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Abstract  
Ground water has been used for irrigation since 1936 in the 

southern part of Quay County, near the community of House. 
Between 1942 and 1964, water levels declined about 30 feet in this 
area, and further decline is expected as discharge is much larger 
than recharge. East of Tucumcari, water levels have risen about 40 
feet as a result of recharge from surface water used to irrigate lands 
of the Tucumcari Irrigation Project. Elsewhere in the county, water 
levels have remained relatively stable. 

Rocks exposed in Quay County range in age from Triassic to 
Recent. Alluvial deposits of Quaternary age, the Ogallala Formation 
of Tertiary age, and the Entrada Sandstone of Jurassic age are the 
only formations that yield large amounts of water to wells. The 
alluvium yields as much as 325 gpm (gallons per minute) of water to 
wells, the Ogallala Formation yields as much as 1600 gpm, and the 
Entrada Sandstone yields as much as 250 gpm. Other aquifers in 
Quay County yield adequate supplies of water for domestic and 
stock uses. 

The concentrations of sulfate in 142 samples of water range from 
11 to 3190 ppm (parts per million). About half the ground-water 
samples analyzed contained more than 250 ppm of sulfate, the recom-
mended upper limit for domestic supplies; however, the water is gen-
erally satisfactory for irrigation and stock use. Fluoride in excess of 
1.5 ppm was found in 46 per cent of the samples analyzed. 

Ground water from the Entrada Sandstone and older alluvium 
furnishes the water supply for Tucumcari. The Ogallala Formation is 
the source of ground water for irrigation. Most domestic and stock 
water supplies are derived from ground water. 

The yield of ground water from the Ogallala Formation can be 
expected to decrease and water levels to decline because discharge ex-
ceeds recharge. The amount of water in storage in aquifers supplying 
Tucumcari is sufficient for present and anticipated needs. The amount 
of water available in rocks of Triassic age is small but fairly constant; 
these rocks supply water for a large part of the county. 



Introduct ion  
Quay County, in east-central New Mexico, adjoining Texas, has an 

area of 2883 square miles (fig. 1); the population was 12,279 in 1960 
(U.S. Bureau of the Census, 1960). The economy of the county is based 
on agriculture, tourism, and livestock. The Arch Hurley Conservancy 
District (formerly called the Tucumcari Irrigation District) had 34,400 
acres in central Quay County under irrigation in 1961 (fig. 1). Water for 
the district comes from Conchas Reservoir in San Miguel County. 
About 4000 acres in the county, concentrated on the High Plains near 
House (fig. I), are irrigated with ground water. About 237,000 acres are 
dry-farmed; crop failures on dry farms are common because of drought 
and occasional hail storms. Wheat and grain sorghum are the main 
crops; minor amounts of broomcorn, cotton, alfalfa, and corn are grown. 
Most of the land in the county is utilized for grazing. 

This study of the ground-water resources and geology in Quay 
County was made by the U.S. Geological Survey in co-operation with 
the New Mexico Institute of Mining and Technology, State Bureau of 
Mines and Mineral Resources Division, and the New Mexico State 
Engineer. The objective was to determine the origin, movement, and 
quality of the ground water. 

Other report areas of the New Mexico Institute of Mining and Technology 
are shown in Figure 2. 

The field investigation was begun in August 1953 and continued 
through 1956. Information on 1300 wells and springs was collected by 
C. F. Berkstresser, Jr. Other personnel of the Geological Survey col-
lected data for wells in the House area from 1941 to 1955 and for wells 
west of Tucumcari from 1952 to 1953. The depth of the wells and the 
depth to water were measured wherever possible. About 175 samples of 
well or spring water were collected for chemical analysis, of which 43 
were collected in 1948 by L. S. Hughes. A geologic map of the county 
was compiled by C. F. Berkstresser, Jr., from reconnaissance mapping, 
photo interpretation, and published maps. The altitude of the land 
surface at most wells was determined by aneroid barometer; the 
altitude of some wells was determined from topographic maps, and 
elevations were provided by C. G. Haynes of Magnolia Petroleum Co. 

Previous investigations that pertain to Quay County include the 
following: Geology and stratigraphy, Darton (1928a); geology of north-
west Quay County, Dobrovolny, Summerson, and Bates (1946); irrigation 
possibilities in the Nara Visa and Porter areas, Trauger (1953); ground 
water in the structural basins west of Tucumcari, Trauger and Bushman 
(1964). 
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Area described in this report Areas described in previous reports 

Figure 2 
AREAS IN NEW MEXICO DESCRIBED IN GROUND-WATER REPORTS PUBLISHED BY 
THE NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY, STATE BUREAU OF 
MINES AND MINERAL RESOURCES DIVISION, IN CO-OPERATION 

WITH THE U.S. GEOLOGICAL SURVEY AND THE NEW MEXICO STATE 
ENGINEER 

W E L L - N U M B E R I N G  S Y S T E M  

The wells and springs investigated for this report are listed in Tables 
1 and 2. The location numbers are based on townships, ranges, sections, 
and parts of sections (fig. 3). The first three parts of the number, 
separated by decimal points, represent the township north, range east, and 
section number, respectively. For convenience, the quarters of a section 
are numbered 1, 2, 3, 4, as indicated in Figure 3. 



 
The first digit of the last part of the number gives the quarter section, 
the second digit gives the quarter of that quarter, and the third digit 
designates the 10-acre tract. Letters a, b, c, and so on are added to the 
last part of the number to designate the second, - third, fourth, and 
succeeding wells or springs listed in the same 10-acre tract. Thus, 
well 11.31.12.324 is in the SE1/4 NEB SW sec. 12, T. 11 N., R. 31 E. 

In Tables 1 and 2, the location number is not given in full for each 
well and spring. The wells and springs are grouped by townships and 
ranges, and the full symbol is used only for the first one in each 
group. Only the last two sets of numbers, showing the section, 10-
acre tract, and serial letter are given for other wells or springs in that 
township and range. 

GEOGRAPHIC SETTING 
The topography of Quay County is characterized by flat-topped 

mesas or gently rolling plains separated by lower level or lowland 
plains. Relief varies from almost level alluvial plains to deeply dis-
sected hills. The altitude ranges from about 3600 feet where the Ca-
nadian River flows into Texas to about 5500 feet on Louisiana Mesa 
in the southwestern part of the county. 

The northern and southern parts of Quay County are part of the 
High Plains of western Texas and eastern New Mexico. The nearly 
level surface is a plain of deposition—one built up by stream 
deposits. 
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In the central part of Quay County, erosion has removed most of the 
deposits but has left remnants standing as mesas. The edge of the High 
Plains is marked by a distinct scarp called the "caprock." The relief of 
the "caprock" escarpment ranges from a few feet in the northern part 
of the county to nearly 800 feet in the southwestern part near 
Louisiana Mesa. The surface of the High Plains is marked by many 
depressions called lakes, wallows, or sinkholes. Some of these depres-
sions are large enough to have developed small drainage systems, and 
the depression may contain water most of the time. 

Streams that drain the central part of Quay County are the Ca-
nadian River, Ute, Pajarito, Blanca, Bluewater, Plaza Larga, 
Barranca, Revuelto, and San Juan creeks, and Rana Canyon. The 
Canadian River in Quay County is normally a perennial stream and 
flows eastward into Texas. Ute Creek, whose drainage is mostly in 
Harding County, enters the Canadian River just west of Logan and is 
a perennial stream. The flow of Ute Creek helps to supply the water 
impounded by Ute Dam near Logan. Pajarito Creek is perennial from 
about sec. 13, T. 11 N., R. 29 E. to its confluence with the Canadian 
River and is intermittent above sec. 13. Blanca Creek is intermittent 
and is a tributary of Pajarito Creek. Bluewater Creek is intermittent to 
about one mile south of its confluence with Pajarito Creek, where it is 
perennial. Plaza Larga Creek is intermittent to the Tucumcari irriga-
tion project and perennial from there to its confluence with Revuelto 
Creek. Barranca Creek is intermittent and a tributary of Revuelto 
Creek. Revuelto Creek (sometimes called Tucumcari Creek) is inter-
mittent to its confluence with Plaza Larga Creek and perennial from 
there to where it flows into the Canadian River east of Logan. San 
Juan Creek, which is intermittent, drains a large area in southeast 
Quay County, then flows into Texas and enters the Canadian River. 
Rana Canyon is intermittent and enters the Canadian River a few 
miles from the Texas line. 

The major drainage systems of the High Plains in Quay County are 
Traques Creek and Nevice Arroyo in the northern part and Alamosa 
and Blanco creeks in the southern part, all of which drain to the 
southeast. These streams and several smaller ones on the High Plains 
are intermittent. 

Alamogordo and Truchas creeks are intermittent streams that have their 
origin in southwestern Quay County and flow southwesterly to the Pecos 
River. 

The climate of Quay County is characterized by clear, sunny days, 
large diurnal temperature changes, low humidity, scant rainfall, and 
generally high rates of evaporation. Light to moderate winds prevail 
most of the year and strong winds are common from January to May. 
At Tucumcari, the average annual maximum daily air temperature is 
72.7°F, the average annual minimum daily air temperature is 43.5°F, 
and the mean annual temperature is 58°F. 
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The average annual precipitation in Quay County is about 16 inches. 
The minimum annual precipitation for the county was about 7 inches in 
1934, the maximum was about 35 inches in 1941. Figure 4 shows the large 
variation in annual precipitation at four stations in Quay County. About half 
the precipitation falls during summer thunderstorms. Snowfall is usually 
light and usually melts or evaporates between falls. 



G r o u n d - W a t e r  a n d  G e o l o g y
Water is moving constantly from the atmosphere to and into the 

ground and back to the atmosphere; this circulatory pattern is 
known as the hydrologic or water cycle. It includes precipitation in 
liquid and solid form, infiltration, runoff, surface and underground 
storage, evaporation, and transpiration. Most precipitation runs off 
in streams or is evaporated, but some infiltrates into the ground and 
is stored temporarily in the soil or rocks. The temporary storage of 
ground water may be for many years. Some of the water in streams 
infiltrates into the ground if the material underlying the channel is 
porous and unsaturated. 

The geology of an area is an important factor in the hydrologic 
cycle because the character of the rock materials upon which 
precipitation falls and across which streams flow determines how 
much of the precipitation and runoff infiltrates to become ground 
water. Most rock formations contain open spaces, or voids, and the 
ratio of void space to the volume of the rock is the porosity, usually 
expressed as per cent. If the void spaces are connected and contain 
water that can be recovered through wells, the saturated part of the 
formation is called an aquifer. In general, the porous formations 
such as sand and gravel are the best aquifers. 

The zone of aeration extends from the land surface to the water 
table; this zone does not yield water to wells. However, water held by 
capillarity as soil moisture in the zone of aeration is available to 
plants. 

The zone in which all the openings in the rocks are filled with water 
is termed the zone of saturation. In unconfined aquifers, the top of the 
zone of saturation is the water table, which is not a plane surface but 
in general reflects in a subdued manner the topographic features in 
areas where recharge is distributed uniformly. Ground water, when 
confined between beds of rock of relatively low permeability, is under 
artesian pressure. In confined or artesian aquifers, the ground water is 
under sufficient pressure to rise above the top of the aquifer. Zones of 
saturation separated from the underlying main zone of saturation by 
unsaturated rock contain "perched" ground water. Water in the zone of 
saturation moves underground to points of discharge such as springs 
and seepage to streams or is evaporated or transpired by plants. Much 
of the ground water is in storage for long periods of time because 
movement through the rocks to points of discharge generally is slow. 
Ground water west of Tucumcari moves about 15 feet a year and takes 
about 2500 years to move from the point of infiltration to the point of 
discharge (Trauger and Bushman, p. 82). The low or base flow of 
streams 
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is maintained entirely by the discharge of ground water from the 
zone of saturation, generally as springs or as seepage along the 
stream channel. 

Most of the wells in Quay County tap unconfined water. Plate 1 
shows the locations of selected wells in the county with their depth to 
water and the altitude of the water table in the well. The general di-
rection of ground-water movement is also shown. Some wells near 
San Jon and Porter may tap perched ground water, as this area is 
underlain by the Chinle Formation which contains shale beds that 
yield little or no ground water to wells. The area of T. 12 N., R. 34 E. 
north of Porter apparently has an unsaturated zone between ground 
water in the Chinle Formation and the Santa Rosa Sandstone. 

Four wells are known to have been drilled into artesian aquifers 
in Quay County. Two wells (9.27.13.243 and 9.28.17.244) tap 
artesian aquifers in the Chinle Formation. Well 9.27.13.243 
reportedly flows 0.25 gpm and, when pumped, yields about 2 gpm 
with a drawdown of 28 feet. Well 9.28.17.244 flowed 0.5 gpm 
when measured in April 1955. Well 11.28.30.232, which was 
drilled to a depth of 3504 feet as an oil test, flowed about 1000 
gpm of highly mineralized water from 2167 to 2420 feet from the 
Permian San Andres Limestone. Well 11.29.13.133, which taps the 
Entrada Sandstone, reportedly flowed when drilled in 1949 
(Tranger and Bushman, p. 114). Ground water in the Entrada 
Sandstone in much of the area west of Tucumcari is under artesian 
pressure (Trauger and Bushman). Other wells in Quay County may 
tap artesian aquifers but records of their locations are not available. 

The aquifers are recharged by several processes, such as 
precipitation on the outcrop; seepage from intermittent surface 
streams, ponds, lakes, irrigation ditches, and canals; part of applied 
irrigation water; perched zones of saturation; and movement of 
water by subsurface flow between water-bearing formations. Some 
of these processes are referred to in the description of the water-
bearing properties of the geologic formations. 

GEOLOGIC FORMATIONS AND THEIR WATER-  
BEARING PROPERTIES 

The rocks that crop out in Quay County range in age from Triassic 
to Recent. Their distribution is shown on the geologic map (pl. 2). 

Unconsolidated rocks, such as sand and gravel of the Ogallala 
Formation, are usually the best aquifers. Coarse-grained, poorly ce-
mented rocks, such as the Entrada Sandstone, are good aquifers, and 
shale and siltstone, such as the Chinle Formation, are poor aquifers. 
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PERMIAN SYSTEM 

Rocks of Permian age do not crop out in Quay County. No wells 
drilled for water in the county have penetrated rocks of Permian age, 
but oil-test wells have penetrated Permian and older rocks. 

Yield or quality of water in the Permian rocks is not known except 
for oil-test well 11.28.30.232, which flowed about 1000 gpm. This 
water had a dissolved solids content of about 7000 ppm, which is too 
highly mineralized for ordinary use. (See table 3 for analysis.) 

TRIASSIC SYSTEM 

Rocks of the Triassic System that crop out in Quay County in-
clude deposits of the Santa Rosa Sandstone and the overlying Chinle 
and Redonda formations, which together constitute the Dockum 
Group of Late Triassic age. The Chinle and Redonda formations are 
part of Darton's "red beds" (Darton, 1928a). The Redonda Member of 
the Chinle Formation was raised to formation rank by Griggs and 
Read (1959, p. 2006). 

Santa Rosa Sandstone 
The Santa Rosa Sandstone consists of sandstone with 

interbedded layers of clay, shale, and conglomerate. The sandstone 
strata typically are gray, although some are red or brown. They are 
fine- to coarse-grained, thin-bedded to massive, and locally cross-
bedded. Sorting of the quartz grains is poor to fair. The sandstone 
contains small amounts of fossil wood and bone. The conglomerate 
is composed of fine to coarse gravel of quartzite, shale, and igneous 
rocks. The sandstone and conglomerate usually are well cemented 
with calcareous material and form bluffs in outcrops; some 
weathered outcrops give the appearance of a limestone. The clay 
and shale layers are reddish orange, maroon, dark red, or variegated. 
Beds of low-grade coal about 3 inches thick crop out in the 
southeast corner of sec. 15, T. 13 N., R. 36 E. Poorly preserved 
clam shells are in black clay beds, 1 to 3 feet thick, interbedded with 
the coal. 

About 140 feet of Santa Rosa are exposed in the valley of the 
Canadian River one mile south of Logan (pl. 2). The log of oil-test 
well 13.34.9.333 indicates that the Santa Rosa is 375 feet thick; it 
may be as much as 450 feet thick near the Canadian River. 

The Santa Rosa Sandstone yields 1 to 50 gpm of water to wells. 
Several springs yield 1 to 150 gpm from the Santa Rosa (table 2). The 
water from the Santa Rosa generally is satisfactory for stock and do-
mestic use. 

The water table in the Santa Rosa Sandstone slopes toward the 
Canadian River and its tributaries, which serve as drains. Water in the 
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Santa Rosa Sandstone may be under artesian pressure in T. 12 N., R. 
32 E. 

Much of the recharge to the aquifer is derived from local pre-
cipitation. The Santa Rosa Sandstone also is recharged in its outcrop 
area in Guadalupe and San Miguel counties, and water may move 
from these areas into Quay County. 

Chinle and Redonda Formations 
The Chinle and Redonda formations consist mainly of red shale 

and red siltstone. The Redonda overlies the Chinle and was not 
mapped separately as it is similar hydrologically and lithologically 
to the Chinle Formation. These rocks are exposed or thinly covered 
with alluvium in half the county. Oil tests have penetrated 1230 
feet of these rocks. 

Both formations consists of sandstone, clay, siltstone, shale, and 
limestone. The shale generally is red to purplish red. The sandstone 
beds are red or gray, generally fine-grained and well cemented. They 
range in thickness from about 1 foot to about 100 feet. The clay and 
siltstone generally are red or gray but may be orange, blue, or green. 
The limestone beds are thin and commonly gray. 

The Chinle is an important source of stock and domestic water 
because of the absence of a better aquifer. The Chinle may yield as 
much as 20 gpm, but many wells obtain less than 1 gpm. Springs 
along the Canadian River discharge 0.2 to 10 gpm from the Chinle. 
The Redonda yields very little water to wells, so most wells are 
drilled to the underlying Chinle. 

The water from these rocks generally is highly mineralized and 
some is reported unusable even for stock. Of 19 samples of water 
from the Chinle and Redonda formations for which an analysis of 
dissolved solids was made, 15 samples contained more than 1000 
ppm, the limit recommended for domestic use by the U.S. Public 
Health Service (1962). The beds of sandstone and lower shale often 
yield water of better quality and quantity than that in the upper shale 
layers. In three wells, 10.35.29.222a, 11.32.19.424a, and 
11.32.30.422, the quality and quantity of water reportedly were 
improved by drilling to a deeper water-bearing zone and by sealing 
off the water of poorer quality in the upper zone. 

JURASSIC SYSTEM 

Rocks of the Jurassic System in Quay County are the Entrada 
Sandstone (San Rafael Group) and the Morrison Formation, both of 
which are Late Jurassic in age, and shale and siltstone of Jurassic age. 

The Entrada Sandstone was referred to as the Wingate(?) by Do-
brovolny, Summerson, and Bates and was later correlated with the 
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exposures at Entrada Point in northeastern New Mexico by Barker, 
Dane, and Reeside (1947). 

The Morrison Formation was described and named by Eldridge 
(Emmons, Cross, and Eldridge, 1896, p. 60-62) for the town of 
Morrison near Denver, Colorado. By correlation, Lee (1902, p. 57) 
applied the name in northern New Mexico, and subsequent workers, 
including Darton (1928a,b), Dobrovolny, Summerson, and Bates, and 
Griggs and Hendrickson (1951), have used it near and in Quay 
County. 

Entrada Sandstone 
The Entrada Sandstone in Quay County consists of three units: a 

lower sandstone, a middle limestone, and an upper sandstone. The 
sandstone units are fine- to medium-grained, friable, light buff or 
white, even- to cross-bedded or massive. Much of the sandstone can 
be reduced to loose sand by rubbing it between the fingers. The 
sandstone grades to a siltstone in some places. The limestone unit is 
thin-bedded and slabby and is present only in the extreme western 
part of the county. 

The Entrada crops out as a prominent white to light gray or light 
buff band in the bluff around Louisiana Mesa and southwest of Ima, 
around the flanks of Mesa Rica, and the associated upland masses, 
including the Palomas hills, Liberty Mesa, and hills west of 
Tucumcari, and the smaller outliers, such as Circle-S Mesa, Mesa 
Redonda, and Tucumcari Mountain. The thickness of the Entrada 
Sandstone ranges from about 60 feet on the north side of Louisiana 
Mesa to about 240 feet at Metropolitan Park, west of Tucumcari. 

The yield of wells tapping the Entrada Sandstone ranges from 1.5 
to 250 gpm. High yields are obtained from the Entrada where the 
formation is thick and under artesian pressure, such as in the Metro-
politan Park area. In such an area, well 11.29.13.133 (Tucumcari west 
field well number 2) reportedly flowed when drilled. 

The Entrada Sandstone is recharged on the outcrop areas west of 
Tucumcari by precipitation, by runoff across outcrops in beds of inter-
mittent streams, and by leakage from irrigation ditches and the Con-
chas Canal. 

The chemical quality of the water in the Entrada Sandstone is 
generally good, though hard. The sulfate content may be increasing 
locally because of recharge to the formation from seepage of high-
sulfate water in the Conchas Canal (Trauger and Bushman). 

Morrison Formation 
The Morrison Formation crops out in the western and southeastern 

parts of Quay County. It unconformably overlies the Entrada Sand-
stone. The Morrison Formation was identified and mapped in Quay 
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County by Darton (1928a,b) and by Dobrovolny, Summerson, and 
Bates. 

The Morrison consists of clay, shale, and sandstone. Well logs 
indicate that the formation may be as much as 240 feet thick. The 
sandstone layers are near the base and the top of the formation, 
most of which consists of layers of variegated shale and clay. 
Pebbles of chalcedony are present in a clay bed near the base. 

Sandstone beds of the Morrison yield 1 to 2 gpm of water to wells. 
The clay and shale beds yield little or no water. The water is of good 
chemical quality. 

Trauger (Trauger and Bushman, p. 25) has pointed out the sim-
ilarity of the sequence of beds in the Jurassic System to those in the 
Triassic System. This similarity has caused some well drillers to 
believe they have reached the red beds of the Triassic and to stop 
drilling, whereas they were actually in the Morrison Formation and 
would penetrate the Entrada Sandstone if drilling were continued. 
As the Entrada is capable of yielding as much as 250 gpm of good 
quality water to wells, a geologic map should be consulted prior to 
drilling so that the formations to be penetrated will be known and 
drilling is not stopped too soon. 

Shale and Siltstone 
Rocks exposed between the Chinle Formation of Triassic age 

and the Tucumcari Shale of Early Cretaceous age, or the Ogallala 
Formation of Pliocene age, in southeastern Quay County in the 
vicinity of the Bonita Fault zone were examined, mapped, and 
identified as being of Jurassic age by Alfred Clebsch, Jr. 

These rocks consist of variegated shale and siltstone. The 
siltstone is 20 to 60 feet thick, the shale about 15 feet thick. The beds 
of silt-stone are buff to grayish orange, well cemented, and poorly 
sorted. The shale is red or maroon with gray mottling. These rocks 
are not known to yield water to wells in Quay County. 

CRETACEOUS SYSTEM 

The Cretaceous rocks in Quay County include the Lower Cre-
taceous Pajarito Shale, Mesa Rica Sandstone, and Tucumcari 
Shale. 

The Tucumcari Shale consists of sandy shale containing an abun-
dance of marine fossils and thin beds of calcareous sandstone. These 
rocks are gray, buff, tan, or yellow and have a maximum thickness of 
about 60 feet. 

The Mesa Rica Sandstone is a white, brownish buff, orange, or 
yellow, cross-bedded, medium- to coarse-grained, well-cemented 
sandstone that is massive and cliff-forming. The Mesa Rica has a 
maximum thickness of about 120 feet and is gradational with the 
underlying Tucumcari Shale. 
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The Pajarito Shale overlies the Mesa Rica and consists of gray 
fossiliferous shale and soft brown sandstone. It has a maximum 
thickness of about 80 feet. 

The Cretaceous rocks in Quay County yield little or no water to 
wells, except on the High Plains where some wells obtain yields gen-
erally less than 3 gpm. The quality of the water from the Cretaceous 
rock is generally satisfactory for all uses. 

TERTIARY SYSTEM 

Ogallala Formation 

The Ogallala Formation of Tertiary (Pliocene) age crops out in 
northern and southern Quay County (pl. 2) and underlies most of the 
surface of the High Plains. The formation lies unconformably on 
rocks of Triassic, Jurassic, and Cretaceous ages. The Ogallala was 
deposited over all of Quay County but has been removed by erosion 
in the central and southwestern parts. The Ogallala was described by 
Darton (1898, p. 732-742) and named by him for outcrops of the 
formation around Ogallala, Keith County, Nebraska. 

The Ogallala Formation consists of stratified sand, gravel, clay, 
silt, and caliche. Locally, it is covered by younger deposits of 
windblown sand and alluvium. 

The composition of the formation varies within short distances, 
both vertically and laterally. At most places, gravel beds composed 
of igneous and sedimentary material are at the base of the 
formation. Sorting is poor to fair and the size of the material ranges 
from very fine-grained sand to boulders. Bretz and Horberg (1949) 
reported boulders as much as 14 inches in diameter in conglomerate 
three miles north of Taiban in DeBaca County, eight miles south of 
the QuayDeBaca county line. The sand, clay, and silt in the Ogallala 
are well sorted to poorly sorted, interbedded, and intermixed. The 
color of the sediments is white, gray, brown, tan, yellow, red, or 
blue. 

Where the sediments are indurated by calcium carbonate cement, 
they form hard beds commonly called caliche. Caliche beds at or 
near the surface are termed caprock and are the most commonly 
observed part of the Ogallala Formation, because they form the 
cliffs, or cap-rock, along the top of the slopes separating the High 
Plains from the lowland plains. The caliche often contains sand, silt, 
or clay. The color of freshly broken caliche is light gray, tan, cream, 
or pink, but the weathered surfaces generally are dark gray. 
Detached fragments commonly weather into hard boulders or slabs. 

The thickness of the Ogallala Formation varies from 0 to 260 
feet in Quay County. Most of the irrigation wells penetrate about 
100 feet of Ogallala although a few wells in both the north and 
south High Plains areas have penetrated more than 200 feet. 
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The Ogallala yields from 0.1 to 1600 gpm to wells; low yields 
are obtained where only a few feet of saturated material are present 
or where the formation is clayey or mostly caliche. High yields are 
obtained where many feet of saturated unconsolidated sand and 
gravel are present, such as in the House area, where wells yield as 
much as 1600 gpm. Low yields are obtained from the Ogallala in 
the northern part of the county. 

Recharge to the Ogallala is from local precipitation. Theis 
(1936, p. 152) estimated that recharge on the High Plains in Lea 
County averaged about half an inch a year during years of near 
normal precipitation. Drainage ways and surface depressions 
probably are the main areas of recharge. Sand deposits in the 
north part of the county probably help to retain precipitation for 
recharge to the underlying Ogallala. 

Water in the Ogallala moves in a general southeasterly direction 
(pl. 1). In the southern part of the county, the water table has been 
modified by the underlying eroded, channeled surface of the 
Triassic red beds and concentration of pumping. The decline of 
water levels for a period of 22 years is shown in Figure 5. In a five-
square-mile area of concentrated pumpage, water levels have 
declined 20 to 32 feet during the period from 1942 to 1964. 

This decline is an indication of the concentration of pumpage. 
Changes in ground-water levels are described in annual reports pub-
lished by the New Mexico State Engineer. In the northern part of the 
county, the water table has a more regular slope to the south-southeast, 
probably because of less channeling in the eroded surface of the 
underlying Triassic rocks and less concentration of pumpage. 

The quality of the water in the Ogallala generally is satisfactory for 
most uses. Total hardness is about 200 ppm (table 3). The fluoride 
content is above the 1.0 ppm recommended for domestic use in the 
five samples of water from the Ogallala for which this constituent was 
determined. 

QUATERNARY SYSTEM 

The deposits of Quaternary age in Quay County include an up-
land cover of older alluvium, younger alluvium, and dune sand. 
The older alluvium generally lies topographically above the present 
drainage, and the younger aluvium, of Recent age, occurs along the 
stream courses and drainageways. Extensive sand dunes of Recent 
age locally overlie the Ogallala Formation, the younger alluvium, 
and the upland cover of older alluvium. 

Upland Cover of Older Alluvium 
The unconsolidated rocks mapped as upland cover of older allu-

vium consist of alluvium and terrace gravels of Pleistocene age. These 
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deposits were differentiated arbitrarily from the younger alluvium of 
Recent age by topographic position. The older alluvium covers 
benches between the drainageways of many of the major streams and 
includes windblown sand and slope wash from the flanks of the High 
Plains and nearby mesas. 

The upland cover of older alluvium usually is poorly sorted, un-
consolidated, silty sand that locally contains large quantities of clay or 
gravel. 

The characteristics of the upland cover of older alluvium usually 
are similar to the source material. Thus, alluvial material derived 
from the Chinle Formation is red or pink, fine-grained clayey sand 
and silt; alluvial material derived from the Ogallala is light gray or 
tan, medium- to coarse-grained sand. A fair to good soil usually has 
developed on the upland cover. 

The upland cover of older alluvium is less than 20 feet thick in 
most of the county; however, at Tucumcari it may be as much as 600 
feet thick. The thick deposit of gravel, sand, silt, and clay underlying 
Tucumcari is believed to be fill material in a depression caused by 
solution and collapse (Trauger and Bushman). 

The yield from wells tapping the older alluvium generally is about 
0.25 to 16 gpm, except in the Town well field at Tucumcari, where 
yields as great as 325 gpm are reported from wells penetrating the 
thick section. Large yields could be obtained from wells penetrating 
saturated buried channel gravels if they are present in the older 
alluvium. 

The chemical quality of the water in the upland cover of older 
alluvium varies considerably. The sulfate content ranged from 18 to 
576 ppm in the 11 samples for which this constituent was analyzed. 
The specific conductance ranged from 457 to 4020 micromhos in 12 
samples. Water high in sulfate is unsatisfactory for domestic use, 
and water with a specific conductance of more than 3000 is 
generally unsatisfactory for irrigation. 

Younger Alluvium 

Alluvium of Recent age occurs along the stream courses and drain-
ageways and consists of poorly sorted sand, gravel, silt, and clay. 
Where it forms a thin cover on the relatively impermeable Chinle 
Formation, it may contain perched ground water. 

The younger alluvium is widely distributed throughout the 
county and was mapped principally on the basis of its hydrologic 
importance as a source of ground water. A few wells that obtain 
water from this alluvium are not shown on Plate 1 because of the 
small scale of the map. 

The thickness of the younger alluvium may be as great as 80 feet in 
the channel of the Canadian River, but it generally is less than 30 feet 
in the channels of the tributaries. 
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Yields of 0.25 to 9 gpm are obtained by wells that tap the 
younger alluvium. In the channel of Pajarito Creek, wells probably 
could obtain yields of as much as 200 gpm from the saturated 
alluvium. 

The quality of the water in the younger alluvium generally is 
satisfactory for most uses, although it may be highly mineralized. 
Water that has its source from irrigation return or seepage from the 
Conchas canal system may be high in sulfate. 

Dune Sand 
Extensive sand dunes of Recent age locally overlie the Ogallala 

Formation in the north and the upland cover of older alluvium of 
Quaternary age and older formations in the central part of Quay 
County. They are absent from the High Plains in the southern part of 
the county except for small, isolated areas. 

The dune sand is mostly very fine- to medium-grained, 
subangular to subrounded quartz, fairly well sorted. It is generally 
uncemented but is locally indurated by clay. Some of the dunes are 
stabilized by grass. 

The thickness of the dune sand is less than 50 feet in most of the 
county but may be as much as 100 feet in T. 14 N., R. 34-36 E. 

The dune sand is believed to be above the water table in all of Quay 
County and therefore does not yield water to wells. It forms an excellent 
catchment area for rainfall, thus facilitating recharge to the underlying 
formations. 

STRUCTURE 
The rock strata in Quay County dip generally southeastward at 

about two degrees. The regional dip is interrupted by local 
structures, such as the structural basins near Tucumcari, the Bonita 
Fault, and several broad anticlines and elongate domes 
(Dobrovolny, Summerson, and Bates). 

The structural basins are excellent sources of ground water 
(Trauger and Bushman). The large, roughly oval, structural basin 
west of Tucumcari has several anticlinal ridges within the large 
syncline. Diagrammatic sections (pls. 3, 4, 5) show the major 
structures of the rocks of Quay County. The stratigraphy and 
structure as interpreted by Dobrovolny, Summerson, and Bates have 
been used as a guide in the compilation of the diagrammatic 
sections. Table 6 lists the logs of the wells used in these 
diagrammatic sections. 

The Bonita Fault is a normal fault which truncates several folds 
and has a downward displacement on the northwest side of about 200 
to 300 feet (Dobrovolny, Summerson, and Bates). The full extent or 
nature of the fault is not known; it apparently is a part of a faulted 
zone that probably is less than half a mile wide, rather than being a 
single line of displacement. 



C h e m i c a l  Q u a l i t y  o f  W a t e r
All rocks are soluble to some extent, some more so than others. 

Water moving across or through rocks takes part of the rock into 
solution. The material in solution determines the chemical quality of 
the water. Therefore, the chemical quality of ground water and 
surface water at any place reflects the kinds of rocks in which the 
water is found or through which the water has passed. 

Chemical analyses for 157 samples of water from wells and 
springs in Quay County are given in Table 3 and for 18 samples of 
surface water in Table 4. The significance and recommended limits 
of the most common dissolved mineral constituents and properties 
in water are listed in Table 5. 

The chemical suitability of water can be evaluated only on the 
basis of its intended use. For example, water high in sulfate may not 
be acceptable for domestic use but might be suitable for irrigation. 
For more detailed reports on the origin and significance of the 
chemical quality of water, the reader is referred to publications by 
Hem (1959) and the U.S. Public Health Service. 

The data collected by Hem and Hughes (1948) provide the basis 
for comparison of changes in the quality of water in the Tucumcari 
area. The chemical quality of shallow ground water in the irrigated 
areas near Tucumcari has deteriorated since irrigation was started 
using water imported from Conchas Reservoir (Trauger and 
Bushman, p. 103). The water in Conchas Reservoir has a sulfate 
concentration that is variable but which generally is more than 250 
ppm (Hem, 1952, table 5). 



Water Utilization 
Ground water is used in Quay County for irrigation, domestic, 

stock, municipal, and industrial supplies. Surface water is used for 
irrigation, stock ponds, and recreation. 

Irrigation wells have been developed in the High Plains areas of Quay 
County, with the major irrigation concentrated near House. Irrigation 
with ground water from the Ogallala Formation began near House in 
1936 (Reeder et al., 1962, p. 18). The irrigated acreage in that area 
gradually increased from an estimated 190 acres in 1936 to about 4400 
acres in 1950 and then decreased to about 3000 acres by 1960. 

Water levels have declined in the House area (fig. 6) as a result 
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of pumping of ground water for irrigation and insufficient recharge. U. 
N. Benge reported (Reeder et al., 1962, p. 8-9) that some irrigation 
wells have been abandoned in the House area because of insufficient 
yield resulting from the lower water levels and that land formerly irri-
gated is now dry-farmed. Water levels in the House area have declined 
and risen in response to irrigation practices and recharge (fig. 5). The 
large increase in precipitation in 1960 over that for 1959 accounts for 
the decrease in pumpage in 1960 (Ballance et al., 1962, p. 10). 

Ground water is used for domestic and stock supplies throughout 
the county. Table 1 lists many of the domestic and stock wells with 
information on their depth, water level, and aquifers. The quantity of 
water used for these purposes has not been estimated. 

Ground water is the source of supply for all municipalities in 
Quay County. Dinwiddie (1964) listed details as to population 
served, quantity of water used, treatment, sewage system, and 
adequacy of supply and storage for the communities of House, 
Logan, Nara Visa, San Jon, and Tucumcari. Trauger and Bushman 
described in detail the history and development of the water supply 
for the city of Tucumcari. 

Surface water has been diverted since September 1945 to the 
Conchas Canal for irrigation of lands in the Arch Hurley Conservancy 
District (fig. 1). In 1962, 83,000 acre-feet of water were diverted to 
the Conchas Canal, according to the Conservancy District's annual 
report to the Bureau of Reclamation. The water was used to irrigate 
about 34,400 acres. 

A general rise of water levels in wells in the irrigation project area 
has resulted from irrigation with this imported water. Water levels have 
risen about 40 feet in some areas, such as T. 11 N., R. 32 E. A 
depression at the east side of Tucumcari, called Tucumcari Lake, has 
been filled with water for several years because ground-water levels 
around the depression have risen higher than its bed (Trauger and 
Bushman). 

Ground-water levels have risen in the vicinity of Pajarito Creek, 
northwest of Tucumcari, as a result of leakage from Conchas Canal 
and its laterals and from recharge in the irrigated areas to the extent 
that ground water discharges to Pajarito Creek, and it now has year-
round flow in this area (Trauger and Bushman). 



R  e f  e r e n c e s
Barker, A. A., Dane, C. H., and Reeside, J. B., Jr. (1947) Revised correlation of Jurassic 

formations in parts of Utah, Arizona, New Mexico, and Colorado, Am. Assoc. Petrol. 
Geol. Bull., v. 31, p. 1664-1668. 

Ballance, W. C. et al. (1962) Ground-water levels in New Mexico, 1960, N. Mex. State Engr., 
Tech. Rpt. 27, 215 p. 

Bretz, J. H., and Horberg, C. L. (1949) Caliche in southeastern New Mexico, Jour. Geol., v. 
57, n. 5, p. 491-511. 

Darton, N. H. (1898) Geology and water resources of Nebraska west of the one 
hundred and third meridian, US. Geol. Surv., Nineteenth annual rpt., pt. 4, p. 
719-785. 

---- (1928a) "Red beds" and associated formations in New Mexico; with an outline 
of the geology of the state, US. Geol. Surv., Bull. 794, 356 p. 

(1928b) Geologic snap of New Mexico, US. Geol. Surv. 
Dinwiddie, G. A. (1964) Municipal water supplies and uses, northeastern New Mexico, N. 

Mex. State Engr., Tech. Rpt. 29B, 64 p. 
Dobrovolny, Ernest, Summerson, C. H., and Bates, R. L. (1946) Geology of north-

western Quay County, N. Mex., U.S. Geol. Surv., Oil and Gas Inv., Prelim. Map 
No. 62. 

Emmons, S. F., Cross, W., and Eldridge, G. H. (1896) Geology of the Denver basin in 
Colorado, U.S. Geol. Surv., Mon. 27. 556 p. 

Griggs, R. L., and Hendrickson, G. E. (1951) Geology and ground-water resources of San 
Miguel County, New Mexico, N. Mex. Inst. Min. and Tech., State Bur. Mines and 
Mineral Res., Ground-Water Rpt. 2. 

Griggs, R. L., and Read C. B. (1959) Revisions in stratigraphic nomenclature in Tucumcari—
Sabinosa area, northeastern New Mexico, Am. Assoc. Petrol. Geol. Bull., v. 43, n. 8, p. 
2003.2007. 

Hem, J. D. (1952) Quality of water, Conchas Reservoir, New Mexico, 1939.49, U.S. Geol. 
Sum, Water-Supply Paper 1110-C, p. 83-127. 

 ________________  (1959) Study and interpretation of the chemical characteristics of natural 
water, U.S. Geol. Surv., Water-Supply Paper 1473, 265 p. 

, and Hughes, L. S. (1948) Quality of water in the Tucumcari irrigation 
project, Quay County, New Mexico, U.S. Geol. Surv., Open-file Rpt., 15 p. 

Lee, W. T. (1902) The Morrison shales of southern Colorado and northern New Mexico, Jour. 
Geol., v. 10, p. 36-58. 

McKee, J. E., and Wolf, H. W. (1963) Water quality criteria (2nd ed.): [California] State 
Water Quality Control Board, pub. n. 3-A, 548 p. 

Reeder, H. 0. et al. (1962) Ground-water levels in New Mexico, 1958, N. Mex. State Engr., 
Tech Rpt. 23, 288 p. 

Theis, C. V. (1936) Progress report on the ground water supply of Lea County, New Mexico, 
N. Mex. State Engr., Eleventh biennial rpt., p. 128-153. 

Trauger, F. D. (1953) Ground-water for irrigation in the Nara Visa and Porter 
areas, Quay County, New Mexico, U.S. Geol. Sun•., Open-file Rpt., 4 p. 

, and Bushman, F. X. (1964) Geology and ground water in the vicinity of 
Tucumcari, Quay County, New Mexico, N. Mex. State Engr., Tech. Rpt. 30, 178 
p. 

U.S. Bureau of the Census (1960) Census of population, New Mexico, U.S. Dept. Commerce, 
12 p. 

U.S. Public Health Service (1962) Drinking water standards, Public Health Serv., Pub. No. 
956, U.S. Govt. Printing Ofc., 61 p. 







 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





 



 





 



 



 





 



 



 



 



 






	Title
	Content
	Abstract
	Introduction
	Well-numbering system
	Geographic setting

	Ground Water and Geology
	Geologic formations and their water-bearing properties

	Chemical Quality of Water
	Water Utilization
	References



