because  the  s t re am channe l s  canno t  absorb  i t .  F l o od- re te n t i on  dams ,  w i th  
l i t tle  or no permanent ponding of  water,  could be designed to  permit water to seep into  
the  channe l  f i l l  and  perco la te  downward  into  buried  va l leys .  P robab ly  no t more  than 
once  a  year  wou ld  the re  be  enough  runo f f  to  f i l l  the  re se rvo i rs ,  and  there fo re  the  
amount  o f  th is  induced  recharge  might  be  l imi ted to  the  capac i ty  o f  the  rese rvo i rs .  
Art i f ic ia l  recharge  wi l l  a f fect the  area down-gradient f rom such re tention dams. As 
i r r iga t ion we l l s  are  dr i l led ,  and  dec l ine  o f  wate r  le ve ls  occurs ,  the  u l t imate  deve lop-
ment  o f  the  area  may require  conside rat ion o f  art i f i c ia l  recharge .  

Ge ne ra l l y ,  g round  wa te r  in  the se  two  quadrang le s  i s  mov ing  ve ry  s l ow ly  
eastward, with a southeasterly trend in the  southern part o f  Clayton quadrangle .  In 
gravel,  the ve loc ity may be more than 20 ft  a  day;  in sandstone and less permeable  
formations the  ve loc i ty may be  only a fract ion o f  a  foot a  day.  In response  to  gravity,  
the  movement  wi l l  be  towards  po ints  o f  lowe r  e le vat ion o f  the  wate r  tab le  pe rpen-
dicular to  the  water-table  contours shown on the  hydro logic  maps ( f ig .  7 ,  9 ) . 

Movement 
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I n  m o s t  p l a c e s  i n  t h e  q u a d r a n g l e ,  t h e  n e a r - c o i n c i d e n c e  o f  t h e  w a t e r  t a b l e  a n d  
t h e  p i e z o m e t r i c  s u r f a c e  i n d i c a t e s  t h e  f o r m a t i o n s  a c t  a s  a  s i n g l e  h y d r o l o g i c  u n i t .  T h e  
w a t e r - t a b l e  c o n t o u r s ,  w h i c h  c r o s s  g e o l o g i c  b o u n d a r i e s  w i t h o u t  d e f l e c t i o n ,  a l s o  i n d i c a t e  
t h i s  h y d r a u l i c  i n t e r c o n n e c t i o n .  A n  e x c e p t i o n  i s  i n d i c a t e d  i n  t h e  a r e a  i m m e d i a t e l y  
n o r t h  o f ,  a n d  p a r a l l e l  t o ,  P e r i c o  C r e e k  s o u t h e a s t  o f  C l a y t o n ,  w h e r e  t h e r e  i s  a n  a b r u p t  
b r e a k  i n  t h e  w a t e r  t a b l e .  T h e  g r o u n d  w a t e r  n o r t h  o f  t h i s  a n o m a l o u s  z o n e  ( s h o w n  b y  
d o t s  c o n n e c t i n g  t h e  c o n t o u r s  o f  e q u a l  e l e v a t i o n  o n  e i t h e r  s i d e  o f  t h e  z o n e ,  f i g .  7 )  i s  
h e l d  a t  a n  e l e v a t i o n  a b o u t  7 5  f t  h i g h e r  t h a n  t h a t  s o u t h  o f  t h e  z o n e .  O n e  e x p l a n a t i o n  i s  
t h a t  a  r e l a t i v e l y  e f f e c t i v e  s u b s u r f a c e  d a m  m i g h t  b e  c a u s e d  b y  a  l a n d s l i d e  s l o p e  o f  s h a l e s  
o r  c l a y s  o n  t h e  n o r t h  s i d e  o f  a  s o u t h e a s t w a r d - t r e n d i n g  D a k o t a  g r o u p  r i d g e .  L e s s  
l i k e l y ,  t h o u g h  a  p o s s i b i l i t y ,  i s  t h e  p r e s e n c e  o f  a  f a u l t .  A d j a c e n t  w a t e r - l e v e l  c o n t o u r s  
i n d i c a t e  t h a t  v e r y  l i t t l e  w a t e r  m o v e s  d o w n w a r d  a c r o s s  t h i s  z o n e  f r o m  t h e  O g a l l a l a  
f o r m a t i o n  t o  t h e  D a k o t a  g r o u p  e x c e p t  t o w a r d  t h e  e a s t e r n  e n d ,  w h e r e  t h e  l e v e l s  m e r g e  
i n t o  a  s m o o t h  w a t e r  t a b l e .  

T h e  u n d e r f l o w  i n t o  T e x a s  a n d  O k l a h o m a  c o n s t i t u t e s  t h e  g r e a t e s t  n a t u r a l  
d i s c h a r g e  f r o m  t h e  a r e a ,  a n d  h a s  b e e n  e v a l u a t e d  i n  t h e  s e c t i o n  o n  E s t i m a t e s .  N a t u r a l  
d i s c h a r g e  f r o m  a q u i f e r s  i n  t h i s  a r e a ,  i n  a d d i t i o n  t o  u n d e r f l o w ,  m a y  b e  b y  e v a p o -
t r a n s p i r a t i o n ,  b y  d i s c h a r g e  t o  s u r f a c e  b o d i e s  o f  w a t e r ,  a n d  b y  l e a k a g e  t h r o u g h  l e s s  
p e r m e a b l e  u n d e r l y i n g  b e d s  ( c a l l e d  a q u i c l u d e s ) ,  i n t o  d e e p e r  f o r m a t i o n s .  

Natural  Discharge  

G r o u n d - w a t e r  d i s c h a r g e  b y  e v a p o - t r a n s p i r a t i o n  f r o m  t h e  m a i n  w a t e r  t a b l e  
o c c u r s  o n l y  i n  t w o  o r  t h r e e  s m a l l  a r e a s  w h e r e  t h e  w a t e r  i s  w i t h i n  a  f e w  f e e t  o f  t h e  
g r o u n d  s u r f a c e .  S u c h  a r e a s  w i l l  u s u a l l y  b e  d i s t i n g u i s h e d  b y  c o m p a r a t i v e l y  l u s h  
v e g e t a t i o n  a n d  l a r g e  t r e e s ,  a s  f o r  e x a m p l e ,  t h e  a r e a  n e a r  t h e  c e n t e r  o f  S e n e c a  
q u a d r a n g l e  w h e r e  h i g h w a y  c o n s t r u c t i o n  c r e w s  o b t a i n e d  w a t e r  f r o m  s h a l l o w  p i t s .  

T h e  t o t a l  d i s c h a r g e  f r o m  a q u i f e r s  t o  s u r f a c e  b o d i e s  o f  w a t e r ,  s u c h  a s  
s t r e a m s  w i t h  p e r e n n i a l  f l o w  o r  p e r m a n e n t  w a t e r  h o l e s ,  o r  s p r i n g s  s u c h  a s  A p a c h e  
S p r i n g  ( 2 6 . 3 5 . 2 3 . 4 1 1 )  l o c a t e d  b e l o w  t h e  m a l p a i s  c l i f f  n o r t h  o f  C l a y t o n ,  i s  e s t i m a t e d  
l e s s  t h a n  5 0  a c r e - f t  p e r  y e a r .  N o  e s t i m a t e  o f  t h e  q u a n t i t y  t h a t  m i g h t  b e  l o s t  b y  
l e a k a g e  t h r o u g h  a q u i c l u d e s  i n t o  d e e p e r  f o r m a t i o n s  i s  i n c l u d e d .  

A r t i f i c i a l  d i s c h a r g e  b y  w e l l s ,  w h i c h  r e p r e s e n t s  p r e s e n t  d e v e l o p m e n t  o f  
g r o u n d - w a t e r  r e s o u r c e s ,  i s  e s t i m a t e d  f o r  t h e  a r e a  o f  t h i s  r e p o r t  t o  b e  l e s s  t h a n  
6 , 0 0 0  a c r e - f t  p e r  y e a r .  R e c o r d s  o f  4 1 0  w e l l s  a r e  a r r a n g e d  i n  T a b l e  1 ;  l o c a t i o n ,  
w a t e r  l e v e l s ,  a n d  d e p t h s  a r e  g i v e n  o n  t h e  h y d r o l o g i c  m a p s  ( f i g .  7 ,  9)  .  

Discharge  by  We l ls  

A b o u t  3 7 2  a c r e - f t  w a s  p u m p e d  f r o m  t h e  t o w n  o f  C l a y t o n  w e l l s  i n  t h e  f i s c a l  
y e a r  w h i c h  e n d e d  J u n e  1 9 5 6 .  T h o u g h  n o  p u m p a g e  w a s  o b t a i n e d  f o r  t h e  C o l o r a d o  
I n t e r s t a t e  G a s  C o m p a n y ' s  p u m p i n g  s t a t i o n ,  i t  i s  e s t i m a t e d  b e t w e e n  1 0 0  a n d  2 0 0  
a c r e - f t  p e r  y e a r .  T h e  p u m p a g e  f r o m  s t o c k  a n d  d o m e s t i c  w e l l s  i s  p r o b a b l y  m u c h  
l e s s  t h a n  5 0 0  a c r e - f t  p e r  y e a r .  
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In 1955, water from 13 irrigation wells equipped with pumps having 
capacities greater than 100 gpm (gal lons per minute ) ,  was used to  irr igate  1 ,900 
acres o f  farm l a nd .  A  du t y  o f  wa te r  o f  22  f t  ( a c re - f t  p e r  a c re )  wa s  as sume d  
f o r  t he  i r r i g a te d  ac reage  repor ted  he re ,  wh ich ac reage  i s  be l i e ved  to  be  h i gh .  
Though these  f i gu res  are  only est imates,  for duty wi l l  vary with crops,  and 
some o f  the  deve loped acreage  may not have  been irr igated, the  indicated use  is  
about 5 ,000 acre- ft  per year.  

The highest reported pumping rate  was 1,800 gpm for the Kehoe well  
(24.36.12.244) ,  producing from the  Dakota fo rmation and Purgato i re  fo rmation. 
The  rate  of pumping and acreage irrigated are not included in the above estimates 
because the location of  the  well  is just across the State  l ine in Texas,  but the well  
data are mentioned here  and included in Table  1  because  o f  the  unusual ly high 
reported yie ld  and proximity to the area of  this  study. 

Currently, seven wells ranging in depth from 127 ft to 800 ft are  operated 
by the  town o f  Clayton to supply munic ipal  water.  Locations o f  these  wel ls , two 
town we l ls  no t  be ing  pumped ,  and  a  number  o f  p r iva te  we l l s  are  shown in  
F igure  3 .  Pe rt inent  data ,  most ly  f rom munic ipa l  records ,  are  g iven in  the  
table  be low. 

Tow n o f  C l a yt o n  W el l s   

 



F luc tua t ions  o f  wa te r  l e ve l

 

.  F luc tua t ions  o f  wa te r  l e ve l  in  we l l  no .  la  a re  
shown in  F i gu re  11 .  The  hyd rog raph  was  d rawn f rom cu rves  ob ta ined  w i th  an  
au tomat ic  wa te r- le ve l  reco rde r .  The  l arge  dec l ines  o f  wa te r  l e ve l  a re  caused  by  
pump ing  o f  C lay ton  no .  1 ,  99  f t  f rom no .  la .  The  re cove ry  cu rve  dur ing  la te  1953  
and early 1954 was obtained when no. 1 was not operated for more than a few minutes 
at a  t ime . Dur ing  the  period shown in  the  hydrograph, we l l  no .  2  was  not  operated, 
but it can be shown that the e ffect of pumping no. 2, located some 400 ft from no. la, 
and pumping only half as much water, would be perhaps 1/32 the e ffect of well  no. 1; 
that is , i f  the aquifer is  continuous and constant in character. 

The small f luctuations are caused by changes in barometric pressure. These 
oscil lations of the water surface, which may be as much as several tenths of a foot, 
correspond inverse ly to  changes in atmospheric  pressure.  In s impler words, a high 
barometric  pressure  wi l l  "push" the  water leve l  in the  we l l  down just a  l i t t le ,  and a 
low pressure  wi l l  cause  i t  to  r i se  s l i ghtly .  

A  co r re la t ion  be tween  cumu la t i ve  depar tu res  f rom no rma l  prec ip i ta t ion 
( f i g .  2 )  and  water  leve ls  was  obse rved  f rom random measurements  made  by  c i ty  
personnel between 1927, when the well  was dril led, and 1951. The plotted measure-
ments made when neither we l l  no.  1  nor we l l  no.  2  had been operated for at  least 
se ve ra l  weeks  f i t  the  curve  o f  F igure  2 .  The  water- le ve l  curve  i s  no t  shown he re .  
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P u m p i n g  t e s t s  c o m m o n l y  a r e  m a d e  t o  d e t e r m i n e  c h a r a c t e r i s t i c s  o f  w e l l s .  T h e  
r e s u l t s  o f  t h e  t e s t s  c a n  b e  u s e d  t o  a i d  i n  t h e  s e l e c t i o n  o f  p u m p s  d e s i g n e d  t o  m e e t  t h e  
p e r f o r m a n c e  o f  t h e  w e l l s .  T h e  r e s u l t s  c a n  b e  u s e d  a l s o  t o  c o m p a r e  t h e  w e l l  t e s t e d  
w i t h  o t h e r  w e l l s  i n  t h e  a r e a ,  o r  t o  c o m p a r e  p r e s e n t  p u m p  a n d  w e l l  p e r f o r m a n c e  w i t h  
p r e v i o u s  t e s t  r e c o r d s  o f  t h e  s a m e  p u m p  a n d  w e l l .  

Well  Tests   

O n e  w a y  o f  c o m p a r i n g  t h e  p e r f o r m a n c e  o f  w e l l s  i s  o n  t h e  b a s i s  o f  s p e c i f i c  
c a p a c i t i e s ,  w h i c h  r a n g e d  f r o m  7  t o  8 3  g p m  p e r  f o o t  o f  d r a w d o w n  i n  s i x  i r r i g a t i o n  
w e l l s .  T h e s e  w e l l s  w e r e  s e l e c t e d  f o r  c o m p a r i s o n  b e c a u s e  n o n p u m p i n g  ( s t a t i c )  w a t e r  
l e v e l s ,  p u m p i n g  w a t e r  l e v e l s ,  a n d  r a t e s  o f  p r o d u c t i o n  w e r e  a v a i l a b l e ,  t h u s  p e r m i t t i n g  
t h e  c a l c u l a t i o n  o f  s p e c i f i c  c a p a c i t i e s .  E x c e p t  f o r  t h o s e  w e l l s  i n  w h i c h  p u m p i n g  w a t e r  
l e v e l s  s t a b i l i z e  r a p i d l y ,  t h e  s p e c i f i c  c a p a c i t i e s  n o r m a l l y  s h o u l d  b e  r e f e r r e d  t o  t h e  
l e n g t h  o f  t i m e  d u r i n g  w h i c h  a  w e l l  w a s  p u m p e d  a t  a  g i v e n  r a t e  o f  f l o w .  

I n  m a r k e d  c o n t r a s t  t o  t h e  l o w  s p e c i f i c  c a p a c i t i e s  o f  l e s s  t h a n  o n e - h a l f  g p m  p e r  
f o o t  o f  d r a w d o w n  f o r  m a n y  s t o c k  w e l l s ,  t h e  P a c h t a  i r r i g a t i o n  w e l l  ( 2 9 . 2 8 . 1 8 . 3 2 3 ) ,  
n e a r  C a p u l i n ,  p r o d u c e s  1 , 2 0 0  g p m  f r o m  c i n d e r s ,  w i t h  o n l y  1 . 2  f t  o f  d r a w d o w n  
( m a x i m u m  y i e l d  i s  m u c h  g r e a t e r ) .  T h i s  i s  a n  e x t r a o r d i n a r i l y  h i g h  s p e c i f i c  c a p a c i t y  
o f  1 ,  0 0 0  gp m p e r  f o o t  o f  d r a w d o w n .  

A l t h o u g h  s u c h  f a c t o r s  a s  w e l l  c o n s t r u c t i o n ,  d e v e l o p m e n t ,  s l o t s ,  a n d  s c r e e n s  
a f f e c t  t h e  s p e c i f y  c a p a c i t y  o f  a  w e l l ,  t h e  u l t i m a t e  y i e l d  w i l l  d e p e n d  u p o n  t h e  p e r m e a -
b i l i t y  o f  t h e  f o r m a t i o n  a d j a c e n t  t o  t h e  w e l l .  

A n  a q u i f e r - p e r f o r m a n c e  t e s t  ( a  w e l l  t e s t  m a d e  p r i m a r i l y  t o  e v a l u a t e  t h e  
h y d r a u l i c  c h a r a c t e r i s t i c s  o f  t h e  a q u i f e r )  w a s  m a d e  i n  A p r i l  1 9 5 4 .  W e l l  n o .  1  i n  t h e  
c i t y  h a l l  a n n e x  w a s  p u m p e d ,  a n d  o b s e r v a t i o n s  o f  t h e  w a t e r - l e v e l  c h a n g e s  i n  w e l l  
n o .  l a  w e r e  m a d e  w i t h  a  s p e c i a l l y  e q u i p p e d  a u t o m a t i c  w a t e r - l e v e l  r e c o r d e r .  
A n a l y s i s  o f  t h e  d e c l i n e  o f  w a t e r  l e v e l s  i n  n o .  l a  d i s c l o s e d  t h a t  t h e  c o e f f i c i e n t  o f  
t r a n s m i s s i b i l i t y  w a s  a b o u t  7 , 0 0 0  g a l l o n s  a  d a y  ( p e r  f o o t  w i d t h  o f  a q u i f e r  p e r  u n i t  
h y d r a u l i c  g r a d i e n t ) ,  a n d  t h a t  t h e  c o e f f i c i e n t  o f  s t o r a g e  w a s  a b o u t  0 . 0 0 5  ( c u  f t  o f  

A qu i f e r -Pe r fo rma n ce  Te s t s  

w a t e r  r e l e a s e d  f r o m  e a c h  v e r t i c a l  c o l u m n  w i t h  a  c r o s s - s e c t i o n a l  a r e a  o f  o n e  s q u a r e  
f o o t  f o r  e a c h  f o o t  o f  d e c l i n e  o f  h e a d ) .  A n a l y s i s  o f  t h e  t e s t  d a t a  a l s o  d i s c l o s e d  t h e  
p r e s e n c e  o f  b o t h  a  l i m i t i n g  b o u n d a r y  a n d  a  r e c h a r g e  b o u n d a r y  i n  t h e  v i c i n i t y .  

N e a r  t h e  w e l l s ,  s i l t y  b e d s  o v e r l y i n g  t h e  p r o d u c i n g  b e d s  c o u l d  b e  r e s p o n s i b l e  
f o r  t h e  s e m i a r t e s i a n  c o n d i t i o n s  i n d i c a t e d  b y  t h e  c o e f f i c i e n t  o f  s t o r a g e  o f  o n e - h a l f  o f  
o n e  p e r c e n t .  I n  u n c o n f i n e d  a q u i f e r s  w h e r e  a c t u a l  d e w a t e r i n g  a n d  s u b s e q u e n t  s l o w  
d r a i n i n g  t a k e  p l a c e ,  t h e  c o e f f i c i e n t  o f  s t o r a g e  e v e n t u a l l y  s h o u l d  a p p r o a c h  t h e  v a l u e  o f  
p o r o s i t y  ( m o r e  a c c u r a t e l y ,  s p e c i f i c  y i e l d ,  w h i c h  i s  t h e  r a t i o  o f  t h e  q u a n t i t y  o f  w a t e r  
w h i c h  w i l l  d r a i n  b y  g r a v i t y  f r o m  a  g i v e n  v o l u m e  o f  m a t e r i a l  i n  a  s p e c i f i e d  t i m e ) .  I n  
a r t e s i a n  a q u i f e r s  t h e  c o e f f i c i e n t  w i l l  b e  m a n y  t i m e s  s m a l l e r ,  b e c a u s e  n o  w a t e r  i s  
o b t a i n e d  b y  d e w a t e r i n g  t h e  f o r m a t i o n ,  a n d  i n i t i a l l y  t h e  w a t e r  m u s t  b e  r e l e a s e d  
p r i n c i p a l l y  b y  c o m p a c t i o n  o f  t h e  a q u i f e r  a s  a  r e s u l t  o f  r e d u c e d  i n t e r n a l  p r e s s u r e .  
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T h e  s e t  o f  v a l u e s  i n d i c a t i n g  t h e  a b i l i t y  o f  t h e  O g a l l a l a  f o r m a t i o n  i n  t h e  v i c i n i t y  
o f  t h e  c i t y  h a l l  t o  p e r m i t  t h e  f l o w  o f  w a t e r  a n d  t o  r e l e a s e  w a t e r  f r o m  s t o r a g e  c a n  b e  
u s e d  t o  c a l c u l a t e  i n t e r f e r e n c e  b e t w e e n  p r e s e n t  o r  p r o p o s e d  w e l l s  i n  t h a t  a r e a .  
H o w e v e r ,  b e c a u s e  t h e  O g a l l a l a  f o r m a t i o n  c o n s i s t s  o f  p e r m e a b l e  c h a n n e l  d e p o s i t s  t h a t  
a r e  i n t e r w o v e n  c o m p l e x l y  w i t h  m u c h  l e s s  p e r m e a b l e  f l o o d p l a i n  d e p o s i t s ,  t e s t s  s h o u l d  
b e  m a d e  o v e r  a  m u c h  w i d e r  a r e a  b e f o r e  l o n g - t e r m  p r e d i c t i o n s  o f  w a t e r  l e v e l s  a r e  
c o m p u t e d  f o r  v a r i o u s  a s s u m e d  p u m p i n g  c o n d i t i o n s .  A q u i f e r - p e r f o r m a n c e  t e s t s  o f  t h e  
D a k o t a  s a n d s t o n e  a n d  t h e  P u r g a t o i r e  s a n d s t o n e  s h o u l d  b e  m a d e ,  t o  p r o v i d e  d a t a  w h i c h  
c a n  b e  a n a l y z e d  t o  e v a l u a t e  t h e  r e s p e c t i v e  h y d r o l o g i c  c h a r a c t e r i s t i c s .  

I n  a n  a q u i f e r - p e r f o r m a n c e  t e s t ,  t h e  d i s c h a r g e  r a t e  s h o u l d  b e  m a i n t a i n e d  a s  
c o n s t a n t  a s  p o s s i b l e .  V e r y  c a r e f u l  m e a s u r e m e n t s  o f  w a t e r  l e v e l s  m a d e  a t  f r e q u e n t  
i n t e r v a l s  b e f o r e ,  d u r i n g ,  a n d  a f t e r  t h e  p u m p i n g  p e r i o d  i n  a l l  a v a i l a b l e  w e l l s  a r e  a n  
e s s e n t i a l  p a r t  o f  t h e  t e s t ,  w i t h o u t  w h i c h  t h e  a n a l y s i s  o f  t h e  t e s t  d a t a  w i l l  b e  u n r e l i a b l e  
f o r  p u r p o s e s  o f  c a l c u l a t i n g  i n t e r f e r e n c e  b e t w e e n  w e l l s  a n d  f u t u r e  w a t e r  l e v e l s  i n  t h e  
a q u i f e r .  

T h o s e  w h o  a r e  i n t e r e s t e d  i n  q u a n t i t a t i v e  m e t h o d s  w i l l  f i n d  t h e  v a r i o u s  m e t h o d s  
a n d  t h e o r i e s  a d e q u a t e l y  d e s c r i b e d  b y  F e r r i s  ( 1 9 4 9 ) .  

T h i s  s e c t i o n  i s  d e s i g n e d  t o  d e m o n s t r a t e  m e t h o d s  f o r  o b t a i n i n g  e s t i m a t e s  o f  
t h e  q u a n t i t i e s  o f  g r o u n d  w a t e r  a v a i l a b l e  f o r  i r r i g a t i o n .  I t  i s  s h o w n  t h a t  t h e  a n n u a l  
r e c h a r g e  f r o m  p r e c i p i t a t i o n  s h o u l d  s u p p l y  s u f f i c i e n t  g r o u n d  w a t e r  t o  i r r i g a t e  

E s t i m a t e s  o f  A v a i l a b l e  Q u a n t i t i e s   

1 0 , 0 0 0  a c r e s ,  a n d  t h a t  a n  a d d i t i o n a l  1 8 , 0 0 0  a c r e s  m i g h t  b e  i r r i g a t e d  i f  t h e  r e c o v e r a b l e  
p o r t i o n  o f  t h e  w a t e r  i n  s t o r a g e  i s  " m i n e d "  o v e r  a  4 0 - y e a r  p e r i o d .  

T h e s e  q u a n t i t a t i v e  e s t i m a t e s ,  w h i c h  a r e  d e s c r i b e d  i n  m o r e  d e t a i l  l a t e r  i n  t h i s  
s e c t i o n ,  a r e  b a s e d  o n  a s s u m e d  v a l u e s  f o r  r e c h a r g e  r a t e ,  e f f e c t i v e  p e r m e a b i l i t y ,  a n d  
p r o p o r t i o n  r e c o v e r a b l e  f r o m  s t o r a g e ,  f o r  w h i c h  s u p p o r t i n g  d a t a  f r o m  t h i s  a r e a  w e r e  
v e r y  s c a r c e ;  t h e  e s t i m a t e s ,  t h e r e f o r e ,  n e c e s s a r i l y  w e r e  b a s e d  o n  r e p o r t s  o f  m e a s u r e -
m e n t s  m a d e  e l s e w h e r e .  A c c o r d i n g l y ,  t h e  q u a n t i t i e s  o f  w a t e r  a v a i l a b l e  f r o m  r e c h a r g e  
a n d  f r o m  s t o r a g e  m u s t  b e  r e g a r d e d  m e r e l y  a s  e s t i m a t e s .  O n l y  t h r o u g h  c a r e f u l  
c o l l e c t i o n  a n d  p r e s e r v a t i o n  o f  a l l  p e r t i n e n t  d a t a  w i l l  i t  b e  p o s s i b l e  t o  o b t a i n  m o r e  
r e l i a b l e  s o l u t i o n s  f o r  t h e  e x a m p l e s  s h o w n  h e r e .  

U n d e r  n a t u r a l  c o n d i t i o n s  o v e r  a  l o n g  p e r i o d  o f  t i m e ,  t h e  r e c h a r g e  t o  t h e  
g r o u n d - w a t e r  r e s e r v o i r  w i l l  b e  b a l a n c e d  b y  t h e  d i s c h a r g e ,  t o g e t h e r  w i t h  c h a n g e s  i n  
s t o r a g e .  W h e n  d i s c h a r g e  b y  w e l l s  i s  i n t r o d u c e d ,  w a t e r  w i l l  b e  s u p p l i e d  f r o m  s t o r a g e  
i n  t h e  v i c i n i t y  o f  t h e  w e l l  o r  w e l l s .  T h e  r e s u l t i n g  d e c l i n e  i n  l e v e l s ,  k n o w n  a s  a  c o n e  
o f  d e p r e s s i o n ,  w i l l  s p r e a d  u n t i l  e i t h e r  n e w  r e c h a r g e  i s  e n c o u n t e r e d  o r  o t h e r  d i s c h a r g e  
f r o m  t h e  a q u i f e r  i s  r e d u c e d .  A s s u m i n g ,  t h e n ,  t h a t  t h e  s u b s u r f a c e  o u t f l o w  f r o m  t h e  
a r e a  c a n  b e  m i n i m i z e d  b y  t h i s  m e t h o d ,  i t  i s  a p p a r e n t  t h a t  a n y  a d d i t i o n a l  w i t h d r a w a l s  
m u s t  b e  e n t i r e l y  f r o m  s t o r a g e  a n d  w i l l  b e  a c c o m p a n i e d  b y  c o n t i n u i n g l y  d e c l i n i n g  w a t e r  
l e v e l s .  I n  t h e  f o l l o w i n g  p a r a g r a p h s  a t t e m p t s  h a v e  b e e n  m a d e  t o  i l l u s t r a t e  t h e  r e c h a r g e ,  
s t o r a g e ,  a n d  d i s c h a r g e  f a c t o r s .  
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U s i n g  o n e - h a l f  i n c h  p e r  y e a r  ( T h e i s ,  1 9 3 7 )  a s  t h a t  p a r t  o f  t h e  a v e r a g e  a n n u a l  
p r e c i p i t a t i o n  w h i c h  r e a c h e s  t h e  g r o u n d - w a t e r  r e s e r v o i r ,  t h e  a v e r a g e  a n n u a l  r e c h a r g e  
f r o m  p r e c i p i t a t i o n  i s  e s t i m a t e d  t o  b e  2 7 , 0 0 0  a c r e - f t .  T h e  r e c h a r g e  i s  a s s u m e d  t o  
o c c u r  w i t h i n  a n  a r e a  o f  1 , 0 0 0  s q  m i l e s ,  l i m i t e d  o n  t h e  n o r t h  b y  t h e  N o r t h  C a n a d i a n  
R i v e r ,  o n  t h e  w e s t  b y  S i e r r a  G r a n d e ,  o n  t h e  s o u t h  b y  C a r r i z o  C r e e k ,  a n d  o n  t h e  e a s t  
b y  t h e  s t a t e  l i n e .  

R e c h a r g e  F r o m  P r e c i p i t a t i o n   

I n  t h i s  e x a m p l e ,  1 5 , 0 0 0  a c r e - f t  i s  r e c h a r g e d  w e s t  o f  C l a y t o n  a n d  S e n e c a  
q u a d r a n g l e s .  P e r h a p s  1 , 0 0 0  a c r e - f t  i s  i n t e r c e p t e d  b y  w e l l s  o r  s p r i n g s  a n d  s e e p s ,  a n d  
t h e  b a l a n c e  o f  t h e  w a t e r  w i l l  m o v e  e v e n t u a l l y  i n t o  t h e  q u a d r a n g l e  a s  u n d e r f l o w .  
D i s c h a r g e  b y  w e l l s  a n d  s p r i n g s  i n  t h e  t w o  q u a d r a n g l e s  i s  e s t i m a t e d  a t  l e s s  t h a n  
6 , 0 0 0  a c r e - f t .  

T h e  a v e r a g e  s e c t i o n  o f  l a n d  c o n t r i b u t e s  o n l y  e n o u g h  r e c h a r g e  t o  t h e  
g r o u n d - w a t e r  s u p p l y  t o  i r r i g a t e  1 0  a c r e s ,  b u t  w i t h  1 , 0 0 0  s q  m i l e s  o f  r e c h a r g e  a r e a ,  
1 0 , 0 0 0  a c r e s  c a n  b e  i r r i g a t e d .  

A n  a d d i t i o n a l  s u p p l y  o f  a l m o s t  2  m i l l i o n  a c r e - f e e t  o f  w a t e r  m a y  b e  
r e c o v e r a b l e  f r o m  s t o r a g e  i n  t h e  g r o u n d - w a t e r  r e s e r v o i r .  I n  t h e  N e w  M e x i c o  p a r t  
o f  C l a y t o n  q u a d r a n g l e ,  t h e  v o l u m e  o f  s a t u r a t e d  r o c k ,  i n c l u d i n g  c l a y s  a n d  s h a l e s ,  
f r o m w h i c h  w a t e r  i s  a va i l a b l e  b y  s l o w  d r a i n a g e  o v e r  a  v e r y  l o n g  p e r i o d  o f  t i m e ,  i s  
2 4 , 2 0 0 , 0 0 0  a c r e - f t ,  w h i c h  i s  t h e  p r o d u c t  o f  t h e  2 0 0 - s q - m i l e  a r e a  t i m e s  a n  a v e r a g e  

S t o r a g e   

t h i c k n e s s  o f  s a t u r a t i o n  o f  1 9 0  f t  a b o v e  t h e  b a s e  o f  t h e  D a k o t a  g r o u p .  W i t h  a n  a s s u m e d  
a v e r a g e  p o r o s i t y  o f  2 0  p e r c e n t ,  t h i s  s a t u r a t e d  r o c k  c o n t a i n s  n e a r l y  5  m i l l i o n  a c r e - f e e t  
o f  w a t e r .  P e r h a p s  o n e - f i f t h ,  o r  1  m i l l i o n  a c r e - f t ,  m a y  b e  r e c o v e r a b l e  b y  w e l l s  o v e r  
m a n y  y e a r s .  S i m i l a r  c a l c u l a t i o n s  f o r  t h e  2 4 0 - s q u a r e - m i l e  a r e a  o f  S e n e c a  q u a d r a n g l e ,  
w i t h  a  s a t u r a t i o n  o f  1 4 0  f t ,  g i v e  a  r e c o v e r a b l e  e s t i m a t e  o f  8 6 0 , 0 0 0  a c r e - f t .  

T h e  v a l u e  o f  2 0  p e r c e n t  u s e d  f o r  e f f e c t i v e  p o r o s i t y  m a y  b e  c o n s e r v a t i v e ;  c l a y s  
a n d  s h a l e s  m a y  h a v e  p o r o s i t i e s  c l o s e  t o  5 0  p e r c e n t ,  a n d  s a n d s  a n d  g r a v e l s  u s u a l l y  
h a v e  p o r o s i t i e s  c l o s e  t o  3 0  p e r c e n t .  T h e  u n l i k e l i h o o d  o f  c o n s t r u c t i n g  a  w e l l  s y s t e m  
b y  w h i c h  m o s t  o f  t h e  s a t u r a t e d  m a t e r i a l  m i g h t  b e  d e w a t e r e d  w a s  c o n s i d e r e d  w h e n  
a s s u m i n g  t h e  r e c o v e r a b l e  f r a c t i o n .  

I n  v i e w  o f  t h e  q u a n t i t y  o f  w a t e r  a v a i l a b l e  f r o m  s t o r a g e ,  i t  i s  r e a s o n a b l e  t o  
a s s u m e  t h a t  o p t i m u m  d e v e l o p m e n t  o f  t h e  a r e a  w o u l d  n o t  p r e c l u d e  u s e  o f  w a t e r  i n  
s t o r a g e ,  w i t h o u t  w h i c h  t h e  i r r i g a t e d  a c r e a g e  w o u l d  b e  l i m i t e d  t o  a  d e v e l o p m e n t  b a s e d  
o n  t h e  a n n u a l  r e c h a r g e .  I f  t h e  r e c o v e r a b l e  p o r t i o n  o f  t h e  s t o r a g e  w a t e r  i s  p u m p e d  
d u r i n g  a n  a r b i t r a r i l y  c h o s e n  p e r i o d  o f  4 0  y e a r s ,  1 8 , 0 0 0  a c r e s  c o u l d  b e  i r r i g a t e d  a t  
t h e  r a t e  o f  4 5 , 0 0 0  a c r e - f t  a  y e a r .  T h e  " 4 0  y e a r s "  i s  u s e d  o n l y  a s  a n  e x a m p l e  a n d  i s  
n o t  m e a n t  t o  i m p l y  t h a t  t h i s  p e r i o d  i s  r e c o m m e n d e d .  O n c e  t h e  r e c o v e r a b l e  w a t e r  h a s  
b e e n  " m i n e d "  o u t ,  g r o u n d - w a t e r  i r r i g a t i o n  w o u l d  h a v e  t o  b e  c u t  b a c k  t o  t h a t  a c r e a g e  
w h i c h  w o u l d  b e  s u s t a i n e d  b y  a n n u a l  r e c h a r g e  f r o m  p r e c i p i t a t i o n .  L o n g  b e f o r e  t h i s  
h a p p e n e d ,  b e t t e r  e s t i m a t e s  o f  e f f e c t i v e  p o r o s i t y ,  a n d  e s p e c i a l l y  o f  r e c o v e r a b l e  
p e r c e n t a g e ,  w o u l d  h a v e  b e e n  o b t a i n e d  a n d  t h e  d e v e l o p m e n t  p l a n n e d  a n d  a d j u s t e d  
a c c o r d i n g l y .  
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T h e  q u a n t i t y  o f  w a t e r  l e a v i n g  t h e  t w o  q u a d r a n g l e s  a s  s u b s u r f a c e  o u t f l o w  h a s  
b e e n  e s t i m a t e d  t o  b e  1 3 , 8 0 0  a c r e - f t  p e r  y e a r ,  s u f f i c i e n t  t o  i r r i g a t e  5 , 5 0 0  a c r e s .  

Subsurface Outflow  

T h i s  w a t e r  m o v e s  o u t  a c r o s s  t h e  s t a t e  l i n e  t h r o u g h  a  v e r t i c a l  s e c t i o n  t h a t  i s  3 5  m i l e s  
l o n g  ( f r o m  t h e  n o r t h  e d g e  o f  S e n e c a  q u a d r a n g l e  t o  t h e  s o u t h  e d g e  o f  C l a y t o n  
q u a d r a n g l e ) ,  w i t h  a n  a v e r a g e  s a t u r a t i o n  a b o v e  t h e  b a s e  o f  t h e  D a k o t a  g r o u p  o f  2 4 0  
f t  f o r  t h e  C l a y t o n  q u a d r a n g l e  a n d  1 6 0  f t  f o r  t h e  S e n e c a  q u a d r a n g l e ,  o r  a n  a v e r a g e  o f  
2 0 0  f t  f o r  t h e  s e c t i o n .  W a t e r - t a b l e  c o n t o u r s  i n d i c a t e  a n  a v e r a g e  h y d r a u l i c  g r a d i e n t  
o f  3 5  f t  p e r  m i l e .  T h e  a s s u m e d  e f f e c t i v e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  5 0  g a l l o n s  a  
d a y  p e r  s q u a r e  f o o t  w o u l d  b e  t o o  h i g h  f o r  f i n e - g r a i n e d  m a t e r i a l s  s u c h  a s  a r e  f o u n d  
i n  m u c h  o f  t h e  D a k o t a  g r o u p ,  b u t  i s  m u c h  t o o  l o w  f o r  t h e  c o a r s e  c h a n n e l  d e p o s i t s  i n  
t h e  O g a l l a l a  f o r m a t i o n .  

I n s t e a d  o f  a s s u m i n g  e f f e c t i v e  v a l u e s  f o r  t h e  s e c t i o n  a s  a  w h o l e ,  s i m i l a r  
c a l c u l a t i o n  m a y  b e  m a d e  f o r  t h e  h i g h l y  p e r m e a b l e  p a r t s  o f  e a c h  o f  t h e  s a t u r a t e d  
f o r m a t i o n s .  M u c h  h i g h e r  v a l u e s  o f  t h e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  w o u l d  b e  u s e d  
f o r  t h e  b u r i e d  v a l l e y s  i n  t h e  O g a l l a l a  a n d  f o r  t h e  m a s s i v e  s a n d s t o n e s  a t  t h e  b a s e  o f  
t h e  D a k o t a  g r o u p .  T h e  t o t a l  e f f e c t i v e  a r e a  o f  t h e  s e c t i o n  w o u l d  b e  s m a l l e r ,  b u t  t h e  
r e s u l t  s h o u l d  b e  t h e  s a m e .  A l t h o u g h  s u c h  f i g u r e s  w o u l d  n o t  b e  m o r e  r e l i a b l e  t h a n  
t h o s e  d e m o n s t r a t e d  a b o v e ,  t h e y  w o u l d  b e  m o r e  r e a l i s t i c ,  i n  t h a t  t h e y  w o u l d  i n d i c a t e  
t h a t  t h e  b u r i e d  v a l l e y s  • u n d o u b t e d l y  c a r r y  c o n s i d e r a b l y  m o r e  w a t e r  t h a n  t h e  
f o r m a t i o n s  o n  e i t h e r  s i d e .  

A s  i r r i g a t i o n  p r o j e c t s  a r e  d e v e l o p e d ,  t h e  d e c l i n e  i n  l e v e l s  a c c o m p a n y i n g  
s u c h  d e v e l o p m e n t  w o u l d  r e d u c e  t h e  g r a d i e n t  t o w a r d  t h e  e a s t  e d g e  o f  t h e  a r e a ,  
w i t h  a  c o n s e q u e n t  r e d u c t i o n  i n  t h e  l o s s  b y  u n d e r f l o w .  

C h e m i c a l  a n a l y s e s  o f  w a t e r  f r o m  3 6  w e l l s  i n d i c a t e  t h a t  t h e  c h e m i c a l  q u a l i t y  
o f  t h e  w a t e r  i s  s a t i s f a c t o r y  f o r  o r d i n a r y  u s e s .  B e c a u s e  m a n y  p u b l i c a t i o n s  o n  
g r o u n d  w a t e r  d i s c u s s  q u a l i t y  o f  w a t e r  a t  g r e a t  l e n g t h ,  b r i e f  m e n t i o n  w i l l  b e  m a d e  
o n l y  o f  t h o s e  c o n s t i t u e n t s  o f  c o m m o n  i n t e r e s t .  F o r  t h o s e  w h o  a r e  i n t e r e s t e d  i n  
i r r i g a t i o n  q u a l i t y ,  t h e  U n i t e d  S t a t e s  S a l i n i t y  L a b o r a t o r y  S t a f f  ( 1 9 5 4 ) ,  W i l c o x  ( 1 9 4 8 ) ,  
a n d  R i c h a r d s  ( 1 9 5 6 )  a r e  l i s t e d  a s  r e f e r e n c e s .  

Chemical  Qual ity  of  Ground Water 

M o s t  o f  t h e  w e l l s  y i e l d  w a t e r  c l a s s i f i e d  f o r  i r r i g a t i o n  u s e  a s  " e x c e l l e n t  t o  
g o o d "  ( W i l c o x ,  1 9 4 8 ) ,  w i t h  w a t e r  f r o m  f i v e  w e l l s  c l a s s i f i e d  a s  " g o o d  t o  p e r m i s s i b l e .  
T h e  U n i t e d  S t a t e s  S a l i n i t y  L a b o r a t o r y  S t a f f  ( 1 9 5 4 )  c r o s s - c l a s s i f i e s  i r r i g a t i o n  w a t e r  
i n  f o u r  c l a s s e s ,  e a c h  a c c o r d i n g  t o  s a l i n i t y  h a z a r d  a n d  s o d i u m  ( a l k a l i )  h a z a r d ,  a  
t o t a l  o f  1 6  t y p e s .  A l l  a n a l y s e s  i n  T a b l e  2  f a l l  i n  C 2 - S 1  o r  C 3 - S 1  t y p e s .  T h e s e  
c l a s s e s  a r e  q u o t e d  b e l o w :  

M E D I U M - S A L I N I T Y  W A T E R  ( C 2 )  c a n  b e  u s e d  i f  a  m o d e r a t e  
C2 a m o u n t  o f  l e a c h i n g  o c c u r s .  P l a n t s  w i t h  m o d e r a t e  s a l t  t o l e r a n c e  c a n  

b e  g r o w n  i n  m o s t  c a s e s  w i t h o u t  s p e c i a l  p r a c t i c e s  f o r  s a l i n i t y  c o n t r o l .  
( S p e c i f i c  c o n d u c t a n c e ,  2 5 0 - 7 5 0  m i c r o m h o s . )  
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H I G H - SA L I N I T Y W A T E R ( C3 )  c a n n o t  b e  u s e d  o n  s o i l s  w i t h  
r e s t r i c t e d  d r a i n a g e .  E v e n  w i t h  a d e q u a t e  d r a i n a g e ,  s p e c i a l  

C3 m a n a g e m e n t  f o r  s a l i n i t y  c o n t r o l  m a y  b e  r e q u i r e d  a n d  p l a n t s  w i t h   
g o o d  s a l t  t o l e r a n c e  s h o u l d  b e  s e l e c t e d .  ( S p e c i f i c  c o n d u c t a n c e ,  
7 5 0 - 2 2 5 0  m i c r o m h o s . )  

L O W - S O D I U M  W A T E R  ( S 1 )  c a n  b e  u s e d  f o r  i r r i g a t i o n  o n  
a l m o s t  a l l  s o i l s  w i t h  l i t t l e  d a n g e r  o f  t h e  d e v e l o p m e n t  o f  h a r m f u l  

Si l e v e l s  o f  e x c h a n g e a b l e  s o d i u m .  H o w e v e r ,  s o d i u m - s e n s i t i v e  c r o p s   
s u c h  a s  s t o n e - f r u i t  t r e e s  a n d  a v o c a d o s  m a y  a c c u m u l a t e  i n j u r i o u s  
c o n c e n t r a t i o n s  o f  s o d i u m .  ( S o d i u m  a d s o r p t i o n  r a t i o ,  0 - 8 . )  

W i t h  t h e  p o s s i b l e  e x c e p t i on  o f   sulfates

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

 c o n c e n t r a t i o n  o f  4 7 1  p p m ( p a r t s  p e r  
m i l l i o n ,  b y  w e i g h t )  i n  t h e  w a t e r  f r o m  w e l l  2 6 . 3 6 . 1 7 . 4 3 4 ,  w h i c h  m a y  i m p a r t  a  

ha rdness  

W h e n  p r e s e n t  i n  c o n c e n t r a t i o n s  o f  a b o u t  1  p p m ,  

 i s  t h e  p r o p e r t y  o f  w a t e r  w h i c h  m o s t  
a f f e c t s  i t s  u s e  f o r  c l e a n s i n g  p u r p o s e s ,  b e i n g  a l m o s t  a  d i r e c t  m e a s u r e  o f  t h e  s o a p  
r e q u i r e m e n t s .  H a r d n e s s  o f  w e l l  w a t e r  r e p o r t e d  i n  T a b l e  2  r a n g e s  f r o m  1 5 9  p p m  
( h a r d )  t o  o v e r  7 0 0  p p m  ( e x t r e m e l y  h a r d ) .  H a r d  w a t e r s  a r e  s o f t e n e d  r e a d i l y  f o r  
h o u s e h o l d  u s e .  

f luor ides

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

 a r e  r e p o r t e d  t o  b e  
r e s p o n s i b l e  f o r  a  r e d u c t i o n  i n  t h e  n u m b e r  o f  d e n t a l  c a r i e s  i n  t h e  t e e t h  o f  g r o w i n g  
c h i l d r e n .  C o n c e n t r a t i o n  m u c h  i n  e x c e s s  o f  1 . 5  p p m  m a y  c a u s e  s o m e  m o t t l i n g  o f  t h e  
e n a m e l  o f  t h e  t e e t h .  T w o  s a m p l e s  s h o w e d  o n l y  0 . 2  p p m ,  t w o  c o n t a i n e d  o v e r  2 .  0  p p m  
( 2 . 2  a n d  2 . 4 ) ,  a n d  a l l  o t h e r s  w e r e  b e t w e e n  0 .  6  a n d  2 .  0  p p m .  F l u o r i d e s  i n  t h e  w a t e r  
f r o m  t h e  v a r i o u s  C l a y t o n  m u n i c i p a l  w e l l s  r a n g e d  f r o m  0 . 6  t o  1 . 4  ( w e l l  n o .  1 ,  w h i c h  
p r o d u c e s  6 0  g p m ) ,  w i t h  t h e  a v e r a g e  i n  t h e  w a t e r  d e l i v e r e d  t o  t h e  c o n s u m e r  e s t i m a t e d  
t o  b e  a b o u t  1  p p m .  

specific  
c o n d uc t a nc e  i s  a  r e l a t i v e  i n d i c a t o r  o f  t h e  t o t a l  d i s s o l ve d  s o l i d s

30 

 i n  t h e  w a t e r .  T h e  
t o t a l  d i s s o l ve d  s o l i d s  ( i n  p p m)  i s  r o u g h l y  t w o- t h i r ds  o f  t h e  s p ec i f i c  c o n d uc t a nc e  i n  
mic r omhos .  



S U G G E S T I O N S  F O R  G R O U N D - W A T E R  E X P L O R A T I O N  

T h e  d a t a  i n  t h i s  s e c t i o n  a r e  p r e s e n t e d  a s  g u i d e s  t o  h e l p  o w n e r s  a n d  d r i l l e r s  
w h o  a r e  f a c e d  w i t h  t h e  q u e s t i o n s :  W h e r e  t o  d r i l l ?  W h a t  f o r m a t i o n  t o  t e s t ?  H o w  
deep  t o  dr i l l ?  

T h e  e l e v a t i o n s  o f  b e n c h  m a r k s  ( f i g .  6 ,  8 )  a n d  o f  w e l l s ,  a s  r e c o r d e d  i n  
T a b l e  1 ,  m a y  h e l p  t o  i n d i c a t e  t h e  s u r f a c e  e l e v a t i o n  o f  a  n e w  w e l l .  K n o w i n g  t h e  
s u r f a c e  e l e v a t i o n ,  t h e  a p p r o x i m a t e  d e p t h s  t o  w a t e r ,  b a s e  o f  O g a l l a l a ,  a n d  b a s e  o f  
D a k o t a  f o r m a t i o n  c a n  b e  p r e d i c t e d .  

S m a l l  s u p p l i e s  o f  w a t e r  c a n  b e  o b t a i n e d  f r o m  t h e  O g a l l a l a  f o r m a t i o n  o r  t h e  
D a k o t a  g r o u p  a n y w h e r e  i n  C l a y t o n  o r  S e n e c a  q u a d r a n g l e s ;  t h e r e f o r e ,  d o m e s t i c  a n d  
s t o c k  w e l l s  s h o u l d  b e  l o c a t e d  a t  p o i n t s  o f  m o s t  c o n v e n i e n c e  t o  t h e  o w n e r s .  

Low - Y i e l d  W e l l s   

O r d i n a r i l y ,  w a t e r  i n  t h e  f i n i s h e d  w e l l  w i l l  s t a n d  a t  t h e  e l e v a t i o n  i n d i c a t e d  
b y  t h e  w a t e r - t a b l e  c o n t o u r s  o n  t h e  h y d r o l o g i c  m a p s .  I n  a  f e w  p l a c e s ,  p e r c h e d  w a t e r ,  
w h i c h  c a n n o t  b e  p r e d i c t e d  f r o m  p r e s e n t  i n f o r m a t i o n  a n d  s u r f a c e  f e a t u r e s ,  m a y  s u p p l y  
l o w - y i e l d  w e l l s .  S u c h  s a t u r a t e d  l e n s e s  o f  p e r m e a b l e  m a t e r i a l s  m a y  r e s t  o n  b e d s  o f  
c l a y ,  s h a l e ,  o r  s i l t y  s a n d s  a b o v e  t h e  w a t e r  t a b l e .  T h e  u n u s u a l l y  h i g h  w a t e r  l e v e l s  
i n  s e v e r a l  w e l l s  a b o u t  6  m i l e s  e a s t  o f  C l a y t o n  a p p a r e n t l y  r e p r e s e n t  p e r c h e d  w a t e r .  

H i g h  y i e l d s  c a n  b e  o b t a i n e d  o n l y  i n  l i m i t e d  a r e a s  i n  e i t h e r  t h e  O g a l l a l a  
f o r m a t i o n  o r  i n  t h e  b e d r o c k .  T h e  b e s t  p l a c e s  t o  t e s t  f o r  i r r i g a t i o n  s u p p l i e s  a r e  i n  
t h e  O g a l l a l a  f o r m a t i o n  i n  t h e  b u r i e d  v a l l e y s .  A  s i m i l a r  s i m p l e  g u i d e  c a n n o t  b e  
g i v e n  f o r  c h o o s i n g  a  l o c a t i o n  o f  h i g h - y i e l d  w e l l s  i n  t h e  b e d r o c k ,  b u t  b r i e f  
d e s c r i p t i o n s  o f  t h e  a v a i l a b i l i t y  f r o m  t h e  d i f f e r e n t  f o r m a t i o n s  w i l l  b e  g i v e n ,  t o g e t h e r  
w i t h  a  f e w  s u g g e s t i o n s  t o  f o l l o w  i n  p r o s p e c t i n g  a n d  d e v e l o p m e n t .  

High-Y ie ld  We l l s   

A l l  t h e  b u r i e d  v a l l e y s  i n  t h e  O g a l l a l a  f o r m a t i o n  a r e  s a t u r a t e d .  T h e  v a l l e y s  
a r e  s h o w n  b y  c o n t o u r  l i n e s  i n  F i g u r e s  6  a n d  8  a n d  a r e  i n  t h e  u n s h a d e d  a r e a s  o n  t h e  
h y d r o l o g i c  m a p s  ( f i g .  7 ,  9 ) .  I n  t h o s e  v a l l e y s  w h e r e  t h e  O g a l l a l a  h a s  2 0 0  f t  o f  
s a t u r a t i o n ,  i t  s h o u l d  b e  p o s s i b l e  t o  c o n s t r u c t  i r r i g a t i o n  w e l l s  f r o m  w h i c h  s e v e r a l  
t h o u s a n d  g a l l o n s  p e r  m i n u t e  c a n  b e  p u m p e d .  F o r  e x a m p l e ,  t h e  m e a s u r e d  y i e l d  o f  
4 2 0  g p m  w i t h  l e s s  t h a n  4 0  f t  o f  d r a w d o w n  g i v e s  a  s p e c i f i c  c a p a c i t y  o f  m o r e  t h a n  

H i gh  Y i e l d s  F r om  B u r i e d  V a l l e y s   

1 0  g p m  p e r  f o o t  o f  d r a w d o w n  f o r  t h e  W i n c h e s t e r  i r r i g a t i o n  w e l l  ( 2 5 . 3 5 . 2 . 4 4 1 ) .  
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T h e  s a t u r a t i o n  a t  t h i s  l o c a t i o n  i s  o n l y  s l i g h t l y  o v e r  8 0  f t ,  i n d i c a t i n g  t h a t  a  p r o b a b l e  
m a x i m u m  y i e l d  o f  m o r e  t h a n  7 0 0  g p m  m i g h t  b e  o b t a i n e d  b y  i n c r e a s i n g  t h e  d r a w d o w n  
to 70 ft. 

A  l i n e  o f  t e s t  w e l l s  a c r o s s  a n y  b u r i e d  v a l l e y ,  d r i l l e d  t o  b e d r o c k ,  s h o u l d  
i n d i c a t e  n o t  o n l y  t h e  d e e p e s t  p a r t  o f  t h e  v a l l e y  b u t  a l s o  t h e  b e d s  o f  s a n d  o r  g r a v e l  
w h i c h  w o u l d  b e  m o s t  l i k e l y  t o  y i e l d  t h e  g r e a t e s t  q u a n t i t y  o f  w a t e r  t o  a n  i r r i g a t i o n  
w e l l .  G e o p h y s i c a l  e x p l o r a t i o n  b y  e l e c t r i c a l  e a r t h  r e s i s t i v i t y ,  i n d u c e d  p o l a r i z a t i o n ,  
a n d  s e i s m i c  m e t h o d s  s h o u l d  p r o v i d e  s i m i l a r  i n f o r m a t i o n .  

A w a y  f r o m  b u r i e d  v a l l e y s  t h e  t h i c k n e s s  o f  s a t u r a t e d  O g a l l a l a  i s  n o t  g r e a t ,  
a n d  t h e r e f o r e  h i g h - y i e l d  w e l l s  a r e  n o t  t o  b e  e x p e c t e d .  

I n  s h a d e d  a r e a s  o n  t h e  h y d r o l o g i c  m a p s  t h e  w a t e r  t a b l e  i s  i n  b e d r o c k  b e l o w  
t h e  b a s e  o f  t h e  O g a l l a l a  f o r m a t i o n .  A n y o n e  t r y i n g  t o  d e v e l o p  m a x i m u m  y i e l d  w i t h  
t h e  l e a s t  p o s s i b l e  d r a w d o w n  m u s t  k n o w  w h a t  p a r t  o f  t h e  g e o l o g i c  s e c t i o n  i s  b e i n g  
d r i l l e d  i n  o r d e r  t o  d e c i d e  w h e t h e r  o r  n o t  a l l  t h e  e c o n o m i c  p o s s i b i l i t i e s  h a v e  b e e n  
e x h a u s t e d .  T h e  a v a i l a b i l i t y  o f  w a t e r  i n  e a c h  o f  t h e  b e d r o c k  f o r m a t i o n s  i s  d i s c u s s e d  
b e l o w .  T h i s  d i s c u s s i o n  s h o u l d  b e  c o n s i d e r e d  i n  t h e  l i g h t  o f  t h e  d e s c r i p t i o n s  a n d  
t h i c k n e s s e s  o f  t h e  f o r m a t i o n s  o n  p a g e s  1 1 - 1 4 .  

H i g h  Y i e l d s  F r o m  " B e d r o c k "   

H i g h  y i e l d s  f r o m  t h e  D a k o t a  g r o u p

i s  1 , 8 0 0  g p m  f o r  w e l l  2 4 . 3 6 . 1 2 . 2 4 4 ,  w h i c h  y i e l d ,  a c c o r d i n g  t o  t h e  l o g ,  i s  c o m i n g  
f r o m  s a n d s t o n e s  i n  b o t h  t h e  D a k o t a  a n d  P u r g a t o i r e  f o r m a t i o n s .  

 c a n  b e  o b t a i n e d  f r o m  t h e  m a s s i v e  s a n d s t o n e  
i n  t h e  l o w e r  p a r t  o f  t h e  D a k o t a  f o r m a t i o n  o r  f r o m  t h i c k  s a n d s t o n e s  i n  t h e  P u r g a t o i r e  
f o r m a t i o n .  I n  o r d e r  t o  a s s u r e  t h a t  t h e  D a k o t a  g r o u p  h a s  b e e n  c o m p l e t e l y  p e n e t r a t e d  
( i n  t h e  p a s t  m o s t  w e l l s  h a v e  e n d e d  a b o v e  t h e  b a s e  o f  t h e  g r o u p )  a n d  w i l l  b e  g i v e n  a  
t h o r o u g h  t e s t ,  a l l  t e s t  h o l e s  s h o u l d  b e  d r i l l e d  a t  l e a s t  1 0  f e e t  i n t o  t h e  g r e e n  a n d  r e d  
c l a y s  o f  t h e  M o r r i s o n  f o r m a t i o n .  S e v e r a l  o f  t h e  i r r i g a t i o n  w e l l s  a l o n g  t h e  s t a t e  l i n e  
o b t a i n  a  p a r t  o r  a l l  o f  t h e  w a t e r  f r o m  t h e  b e d r o c k ;  t h e  h i g h e s t  r e p o r t e d  p r o d u c t i o n  

W h e r e  a  b u r i e d  v a l l e y  h a s  b e e n  c u t  t h r o u g h  t h e  D a k o t a  f o r m a t i o n  ( s e e  p .  2 0 ,  2 1 )  
t h e  p o t e n t i a l  f o r  o b t a i n i n g  h i g h - y i e l d  w e l l s  s h o u l d  b e  e v e n  g r e a t e r .  I n  s u c h  c a s e s  t h e  
O g a l l a l a  w i l l  a c t  a s  a  c o l l e c t i o n  g a l l e r y ,  w i t h  t h e  D a k o t a  f o r m a t i o n  o n  t h e  f l a n k s  o f  
t h e  v a l l e y  f e e d i n g  w a t e r  i n t o  c h a n n e l  d e p o s i t s  o f  t h e  O g a l l a l a .  

T h e  M o r r i s o n  F o r m a t i o n

L i t t l e  i s  k n o w n  a b o u t  t h e  w a t e r - y i e l d i n g  c ha r a c t e r  o f  t h e  

 a p p e a r s  t o  b e  t h e  p r i n c i p a l  a q u i f e r  i n  C l a y t o n  
m u n i c i p a l  w e l l  n o .  6  ( A i r p a r k ,  2 6 . 3 5 . 3 6 . 1 4 3 ) ,  w h i c h  r e p o r t e d l y  y i e l d s  1 3 5  g p m  
f r o m  a  p u m p i n g  l e v e l  o f  3 2 5  f t .  I f  a d e q u a t e  w a t e r  h a s  n o t  b e e n  e n c o u n t e r e d  i n  
o v e r l y i n g  f o r m a t i o n s ,  i t  i s  s u g g e s t e d  t h a t  d r i l l i n g  b e  c o n t i n u e d  3 0  f e e t  b e l o w  t h e  
t o p  o f  t h e  M o r r i s o n ,  a s  i n d i c a t e d  b y  g r e e n  a n d  r e d  m u d s t o n e .  B e l o w  t h i s  i t  i s  
u n l i k e l y  t h a t  a  s a n d s t o n e  c a p a b l e  o f  y i e l d i n g  a d e q u a t e  q u a n t i t i e s  w i l l  b e  f o u n d .  

E x e t e r  s a n d s t o n e  
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t h i s  a r e a  .  T o w n  o f  C l a y t o n  w e l l s  n o .  3 ,  4 ,  a n d  5  p e n e t r a t e  t h e  E x e t e r  b u t  a r e  a l s o  
o p e n  t o  o t h e r  f o r m a t i o n s ,  a n d  t h e  p r o p o r t i o n s  o f  t h e  y i e l d  f r o m  t h e  d i f f e r e n t  
f o r m a t i o n s  h a s  n o t  b e e n  d e t e r m i n e d .  T h e  n e a r e s t  k n o w n  p r o d u c t i o n  f r o m  t h e  E x e t e r  
i s  f r o m  s e v e r a l  f l o w i n g  a r t e s i a n  w e l l s  5  m i l e s  s o u t h w e s t  o f  C l a p h a m ,  o n  T r a m p e r o s  



C r e e k .  T h e  n a t u r a l  f l o w  o f  t h e s e  w e l l s  r a n g e s  f r o m  2  g p m  t o  5 0  g p m ,  b u t  i t  i s  
r e p o r t e d  t h a t  t h e y  c a n  b e  p u m p e d  a t  5 0 0  g p m  o r  m o r e .  T h e  w a t e r s  a r e  r e l a t i v e l y  h i g h  
i n  d i s s o l v e d  s o l i d s  a n d  h i g h  i n  s o d i u m  h a z a r d .  F o r  t h e s e  r e a s o n s ,  i f  a  w e l l  i s  d r i l l e d  
t o  t e s t  t h e  E x e t e r ,  w h i c h  i s  m o r e  t h a n  7 0 0  f t  b e l o w  t h e  s u r f a c e  a t  C l a y t o n ,  a n d  p r o b a b l y  
m o r e  t h a n  5 0 0  f t  d e e p  t h r o u g h o u t  t h e s e  t w o  q u a d r a n g l e s ,  b o t h  y i e l d  a n d  q u a l i t y  s h o u l d  
b e  d e t e r m i n e d .  A n y  t e s t  o f  t h e  E x e t e r  s h o u l d  b e  c a r r i e d  s e v e r a l  f e e t  i n t o  t h e  
u n d e r l y i n g  T r i a s s i c  " r e d  b e d s . "  

T h e  w e l l  o w n e r  w o u l d  b e  w i s e  t o  h a v e  t h e  d r i l l e r  l a y  o u t  s a m p l e s  f o r  e v e r y  5  
o r  1 0  f t  o f  d r i l l i n g ,  a s  i s  t h e  h a b i t  o f  s o m e  l o c a l  d r i l l e r s .  I n s t e a d  o f  r e l y i n g  o n  
m e m o r y ,  t h e  d r i l l e r  s h o u l d  m a k e  h i s  f i n a l  l o g  f r o m  t h e s e  s a m p l e s  a f t e r  t h e  h o l e  i s  
f i n i s h e d .  T h e  l o g  s h o u l d  i n c l u d e  t h e  c o l o r  o f  c l a y ,  m u d s t o n e ,  a n d  s h a l e ;  g r a i n  s i z e  
o f  s a n d  o r  s a n d s t o n e ;  a n d  t h e  d r i l l e r ' s  a s s i g n m e n t  o f  f o r m a t i o n  i n t e r v a l s .  

D r i l l i n g  a n d  T e s t i n g  W e l l s   

S a m p l e s  o f  t h e  d r i l l  c u t t i n g s  s h o u l d  b e  s a v e d .  ( S a m p l e  c u t t i n g s  m a y  b e  b a g g e d  
a n d  s e n t  t o  t h e  S t a t e  B u r e a u  o f  M i n e s  a n d  M i n e r a l  R e s o u r c e s  f o r  p e r m a n e n t  f i l i n g . )  
I n f o r ma t i o n  f r o m  i n d i v i d u a l  w e l l s  t a k e n  a l o n e  ma y  n o t  b e  p a r t i c u l a r l y  u s e f u l ,  b u t  w h e n  
c o m p l e t e  d a t a  a r e  a v a i l a b l e  f o r  a  l a r g e  n u m b e r  o f  w e l l s ,  i n c l u d i n g  d r y  t e s t s ,  t h e  
r e s u l t i n g  c o r r e l a t i o n s  c a n  b e  o f  g r e a t  v a l u e .  T h i s  i s  p r e c i s e l y  h o w  t h e  b u r i e d  v a l l e y s  
wer e  out l ined.  

S a m p l e s  o f  d r i l l  c u t t i n g s  f r o m  a  t e s t  w e l l  i n  s a n d  o r  g r a v e l  s h o u l d  b e  c o l l e c t e d  
w i t h  g r e a t  c a r e  i n  o r d e r  t o  a s s u r e  t h a t  t h e y  a r e  r e p r e s e n t a t i v e  o f  t h e  f o r m a t i o n  
i n t e r v a l .  G r a v e l  p a c k i n g ,  w h i c h  t h e o r e t i c a l l y  i s  n e e d e d  o n l y  f o r  u n c e m e n t e d ,  v e r y  
f i n e ,  u n i f o r m  s a n d s ,  s h o u l d  d e t e r m i n e  w i d t h  o f  s l o t s  i n  s c r e e n  o r  c a s i n g .  P r a c t i c a l l y ,  
b e c a u s e  s c r e e n s  c o m m o n l y  a r e  n o t  u s e d  i n  t h i s  a r e a ,  i t  i s  o f t e n  n e c e s s a r y  t o  b r i d g e  
t h e  g a p  f r o m  f o r m a t i o n  s i z e  t o  t o r c h - c u t  c a s i n g  s l o t s  w i t h  a  g r a v e l  p a c k .  S c r e e n e d  
w e l l s  c a n  b e  c o n s t r u c t e d  a n d  d e v e l o p e d  t o  y i e l d  a  m a x i m u m  q u a n t i t y  o f  w a t e r  f r o m  a n y  
g r a d a t i o n  o f  g r a i n  s i z e s .  

I t  i s  n o t  o n l y  d e s i r a b l e  b u t  r e a s o n a b l y  s i m p l e  t o  c o n s t r u c t  a  w e l l  f r o m  w h i c h  
s a n d - f r e e  w a t e r  c a n  b e  p u m p e d .  D u r i n g  d e v e l o p m e n t  w o r k ,  s a n d  s h o u l d  b e  r e m o v e d  
f r o m  t h e  m a t e r i a l  i m m e d i a t e l y  a d j a c e n t  t o  t h e  w e l l ,  e i t h e r  b y  s u r g i n g - a n d - b a i l i n g  o r  
b y  p u m p - s u r g i n g  ( r a w h i d i n g ) .  D e v e l o p m e n t  i s  d e s i g n e d  t o  l e a v e  o n l y  c o a r s e  m a t e r i a l  
i n  c o n t a c t  w i t h  t h e  s l o t s ,  g r a d u a l l y  g r a d i n g  t o  u n d i s t u r b e d  f o r m a t i o n .  I f  t h e  w e l l  i s  
p r o p e r l y  d e v e l o p e d ,  t h e  p e r ma n e n t  p u mp  i n s t a l l a t i o n  s h o u l d  n o t  c a u s e  m o r e  s a n d  t o  b e  
d i s l o d g e d .  T h e  p e r m a n e n t  p u m p  s h o u l d  n o t  b e  u s e d  f o r  a n y  p a r t  o f  t h e  d e v e l o p m e n t  
w o r k ,  b e c a u s e  p u m p i n g  s a n d  w i l l  c a u s e  e x c e s s i v e  w e a r ,  a n d  p o w e r  w i l l  b e  w a s t e d  a s  a  
r e s u l t  o f  t h e  d e c r e a s e d  e f f i c i e n c y .  

B e c a u s e  d o u b l i n g  t h e  d i a me t e r  o f  a  w e l l  w i l l  i n c r e a s e  t h e  y i e l d  o n l y  a b o u t  1 0  
p e r c e n t ,  t h e  p r o p e r  c o n s t r u c t i o n  a n d  d e v e l o p m e n t  i s  m u c h  m o r e  i m p o r t a n t  t h a n  
d r i l l i n g  a n  u n u s u a l l y  l a r g e  h o l e .  T h e  p r o p o s e d  p u m p  i n s t a l l a t i o n  o r  t h e  d r i l l i n g  
e q u i p m e n t  s h o u l d  d e t e r m i n e  t h e  m i n i m u m  d i a m e t e r  o f  a  w e l l .  

M o r e  t h o r o u g h  d i s c u s s i o n s  o f  c o n s t r u c t i o n  a n d  d e v e l o p m e n t  o f  w e l l s  c a n  b e  
f o u n d  i n  n u m e r o u s  p e r i o d i c a l s  a n d  p u b l i c a t i o n s ,  t h e  b e s t  o f  t h e  g e n e r a l  f i e l d  f o r  t h e  
w e l l  d r i l l e r  b e i n g  t h e  h a n d b o o k  b y  B e n n i s o n  ( 1 9 4 7 ) .  
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I f  a t  a l l  p o s s i b l e ,  w e l l - t e s t  d a t a  s h o u l d  b e  r e c o r d e d  a n d  f i l e d  f o r  f u t u r e  
r e f e r e n c e .  T h e  m i n i m u m  r e q u i r e m e n t s  o f  a  w e l l  t e s t  a r e  t h a t  t h e  r a t e  o f  f l o w  b e  
m e a s u r e d  p e r i o d i c a l l y ,  a n d  t h a t  w a t e r  l e v e l s  i n  t h e  p u m p e d  w e l l  b e  m e a s u r e d  b e f o r e ,  
d u r i n g ,  a n d  a f t e r  t h e  t e s t .  A l l  o b s e r v a t i o n s  s h o u l d  b e  r e c o r d e d ,  a l o n g  w i t h  t h e  t i m e  
w h e n  t h e y  w e r e  m a d e ,  a s  w e l l  a s  a n y  r e m a r k s  d e e m e d  p e r t i n e n t .  A  w e l l  t e s t  s h o u l d  
b e  m a d e  b y  s t a r t i n g  a t  a  l o w  r a t e  o f  p r o d u c t i o n ;  w h e n  t h e  w a t e r  l e v e l s  b e g i n  t o  s t a b i -
l i z e  o r  t o  a p p r o a c h  e q u i l i b r i u m ,  t h e  r a t e  s h o u l d  b e  i n c r e a s e d  b y  s t e p s  u n t i l  e i t h e r  
t h e  d e s i r e d  m a x i m u m  r a t e  o r  t h e  c a p a c i t y  o f  t h e  w e l l  h a s  b e e n  r e a c h e d .  W a t e r  l e v e l s  
i n  n e a r b y  w e l l s  s h o u l d  b e  m e a s u r e d  a n d  r e c o r d e d .  S o m e t i m e s  t h e  v a l u e  o f  s u c h  
r e c o r d s  i s  n o t  i m m e d i a t e l y  a p p a r e n t ,  b u t  t h e y  m a y  p r o v e  o f  g r e a t  b e n e f i t  a t  s o m e  
l a t e r  d a t e .  T h e  s e c t i o n s  o n  w e l l  t e s t s  a n d  a q u i f e r - p e r f o r m a n c e  t e s t s  i n d i c a t e  h o w  
s u c h  r e s u l t s  c a n  b e  e m p l o y e d .  
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