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ABSTRACT

This preliminary report on part of Union County, in northeastern New Mexico,
summarizes ground-water conditions in Clayton and Seneca 15-minute quadrangles.
The text, written for residents of Union County, emphasizes the way well data can be
used. Technical data are presented in figures 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 shale, of Cretaceous age; Morrison formation, "Wanakah formation,"
and Exeter (Entrada) sandstone, of Jurassic age; and Dockum group, of Triassic age.

Simplified geologic maps for the two quadrangles, scale of 2 in. per mile,
show surface extent of basalt, Ogallala, and "bedrock"; bedrock includes Graneros
shale and Dakota group. Fifty-foot contours on eroded bedrock surface beneath
Ogallala formation, constructed from 1,000 shothole logs and some outcrops, indicate
local relief of 50-200 ft. Regional dip, according to 100-ft contours on base of Dakota
formation, is 40-50 ft per mile to the east-southeast. Geologic maps show location
and elevation of 100 bench marks.

Hydrologic maps of the two quadrangles show data for wells. According to
contour lines with 50-ft interval, the water table slopes eastward about 35 ft per
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-yield wells may be devel-
oped: (1) in buried valleys filled by Ogallala, (2) in sandstones in the lower half
of the Dakota group, and (3) possibly in local sandstones at top of Morrison formation.

Table 1 lists data for 410 domestic, stock, municipal (Clayton), industrial,
and irrigation wells. Table 2 lists quality of water data for 36 wells. Water is
hard to extremely hard, and for irrigation purposes it is excellent to good.

Assuming a recharge rate of one-half in. a year, 27,000 acre-ft is recharged
in and west of the quadrangles in the ground-water tributary area of perhaps 1,000
square miles. Annual discharge by wells and springs west of the quadrangles is
about 1,000 acre-ft. Within the quadrangles, the estimated annual discharge of springs
and low-yield wells is 500 acre-ft, of municipal and industrial wells is 500 acre-ft, and
of present irrigation developments is about 5,000 acre-ft. A calculation made to
check these figures indicates 14,000 acre-ft of ground water flows east across the
New Mexico line annually.

INTRODUCTION

Field 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-
ration. The present preliminary report, which is concerned with about one-eighth
of the county, is written primarily for residents of the county; therefore, 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 of this report was chosen to include most of the areas of recent
seismic exploration by oil companies, because the drillers' 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 valleys are sites recommended for irrigation 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
irrigation wells in Union County. Although the report specifically treats only part
of the county, description of geologic formations and of ground-water conditions
generally apply to the remainder of the county.

The amount of ground water available for irrigation is estimated from moder-
ately reliable data. Throughout the report, emphasis is placed on the way new well
data can be used to modify and improve the present understanding of geology and
ground-water conditions in Union County.

Geography

This report describes the two 15-minute quadrangles designated Clayton
quadrangle and Seneca quadrangle. These quadrangles, each 240 square miles in
area, lie along the east edge of Union County in the northeast corner of New Mexico
(fig. 1). The east part of Clayton quadrangle is in Texas and is not included in this
study.

The town of Clayton, county seat of Union County, is in the northwest part of
Clayton quadrangle. The population of Clayton in 1956 was reported as 3,951 by the
New Mexico Economic Development Commission. Clayton serves an agricultural
trade area that reaches into Colorado, Kansas, Oklahoma, and Texas. The economy
of the area is based on cattle growing, dry farming, irrigation farming, and tourist
trade. Paved highways extend from Clayton in six directions, and the Colorado &
Southern Railway Company parallels U. S. Highway 87 through the area.

East-central Union County is rolling country typical of the High Plains, with
flat uplands cut by valleys 100-200 ft deep. The Rabbit Ear Buttes northwest of
Clayton are volcanoes; the larger butte rises to 6,062 ft, about 1,000 ft above the
uplands. Clayton is on the divide between the Canadian River and North Canadian
River drainages. Carrizo Creek, Sand Arroyo, Perico Creek, Rabbit Ear Creek
(Apache Canyon), Cieneguilla Creek (Seneca Creek), and North Canadian River
(Corrumpa Creek) drain southeast or east across the area. These creeks have water
holes and some permanent flow, chiefly west of N. Mex. Highway 18. Surface water
in these creeks runs out of the county and state only after heavy rains. The climate
is semiarid, and average annual precipitation is 15 inches (fig. 2).



sayou]|

©
-
2
-
=
o
a
)
°
®
-
=
o
=)
E
=
(&)

__
7))
.
T
.
7.
7))
..
. ____
i
7
\\\\\\\\\\\\\\\\\\\\\\\\\
7 \\\\\\\\\\\\\\\\\\\

(/i i ity

Normal annual precipitation

0
\\\\\\\\\\\\\\\\\\
V]
)

T
%
.

7

T

- T
§§\\\\\“ 7

‘ V.
7
N

% \\\\\\\\\\\\\\\\\\\\\\\\\\
5
I\\\\\\\\\\\\\\\\

0
s @
Vi,

% \k\\\\\\\\\\\\\\\\\\\&
.
\\\\\\\\\\\\\\\\\\\\\
.

\\\N\\\\\\\ )
Y

15.42 inches

40

_ _
o
L2}

o o o
~ =

sayoul ul uoiypjidiosig

tion for each year from 1914 through 1956. The normal annual pre-

©

h shows total precipit

a

The bar gra

-1950, is 15.42 inches; this is essentially the same as the average of

956. Distribution of normal monthly precipitation is indicated by the

—

sed on the period 192

©

b
15.52 inches for the period 1914-

cipitation,

—

0

precipitation in the half year from May through October accounts for

ipitation.

[

the upper right corner;
s of normal annual pre

f=

bar graph i
three-fourt

o

ey

ure from normal annual precipitation.

o

ndicated by the line of cumulative depar

re

©

ctuations

3

Climatic fl

c =
op
= .
28E£°%mnm
Q ©
2o
ScgEQ
=5 5 E
D.e%nw
m..hLSEf
S5 < o
E vw g+
s & =zd
cC 3 € 0T ¢
T © O — £
Vo558 o
3o s v @
aT 2T v ow
=4 °
© o & =
S.I.C_dwt
ehmw =
555583
S 3 Qo ,
T 20® o2
nhSShw
R - ==
Q=G 33®
oD ct ov
o S5 =6
- a <
n 25w
cegecgla
3 ON _ %
sEn3ag
hnMM E]
“ o5 c E0
H...ml_dmh
o= T 0
23 c
Omm4nw_,1
o
R
.ma.mhwm
= C a3 > <
S o =5
0 2o £ o 0o
e a0 T )
s © %
z 2 =
0 3N o=
Sgo0YT oS
Lec20D
I PR =]
o w a
rhmmep
EFE 99 = -
[ R TR
S w4, ... E
= o w s
c 2oy 30
055 L3¢
Sccoz
- — £ o3
cNo L © =
mn Q5
Vo ow
YL 9o >3
ralid = <
|ampﬁt
c Qg O -
s £95%E23
n%man
9] o = 2
] »
o ® op N g
e.[_d.nduh
© ;9
£ c c o 2
s ®eo ==

In the 43 years of record, two types of precipitation patterns are suggested: alternation of above-normal
and below-normal years, and a sequence of below-normal years. The variation from the normal annual

precipitation is more significant than the few years of normal precipitation.

Figure 2. Precipitation data for Clayton, New Mexico



Previous Work

For those interested in learning more about the geology and ground water in
this region, several technical reports are available. A report by Parker (1933)
subdivided the Triassic sedimentary rocks of the "Dry" Cimarron River Valley into
three parts. References in a report on the geology and ground-water resources of
Cimarron County, Oklahoma (Schoff and Stovall, 1943), include essentially all of the
earlier reports regarding the geology of the Dry Cimarron Valley. Griggs (1948)
reported on the geology and ground-water resources of eastern Colfax County. A
recent summary of the geologic formations of the region is included with the map of
eastern Colfax County by Wood, Northrop, and Griggs (1953). A recent report
(McLaughlin, 1954) on the geology and ground-water resources of Baca County,
Colorado, just northeast of Union County, describes geologic and hydrologic condi-
tions similar to those in Union County. Notes on the geology of the Dry Cimarron
Valley in Union County were prepared by Baldwin (Oklahoma City Geological
Society, 1956, p. 12-13, 23-31), and Foster (1956) reported on the subsurface
stratigraphy. Geophysical study of a buried valley south of Clayton is included in a
report on induced polarization (Vacquier, 1957).

Present Work

Photomosaics prepared by the Soil Conservation Service at a scale of one-
half mile per inch were used as base maps in the field study of Union County. In the
course of geologic mapping, Baldwin located many of the 3,000 operating or aban-
doned water wells in the county. Bushman scheduled wells as to total depth, depth to
water, yield, quality, and formations encountered in drilling. For most wells the
recorded data are those reported by the owner, but for many wells depths and water
levels were measured. Altimeter traverses from bench marks to wells and to geo-
logic contacts were run with an error generally of less than 10 ft.

The U. S. Coast and Geodetic Survey has established an excellent net of level
lines in Union County requiring 800 bench marks. Most of the level lines were estab-
lished in 1955 at the request of the State Bureau of Mines. Bench marks, which are
brass caps usually set in concrete posts, are points of precisely determined elevations.
They do not indicate the position of section or township lines, but many bench marks
are set near section corners so that they may be found easily. Locations and ele-
vations of bench marks in Clayton and Seneca quadrangles are given on the geologic
maps (fig. 6, 8). Bench marks in Clayton are shown in Figure 3. Locations and
elevations of bench marks in all of Union County are shown on manuscript maps
available in ozalid reproduction from the State Bureau of Mines and Mineral Resources,
Socorro, New Mexico.

Continental Oil Company and Skelly Oil Company initiated seismic exploration
programs in east-central Union County in 1954 and 1955, while the Bureau's field
study of Union County was in progress. A total of four weeks time, distributed over
many months, was spent with the drillers in catching samples and exhibiting interest
in good logs. The drillers generously responded with much better logs than were



required for seismic exploration purposes by recording the color of clay and shale
intervals. For many holes they also recorded the base of the Ogallala formation or
the top of the Morrison formation. The companies later released to the State Bureau
of Mines the drillers' logs, locations, and elevations for more than 1,000 shotholes.
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Well-Numbering System

To save space in the tables and text, an abbreviated numbering system is
used for wells and other localities. The Stead irrigation well in Apache Canyon, for
example, is 26. 35.16. 431b. The more familiar, but longer, designation of this
well's location is the NW'Y% SW% SEV sec. 16, T.26 N., R. 35 E. The location number
consists of four sets of numbers:

Township Range Section Location within section

(letter is used where there

26 . 35 s 16 5 4 3 1 b is more than one well in

the same 10-acre tract)

160- 40- 10-acre tract

Numbers for location within a section are shown at the right.
The NW % is abbreviated as 1, the SW3 as 3, and so on. 1 2
Some wells, like 25.35.15.140, are located only to the 40-acre
tract; the 10-acre tract number is therefore given as 0.

The designation of a well location is not to be considered
the absolute location, because section lines have been drawn
according to fence lines and roads on photomosaics, rather than from field surveying
of recovered section corners.




GEOLOGIC FORMATIONS

In the Clayton areca, the sedimentary rocks between the Precambrian "base-
ment complex" and the present land surface are more than a mile in thickness, but
only those formations to a depth of 800 ft are of interest for ground-water development.
Figure 4 shows a typical section of these formations as they occur beneath Clayton.
The figure is based on logs of municipal water wells, and on the character of these
formations where they are exposed elsewhere in the county. The geologic maps (fig. 6,
8) show where these formations are exposed at the surface in Clayton and Seneca
quadrangles. Two map units of late Cenozoic age cover most of the area: flows of
basaltic lava, or "malpais" as they are known locally; and the tan sandy clay, silt,
sand, and gravel of the Ogallala formation. A third map unit, which consists of
dark-gray Graneros shale and brown to yellow sandstone and dark-gray shale of the
Dakota group, of late Mesozoic age, is the "bedrock" on which the Ogallala formation
was deposited in the vicinity of Clayton. Beneath the Dakota group is a sequence of
older Mesozoic rocks which are not exposed in this area, but which are well exposed
along the Dry Cimarron River.

As this report is concerned with the location and drilling of irrigation wells,
the geologic formations will be discussed in order, from the top down, from the
youngest down to older formations. In the Clayton area, the malpais rests on the
Ogallala formation. The Ogallala formation overlies either the Graneros shale or the
Dakota formation in most of Clayton and Seneca quadrangles. Where the geologic maps
show bedrock at the surface, the Ogallala formation has been eroded away and will not
be found in wells. Also, once a well has been drilled into dark-gray ("blue") shale or
brownish sandstone it is beneath the Ogallala.

Formations of Late Cenozoic Age

"Malpais" - - - Basalt Flows

Flows of basaltic lava or "malpais" cover much of the area of this report.
Malpais south of Apache Canyon came from volcanic centers near Mt. Dora or even
farther west. The lava, only 10-50 ft thick, followed the eastward courses of stream
valleys which existed at that time. Several flows from distant volcanoes also underlie
Rabbit Ear Mesa north of Clayton, but they are now largely buried beneath as much as
300 ft of somewhat younger lava and cinders that were erupted from the volcanoes of
Rabbit Ear Buttes. Lava from these volcanoes are not distinguished on the geologic
maps (fig. 6, 8) from the lava that was erupted from distant centers, but the latter
flows can be seen and traced along the north rim of Apache Canyon and along the south
side of Seneca Creek.

Much of the malpais is now covered by up to 20 ft of soil and caliche and by tan
sandy clay similar to the Ogallala formation. About 12 miles south of Clayton and 3
miles east of N. Mex. Highway 18, drillers reported lava buried under about 40 ft of
Ogallala-like material. In Clayton and Seneca quadrangles, malpais lies on the
Ogallala formation. Flows, and cinders between flows, may yield some water to wells,
but malpais is costly to drill, and where possible, a well should be located beyond the
edge of a flow.
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glomerates, maroon and green mudstone.

GEOLOGIC THICKNFSS
AGE DESCRIP HIGH-YIELD WELLS
FORMATION (feet) o s
b il Surface 0-20 Soil, sandy clay, caliche.
b &G "Malpais” 10-50 Basaltic lava flows.
= °Z= Tan sandy clay, silt, sand, and
= Tg’ = Ogallala c 20-400 gravel; caliche common near top; Gravel and sand in buried
é g formation 2 rests on ancient topography, therefore valleys.
gj 100 - thicker where it fills ancient valleys.
G Dark-gray shale; limestone beds form
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Figure 4. Summary of geologic formations near Clayton, New Mexico




Ogallala Formation and Buried Valleys

The Ogallala formation is exposed over a large part of Clayton and Seneca
quadrangles, and it also occurs directly beneath the extensive lava flows. The
Ogallala consists of tan-to-pink sandy clay, silt, sand, and gravel. Layers of caliche
are common at or near the surface. The areas of Ogallala shown on the maps include
alluvial deposits of modern streams, because the availability of ground water in
alluvium is similar to that in Ogallala. Essentially, all gravel penetrated in wells

in the Clayton area is either in Ogallala or in alluvium, and pebbles are uncommon in
the Mesozoic formations. In some parts of the area, the Ogallala is as much as 400 ft
thick and where the maps show bedrock at the surface, the Ogallala has been removed
by streams.

The Ogallala conceals hills and valleys of the bedrock surface, much as patching
plaster conceals holes and cracks. One of the principal contributions of this report is
to reconstruct the buried topography which is shown by contour lines in Figures 6 and
8. The buried valley that drains southeastward 8 miles south and 2 miles east
of Clayton is 2 miles wide and 200 ft deep. This is similar in size to Apache Canyon.

The buried hills and valleys were carved during much of the Cenozoic era,
when the Great Plains area was being eroded by streams which headed in mountains
far to the west. These streams removed a thousand or more feet of sediments, and
in the Clayton area, cut down to the Graneros shale with some of the valleys cut
through the Dakota group into the Morrison formation. In the south panhandle of
Union County, the Morrison formation, "Wanakah formation," Exeter sandstone, and
Triassic red beds were exposed by stream erosion. The topography of this older sur-
face must have been similar to the flat-to-rolling country in Union County today.

Some 10 or 20 million years ago, in late Cenozoic time, there was renewed
uplift of the mountains, and streams became more vigorous. They removed material
from the mountains and spread this debris as clay, silt, sand, and gravel over the
bedrock topography of the plains. In this report, the Ogallala formation includes all
of these late Cenozoic sedimentary deposits east of the mountains. This apron of
sediments continued to accumulate until a few million years ago, when volcanoes
began to erupt in Union County.

From then to the present, streams have been cutting down into and through the
apron of the Ogallala formation, and volcanoes have intermittently been erupting, with
lava flowing eastward along valleys. About 80 volcanic centers have been mapped in
Union County, and most of these occur in sets of three or more on lines a few miles
long. The most recent activity was in the northwest part of the county, where the
Capulin Mountain, Baby Capulin, Twin Mountain, and Purvine Hills volcanoes erupted
between 4,500 and 10,000 years ago, at or soon after the time of Folsom man
(Muehlberger, 1955).

The Ogallala formation probably will yield large amounts of water from the
buried valleys. The formation was deposited by streams that shifted course constantly,
and so the sand and gravel of the stream channels are complexly interwoven with the
more widespread silt and sandy clay of the floodplains. The individual stream-channel
deposits cannot be traced by well logs, but sediments that filled valleys in the bedrock
surface, in most cases, contain more stream channel deposits than do sediments that



finally covered bedrock hills. These stream-channel deposits in the valleys act as a
collecting gallery for ground water from adjacent less-permeable Ogallala or bedrock
materials. Therefore, the location of buried valleys is an important clue for the
location of irrigation wells.

Formations of Mesozoic Age - - - "Bedrock"

Although the Ogallala rests on different formations in different places, the
sequence of Mesozoic formations is constant. These formations, in order from top
down, are the Graneros shale, Dakota group of sandstone and shale, Morrison for-
mation, "Wanakah formation," Exeter sandstone, and Dockum group (red beds).
Light- to dark-gray shale is found in the Graneros shale and Dakota group, but not
below, and greenish-gray or red mudstone is found in the Morrison and below, but not
above. Two sandstone intervals in the Dakota group are important for irrigation wells,
and to test them properly a well should be drilled into the green and red mudstones of
the Morrison. Figure 4 shows the geologic ages, thicknesses, and other information
regarding these Mesozoic formations.

Graneros Shale of Cretaceous Age

The Graneros shale is dark-gray somewhat silty shale about 150 ft thick.
However, before the Ogallala was deposited, ancient streams had removed most of
the Graneros from Union County. In most parts of the Clayton area, less than 60 ft
of Graneros is preserved beneath the Ogallala formation. The Graneros is too soft
to form good exposures, but several thin limestone beds, about 3 ft thick, form faint
benches marked by slabs of platy limestone. About 50 ft above the highest sandstone
of the Dakota group is a limestone characterized by a very fine-grained texture and by
very thin bedding. A bench underlain by this limestone can be seen 100 yds west of
Mountain Road (N. Mex. Highway 370), on the south side of Apache Canyon (26.35.21.
210), and also on a low hill along the trail two miles farther west (26.35.18.322).
Another limestone bed, about 20 ft above the highest sandstone of the underlying
Dakota group, is a brownish-gray, finely granular rock with tiny needles of calcium
carbonate. This limestone, which was recognized in the town of Clayton wells no. 6
and 7, crops out at the top of a cut-bank northwest of Clayton (26.35.18.243). Fossil
oyster shells in the limestone beds indicate that the Graneros was deposited in a
shallow sea.

In the course of drilling, these limestone beds are commonly mistaken for
sandstone, and without good samples of the so-called "hard streaks" it is difficult to
determine the contact between the Graneros shale and the Dakota group. Sandstones in
the Dakota group do not ordinarily react to acid, but a drop of dilute muriatic acid
(one part acid to 5 parts tap water) on a chip of limestone will release bubbles of
carbon dioxide. This test with acid is a valuable aid in distinguishing the Graneros
shale from the Dakota group, because limestones are not found in the Dakota group
nor are sandstones found in the Graneros shale.
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Where the Ogallala rests on the Graneros, the upper ten or more feet of the
Graneros is commonly altered to a yellow-gray color. Although this clay may some-
what resemble the tan sandy clay of the Ogallala, it is only slightly gritty, even
between the teeth. Moreover, in drill cuttings the Graneros occurs as flat chips,
whereas the Ogallala cuttings are irregular. A good log that records an interval of
"yellow clay" will also indicate whether this is Ogallala or Graneros.

Although the Graneros shale does not ordinarily yield water, even for stock
wells, it does serve in places to confine water in the Dakota group. Thus, in a well
drilled through the Graneros into a water-bearing sandstone of the Dakota group,
artesian pressure may cause water to rise above the sandstone.

Dakota Group of Cretaceous Age

In the Clayton area and in most of Union County, the Dakota group consists of
about 250 ft of interbedded sandstone, shaly sandstone, and light- to dark-gray shale
with some thin beds of coal. The columnar section in Figure 4 attempts to indicate
the extreme variability between sandstone and shale in the Dakota group. For instance,
it is possible to drill through the Dakota group and find very little sandstone, and yet to
drill a second hole within a quarter of a mile and find very little shale. Also, a
particular sandstone may be uncemented and quite permeable in one hole, and yet in a
nearby hole the same sandstone may be so well cemented that there are only a few open
spaces between the grains. These variations in the rock cannot be predicted. However,
two sandstones are fairly persistent and in places are important sources of water for
irrigation wells. Not much is known about these sandstones in the Clayton areca, be-
cause most wells have not gone through the entire Dakota group, and only a few logs
are on file. It is recommended that a hole drilled to test sandstones in the Dakota
group be drilled 10 ft into the green or red mudstones of the Morrison formation, and
that a careful log be prepared, emphasizing the color of shale and clay beds.

In this report, the Dakota group is divided into the Dakota formation and the
Purgatoire formation (fig. 4). The term "Dakota" should not be used alone, because
"Dakota" can refer to the Dakota group (the entire interval between the Graneros shale
and the Morrison formation), to the Dakota formation (the upper part of the Dakota
group), or to the Dakota sandstone (the lower member of the Dakota formation, accord-
ing to usage by drillers in the Clayton area).

Dakota Formation. The Dakota formation is about 150 ft thick in the Clayton
area. The upper member is generally the more variable, consisting of interbedded
dark-brown to gray shaly sandstone, light- to dark-gray shale, and locally some thick
yellow sandstones. The lower member is a fairly persistent massive light-colored
sandstone which averages about 30 ft in thickness. This sandstone forms the cliffs of
the mesas along the Dry Cimarron Valley. In places, the massive sandstone grades
laterally into thin-bedded and shaly sandstone. The lower member may locally fill
channels cut down into the Purgatoire sandstone, as suggested in Figure 4, but this
condition is an interpretation which may apply in only a few areas.

Purgatoire Formation. The Purgatoire formation, 40-100 ft thick, generally
consists of dark-gray shale in the upper half and light-colored sandstone in the lower
half. In some parts of Union County, such as the area just west of Stead, the Purga-
toire appears to be absent. In other areas, the sandstone member is absent and the

12



Purgatoire is represented by dark-gray somewhat sandy shale. In turn, the shale mem-
ber may be cut out locally by channel sandstones of the overlying Dakota formation.
Since 1947, wells in Baca County, Colorado (McLaughlin, 1954), have been producing
as much as 1000 gpm from the sandstone member of the Purgatoire formation, with
the overlying shale member confining water under artesian pressure. In the Clayton
area, some of the high-yield wells may obtain water from the sandstone member of
the Purgatoire formation, although as noted below, this sandstone may actually be in
the Morrison formation.

Morrison Formation of Jurassic Age

The Morrison formation in the Clayton area consists of about 300 ft of green,
light-greenish-gray, red-brown, and maroon sandy clay, with local lenses of white
sandstone and minor thin limestone. The Morrison formation appears to be more than
500 ft thick in the Herndon Mock No. 1 oil test (27.36.25.111). The characteristic
color of the Morrison is the faint green of raw cement. About 10 ft above the base of
the Morrison formation there is a persistent layer of reddish-orange to light-bluish-
gray "agate" nodules. This useful marker indicates that the Exeter sandstone is less
than 80 ft below.

In the town of Clayton well No. 6, the sandstone below 310 ft underlies sandy
clay and therefore is Morrison. This sandstone is evidently the main aquifer in this
well. In general, however, the Morrison does not supply enough water even for stock
wells.

"Wanakah Formation" of Jurassic Age

A sequence of 25-70 ft of thin-bedded light-brown siltstone with some interbedded
light-colored sandstone and red-brown mudstone occurs at the base of the Morrison
formation. This sequence is treated as part of the Morrison in some reports (Schoff
and Stovall, 1943; McLaughlin, 1954), but in eastern Colfax County (Wood, Northrop,
and Griggs, 1953) the unit is tentatively classified as the upper part of the Wanakah
formation. Cooley (1955) showed that the brown silts intertongue with the underlying
Exeter sandstone.

Exeter (Entrada) Sandstone of Jurassic Age

The Exeter sandstone was named by Lee (1902) for exposures "near Exeter
post office"; this is evidently the old Valley post office which, before 1915, was

located as shown in Figure 1 (31.33.8.243). The Exeter is 80 ft thick at its type section
(Lee, 1902; Parker, 1933) near Wedding Cake Butte in the Dry Cimarron Valley, but

it is generally much thinner and in parts of the county is absent. At the type section,
the Exeter lies across tilted and eroded beds of the Dockum group. The Exeter is the
Ocate sandstone of the Colfax County report (Wood, Northrop, and Griggs, 1953) and
is correlated with the Entrada sandstone of the Colorado Plateau.
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For most purposes the Exeter sandstone is too deep to warrant testing in the
Clayton area, but in those parts of Union County where the Morrison is at the surface,
it may be desirable to drill into the Exeter.

"Red Beds" - - - Dockum Group of Triassic Age

The Dockum group is more than 500 ft thick and includes red-brown silty
mudstone, light-colored fine sandstone, silt-pebble conglomerate, and some green
and red mudstone. In the Dry Cimarron Valley, Parker (1933) subdivided the Dockum
into the Sheep Pen sandstone, the Sloan Canyon formation of green and red mudstone,
and the underlying "red beds." A still lower unit, the "purple member," was
recognized by R. W. Foster (1956), of the State Bureau of Mines, from well samples
and was later recognized in exposures north of the junction of N. Mex. Highway 370
and N. Mex. Highway 325. The red-bed sequence forms the bulk of the Dockum
group and in general directly underlies the Exeter sandstone. In the Dry Cimarron
Valley, several stock wells obtain low yields of moderate to poor quality water from
the red beds.

14



EXPLANATION FOR GEOLOGIC MAPS
(Figures 6 and 8)
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CONTOUR LINES

Three surfaces are shown by contour lines on the geologic and hydrologic maps.
On the hydrologic maps, the water table is shown by solid, dashed, and dotted lines,
with a contour interval of 50 ft. On the geologic maps, the base of the Ogallala
formation is shown by solid and dashed lines with an interval of 50 ft, and the base of
the Dakota formation is shown by dotted lines with an interval of 100 ft.

Each contour line connects points of equal altitude above sea level. Where
lines are close together the contoured surface is steep, and where lines are far apart
the surface is nearly level. Where contours bend in a U-shape, with the inner contours
representing a lower elevation (for example, Ogallala contours in fig. 6, 24.35.1.400),
the U outlines a valley. Where the inner contours represent a higher elevation (fig. 8,
27.36.1), the U outlines a ridge.

The water table was contoured by data from those wells in Table 1 for which
surface elevations and measured depths of water are given; for each well, the depth to
water is subtracted from the surface elevation to give the elevation of the water table
at this point. Contours are drawn as smooth curves, according to the plotted points of
elevation. For example, in well 28.36.23.333 the water table is at 4,681 ft above sea
level, and in well 28.36.27.134 it is 4,726 ft. Therefore, the 4,700-ft contour is
drawn between these wells. Contours are not adjusted to fit all those wells for which
depths to water are only reported.

The base of the Ogallala formation is contoured largely from shothole data,
supplemented by some points of elevation on wells with good logs, and on outcrops of
the Ogallala-bedrock contact. The contours are drawn to show ancient topography,
and so a single well that reached bedrock at a lower altitude than nearby wells is
necessarily in a valley. The surface elevation of well 25.36.7.133 is 4,912 ft, and
samples to 150 ft showed malpais and Ogallala. Therefore the base of the Ogallala
here is below 4,762 ft. This is lower than in several nearby wells, and so the well
must be in a buried valley. The valley is shown draining southeastward because
shothole data within a few miles would not permit extending the valley in any other
direction.

The base of the Dakota formation is contoured from shothole data in the
north part of Seneca quadrangle, and from scattered well logs, shothole logs, and
outcrops of the lower limestone of the Graneros. Only those holes or wells which
were drilled into the Morrison could be used, and south of Seneca only a few holes
went this deep. The contoured surface represents the regional warping of bedrock
formations. Because so few control points are available, the contours are
generalized.

The Ogallala rests on Purgatoire or Morrison in several places, according to
comparison of the Ogallala and Dakota contours. One place is along the buried valley
in the southeast part of Clayton quadrangle (fig. 6). Note that the 4,600-ft contours
of both the Ogallala and Dakota cross in 24.35.1.200, the 4,500-ft contours cross in
24. 36. 8. 300 and the 4,400-ft contours cross in 24.36.15.330 and 24.36. 21.322. If
50-ft contours are sketched in for the Dakota, they will cross the corresponding con-
tours of the Ogallala. By marking these points of intersection, it is possible to out-
line the area in which the Ogallala rests on the Purgatoire or Morrison. A similar
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situation exists in 26.36.1.400 (fig. 8), where the base of the Ogallala is about 50 ft
below the base of the Dakota.

The water table is below the Ogallala formation in the shaded areas of Figures 7
and 9, according to comparison of Ogallala and water table contours. In 25.36.31.342
the 4,700-ft water-table contour crosses the 4,750-ft Ogallala contour, and so the
water table is in bedrock 50 ft below the Ogallala. But in 24.35.1.444, where the
4, 700-ft water-table contour touches the tip of the 4,550 ft Ogallala contour, there is
150 ft of saturation in the Ogallala formation.

Thickness of saturation above the base of the Dakota group can be determined by

comparing the water-table contours with the Dakota formation contours, adding about
50 ft for the underlying Purgatoire formation.

GROUND-WATER CONDITIONS

The description of ground-water conditions presented here will be concerned
not so much with a technical approach to the concepts of ground-water hydrology, as
with examples as they occur in Clayton and Seneca quadrangles. Many reference
volumes are available to those who care to study any phase of ground water, or who
desire merely to read a bit. Tolman (1937) brought out the first formal text on the
comparatively new science of ground-water hydrology, and Bennison (1947) has
written for the well driller and the well operator. Thomas (1951) gave "a survey of
the present ground-water situation in the United States," which should be of special
interest to readers in these semi-arid regions of the country.

Occurrence

The ground-water reservoir consists of the spaces between the grains and
pebbles, and the cracks in the rocks, including large crevices or possibly small
tunnels in some formations such as malpais. The upper surface of the zone of
saturation, if it is open to atmospheric pressure, is known as the water table, and
the formation is known as an aquifer if it will yield water to wells and springs. As
ground water in an aquifer moves from the recharge area, an overlying impermeable
bed, perhaps a shale bed, dipping at a slope greater than the water table, may cause
the water to be confined under pressure. Under these conditions the water will rise
in wells above the top of the aquifer, and the wells and aquifer are said to be "artesian."
Although none of the wells in the Clayton-area flow at the surface, some of them are
artesian wells.

The water table is the surface connecting water levels in wells in an unconfined
aquifer; the piezometric surface is the imaginary plane connecting water levels in an
artesian aquifer. In the area of this report, the two surfaces are nearly coincident and
the "water-table" contours shown on the hydrologic maps (fig. 7, 9) indicate the
altitude at which water will stand in wells in both unconfined and artesian aquifers.
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Source and Recharge

The source of all ground water in the Ogallala formation and the Dakota group
in the Clayton area was one of the forms of precipitation within the relatively recent
past. Though most of the rainfall is either quickly evaporated or used by vegetation,
some small part will percolate below the limits 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-half inch in the Southern High Plains
of southeastern New Mexico. Theis' estimate was for an area in which conditions,
including the average annual precipitation of 152 inches, are much like those in this
part of Union County.

Ground water that moves eastward into these quadrangles was precipitation
within Union County. The Sierra Grande arch, a structural ridge that trends north-
northeast through Des Moines, acts as a barrier to ground-water movement from the
Rocky Mountains. Moreover, in parts of Union County streams have cut through the
Ogallala formation and the Dakota group, intercepting most of the ground water in
those places. In the section on Estimates, it is shown that recharge by underflow may
be 14,000 acre-ft per year from the area bounded on the north by the North Canadian
River and its southern tributaries, on the west by Sierra Grande, and on the south by
Carrizo Creek.

Though some water moves directly downward in areas of flat sandy terrain,
or in usually dry lakes, or along cracks in malpais, the principal source of
present-day recharge to the ground-water reservoir is that portion of the flood flow
of the streams that percolates through the sandy bottoms of the arroyos and washes,
particularly east of N. Mex. Highway 18.

Artificial recharge along the main sandy arroyos could supplement the natural
recharge to the ground-water reservoir. Natural recharge is about 3 percent of the
average annual precipitation. Much water runs past the recharge area during flood
flows because the stream channels cannot absorb it. Flood-retention dams, with
little or no permanent ponding of water, could be designed to permit water to seep into
the channel fill and percolate downward into buried valleys. Probably not more than
once a year would there be enough runoff to fill the reservoirs, and therefore the
amount of this induced recharge might be limited to the capacity of the reservoirs.
Artificial recharge will affect the area down-gradient from such retention dams. As
irrigation wells are drilled, and decline of water levels occurs, the ultimate develop-
ment of the area may require consideration of artificial recharge.

Movement

Generally, ground water in these two quadrangles is moving very slowly
eastward, with a southeasterly trend in the southern part of Clayton quadrangle. In
gravel, the velocity may be more than 20 ft a day; in sandstone and less permeable
formations the velocity may be only a fraction of a foot a day. In response to gravity,
the movement will be towards points of lower elevation of the water table perpen-
dicular to the water-table contours shown on the hydrologic maps (fig. 7, 9).
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In most places in the quadrangle, the near-coincidence of the water table and
the piezometric surface indicates the formations act as a single hydrologic unit. The
water-table contours, which cross geologic boundaries without deflection, also indicate
this hydraulic interconnection. An exception is indicated in the area immediately
north of, and parallel to, Perico Creek southeast of Clayton, where there is an abrupt
break in the water table. The ground water north of this anomalous zone (shown by
dots connecting the contours of equal elevation on either side of the zone, fig. 7) is
held at an elevation about 75 ft higher than that south of the zone. One explanation is
that a relatively effective subsurface dam might be caused by a landslide slope of shales
or clays on the north side of a southeastward-trending Dakota group ridge. Less
likely, though a possibility, is the presence of a fault. Adjacent water-level contours
indicate that very little water moves downward across this zone from the Ogallala
formation to the Dakota group except toward the eastern end, where the levels merge
into a smooth water table.

Natural Discharge

The underflow into Texas and Oklahoma constitutes the greatest natural
discharge from the area, and has been evaluated in the section on Estimates. Natural
discharge from aquifers in this area, in addition to underflow, may be by evapo-
transpiration, by discharge to surface bodies of water, and by leakage through less
permeable underlying beds (called aquicludes), into deeper formations.

Ground-water discharge by evapo-transpiration from the main water table
occurs only in two or three small areas where the water is within a few feet of the
ground surface. Such areas will usually be distinguished by comparatively lush
vegetation and large zrees, as for example, the area near the center of Seneca
quadrangle where highway construction crews obtained water from shallow pits.

The total discharge from aquifers to surface bodies of water, such as
streams with perennial flow or permanent water holes, or springs such as Apache
Spring (26.35.23.411) located below the malpais cliff north of Clayton, is estimated
less than 50 acre-ft per year. No estimate of the quantity that might be lost by
leakage through aquicludes into deeper formations is included.

Discharge by Wells

Artificial discharge by wells, which represents present development of
ground-water resources, is estimated for the area of this report to be less than
6,000 acre-ft per year. Records of 410 wells are arranged in Table 1; location,

water levels, and depths are given on the hydrologic maps (fig. 7, 9) .

About 372 acre-ft was pumped from the town of Clayton wells in the fiscal
year which ended June 1956. Though no pumpage was obtained for the Colorado
Interstate Gas Company's pumping station, it is estimated between 100 and 200
acre-ft per year. The pumpage from stock and domestic wells is probably much
less than 500 acre-ft per year.
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In 1955, water from 13 irrigation wells equipped with pumps having
capacities greater than 100 gpm (gallons per minute), was used to irrigate 1,900
acres of farm land. A duty of water of 22 ft (acre-ft per acre) was assumed
for the irrigated acreage reported here, which acreage is believed to be high.
Though these figures are only estimates, for duty will vary with crops, and
some of the developed acreage may not have been irrigated, 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 formation and Purgatoire formation.
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 line in Texas, but the well
data are mentioned here and included in Table 1 because of the unusually high
reported yield and proximity to the area of this study.

Town of Clayton Wells

Currently, seven wells ranging in depth from 127 ft to 800 ft are operated
by the town of Clayton to supply municipal water. Locations of these wells, two
town wells not being pumped, and a number of private wells are shown in
Figure 3. Pertinent data, mostly from municipal records, are given in the
table below.

TOWN OF CLAYTON WELLS

Reported
water level Pump Analysis
(feet below capa- in Deepest
Well Location Depth ground surface) city Table formation
no. no. (ft) Static  Pumping (gpm) 2 penetrated Remarks
1 26.35.34.211a 127 96 60 x Ogallala
la 34.211b 125 97 Ogallala Observation well.
2 27.443 166 97 40 x Ogallala
3 34.212 750 432 125 x Exeter Leased from C&S Ry Co.
34.243 705 432 125 x Exeter (?) Log on file.
4a 34.243a 976 Exeter Bureau log no. W-212;
plugged and abandoned.
5 34.422 800 575 325 x Exeter Log in this report.
[ 36.143 374 345 135 x Morrison Log in this report.
35.313 497 189 420 292 x Morrison Log in this report.

The total annual pumpage from the town of Clayton wells is shown in Figure 10,
On the basis of the production figures furnished by the City Manager, the per capita
consumption dropped slightly from 88 gal 150-
per day in 1950, when the population was
3,515 (U. S. Census Bureau, 1952), to
84 gal a day in 1956, when the population
was 3,951 (New Mexico Economic Develop-
ment Commission, 1956). The total report-
ed production of 121,240,000 gal in 1955-56
is equal to 372 acre-ft, or about enough water
to irrigate 150 acres at a duty of 2 }ft.

Millions of gallons

Figure 10. Pumpage, town of Clayton
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Fluctuations of water level. Fluctuations of water level in well no. la are
shown in Figure 11. The hydrograph was drawn from curves obtained with an
automatic water-level recorder. The large declines of water level are caused by
pumping of Clayton no. 1, 99 ft from no. la. The recovery curve during late 1953
and early 1954 was obtained when no. 1 was not operated for more than a few minutes
at a time. During the period shown in the hydrograph, well no. 2 was not operated,
but it can be shown that the effect of pumping no. 2, located some 400 ft from no. la,
and pumping only half as much water, would be perhaps 1/32 the effect of well no. 1;
that is, if the aquifer is continuous and constant in character.
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Figure 11. Hydrograph, town of Clayton well no. la

The small fluctuations are caused by changes in barometric pressure. These
oscillations of the water surface, which may be as much as several tenths of a foot,
correspond inversely to changes in atmospheric pressure. In simpler words, a high
barometric pressure will "push" the water level in the well down just a little, and a
low pressure will cause it to rise slightly.

A correlation between cumulative departures from normal precipitation
(fig. 2) and water levels was observed from random measurements made by city
personnel between 1927, when the well was drilled, and 1951. The plotted measure-
ments made when neither well no. 1 nor well no. 2 had been operated for at least
several weeks fit the curve of Figure 2. The water-level curve is not shown here.
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Well Tests

Pumping tests commonly are made to determine characteristics of wells. The
results of the tests can be used to aid in the selection of pumps designed to meet the
performance of the wells. The results can be used also to compare the well tested
with other wells in the area, or to compare present pump and well performance with
previous test records of the same pump and well.

One way of comparing the performance of wells is on the basis of specific
capacities, which ranged from 7 to 83 gpm per foot of drawdown in six irrigation
wells. These wells were selected for comparison because nonpumping (static) water
levels, pumping water levels, and rates of production were available, thus permitting
the calculation of specific capacities. Except for those wells in which pumping water
levels stabilize rapidly, the specific capacities normally should be referred to the
length of time during which a well was pumped at a given rate of flow.

In marked contrast to the low specific capacities of less than one-half gpm per
foot of drawdown for many stock wells, the Pachta irrigation well (29.28.18.323),
near Capulin, produces 1,200 gpm from cinders, with only 1.2 ft of drawdown
(maximum yield is much greater). This is an extraordinarily high specific capacity
of 1, 000 gpm per foot of drawdown.

Although such factors as well construction, development, slots, and screens

affect the specify capacity of a well, the ultimate yield will depend upon the permea-
bility of the formation adjacent to the well.

Aquifer-Performance Tests

An aquifer-performance test (a well test made primarily to evaluate the
hydraulic characteristics of the aquifer) was made in April 1954. Well no. 1 in the
city hall annex was pumped, and observations of the water-level changes in well
no. la were made with a specially equipped automatic water-level recorder.
Analysis of the decline of water levels in no. la disclosed that the coefficient of
transmissibility was about 7,000 gallons a day (per foot width of aquifer per unit
hydraulic gradient), and that the coefficient of storage was about 0.005 (cu ft of
water released from each vertical column with a cross-sectional area of one square
foot for each foot of decline of head). Analysis of the test data also disclosed the
presence of both a limiting boundary and a recharge boundary in the vicinity.

Near the wells, silty beds overlying the producing beds could be responsible
for the semiartesian conditions indicated by the coefficient of storage of one-half of
one percent. In unconfined aquifers where actual dewatering and subsequent slow
draining take place, the coefficient of storage eventually should approach the value of
porosity (more accurately, specific yield, which is the ratio of the quantity of water
which will drain by gravity from a given volume of material in a specified time). In
artesian aquifers the coefficient will be many times smaller, because no water is
obtained by dewatering the formation, and initially the water must be released
principally by compaction of the aquifer as a result of reduced internal pressure.
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The set of values indicating the ability of the Ogallala formation in the vicinity
of the city hall to permit the flow of water and to release water from storage can be
used to calculate interference between present or proposed wells in that area.
However, because the Ogallala formation consists of permeable channel deposits that
are interwoven complexly with much less permeable floodplain deposits, tests should
be made over a much wider arca before long-term predictions of water levels are
computed for various assumed pumping conditions. Aquifer-performance tests of the
Dakota sandstone and the Purgatoire sandstone should be made, to provide data which
can be analyzed to evaluate the respective hydrologic characteristics.

In an aquifer-performance test, the discharge rate should be maintained as
constant as possible. Very careful measurements of water levels made at frequent
intervals before, during, and after the pumping period in all available wells are an
essential part of the test, without which the analysis of the test data will be unreliable
for purposes of calculating interference between wells and future water levels in the
aquifer.

Those who are interested in quantitative methods will find the various methods
and theories adequately described by Ferris (1949).

Estimates of Available Quantities

This section is designed to demonstrate methods for obtaining estimates of
the quantities of ground water available for irrigation. It is shown that the annual
recharge from precipitation should supply sufficient ground water to irrigate
10,000 acres, and that an additional 18,000 acres might be irrigated if the recoverable
portion of the water in storage is "mined" over a 40-year period.

These quantitative estimates, which are described in more detail later in this
section, are based on assumed values for recharge rate, effective permeability, and
proportion recoverable from storage, for which supporting data from this areca were
very scarce; the estimates, therefore, necessarily were based on reports of measure-
ments made elsewhere. Accordingly, the quantities of water available from recharge
and from storage must be regarded merely as estimates. Only through careful
collection and preservation of all pertinent data will it be possible to obtain more
reliable solutions for the examples shown here.

Under natural conditions over a long period of time, the recharge to the
ground-water reservoir will be balanced by the discharge, together with changes in
storage. When discharge by wells is introduced, water will be supplied from storage
in the vicinity of the well or wells. The resulting decline in levels, known as a cone
of depression, will spread until either new recharge is encountered or other discharge
from the aquifer is reduced. Assuming, then, that the subsurface outflow from the
area can be minimized by this method, it is apparent that any additional withdrawals
must be entirely from storage and will be accompanied by continuingly declining water
levels. In the following paragraphs attempts have been made to illustrate the recharge,
storage, and discharge factors.
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Recharge From Precipitation

Using one-half inch per year (Theis, 1937) as that part of the average annual
precipitation which reaches the ground-water reservoir, the average annual recharge
from precipitation is estimated to be 27,000 acre-ft. The recharge is assumed to
occur within an area of 1,000 sq miles, limited on the north by the North Canadian
River, on the west by Sierra Grande, on the south by Carrizo Creek, and on the east
by the state line.

In this example, 15,000 acre-ft is recharged west of Clayton and Seneca
quadrangles. Perhaps 1,000 acre-ft is intercepted by wells or springs and seeps, and
the balance of the water will move eventually into the quadrangle as underflow.
Discharge by wells and springs in the two quadrangles is estimated at less than
6,000 acre-ft.

The average section of land contributes only enough recharge to the
ground-water supply to irrigate 10 acres, but with 1,000 sq miles of recharge area,
10,000 acres can be irrigated.

Storage

An additional supply of almost 2 million acre-feet of water may be
recoverable from storage in the ground-water reservoir. In the New Mexico part
of Clayton quadrangle, the volume of saturated rock, including clays and shales,
from which water is available by slow drainage over a very long period of time, is
24,200,000 acre-ft, which is the product of the 200-sq-mile area times an average
thickness of saturation of 190 ft above the base of the Dakota group. With an assumed
average porosity of 20 percent, this saturated rock contains nearly 5 million acre-feet
of water. Perhaps one-fifth, or 1 million acre-ft, may be recoverable by wells over
many years. Similar calculations for the 240-square-mile area of Seneca quadrangle,
with a saturation of 140 ft, give a recoverable estimate of 860,000 acre-ft.

The value of 20 percent used for effective porosity may be conservative; clays
and shales may have porosities close to 50 percent, and sands and gravels usually
have porosities close to 30 percent. The unlikelihood of constructing a well system
by which most of the saturated material might be dewatered was considered when
assuming the recoverable fraction.

In view of the quantity of water available from storage, it is reasonable to
assume that optimum development of the area would not preclude use of water in
storage, without which the irrigated acreage would be limited to a development based
on the annual recharge. If the recoverable portion of the storage water is pumped
during an arbitrarily chosen period of 40 years, 18,000 acres could be irrigated at
the rate of 45,000 acre-ft a year. The "40 years" is used only as an example and is
not meant to imply that this period is recommended. Once the recoverable water has
been "mined" out, ground-water irrigation would have to be cut back to that acreage
which would be sustained by annual recharge from precipitation. Long before this
happened, better estimates of effective porosity, and especially of recoverable
percentage, would have been obtained and the development planned and adjusted
accordingly.
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Subsurface Outflow

The quantity of water leaving the two quadrangles as subsurface outflow has
been estimated to be 13,800 acre-ft per year, sufficient to irrigate 5,500 acres.
This water moves out across the state line through a vertical section that is 35 miles
long (from the north edge of Seneca quadrangle to the south edge of Clayton
quadrangle), with an average saturation above the base of the Dakota group of 240
ft for the Clayton quadrangle and 160 ft for the Seneca quadrangle, or an average of
200 ft for the section. Water-table contours indicate an average hydraulic gradient
of 35 ft per mile. The assumed effective coefficient of permeability of 50 gallons a
day per square foot would be too high for fine-grained materials such as are found
in much of the Dakota group, but is much too low for the coarse channel deposits in
the Ogallala formation.

Instead of assuming effective values for the section as a whole, similar
calculation may be made for the highly permeable parts of each of the saturated
formations. Much higher values of the coefficient of permeability would be used
for the buried valleys in the Ogallala and for the massive sandstones at the base of
the Dakota group. The total effective area of the section would be smaller, but the
result should be the same. Although such figures would not be more reliable than
those demonstrated above, they would be more realistic, in that they would indicate
that the buried valleys *undoubtedly carry considerably more water than the
formations on either side.

As irrigation projects are developed, the decline in levels accompanying

such development would reduce the gradient toward the east edge of the area,
with a consequent reduction in the loss by underflow.

Chemical Quality of Ground Water

Chemical analyses of water from 36 wells indicate that the chemical quality
of the water is satisfactory for ordinary uses. Because many publications on
ground water discuss quality of water at great length, brief mention will be made
only of those constituents of common interest. For those who are interested in
irrigation quality, the United States Salinity Laboratory Staff (1954), Wilcox (1948),
and Richards (1956) are listed as references.

Most of the wells yield water classified for irrigation use as "excellent to
good" (Wilcox, 1948), with water from five wells classified as "good to permissible.
The United States Salinity Laboratory Staff (1954) cross-classifies irrigation water
in four classes, each according to salinity hazard and sodium (alkali) hazard, a
total of 16 types. All analyses in Table 2 fall in C2-S1 or C3-S1 types. These
classes are quoted below:

MEDIUM-SALINITY WATER (C2) can be used if a moderate
C2 amount of leaching occurs. Plants with moderate salt tolerance can
be grown in most cases without special practices for salinity control.
(Specific conductance, 250-750 micromhos.)

29



HIGH-SALINITY WATER (C3) cannot be used on soils with
restricted drainage. Even with adequate drainage, special
C3 management for salinity control may be required and plants with
good salt tolerance should be selected. (Specific conductance,
750-2250 micromhos.)

LOW-SODIUM WATER (S1) can be used for irrigation on
almost all soils with little danger of the development of harmful
Si levels of exchangeable sodium. However, sodium-sensitive crops
such as stone-fruit trees and avocados may accumulate injurious
concentrations of sodium. (Sodium adsorption ratio, 0-8.)

With the possible exception of sulfates concentration of 471 ppm (parts per
million, by weight) in the water from well 26.36.17.434, which may impart a
taste to the water, all the concentrations of the other minerals are low and may be
disregarded for most purposes. The hardness is the property of water which most
affects its use for cleansing purposes, being almost a direct measure of the soap
requirements. Hardness of well water reported in Table 2 ranges from 159 ppm
(hard) to over 700 ppm (extremely hard). Hard waters are softened readily for
household use.

When present in concentrations of about 1 ppm, fluorides are reported to be
responsible for a reduction in the number of dental caries in the teeth of growing
children. Concentration much in excess of 1.5 ppm may cause some mottling of the
enamel of the teeth. Two samples showed only 0.2 ppm, two contained over 2. 0 ppm
(2.2 and 2.4), and all others were between 0. 6 and 2. 0 ppm. Fluorides in the water
from the various Clayton municipal wells ranged from 0.6 to 1.4 (well no. 1, which
produces 60 gpm), with the average in the water delivered to the consumer estimated
to be about 1 ppm.

Because the capacity to conduct an electric current is dependent upon the
concentrations and solubilities of the different minerals in solution, the specific
conductance is a relative indicator of the total dissolved solids in the water. The
total dissolved solids (in ppm) is roughly two-thirds of the specific conductance in
micromhos.
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SUGGESTIONS FOR GROUND-WATER EXPLORATION

The data in this section are presented as guides to help owners and drillers
who are faced with the questions: Where to drill? What formation to test? How
deep to drill?

The elevations of bench marks (fig. 6, 8) and of wells, as recorded in
Table 1, may help to indicate the surface elevation of a new well. Knowing the
surface elevation, the approximate depths to water, base of Ogallala, and base of
Dakota formation can be predicted.

Low-Yield Wells

Small supplies of water can be obtained from the Ogallala formation or the
Dakota group anywhere in Clayton or Seneca quadrangles; therefore, domestic and
stock wells should be located at points of most convenience to the owners.

Ordinarily, water in the finished well will stand at the elevation indicated
by the water-table contours on the hydrologic maps. In a few places, perched water,
which cannot be predicted from present information and surface features, may supply
low-yield wells. Such saturated lenses of permeable materials may rest on beds of
clay, shale, or silty sands above the water table. The unusually high water levels
in several wells about 6 miles east of Clayton apparently represent perched water.

High-Yield Wells

High yields can be obtained only in limited areas in either the Ogallala
formation or in the bedrock. The best places to test for irrigation supplies are in
the Ogallala formation in the buried valleys. A similar simple guide cannot be
given for choosing a location of high-yield wells in the bedrock, but brief
descriptions of the availability from the different formations will be given, together
with a few suggestions to follow in prospecting and development.

High Yields From Buried Valleys

All the buried valleys in the Ogallala formation are saturated. The valleys
are shown by contour lines in Figures 6 and 8 and are in the unshaded areas on the
hydrologic maps (fig. 7, 9). In those valleys where the Ogallala has 200 ft of
saturation, it should be possible to construct irrigation wells from which several
thousand gallons per minute can be pumped. For example, the measured yield of
420 gpm with less than 40 ft of drawdown gives a specific capacity of more than
10 gpm per foot of drawdown for the Winchester irrigation well (25.35.2.441).
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The saturation at this location is only slightly over 80 ft, indicating that a probable
maximum yield of more than 700 gpm might be obtained by increasing the drawdown
to 70 ft.

A line of test wells across any buried valley, drilled to bedrock, should
indicate not only the deepest part of the valley but also the beds of sand or gravel
which would be most likely to yield the greatest quantity of water to an irrigation
well. Geophysical exploration by electrical earth resistivity, induced polarization,
and seismic methods should provide similar information.

Away from buried valleys the thickness of saturated Ogallala is not great,
and therefore high-yield wells are not to be expected.

High Yields From "Bedrock"

In shaded areas on the hydrologic maps the water table is in bedrock below
the base of the Ogallala formation. Anyone trying to develop maximum yield with
the least possible drawdown must know what part of the geologic section is being
drilled in order to decide whether or not all the economic possibilities have been
exhausted. The availability of water in each of the bedrock formations is discussed
below. This discussion should be considered in the light of the descriptions and
thicknesses of the formations on pages 11-14.

High yields from the Dakota group can be obtained from the massive sandstone
in the lower part of the Dakota formation or from thick sandstones in the Purgatoire
formation. In order to assure that the Dakota group has been completely penetrated
(in the past most wells have ended above the base of the group) and will be given a
thorough test, all test holes should be drilled at least 10 feet into the green and red
clays of the Morrison formation. Several of the irrigation wells along the state line
obtain a part or all of the water from the bedrock; the highest reported production
is 1,800 gpm for well 24.36.12.244, which yield, according to the log, is coming
from sandstones in both the Dakota and Purgatoire formations.

Where a buried valley has been cut through the Dakota formation (see p. 20, 21)
the potential for obtaining high-yield wells should be even greater. In such cases the
Ogallala will act as a collection gallery, with the Dakota formation on the flanks of
the valley feeding water into channel deposits of the Ogallala.

The Morrison Formation appears to be the principal aquifer in Clayton
municipal well no. 6 (Airpark, 26.35.36.143), which reportedly yields 135 gpm
from a pumping level of 325 ft. If adequate water has not been encountered in
overlying formations, it is suggested that drilling be continued 30 feet below the
top of the Morrison, as indicated by green and red mudstone. Below this it is
unlikely that a sandstone capable of yielding adequate quantities will be found.

Little is known about the water-yielding character of the Exeter sandstone in
this area . Town of Clayton wells no. 3, 4, and 5 penetrate the Exeter but are also
open to other formations, and the proportions of the yield from the different
formations has not been determined. The nearest known production from the Exeter
is from several flowing artesian wells 5 miles southwest of Clapham, on Tramperos
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Creek. The natural flow of these wells ranges from 2 gpm to 50 gpm, but it is
reported that they can be pumped at 500 gpm or more. The waters are relatively high
in dissolved solids and high in sodium hazard. For these reasons, if a well is drilled
to test the Exeter, which is more than 700 ft below the surface at Clayton, and probably
more than 500 ft deep throughout these two quadrangles, both yield and quality should
be determined. Any test of the Exeter should be carried several feet into the
underlying Triassic "red beds."

Drilling and Testing Wells

The well owner would be wise to have the driller lay out samples for every 5
or 10 ft of drilling, as is the habit of some local drillers. Instead of relying on
memory, the driller should make his final log from these samples after the hole is
finished. The log should include the color of clay, mudstone, and shale; grain size
of sand or sandstone; and the driller's assignment of formation intervals.

Samples of the drill cuttings should be saved. (Sample cuttings may be bagged
and sent to the State Bureau of Mines and Mineral Resources for permanent filing.)
Information from individual wells taken alone may not be particularly useful, but when
complete data are available for a large number of wells, including dry tests, the
resulting correlations can be of great value. This is precisely how the buried valleys
were outlined.

Samples of drill cuttings from a test well in sand or gravel should be collected
with great care in order to assure that they are representative of the formation
interval. Gravel packing, which theoretically is needed only for uncemented, very
fine, uniform sands, should determine width of slots in screen or casing. Practically,
because screens commonly are not used in this area, it is often necessary to bridge
the gap from formation size to torch-cut casing slots with a gravel pack. Screened
wells can be constructed and developed to yield a maximum quantity of water from any
gradation of grain sizes.

It is not only desirable but reasonably simple to construct a well from which
sand-free water can be pumped. During development work, sand should be removed
from the material immediately adjacent to the well, either by surging-and-bailing or
by pump-surging (rawhiding). Development is designed to leave only coarse material
in contact with the slots, gradually grading to undisturbed formation. If the well is
properly developed, the permanent pump installation should not cause more sand to be
dislodged. The permanent pump should not be used for any part of the development
work, because pumping sand will cause excessive wear, and power will be wasted as a
result of the decreased efficiency.

Because doubling the diameter of a well will increase the yield only about 10
percent, the proper construction and development is much more important than
drilling an unusually large hole. The proposed pump installation or the drilling
equipment should determine the minimum diameter of a well.

More thorough discussions of construction and development of wells can be

found in numerous periodicals and publications, the best of the general field for the
well driller being the handbook by Bennison (1947).
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If at all possible, well-test data should be recorded and filed for future
reference. The minimum requirements of a well test are that the rate of flow be
measured periodically, and that water levels in the pumped well be measured before,
during, and after the test. All observations should be recorded, along with the time
when they were made, as well as any remarks deemed pertinent. A well test should
be made by starting at a low rate of production; when the water levels begin to stabi-
lize or to approach equilibrium, the rate should be increased by steps until either
the desired maximum rate or the capacity of the well has been reached. Water levels
in nearby wells should be measured and recorded. Sometimes the value of such
records is not immediately apparent, but they may prove of great benefit at some
later date. The sections on well tests and aquifer-performance tests indicate how
such results can be employed.
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