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A b s t r a c t  
Union County occupies the northeastern corner of New Mexico. 

The southeastern corner and most of the eastern edge of the county 
lie on the High Plains; the remainder of the county consists largely 
of relatively flat plains studded with dissected, lava-capped plateaus 
and buttes. The climate is semiarid, having an average annual 
precipitation of about 16 inches. Stock-raising and farming are the 
principal occupations. 

The rocks that crop out in Union County range in age from Triassic 
to Quaternary. The Dakota Sandstone and Purgatoire Formation, un-
differentiated, of Cretaceous age and the Ogallala Formation of 
Tertiary age are the principal aquifers. 

Serving principally stock and domestic uses, the ground water in 
Union County occurs in adequate quantities. Public supplies are ob-
tained from 16 wells and 1 spring; 7 wells supply industrial users. 
Irrigation supplies are available, generally, only along the eastern 
side of the county. 

Most of the ground water in Union County is hard. The 
chemical quality of water from the Dakota Sandstone and 
Purgatoire Formation, undifferentiated, varies and locally is 
undesirable for domestic use, but in most places the water is 
suitable for stock and irrigation uses. Water from the Ogallala 
Formation is more uniform in quality and generally suitable for all 
uses. Water from other aquifers in Union County varies in quality 
and may, at places, be undesirable for domestic use. 

Most of the water wells in Union County are drilled, but a few 
are dug. They range in depth from 7 to 800 feet. Water levels in the 
wells range from above land surface to 634 feet below land surface. 
Yields of wells range from a few gpm (gallons per minute) to 1000 
or more gpm. 

This report contains records of 2083 wells, 34 springs, and 236 
chemical analyses of water from both, as well as logs of 92 water 
wells, oil tests, and exploratory holes in the area. 



I n t r o d uc t i on  
Water from wells provides the principal source of supply for 

domestic, stock, municipal, industrial, and irrigation needs in Union 
County. Water probably constitutes the most important natural 
resource of the county. 

Prior to 1953, sparse geologic and hydrologic information was 
available for this area, and the community of Clayton, the county 
seat, requested information on ground water from the New Mexico 
Bureau of Mines and Mineral Resources. Brewster Baldwin and 
Francis X. Bushman, of the Bureau, therefore began a field study of 
the geology and ground-water resources of Union County early in 
1953. Studies were made during the summers of 1953, 1954, and 
1955, some additional time being spent in the field during 1956 and 
for several weeks each during 1957 and 1959. 

Generally, the study consisted of an inventory of most of the 
wells, drilled or dug, used or unused, to determine location, depth, 
water level, yield, use, and water-bearing formation; an inventory of 
selected springs to determine location, yield, use, improvement, and 
water-bearing formation; mapping of surface features; mapping of 
geology, including description of subsurface features; determination 
of altitudes of geologic features and of wells and springs; 
description of water-bearing characteristics of principal aquifers; 
pumping tests on selected wells to determine hydraulic 
characteristics of the aquifers; and collection of water samples from 
selected wells and springs to determine the chemical quality of the 
ground water. 

In 1957, Baldwin and Bushman published hydrologic data for 
480 square miles, about one eighth of the county, in the vicinity of 
Clayton (Circular 46), and in 1959, Baldwin and William R. 
Muehlberger published information on the geology of Union 
County (Bulletin 63). 

The present report contains all hydrologic data collected by 
Baldwin and Bushman from 1953 to 1959 plus information on a few 
wells drilled since that time. Most of these data have not previously 
been published. To complete the countywide coverage of water-well 
and water-quality data contained herein necessitated some 
duplication of information in Circular 46 and Bulletin 63. The 
purpose of this report is to provide data for evaluation of the 
quantity, availability, and quality of ground water in Union County 
and to make it possible to relate its occurrence and movement to the 
geology, as described by Baldwin and Muehlberger (1959). 

Begun under the general supervision of Eugene Callaghan, then 
director of the New Mexico Bureau of Mines and Mineral Resources, 
the work continued under the general direction of Alvin J. Thompson, 
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present director. After Baldwin and Bushman left the Bureau, per-
sonnel of the Water Resources Division of the U.S. Geological Survey 
compiled the basic data previously collected and prepared this report. 

Field records of the well and spring inventory made by the New 
Mexico Bureau and chemical analyses from the files of the U.S. Geo-
logical Survey were assembled, examined, and tabulated by Survey 
personnel, who also interpreted stratigraphic units given in the well, 
spring, and chemical analyses tables from geologic maps 
accompanying Bulletin 63 and from drillers' logs. In most instances, 
only the principal water-bearing unit is indicated, although water may 
enter the well from two or more aquifers. 

Union County, the northeastern most county in New Mexico, is 
bounded on the north by Colorado and on the east by Oklahoma 
and Texas. It has an area of 3817 square miles. The U.S. Bureau of 
Census (1960) reported a population of 6068, of which 3314 
resided in Clayton, the county seat. Figure 1 shows locations of 
Union County and of other areas in New Mexico described in 
previous ground-water reports. 

The climate of Union County is semiarid, having an average 
annual precipitation of about 16 inches. Most of the nonagricultural 
areas in the county are grassland; trees are sparse. 

The system of numbering wells and springs in this report 
follows that used by the U.S. Geological Survey and is based on 
the common subdivision of public lands into sections. Figure 2 
illustrates the system. In addition to designating the well or spring, 
the number locates its position to the nearest 10-acre tract in the 
land network. Periods divide the number into four segments, the 
first of which denotes the township north of the New Mexico base 
line, the second denotes the range east of the New Mexico principal 
meridian, the third denotes the section, and the fourth, consisting of 
three digits, locates the well in a particular 10-acre tract. 

Numbers 1, 2, 3, and 4 designate respectively the northwest, north-
east, southwest, and southeast quarters of the section. The first digit of 
the last segment indicates the quarter section, usually a tract of 160 
acres, divided into four 40-acre tracts numbered in the same manner. 
The second digit denotes which 40-acre tract that, in turn, is divided 
into four 10-acre tracts, denoted by the third digit. 

Thus, well 28.36.24.343 in Union County is in the SWIASEIASW 
¼  sec. 24, T. 28 N., R. 36 E. If a well cannot be located accurately to 
a 10-acre tract, the third digit becomes a zero, and if it cannot be 
located accurately to a 40-acre tract, both the second and third digits 
become zeros. If the well cannot be located more closely than the 
section, the fourth segment of the well number is omitted. Letters a, b, 
c, d, and so on added to the last segment designates the second, third, 
fourth, and succeeding wells in the same 10-acre tract. 



 



 
SYSTEM OF NUMBERING WELLS 

county and most of the eastern edge is within the High Plains section 
("broad intervalley remnants of smooth fluviatile plains"). 

The surface of Union County slopes generally eastward and is 
dissected by eastward-southeastward-trending drainages. Deep 
canyons with as much as 1000 feet of relief characterize the 
northern and southwestern parts of the county; gently rolling 
upland with valleys 100 to 200 feet deep comprises the remainder. 
About 80 inactive volcanoes are in groups that extend from the 
western edge of the county to the east-central part near Clayton. 

Altitudes in the county range from about 4300 feet above sea level 
where Monia Creek leaves the southeastern corner of the county and 
enters Texas to 8732 feet at the summit of Sierra Grande in the 
northwestern part of the county. 

The county is in the Arkansas River drainage basin. The northern 
part is drained by the Cimarron River, the central part by the North 
Canadian River, and the southwestern part by tributaries of the 
Canadian River. The drainages have little permanent flow; surface 
water runs out of the county only after heavy rains. 

The rocks that crop out in Union County range in age from 
Triassic to Quaternary. Most of them are of sedimentary origin, but 
some are igneous. Some of the rocks yield water readily to wells, 
some may yield small quantities or in places none at all, and some 
yield no water. 

Table 1 gives a generalized section of the geologic formations ex- 
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posed in Union County and their physical character, distribution, and 
water-bearing properties. Baldwin and Muehlberger's report includes 
geologic maps of Union County. 

The Dakota Sandstone and the underlying Purgatoire Formation, 
both of Cretaceous age and widespread in Union County, are depend-
able aquifers where they lie below the water table. Both formations 
consist of sandstone, shaly sandstone, and light- to dark-gray or black 
mudstone or shale. Baldwin and Muehlberger included both forma-
tions under the term Dakota Group; however, they treated them as 
separate units in their report. Because of problems of picking the 
exact contact between the Purgatoire Formation and the underlying 
Morrison Formation, they mapped the Purgatoire with the Morrison. 

Because of the physical similarity of the Dakota and the Purgatoire 
Formation and because the Purgatoire is included with the Dakota 
Sandstone or the Morrison Formation on geologic maps of Union 
County, no attempt is made herein to separate the Dakota and Pur-
gatoire in drillers' logs of wells or in the determination of the strati-
graphic units yielding water to wells. We use the term Dakota Sand-
stone and Purgatoire Formation, undifferentiated. 

The logs of wells drilled for water, oil, or exploratory purposes 
indicate the presence, character, and depth of the rocks underlying the 
surface at places in Union County. Table 2 contains the logs of 92 
wells and gives descriptions of the formations penetrated during 
drilling. 

TABLE 2. SELECTED DRILLERS' LOGS OF WATER, OIL—TEST,  
AND WATER—TEST WELLS IN UNION COUNTY, N. MEX. 

Drillers' logs of 92 water and test wells that follow were chosen for area coverage 
and for stratigraphic significance. Wording of the original logs has been slightly 
modified for uniformity of presentation. Most of these logs came from a more 
complete table given by Baldwin and Muehlberger (p. 97-107) . The well number 
and the name of the owner designate individual logs. Where known, the altitude of 
the land surface at the well, in feet above mean sea-level datum, follows the owner's 
name. Table 3 lists other data for the water and the test wells. 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Ground  Water  
Tables 3 and 4 give records of 2083 wells and 34 springs obtained 

during this investigation. Plate 1 shows the locations of the wells and 
springs, the depths of the wells, the depths to water, the altitudes of 
the water levels, and the stratigraphic units yielding water. 

Water wells in Union County range in depth from 7 to 800 feet. 
Water levels in the wells range from above land surface to 634 feet 
below land surface. Yields of wells range from a few gpm to 1000 or 
more gpm. 

Water in the Ogallala Formation, in the extrusive rocks and in the 
alluvium, occurs under water-table conditions at most places; that is, 
it is not under pressures that cause it to rise above the level at which it 
is found during drilling of a well. Water in the Dakota Sandstone and 
Purgatoire Formation, undifferentiated, the Morrison Formation, the 
Entrada Sandstone, and sandstones of Triassic age is under artesian 
pressure throughout the county, except near areas of outcrop. Gener-
ally, the water is not under sufficient pressure to cause it to flow 
above the surface from a well; however, a few wells along Tramperos 
Creek in T. 22 N., R. 33 E. reportedly flow 50 gpm or more from the 
Entrada Sandstone. 

The ground water moves generally from west to east, with south-
easterly trends, across Union County. Altitudes of water level (pl. 1) 
range from about 6800 feet in the northwest part of the county to 
about 4100 feet in the southeast. 

The source of all the ground water in the Ogallala Formation is 
precipitation that falls on the outcrop of the formation within the 
county. Most of the recharge to the older water-bearing formations 
also comes from precipitation on their outcrops within the county; 
however, part may derive from areas to the west and north. 

UTILIZATION 

Uses of the wells and springs in Union County (tables 3 and 4) 
divide as follows: 7 wells for industrial supplies; 11 oil-test wells; 
16 wells and 1 spring for public supplies; 36 water-test wells; 47 
wells for irrigation supplies; and 86 unused wells (formerly for 
domestic and stock needs). Current domestic and stock supplies 
constitute the balance. 

The community of Clayton has 8 public-supply wells that range in 
depth from 125 to 800 feet: Two tap the Ogallala Formation and 4 
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tap the Dakota and Purgatoire, undifferentiated. Two wells are drilled into 
the Entrada Sandstone; however, most of the water probably comes from the 
Dakota and Purgatoire, undifferentiated. Des Moines' supply comes from 4 
wells that tap sandstone of Cretaceous age at depths of about 200 feet. 
Grenville has 2 wells that tap the Dakota and Purgatoire, undifferentiated, at 
depths of 270 and 280 feet, and Mt. Dora's 235-foot-deep well finishes in 
the Ogallala Formation. 

The National Park Service owns a well used for public supply at the 
Capulin Mountain National Monument nine miles west of Des Moines. This 
well is 680 feet deep and taps water in basaltic cinders and in sand of the 
underlying Ogallala Formation. 

The village of Branson, Colorado, about one mile north of the New 
Mexico state line north of Folsom, receives its water from several springs 
in T. 32 N., R. 28 E., Union County. These springs yield about 50 gpm 
from basaltic lava flows that cap a large mesa. 

The Colorado Interstate Gas Company operates 4 industrial wells at its 
plant about seven miles northeast of Clayton. These wells finish in the 
Dakota and Purgatoire, undifferentiated, at depths of slightly more than 200 
feet. 

The Colorado and Southern Railway has 2 wells at Mt. Dora and 1 at 
Grande, about six miles southeast of Des Moines. The main well at Mt. Dora, 
455 feet deep, finishes in the Dakota and Purgatoire, undifferentiated. The 
second well, used as a standby, finishes in the Entrada Sandstone at a depth 
of 720 feet. The well at Grande finishes in the Dakota and Purgatoire, 
undifferentiated, at a depth of 264 feet. 

Most of the irrigation wells are located along the east side of the county 
from a few miles north of Clayton southward to the Quay county line. In 
this area, the Ogallala Formation attains its greatest thickness in Union 
County and yields large amounts of water to wells. At places, the Dakota 
and Purgatoire, undifferentiated, underlies the Ogallala and also yields 
large amounts of water. 

Logs of the wells in Table 2 and data on oil-test wells in Table 3 are 
included in this report because of the stratigraphic information they provide. 

FLUCT UATION OF WAT ER LEVEL 

A program of periodic water-level measurement in selected wells in 
Union County was started in December 1965. Eight wells, chiefly in the 
vicinity of Clayton, were revisited and water-level measurements taken. In 
addition, a well recently drilled was selected for future observation. 

The location number, the initial measurement (or reported meas- 
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urement, indicated by "R") and date, the repeat measurement and date, 
and the water-level change in each well observed are as follows: 

 
Wells 22.36.5.131, 25.35.2.441, and 27.36.17.434 tap the Ogallala 

Formation; the others tap the Dakota and Purgatoire, undifferentiated. 
All are used for irrigation except wells 26.34.25.433 and 27.34.15.341, 
which supply stock. 

Well 27.34.15.341 is about a quarter of a mile south of Clayton. 
Lake, which was developed since the initial measurement in this well. 
The Dakota Sandstone crops out around the perimeter of the lake; 
leakage from the lake into the sandstone probably causes the large rise 
(18.19 feet) in water level in the well. 

ADDITIONAL DEVELOPMENT 
Water obtained from wells throughout Union County supplies 

domestic and stock needs. Its quantity and quality vary; however, ade-
quate reserves of potable water are available except where the red beds 
of Triassic age occur at the surface. 

Most of the many new irrigation wells drilled in Union County 
since this field work lie in the vicinity of Clayton and Seneca south-
ward to the Quay county line along a strip about eight miles wide 
between the state line and State Highway 18. The Ogallala 
Formation is the main aquifer in this area; however, the Dakota 
Sandstone and Purgatoire Formation, undifferentiated, underlies the 
Ogallala at many places and also contributes water to some wells. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Qual i t y  o f  Water  
The 236 chemical analyses (table 5) made by the U.S. Geological 

Survey indicate the chemical quality of ground water in Union 
County; Table 6 gives the significance and effect of each of the most 
common dissolved mineral constituents and properties of the water. 
The analyses show only the chemical characteristics of the water and 
do not indicate sanitary conditions. 

The quality of water yielded by aquifers of Triassic to Quaternary 
age in Union County is generally satisfactory for stock use. The only 
known exceptions are two developed springs, 24.31.30.434 and 34.31. 
30.441, reported as "poison-water holes." The source of this water is 
not definitely known; it may come from the Graneros Shale. The 
water from both of these sites is extraordinarily high in dissolved 
solids; nitrate content is 13,900 and 10,500 ppm (parts per million), 
respectively. The reason for this isolated occurrence of highly 
mineralized water has not been established. 

The Dakota Sandstone, the Morrison Formation, and sandstone 
beds of Triassic age locally yield water undesirable for domestic use, 
yet it serves all domestic purposes without harmful effects where no 
other water is available. 

The concentration and composition of dissolved constituents in 
water determine its usefulness for irrigation. The quantity of soluble 
salts and the proportion of sodium probably are most important in 
irrigation water. 

The dissolved-solids content of water commonly is expressed as 
electrical conductivity in terms of specific conductance (micromhos at 
25°C), the relative proportion of sodium to calcium and magnesium as 
the sodium-adsorption ratio (SAR). The U.S. Salinity Laboratory, De-
partment of Agriculture (1954), developed a diagram for the 
classification of irrigation water, based on the electrical conductivity 
and the sodium-adsorption ratio. 

Because the Ogallala Formation and the Dakota Sandstone and 
Purgatoire Formation, undifferentiated, provide the principal sources 
of irrigation water in Union County, only water from these 
stratigraphic units was classified according to the sodium-salinity 
hazard. The specific conductance of 25 samples of water from the 
Ogallala and 51 samples from the Dakota and Purgatoire was plotted 
against the per cent of sodium (fig. 3). The plotted points for the 
analyses of water from both the Ogallala and the Dakota and 
Purgatoire, undifferentiated, in Union County fall almost entirely in 
the range from medium-to high-salinity hazard and low-sodium 
hazard. 

According to the U.S. Salinity Laboratory, medium-salinity water 
can be used if a moderate amount of leaching occurs, and plants with 
moderate salt tolerance can be grown in most instances without 
special 
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practices for salinity control. High-salinity water cannot be used on 
soils with restricted drainage. Even soils with adequate drainage may 
require special management for salinity control and selection of plants 
with good salt tolerance. Low-sodium water can be used for irrigation 
on almost all soils with little danger of developing harmful levels of 
exchangeable sodium. 

These data suggest that the quality of water yielded by the Ogallala 
Formation and the Dakota Sandstone and Purgatoire Formation, undif-
ferentiated, in Union County generally meets irrigation requirements. 



 



 



 



 



 



 



 



 



 



 



Summary 
Ground water for stock and domestic use occurs in adequate 

quantities throughout Union County. Irrigation supplies are available 
generally only along the eastern side of the county, southward from 
near Seneca. Locally, in the vicinity of Capulin, Grenville, and Stead 
and in the Cimarron River valley, wells yield sufficient water for 
minor irrigation. 

The Dakota Sandstone and Purgatoire Formation, 
undifferentiated, and the Ogallala Formation constitute the principal 
aquifers in the county and in places contain sufficient water for 
irrigation. Along the eastern side of the county, all the wells used for 
irrigation finish in one or both of these formations. 

Sandstone of Triassic age, the Entrada Sandstone, the Morrison 
Formation, extrusive rocks, and alluvium yield water to stock and 
domestic wells but yield water sufficient for irrigation in only a few 
localities. 

The principal utilization of ground water in Union County is for 
domestic and stock supplies. Seven wells supply industrial needs, 
while 16 wells and 1 spring provide for public uses. At the time of the 
field investigation, 47 irrigation wells were located. 

The chemical quality of water yielded by the aquifers in Union 
County suffices for most ordinary uses, although the Dakota 
Sandstone, Morrison Formation, and sandstone of Triassic age 
locally yield water undesirable for domestic use. Water from the 
Dakota and Purgatoire, undifferentiated, and from the Ogallala 
Formation generally is suitable for irrigation. 

Many irrigation wells, not listed in this report, have been drilled 
along the eastern side of Union County since about 1959. 
Investigation of the present status of irrigation development in Union 
County was beyond the scope of this report. However, in December 
1965, a program of periodic water-level measurement in the county 
was begun with 8 observation wells. Water-level fluctuations 
observed over a period of several years in these wells will aid in 
evaluation of the effects of pumping for irrigation on the aquifer 
system. 

Evaluation of the present and future effects of the withdrawal of 
large quantities of ground water for irrigation upon the resources and 
the economy of Union County necessitates the collection of 
additional data on irrigation development. Information needed 
includes the locations of irrigation wells, depths of wells and 
aquifers tapped, yields of wells, uses of water (types of crops, acres 
irrigated, and amounts of water used to grow the crops successfully), 
and water-level measurements to establish the configuration of the 
water surface. Monitoring water-level changes in the future requires 
additional observation wells also. 
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Volcanoes, 5 

Water 
constituents in, 152 
-level measurement, 35-36, 16 
uses: 

domestic, 1, 2, 34, 152, 166 
industrial, 1, 2, 34, 166 
irrigation, 1, 2, 34, 36, 152, 153, 166 
oil-test, 1, 34 
public, 1, 2, 34, 166 
stock, 1, 2, 34, 36, 152, 166 
water-test, 34 

Wells, 1, 2, 8, 34, 35, 36, 166; industrial, 
35; irrigation, 35, 166; logs, 8, 35; 
numbering of, 3; oil-test, I, 8, 35; un- 
used, 34; water, 1, 2, 3, 5, 8, 35 
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