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GEOLOGY AND GROUND WATER IN THE VICINITY OF TUCUMCARI, 

QUAY COUNTY, NEW MEXICO 

By 

F. D. Trauger and F. X. Bushman 

ABSTRACT 

This report describes the geology and the occurrence of ground 
water in the vicinity of Tucumcari, northwestern Quay County, N. Mex. 
The study was made by the U.S. Geological Survey in cooperation with 
the New Mexico Bureau of Mines and Mineral Resources, a division of New 
Mexico Institute of Mining and Technology, the New Mexico State 
Engineer, and the city of Tucumcari. 

The area described lies wholly within the Canadian basin part of 
the Pecos Valley section of the Great Plains province (see p.8). The 
relief is moderate, the topography subdued to bold. High mesas are 
separated by cut plains of low relief and alluviated stream valleys. 

Rocks deposited during the Mesozoic Era and exposed in the vicinity 
include the Chinle and Redonda Formations of Late Triassic age, the 
Entrada Sandstone and the Morrison Formation of Late Jurassic age, and 
the Tucumcari Shale, Mesa Rica Sandstone, and Pajarito Shale of Early 
Cretaceous age. The Tertiary Period is represented by the Ogallala 
Formation of Pliocene age. Alluvial deposits of Quaternary age cover 
much of the area. 

The Chinle and Redonda Formations consist of red and variegated 
clay and siltstone. They yield only small supplies of water to wells. 
The Entrada Sandstone is composed of clean, well-sorted, mostly fine to 
very fine quartz grains and has little or no cement. It is the principal 
aquifer in the area. The Morrison Formation is composed of red and 
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variegated clay, fine, soft sandstone and sandy shale, and medium
grained hard sandstone. Some water is obtained from the soft sandstone 
and sandy shale. The Tucumcari Shale, Mesa Rica Sandstone, and Pajarito 
Shale consist mostly of sandstone and sandy shale. They occur above the 
regional water table generally and are not important as aquifers. The 
Ogallala Formation is present locally as caliche caprock. The alluvium 
of Quaternary age consists of stream and terrace gravel and windblown 
sand. It yields small to modera tely large amounts of wa ter to wells. 

The similarity of the basal red beds of the lower part of the 
Morrison Formation and the overlying light-colored sandstone beds of the 
middle part of the Morrison Formation to the red beds of the Redonda 
Formation and the light-colored beds of the Entrada Sandstone has con
fused some water-well drillers and resulted in some unsuccessful wells. 
In such instances, drilling was halted in the basal red beds of the 
Morrison on the supposition that the Entrada Sandstone had been pene
trated and the Redonda or Chinle entered without encountering water. 
The wells could have been successfully completed by drilling a few tellS 
of feet deeper, into the Entrada Sandstone beneath. 

Ground water occurs under water-table conditions in the alluvium, 
but generally is under artesian conditions in the older rocks in the 
structural basins. The direction of ground-water movement is toward 
Pajarito Creek, which in a general way follows the axis of the principal 
synclinal structure of the area. Recharge to the Entrada Sandstone, the 
principal aqUifer, takes place primarily where the sandstone crops out 
on the margins of the area, and where streambeds cross the exposed sand
stone. Discharge occurs from wells and by efflUence to Pajarito Creek. 

The coefficient of transmissibility for the Entrada Sandstone is 
relatively small, about 1,500 gpd (gallons per day) per foot. Pumping 
tests show that drawdown of water levels in the Entrada Sandstone tends 
to be excessive and that interference between closely-spaced wells is 
comparatively great. Interference between wells will be minimized if 
development of water in the Entrada Sandstone is accomplished by 
construction of wells at widely spaced intervals. 

The Entrada Sandstone in the structural basins west of Tucumcari 
and the older alluvium underlying the city together contain ground water 
sufficient to supply the city and rural domestic and stock needs for 
several hundreds of years at the current rate of use. 

The quality of the ground water of the area generally is good -- low 
in chloride, free of odor and color, and containing fluoride in quantities 
generally recognized as being beneficial. The water, however, is hard. 
Some contamination of ground water by sulfate-rich surface water imported 
for irrigation has occurred locally, and additional contamination is 
probable under eXisting conditions of use of the imported water. 



INTRODUCTION 

A system of structural basins embracing an area of about 350 square 
miles lies in the western part of Quay County and the southeastern part 
of San Miguel County. The geologic and hydrologic investigations upon 
which this report is based were made in that part of the basin system 
extending generally south and west of Tucumcari, mostly in Tps. 9 to 11 
N., Rs. 28 to 30 E., and including an area of about 290 square miles 
(fig. 1). The main water supply for the city of Tucumcari is obtained 
from well fields constructed in this area since 1938. 

City officials of Tucumcari were concerned almost continuously from 
about 1910 to 1953 with the problem of providing a supply of water ade
quate for current and future municipal needs. The first civic wells had 
been drilled in town about 1910. Water levels at that time were declin
ing in wells, also in the town area, drilled about 1900 for the Chicago 
and Rock Island Railroad. The city development increased the rate of 
decline of water levels and yield in the wells already developed. 

Studies were made by the U.S. Bureau of Reclamation during 1944 and 
1945 of the possibility of obtaining municipal water from Conchas Canal 
of the Tucumcari Irrigation Project, then under construction, which 
brings water to the area from Conchas Lake (see p. 77). One study was 
made for the city by Headman, Ferguson, Carollo, and Classen, consulting 
engineers, in 1945, and another was made by the Hatfield Engineering Co., 
in 1947. Both the Classen and Hatfield studies, as they are known, were 
primarily engineering investigations which used available geologic data 
as a basis for making recommendations concerning the location and devel
opment of additional wells and well fields. The Bureau of Reclamation 
prepared an interim report which summarized the various plans submitted. 

During the autumn of 1951 and winter of 1952, city officials dis
cussed the problem on various occasions with representatives of the New 
Mexico State Legislature, State Engineer, Interstate Stream Commission, 
Bureau of Mines and Mineral Resources, Arch Hurley Conservancy District, 
U.S. Bureau of Reclamation, U.S. Corps of Engineers, and U.S. Geological 
Survey. As a result of the conferences, an agreement was reached provid
ing that personnel of the Geological Survey and State Bureau of Mines 
would make a reconnaissance of water reSources of the area in the spring 
of 1952 to determine the type and extent of a program that would be re
quired to furnish data for use in an overall report on the problem. 
Data collected during the reconnaissance provided the basis for evalu
ating the ground-water problem of the city and resulted in the detailed 
investigation upon which this report is based. 

This report describes the geology and ground-water resources in 
areas south and west of Tucumcari. The investigation was a cooperative 
project of the city, the New Mexico State Engineer, New Mexico Bureau of 
Mines and Mineral Resources, and U.S. Geological Survey. Its purposes 
were 1) to determine long-term effects of continuous heavy pumping in 
the municipal well fields, 2) to determine the direction of movement of 
ground water and the source and approximate amount of recharge to the 
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principal aquifer, 3) to determine areas where additional supplies of 
ground water might be developed, 4) to determine the general quality of 
ground water available for use, and 5) to determine what effects impor
tation of surface water from Conchas Lake for irrigation in the area 
would have on the quality and quantity of ground water available for 
municipal supply. 

A comprehensive well canvass was begun by F. D. Trauger, U.S. 
Geological Survey, in the latter part of August 1952, and was continued 
through mid-April 1953. During this time F. X. Bushman, State Bureau 
of Mines and Mineral Resources, assisted by Trauger, made tests on 
selected wells. The results of these controlled tests are incorporated 
in this report in the section on hydrology. 

A geologic reconnaissance was made to study the relationships of 
the different rock formations. Outcrops were examined and geologic 
sections were measured on Tucumcari Mountain and Liberty Mesa, where the 
formations are well exposed. Partial sections were measured elsewhere 
in the project area and rock samples were collected for laboratory 
testing of their hydrologic characteristics. Because a generally ade
quate geologic map was available, geologic mapping was restricted to 
determining more accurately the extent and relative age of the alluvial 
cover. 

Water samples were collected from wells for analysis to determine 
the general quality characteristics of water in the different geologic 
formations. In addition, a program of periodic sampling of selected 
wells was begun to determine to some degree the effect of canal and 
irrigation seepage water on the natural ground water in the project area. 
Analyses of water samples collected during this investigation were made 
by the Quality of Water Branch of the U.S. Geological Survey, under the 
supervision of J. D. Hem, District Chemist. 

Employees of the city of Tucumcari, in accordance with suggestions 
made by C. S. Conover of the Geological Survey, kept records of the 
pumpage and power consumption of city wells. Personnel of the city also 
assisted in the establishment and maintenance of recording gages on 
observation wells and in the collection of water samples. That assis
tance was of much help,and special acknowledgment is made to Clyde White 
and Herman Johnson of the city water department for their cooperation. 
The Bureau of Reclamation office in Tucumcari made available data on 
water levels in numerous wells in the project 
profiles containing much useful information. 
provided copies of logs of their water-supply 

area and various maps and 
The Southern Pacific Co. 
wells and of test wells 

drilled in the city area, and a copy of a geologic report prepared in 
1927 by company geologists John Melhase and Carl Stoddard. Many of 
these data, together with the records of city-owned wells, are included 
in this report. 

Previous Hydrologic and Geologic Investigations 

Geologic reports on the Tucumcari area since the Hayden Survey of 
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1876 have been concerned chiefly with the geology and nomenclature of 
the l'ocks ra ther than wi th the occurrence of ground Wa tel'. The earlies t 
known ground-water report concerning the Tucumcari area was made by 
Melhase and Stoddard (1927) for the Southern Pacific Co. The report 
described the stratigraphy, lithology, and structure of the area, and 
the source and distribution of the ground water. It reconunended test 
drilling in the area of the present Metropolitan Park well field. The 
report also tabulated the data available On railroad wells 1 through 32, 
drilled prior to April 1926, and gave a resume of the history of the 
wells and well development to that date. Part of that information is 
included in tables 1 and 5 of this report. 

C. R. Murray of the Geological Survey prepared a memorandum (1944) 
on the water supply for the city. Murray concluded that developmont of 
the aquifer underlying the Metropolitan Park well field "could be 
extended over a considerably larger area. IT A second brief report by 
Murray (1945) fOllowed a reconnaissance trip to the area in company with 
Ernest Dobrovolny of the Fuels Branch of the Survey, who at that time 
was preparing a geologic report on the northwestern part of Quay County, 
in collaboration with C. H. Sununerson and R. L. Bates. The second 
report by Murray summarized the geologic structure of the area west of 
the city; it also pOinted out that a well drilled along Pajarito Creek, 
ITabout a mile west of the east line of T. 11 N., R. 29 E., should 
encounter the Wingate sandstone a short distance below the surface,1! and 
that the sandstone there should be saturated. This is the location of 
the present West well field. 

Dobrovolny, Summerson, and Bates completed their study of the 
geology of the northwestern part of Quay County, and a report was pub
lished (1946) by the Geological Survey as Oil and Gas Investigations 
Preliminary Map 62. The map and accompanying text included the strati
graphy, lithology, and structure of that part of the county with which 
this report is concerned. The map was used as a base for the geologic 
map in this report. Adjustments in the structure contours were made 
Where additional data indicated the contours should be relocated. 

Population, Industry, and Resources 

Tucumcari in 1960 had a population of 8,143 living within the 
corporate limits of the city, according to the U.S. Bureau of the Census 
(1960). The city and the area within a radius of about 15 miles had a 
total population of 9,821. According to the 1950 census, the population 
of the city and the area within a radius of 4 miles of town was 9,170; 
of this number, 8,419 persons were reported to live within the corporate 
limits. In 1940 the population of the city was 6,194. 

Tucumcari is the trade center of an irrigated farming district that 
obtains water by canal from Conchas Reservoir, about 30 miles to the 
northwest; approximately 40,000 acres are irrigated. Crops consist 
mainly of broom corn, cotton, sorghum, alfalfa, and grass pasture. 
Fruit and vegetables are grown in small quantities for local markets. 
Some dry farming is practiced near Tucumcari, but most of the land 
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outside the irrigated area is devoted to the raising of livestock, 
principally cattle. 

In addition to being an agricultural center, Tucumcari is the 
junction point of the Southern Pacific and the Chicago, Rock Island, and 
Pacific railroads, which jointly maintain a large service center in the 
city. It also is a stopover for travelers on U.S. Highways 66 and 54. 

Ground water, surface water, grass, and soil are the main natural 
resources. DepOSits of gravel are worked to provide local sources of 
road metal and concrete aggregate. Ore depOSits in commercial quanti
ties have not been found, and prospect drilling for oil and gas has 
proved unsuccessful. 

Climate 

The climate of the Tucumcari area is semiarid, and the range in 
temperature is moderate. The annual average of maximum daily air tem
perature is 72.7°F, and the annual average minimum daily air temperature 
is 43.5°F. The mean annual temperature is 5SoF. Summer temperatures 
occasionally are above 100°F and winter temperatures sometimes are below 
OaF. The high temperature of record, 10SoF, was in June 1939, but in 
1941 the summer maximum did not exceed 95°F. The low of record, -14°F, 
was recorded in March 1945; in 1941 the minimum was 15°F. 

The average annual precipitation recorded by the U.S. Weather 
Bureau at the State experiment station 3 miles northeast of town is 14.47 
inches for the period 1905-60. Most of the precipitation falls during 
summer and usually is accompanied by electrical storms. These storms 
generally are local and climax periods of warm weather. Precipitation 
may be extremely heavy during storms of short duration. The city of 
Tucumcari precipitation station recorded 4.20 inches of rain on July 5, 
1951. On the same day, 3.54 inches was recorded at the airport, 5 miles 
east of Tucumcari, and 3.02 inches -- of which 1.90 inches fell in 1 
hour -- was recorded at a station 3 miles northeast of town. 

Winter precipitation commonly is in the form of snow. The snow 
usually melts between falls and does not accumulate to an appreciable 
depth. Snowfall averages about 10 percent of the total annual precipi
tation; however, transpiration and evaporation are at a minimum during 
winter months, and snowfall, therefore, constitutes an important part 
of the effective annual precipitation. 

Minimum, maximum, and average monthly precipitation records, in 
inches for the period 1905-60 at the U.S. Weather Bureau station 3 miles 
northeast of town, appear on page S. 

The average growing season is 191 days. The average date for the 
last killing frost is April 16; average date for the first killing frost 
is October 25. Killing frosts have been recorded as late as May 11 and 
as early as October 7. 
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Monthly Precipitation (in inches) near Tucumcari, 1905-60 

Minimum Maximwn 
of of 

Month Record Record Average 

Jan. 0.00 1.25 0.40 
Feb. .00 2.40 .44 
Mar. .00 3.69 .54 
Apr. T 4.27 .90 
May .00 9.36 2.38 
June .00 6.39 1.47 
July .56 11.19 2.47 
Aug. .12 8.38 2.41 
Sept. .00 7.23 1.46 
Oct. .00 7.51 .97 
Nov. .00 4.00 .53 
Dec. .00 4.27 .50 

Total 14.47 

Geomorphology 

The area of study lies wholly within the Canadian basin portion of 
the Pecos Valley section of the Great Plains province, as described by 
Fenneman.* The land forms primarily are those resulting from the deep 
dissection of a once-continuous plain formed on flat-lying or gently 
dipping beds, and the development at a lower elevation of cut plains of 
low relief and alluviated stream valleys separated by high mesas. 

The maximum relief is about 1,000 feet. The highest pOint is the 
swmnit of Tucumcari Mountain (altitude 4,967 feet), and the lowest point 
is the bed of Pajarito Creek (altitude approximately 3,950 feet), north
west of Tucumcari (pl. 1). The area may be divided into three parts -
the highland plains, the intermediate highlands, and the lowland plains. 

The highland plains are remnants of the once-continuous plain that 
extended across the area from the Canadian Escarpment about 10 miles 
north of Tucumcari to the Llano Estacado some 22 miles south of 
Tucumcari. The summits of Tucumcari Mountain, Liberty Mesa, Mesa Rica, 
Mesa Redonda (pl. 1), and unnamed mesas in the southern and western part 
of the area are remnants of the original plain. The relief on these 
upland surfaces ranges from a few feet on Tucumcari Mountain to as much 
as 100 feet on the surfaces of the larger mesas, where small streams are 
do,vncutting. V-shaped canyons 200 to 300 feet deep have been cut into 

* "The Pecos section is a long trougb lying between the Higb Plains on tbe east and the Basin and 
Range province on tbe west. Its boundaries are marked almost througbout by steep slopes 500 to 1,500 ft. 
high, but within these clearly marked limits tbe topograpby varies from flat plains to rocky canyon lands. 
The unity of the section consists in tbis, tbat the whole bas been eroded below tbe once continuous level 
of tbe High Plains and of the Raton section. The Llano Estacado, surfaced witb wasb from the mountains on 
the west, must once bave been continuous across what is now tbe Pecos section. The section conSists cbiefly 
of tbe valley of tbe Pecos River, but embraces also, at the north, a part of the Canadian Basin " 
N.M. Fenneman, 1931, p. 47. 
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the mesas where drainage has become integrated with major tributaries to 
lowland streams. These canyons are the initial stage in the development 
of the intermediate highland. 

The intermediate highland is considered to be the surface between 
the undissected summits of the highland plains and the surface of the 
lowland plains. It includes the well-defined hills that lie generally 
southwest of Tucumcari, the narrow V-shaped canyons cutting the mesas, 
and the slopes extending from the margins of the lowland plains up to 
the surfaces of the mesas. It is characterized by a late-mature topog
raphy in which ridges and crests are mostly rounded, drainage is inte
grated and well defined, and streams have developed meanders and small 
flood plains. 

The relief of the intermediate highland may be as much as 750 
feet -- approximately the difference in elevation between the lowland 
plain at the base of Tucumcari Mountain and summit of the mountain -
but is generally between 100 and 300 feet. The smoothness of the 
moderately steep, grass-covered slopes is interrupted locally by low 
scarps and benches where more resistant rock strata crop out. 

The lowland plain constitutes mainly the eastern and southern parts 
of the area. The relief of the plain is low, and generally is measured 
in tens of feet. Outliers such as Tucumcari Mountain, that rise several 
hundreds of feet above the surrounding area, accentuate the otherwise 
evenness of the plain. The plain was formed as a result of deep erosion 
and accompanying planation of the rocks underlying the highland plain, 
and subsequent deposition of river deposits over much of the resulting 
lowland surface. Renewed downcutting is sharpening somewhat the relief 
of the lowland plain and removing the alluvial deposits laid down during 
the previous cycle of deposition. A comparison of a guJly in the SE~ 
sec. 22, T. 10 No, Ro 28 Eo, as seen on aerial photographs taken in 1936, 
with the same gully as it existed in 1952 shows the gully progressed 
headward for approximately 0.3 of a mile during the 16-year period. 

The lowland plain south of the Palomas Hills stands about 200 feet 
above the level of the same plain on the north side of the hills. These 
discordant levels of two segments of the plain reflect differences in 
the rate of downcutting and planation by the streams draining the re
spective segments. The higher segment of the plain is just beginning to 
show on its margins the effect of the renewed erosion. The general sur
face is still smooth and grassy, and an automobile can be driven across 
it with relative ease without following established tracks. 

Drainage 

The study area is drained by two main intermittent streams that are 
tributary to the Canadian River (fig. 1). Pajarito Creek crosses the 
northern part of the area and flows to the Canadian River. Plaza Larga 
Creek, which also flows to the Canadian, forms approximately the areals 
southern margin. 
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The source of Pajarito Creek is near Cuervo, about 15 miles west of 
the Guadalupe-Quay County line. The creek trends eastward for about 30 
miles in a broad, deep valley, the floor of which is part of the lowland 
plainj thereafter, it flows for about 6 miles in a narrow canyon before 
emerging again onto the lowland plain 4 miles west of Tucwncari. 
Locally the stream has become entrenched in the plain to a depth of Some 
150 feet. 

Since 1945, when the Tucumcari irrigation project started delivery 
of water to farms (see p.77), Pajarito Creek has received sufficient 
water from canal and irrigation seepage to maintain a year-round flow 
from about sec. 13, T. 11 N., R. 29 E., to its junction with the 
Canadian River. Bluewater Creek, one of the main tributaries of Pajarito 
Creek, and Smith Creek, a minor tributary, also flow perennially as a 
result of canal and irrigation seepage. The flow in each stream appears 
a short distance downstream from the canal crossing. Bluewater Creek is 
reported to have had a natural perennial flow prior to 1945; the flow 
was fed by springs in the channel in the vicinity of Metropolitan Park. 
These springs no longer flow, but their sites may be identified by grassy 
areas and growths of cottonwoods. Streambeds in Vigil, Cow, and Hondo 
Canyons, which drain the southeastern part of Mesa Rica, are reported to 
contain pools of water throughout the year. 

Blanca Creek, although intermittent, has a drainage area of about 
40 square miles -- the largest basin tributary to Pajarito Creek in the 
area. Blanca Creek heads in the southwestern part of the area and 
trends northeastward for about 10 miles to join Pajarito Creek. 

Well-Numbering System 

The wells investigated for this report are listed in table 1 and 
the locations are shown in plates land 2. The wells are numbered on the 
basis of townships, ranges, sections, and parts of sections (fig. 2). 
The first three parts of the well number, separated by decimal paints, 
represent the township north, range east, and section number, respec
tively. For convenience, the quarters of a section are numbered 1, 2, 3, 
4, as indicated in figure 2. Tbe first digit of the last part of the 
well 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, etc., are added to the last part of the well number to 
designate the second, third, fourth, and succeeding wells listed in the 
same 10-acre tract. Thus well 1l.30.20.434a is in the SE!SW!SE! sec. 20, 
T. 11 N., R. 30 E., and is the second well listed in that tract. 
Letters added to the last part of the number on the maps, but separated 
by commas, indicate there are wells so closely spaced they cannot be 
plotted separately. 

In table 1 the location number is not given in full for each well. 
The wells are grouped by townships and ranges, and the full symbol is 
used only for the first well in each group. Only the last two sets of 
nwnbers, showing the section, 10-acre tract, and serial letter are given 
for other wells in that township and range. 
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FIGURE 2. -- System of numbering wells in New Mexico. 

The city of Tucumcari operates wells in three well fields -
Metropolitan Park field, West field, and Town field -- and has assigned 
them numbers according to a system of its own. The city numbers, pre
ceded by the identifying letters MP, W, and T, are used along with 
location numbers in this report to designate individual wells in the 
respective fields. The letters SP indicate wells drilled by the 
Southern Pacific Co. 

GEOLOGY 

The rocks exposed in the vicinity of Tucumcari are sedimentary 
deposits, principally of Mesozoic age. Strata of the Triassic, Jurassic, 
and Cretaceous Systems outcrop on about 90 percent of the area (pl. 2). 
Deposits of Tertiary age occur locally, as at the summit of Tucumcari 
Mountain. Alluvium of Quaternary age mantles the remainder of the area. 

Rocks of the Triassic System are exposed only around the margin of 
the area because of the basin-like structure of the rock sequence. The 
Triassic strata in the central part of the area are overlain by younger 
rocks. 

Stratigraphy and Geologic History 

Formations older than the Chinle (youngest formation of the Dockum 
Group of Upper Triassic age) are not exposed near Tucumcari but they 
have been penetrated in deep oil-test holes in the vicinity. Reports of 
these holes indicate that waters found in the rocks underlying the Chinle 
Formation near Tucumcari contain large concentrations of dissolved SOlids 
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and are not potable or usable for stock or irrigation. Therefore, only 
that part of the geologie history of the region beginning with the depo
sition of the Chinle Formation will be reviewed herein (fig. 3). The 
history that follows is condensed from the report by Dobrovolny, 
Summerson, and Bates. 

The Tucumcari area and a broad region including most of northern 
New Mexico was slowly subsiding during Late Triassic time as clastic 
sediments of the Chinle Formation accumulated. These sediments were 
deposited under deltaic and flood-plain conditions in the Tucumcari 
area, where the Chinle is as thick as 1,500 feet. The Redonda Formation, 
also of Triassic age, overlies the Chinle Formation and is believed to 
have accumulated in part under lake waters, inasmuch as calcareous and 
fine-grained clastic sediments are associated with coarser flood-plain 
deposits. 

Deposition of the Chinle and Redonda Formations was succeeded by 
the unconformable deposition of the Entrada Sandstone of Jurassic age 
(Wingate(?) of Dobrovolny and others. The contact between the Redonda 
and the Entrada is disconformable at some places in Quay County, indi
cating that gentle warping or folding occurred locally at the close of 
the period of deposition of the Redonda. The Entrada Sandstone is in 
part eolian and in part fluviatile. The thickest sections of Entrada 
Sandstone coincide with the central parts of the structural basins, 
indicating that those basins were defined and were slowly sinking at the 
time the sand was being deposited. The sinking is believed to have been 
due, at least in part, to solution and collapse in the San Andres Lime
stone and Chalk Bluff Formation of Permian age in the subsurface. Lenses 
of thinly bedded limestone in the Entrada indicate further that some of 
the basins contained fresh-water lakes, which could form on a subsiding 
surface. 

The lapse of time between the deposition of the Entrada Sandstone 
and that of the overlying Morrison Formation of Late Jurassic age proba
bly was short, and apparently li ttle of the Entrada Sands tone was 
removed by erosion before the Morrison was deposited. This supposition 
is supported by the fact that the Entrada is present everywhere beneath 
the Morrison and locally is of generally uniform thickness. If the time 
between the deposition of the Entrada and Morrison had been long, the 
Entrada would have been deeply erOded or stripped away. 

However, the change in the type of sediments deposited was 
pronounced. The beds of variegated red and green mudstone and the hard 
thin interbedded sandy limestone at the base of the Morrison are similar 
to the Redonda Formation and are in sharp contrast with the clean beds 
of sand in the Entrada. The mudstone and limestone were successively 
covered by beds of soft shaly sandstone and moderately well-sorted sand. 
This sand forms the hard sandstone of the upper part of the Morrison 
Formation. 

Deposition was interrupted for a lengthy period at the end of 
Morrison time, and a relatively uniform erosional plain was developed 
on the upper surface of the Morrison. The entire upper part of the 
Morrison in places has been removed by erosion. 
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The Tucumcari Shale of Early Cretaceous age accumulated on the 
planed surface of the Morrison. Marine fossils, mostly oysters J are 
common in the sandy strata of the Tucumcari Shale and indicate that the 
shale was deposited in shallow waters along a coastal plain. 

Sedimentation was interrupted, possibly by a slight uplift of the 
coastal plain, after accumulation of the Tucumcari shale. The marine 
Mesa Rica Sandstone of Early Cretaceous age and the sequence of shallow
wa ter marine shale and sands tone that forms the Paj ari to Shale was laid 
down when sedimentation was resumed. 

Upper Cretaceous rocks that overlie Lower Cretaceous rocks in 
adjacent areas to the north and south probably were deposited in the 
Tucumcari area also but were removed during the cycle of erosion that 
followed the regional uplift of the landmasses to the west and to the 
north. A part of the Lower Cretaceous rocks also was removed by erosion 
at this time. The landmasses were uplifted during Late Cretaceous and 
early Tertiary times, and the cycle of erosion probably continued without 
interruption throughout Miocene time. Erosion was interrupted at the 
close of Miocene time and in early Pliocene time. The Ogallala Forma
tion of Pliocene age was deposited over the broad region of the southern 
High Plains. The Ogallala near Tucumcari was laid down on the generally 
flat surface developed on rocks of Early Cretaceous age during the pre
ceding long period of erosion. 

The present cycle of erosion began when the region was re-elevated 
after the deposition of the Ogallala Formation. The amount of down
cutting that has occurred since this cycle of erosion began can be 
measured by the height of Tucumcari Mountain and Mesa Rica above the 
surrounding plains. The summits of these two prominences once were part 
of the Llano Estacado. 

The gravel-covered benchlands upon which Tucumcari stands and into 
which Pajari to Creek is entrenched indicate that the cycle of down
cutting was interrupted. The streams, after developing a relatively 
flat plain, deposited gravel and sand over the surface of the plain 
before reswning the downcutting that is now in progress. 

Rock Units and Their Water-Bearing Properties 

The physical characteristics of rocks determine to a large extent 
their water-bearing properties. A knowledge of physical character
istics, therefore, is necessary to evaluate rock formations in terms of 
their being, or their likelihood of being, aquifers. The following 
descriptions of rock units are intended, in part, to help those inter
ested to recognize the various formations in the Tucumcari area and to 
point out which units are likely to bear water in quantities sufficient 
to justify drilling wells. 

The older rocks in the Tucumcari area consist mostly of sandstone, 
siltstone, and shale ranging in age from Triassic to Cretaceous, The 
younger rocks are mostly of Quaternary age and consist of unconsolidated 
sand and gravel. 
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Rocks that are very fine grained, such as shale and siltstone, or 
that are firmly cemented, such as hard sandstone, rarely are good aqui
fers. Conversely, grained rocks that are poorly cemented commonly are 
good aquifersj in general, the coarser the grain of the rock, the 
better the aquifer. 

The Entrada Sandstone and the older and younger alluvium are the 
most important aquifers in the areaj the Chinle Formation and the 
Morrison Formation locally yield some water to wells. Other formations 
in the area yield virtually no water to wells and cannot be considered 
aquifers. 

Triassic System 

The oldest exposed rocks of the Triassic System in Quay County 
include deposits of the Santa Rosa Sandstone and the overlying Chinle 
and :\edonda Formations, which together constitute the Dockum Group of 
Late Triassic age. The Santa Rosa Sandstone does not crop out in the 
area investigated; however, as indicated by logs of deep oil-test 
wells, it underlies the Chinle Formation in the vicinity of Tucumcari. 
Because the sandstone lies generally at depths of 1,500 feet or more 
beneath the land surface and has yielded only water of high salinity to 
oil-test wells in Quay County, it will not be considered further in 
this report. 

Chinle Formation 

The Chinle Formation (fig. 3) was described by H. E. Gregory (1917, 
p. 42) and named for Chinle Valley, near Canyon de Chelly in north
eastern Arizona. Red beds in northeastern New Mexico that are similar 
in age and composition to those in the vicinity of Chinle Valley have 
been correlated with and are referred to as the Chinle. Darton (l928a , 
p. 31-32, pl. 13B) described and pictured the Chinle Formation near 
Tucumcari in his classic study of the red beds in New Mexico. 

The Chinle Formation near Tucumcari was divided into two members 
by Dobrovolny and others: a lower unnamed member, and an upper member 
named the Redonda for Mesa Redonda, about 14 miles south of Tucumcari. 
Griggs and Read (1959, p. 2006) redefined the Chinle near Tucumcari and 
raised the Redonda Member to the rank of formation. The two formations 
are not differentiated on the geologic map (pl. 2) for this report but 
are described separately. 

The top 200 feet of the Chinle Formation is well exposed at the 
base of the north face of Tucumcari Mountain (frontispiece) in the 
SW;N1V! sec. 31, T. 11 N., R. 31 E. The upper 200-300 feet of the 
Chinle also is well exposed in the escarpments and slopes of the hills 
on the south and west sides of the Tucumcari area. The base of the 
Chinle is not exposed in the general area. The formation is truncated 
by an erosion surface of low relief and is overlain by the Redonda 
Formation at Tucumcari Mountain. 
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According to Bates, in Dobrovolny and others, about 1,000 feet of 
beds belonging to what they termed the lower member of the Chinle was 
penetrated in the Martin-Daak oil-test hole drilled in sec. 3, T. 9 N., 
R. 31 E., 72 miles south-southeast of Tucumcari Mountain. There struc
ture contours indicate that all the Redonda -- about 100 feet thick -
and about 400 feet of the Chinle have been removed by erosion. Thus, 
the total thickness of the Chinle and the Redonda is about 1,500 feet in 
that area. Approximately the same thickness of Chinle and Redonda 
Formations probably underlies a large part of the area west of Tucumcari. 

Logs of oil-test wells in Quay County indicate that the Chinle 
Formation generally consists of a thick sequence of clay, shale, silt, 
and silty sandstone and local thin beds of conglomerate and limestone. 
On the north flank of Tucumcari Mountain, where the uppermost 200 feet 
of the formation is exposed, the beds consist entirely of shale, clay, 
and siltstone that characteristically are brownish red to purplish red. 
An occasional bed of shale a few inches thick is greenish gray. Logs 
indicate that the color commonly is greenish gray to bluish gray in the 
subsurface and that limestone beds are present. 

The Chinle Formation is a poor aquifer. IInryll holes, such as the 
one at 10.28.8.414, have been drilled to depths of 400 feet without 
obtaining sufficient water to meet drilling needs. In general, a well 
400 feet deep in the Chinle should penetrate at least one water-bearing 
bed and wells tapping the formation should yield * to 2 gpm (gallons per 
minute). A few wells tapping the Chinle were reported to yield more, 
but these reports were not verified by observation. The drawdown in 
wells tapping the Chinle usually is large. For example, the drawdown in 
well 11.28.27.212 is about 46 feet when the well is pwnping steadily at 
about l! gpm. 

Redonda Formation 

The Redonda Formation is exposed in small separate areas just west 
of Tucumcari and on the north face of Tucumcari Mountain (frontispiece). 
The formation is well exposed in the escarpments on the far south and 
west sides of the Tucumcari area. At Tucumcari Mountain the formation 
is 110 feet thick and the lower 80 feet consists of thinly bedded clay 
and shale strata that commonly vary from brownish or purplish red and 
gray to bluish green. These variegated beds, characteristic of the 
Redonda, are overlain by a sequence of clay and shale beds 25 feet thick 
which are predominantly grayish green to bluish green. The upper 5 feet 
of the formation is a hard brownish red massive siltstone. The Redonda 
near Tucumcari apparently does not contain the beds of clayey limestone 
and sandstone that Dobrovolny and others found elsewhere in Quay County. 

The Redonda is an even poorer aquifer than the Chinle because of 
the absence of coarse material and also because of the relative thinness 
of the formation. No water wells are known to be bottomed in the 
Redonda. Some wells may obtain some of their water from the formation 
but, for the most part, wells are drilled through the Redonda and tap the 
thin water-bearing strata of the Chinle Formation. 
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Jurassic System 

Rocks of the Jurassic System near Tucumcari include the Entrada 
Sandstone (San Rafael Group) and the Morrison Formation, both of which 
are Late Jurassic in age. 

The Entrada Sandstone was described and named by Gilluly and 
Reeside (1928, p. 76) for exposures on Entrada POint, in northeastern 
New Mexico. Investigations by Baker, Dane, and Reeside (1947, p.1664) 
led them to the conclusion that the sequence of deposits called 
Wingate(?) in the Tucumcari area by Dobrovolny and others correlated 
with and should be called the Entrada Sandstone. This correlation is 
now generally accepted and the name I1Entrada Sandstone!! is used in this 
report. 

The Morrison Formation was described and named by G. H. Eldridge 
(Emmons, Cross, and Eldridge, 1896, p. 60) for the town of Morrison, 
ncar Denver, Colo., where the formation is well developed. 

Entrada Sandstone 

The Entrada Sandstone underlies much of the Tucumcari area and is 
well exposed only on the north side of Tucumcari Mountain. There it 
forms the steep light-colored cliff that rises above the distinctive red 
beds of the Chinle and Redonda (frontispiece). Elsewhere, in general, 
the Entrada is concealed by soil cover and the overlying formations. 
A few narrow bands of Entrada are exposed in scarps in the southwestern 
and northwestern parts of the area. 

The Entrada Sandstone unconformably overlies the Redonda Formation 
and in turn is unconformably overlain by the Morrison Formation. 

The Entrada is 175 feet thick on the north face of Tucumcari 
Mountain, as described in the following section (no. 1 in pl. 2) measured 
by hand leveling. 

Section of the Entrada Sandstone on the north face of 
Tucwncari Mountain, NlvtswtNWt sec. 31, T. 11 N., R. 31 E. 

(Colors based on the National Research Council rock-color chart, 1948.) 

Jurassic: 

Entrada Sandstone (top of section): 
Covered, about . 
Sandstone, fine to very fine, soft, yellowish-gray, 

moderately calcareous 
Sandstone, fine, firm, light-pinkish-gray, 

highly calcareous 
Sandstone, fine, buff 
Sandstone and clay, reddish-brown 

Thickness 
(feet) 

7 

8 

1 
10 

8 
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Section of the Entrada Sandstone (continued) 

Jurassic: (continued) 

Entrada Sandstone: (continued) 
Sandstone, fine, soft, light-yellow-gray, 

thinly bedded, slope-forming . . 
Sandstone, fine, soft, yellowish-gray, 

weakly cross-bedded . . . . . . 
Sandstone, fine, soft, pale-yellowish-gray 
Sandstone, fine, soft, yellowish-gray 
Sandstone, fine, soft, pale-yellowish-gray 
Sandstone, fine, soft, yellowish-gray 
Sandstone, fine, very soft, light-yellowish-gray 
Sandstone, very fine, firm, light-yellowish-gray, 

slightly calcareous, cliff-forming ..... 
Siltstone, sandy, soft, light-brown to pale

reddish-brown, massive, slightly calcareous, 

Thiclcness 
(feet) 

40 

10 
11 

4 
8 
6 
2 

32 

cliff-forming . . . . . . . . . . . . . . 27 
Siltstone, pebbly, hard, pale-reddish-brown 

matrix has pebbles of quartz and chalcedony 
as large as 1 inch in diameter, matrix 
highly calcareous 

Total Entrada Sandstone 

1 

175 

The base of the Entrada Sandstone is considered to be the bed of 
pebbly siltstone. This bed, which does not everywhere contain pebbles, 
has poorly developed cross-bedding and grades into the overlying silt
stone. The pebbles, composed of quartz and chalcedony, are similar to 
those observed in a cross-bedded pebbly sandstone 1 to 3 feet thiel, at 
or near the base of the Entrada in the east bank of Smith Creek (fig.4a) 
in the SW~NEiSE! sec. 21, T. 11 N., R. 30 E. 

A canal cut in the Entrada Sandstone' in the SE~NE!SlVl sec. 28, 
T. 12 N., R. 30 E. (north of the mapped area), about 2! miles north
northeast of the location in the draw, exposes a soft, fine- to medium
grained, firm, light-yellowish-gray sandstone that appears to be the 
equivalent of the lowermost sandstone stratum of the Entrada in 
Tucumcari rVlountain. The sandstone exposed in the canal cut overlies red 
beds of the Redonda Formation, but the pebbly siltstone and massive 
siltstone that are at the base of the Entrada Sandstone in Tucumcari 
Mountain are missing. 

The contact between the Entrada Sandstone and the overlying 
Morrison Formation in the section in Tucumcari Mountain is obscured by 
slumped material. The uppermost bed of the Entrada is about 15 feet 
thiel<, although only 8 feet is plainly exposed. 
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FIGURE 4a. -- Conglomerate at base of Entrada Sand
stone in east bank of Smith Creek, SWiNEisEi sec. 
21, T. 11 N., R. 30 E. 

FIGURE 4b. -- Contact between Entrada Sandstone (Je) 
and overlying Morrison Formation (Jm) in gully 
below siphon, NW~SEiNWi sec. 5, T. 11 N., R. 30 E.; 
Qal: younger alluvium; Qoal: older alluvium. 
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The contact between the Entrada and the Morrison is exposed in the 
bed and wall (fig. 4b) of a draw in the NW!SE!NW! sec. 5, T. 11 N., R. 
30 E., about 4 miles northwest of Tucumcari and approximately 100 to 
200 feet downstream from a canal siphon crossing the draw. About 5 feet 
of the Entrada Sandstone is exposed at this location. The sandstone is 
soft, fine grained, yellowish-gray, and slightly calcareous; except for 
the top 12 to 20 inches, which is slightly shaly, the sandstone is iden
tical in appearance with the uppermost bed of the Entrada in the 
Tucumcari Mountain section. 

The very fine- to medium-grained sandstone that constitutes most of 
the Entrada is composed almost entirely of grains of quartz. The grains 
for the most part are subrounded and well sorted. Some frosting of the 
grains, apparently the result of wind action, was noted in all samples 
examined with the microscope. The chalky flecks and the powdery chalk
like film that coats most of the grains, particularly evident when the 
sandstone is crushed, was not identified but may be a clay residue of 
weathered feldspar minerals. 

Three samples of the Entrada Sandstone and one sample, taken for 
comparison, of a sandstone from the Morrison Formation were tested in 
the Geological Survey laboratories in Lincoln, Nebr. The particle-size 
distribution, in percent, of the four samples tested are shown in the 
following tabulation. 

Percent of Earticle size 
Sand 

Nwnber Clay-silt Very fine Fine Medium Coarse 
of 0.0625 nun 0.0625 to 0.125 to 0.250 to 

sample and smaller 0.125 mm 0.250 nun 0.5 nun 

1 4.9 11.0 75.0 9.0 

2 2.9 2.9 25.5 6S.6 

3 3.7 6.7 SO.S S.6 

4 19.9 24.9 54.8 .3 

1. Entrada Sandstone, mv~ sec. 31, T. 11 N., R. 31 E., altitude 
4,470-4,472; sample from north face of Tucumcari Mountain. 

0.5 to 
1.0 nun 

0.1 

.1 

.2 

.1 

2. Entrada Sandstone, NW! sec. 28, T. 12 N., R. 30 E., canal cut about 
4 miles northWest of Tucumcari, outSide of area mapped; sample 
from below normal water line in canal. 

3. Entrada Sandstone, mv! sec. 2S, T. 12 N., R. 30 E., canal cut about 
4 miles northwest of Tucumcari, outside of area mappedj sample 
from above high waterline in canal. 

4. Morrison Formation, NW! sec. 5, T. 11 N., R. 30 E., sample from 
cliff exposure. 

The Entrada Sandstone in the Tucumcari area typically is poorly 
cemented. The sandstone is soft enough to be dug with the fingers in 
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most of the exposures examined on Tucumcari Mountain, in the gully in 
seC. 5, T. 11 No, R. 30 E., and in the canal in sec. 28, T. 12 No, R. 
30 E. Small pieces of the sandstone from the 32-foot, the 2-foot, and 
the upper 8-foot beds in the section in Tucumcari Mountain, and pieces 
from exposures in the gully in section 5 and the canal cut in section 28 
disintegrated rapidly when placed in water, indicating little or no 
cementing material. Some surfaces exposed to weathering tend to be 
slightly casehardened. The slight coherence of the particles in some 
strata of the sandstone apparently is due only to compaction. 

The Entrada Sandstone is nearly homogeneous except for the local 
and relatively thin beds of siltstone and pebbly siltstone at the base 
of the formation. 

The thickness of the Entrada Sandstone varies from place to place; 
about 170 feet is exposed on the north side of Tucumcari Mountain, and 
possibly another 10-15 feet is covered by slope debris. The formation, 
according to well logs (table 6), averages about 220 feet thick in 
Metropolitan Park (sec. 30, T. 11 N., R. 30 E.). The thickness averages 
about 180 feet in the West field (sec. 13, T. 11 N., R. 29 E.), and 
about 170 feet in the vicinity of Palomas (sees. 19 and 32, T. 11 N., R. 
30 E.). The thic]mess of the formation in a butte in sec. 29, T. 10 N., 
R. 30 E., is about 113 feet, according to Dobrovolny and others. South 
of this butte, the formation thins and disappears. The Entrada is 100 
feet thicl( in a well about 6 miles northwest of Palomas. This suggests 
that the formation also thins somewhat to the west and north. The aver
age thickness in the area investigated is estimated to be about 160 feet. 

The Entrada Sandstone is the principal water-bearing formation west 
and southwest of Tucumcari. Wherever it is encountered belOW the 
regional water table it will yield water in amounts adequate to meet the 
normal demands of a domestic well. Generally a well that penetrates the 
entire saturated thickness of the aquifer will produce at least ~ gpm 
per I foot of penetration below the regional water table. 

Morrison Formation 

The Morrison Formation is widely exposed west of Tucumcari; it 
underlies the surface of about a quarter of the area and forms the 
prominent bench on the middle slope of Tucumcari Mountain (frontis
piece). The removal of soft beds in the Morrison by differential 
erosion has been mainly responsible for the development of the broad, 
shallow valleys in the intermediate upland. 

The Morrison Formation unconformably overlies the Entrada Sandstone 
and j.n turn is unconformably overlain by the Tucumcari Shale. 

Three members -- lower, middle, and upper -- of the Morrison Forma
tion in Quay County were recognized by Dobrovolny and others. As 
described by them, the lower member consists of a sequence of red and 
green variegated shale and clay strata and thin interbeds of gray sand
stone (fig. 4b). The maximum thickness of the lower member is about 30 
feet. Al though the lower member reportedly was absent locally in the 
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county, it was present wherever the base of the Morrison Formation was 
found exposed in the area investigated for this report. 

Dobrovolny and others report the middle member of the formation is 
as much as 125 feet thick and consists of a sequence of red, green, and 
purple shale and red or gray sandstone. 

They reported that the upper member of the Morrison consists of a 
buff to gray crossbedded sandstone and interbedded gray sandy shale, and 
that the sandstone locally is conglomeratic and well cemented and has a 
tendency to form cliffs. 

The red and green beds of the lower part of the middle member of 
the Morrison Formation cannot be distinguished easily from the red beds 
of the lower member, either in the areas of outcrop or in well logs. 
The Morrison in the SW!NW! sec. 5, T. 11 N., R. 30 E., differs somewhat 
from the general section described by Dobrovolny and others. The forma
tion in section 5 is about 156 feet thick and the upper sandstone member 
is missing. The following section was measured by hand leveling (sec. 
no. 2, pl. 2). 

Section of the Morrison Formation in gully 
and hillside, in the SW!NW! sec. 5, T. 11 N., R. 30 E. 

(Colors based on the National Research Council rock-color chart, 1948.) 

Jurassic: 

Morrison Formation (top of section): 
Middle member: 

Shale and clay, predominantly light-greenish-gray, 
some pinkish-gray, noncalcareous but containing 
nodules of calcareous pale-olive green to light
yellow-alive-green sandstone near base . . 

Shale and clay, variegated, brownish-gray and 
pale-alive-green, some yellowish-gray 

Shale and clay, yellowish-gray to yellowish
orange, some variegated brownish-gray to 
green, with thin 2- to 4-inch beds of sand
stone, yellowish-gray, fine-grained, hard, 
highly calcareous . . . . . 

Sandstone, shaly, fine-grained to very fine
grained, soft to firm, pale-orange, mottled, 
locally calcareous in individual bedsj hard, 
highly calcareous bed 2-6 inches thick at base 

Shale and clay, brownish-gray, some pale-
greenish-gray .... . . . . . 

Shale and clay, variegated, pale-greenish-gray, 
and pale-brown, calcareous where green -- base 
partly covered, about . . . . 

Thickness 
(feet) 

10 

15 

25 

33 

3 

30 
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Section of the Morrison Formation (continued) 

Jurassic: (continued) 

Morrison Formation: (continued) 

Lower member: 

Shale and clay, grayish-red -- top partly 
covered, about . . . . . . . . . . . . . 

Siltstone and shale, pale-brown to grayish
red, slightly calcareous, with 6- to 14-inch 
strata of hard, fine-grained, calcareous 
sandstone, pinkish-gray to yellowish-gray, 
locally containing nodular calcite . . . . 

Shale and clay, reddish-brown to grayish-red 

Total Morrison Formation ... 

Thickness 
(feet) 

25 

10 
5 

156 

The transition in this section between the red beds of the lower 
member and the sandstone and light-colored beds of shale of the middle 
member is obscured by talus, but above the talus the middle member con
tains none of the reddish-brown clay beds that are characteristic of 
the lower member. The red beds of the lower member crop out near the 
center of sec. 35, T. 11 N., R. 29 E., just south of Highway 66, where 
the overlying shaly sandstone sequence of the middle member also is 
exposed. The transition at this locality from red beds to sandstone is 
abrupt, and the shaly sandstone sequence contains only thin stringers 
of red beds. 

The lower part of the Morrison that consists mostly of red and 
variegated beds is included in the lower member of the formation in this 
report. The lower member generally is not more than 30 feet thick where 
both the upper and lower contacts are plainly exposed; however, both 
upper and lower contacts are exposed only rarely because of slumping. 
Well logs indicate that locally the member may be as much as 85 feet 
thick. The overlying soft sandstone, shale, and clay, which generally 
are light colored but include some thin red or variegated beds, are 
considered to compose the middle member. 

Th,e upper member of the formation is predominantly a hard sandstone. 
It is exposed in a prominent scarp near the center of sec. 35, T. 11 N., 
R. 29 E., where it consists of a hard, siliceous, fine-textured, grayish
yellow to grayish-orange sandstone about 30 feet thick. The topmost 20 
feet of the member is exposed farther west in the SE!SE! sec. 4, T. 10 
N., R. 29 E., where it forms a sequence of medium- to fine-grained, 
grayish-orange to yellowish-brown, mottled, crossbedded sandstone, which 
is rather hard and moderately calcareous. Thin beds of pinkish-gray, 
hard, highly calcareous, fine-grained sandstone containing small sub
rounded fragments of gray limestone are interbedded with the mottled 
sandstone. The section contains a bed of conglomerate 2 to 3 feet thick. 
The matrix of the conglomerate is a yellowish-gray, fine-grained 
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sandstone, and the pebbles are rounded to subrounded, light- to medium
gray limestone fragments as large as 1 inch in diameter. 

The upper sandstone member is exposed also at the south edge of 
town, in the NE!NW! sec. 26, T. 11 N., R. 30 E., where it forms a cap
rock on low hills. The sandstone here has a grayish-orange to yellowish
orange mottled color, a medium- to fine-grained texture, and cross
bedding that generally is characteristic of the topmost sandstone beds 
of the member. 

A composite section of the Morrison Formation in the Tucumcari area 
would consist of a lower sequence of red and variegated beds of shale, 
clay, and siltstone, ranging in thickness from 15 to 85 feet; a middle 
sequence of generally soft sandstone, shaly sandstone, shale, and clay, 
predominantly light in color,ranging in thickness from about 30 to 200 
feet; and an upper sequence of sandstone and sandy shale, generally 
rather firm to hard,ranging in thickness to 90 feet but locally 
absent either because of nondeposition or because it was stripped by 
erosion in Late Jurassic-Early Cretaceous time. 

Dobrovolny and others stated that the Morrison was about 175 feet 
thick in Tucumcari Mountain; of this thickness, about 15 feet belongs to 
the lower member, about 120 feet to the middle member, and 40 feet to 
the upper member. The greatest thickness of the Morrison Formation 
observed or reported is that indicated by the log of well 11.29.19.231 
a test well drilled for the city of Tucumcari. The log indicates a 
thickness of 293 feet, between the depths of 7 and 300 feet, that un
questionably belong to the Morrison Formation. An estimated additional 
50 feet of the upper sandstone member, exposed in cliffs adjacent to the 
well, has been removed by erosion. The original total thickness of the 
formation at this site, therefore, Was about 345 feet. Of this thick
ness, 65 feet may be assigned to the lower member, 195 feet to the 
middle member, and about 85 feet to the upper member. 

Well 11. 28.9.134 penetrated 210 feet of the Morrison Formation, 
50 feet of which are assigned to the lower member, 90 feet to the middle, 
and 70 feet to the upper. Well 11.30.30.413, the city of TUcumcari's 
well 20 in Metropolitan Park, penetrated 109 feet of the Morrison. The 
lower 52 feet belong to the lower member, the upper 57 feet to the 
middle member. The upper member is absent, and the middle member is 
overlain unconformably by rocks of the Cretaceous System. Logs of other 
wells in Metropolitan Park indicate that the lower member averages about 
55 feet in thickness, the middle member about 75 feet. The upper member 
commonly is absent or thin; a maximum thickness of 24 feet is recorded 
in the log of MP well 22. In general, the formation is thickest in the 
northwestern part of the Tucumcari area and thins toward the south and 
southeast. 

The Morrison Formation is not a good aquifer in the Tucumcari area, 
partly because the rocks do not yield water freely and partly because 
the more permeable strata of the formation generally lie above the 
regional water table. The red beds of the lower member of the formation 
are relatively impermeable and do not yield water readily to wells. 
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The clay and shale beds that constitute the lower member confine water 
in the underlying Entrada Sandstone or perch water in the overlying 
middle member. Sandstone strata in the middle and upper members of the 
Morrison Formation are permeable but much less permeable than the 
Entrada Sandstone. The sandstone of the Morrison generally is better 
cemented than that of the Entrada and contains considerably more clay 
and silt than does the Entrada, as is shown in the preceding table 
(p.19). The fine material and the cement reduce both porosity and 
ability to transmit water. 

Well 11.30.26.231, south of town, was started just below the top
most sandstone of the upper member, and reportedly was bored to a depth 
of 148 feet, mostly in the soft shaly and clayey sand of the middle 
member. The drill did not reach the red beds of the lower member. No 
water was found in the hole although the water level in nearby well 
11.30.26.221 stood at an elevation of only 61 feet below land surface. 

The situation at well 11.30.26.231 is anomalous; the hole may have 
been dry because the middle member of the Morrison locally is so fine 
grained as to be nearly impermeable, or it may have been dry because of 
the rock structure at that location. The hole is close to the trace of 
a fault postulated by Melhase and Stoddard, and a fault in the fine
grained shaly beds of the middle member could destroy what little perme
ability they may have had. 

Beds of the middle member of the Morrison Formation mostly are 
soft, light-colored, fine-grained sandstone strata which are underlain 
by the red beds of the lower member; this sequence is so similar in its 
general appearance to the sequence of the Entrada Sandstone and under
lying red beds of the Chinle and Redonda Formations that they may easily 
be mistaken, one for the other, in drill cuttings. A clear understanding 
of the stratigraphie relationships can prevent a misinterpretation that 
may result in the halting of drilling operations short of penetrating the 
Entrada Sandstone. 

Cretaceous System 

Rocks of Early Cretaceous age found in the Tucumcari area are the 
Tucumcari Shale, Mesa Rica Sandstone, and Pajarito Shale. The term 
IITucumcari beds,"originally used by Cummins (1892), included the 
Tucumcari Shale, Mesa Rica Sandstone, Pajarito Shale, Morrison Forma
tion, and the Entrada Sandstone, and referred specifically to strata 
exposed on Tucumcari Mountain. The term was rejected by Wilmarth (1938, 
p. 2190) and the units were subsequently raised to formation rank. The 
Tucumcari Shale, Mesa Rica Sandstone, and Pajarito Shale were named and 
defined by Dobrovolny and others as members of the Purgatoire Formation 
on the basis of fossils found in strata on Tucumcari Mountain. Griggs 
and Read, however, dropped the name "Purgatoire Formation" in the vicin-
ity of Tucumcari, and raised the three members named by Dobrovolny and 

others to the rank of formations. Strata now recognized as constituting 
the Pajarito Shale and Mesa Rica Sandstone in the Tucumcari area formerly 
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were considered to be part of the Dakota Sandstone and are so shown on 
earlier geologic maps (Darton, 1928b). 

Tucumcari Shale 

The Tucumcari Shale is a relatively thin sequence of soft, fine
grained fossiliferous rocks of bluish-gray to yellow hue that unconform
ably overlies the Morrison Formation and is overlain by the Mesa Rica. 
Sandstone. 

The shale in weathered outcrops has a characteristic yellow hue 
that ranges from a pale-yellowish gray through grayish-yellow-orange to 
light yellow; the color is more nearly a light bluish-gray on fresh un
weathered surfaces. The unit commonly does not form prominent outcrops; 
generally it forms a relatively narrow, grayish-yellow band on the hill
sides at or near the base of the overlying cliff-forming Mesa Rica Sand
stone. The formation is well exposed in a road cut 300 to 400 feet east 
of the entrance to Metropolitan Park, in sec. 30, T. 11 N., R. 30 E., 
and in the north-central part of sec. 9, T. 10 N., R. 29 E., where 
remnants of Mesa Rica Sandstone cap conspicuous grayish-yellow beds of 
the Tucumcari Shale in two small conical hills immediately south of the 
old alinement of U.S. 66. 

The Tucumcari Shale is composed primarily of fine- to very fine
grained shaly sandstone and siltstone; beds of shale are relatively rare. 
The siltstone and sandstone commonly are calcareous and some of the more 
shaly strata are highly fossiliferous. The formation in most places 
becomes progressively more shaly upward from a thin basal sandstone bed. 
However, the topmost stratum also commonly is a sandstone bed 1 to 2 
feet thick, as in the gully east of well 10.29.4.443, that grades into 
the overlying Mesa Rica Sandstone. At an outcrop in the NW! sec. 5, 
T. 11 N., R. 30 E., the uppermost 2 feet of the formation is shaly and 
nonfossiliferous. A 5-foot bed of highly fossiliferous fine-grained 
calcareous sandstone underlies the upper 2 feet. Beds of shaly, fine-
to very fine-grained sandstone constitute the lower 34 feet. 

A shaly, silty sandstone that in places contains symmetrical 
nodules of dense greenish-gray limestone having centers of coarsely 
crystalline calcite arranged in geometric patterns lies just above a 
thin bed of sandstone that occurs generally at the base of the formation. 
Many such nodules were observed 100 feet east of well 10.29.4.443, where 
they had weathered from the outcrop of the shale and rolled down the 
slope into a gully. 

The fossil assemblage reported by Cummins (p.208), Hill (1895, p. 
230), and Dobrovolny and others indicates the formation is of probable 
Kiamichi (latest Fredricksburg) age (Dane and Bachman, 1957, p. 98). 
Beds several feet thick composed principally of shells of several 
species of oysters and related forms, including Gryphea and Exogyra, are 
particularly conspicuous in the formation. One such bed was observed at 
the summit of a knoll in the NE!NW!N>V! sec. 10, T. 10 N., R. 29 E. 
Fossils generally are more common in the upper than in the lower part of 
the Tucumcari Shale. 
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The Tucumcari Shale is about 27 feet thick on the east face of 
Tucumcari Mountain. It is about 25 feet thick in the gully east of 
well 10~29.4.443, and 41 feet thick where it overlies the Morrison 
Formation in the NWt sec. 5, T. 11 N., R. 30 E. The average thickness 
of formation is about 30 feet. 

The Tucumcari Shale lies above the water table nearly everywhere in 
the area. Its lack of permeability, however, would preclude its being a 
good aquifer were it below the water table. The shaly siltstone and 
fine-grained shaly sandstone beds of the formation absorb and transmit 
water at a very slow rate, but the fractures and jOints in the rock are 
believed to be sufficiently well developed and distributed to permit the 
percolation of water downward into the underlying Morrison Formation. 

Mesa Rica Sandstone 

The Mesa Rica Sandstone Was named for Mesa Rica in northwestern 
Quay County and southeastern San Miguel County. The Mesa Rica Sandstone 
is prominently exposed near Tucumcari. It forms much of the rimrock of 
Liberty Mesa west of town, and the nearly vertical cliffs beneath the 
crest of Tucumcari Mountain (frontispiece). It underlies the surface of 
much of the upland where it is covered only locally by the overlying 
Pajarito Shale. 

U.S. 66 crosses the outcrop of the Mesa Rica Sandstone in the mvt 
sec. 3, the NW! sec, 4, and sec. 5, T. 10 N., R. 29 E. The sandstone is 
well exposed in sees. 5 and 6, T. 11 No, R. 30 E. J where it consists of 
a sequence of massive to thinly bedded sandstone strata, relatively uni
form in texture and color, about 85 feet thick. The following section 
was measured by hand leveling (sec. no. 3, pl. 2). 

Section of Mesa Rica Sandstone in escarpment 
on promontory, mvtSwtSWtN1vt sec. 5, T. 11 N., R. 30 E. 

(Colors based on the National Research Council rock-color chart, 1948) 

Cretaceous: 

Mesa Rica Sandstone (top of section): 
Sandstone, bedded, fine- to medium-grained, firm to 

hard strata ranging in thickness from a few inches 
to several feet, yellowish-orange flecks of iron 
staining in nearly all strata; lighter colored beds 
generally slightly calcareous; silicified wood 
common . . . . 

Sandstone, fine
bedded, light-

to medium-grained, firm; cross
to very light-yellowish-gray 

Thickness 
(feet) 

55 

10 
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Section of Mesa Rica Sandstone (continued) 

Cretaceous: (continued) 
Thickness 

(feet) 

Mesa Rica Sandstone: (continued) 
Sandstone, fine-grained, massive, soft to firm, 

yellowish-gray to grayish-yellow, flecked 
with yellowish-orange iron stain, slightly 
calcareous locally, coarse sand and small 
quartz pebbles in very thin discontinuous 
bed at base . . . . . . . . . . . . 

Total Mesa Rica Sandstone 

The buff or grayish-yellow color of the sandstone and the 
yellowish-orange mottling are characteristic of the formation in all 
parts of the area. Locally the flecks of yellowish-orange may be so 
close together as to give the rock a distinct overall yellow-orange 
cast. Iron-stained beds and limonitic concretions are common in the 
upper part of the formation on the crest of a knoll in the SEtSE~ 
sec. 4, T. 10 N., R. 20 E. 

20 

85 

Beds of coarse- to very coarse-grained sandstone and pebbly con
glomerate occur locally at the base of the formation. The basal unit 
of the formation in the escarpment on the north face of Tucumcari 
Mountain is a bed of fine- to medium-grained cross bedded sandstone 2 to 
3 feet thick which grades upward into a bed of coarse- to very coarse
grained sandstone 5 feet thick; the basal unit in the SEtNWtSE; sec. 19, 
T. 11 N., R. 29 E., is composed of very coarse sand and medium gravel. 

The gravel generally is loosely cemented on fresh surfaces and can 
be broken easily, but it is casehardened on some weathered surfaces and 
forms resistant ledges. The inclusion of conspicuous particles of a 
soft, white, noncalcareous clay or chalklike substance, believed to be 
the residue of weathered feldspar, is characteristic of this pebbly bed. 
The angular to sub rounded pebbles and coarse sand grains are composed 
almost entirely of quartz and chalcedony. 

The grains of sand that constitute the bulk of the Mesa Rica Sand
stone are composed of subrounded to rounded grains of quartz. Sorting 
generally is good in the beds composed of fine sand but poor in the beds 
of coarse to very coarse sand. The cement binding the sandstone 
commonly is calcareous or siliceous but in some beds it appears to be 
composed only of a thin film of the clay or chalklike substance. 

Scattered nodular masses of quartzite of unexplained origin occur 
locally in the formation. They weather from the sandstone and are 
deposited on the slopes below the cliffs. One such mass, about 24 
inches in diameter, was found at an aboriginal campsite on Pajarito 
Creek, and appeared to have been much used as a source of material for 
making scrapers, arrow pOints, and other stone artifacts. 

2 
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In general, the Mesa Rica Sandstone is moderately porous because 
of the fairly good sorting of sand grains and the lack of thorough 
cementation. The porosity of seven samples of the sandstone from vari
ous places was calculated roughly from determinations of the volume of 
the sample and the volume of water absorbed by the sample. The porosity 
of the samples tested ranged from 13 to 19 percent and averaged about 
16 percent. 

Samples of the Mesa Rica Sandstone absorb water repidly, indicating 
that outcrops of the sandstone should absorb some precipitation and run
off. However, the Mesa Rica generally lies above the water table and 
consequently is not an aquifer. No wells in the area are known to tap 
the Mesa Rica but outside the area the formation should yield water to 
wells where parts of it lie below the water table, or where water may be 
perched on the underlying Tucumcari Shale. 

Despi te the broad area under which it lies, the Mesa Rica Sandstone 
is not important as an area of recharge to the Entrada Sandstone because 
of the shale beds in the formations between the Mesa Rica and the 
Entrada. The red beds of the Morrison Formation which confine water in 
the Entrada are equally effective in keeping water out. 

Pajari to Shale 

The Pajarito Shale was named for Pajarito Creek; strata of the 
formation are particularly well exposed along the creek about 7 miles 
west of Tucumcari. The beds of siltstone and fine-grained sediments 
that constitute the Pajarito Shale are exposed in scattered outcrops in 
the north-central and northwestern part of the area. Although the beds 
occur at the top of the section, good exposures are scarce because the 
beds are relatively soft and are masked by soil. 

The middle and lower parts of the Pajarito Shale are fairly well 
exposed in the NEiNWisEi sec. 22, T. 11 N., R. 29 E., at the head of a 
deep ,ravine that is tributary to Pajarito Creek; the basal unit of the 
formation consists of a coarse sandy conglomerate having pebbles com
posed largely of quartzose material and matrix composed of fine to 
medium sand -- the whole having a light-grayish-orange color. The 
thickness of the conglomerate, exposed only on the flank of a small 
ridge, could not be determined, but pebbles found in soil above the 
uppermost outcrop indicate that it is about 15 feet thiclc 

The conglomerate probably was deposited locally on an eroded sur
face of low relief that developed in the interval between the deposition 
of the Mesa Rica Sandstone and the Pajarito Shale. About 750 feet north
west of the outcrop of the conglomerate, and about 20 feet higher, a 
sequence of silty shale beds of the Pajarito Shale unconformably over
lies the Mesa Rica Sandstone but the conglomerate is absent. The silty 
shale is friable and apparently weathers quickly to soil. 

About 5 feet of shale is exposed in a drainageway that is tributary 
to the deep ravine mentioned abovej the shale is gray but contains much 
yellow iron staining and is noncalcareous. A thick soil cover and the 
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smooth, regular slope indicates that the shale continues upward to 
underlie a hard grayish-orange noncalcareous medium-grained mottled 
sandstone 2 or 3 feet thick. 

An extremely friable light-gray to white calcareous bed of shale 
about a foot thick separates this sandstone from an overlying hard, 
brown) fine-grained sandstone bed about 2 feet thick which forms a low 
rim about the head of the ravine. The remainder of the Pajarito Shale 
above the sandstone is concealed by soil. 

The smoothness of the slopes and the lack of outcrops suggest that 
the upper part of the formation consists mainly of rocks that weather 
easily. Dobrovolny and others state that the unit commonly consists of 
beds of soft brown sandstone alternating with gray shale. 

The rocks that constitute th~ Pajarito Shale are, on the whole, 
relatively impermeable and lie above the water table in the area in
vestigated. 

Tertiary System 

The Ogallala Formation of Tertiary (Pliocene) age crops out over 
wide areas in southern and northeastern Quay County and that part of 
San Miguel County adjacent to the project area. These rocks uncon
formably overlie rocks of the Triassic, Jurassic, and Cretaceous 
Systems. The Ogallala at one time covered all the area included in 
this investigation, but erosion has removed most of it. The formation 
was named by Darton (1898, p. 734) for exposures of beds around 
Ogallala, Keith County, Nebr. 

Ogallala Formation 

The Ogallala Formation ranges in thickness from 0 to 15 feet at 
the summit of Tucumcari Mountain and is composed primarily of bonded 
and nodular calcareous material, a form of caliche. The caliche com
monly is light-yellowish gray on freshly broken surfaces and chalk 
white on the surfaces of fractures. The exposures in the western and 
north-central part of the area are composed of poorly cemented to well
cemented sand, gravel, and cobbles. These deposits range in thickness 
from 0 to about 35 feet. 

The Ogallala in the Tucumcari area is not an aquifer, but in the 
southern part of Quay County it is as much as 200 feet thick and is 
composed almost entirely of beds of sandstone and conglomerate which 
yield large quantities of water to irrigation wells. 

Quaternary System 

Quaternary deposits in the Tucumcari area consist of older and 
younger alluvium. The older alluvium generally covers benchlands 
adjacent to the present major streams and underlies the surface of much 
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of the lowland plain. The younger alluvium comprises the deposits of 
Recent age that underlie the flood plains of the streams and the wind
blown sand ehat in places overlies the older alluvium. 

The geologic map prepared by Dobrovolny and Summerson (in Dobro
volny and others) has been revised to differentiate the younger allu
vium from the older. In general, the areas mapped as alluvium by 
Dobrovolny correspond to the younger alluvium. Areas mapped as upland 
cover and windblown sand correspond to the older alluvium. The upland 
cover, except in the vicinity of Tucumcari, does not contain a great 
amount of windblown sand; rather, it consists mostly of older alluvium 
and a varying amount of soil cover. 

Older Alluvium 

Deposits of cobbles, gravel, and sand accumulated on the surface 
of a relatively smooth plain cut on the older rocks during Pleistocene 
time. The deposits generally are not more than 50 feet thick; however, 
well logs (table 6) indicate that locally, as in the immediate vicinity 
of Tucumcari, they may be as thick as 600 feet and average about 300 
feet. The average thickness in the SW! NW! sec. 21, T. 11 N., R. 30 E., 
where borrow pits have been opened to obtain material for road surfac
ing, is about 20 feet. 

The older alluvium varies in character from place to place. The 
exposures in borrow pits generally are of poorly consolidated sand, 
coarse gravel, and cobbles. The cobbles mostly are quartzite or chert 
but some are granite and gneiss. A thin mantle of windblown sand that 
was not mapped conceals the older alluvium in the immediate vicinity 
of Tucumcari. However, well logs (table 6) indicate that the older 
alluvium under the city contains much clay and fine to very fine sand, 
in addition to coarse sand and gravel. The logs show also that the 
strata are discontinuous. For example~ it is not possible to corre
late individual clay, sand, and gravel beds in the logs of wells 
11.30.14.144c and 14.144d which were drilled less than 15 feet apart 
and which are at the same surface elevation. 

The older alluvium originated as stream and lake deposits. The 
relatively thin beds of coarse sand and gravel were distributed by 
the streams as they crossed the plain. The thick deposits underlying 
the city were laid down in a subsiding basin that at times contained 
ponded water in which the fine sediments were deposited. Tucumcari 
Lake on the east side of town represents today a depositional environ
ment analogous to that which existed when the fine sediments were being 
deposited. 

The older alluvium in general is a good aquifer where it is satur
ated; however~ in most places it lies above the water table. The yields 
of wells in the immediate vicinity of Tucumcari range from a few gallons 
to about 300 gpm. The yields from individual wells in the town area 
are dependent upon the depth of penetration into the saturated zone~ 
the continuity of the water-bearing beds~ and the difference in amount 
of permeable saturated materials penetrated by the wells. 
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Younger Alluvium 

Silt, sand, and gravel now being deposited in the channels and on 
the flood plains of the streams, the windblown sand that covers parts 
of the lowland plain, and the fill of the upland valleys are included 
in the younger alluvium. 

The younger alluvium for the most part is thin, particularly where 
it has been deposited as windblown sand and slope wash or alluvial fill 
in some of the upland v.alleys. The younger alluvium is about 29 feet 
thicl, in well 10.28.4.424, which is dug in valley fill on the lowland , 
plain and bottomed on Chinle. Well 11.28.25.124 was dug about 28 feet 
deep into the younger alluvium of the flood plain of Pajarito Creek 
without encountering older rocks. The younger alluvium overlying the 
Chinle at well 10.30.35.323 is 20 feet thick, and that thickness is 
about average for that area. 

Clay, silt, and sand constitute the greater part of the younger 
alluvium on the upland flats in secs. 22 and 27, T. 10 N., R. 28 E., 
and along the line between Rs. 30 and 31, T. 11 N. Coarser sand and 
gravel fill most of the stream channels throughout the area. The flood 
plain of Pajarito Creek northwest of Tucumcari is built mostly of silt 
and sand and some strata of coarser materials. The surface of the 
broad lowland plain bordering Pajarito Creek in the western part of the 
area is underlain by deposits of clay, sand, and gravel. These deposits 
for the most part constitute a veneer of sediments that were deposited 
on a plain cut on rocks of the Chinle and Redonda Formations. 

The channel and flood plain of Plaza Larga Creek at the southern 
margin of the area are filled with younger alluvium consisting mostly 
of fine to medium sand. Deposits of windblown sand, although not 
mapped, are widespread and provide a thin cover over the older rocks 
between Plaza Larga Creek and the upland north of the creek. Windblown 
sand also is concentrated in small pockets at many other places. 

The younger alluvium in general is highly permeable, particularly 
where it is composed of windblown sand, or stream-channel and flood
plain fill; however, only locally is it an important source of water. 
A few wells tap the younger alluvium exclusively. These wells commonly 
are shallow dug or drilled wells close to or in the channels of Pajarito 
Creek (well 11.30.9.433) or Plaza Larga Creek (well 10.30.35.323). Well 
10.28.4.424 taps alluvium overlying the Chinle Formation on the upland 
plain; the water is perched on the clay beds of the Chinle. 

Structure 

The structure of the rocks in the Tucumcari area is characterized 
by gentle folds unbroken by faulting. Strata in the area have low dips 
generally ranging from about 1 to 3 degrees, although locally they may 
dip as much as 30 degrees. Structure contours by Dobrovolny and Summer
son (in Dobrovolny and others), locally modified for use in this report, 
indicate that the principal structure is a synclinal trough of irregular 
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shape, roughly oval in outline. Numerous small anticlinal ridges and 
noses ~nterrupt the continuity of the trough and form smaller closed 
basins within the larger structure (pl. 2). 

The southeast limb of the principal syncline rises to form the 
west limb of a major anticlinal structure lying outside the area in
vestigated. Dohrovolny and others concluded that this anticline was 
not formed by lateral compression but that it is a reflection of a 
buried topographic ridge in the Precambrian bedrock. 

The structural basins in general are the best places to develop 
wells because the more permeable formations such as the Entrada Sand
stone and the older alluvium are thicker in the basins and are below 
the regional water table. 

Folds 

The principal axis of the synclinal trough trends roughly north
east. A secondary synclinal axis trends approximately east and merges 
with the principal axis in the northeastern part of the area. This 
secondary axis determined approximately the course of Pajarito Creek 
across the area. Vigil Canyon and Blanca Creek also follow lesser 
synclinal axes within the larger structural basin. 

The convergence and divergence of the smaller synclines and anti
clinal ridges and noses form four distinct closed structural basins. 
These basins are centered, respectively, in sec. 28, T. 10 N. J R. 29 E. j 

sec 21, T. 11 N., R. 29 E.; sec. ll, T. II N., R. 30 E.; and sec 30, 
T. II N., R. 30 E. 

The large structural trough probably was formed as a result of 
solution of deeper-lying rocks and the concurrent subsidence of the 
overlying strata. This conclusion is sUbstantiated by the centripetal 
thickening of the Entrada Sandstone in the small closed basins, the 
irregular outline of the structural basins, and the locally great 
thickness and heterogeneous composition of the older alluvium underlying 
Tucumcari. 

Strata on the rim of a small sinkhole in the NE!SW! sec. 35, 
T. 11 N., R. 30 E., have centripetal dips as much as 30 degrees. The 
scarp-like rim around the sinkhole and the jumble of sandstone blocks 
in the center suggest that the collapse was relatively recent. The 
great thickness--500 feet or more--of older alluvium under the city of 
Tucumcari and the local thickening of the Entrada Sandstone and 
Morrison Formation in the closed basins west of town indicate that 
solution and collapse in the underlying bedrock has been going on, at 
least intermittently, since Entrada time. 

Faul ts 

Only one fault is known in the area; a small normal fault cuts the 
lower member of the Morrison formation in a canal cut in the NE!SEiNWi 
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sec. 29, T. 11 N., R. 30 E. The fault plane has a strike of N. 15
0 

W. 
and a dip of about 77° E. The vertical displacement is shavn to be at 
least 15 feet because individual beds on the downthrown side of the 
fault do not occur on the 15 feet or so of beds exposed in the cut on 
the up thrown side. The fault has no expression in the topography 
north or south from the exposure. 

The contention of Melhase and Stoddard (p. 8) that a major north
trending fault lies between Tucumcari Mountain and the upland area 
about a mile to the west was not verified, but the closely spaced 
structure contours, the north-trending trough, and anomalous steep 
dips on the west flank of Tucumcari Mountain (pl. 2) do suggest a 
possible fault, or fault zone. However, if the prevailing dip of beds 
exposed on the west flank of the mountain continues but a short distance 
to the west, it would account for the relatively low topographic position 
of comparable beds west of Tucumcari Mountain. 

HYDROLOGY 

Nearly all the fresh water pumped from wells is derived from pre
Cipitation. Commonly, the rain that falls in light showers of short 
dUration is entirely evaporated or consumed by vegetation, but water 
from heavy or prolonged precipitation may move downward through the 
soil cover or through streambeds to become ground water in the rocks. 
Rocks that yield water to wells are called aquifers; an aquifer may 
consist of one or more kinds of rock or one or more geologic formations. 

Many factors prevent the downward movement of water through soil 
and rock) and generally only a small part of precipitation becomes 
ground water. C. V. Theis (1937) used data collected in the southern 
High Plains in New Mexico and computed that probably less than half an 
inch) or about 3 percent) of the average annual preCipitation in that 
area becomes ground water. 

Water trapped in rocks at the time they were deposited is called 
"connate" water (Meinzer, 1923b, p. 31). If the rocks were deposited 
in a marine or brackish-water environment) or if they contain much 
mineral matter that is readily soluble) the connate water pumped from 
the rocks is likely to be highly saline or brackish. Because the 
Chinle is a thick formation that generally has very low permeability, 
it is possible that some of the water in the Chinle is connate. 

Porosity and Permeability 

Water that is pumped from wells moves through open spaces or pores 
in the rocks. The ratio of the volume of the pore space to the total 
volume of the rock is the porosity of the rock, commonly expressed as 
a percentage. A rock having a high porosity will not be an aquifer 
unless the pore spaces are connected so that water can move through 
the rock; a rock through which water can move is said to be permeable. 
The coefficient of permeability of a rock is defined as the number of 
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gallons of water per day that can pass through a I-square-foot cr05S

secti~nal area of the rock perpendicular to the direction of flow, 
under a unit hydraulic gradient. Shale or clay has a porosity greater 
than loose clean sand) but the arrangement, size, and shape of the 
particles constituting the clay or shale are such that water can move 
through the material only with great difficulty; hence, shale or clay 
usually is relatively impermeable. The porosity, permeability, thick
ness, and lateral extent of a formation or stratum are characteristics 
of prime importance in determining whether a rock unit will be a good 
aquifer. 

Not all water in a saturated permeable rock can be removed by 
pumping, because molecular forces hold some of the water in the pores. 
A saturated rock having 40 percent porosity may yield only half the 
water it contains. The rock would have a specific yield, or effective 
porosity, of 20 percent, which is the ratio of the volume of water ob
tained to the total volume of the rock. 

The best aquifers generally are widespread thick beds of coarSe
grained) well-sorted) poorly cemented sandstone and unconsolidated sand 
and gravel. If fine particles pack into the spaces between the larger 
particles of poorly sorted deposits of sand and gravel) porosity and 
permeability are reduced greatly. If granular materials are cemented 
by minerals that bind the grains together the rock may become nearly 
impermeable. 

Fine-grained, well-sorted uncemented sandstone) such as the Entrada) 
usually has a high porosity and may be a moderately good aquifer. How
ever) the small size of the particles generally results in relatively 
low permeability. Wells that tap such aquifers usually do not have 
large yields. Wells of large capacity that tap fine-grained, loosely 
conSolidated rocks such as the Entrada Sandstone may pump a consider
able quantity of sand along with the water. 

Water-Table and Artesian Conditions 

Water that penetrates below the ground surface and is not used 
immediately by vegetation, or that is not retained by the soil as soil 
mOisture) descends through the pore spaces of the underlying rocks until 
it reaches a zone below which all the pore spaces in the rock are filled 
with water. This zone is called the zone of saturation, and the level 
at which water stands in wells penetrating the zone is called the water 
table. 

A capillary fringe extends above the zone of saturation to a 
height determined by the character of the materials. In sand and 
gravel the water table and the top of the capillary fringe correspond 
so nearly that) for all practical purposes) they are the same. 

Water in the alluvium in the Tucumcari area generally is under 
water-table conditions. 
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If the water, as it moves downward, is halted by a relatively im
permeable bed lying above the general water table, it may form an upper 
secondary zone of saturation. Such water is said to be perched, and the 
upper surface of such a saturated zone is a perched water table. Any 
number of perched bodies of water may lie above the principal zone of 
saturation because any relatively impermeable bed can serve as a sup
porting layer. A well drilled through the impermeable bed beneath a 
perched zone may enable the water to drain into the underlying unsatu
rated rock and if the perched body of water is small it may be drained 
completely. 

Water in the alluvium in some places in the Tucumcari area is 
perched upon the Redonda or Chinle Formations, and locally water in the 
sandstone of the upper and middle members of the Morrison Formation is 
perched upon red beds of the lower member. Although no wells are known 
to tap the Mesa Rica Sandstone in the area, it is probable that water 
OccurS locally in the Mesa Rica and is perched upon the underlying 
Tucumcari Shale. 

Where an aquifer dips away from areas of recharge and the rock 
formation is overlain and underlain by much less permeable rocks, the 
water in the aquifer is confined and under artesian pressure so that 
water in a well will rise above the point at which the aquifer was first 
penetrated by the drill. The height to which water will rise in an 
artesian well is a point on an imaginary surface called the "piezometric 
surface. II Water in the Entrada Sandstone in much of the area west of 
Tucumcari is confined under pressure between the relatively impermeable 
red beds of the underlying Redonda Formation and the red beds of the 
lower member of the Morrison Formation (fig. 5). 

Water in the middle member of the Morrison Formation may be con
fined by the relatively impermeable upper member and the overlying 
Tucumcari Shale. Water in the Chinle Formation may be under water-table 
conditions where it is at relatively shallow depths but is probably con
fined where it is below 50 feet. 

The height to which confined water will rise in a well depends upon 
the head in the aquifer and is independent of the shape of the land 
surface at the well. However, of two nearby wells tapping an artesian 
aquifer -- one well on high ground and one on low ground -- the well on 
low ground may flow whereas the well on high ground may not. Such a 
situation is represented by the two city wells, W 2 (11.29.13.133) on 
low ground, and W 1 (11.29.13.314) on high ground in the West field 
(pl. 1). 

Water-level Fluctuations in Wells 

Water levels in wells fluctuate in response to natural causes and 
to activities of man. Accurate measurements of water-level fluctuations 
must be obtained over definite periods of time before the causes of 
fluctuation can be determined. Knowledge of the causes of fluctuations 
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of water levels in wells increases understanding of the occurrence and 
behavior of ground water in an area and helps in determining action that 
can be taken to further develop or conserve supplies of ground water. 

Methods of Measuring 

The depth to water in a well can be measured accurately by the 
wetted tape method: a flat steel tapeline is lowered into the well until 
the end of the line is below the water level; an even footmark is held 
against a convenient reference point, commonly the top of the casing; 
the tape is then withdrawn and the measure of wetted tape is subtracted 
from the measure of line lowered into the well. The depth of the water 
below land surface is obtained by determining the height of the measur
ing pOint -- in this instance, the top of the casing -- above or below 
land surface. 

An electric water-level indicator is useful in measuring water 
levels in wells that are wet above the water surface, either as a result 
of pumping or because water is entering the well at a point above the 
water table. A shielded element makes contact with the water surface 
and a light or meter indicates the closed circuit. The depth to water 
can then be read from marks on the cable. 

Continuous records of water-level fluctuations for some wells are 
obtained by installing recording gages that consist of a revolving drum 
actuated by a float line and a counterweight, and a spring- or weight
driven clock mechanism which draws an inking pen or a pencil at a 
constant speed across a graph paper fitted onto the drum. 

Most of the water-level measurements recorded in tables I and 5 
were obtained by the wetted-tape method of measurement. 

Atmospheric-Pressure Effects 

Some fluctuations of water levels in wells tapping artesian aqui
fers can be correlated with variations in atmospheric pressure. Baro
metric efficiency is the ratio of net change in water level to net 
change in atmospheric pressure, both expressed in feet. Change in 
atmospheric pressure on most water tables of shallow or moderate depth 
is exerted not only in wells, but across the entire surface of the water 
table, and fluctuations do not commonly occur. In some water-table 
wells, however, water levels do fluctuate in response to changes in 
atmospheric pressure. Such changes are most common in deep wells that 
penetrate heterogeneous alluvial depOSits of continental origin where 
the water is semiconfined. Clay and silt beds above the water table may 
confine air to the extent that changes in atmospheric pressure are not 
distributed equally and simultaneously through the aquifer, and addi
tional changes in water levels will occur. Water under such conditions 
is sometimes said to be semiconfined, or semiartesian, but true artesian 
conditions do not exist and the water levels will return to their normal 
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position after a time even though no further atmospheric changes take 
place. 

Pressure on the surface of the water in a well tapping an artesian 
aquifer is increased when the atmospheric pressure increases, and the 
water level in the well declines. Conversely, water levels rise when 
the atmospheric pressure decreases (fig. 6), A change in atmospheric 
pressure results in an equivalent, though inverted, change in the water 
level in an artesian aquifer with a barometric efficiency of 100 percent. 
A barometric pressure change of 1 inch of mercury is approximately equal 
to 1 foot of change in the water level in a well tapping an aquifer 
having a barometric efficiency of 100 percent. 

The most regular changes in atmospheric pressure result from diurnal 
changes in temperature. These changes are reflected on hydrographs as a 
series of high and low pOints, usually occurring at about the same times 
each day. The warmest time of day normally is midafternoon; the a tmos
phere at that time is least dense, the atmospheric pressure is reduced, 
and water levels in artesian wells are highest for the 24-hour period. 
Water levels commonly are lowest just before sunrise, when the atmos
phere is coolest and most dense. 

Less regular changes in atmospheric pressure result from mass air 
movements over an area. Masses of cold, heavy air, commonly called 
high-pressure areas, or "highs, n cause declines in water levels, whereas 
masses of warm, light air, called low-pressure areas, or " lows ,1I cause 
rises in the water levels. Such changes may extend over periods of 
several days to several weeks, and diurnal changes are superimposed upon 
them (fig. 6). 

Diurnal changes of water level in well 11.29.19.231 as a result of 
a tmospheric pressure changes ranged from a few hundredths of a foot to 
0.4 foot during the period of record for 1952 (fig. 6). Changes due to 
air mass movement are somewhat more difficult to isolate, but the record 
for 1952 indicates that such changes may range to as much as 0.6 foot. 

Pronounced changes of water level resulting from changes in atmos
pheric pressure are indicative of confined water. A knowledge of such 
changes also is necessary to analyze properly trends in water levels. 
If measurements are made infrequently in an area of little or no pumping, 
changes of water levels in response to changing atmospheric pressures 
could be mistakenly identified as representing changes in the amount of 
water in storage. 

Seasonal Changes 

Seasonal changes in water levels are caused by variations in rates 
of recharge and discharge. Water levels rise when recharge exceeds dis
charge, such as during rainy seasons or during the winter when discharge 
of ground water by vegetation or from wells is at a minimum. Usually 
the rise is slow and steady, increasing as discharge decreases. Occa
sionally, water levels rise sharply after periods of heavy precipitation. 
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The lag in time between precipitation and rises in water level in water
table aquifers is dependent on such factors as depth of the water table 
below-the land surface, the porosity and permeability of the rocks under
lying the land surface, the amount of moisture in the soil cover and in 
the rocks overlying the aquifer, and distance from the recharge area. 

The increase in hydrostatic pressure in artesian aquifers resulting 
from infiltration of precipitation on the recharge area may cause a com
paratively rapid rise in water levels at considerable distances from the 
recharge area (fig. 6). 

Water levels generally decline during the summer because of the 
large amounts of water transpired by plants during the growing season, 
because of greater evaporation, and, in areas of ground-water develop
ment, because of pumping from wells (fig. 7). A record of seasonal low 
or high water levels may be used to estimate the net annual change in 
water levels in an area, and also to provide data for long-range plan
ning for optimum use of ground water. 

Pumping and Irrigation Effects 

Pumping ground water for municipal, industrial, and irrigation 
needs, or the use of imported surface water for these purposes, may have 
considerable effect upon water levels. Heavy pumping almost always 
causes marked declines in the water levels (fig. 7) and results in a 
decrease somewhere in the natural discharge of ground water. The de
cline of water levels may induce greater recharge by providing addition
al underground space for storage of water and by steepening the ground
water gradient toward the point of artificial discharge. The decline of 
water level in the vicinity of a pumping well or well field may so alter 
the slope of the piezometric surface as to cause a change in the direc
tion and rate of movement of ground water, diverting it toward the area 
of withdrawal. This lowering of the water level by pumping creates a 
cone of depression in the water table, with the result that ground water 
moves toward the lowest point of the cone. 

Artesian aquifers, unlike water-table aquifers, do not corrunonly 
yield water to wells by dewatering the aquifer near the pumping well. 
Artesian aquifers yield water to wells by compression of the aquifer and 
by expansion of the water itselfj but, when an artesian aquifer that has 
a low coefficient of transmissibility, such as the Entrada Sandstone, is 
pumped heavily, it is possible to dewater the aquifer locally to the 
extent that water levels are lowered below the base of the upper con
fining bed so that water-table conditions prevail and part of the water 
pumped thereafter does come from storage in the immediate vicinity of 
the well. This condition occurs in the Entrada Sandstone both in the 
Metropolitan Park and the West well fields (fig. 5) during prolonged 
periods of pumping. 

Importation of surface water for irrigation almost universally 
causes rises in water levels, except when the withdrawal of ground water 
from wells is equal to or in excess of the recharge resulting from the 
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irrigation by surface water. As water levels rise in irrigated areas, 
springs and seeps may appear, bog lands develop, creeks begin to flow, 
and phreatophytes to flourish. 

Irrigation water pumped from deep-lying aquifers and applied to the 
land also may cause a rise in water levels in water-table aquifers. 
Such pumping also may result in waterlogging if the irrigated land is 
underlain at shallow depth by relatively impermeable strata. Perched
water bodies above deep-lying aquifers thus may be created. 

Transmitting and Storage Characteristics of the Aquifers 

The Entrada Sandstone is the principal aquifer in the area. The 
Morrison Formation, the Chinle Formation, the older alluvium, and the 
younger alluvium are important only locally. The Redonda Formation, 
Tucumcari Shale, Mesa Rica Sandstone, and Pajarito Shale are not aquifers 
in the area. 

The evaluation of the Entrada Sandstone as a long-term dependable 
source of large quantities of water requires that, in addition to its 
areal extent, certain hydrologic characteristics of the aquifer be 
known. The coefficient of transmissibility, which is defined as the 
rate at which water will pass through the aquifer under a unit head, the 
coefficient of storage, which is defined as the amount of water released 
from storage with a unit decline in the head, and the total volume of 
water stored in the aquifer must be known before a reliable quantitative 
evaluation of the aquifer can be made. The methods by which the coeffi
cients of transmissibility and storage were determined for aquifers in 
the Tucumcari area are discussed hereinafter. 

The coefficient of transmissibility (T) is the measure of the capa
city of an aquifer to transmit water. The units of the coefficient of 
transmissibility used in this report are gallons per day (gpd) through a 
Vertical strip of the aquifer 1 foot wide, perpendicular to the direction 
of flow, under a hydraulic gradient of 1 foot per foot. The coefficient 
of transmissibility is equal to the average field coefficient of permea
bility multiplied by the thickness of the aquifer. The field coefficient 
of permeability (Pf) may be defined as the number of gallons of water a 
day that percolates under prevailing conditions through each square foot 
(measured perpendicular to the direction of flow) for a hydraulic gradi
ent of 1 foot per foot. 

The approximate coefficient of transmissibility can be determined 
directly by pumping tests, and indirectly by laboratory determination of 
the permeability of samples from the aquifer and thickness of the aqui
fer. The coefficient of storage (8) of an aquifer is defined as the 
volume of water released from storage per unit surface area of the aqui
fer per unit decline in head. As defined, 8 is dimensionless. 

In an artesian aquifer the formation is saturated, the amount of 
water obtained from storage generally is small, and the pressure changes 
caused by pumping spread rapidly. Even though the effects spread 
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rapidly, they are not immediately felt at distant pOints. The volume of 
water pumped is much greater than the volume removed from within the 
well; thus the source of the water is the formation, although the fonna
tion remains saturated. Since the formation remains full of water, the 
volume occupied by the water withdrawn from the formation must be re
placed either by expansion of the water remaining in the aqUifer or by 
compaction of the aquifer and the associated fine-grained beds under the 
weight of the overlying beds when the pressure within the formation is 
reduced, or by a combination of the two. 

Withdrawals of water from an artesian aquifer, especially if the 
transmissibility is low, may result in lowering the head in the aquifer 
to a level below the bottom of the upper confining bed. Such a develop
ment results in the establishment of water-table conditions near the 
well} creating a complex hydraulic situation. 

Combinations of water-table and artesian conditions are common in 
the Metropolitan Park field, and probably immediately adjacent to each 
of the discharging wells in West field. The combined effects undoubtedly 
were present also in Town field prior to 1945 when pumping was discon
tinued, and they are no doubt again present near wells 11.30.15.224 
(T 10) and 11.30.15.243 (T 11) following resumption of pumping. 

A number of investigators have developed discharge formulas since 
Dupui t (1863) applied to well hydraulics Darcy's law (1856) governing 
flow through porous media. Dupuit developed a formula for an idealized 
case of a well in the center of a circular island; others including 
Slichter (1899), one of the earliest U.S. investigators, developed 
formulas for specialized or modified cases, These methods were essen
tially l1equilibrium" methods applied to the steady-state condition 
wherein the rate of flow toward a well is equal to the discharge from the 
well. Theis (1935) introduced the concept of time and the storage factor 
into quantitative analysis of ground-water movement by analogy to heat 
flow by conduction. Theis' nonequilibrium method was later derived by 
Jacob (1940) using hydrologic concepts. The coefficients of transmissi
bility and of storage can be determined from tests in the field and may 
be used to compute future levels when conditions of ground-water flow do 
not approach equilibrium. The nonequilibrium method also can be applied 
to predict interference between wells producing from the Entrada Sand
stone in the area. 

The Theis nonequilibrium formula used in the analysis of some 
aquifer tests can be stated in this form: 

114.6 Q W(u) 
s = 

T 

1.87 
2 

S 
and 

r 
u = 

Tt 

in which s is the drawdown or recovery at any time and place on the cone 
of depression, Q is the constant rate of withdrawal or recharge in gpmj 
W(u) is known as the well function of u; r is the distance in feet from 
the point of withdrawal to the point where s is measured in an observa
tion well; t is the time in days since pumping was begun, or stopped; 
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T is the coefficient of transmissibility; and S is the coefficient of 
5 torage. 

The formula is based on the assumptions that the aquifer is homo
geneous and isotropic, that the water is released from storage instan
taneously with the decline in head, and that the coefficients of trans
missibility and storage are constant. These assumptions are never 
completely met in the field and the coefficients derived must be applied 
to field problems with these limitations in mind. The Theis formula can 
be solved by a graphical procedure suggested by Theis and described by 
Jacob and by Wenzel (1942). Observed data are plotted on logarithmic 
paper and "matchect ll against the type curve, from which the coordinates 
of a match point are used in the above equation to solve for T and S. 

to: 
The nonequilibrium formula was modified by Cooper and Jacob (1946) 

T = 264 Q 
6.s 

in which .6.s is the drawdown during one log cycle on the time scale; to 
is the time-intercept of the straight line (through the field data) with 
zero drawdown; r is the distance in feet to the observation well; and 
T, Q, and S are as previously defined in the discussion of the Theis 
nonequilibrium method. 

The injection or so-called "slug" test requires that a volwne of 
water be introduced rapidly into a well. The coefficient of transmissi
bility can be computed from injection test data using the equation of 
Ferris and Knowles (1954, p. 2) 

T = 114.6 V (lit) 
s 

where V is in gallons, t is in minutes after injection of the "slug ,1I 
and s is in feet. 

The method of partial penetration developed by Hantush (Han tush , 
1961) is described and illustrated in the discussion of the Butler well 
test (figs. 20 and 21). 

Aquifer-Performance Tests 

Aquifer-performance tests provide data needed to evaluate the 
hydraulic properties of the water-bearing formation. Measurements of 
water levels in several observation wells in addition to the pwnped well 
are desirable, and frequently necessary, to obtain data needed to solve 
the various formulas for T and S. The observation wells must tap the 
same aquifer as the discharging well, and they must be within the radius 
of influence of the pwnped well. Water-level conditions should be 



46 

stabilized prior to the test so that the effect of a given change in 
operating procedure can be isolated from other fluctuations of the water 
levels in the observation wells. There is no special problem in obtain
ing reasonably stable conditions if wells tapping the aquifer have not 
been pumped recently in the area of the test. Effects of pumping from 
other wells in the area usually make it difficult to interpret results 
where the test well is in an operating well field. 

Three kinds of aquifer tests were performed: drawdoWll, recovery, 
and injection or !lslug. tI A drawdown test requires either that a pump be 
started or that the pumping rate be increased abruptly to a new rate 
considerably greater than the rate for which conditions had become fair
ly stabilized. Results of five drawdown tests are included in table 7. 

The principal disadvantage of drawdown tests is that turbine pumps 
usually compensate for the increased drawdown (greater lift) by a de
crease in pumping rate. The operating conditions and equipment were 
such that it was usually impossible to start the test with the discharge 
throttled or to hold discharge constant by opening the valve as the draw
down increased. If fluctuations of the pumping rate are large and er
ratic, analysis of the test data is difficult -- often impossible. 

Water-level response to an abrupt reduction in pumping rate is 
observed in a recovery test. This reduction in rate may be caused by 
stopping the pump, or by abruptly decreasing the pumping rate, as was 
done in tests of IV 1. The analysis of the data collected in the latter 
test assumes that the pump continues to operate steadily as before, and 
that in addition a flow equal to the decrease in rate is introduced into 
the well. Since the mechanical difficulties of rate control inherent in 
the drawdown test are not present in the recovery test,data obtained are 
less irregular than those from drawdown tests and therefore possihly 
more reliable, as well as often being easier to analyze. Fourteen 
recovery tests were conducted on wells ranging in capacity from 1 gpm 
to 260 gpm; results of the tests are included in table 7. 

Five injection tests were conducted) none of which were considered 
to be completely satisfactory. Four of the tests were conducted on wells 
drilled as test holes. At least one of these wells, 11.29.32.342 (Curry 
test well 1), was plugged -- as indicated by the fact that after the test 
the water-level recorder responded to fluctuations Which were not present 
before the test. 

Tests on the Kinkead test well (11.29.19.231, also known as the 
Campbell test well) and on the Palomas well (10.29.6.211) indicated that 
the coefficient of transmissibility at these locations was 160 gpd per 
foot, and 190 gpd per foot, respectively. The value for the Kinkead 
test well is too low for the section penetrated, and the low value pre
sumably was caused by sanding in the well, which greatly reduced the 
effective penetration of the aquifer. The Palomas well is believed not 
to have penetrated to the Entrada Sandstone; thus the value probably 
represents the approximate transmissibility of the Morrison Formation in 
the Tucumcari area. 
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In all, twenty-two aquifer-performance tests (table 7) were made; 
detailed information for 9 tests and plots of these tests are given on 
the following pages. 

Metropoli tan Park Well Field 

Two aquifer-perfonnance tests were made in the Metropolitan Park 
well field to determine hydraulic characteristics of the Entrada Sand
stone in the vicinity. In general, the Entrada is about 250 feet thick 
and its top is about 160 to 190 feet below the surface. The full thick
ness of the Entrada was penetrated by the pumping and observation wells. 
Locations of the wells are shown in figure 8 and descriptions of the 
wells and their logs are given in tables 1 and 6. A continuous record 
of water-level fluctuations in the Metropolitan Park field was obtained 
with a recording gage installed on well 11.30.30.333 (MP 21) (fig. 7). 
This record was used to determine the relative stability of water levels 
in the well field at the time individual wells were tested. 

The wells in Metropolitan Park (fig. 8) are closely spaced and much 
interference between wells was anticipated when testing was started. An 
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attempt was made to stabilize conditions prior to conducting each pump
ing test in the field. Because the pumping schedule for the city was 
never rigid, completely stabilized conditions were not obtained. In 
addition, where the measurements were made by using air lines, it usual
ly was impossible to obtain precise water levels. In pumped wells where 
changes were large, measurements made by air lines were satisfactory at 
times, but in the observation wells such air-line measurements were un
satisfactory because of the relatively small changes in water levels. 
Electric and wetted-tape measurements were made in the observation wells 
where it was possible to get lines down to the water level. 

Test of well 11.30.30.313 (MP 15) 

An injection or "slug" test was made in well 11.30.30.313 (MP 15) 
while the pump was out of the well for repairs. The measurements 
obtained in this test indicate a transmissibility of about 4,400 gpd per 
foot (fig. 9), which is about the same magnitude as the coefficient of 
transmissibility for MP 14 about 1,000 feet east of MP 15 (figs. 8, 9). 
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FIGURE 9. -- Injection or "slug l1 test of 
well 11.30.30.313 (MP 15). 
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The equipment used will be described briefly because this kind of 
test is somewhat unusual. A 55-gallon drum, fitted with a short length 
of 5-inch pipe in the bottom, was set on the casing. The drum was 
filled with waterj a rubber flap covered the 5-inch opening and pre
vented the water from draining from the drum. An electric tape with a 
steel tape attached was lowered into the well prior to positioning the 
55-gallon drum. When the flap was pulled, the drum emptied in a few 
secondsj the drum then was removed from the hole and water-level 
measurements were made quickly and precisely with the electric- and 
steel-tape combination. 

Date 

2-20-53 

Water-level measurements in well 11.30.30.313 (MP 15) 
injection "slug ll test 

Minutes 1 after Wa ter level, 
55-gal. " slug!! feet below-top 

Time released of casing 

10:15 a.m. 0 205.71 
1 205.29 
2 .36 
3 .42 
4 .47 
5 .51 
6 205.53 
7 .55 
8 .57 
9 .58 

10: 25 10 .59 
11 205.60 
12 .61 
13 .62 
14 .626 
15 .631 
16 205.640 
18 .643 
19 .648 
20 .652 
22 .656 
24 .661 
26 205.667 
28 .673 
30 .678 
32 .690 
34 .692 

10:55 40 205.710 

Test of well 11.30.30.314 (MP 22) 

A recovery-type aquifer-performance test was made using wells 
11.30.30.314 (MP 22) and 11.30.30.323 (MP 14). Well MP 22 was pumped 
at about 260 gpm until near-equilibrium conditions had been attained in 
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the vicinity of the pumped well. Water levels were measured during 
recovery in well MP 22 and in observation well MP 14 -- 490 feet to the 
southeast. 

The hydrologic characteristics of the Entrada Sandstone determined 
from the data differed markedly (see figs. 10, 11, 12). The coefficients 
of transmissibility computed for the observation and pumped well were 
about 5,600 and 1,100 gpd per foot, respectively; the respective storage 
coefficients were about 0.00085 and 0.12. These results suggest that 
during the test artesian or semiartesian conditions existed at the 
observation well while water-table conditions developed at the pumped 
well. Inasmuch as the water level was apparently below the top of the 
Entrada throughout this test, one possible reason for the apparent arte
sian conditions may be the presence of unidentified clay or shale lenses 
near the top of the Entrada Sandstone. 
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Water-level measurements in observation well 11.30.30.323 (MP 14) 
after MP 22 pumping 262 gpm 

Date 

1-21-53 

1-22-53 

1-23-53 

Date 

1-21-53 

Time 

1:15 p.m. 
1:26 
1:30 
1:35 
1:39 
1:45 
1:50 
1:55 
2:01 
2:05 
2:10 
2:15 
2:20 
2:25 
2:30 
2:35 
2:40 
2:45 
2:50 
2:55 
3:00 
3:32 
4:03 
4:34 
5: 11 
5:30 
8:10 a.m. 

10:05 
12:18 p.m. 
9:44 a.m. 

Minutes) since 
pumping stopped 

o 
11 
15 
20 
24 
30 
35 
40 
46 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
137 
168 
199 
236 
255 

1135 
1250 
1383 
2669 

Water level, feet 
below top of casing 

204.45 
204.45 
204.44 
204.43 
204.42 
204.39 
204.34 
204.26 
204.23 
204.18 
204.09 
204.00 
203.91 
203.81 
203.71 
203.61 
203.55 
203.46 
203.37 
203.24 
203.12 
202.42 
201.82 
201. 31 
200.78 
200.55 
196.67 
196.48 
196.11 
194.64 

Water-level measurements in well 11.30.30.314 (MP 22) 
after pumping 262 gpm 

Time 

12:50 p.m. 
1:00 
1:15 

: 16 
: 17 
: 18 
:19 
: 20 
:21 
: 22 
: 23 

Minutes, since 
pumping stopped 

o 
1 
2 
3 
4 
5 
6 
7 
8 

Water level, 
feet, gage 

331.5 
331.5 
332 
300 
287 
280 
274-
268.5 
262.5 
258+ 
253.5 
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Water-level measurements in well 11.30.30.314 (MP 22) (continued) 

Minutes, since Water level, 
Date Time pumping stopped feet, gage 

1-21-53 1:24 p.m. 9 249.5 
: 25 10 247 
: 26 11 244.5 
: 28 13 239.5 
:30 15 236.5 
:32 17 234 
:34 19 233-
: 36 21 230.5 
: 38 23 229.5 
:40 25 228.5 
:42 27 228-
:44 29 226.5 
: 46 31 225-
:48 33 223+ 
:50 35 222 
:52 37 221 
:54 39 220 
:58 43 218+ 

2:02 47 217.5 
:06 51 216 
:10 55 215 
: 15 60 213.5 
: 20 65 212+ 
: 25 70 211 
:35 80 209 
: 45 90 207+ 

3:05 110 205+ 
: 15 120 205-
: 35 140 204.5 
:55 160 204+ 

4:15 180 203.5 
4: 45 210 203 

1-22-53 8: 20 a.m. 1145 197 

West Well Field 

Seven aquifer-performance tests were made in West field to evaluate 
the characteristics of the Entrada Sandstone in the vicinity. Here the 
Entrada Sandstone is about 175 to 185 feet thick and its top is about 
160 to 200 feet below the surface. The full thickness of the Entrada 
Sandstone was penetrated by W 2 and test W 2. W 1 also is believed to 
have penetrated the full thickness of the Entrada even though the log 
indicates IIsand!! at hole-bottom depth. Locations of the wells are shown 
in figure 13 and descriptions and logs of the wells are given in tables 
1 and 6. 

Both W 1 and W 2, the pumped wells, were equipped with electrically 
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driven pumps 
and 130 gpm, 
from W 1 and 
(fig, 13). 

discharging to the West field storage tank about 155 gpm 
respectively_ Test wells 1 and 2 are located a few feet 
2, respectively, and test well 3 is near the storage tank 
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Tests of wells 11.29.13.133 (W 2) and 11.29.13.314 (W 1) 

The measurements for one of the recovery tests on W 2 are shown on 
type-curve and straight-line plots (figs. 14 and 15). 
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A semi-log plot (fig. 16) was made of recovery of water levels in 
well 11.29.13. 314a (W test 1) after stopping the pumping of well 11. 29. 
13.314 (W 1). 

The values for the coefficient of transmissibility ranged from 630 
to 2,200 gpd per foot for the tests of W 1 and W 2. Values of the co
efficient of storage ranged from 0.013 to 0.0002. The high value, 
0.013, was determined in the analysis of the recovery test when the 
pumping rate of W 1 was reduced 34 gpm by discharging to the transmis
sion line rather than to the ground surface. The value, indicative of 
water-table or semiartesian conditions, is reasonable because the cone 
of depression extended far below the top of the aquifer in both the 
pumped well (W 1) and in the observation well (W test 1). 

Wa ter-level measurements in well 11.29.13.133 (W 2) after pumping 

Date 

10-23-52 

Time 

2:30 p.m. 
:32 

Minutes, since 
pumping stopped 

o 
2 

Water level, feet 
below top of casing 

304 
237 

stopped pump 

10,000 



57 

Water-level measurements in well 1l. 29 .13.133 (W 2) (continued) 

Minutes, since Water level, feet 
Date Time pumping stopped below top of casing 

10-23-52 2:33 p.m. 3 231 
:34 4 227 
:36 6 217 
:38 8 213 
:40 10 208 
:42 12 204 
:44 14 201 
:46 16 198 
:48 18 195 
:50 20 193 
:52 22 191 
:54 24 189 
:56 26 188 
:58 28 186 

3:00 30 184.5 
:02 32 183.5 
:04 34 182 
:07 37 180.5 
: 10 40 179 
: 13 43 178 
: 17 47 177 
: 23 53 174.5 
: 29 59 172.5 
:36 66 170 
: 46 76 168 

4:00 90 167 
:12 102 163 
: 22 112 160 

5:47 197 15l.5 
8:05 335 142 
9:30 420 136.5 

10-24-52 2:05 a.m. 695 129 
3:55 805 125 
6: 45 975 12l.5 
9:30 1140 119 

10: 20 1190 118.00* 
10:40 1210 117.65* 
12:10 p.m. 1300 116.42* 

2:30 1400 114.80* 
3:30 1500 114.05* 
5:35 1625 112.70* 
8:30 1800 11l.03* 

10:35 1925 109.95* 
10-25-52 2:30 a.m. 2160 108.15* 

4:30 2280 107.30* 
7:30 2460 106.06* 
7: 45 2475 106.03* 

* Dropline measurements 
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Test of well 11.29.13.321 (W test 3) 

Test well 3 in West field is about 1,370 feet northeast of W 1 and 
1,630 feet southeast of W 2. The well, which is not cased and which was 
marked only by a piece of flat sandstone covering the hole, was not 
found until December 5, 1952, some 15 days after W 1 was shut down and 
43 days aiter W 2 was shut down for the season, except for short, inter
mittent periods of pumping to supply minor water needs. Measurements 
made of depths to water in the well were plotted (fig. 17) against 

log tl t2 
t't I 

1 2 

The slope of the line shown on this plot is equivalent to the dif
ference between two values of residual drawdown divided by the differ
ence between corresponding values of 

log 

because the depth to water for any value of 

log 

minus an unknown original depth to water is equal to residual drawdown. 
The slope of the curve and not the static water level is required in 
this analysis. Because residual drawdown, s!, is the sum of the resi
duals caused by prior pumping of each of the wells W 1 and W 2, we have 

or 

264 Q tl 264 Q t2 
s' = 1 log + 2 log 

T 

s' = 264 Q 
T 

t' 
1 

T to 
2 

where Q is the average of Q
l 

+ Q
2 

used to obtain the approximate 

value of T, since Q
l 

and Q
2 

are equal to 155 and 130 gpm, respectively; 

and tl is the time since pumping of W 1 began, tIl' the time since pump

ing of W 1 was stopped, and t2 and t!2 the corresponding times for W 2. 
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FIGURE 17. -- Recovery in well 11.29.13.321 (W test 3). 
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Water-level measurements in well 11.29.13.321 (W test 3) 
after pumping IV 2 and W 1 

Water level, 
feet below Days since Hours W 2 

Date ground surface pumping stopped pumped 

IV 2 stopped IV 1 stopped 
Oct. 23, 1952 Nov. 20, 1952 

12-5-52 141.35 43 15 
18 135.50 56 28 7 
19 136.12 57 29 9 
20 136.13 58 30 
22 135.03 60 32 
23 2 
31 130.63 69 41 3 

1-6-53 128.43 75 47 
8 127.84 77 49 3 

13 3 
15 125.79 84 56 
20 5 
22 123.23 91 63 10.5 
28 121. 28 97 69 

2-5-53 119.03 105 77 
11 116.41 111 83 
19 112.87 119 91 24 
25 109.28 125 97 

3-5-53 109.28 133 105 
18 104.98 146 118 

seasonal pumping started 

M. S. Hantush (oral communication, 1960) suggested that a second 
approximation can be made by using the value of T obtained above to cal
culate the residual drawdown caused by one of the wells and to then 
solve for T using residual drawdown caused by the other pumped well. 
Because data were limited and no observations were made in this well 
during the early recovery periods, calculations beyond the first approx
imation were not carried out. 

IV 1 had pumped for 234 days prior to November 20, while IV 2 had 
pumped 273 days prior to October 23. Although W 1 remained inoperative 
until March 21, 1953, W 2 was operated for various periods totaling 
about 66 hours to provide water to those customers on the water main to 
town. 

The value of T was found to be 630 gpd per foot (fig. 21). This 
value, together with the largest value of S -- .013 -- determined in 
West well field, showed that the theoretical recovery from W 1 and IV 2 
should have been 19.8 feet for the period December 5-31, 31.6 feet for 
the period December 5-January 22, and 11.8 feet for the period December 
31-January 22. The measured water levels show differences of 10.7, 18.1, 
and 7.4 feet for the respective time periods. Percentagewise, the 
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discrepancy is least for the last period, which is also the portion of 
the plot ~sed to calculate T. 

A number of combinations of T and S values were assumed in order to 
check the actual change in measured levels. AT; 1260 gpd per foot and 
S; .01 gave the nearest results: 13.9, 21.3, and 7.4 feet for the re
spective periods described above. This is believed to be the most relia
ble set of values to use in West well field for calculating interference 
between wells. This value of T, 1260 gpd per foot, is approximately 
equal to the average value of the coefficient obtained from all West 
well field tests and it is approximately double the value obtained 
directly from the recovery curve in W test 3. This could be due to the 
fact that an effective boundary condition may have been shown because 
the plot of the recovery of water levels in W test 3 covered a much 
longer period of time than any other test. 

Town \1<>11 Field 

The locations of wells in Town well field (older city wells and 
wells and test holes drilled by the Southern Pacific Co. )are shown in 
figure 18. Descriptions of most of the wells are given in Tables 1 and 
2, and the logs of wells T 10 (11.30.15.224) and T 11 (11.30.15.243) are 
given in table 6. 

Test of Town well 11.30.15.243 (T 11) 

Town well 11 (T 11), 11.30.15.243, also known as City well 11 and 
North well 11, is located in the western part of the well field in the 
northern part of the city (fig. 18). 

T 11 was drilled in older alluvium to a depth of 360 feet about 
1930. A 20-inch casing was set from ground surface to 190 feet and 
cemented in place at the lower end. An l8~-inch casing was set from 182 
to 227 feet and also was cemented in place at its lower end. A 10-inch 
casing was installed from ground surface to 360 feet, perforated from 
260 to 360 feet, and a gravel pack was placed around casing from 177 to 
360 feet. 

At the time of the drawdown and recovery tests, on January 24, 1953, 
the well was equipped with a turbine pump which discharged about 68 gpm 
at the ground surface and reportedly would deliver about 30 gpm to the 
city distribution system against line pressure. Following the test, 
which indicated a much greater possible Yield, the pump was replaced by 
a higher capacity unit and the well was placed in regular service pumping 
directly into the city mains. 

The water-level measurements made during and after pumping, shown 
on semi-log plots (fig. 19) indicate the older alluvium has a coefficient 
of transmissibility between 6400 and 6700 in that vicinity. T 10 was nat 
equipped until about 1957 but, according to reports on the yield and 
drawdown, the transmissibility is comparable with that of T 11. 



EXPLANATION 

o 

Well or test hole, destroyed 
or not equipped 

• 
Well equipped, not in use 

@ 

Well in use 

Well locations token in part f'rom 
Plate II, Melhase and Stoddard, 
1927. Numbers refer to designation 
used by Southern Pacific Co. or 
the City of Tucumcari. Privately 
owned weils and some city and 
Southern Pacific Co. wells are 
identified by the fourth segment 
of the U S G S location number 
in brackets 

[2.43] 
@ TOWN II 

T. 

" N. 

R. 30 E, 

10 II 
15 14 

62 

WELL 140.23 [S 1/4 MILE 

NORTH OF THIS POINT-' 

N 

27 [411b] 0 [234J 

rs;J[S]D r 
DOD 
DOD 
DDDDDD 

DDDDDO 0 
DDDDlaD DD 
DDDGlDD [/,1" 

o 1000 2000 Feet 

FIGURE 18. -- Well and test-hole locations in the northwest part 
of Tucumcari, Quay County, N. Mex., 1953 
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til minutes since pumping stopped 
10 .... 1./ 

Recovery water levels corrected 
by extrapolation of drawdown 

~ 
~4X68 

2.7 = 6,700gpd/ft 

~ 

~ 

100 
I 

T= 264 x68 
2.8 =61100 9Pd/ft~ 

~ 
I I I I ~ 

10 100 
t. minutes since pumping started 

FIGURE 19. -- Drawdown and recovery tests in well 11.30.15.243 
(T 11) -- semi-log plot. 

Water-level measurements in well 11.30.15.243 (T 11) 

Minutes, since Wa ter level, 
Date Time start of pumping feet below top of casing 

1-24-53 11:30 a.m. 131. 55 started pumping 
:34:30 4.5 137.19 68 gpm. 
:40 10 138.14 
:49 19 138.81 
:55 25 139.23 

12:00 30 139.42 
:07 p.m. 37 139.67 
:17 47 140.04 
:30 60 140.35 

1:30 120 141.15 
2:15 165 141.48 

:30 180 141.58 
:30 stopped pumping 
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Water-level measurements in well 11.30.15.243 (T 11) (continued) 

Minutes, since Water level, 
Date Time pumping stopped feet below top of casing 

1-24-53 2:35 p.m. 5 135.25 
: 40 10 134.52 
: 47 17 133.95 
:55 25 133.52 

3:03 33 133.25 
:10 40 133.07 
: 20 50 132.89 
:30 60 132.75 

Test of well 11.30.11.411b (SP 40) 

An injection test on well 11.30.11.411b (SP 40) was made using a 
!1s1ug1! of 1,200 gallons from a tank trailer. The well filled about 46 
feet, and the water level dropped slowly. Computations indicated that 
about 10 gallons a minute left the well. The well must have been par
tially plugged since this well is in the area where old wells reportedly 
Yielded large quantities of water but produced so much fine sand which 
could not be controlled that the wells were adjudged failures and were 
not used. 

Tests Outside the Well Fields 

A number of recovery tests Were made on wells outside the well 
fields in the course of the well-canvassing program. Most of these 
tests Were made when the evidence indicated that the windmill pumps had 
been operating for 24 hours or more, and that the water-levels had 
reached relatively stable positions. One drawdown and recovery test was 
made on a domestic well equipped with a small jet pump that had been 
pumped steadily for 1 hour. The results of three of these tests follow. 

Well 11.30.20. 434a (Butler house well) 

A recovery test in the Butler house well was observed by Trauger on 
November 18, 1952. The jet pump was stopped after pumping for 1 hour at 
12 gpm. 

The Butler well was drilled to a depth of 75 feet to replace a well 
lost because of sanding. The log shows the bottom 10 feet to be red 
clay and sand which, although similar to the Chinle Formation, is in the 
Entrada. 

The outer casing of the well is 12 inches in diameter; the inner 
casing is 6~ inches in diameter, torch-slotted, and gravel-packed. 
About 5 feet of gravel backfill was placed in the hole to stop sanding, 
but on October 17, 1952, a month before the test was conducted, the well 
depth was found to be 61. 8 feet; presumably about 8 feet had filled 
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after completion of the well. Fifteen feet of slotted casing was 
exposed to the aquifer. 

The water-level-recQvery observations corrected to drawdown meas
urements were plotted on both log-log (fig. 20) and semi-log (fig. 21) 
paper and illustrate the partial-penetration type-curves and inflection
point methods of analysis described by Hantush (1961). 

Water-level measurements in well 11.30.20.434a (Butler well) 
after pumping 

Minutes, after Water level, feet 
Date Time pump stopped below measuring pOint 

11-18-52 9:53 a.m. 43.38 Pump stopped 
:54 1 42.30 
:55 2 40.20 
:56 3 39.10 
:57 4 38.23 
: 58 5 37.49 
:59 6 36.85 

10:00 7 36.26 
:01 8 35.73 
:03 10 33.10 
:04 11 33.30 
:05 12 34.06 
:06 13 33.75 
:07 14 33.46 
: 10 17 32.70 
:13 20 32.11 
: 18 25 31.36 
: 23 30 30.78 
: 25 32 30.60 
: 30 37 30.19 
:35 42 29.89 
: 40 47 29.64 
:45 52 29.44 
:50 57 29.28 
:55 62 29.18 

11:00 67 29.16 
:05 72 28.93 
: 10 77 28.84 
: 15 82 28.78 

The matching procedure (fig. 20) illustrates the type-curves 
method in which the field data are plotted on log-log tracing paper and 
superimposed on a series of type-curves plotted on similarly scaled log
log paper. The relations at the match point are: 

Kl = 114.6 Q F(u, 1 
r 

s 

) and 
-4 

3.72 x 10 
t 

u K:;-2 
r 
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FIGURE 20. Drawdown of water levels in well 11.30.20. 434a showing 
solution of partial penetration by Hantush method -- log-log plot. 
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in which K is the permeability in gallons per day per square foot, L is 
the depth of penetration of the pumped well, Q is the discharge in gpm, 

F (u 1 }. ) is the "well function ll for wells partially penetrating thick 
r 

aquifers equal to 

s is the drawdown in the well, S is the specific storage (newly de
s 

fined by Hantush as the volume of water released from storage in a unit 
volume of the aquifer under a unit decline in head), 

u = 
S 

s 
2 

r 

3.72 x 10-4 Kt 

t is the time in minutes, and r is the distance from the pumped well to 
an observation well -- in this case r equals rw' the effective radius 
of the pumped well. 

The method gives the permeability of the formation, thus making 
possible the calculation of the coefficient of transmissibility if the 
thickness of the formation is known. It permits the determination of 
the effective radius of the well since L is the depth of penetration, 15 
feet in this well, and L is obtained from the tabulated function or from 

r 
a family of type-curves constructed from the tabulation. 

The partial-penetration analysis by the inflection-point method is 
illustrated also for the Butler well (fig. 21). The same adjustments 
to recovery measurements were applied. In this procedure the permeabil
ity is obtained from 

264 
Kc = m Q e -oS erf (.JB ) 

where K, 1., 

tion shown, 0 

Q are defined above, m is the slope at the point of inflec

. (r)2 and S is the root of ~s 1: 

Therefore if 0 is known, S 
tabulated function (Hantush 

1 

can be obtained most readily from the 
1961, p. 178). The value of erf (~) has 

been tabulated and the equation above can be solved for KL by a simple 
slide-rule calculation. 

The average value of KL was found to be 310 gpd per foot. Since 
t = 15 feet, K = 21 gpd per foot per foot, and if the bottom of the 
Entrada is assumed to be 10 feet below the bottom of the well, the satu
rated thickness is about 55 feet and the value of T is 1,140 gpd per 
foot. If the base of the Entrada is 25 feet below the well bottom, T is 
1,455. The actual thickness of the Entrada is believed to be between 
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the assumed values. The coefficient of transmissibility, T, at this 
site averages about 1,300 gpd per foot. 

The specific storage,S, was found to be 0.00088 and, if the satu
s 

rated thickness averages 62 feet, the coefficient of storage is 0.055, 
indica ting wa t'er-table candi tions. 

Well 10.29.7.212 (Kinkead ranch house well) 

The well at the Kinkead ranch house is 200 feet deep, and report
edly penetrates the Entrada Sandstone for only 19 feet, although in this 
vicini ty the formation is between 175 and 200 feet thick. The well was 
equipped with a small jet pump which produced 5.2 gpm during the test on 
February 19, 1953. 

The drawdown during the period of the test was 1.68 feet, which 
indicates a specific capacity of about 3 gpm per foot of drawdown. The 
drawdown and recovery straight-line plots (fig. 22) indicate a trans
missibility (T) between 2,800 and 3,000 gpd per foot. This value of T 
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FIGURE 22. -- Drawdown and recovery tests in well 10.29.7.212 
(Kinkead ranch house well); pumping rate 5.2 gpm. 
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is high compared with values of T determined in the West field and is 
noteworthy because of the partial penetration of the aquifer by the 
well. -'The determined value of T undoubtedly would have been higher if 
the aquifer had been fully penetrated by the well, and the aquifer 
appears to have a higher transmissibility in this area than in the West 
field or in most of the Metropolitan Park field. 

Application of the Hantush type-curves method (partial penetra
tion) results in Kt = 3,000 gpd per foot and a very high value for the 
coefficient of transmissibility, possibly owing to the fact that for the 
early stages of pumping this method of analysis yields results similar 
to the straight-line modification of the Theis method, particularly when 
the pumping rate is low. The pumping time was not sufficiently long for 
the effects of partial penetration to be observed in this test. 

Date 

2-19-53 

Water-level measurements in well 10.29.7.212 
(Kinkead ranch house well) after pumping 

Time 

2:27 p.m. 
: 28 
:30 
:33 
:36 
:39 
:43 
:48 
:52 

3:00 
:09 
: 18 
:26 
:38 
:45 

4: 10 

4: 11 
:12 
:13:15 
:15:30 
:19:05 
:22:15 
: 27:40 
:35:30 
:47:40 

Minutes, since 
pumping started 

o 
2 
5 
8 

11 
15 
20 
24 
33 
41 
50 
58 
70 
77 

102 

Minutes, since 
pwnping stopped 

1 
2 
3.25 
5.5 
9.1 

12.25 
27.67 
35.5 
37.67 

feet 
Water level, 
below top of casing 

114.75 
pwnp started 

115.65 
115.70 
115.78 
115.88 
115.90 
115.97 
116.02 
116.08 
116.13 
116.17 
116.22 
116.24 
116.27 
116.43 

115.88 
115.70 
115.60 
115.50 
115.40 
115.35 
115.30 
115.25 
115.20 

pwnp stopped 
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Well 10.29.30.422 (Kinkead ranch stock well) 

The well is believed not to penetrate fully the saturated part of 
the Entrada Sandstone. The well is equipped with a windmill pump which 
had been operating steadily for a number of hours at a rate of about 2 
gpm, on October 14, 1952, when it Was shut down in order to observe the 
recovery of water levels. 

Date 

10-14-52 

Water-level measurements in well 10.29.30.422 
(Kinkead ranch stock well) after pumping 

Minutes, after Water level, 
pump stopped feet below top of casing 

0 207.57 
40 198.36 
45 198.29 
50 198.25 
55 198.22 
60 198.19 
65 198.16 
70 198.13 
75 198.10 

Note by observer: Windmill pumping hard all morning, 
yield 2 gprn, measured, Entrada Sandstone. 

The coefficient of transmissibility (T), found to be 601 gpd per 
foot (fig. 23), is approximately the KL of the "Han tush" analysis. If l , 
the depth of penetration,were known, the permeability (K) could be cal
cUlated. Knowing K, the coefficient of transmissibility can be esti
mated, provided an estimate of thickness of the aquifer can be made. 

'" c: 

'" T= 264x2 = 600gpd/ft 
.88 ·8 

~ 0 19Si------t----j---t::;..-l 
!!:!o. 
~o 
",

-;I: 
°0 3:-

'" .J:l -'" '" -199~--~--~--~~~~~ .s 20 40 60 80 100 
t', minutes since 
pum ping stopped 

FIGURE 23. -- Recovery of water 
level in well 10.29.30.422 
(Kinkead ranch stock well); 
pumping rate 2 gpm. 
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Labora tory Tests 

Three oriented rock samples from the Entrada Sandstone and one ori
ented sample from the middle member of the Morrison Formation were tested 
in the U.S. Geological Survey Hydrologic Laboratory at Lincoln, Nebr. 
The cores tested were cut normal to the bedding planes, except as noted. 
The results of the particle-size analysis are reported in an earlier 
section of this report. The results of the laboratory tests of the hy
draulic characteristics follow: 

Spe- Por- Spe- Constant head Variable head 
cific osity, cific permeability* permeability* 

Field No. reten- core yield Porosity 
& Identif. tion ('Yo) ('Yo) core repacked core repacked repacked 

1. Morrison 11.9 31.0 19.1 0.7 1 0.6 1 39.5 

2. Entrada 2.6 30.9 28.3 123 92 119 96 37.7 

3. Entrada 6.7 29.7 23.0 123 103 116 101 40.7 

(below water) 

4. Entrada 2.1 31.7 29.6 56 134 52 114 38.1 

Horizontally cored 74 65 

* Permeability is in Meinzer's units: gal/day/sq ft/100'Yo hyd. grad. at 60°F. 

1. sw:1t, Sec. 5, T. 11 N., R. 30 E. - from outcrop on side of hill. 
2. NWl, Sec. 31, T. 11 N., R. 31 E. - from outcrop on north face of Tucumcari 

Mountain. 
3. NW!, Sec. 28, T. 12 N., R. 30 E. - from canal-cut below waterline; loca

tion is outside the study area. 
4. NW!, Sec. 28, T. 12 N., R. 30 E. - from canal-cut above waterline; loca

tion is outside the study area. 

Mr. A. I. Johnson, laboratory chief, commented as follows: 
1\ ••• permeability tests made on repacked samples differ somewhat from 
those made on the undisturbed core. This probably is due to the fact 
that it is very difficult to pack disturbed samples of cemented materi
als to the same density, or porosity, as they have in the undisturbed 
state. The porosity of the repacked samples was around 8% greater in 
each case. We also determined the permeability of a core obtained 
horizontal to bedding planes of 53NM 4, and the value was 74 by constant
head and 65 by variable-head apparatus. 1I 

The coefficients of permeability determined in the laboratory 
ranged from 52 to 134 gpd per square foot. Multiplying these values by 
an average thickness of the Entrada of 160 feet gives coefficients of 
transmissibility ranging from about 8,000 to more than 20,000 gpd per 
foot. The highest value obtained by aquifer test was about 6,700 gpd 
per foot. The reason for these differences can be explained by the dif
ferences in the character of the formation as a whole and the character 
of the individual beds sampled for the laboratory tests. 
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A pumping test on a well fully penetrating the aquifer tests all 
the beds in the aquifer, and the coefficient of permeability obtained 
from the test is, therefore, the average permeability of all the beds. 
On the other hand, the laboratory tests made on samples of the Entrada 
Sandstone cut from the outcrop indicate the permeability of the partic
ular stratum from which the sample was taken. Most of the samples of 
the Entrada Sandstone tested in the laboratory were obtained from massive 
beds of well-sorted sand; the laboratory tests indicate the permeability 
of these individual beds is greater than that for the formation as a 
whole. 

Recharge 

An aquifer may be recharged directly by precipitation on outcrops; 
by seepage through the soil cover from irrigation canals and ditches, 
streams, lakes, or ponds; from perched bodies of water; from artesian 
aquifers where water is imperfectly confined (leaky aquifers); and by 
injection of water through wells. 

Wa ter-level records from well 11 .. 29.19.231, which is 2 miles from 
an extensive area of exposed Entrada Sandstone, can be used to illus
trate recharge. A comparison of the well hydrograph with precipitation 
and barometric-pressure records for the same period of time (fig. 6) 
indicates that the water level in the well rose immediately after precip
itation. Barometric-pressure changes could not account for the rises, 
and the rises, which amounted to as much as 0.8 foot in 10 days, are 
considered to demonstrate clearly recharge by precipitation and stream
flow on the outcrop, and a consequent increase in head in the aquifer, 
probably in secs.26, 27, 34, and 35, T. 11 N., R. 28 E. The log of well 
11.29.19.231 (table 6) indicates the Entrada Sandstone is at a depth of 
approximately 300 feet and is overlain by the relatively impermeable 
lower member of the Morrison Formation. 

The best way to determine the annual amount of recharge to an aqui
fer is to measure the annual discharge under natural conditions. How
ever, if the annual natural discharge cannot be determined, the recharge 
can be calculated approximately on the basis of water-table gradients, 
transmissibility coefficients, and a cross section of the aquifer. It 
also can be computed on the basis of precipitation and percentage of in
filtration, or on previously computed estimates from hydrologically 
similar areas. If several estimates made by different methods are all 
in the same order of magnitude, it may be safe to assume that a weighted 
average of the estimates is reasonable. 

Recharge to the Entrada Sandstone 

The probable amount of natural recharge to the Entrada Sandstone 
prior to development of the Metropolitan Park and West well fields was 
estimated on the basis of original water levels obtained from drilling 
records, the outcrop area of the formation, the hydraulic gradient 
obtained from the geologic and piezometriC surface maps, and the 
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of transmissibility of the formation 
The estimate is based on the assumption 

under natural conditions. 

The piezometric surface in the Metropolitan Park well field was 
about 70 feet below land surface, or at an altitude of about 4,040 feet 
at MP 16 in 1936, when the well was drilled. The piezometric surface at 
W 1 was about 50 feet below land surface, or at an altitude of 4,045 
feet, when the well was drilled in March 1949. The altitude of the 
water level in the area of outcrop of the Entrada Sandstone is about 
4,200 feet. The difference in head in the area of outcrop and the head 
in the Metropolitan Park and West fields is about 160 feet. The dis
tance from the area of outcrop to the well fields is about 8 miles. The 
gradient of the piezometric surface, therefore, is about 20 feet per 
mile. 

The coefficient of transmissibility of the Entrada Sandstone ranges 
from about 1,300 gpd per foot in the Metropolitan Park area to about 
2,600 gpd per foot in the vicinity of the Kinkead ranch, and is estimated 
to average about 2,000 gpd per foot. The rate of discharge can be calcu
lated from the formula Q:::: T i w, where Q:::: the flow rate, in gallons 
per day; i :::: the gradient of the piezometric surface in feet per mile; 
and w :::: the cross-sectional length, in miles, of the outcrop area 

Q = 2,000 x 20 x 16 

640,000 gpd, or about 700 acre-feet 

per year, which represents also 

the amount of recharge annually. 

The Entrada Sandstone crops out in a discontinuous arcuate belt 
about 16 miles long. Where the continuity of the outcrop is interrupted, 
the sandstone generally is mantled by a relatively thin layer of sandy 
soil that will transmit water down to the sandstone. The total area of 
Entrada exposed or thinly overlain by sandy alluvium within the limits 
of the area investigated is about 14 square miles. About 8 square miles 
or some 5,000 acres of outcrop are within the limits of the area that 
contributes water to the Metropolitan Park and West well fields. Average 
annual preCipitation is about 14.5 inches or 6,000 acre-feet annually, 
over the 8 square miles of Entrada outcrop. Based On the estimate of 
annual recharge of 700 acre-feet, about 10 percent of the preCipitation 
is recharged. 

The estimate of 10 percent infiltration of precipitation on out
crops of the Entrada Sandstone is high compared with the generally 
accepted rate of 2 to 5 percent for other regions. However, the figure 
of 10 percent is believed to be reasonable because the Entrada forms 
terrain of relatively low relief over broad areas from which runoff is 
slow and the opportunity for infiltration is great. The sandstone gener
ally is unsaturated where it crops out, and the high porOSity permits a 
relatively great amount of the precipitation to enter the formation. 
A canful of water poured upon a nearly vertical face of the Entrada was 
wholly absorbed. 
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Infiltration of precipitation and runoff in outcrop areas of the 
Entrada Sandstone accounts for most of the natural recharge to the aqui
fer, and, though the rate of movement from the recharge area toward the 
well fields is slow, the recharge can be of immediate benefit in the 
well field. Recharge on the outcrop increases the head in the aquifer, 
and the consequent increase in the gradient increases the rate of move
ment of water through the aquifer. Because the water is confined, the 
pressure change is transmitted rapidly throughout the aquifer. Water in 
the aquifer in the vicinity of the well fields moves faster, in response 
to the greater gradient, and therefore in greater quantities in a given 
time, as an inunediate result of recharge several miles away. 

Leakage downward from the overlying Morrison Formation contributes 
to recharge of the Entrada where the pressure head in the Entrada is 
below that in the Morrison. This recharge also may be available almost 
immediately to the wells because the head difference is most likely to 
occur in the area of the cone of depression. In fact, pumping in the 
Metropoli tan Park and West well fields has lowered the water levels 
locally below the top of the Entrada Sandstone. 

Recharge to the Alluvium 

Natural recharge to the deposits of older and younger alluvium that 
border the main drainageways and that lie in the stream channels is de
pendent primarily on infiltration of precipitation, runoff, and irriga
tion return flow. Because of lack of sufficient recharge, some shallow 
wells on the alluvial bench lands bordering Pajarito Creek and Plaza 
Largo Creek may fail during periods of deficient precipitation. Although 
stream discharge may be less than normal in dry years, just one short 
period of flow a year is reported to be generally sufficient to keep 
wells on the flood plains of the major drainageways from going dry. 

Continuous withdrawal of water in excess of recharge from about 
1900 to 1945 lowered the water levels and resulted in the formation of 
a large cone of depression in the alluvial deposits under the city of 
Tucumcari. As a consequence all public-supply and railroad supply wells 
were abandoned by about 1945 because the water in storage in the alluvium 
was nearly exhausted. 

High ground underlain by the relatively impermeable Chinle Formation 
between the city and Pajarito Creek effectively prevented any natural 
recharge to the alluvial deposits from Pajarito Creek, although the 
water levels in the alluvial deposits had declined to an altitude lower 
than that of the creek channel. 

Recharge to the alluvium under the city Was further inhibited 
because no watercourses of any consequence cross the deposits. Recharge 
to the deposits prior to irrigation was restricted to infiltration of 
precipitation on the younger and older alluvium and on the Entrada Sand
stone flanking the alluvium. Had recharge to these deposits continued 
to depend solely on infiltration of precipitation, recovery of water 
levels after the cessation of city pumping in 1945 undoubtedly would 
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have been slow. However, the Arch Hurley Conservancy District began 
delivering water from Conchas Reservoir to the farming area surrounding 
the city in the summer of 1946 (fig. 24). The Conchas Canal and its 
laterals are not lined, and they lose considerable water by bed and bank 
infiltration where they cross the more permable beds; in addition, much 
of the water spread for irrigation on the sandier soils infiltrates to 
the water table. 

No quantitative determination was made of the amount of infiltra
tion losses from the canal, but the effect of flow in the canal on water 
levels in some adjacent wells demonstrates that losses do occur. Water
level records for wells 11.29.24.122, 11.30.15.243, 11.30.20.444a, 11.30. 
22.124, 11.30.29.214, and 11.30.29.221 show fluctuations related to 
canal flow. The water levels in these wells rise sharply within a short 
time after water is turned into the canal, and decline again after flow 
in the canal ceases. 

The main canal at the southwest edge of town is cut through coarse 
sand and gravel beds. These beds are a part of the thick alluvial fill 
underlying the city and it is evident that flow in the canal is respon
sible for part of the recharge to the deposits that has occurred since 
1946. The record of water levels in well 11.30.15.443 (table 5), half 
a mile from the canal, shows the effect of canal flow on water levels at 
this pOint. There is no evidence to suggest that the water in well 
11.30.15.443 is under artesian pressure; therefore, a rise in water level 
represents an addition of water to the aquifer, not just an increase in 
head, as a result of flow in the canal. 

Records indicate that by 1953 water levels in some wells in town 
had risen to elevations higher than levels in the wells at the time they 
were drilled. (Compare tables 1 and 5.) A comparison of the water table 
as it was about 1945 (fig. 25) wi th the water table as it was in December 
1958 (fig. 26) shows that the cone of depression Which had developed 
through 1945 as a result of heavy pumping had been completely filled by 
1958 and that ground water now is moving toward Tucwncari Lake. Water
level measurements made in well 11.30.14.144d since December 1958 show 
the water table still rising (fig. 27), but at a slowing rate, through 
September 1963. The measurement made in January 1964 indicates the 
water table now is about stabilized. 

The water level in well 1l.30.14.144d, about a mile west of 
Tucumcari Lake, in January 1964 was at an altitude 30 feet higher than 
the bed of the lake. Formerly a playa, Tucwncari Lake in recent years 
has contained water the year round, and it is antiCipated that it will 
remain a perennial body of water. 

Some areas in the region have become water-logged as a result of 
recharge from the infiltration of imported irrigation waterj however, 
the subject of water-logging is not within the scope of this study and 
will not be further discussed. The effects of infiltration of imported 
irrigation water on the quantity and quality of ground water available 
for pumping are germane to the investigation and will be discussed where 
relevant. 
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Water-level measurements made since 1952 indicate the cone of de
pression underlying the city has been recharged more or less continu
ously since the cessation of pumping of the city and railroad supply 
wells and the beginning of irrigation about 1946. That part of the cone 
of depression between the 3,775- and 3 J 975-foot contours originally had 
a volume of approximately 210,000 acre-feet. A rough estimate of about 
31,000 acre-feet of recharge to the deposits underlying the city for the 
period 1946 to 1958 is obtained by assuming an effective porosity of 
about 15 percent for these depOSits which are similar to the heterogen
eous fill deposits cited by Meinzer (1923a, p. 62) and for which specif
ic yields of about 15 percent were determined. 

The proportion of the recharge that was derived from precipitation 
and the proportion that was derived from irrigation water and canal flow 
can be estimated roughly. Recharge to the cone from preCipitation on 
about 1 square mile of outcrop of the Entrada Sandstone west and south 
of town may contribute as much as 80 acre-feet annually. Precipitation 
on about 10 square miles of the older alluvium and windblown sand that 
overlie part of the cone may account for about 350 to 400 acre-feet of 
recharge annually, if it is assumed that 5 percent of the precipitation 
infiltrates to the water table. The total natural recharge thus is 
about 450 acre-feet annually, and over the 12-year period from 1946 to 
1958 the total natural recharge would amount to about 5,400 acre-feet. 
The difference between 5,400 acre-feet and the total of 31,000 acre-feet 
of recharge estimated -- some 26,000 acre-feet -- would represent re
charge from irrigation water and, over the 12-year period, would average 
about 2,000 acre-feet annually. 

Water levels in the alluvial depOSits underlying the city will con
tinue to rise until ground-water discharge is in balance with recharge, 
and will decline only if pumping and natural discharge exceed recharge. 

Recharge to depOSits underlying the terraces and flood plains along 
Pajarito Creek in the irrigated area northWest of Tucumcari may have 
reached a balance. Water levels in shallow observation wells (11.30.5. 
434, 11.30.5.443) in these areas show cyclic fluctuations with peaks 
attained in the fall after the conclusion of the irrigating season. 
Ground water is discharging to Bluewater Creek and South Creek in the 
irrigated area and the creeks have a perennial flow. 

Recharge to Other Aquifers 

Recharge to the Chinle Formation may be assumed to be slight, 
because the permeability is very low. However, the formation locally 
has been yielding water to some domestic and stock wells for many years, 
so some recharge must occur. If only 0.1 of 1 percent of the average 
annual precipitation on the exposed Chinle penetrated to the water table, 
the annual recharge would be about 0.8 acre-foot, roughly 260,000 gal
lons, per square mile, or the amount a windmill would produce, pumping 
1 gpm 12 hours a day on each day of the year. 
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The amount of recharge to the Chinle is of no importance in consid
ering the question of recharge to the principal aquifers, or the ques
tion of-availability of large quantities of water for public supply, 
because the recharge is so little and because the Chinle does not dis
charge water to any other aquifer. 

Recharge to the Morrison Formation also is slight because of low 
permeability, and likewise is of little importance to the question of 
availability of water for public supply. The amount of recharge from 
precipitation and runoff probably is only slightly more than to the 
Chinle. A few domestic and stock wells get water from the middle member 
where the water is perched on the red beds of the lower member. Some 
recharge to the Morrison probably results from leakage of water from the 
Entrada Sandstone upward through the confining beds of the lower member 
of the Morrison. Such leakage is believed to be responsible for springs 
described previously. However, water recharging the Morrison in the 
vicinity of the well fields may move through the lower member back into 
the Entrada because of the lowered head. 

Movement 

Water that enters the zone of saturation generally moves slowly 
from areas of recharge to areas of discharge. The direction of movement 
is indicated by the shape of the water table. The water table is not a 
flat or level surface but has slope, and commonly is a subdued replica 
of the land surface (fig. 5). The water-table map (pl. 1) shows the 
water-table mounds and troughs, or valleys, by means of contours. 
Ground water moves downgradient and perpendicular to the contours. 
Water-table mounds indicate areas of ground-water recharge, and water
table valleys show the regions toward and along which the ground water 
moves in transit to areas of discharge. 

The contours in the structural basins west of Tucumcari for the 
most part reflect water levels in wells penetrating the Entrada Sand
stone. Where water levels in relatively nearby wells tapping different 
aquifers could be compared, as in wells 10.29.6.144 and 10.29.7.212 -
one tapping the Entrada Sandstone and the other the Morrison Formation 
-- the water levels were found to be approximately at the same altitude. 
However, close to the wells fields, water levels in the Entrada Sand
stone are lower than in the Morrison because of removal of water from 
the Entrada. 

Ground water generally moves toward Pajarito Creek or toward Plaza 
Larga Creek and ultimately toward the Canadian River. The general direc
tion of the flow is down the dip of the rock formations underlying the 
area (pl. 2). 

The rate of movement of water through a formation depends upon the 
hydraulic gradient and the permeability of the formation. Rocks of the 
Chinle, Redonda, Morrison, Tucumcari, and Pajarito generally have low 
permeabilities and the rate of movement of water through these rocks may 
be assumed to be slow, at most probably no more than a few feet per 
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decade. The Entrada Sandstone and the younger and older alluvium have 
higher permeabilities than the other formations, and ground water moves 
faster in these rocks, but the rate still is comparatively slow. 

The rate of movement of water through the Entrada Sandstone was 
calculated for two general areas -- between the outcrop area in sec, 2, 
T. 10 N., R. 28 E., and West well field, and between the outcrop area in 
sec. 20, T. 10 N., R. 30 E., and Metropolitan Park well field. The aver
age rate of movement for both areas -- based on permeability determina
tions obtained from pumping tests and laboratory tests of rock samples, 
and on the general slope of the water table and piezometric surface 
was found to be about 0.04 feet per day or 15 feet per year. 

At the rates determined it would require about 1,700 years for 
water to move from the recharge area in sec. 20, T. 10 N., R. 30 E., to 
Metropolitan Park well field, and 2,500 years to move from the recharge 
area in sec. 2, T. 10 N., R. 28 E., to West well field. 

The pattern of movement of ground water in the older and younger 
alluvium in the immediate vicinity of Tucumcari has changed in the past 
few years. A ground-water trough (fig. 25) extended in 1945 from south 
of town northwestward to the cone of depression under the town. As a 
consequence, water moved along the axis of the trough to the cone of 
depression, where it was intercepted by the pumping wells. Cessation of 
heavy pumping about 1945 resulted in the recovery of water levels 
(fig. 26) and a change in the direction of movement of ground water. 
Now that the cone of depression has been filled, ground water moves 
northeastward past the town, toward Tucumcari Lake, and northward out of 
the area. 

The Chinle Formation north and northwest of town is buried under 
wind-blown sand derived from outcrops of the Entrada Sandstone west of 
town (Dobrovolny and Townsend, 1947). Dobrovolny and Townsend (p.494) 
believe that the topographically closed depression containing Tucumcari 
Lake was formed when wind-blown sand dammed a drainage way , and that 
occasional runoff accumulating in the depression would drain slowly 
through the eolian dam and along the buried channel in sec. 1, T. 11 N., 
R. 30 E. The volume of ground water moving into the depression since 
1958 exceeds the limited capacity of the buried channel to drain the 
depression, and a permanent lake has formed. 

Discharge 

If water moveS into an aquifer, it can be assumed that it is being 
discharged from some other part of the aqUifer. It also may be assumed 
that the amount of natural discharge from an undeveloped aquifer, over a 
long period of time, equals the recharge. The amount of ground water 
that was being discharged annually from the Entrada Sandstone within the 
structural basins prior to operation of the irrigation project and of 
the Metropolitan Park and West well fields is assumed, on the basis of 
the estimate of recharge, to have been about 700 acre-feet. 
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Ground water may be discharged from an aquifer by natural or arti
ficial means. Natural means include discharge from springs and seeps, 
discharge directly into the channels of streams that have cut below the 
water table, discharge into another aquifer, and discharge by evapo
transpiration. Data given by Gatewood and others (1950) indicate that 
a cottonwood tree with a canopy about 50 feet in diameter may transpire 
as much as 500 gallons or more of water in a day. Many types of vegeta
tion, both natural and cultivated, extend their root systems to consid
erable depth to withdraw ground water. Such plants that depend on 
ground water for their water supply are called phreatophytes. Artifi
cial discharge occurs when ground water is removed by pumping or by 
drains excavated below the water table. 

Natural Discharge 

Long-time residents report that Bluewater Creelt once had a peren
nial flow arising from springs located at about 11.30.31.422, 10.30.5. 
131, and 10.30.5.143. The springs reportedly stopped flowing about the 
time that pumping was begun in the Metropolitan Park well field. The 
water preswnably was discharging from the Entrada Sandstone and repre
sented a part of the natural discharge from the formation. The flow is 
reported never to have been great, probably not more than 200 to 250 
gpm, or about 350 acre-feet per year. This volume represents about half 
of the theoretical annual natural recharge of 700 acre-feet. If about 
350 acre-feet were discharged naturally from the Entrada in the vicinity 
of Metropolitan Park, then about 350 acre-feet must have been discharged 
elsewhere. 

Both the water-table contours (pl. 1) and the geologic map (pl. 2) 
indicate that the general vicinity of seep springs at 11.29.12.433, 
along with the nearby channel of Pajarito Creek, is another area of 
natural discharge of water from the Entrada. 

The springs occur high up on the bank of Pajarito Creek; they have 
an aggregate flow of about 3 gpm, and a perennial flow of about 50 gpm 
appears in the creek channel at this pOint. The water is believed to be 
discharging from the Entrada Sandstone and rising into the overlying 
deposits. Pajarito Creek is reported to always have had a small peren
nial flow in this vicinity. 

The rate of discharge averages about 50 gpm from the springs and 
channel, and about 80 acre-feet per year is discharged in this vicinity. 
Discharge records for individual wells in West field for the year 1956 
show that pumping discharge from the field accounted for another 170 
acre-feet. These amounts, plus the 350 acre-feet reportedly discharged 
by the springs on Bluewater Creek, account for about 600 of the esti
mated 700 acre-feet of natural discharge from the Entrada Sandstone in 
this area. The unaccounted-for 100 acre-feet, which would amount to a 
steady flow of about 60 gpm, could be discharging from the Entrada into 
the alluviwn and into the channel sand and gravel of Pajarito Creek 
downstream from the springs. The flow of the creek increases to several 
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hundred gpm within 2 to 3 miles of the spring area, but it is not known 
how much of the increase is due to seepage from adjacent irrigated lands. 

A spring pool below a rock ledge in the channel of Pajarito Creek 
(NW~ sec. 21, T. 11 S., R. 29 E.) was discharging between 20 and 30 gpm 
in 1953. The channel above the pool was dry for a distance of at least 
6 miles. The water disappeared into the alluvial fill of the channel 
about a quarter of a mile downstream. This water is being discharged 
from sandstone of the Morrison, but it may be rising into the Morrison 
from the underlying Entrada Sandstone. 

The flow of Pajarito Creek increases downstream from the springs in 
sec. 12, T. 11 N., R. 29 E., but the increase does not all come from 
discharge from the Entrada Sandstone. Some of the increase comes from 
ground water discharged into Smith and Bluewater Creeks which flow to 
Pajarito Creek, but the flow of these two streams is only a small part 
of the total. The water's sulfate content is high at the bridge at 
about 11.30.8.424 and this fact indicates that much of the flow is return 
from Conchas irrigation water which has a high sulfate content (table 4). 
Under drought conditions, and with the natural discharge of water from 
the Entrada Sandstone greatly curtailed as a result of heavy pumping in 
the Metropolitan Park and West well fields, most of the perennial water 
occurring in the creeks may be assumed to come from return flow of 
Conchas irrigation water. 

Bluewa ter Creek at present begins to flow at about 11. 30.29.111, 
and has a perennial flow from that point to its junction with Pajarito 
Creek. The point of origin of flow is a short distance east of and down
slope from the course of the Conchas Canal. The flow increases markedly 
within a week or so after water is turned into the canal, and it is 
evident that most if not all of the present discharge of the creek is 
the result of seepage losses from the unlined canal and from irrigation. 

A spring is reported to have existed on Smith Creek at the point 
where the Entrada Sandstone crops out. A small marshy area was found in 
the creek channel at about 11.30.21.421, near the outcrop, but as this 
is immediately downstream from the Conchas Canal the water probably is 
seepage from the canal. If there were springs that fed Smith Creek in 
years past, it may be assumed that they dried up as a result of climatic 
conditions, as their location was beyond the probable limits of effects 
of pumping from the well fields. Farther downstream from the marshy 
area, Smith Creek develops a flow which reaches Pajarito Creek. On 
October 2, 1957, flow at the bridge crossing at 11.30.9.343 was 
estimated to be about 100 gpm. The high sulfate content (table 4) of 
this water indicates it is seepage from Conchas irrigation water. 

Ground water is being discharged by evaporation at only a few 
places. Saline encrustation on the banks of Pajarito Creek and on the 
surface of the adjacent flats northwest of town indicates that ground 
water there is evaporating at the surface. Saline encrustations cover 
the surface of a slope in the northwest part of sec. 21, T. 11 N., R. 30 
E., east of the section-line road, and at times small amounts of water 
collect and run off the slope. The upper slope from which the water is 
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being discharged is underlain by the Entrada Sandstone and older allu
vium. A lateral from Conchas Canal crosses the Entrada Sandstone about 
a quartcl':;- to half a mile upslope, and the water being discharged on the 
slope is seepage from the canal. 

Some of the ground water that is moving into Tucumcari Lake is 
being evaporated from the lake surface. 

Transpiration by vegetation accounts for discharge of water from 
the zone of saturation only where the water table is sufficiently near 
the ground surface to be reached by roots. This condition exists at only 
a few places, as along Paj ari to Creek in T. 11 N., Rs. 29 and 30 E. J in 
the vicinities of the various springs mentioned, in the SE! of sec. 20, 
T. 11 N., R. 30 E., and on the margins of Tucumcari Lake. Locally, in 
the irrigated areas west of town, the water table has been raised to 
within a few feet of the ground surface and some of the grasses and row 
crops are in part subirrigated by ground water. 

Discharge from Wells 

The natural hydrologic regimen is disturbed when ground water is 
discharged from wells. AS",water is pumped, the water table or the pres
sure surface in an artesian aquifer will decline in the immediate vicin
ity of the pumping wells. The decline may be revealed by diminished 
flow or drying up of nearby springs and spring-fed creeks. Phreatophytes 
may die if the water table declines below the depths to which the plants 
can send roots. 

Water-level observations begun in 1952 and continued through 1960 
show that levels in the Entrada Sandstone during the period were lowered 
from a fraction of a foot to as much as 1.8 feet in the observation wells 
near the well fields -- an indication that discharge has exceeded re
charge. The declines were greatest in observation wells nearest the 
\· .... ell fields, indicating that the declines near the fields are due to 
pumping effects. 

About 60 domestic and stock wells pump water from the Entrada Sand
stone within the structural basin area underlain by the Entrada Sandstone 
west of town. Assuming an average daily yield of 1,000 gallons per well, 
the total output of the 60 wells would be about 60,000 gallons per day, 
or 70 acre-feet per year. 

Total pumpage from Metropolitan Park and West well fields averaged 
about 1.1 million gallons per day, or about 1,250 acre-feet per year for 
the period 1947 to 1954 (table, p. 92). Thus, the annual withdrawal 
during the period from all wells within the structural basins west of 
town averaged about 430 million gallons, or about 1,300 acre-feet; this 
is equivalent to a continuous discharge of about 800 gpm, and exceeds 
natural recharge by about 600 acre-feet per year. The water comes 
almost entirely from the Entrada Sandstone; the amount of water pumped 
from other aquifers is negligible. The annual withdrawal from the 
Entrada in the structural basins since 1954 has been somewhat less as a 
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result of pump age of about 120 acre-feet annually from the Town field. 

Pumpage from Metropolitan Park field has intercepted all natural 
discharge from the Entrada that was leaving the aquifer in the vicinity 
of the field, and an appreciable amount of water is being removed from 
storage. However, pumpage from the West well field has intercepted only 
part of the natural discharge in that area. 

The city of Tucumcari since 1954 has operated two wells (fig. 18) 
within the city limits, These wellS, constituting what is called Town 
field, withdraw water from the younger and older alluvium. The amount 
of water pumped annually from these two wells approximates 40 million 
gallons or 120 acre-feet. The ice plant well 01.30.14.322) is esti
mated to pump annually about 32 million gallons or approximately 11 
acre-feet. Domestic and stock wells immediately west and south of town 
draw water from the younger and older alluvium and from the Entrada 
Sandstone. These wells discharge an estimated 40,000 gallons of water 
per day, or about 45 acre-feet annually. The total amount of water 
discharged annually by pumping in this part of the area thus amounts to 
approximately 180 acre-feet. Natural recharge to this area is estimated 
to be about 450 acre-feet annually, and recharge by irrigation water 
contributes an additional 2,000 acre-feet annually. It is obvious that 
recharge is now exceeding discharge by pumping. This conclusion is sub
stantiated by the records of water-level measurements in well 11.30.14. 
144d (table 5) which show that water levels in the city area have risen 
as much as 120 feet since December 1952. 

Use of Ground Water 

The city well fields and domestic and stock wells produce nearly 
all the ground water that is discharged in the Tucumcari area by pumping. 
Only one privately owned industrial well, belonging to the Tucumcari Ice 
and Coal Co., was found to be operating in the area, and no irrigation 
wells were found. 

The amount of water pumped annually from privately owned wells for 
domestic and stock use is believed to hold relatively constant at about 
110 acre-feet, and the amount pumped from the ice-company well is about 
11 acre-feet. The amount pumped annually by the city has ranged from a 
high of 1,443 acre-feet in 1952 to a low of 1,044 acre-feet in 1955 
(see p. 92). 

Most of the water pumped by the city of Tucumcari for public supply 
is used for domestic purposes and by small businesses such as laundries, 
cleaners, service stations, and motels. About 110 acre-feet of water 
was used in 1956 for the community parks, swimming pool, and cemetery, 
with some part thereof being lost in the lines. The largest paying con
sumer, the Southern Pacific Co., used about 120 acre-feet of water 
during 1956. During 1947, before the change-over from steam to diesel 
power, the railroad used about 310 acre-feet annually. Use of water by 
the railroad declined to 66 acre-feet in 1959 and to 45 acre-feet in 
1960. 
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If the amount of water used annually by the railroad is deducted 
from the total annual pumpage, it becomes evident that the amount of 
nonrailroad use has increased during the past 14 years, As the popula
tion of the town has decreased slightly in the past 10 years, the con
clusion can be drawn that per capita use of water has increased. Much 
of the increase is believed to result from use by a large transient 
population at motels constructed during the past 10 years. 

The quantity of water pumped monthly by the city varies (p.92) in 
response to changes in weather. More water generally is used during the 
warm months, especially if rainfall is deficient. Use during the month 
of July has ranged from about 31 million gallons in 1950 to 60 million 
gallons in 1957. Precipitation in July 1950 was 4! times greater than 
normal and the average daily temperature was nearly 4QF below normal. 
Precipitation in 1957 was only a fraction of an inch above normal but 
the average daily temperature for the month was 1.6°F above normal. 

History of the Development of the Well Fields 

Two separate histories are involved in the story of the development 
of the water supply for the city of Tucumcari. One concerns the search 
for water by the railroads, the other the search for water by the city. 
The destruction of the city water department building in 1951, when the 
city water tank burst, resulted in the loss of nearly all city water
well records. The logs of city wells, and other city water records for 
the period before 1951, have been collected from numerous sources. The 
report of Melhase and Stoddard, prepared in 1927 for the Southern Pacific 
Co., furnished much of the information pertaining to city wells before 
1927. 

For many years the city and the terminal service shops of the 
Southern Pacific and the Chicago,Rock Island and Pacific railroads ob
tained all their water from wells tapping the older alluvium underlying 
the city (fig. 18). These saturated deposits of the older alluvium were 
small and were nearly de~leted of water during the period 1900-45. Near
ly all pumping in this area ceased after other well fields were developed. 

Railroad Wells 

The problem of obtaining an adequate supply of domestic and indus
trial water for the railroad service terminal and the rapidly growing 
town of Tucumcari began almost immediately following construction of the 
first wells about 1900. 

The Chicago and Rock Island Railroad first drilled a closely spaced 
group of five supply wells near the station (fig. 18, wells 1 through 5). 
The initial production of these wells was reported by Melhase and 
Stoddard to have averaged 150 gpm (table 2), but to have declined to an 
average of about 70 gpm by 1913. By 1919 the first four had been aban
doned and only SP 5 was still in use. SP 5 was in use as late as 1945. 
It was idle, although reported usable, in 1953. No trace of the first 
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four wells could be found in 1953. Between 1912 and 1929, the railroad 
drilled 37 additional wells and test holes in or near Tucumcari in at
tempts to develop a dependable supply of ground water from the alluvial 
deposits (table 2, figs. 18 and 25). 

Railroad company geologists John Melhase and Carl Stoddard made a 
study of the geology and water resources of the area in December 1926 
and submitted a report in January 1927. Following issuance of this 
report, Hargis test hole 1 (11.29.25.423, table 2, fig. 25) was drilled 
within the synclinal area in which the Metropolitan Park well field was 
later located. This test hole was drilled about 800 feet northwest of 
well MP 15 in the Metropolitan Park field. A well was not developed, 
although the log (table 6) indicates the Entrada Sandstone was fully 
penetrated. 

Test hole 7 in the series started in 1924 was drilled near the 
round house following the drilling of the Hargis test hole. This test 
was no more successful than its predecessors. SP 39 (11.30.11. 411a) was 
drilled in May 1928 near the site of SP 27. The latter had a large ini
tial yield but subsequently caved as a result of the large amount of fine 
sand that was removed with the water. SP 39 caved also; in 1953 an 8-
inch casing stood at the site, rising out of a cone-shaped depression in 
the ground. 

A final attempt to develop more water in the city area was made in 
1929 when SP 40 (11.30.ll.4llb) was started in July and completed and 
abandoned in September. In 1953, this well was found with the casing 
intact and sealed. 

Many of the 40 wells drilled by the Southern Pacific Co. were never 
equipped with pumps because of their poor yield when tested. Some wells, 
although they yielded large volumes of water, were abandoned because of 
the great quantities of fine sand pumped with the water. Of the wells 
that were successfully completed, few were pumped continuously at rates 
of more than 30 to 40 gpm. 

City Wells 

The railroad company originally supplied the city with water from 
its wells. About 1908, when Tucumcari was incorporated, a separate 
public-supply system was established and the city began a program of 
test drilling and development independently of the railroad. The wells 
were developed in what is now called the Town field. The only records 
available for the city wells located in the Town field are for wells now 
designated T 10 and T 11. These numbers imply that at least 9 other 
wells were drilled. The report by Melhase and Stoddard contains a map 
which shows the locations of wells 10 and 11, and a group of closely 
spaced wells, numbered 1, 2, 3, 4, 5, and 7 (fig. 18), located along 
the railroad right-of-way, southwest of the railroad well SP 13. Two of 
these wells, 5 and 7, were found in 1953. Well 5 appears to be what is 
now known as weIll. The sites of three caved and abandoned wells, be
lieved to have been wells 6, 8, and 9, were found along the railroad 
right-of-way southwest of wells 5 and 7. The Melhase and Stoddard map 
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also shows a well, designated "City Well,l1 with no number, located about 
250 feet southeast of well SP 31. 'This well, and wells 1, 2, 3, and 4, 
could not be located in 1953. 

The city experienced the same difficulties as the railroad. Yields 
of the early city-supply wells gradually declined, and as old wells 
failed replacements were drilled nearby. T 10, drilled in December 1929, 
and T 11, drilled in September 1930, were good producers. T 11 contin
ued in use up to about 1950, when pumping was stopped because the yield 
was reported to be no more than about 30 gpm. So far as is known, T 10 
and T 11 were the last public-supply wells to be drilled in the city 
area. 

The National Park Service established a Civilian Conservation Corps 
camp southwest of town in 1936, in what is now the Metropolitan Park. 
A well 171 feet deep (11.30.30.344) drilled for the camp obtained a good 
supply of water. When the camp was closed in 1938 the city of Tucumcari 
took over the Site, established Metropolitan Park, and began the devel
opment of the Metropolitan Park well field (fig. 8). Two test holes 
were drilled in January 1938, neither of which was completed as a supply 
well. Test well 1 reportedly was located near 11. 30.30.344, and test 
well 2 was located a little southeast of the site of present well MP 18 
(11.30.30.443). No trace of these test holes was found in 1953. Test 
hole 1 did not fully penetrate the Entrada Sandstone but test hole 2 
penetrated the Entrada Sandstone fully and entered the Chinle Formation 
(Murray, 1944). 

Two more test holes were completed in February 1938, after which 
supply wells MP 14 (11.30.30.323) and MP 15 (11. 30.30.313) were drilled. 
The original CCC camp well was deepened and is now known as MP 16. MP 17 
(11.29.25.432) was drilled, probably late in 1938 near the site of the 
Hargis test well drilled in 1927 by the railroad. MP 17 proved to be a 
weak well although the drillerls log indicates an "abundance of water." 

By 1943, budgeting of the water supply from the Park wells and use 
of well T 11 in the Town field were necessary in order to supply both 
the city and the railroad, which at that time was obtaining a large part 
of its water supply through the city system. 

An effort was made in March 1944 to develop a new well at the west 
edge of Metropolitan Park. The test hole, 11.29.25.444, reportedly 
yielded water at a relatively high rate. A large amount of sand was 
pumped with the water, as a consequence of which the well collapsed and 
:as abandoned. After issuance of Murray's reports (1944, 1945) and the 

Classen report of 1945, the city drilled wells MP 18, 19, and 20. 
Yields of these wells were between 150 and 300 gpm. 

Tbe railroad and the city virtually ceased all pumping of wells in 
the Town field after development of the three park wells. T 11 and SP 5 
were pumped only when the supply of water became critically short. 
About 1945 the city undertook to furnish all water needed by the rail
road. Water levels in the Metropolitan Park well field continued to 
decline and the yield of the wells dropped appreciably. As a conse-
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quence, the city started another expansion of the water-supply system 
following the Hatfield investigation in 1947. 

Four test holes were drilled during 1948 and 1949, one each in 
secs. 13, 19, 27, and 32, T. 11 N., R. 29 E. Two additional test holes 
were drilled in sec. 13 as a result of these tests, and two supply wells 
were drilled and developed in 1949. These wells, W 1 (11.29.13.314) and 
W 2 (ll. 29 .13 .133), form the West field (fig. 13). 

Another supply well, MP 21 (11.30.30.333), was drilled in 1950 in 
Metropolitan Park and a test hole (11.29.35.244) was drilled in 1951 at 
a point about a mile southwest of the west side of the park. No records, 
other than the log, are available for this test hole. It was reported 
to have yielded Ita lot of water." Why it was not further developed is 
not known. Supply well MP 22 (11.30.30.314) was drilled in Metropolitan 
Park later in 1951. As of December 1961, no additional wells had been 
drilled. 

Water levels in the Town field (fig. 18) had risen relatively high 
by 1952 -- in some wells to elevations higher than at the time the wells 
were drilled. Well T 11 (11. 30 .15.243) yielded about 70 gpm with 10 feet 
of drawdown when tested in January 1953. Test data indicate this was 
the capacity of the pumping equipment rather than the capacity of the 
aquifer to yield water. The pumping equipment was replaced and the well 
in 1955 reportedly was yielding about 320 gpm; the drawdown levels indi
cated a still larger potential yield. Well T 1 (11.30.14.312) -- well 5 
of the original Town field -- was rehabilitated in 1955 and produced 
180 gpm of water of good quality. However, according to reports, it 
again was retired from service (in 1956) because of well failure. Be
cause MP 17 was a weak well and produced an excessive amount of sand, 
the pump was removed in July 1957 and placed in well T 10. In October 
1957 well T 10 was producing about 180 gpm and the drawdown was about 
30 feet. 

Effect of Pumping on Ground-Water Supply 
in the Entrada Sandstone 

In discussing the effect of pumping in the Metropolitan Park and 
West well fields, consideration must be given to the source and amount 
of the water withdrawn from the Entrada Sandstone. The period 1938 
through 1956 has been selected as the base period for the discussion. 
The quantity of water the city has pumped is recorded (p. 92) for the 
period 1947-62. Pumpage records or estimates for other periods appear 
in the table on page 91. 

Pumpage for the period 1938-47 was estimated from city water-use 
records. Pumpage recorded by the city for the 5-year period 1947-51 was 
obtained at the master meter which washed out at the time the water tank 
collapsed in December 1951. Pumpage totals since mid-1952 are based on 
individual well records maintained by the City and are considered to be 
accurate. 
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1938-41 

1942-46 

1947-51 

1952 

1953-56 
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Pumpage of Water in Tucumcari, 1938-56 

Acre-feet per year 
(approximate) 

800 

1,000 

1,230 

1,400 

1,100 

Total (rounded) 

Acre-feet 
during period 

3,200 

5,000 

6,150 

1,400 

4,400 

20,000 acre-feet 

During the period 1938-56, privately owned domestic and stock wells 
removed an estimated 70-acre feet annually from the Entrada, for a total 
of about 1,260 acre-feet. 

The annual pump age shown on page 92 actually is greater than the 
quantity of water withdrawn by the city from the Entrada Sandstone be
cause quantities shown include production from the Town field which 
obtains water from the older alluvium. To obtain an approximately cor
rect total pumpage from the Entrada, the amount pumped by the city from 
the Town field should be subtracted from the total reported, and the 
amount pumped by privately owned domestic and stock wells should be 
added. 

Town well 11 was pumped regularly during the early development of 
MP field. It was pumped only during periods of peak demand after MP 
field was fully developed and after West field was put into production, 
about 1949. The average production from T 11 for the period 1938-53 is 
estimated to have been about 50 acre-feet annually. About 1954 T 11 was 
equipped with a new pump and T 10 was restored to use. These two wells 
produced about 120 acre-feet annually in the period 1954-56. 

The total production from the Town field for the period 1938-56 
approximates 1,200 acre-feet, which is about equal to the amount with
drawn from the Entrada Sandstone by privately owned domestic and stock 
wells during the same period. Therefore, the total pump age from the 
Entrada in the period 1938-56 Was about 20,000 acre-feet. 

Within an area of approximately 4 square miles, the water level 
during the period 1938-56 dropped an average of 80 feet; within an 
additional area of 6 square miles, the decline averaged 50 feetj within 
an additional area of 10 square miles, the decline averaged 20 feet. 
If the artesian coefficient of storage (i.e., the water obtained by com
paction of the aquifer and decompression of the water) is disregarded, 
the water must come from drainage of the interstices in the aquifer and 
in the overlying formations as the water level lowers. The porosity of 
the Entrada Sandstone has been shown to be 30 percent and the specific 
yield to be 26.9 percent. The porosity of shales may be equally high, 
but the specific yield will be somewhat lower. If, for purposes of 
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Municipal-Water Pumpage, Tucumcari, N. Mex., 1947-62 

Millions of Gallons 

(From meter records of the city water department.) 

Month 1947 

Jan. 30.45 

Feb. 32.32 

Mar. 30.80 

Apr. 33.99 

May 28.37 

June 45.98 

July 43.41 

Aug. 33.50 

Sept. 39.44 

Oct. 28.18 

Nov. 30.92 

Dec. 34.75 

Total, 
M.G. 412.11 

Total, 
*A.F.l,264.8 

Month 1955 

Jan. 18.44 

Feb. 19.20 

Mar. 21.19 

Apr. 28.42 

May 27.40 

June 33.66 

July 43.92 

Aug. 40.64 

Sept. 38.18 

Oct. 21. 80 

Nov. 23.05 

Dec. 24.23 

Total, 
M.G. 340.13 

Total, 
*A.F.l,043.9 

e Estimated. 
* Acre -Feet. 

1948 

29.04 

29.08 

32.47 

37.28 

34.51 

33.76 

38.03 

32.14 

37.66 

28.93 

28.21 

27.65 

388.76 

1,193.1 

1956 

19.37 

21.13 

23.82 

26.26 

32.30 

35.25 

46.98 

38.70 

38.06 

31.09 

23.09 

21.27 

357.32 

1,096.6 

1949 

28.64 

32.17 

28.91 

39.45 

31.99 

37.73 

32.33 

34.36 

36.0 

31.0 

30.0 

30.0 

392.58 

1,204.8 

1957 

22.36 

22.02 

26.48 

27.49 

31.37 

49.39 

60.18 

49.89 

44.67 

33.28 

19.90 

18.64 

405.67 

1,245.0 

1950 

26.04 

30.07 

29.34 

35.37 

46.30 

39.80 

31.50 

41.96 

e28.57 

e35.0 

e34.98 

e33.34 

412.27 

1,265.3 

1958 

20.60 

22.86 

22.22 

28.51 

32.81 

37.67 

46.60 

50.94 

39.98 

32.93 

29.96 

24.92 

390.00 

1,196.9 

1951 

29.29 

32.81 

30.56 

34.45 

42.80 

41.08 

38.17 

36.38 

34.43 

e31. 31 

25.70 

30.0 

406.98 

1,249.0 

1959 

23.99 

24.36 

23.22 

30.73 

33.39 

35.59 

50.61 

51. 73 

45.33 

28.19 

22.93 

23.82 

393.89 

1,208.8 

1952 

26.0 

27.0 

37.51 

39.61 

37.55 

54.23 

56.04 

52.07 

40.95 

35.44 

25.63 

e38.08 

470.11 

1,442.8 

1960 

19.62 

19.47 

20.20 

25.62 

34.34 

36.77 

39.85 

43.29 

39.53 

29.22 

20.36 

20.31 

348.58 

1,069.8 

1953 

e22.91 

e21.48 

20.57 

31.42 

30.42 

36.54 

46.72 

37.64 

49.13 

32.13 

25.14 

21.67 

366.77 

1,125.6 

1961 

21.15 

21.86 

23.30 

26.41 

40.25 

42.28 

45.99 

50.32 

32.63 

33.23 

27.71 

21.30 

386.43 

1,185.9 

1954 

21.10 

20.62 

20.44 

29.00 

28.00 

52.00 

51.29 

39.28 

35.18 

21.84 

20.48 

20.64 

359.87 

1,104.4 

1962 

24.13 

23.76 

22.80 

31.64 

41.13 

46.68 

40.81 

49.18 

50.32 

33.92 

29.01 

22.65 

416.03 

1,276.8 
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illustration, an average specific yield of 5 percent is used for the 
4-square-rnile area in which the water-level decline was 80 feet, the 
computed quantity of water released from storage since 1938 is 10,000 
acre-feet. 

Similarly, the water derived from the 6-square-mile area during the 
period 1938-56 amounts to 9,600 acre-feet, and the quantity derived from 
the IO-mile area is 6,400 acre-feet. Pumping has not lowered the piezo
metric surface below the base of the confining beds in the outlying 
areas, thus it can be assumed that the release from storage in the over
lying fine-grained beds is much slower in areas farther from the well 
field, and that the main aquifer is saturated in most places. Therefore, 
we shall use 3 percent for the 6-square-mile area, obtaining 5,800 acre
feet, and 1 percent for the 10-square-mile area, obtaining 1,300 acre
feet, or a total of about 17,000 acre-feet. Total actual pump age for 
the same period was about 20,000 acre-feet. These calculations indicate 
that water from storage in the main aquifer and in the overlying beds 
may have supplied a part of the water pumped from the Metropolitan Park 
field. 

Effects of pumping, observed as lowering of water levels in the 
aquifer, have spread over most of the aquifer. This lowering has re
sulted in a substantial decrease in natural discharge but probably has 
not induced much additional recharge to the aquifer. The annual sus
taining yield of the well field should about equal the natural discharge 
if the system is to remain in balance. However, the well field is being 
pumped at a rate higher than the annual discharge and this excess pumpage 
must come from storage. The long-term yield of the well field therefore 
is dependent not only on the annual recharge but also on the amount of 
water pumped annually from storage and the total amount of water avail
able from storage. 

Storage in the Entrada Sandstone 

To illustrate the quantity of water in storage in the Entrada Sand
stone, the porosity of 30 percent is multiplied by an average thickness 
of 110 feet to give an equivalent 33 feet of water. The average thick
ness of the Entrada in Metropolitan Park in 10 wells is 220 feet, and in 
3 wells in West field is 160 feet, but 110 feet is assumed as average 
for the entire basin. The area within this ground-water reservoir is at 
least 120 square miles or about 77,000 acres (pl. 1). Therefore, the 
total water stored in the aquifer is 77,000 x 33 or about 2,600,000 acre
feet. In comparison, the capacity of Conchas Reservoir on the Canadian 
River, at the level of the spillway, is 370,000 acre-feet. All the 
water stored underground in the Entrada cannot be recovered, but if only 
10 percent were recoverable some 260,000 acre-feet would be available. 
If pumpage from the MetropOlitan Park and West well fields continues to 
average about 1,250 acre-feet per year, and if allowance is made for 700 
acre-feet of natural recharge and 100 acre-feet of natural discharge per 
year, net annual withdrawal will not exceed 650 acre-feet. The IIlife 
expectancy!! of the Entrada Sandstone ground-water reservoir in the 
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Tucumcari area must therefore be estimated at several hundred years and 
the 10 percent recoverability factor undoubtedly could be doubled. 

The water which would drain into the Entrada from the overlying 
Morrison Formation over a long period of time might ultimately redouble 
the quantity available to wells. Metropolitan Park and West fields are 
in the lowest parts of the aquifer and are therefore well-situated for 
maximum development. The amount of water which can be withdrawn from 
storage is enormous, but an extensive net-work of wells and connecting 
pipelines would be required for large-scale development, because of the 
low transmissibility of the formation. Producing wells should be spaced 
1,500 to 2,000 feet apart if interference (i.e., drawdown in one well 
caused by pumping in another) is to be avoided. 

Areas of Potential Ground-Water Development 

Any location where the Entrada Sandstone is saturated or nearly 
saturated would be satisfactory for well development from a pumping con
sideration, provided the site is sufficiently separated from other pro
ducing wells to minimize drawdown interference. The transmissibility of 
almost 3,000 gpd per foot in well 10.29.7.212 (table 7), about 6 miles 
west-southwest of Metropolitan Park, indicates that the Entrada west of 
the park is as good an aquifer as it is in the vicinity of the Park and 
West fields, and it may be better. Reports of good yields from wells in 
sec. 27, T. 11 N., R. 29 E., also support the conclusion that the Entrada 
is a good aquifer west of the well fields. Well data and the water-level 
contour map (pl. 1) indicate the Entrada underlying the area south of 
Metropolitan Parl{ for a distance of 1 to 2 miles should be saturated and 
may be similar in character to the Entrada in the well field; but since 
this is near the outcrop area, it would be more desirable to develop 
westerly or southwesterly of Metropolitan Park. 

Additional development in the vicinity of the West field is both 
desirable and feasible. At least part of the estimated 100 acre-feet of 
ground water discharging annually to Pajarito Creek in the vicinity of 
the West field could be intercepted if additional wells were constructed 
in the field; that is, increased pumpage in the well field would broaden 
the cone of depression and result in interception of some of the natural 
discharge believed to be moving past the well field -- probably on the 
north side. 

The water-level contours (pl. 1) and the structure contours (pl. 2) 
in the vicinity of the West field indicate that a well in the northeast 
corner of sec. 14, T. 11 N., R. 29 E., probably would intercept much of 
the ground water that is still being discharged to Pajarito Creek. 
Wells constructed west and southwest of the present wells should also 
develop a good supply of water, but they would not intercept as much of 
the remaining natural discharge as would a well to the north. 

Interference Between Wells 

From the viewpoint of economic operation of the water works, well 
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sites should be selected so as to minimize interference and also to 
minimize the cost of pipelines needed to connect to existing systems. 
Interference between wells can be determined approximately for condi
tions to be expected in West field and west of Ivletropoli tan Park field 
(fig. 28) and in the Town field (fig. 29). Artesian conditions will 
exist when new wells are first put into production in West field and 
Metropolitan Park, but after the water level is drawn below the top of 
the Entrada Sandstone, water table conditions will exist in the vicinity 
of each producing well. TIle water-table condition may extend to include 
the entire field during periods of peak pumping in the field (fig. 5). 
The complex nature of the combined water-table and artesian conditions 
makes analysis results only approximations. The rate of lowering of 
pumping levels will decrease when dewatering of the Entrada conunences. 

The theoretical drawdown at a given distance from a pumping well 
can be determined graphically using figure 28. The drawdown is directly 
proportional to pumping rate. In order to illustrate the procedure, the 
drawdown (or interference) in a hypothetical well in the West field 
1,000 feet from a well pumping 100 gpm and 500 feet from a well pumping 
200 gpm can be found as follows: in figure 28 follow the line r = 1,000 
feet vertically to its intersection with the desired time line. From 
this intersection with the time line -- say 100 days -- follow the 
horizontal line to read s = 12 feet. For the well at 500 feet, 100 days, 
s = 25 feet for 100 gpm, or 50 feet for 200 gpm. The total interference 
is 62 feet. 

An interference graph for the Metropolitan Park field has not been 
included because it is unlikely that new wells will be constructed within 
the present field and interference can be measured in existing wells. 
The graph for the West well field also can be used for the Metropolitan 
Park field, if necessary, as the transmissibility is approximately the 
same for both fields. 

For extensions west of Metropolitan Park field the use of the inter
ference found in figure 28 will give reasonable 'approxima tions valuable 
in calculating mutual interference in planning new well locations. As 
new wells are drilled, tests should be conducted to evaluate the coeffi
cients of transmissibility and storage and thereby make it possible to 
predict more accurately such interference effects for following wells. 

It is desirable to hold interference between wells to a minimum 
because interference results in excessive drawdown in closely spaced 
wells, and because additional drawdown is additional lift in a pumped 
well and increases power costs directly. An economic study is necessary 
to weigh operational costs against the costs of additional pipeline 
needed to reduce interference. 

In any multiple-well field it is desirable to maintain at least one 
observation well, preferably equipped with a recording gage, in Which 
water-level fluctuations within the aquifer can be measured and recorded. 
A record of water-level fluctuations in the vicinity of a well field is 
essential for proper evaluation of pumping effects and efficient manage
ment of the field. 
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FIGURE 28. -- Drawdown, 5, versus distance, r, for use in calculating 
interference between wells pumping 100 gpm in the West field. 
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Well Construction and Use 

The Entrada Sandstone is poorly cemented and normally will not stand 
up in the walls of a well from which large quantities of water are pumped, 
Wells completed in the Entrada require that the formation be supported. 
In the past this was done usually by setting slotted casing through the 
sandstone, and in several wells it was accomplished by gravel-packing. 
A gravel-pack is a gravel or sand filter between the wall of the hole and 
the casing, and it may be considered as increasing the effective diameter 
of the well. Where a fine-grained, uniform, poorly consolidated sand is 
packed with coarse gravel, the wall of the hole may be supported, but 
some of the formation material will flow through the pack with the water 
and enter the well. The pack will settle and thicken where much sand 
has been pumped. Sand lodging in the gravel-pack may cause the porosity 
to be less than that of the original formation or pack. Each of the 
Tucumcari wells has to be pumped to waste for a short period each time 
pumping is started in order to prevent sand from entering the system. 
It is possible to eliminate this condition in new wells. 

New wells can and should be constructed to be nearly sand-free 
when pumped after completion. It has been shown (Smith, 1954) that this 
can be accomplished by selecting a pack in which at least one-half of 
the grain size is about 5 to 10 times the average grain size of the for
mation. For the conditions encountered in the Entrada Sandstone at 
Tucumcari, the casing should then be slotted to permit little, or none, 
of the gravel-pack to pass into the well during development. A manu
factured, continuous-slot screen selected according to gravel-pack size 
should provide the optimum service. 

The average grain size for three samples of the Entrada Sandstone 
was about 0.01 inch. The average grain size of the gravel-pack would 
therefore be no greater than 0.1 inch. This is much smaller than most 
drillers or well owners are accustomed to uSing, but it will be more 
effective than coarse gravel. 

A caution must be observed in use of mud in drilling through the 
formation. Drilling mud is difficult to remove from between a fine
grained gravel-pack and the wall of the hole. If for some reason it be
comes necessary to mud-up the hole during drilling, a dispersing agent 
such as hexametaphosphate (glassy phosphate) can be used to treat the 
mud cake. Concentrated detergents have also been used in well
development work. 

Newly constructed wells normally are tested to determine production 
capacities and rates of drawdown at selected pumping rates. The data are 
used as aids in selection of a pump that is suited to the characteristics 
of a well; pumping poorly developed wells and operating pumps at less 
than optimum efficiency are uneconomic from the standpoint of power con
sumed. 

Chemical Quality of the Ground Water 

The chemical quality of ground water in the vicinity of Tucumcari 
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generally is fair. On the average the water is hard; some of it is very 
hard, but most of it is low in chlorides and free of odor and color. 
Sulfate is present in objectionable amounts in some water. 

The chemical studies and observations are based on 18 complete 
chemical analyses and 130 partial analyses of water from 46 wells 
(table 3), one spring, and six creeks and canals (table 4). The data 
obtained from these analyses were compared with each other and with data 
in analyses reported earlier by J. D. Hem and L. S. Hughes (1948). Chem
ical analyses were made by the U.S. Geological Survey Quality of Water 
laboratories, unless otherwise indicated. All chemical constituents are 
reported in parts per million (ppm). 

A number of wells were sampled at periodic intervals to determine if 
seasonal fluctuations in the quality of the water occur, and to determine 
the relation of the quality of the ground water in certain areas to the 
quality of the water in the Arch Hurley Conservancy District system of 
canals. The Conchas irrigation water, so-called because it comes from 
Conchas Reservoir on the Canadian River, some 35 miles from the project 
lands, usually contains a greater concentration of dissolved solids than 
does the local ground water, and where seepage water from the canal sys
tem and from irrigation application mixes with the natural ground water 
of the area, the dissolved-solids content of the ground water generally 
is increased. 

Chemical Constituents in Relation to Use 

Hardness 

The hardness of water results primarily from the presence of dis
solved salts of calcium and magnesium. In general, there are two kinds 
of hardness -- carbonate and noncarbonate, known also as "temporary!! and 
IIpermanent" hardness. Carbonate hardness is caused principally by bi
carbonates of calcium and magnesium. When water containing this type of 
hardness is heated, the bicarbonates break down to less soluble carbon
ates which then may precipitate. The hardness of the water is thus 
reduced, hence the term IItemporary hardness.!! Noncarbonate hardness is 
caused principally by sulfates, chlorides, and nitrates of calcium and 
magnesium. These compounds do not change as a result of heating the 
water, hence the term 1!perrnanent hardness." For convenience, both types 
of hardness are expressed in equivalents of ppm of calcium carbonate 
(CaC03) . 

In the categories of hardness used by the Quality of Water Branch, 
U.S. Geological Survey, water having less than 60 ppm of hardness calcu
lated as CaC03 ordinarily is considered soft and may be used for most 
purposes without treatment. Water which has between 61 and 120 ppm hard
ness as CaC03 is considered moderately hard; soap use is increased 
noticeably and softening may be desirable if the hardness is in the upper 
part of the range. Water which has from 121 to 180 ppm hardness is con
sidered to be hard. The hardness is very noticeablej utensils become 
incrusted and soap use is large. Generally, water with more than 150 ppm 
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of hardness needs to be softened for household use. When used in cook
ing, hard water is reported to toughen SOme vegetables ([Calif.] State 
Water Pollution Control Board, 1957, p. 264) and to have other deleteri
ous effects. Water having more than 180 ppm hardness is considered very 
hard, and hardness above 500 ppm generally is considered unsuited for 
domestic use. 

The hardest water tested in the study area had a hardness of 784 ppm 
and was obtained from well 11.30.18.332a, in the alluvial fill; the 
softest water had a hardness of 76 ppm and came from well 10.28.15.143 
drilled in the Chinle Formation. 

The average hardness, for all samples analyzed, was 260 ppm. The 
average hardness for sampled wells located outside the probable limit of 
influence by Conchas irrigation water was about 180 ppm; for wells with
in the probable zone of influence by Conchas irrigation water the hard
ness averaged 490 ppm. 

The average hardness of water from wells tapping the Entrada Sand
stone, where the water is unadultered by Conchas irrigation water, was 
170 ppm; for wells in the Entrada in the area of probable adulteration 
the average hardness was 400 ppm. 

Alkalinity 

The general term "alkalinity" as used in this report refers to the 
presence in water of soluble baSic-reacting salts of the alkali metals 
sodium and po-tassium. The most common salts causing alkalinity are the 
bicarbonates, carbonates, and hydroxides (Hem, 1959, p. 92). In the 
following discussion lIalkalinity" refers specifically to bicarbonate, as 
indicated in table 3. 

Ground water in the Tucumcari area in general is of fair quality 
wi th respect to alkalinity. The highest alkalinity was 792 ppm in water 
from a shallOW well, 10.28.4.424, dug in the alluvial fill; the lowest 
was 172 ppm from a drilled well 100 feet deep (11.30.21.412) also getting 
water from the alluvial fill. 

The average bicarbonate content for all wells Was 320 ppm. The 
average for wells tapping the Entrada Sandstone was 300 ppm, and was the 
same for wells believed to be adulterated by Conchas water and for wells 
believed to be free of adulteration. The average bicarbonate content in 
unadulterated water from four wells tapping the Morrison Formation was 
365 ppm, and the average of two analyses from the single well tapping the 
Morrison in the area of adulteration was 230 ppm. A similar relation 
was noted for bicarbonate-ion concentration in the younger and older 
alluvium. Three samples from adulterated wells showed an average of 320 
ppm, and 5 samples from unadulterated wells showed an average of 520 ppm. 
The mixing of Conchas irrigation water with the natural ground water thus 
appears to have the effect in most instances of lOWering the alkalinity 
of the natural water. 
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Sulfa te 

The sulfate ion is present in small to large amounts in the waters 
from all the rock formations of the area. It is the only chemical con
stituent found in the ground water of the area in amounts that could 
make the water upfit for human consumption. High concentrations of sul
fate occur in Conchas irrigation water (Hem, 1952, p. 105), and the in
fluence of this water, directly and indirectly, on the natural ground 
water of the area is noticeable to a marked degree. Nearly all samples 
of water from wells in the irrigated area show much higher sulfate con
tent than water from wells outside the irrigated area. Well 11. 30 .18. 
332a, a shallow dug well, had 1,380 ppm of sulfate when sampled 
November 7, 1952, after the close of the irrigation season. On June 24, 
1953, early in the irrigation season of the following year, the sulfate 
content in this same well was 726 ppm. 

The sulfate content in water from 45 wells ranged from 5.4 to 1,380 
ppm. The average concentration for all wells not affected by Conchas 
irrigation water was 71 ppm; for wells believed to be adulterated, sul
fate content averaged 580 ppm. 

The sulfate content in unadulterated water from the Chinle Formation 
ranged from 120 to 160 ppm, in the Morrison Formation from 60 to 217 ppm, 
in the Entrada Sandstone from 11 to 109 ppm, and in the alluvium of qua
ternary age from 5.4 to 170 ppm. The average for the Morrison Formation 
was 100 ppm and for the Entrada Sandstone was 70 ppm. 

The 
averaged 
93 ppm. 

sulfate content of waters from the Metropolitan Park well field 
56 ppm, and the content of water from the West field averaged 
Water from these fields comes from the Entrada Sandstone. 

The sulfate content for adulterated water from the Entrada Sand
stone adjacent to the canal or in the irrigated areas ranged from 391 to 
814 ppm, for adulterated water from the alluvium of Quaternary age from 
346 to 1,380 ppm. No samples were obtained from adulterated waters 
occurring in the Morrison, Chinle, and Redonda Formations. 

The maximum concentration of sulfate in drinking water recommended 
by the U.S. Public Health Service (1962) is 250 ppm. PHS standards are 
for interstate carriers but also are widely used in evaluating the suit
ability of water for private or public supply. 

Chloride 

The chloride ion is present to some extent in nearly all natural 
waters. Sodium chloride is common salt and is the most prevalent of the 
chlorides. Like the alkali salts, chlorides are derived from the rock 
material with which the water comes in contact. Occasionally sodium 
chloride together with other dissolved materials is concentrated in in
land lakes and coastal lagoons and is deposited in the sediments of the 
lake bottoms or lagoons when they dry up. A great variety of salts, but 
mostly sodium chloride, are entrapped in the deposits of marine sediments 
as they are laid down on the ocean floor. Wells penetrating such depos
its sometimes encounter salt-rich sediments and obtain water that has a 
high concentration of chloride. 
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The U.S. Public Health Service recommends, as drinking water stand
ards for cgrnmon carriers, concentrations of chloride not over 250 ppm. 
Standards for evaluating the suitability of water for use in irrigation 
differ appreciably from those used in determining suitability of water 
for drinking. Wilcox (1955) has shown that the suitability of a water 
for irrigation is dependent largely on what is termed the salinity 
hazard (total concentration of dissolved solids) and the sodium hazard 
(tendency to form alkali), and that the salinity hazard and sodium 
hazard vary, depending on the relative concentrations of the dissolved 
minerals that are present. Other factors, such as the composition and 
permeability of the soil on which the water is used, also affect the 
suitability of water for irrigation. 

The chloride content of water in the rock formations of the Tucum
cari area generally is low. The concentration ranges from 3 to 301 ppm, 
but the average from 46 wells was 55 ppm. The average chloride content 
in water from wells not adulterated by Conchas irrigation water was 20 
ppm, in water from wells where adulteration has taken place the concen
tration averaged 120 ppm. The effect of mixing ground water with Conchas 
irrigation water thus is to raise the chloride concentration. 

In unadulterated waters from the Entrada Sandstone the chloride 
content ranged from 3.0 to 26 ppm, from the Morrison Formation 9 to 36 
ppm, and from alluvium of Quaternary age 31 to 54 ppm; two samples from 
the Chinle Formation contained 44 and 45 ppm, respectively. 

Iron 

Iron commonly is present to some degree in all natural waters, but 
when present in solution in excess of 0.3 ppm it will stain porcelain 
fixtures and laundry ([Calif.] State Water Pollution Control Board, p. 
276); it has no harmful effect upon humans Or animals. The average con
tent of iron in solution in 15 water samples was 0.15 ppm, and the aver
age for total iron -- iron in solution plus iron precipitated after col
lection of sample -- was 0.8 ppm. None of the samples of water analyzed 
for iron showed more than 2.9 ppm. 

Nitrate 

Nitrate usually is present in water in small amounts; it can be 
harmful to humans, particularly young children, if present in water in 
excess of 50 ppm ([Calif.]State Water Pollution Control Board, p. 301). 
The highest concentration of nitrate ion found in 15 analyses was 11 ppm 
in water from a drilled well, 10.29.8.332, believed to tap the Morrison 
Formation. The lowest concentration was 1.0 ppm, also from a drilled 
well (10.29.7.313) that presumably taps the Morrison Formation. The 
average nitrate content in 14 water samples was 4.6 ppm. 

Fluoride 

Public Health Service standards for drinking water (1962, p. 8) 
recommend that fluoride concentrations be not lower than 0.7 ppm or 
higher than 1.0 ppm for an area having an annual average maximum daily 
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air temperature between 70.7 and 79.2°F (annual average maximum in the 
Tucwncari area is 72.7°-F). The optimum fluoride concentration in water 
for thjs temperature range is given as 0.8 ppm; concentration in excess 
of 1.6 ppm is grounds for rejection of the water for drinking purposes. 

Fluoride, if present in water in concentrations greater than 1.0 
ppm, may caUSe discoloration of tooth enamel in children in the Tucumcari 
area. Concentrations of about 0.8 ppm are reported to result in a low 
incidence of tooth decay and to be beneficial. The fluoride ion in ex
cess of 1. 6 ppm was found in 3 of 13 samples tes ted. Well 11. 30.35.231, 
tapping the Entrada Sandstone, had a concentration of 2.2 ppm and wells 
T 10 and T 11, the city wells drawing water from the alluvium of Qua
ternary age, had concentrations of 1.8 ppm. The average concentration 
ill water from the West field was 0.9 ppm, from the Metropolitan Park 
field, 1.0 ppm. The average fluoride content for 11 wells was 1. 2 ppm. 

Specific Conductance and Total Dissolved Solids 

The specific conductance (tables 3 and 4) of water is a measure of 
the ability of the water to conduct an electric current and is dependent 
upon the total amount and identity of solids dissolved in the water. 
The specific conductance therefore can be used to determine approximately 
the dissolved-solids content in a water where the total has not been 
specifically determined by chemical analyses. A factor of 0.62 should 
be used to determine the approximate dissolved-solids content for waters 
from the Tucumcari area having a specific conductance less than 1,000, 
and a factor of 0.65 should be used for waters having a specific conduct
ance greater than 1,000. For example, water from well 10.28.4.424, which 
has a specific conductance of 1,620, would have approximate dissolved 
SOlids of 0.65 x 1,620, or 1,050 ppm; and water from well 10.29.4.443, 
having a specific conductance of 552, would have approximate dissolved 
SOlids of 0.62 x 552, or 340 ppm. 

The total dissolved solids in water is used on occasion to determine 
the suitability of the water for various purposes. Water having a dis
SOlved-solids content of more than 1,000 ppm, or a specific conductance 
of more than 1,600 micromhos, may have limitations for use in irrigation 
and many industries, although remaining suitable for domestic and stock 
use. 

Changes in Quali ty of Wa ter 

The quality of ground water may be changed by natural processes 
whereby the aquifer is recharged with water of different chemical charac
ter. Long-term climatic changes and, occasionally, seasonal changes may 
result in the leaching of minerals from soils and flushing out of dis
solved solids during periods of greater precipitation, or in concentra
tion of saline material in soils and in ground water during periods of 
greatly deficient precipitation. 

Changes in chemical quality of ground water as a result of 



103 

climatic changes are generally slow and detection may require sampling 
over a pe~iod of many years. Changes occurring seasonally can usually 
be detected easily and quickly by periodic sampling and analysis over a 
period of a few months. No definite natural seasonal changes were de
tected in the ground waters analyzed. Analyses of samples (table 3) 
collected periodically from wells in Metropolitan Park and West fields 
between May 1951 and August 1953 show only slight changes in quality. 
Sampling over a considerably longer time would be necessary to determine 
the significance of the changes. 

The importation and use of irrigation water the chemical character 
of which differs greatly from that of the natural ground water of an 
area can have a profound effect on the chemical quality of the ground 
water -- not only in the irrigated area, but also in areas proximate to 
any unlined parts of the canal system. Imported water of poor chemical 
quality may render the natural ground water unfit for some uses. 

Chemical data in table 3 indicate that, in general, the quality of 
the shallow ground water in the immediate vicinity of Tucumcari has de
teriorated from the standpoint of suitability for human consumption. 
For example, analyses show that the sulfate content of the water in some 
wells has increased appreciably since 1952. Water from well 11.30.5.443, 
when tested in November 1952, had 489 ppm of sulfate; when tested in 
April 1953 it had 683 ppm. Well 11.30.26.221, of moderate depth, tested 
for sulfate four times between December 1952 and August 1953, showed an 
increase in sulfate content (table 3) from 75 ppm to 108 ppm; when tested 
in January 1963, the sulfate content was 219 ppm. Town well 11 (11.30. 
15.243), a deep well, showed an increase in sulfate content from 126 ppm 
in December 1952 to 170 ppm in September 1953. By September 1956 the 
concentration was 234 ppm, and by August 1960 it had increased to 279 ppm. 
In January 1963, the concentration was 266 ppm; it is possible that in 
this well a balance has been reached between natural recharge and re
charge from sulfate-rich irrigation water. 

Water from the shallow wells in the irrigated,areas has concentra
tions of sulfate higher than the water from the canal because sulfate is 
concentrated in the soil as a result of evaporation and transpiration; 
the sulfate is leached from the soil and carried downward to the water 
table as more water is applied to the land. In this manner, and as a 
result of repeated concentration and leaching, the sulfate content of 
the ground water can build up to high concentrations. 

Chemical data indicate that, in general, the greatest concentration 
of sulfate-enriched water lies near the surface and overlies the natural 
ground water. Deep wells, such as TIl, cased through the shallow water, 
generally have shown less immediate contamination by sulfate-rich waters 
than have shallower wells; however, continuous pumping from deep wells 
such as T 11 may result eventually in production of sulfate-rich water at 
grea ter depths. 

Large Withdrawals of ground water from the Metropolitan Park and 
West well fields have reversed the natural direction of movement of the 
ground water immediately east of the well fields, and are causing some 



104 

movement of sulfate-rich water toward the fields. Water-level records 
for well 11.29.24.122 and well 11.30.19.133 (table 5) show that water 
levels in the wells rise and fall in rhythm with flow and nonflow through 
the main irrigation canal. The wells are located about a quarter of a 
mile west and an eighth of a mile west of the canal, respectively. Four 
analyses of water from well 11.30.19.133 between November 1952 and August 
1953, and one analysis from well 11.29.24.122 in February 1953 indicate 
that surface water high in sulfate content has invaded the aquifer in the 
vicinity of these two wells. 

The high average of sulfate content in water from West field wells 
(93 ppm), compared with that of water from the Metropolitan Park field 
(56 ppm) and from the Entrada Sandstone in general (70 ppm), also may be 
due to a slight adulteration by seepage water moving westward into the 
West well field from the main canal (pl. 1). The West field wells are 
located approximately half a mile west of the canal. However, the dif
ference between concentration of sulfate in West field and in Metropoli
tan Park field and the Entrada in general is not large enough to be con
clusive. The greater sulfate content in West field could be due to 
naturally greater sulfate concentrations in the Entrada or in the over
lying Morrison Formation in the vicinity of the field. 

The method by which sulfate-rich water might reach the well fields 
is not certain and the generally low transmissibility of both the Entrada 
Sandstone and the Morrison Formation increase the uncertainty. If 
sulfate-rich water has moved from the canal to the West well field it 
would imply that some of the beds in either the Entrada or the Morrison 
are much more permeable than the average for these formations, and that 
wa ter moves much more rapidly through some beds than through others. 
The tests on cored samples (table, p. 71) show that some beds in the 
Entrada are much more permeable than the average for the formation, as 
determined by pump tests. Conchas Canal had been in use about 7 years 
when the samples of water tested were collected from the well field. 
The closest approach of the canal to the West field wells is about 2,500 
feetj .hence water would have had to move about 350 feet per year in order 
to reach the well field in 7 years. 

The sulfate-rich water could move downward into the Entrada Sand
stone in the immediate vicinity of the canal, and then mOVe toward the 
well fields through more permeable beds in the Entrada. Some sulfa te
rich water certainly will move downward directly into the Entrada if the 
cone of depression in the West well field is extended to the vicinity of 
the canal crossing of Pajarito Creek because there the Entrada underlies 
the alluvium, the Morrison having been removed by erosion. 

Water could move also through more permeable beds in the middle 
member of the Morrison, then downward through the imperfect seal of the 
lower member and into the Entrada, because pumping keeps the hydrostatiC 
head in the Entrada generally below the head in the Morrison. 

However, even though sulfate-rich water is moving through either or 
both of the formations, it is unlikely that the concentration in the 
water pumped will eVer reach such amounts as to make the water unusable 
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for municipal purposes. The amount of sulfate-rich water that CQuid 
move downward through the Morrison or through the Entrada, or through 
both, would always be a small portion of the total volume of water pumped 
from the well fields. 

The average sulfate content in water from West field in 1952-53 was 
about 90 ppm. The concentration of sulfate in Conchas irrigation water, 
as released at the dam, is variable but seldom is much over 450 ppm (Hem, 
1952, table 5). If eventually as much as one quarter of the water pumped 
from West field were derived from canal water averaging 300 ppm of sul
fate ion, the sulfate concentration in the pumped water would be about 
130 ppm, or about 120 ppm less than the maximum recommended by the U.S. 
Public Health Service (p.33). It is unlikely that more than a quarter of 
the water pumped from the West field would ever be derived from canal 
loss, and it is also unlikely that the water in the canal would average 
over 300 ppm sulfate-ion concentration. It is reasonable to assume that 
while the sulfate content may continue to increase in water pumped from 
the West field, it will never exceed the limit recommended for drinking 
water. 

Temperature 

The average ground-water temperature in the upper 50 feet of the 
earth in the Tucumcari area is approximately 63°F. Water encountered at 
greater depth commonly is a little warmer. The average temperature of 
water pumped from wells of various depths was found to be as follows: 
0-50 feet, 63.2°F; 51-150 feet, 63.8°F; 151-250 feet, 64.1 o F; 251-350 
feet, 65.6°F; 351-450 feet, 66°F. These averages are based on scattered 
and infrequent temperature recordings. 

The temperature of water in well ll.30.18.332a, 42 feet deep, was 
found to be 68.5°F. This abnormally high temperature is attributed to 
recharge from irrigation water which, in the summertime, has an average 
temperature above 70°F. Water in other shallow wells in the irrigated 
areas can be expected also to have temperatures somewhat higher than 
average. 

SUMMARY 

Ground water for domestic and stock use is available nearly every
where in the Tucumcari area, and is available in moderate quantities for 
development for industrial and irrigation purposes from parts of some of 
the formations, particularly the younger and older alluvium and the 
Entrada Sandstone. The Chinle Formation and the lower member of the 
Morrison Formation consist mainly of shale and clay and at best are poor 
aquifers, but small amounts of water generally can be obtained in these 
formations where they occur below the regional water table. 

The different rock formations in the Tucumcari area have phYSical 
characteristics by which they may be distinguished and their strati
graphic position determined. More than a casual familiarity with the 
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sequence of rocks in the Tucumcari area is essential for consistently 
successful results in the drilling of wells because of the pronounced 
similarity between the lower beds of the Morrison and the beds of the 
Redonda. The ability to distinguish between the two formations is of 
great importance when either or both are encountered in drilling water 
wells. Although both sets of beds are relatively barren of \Vater 1 the 
principal aquifer of the region, the Entrada Sandstone, lies between 
them. Drilling should not be halted in the red beds of the lower portion 
of the Morrison in the mistaken belief that the well has entered the 
Redonda. 

The Entrada Sandstone is capable of yielding moderate amounts of 
water to properly constructed wells. The fineness of the particles 
making up the sandstone and the lack of cementation create problems of 
pumping sand and possible collapse of wells. This fineness of texture 
accounts for a relatively low permeabilitYi therefore, pumping equipment 
should be selected to give optimum efficiency. Pumping rates of about 
100 to 150 gpm for wells in the Metropolitan Park and West fields would 
be consistent with the ability of the formation to yield steadily without 
drawing water levels down to the base of the formation. 

Close spacing of numerous wells, in conjunction with over-pumping, 
will result in much interference between wells, rapid lowering of water 
levels locally, and decrease in yields of individual wells. Operation 
of fewer wells, at more widely spaced intervals, would reduce interfer
ence and result in a yield of about the same amount of water as could be 
produced with numerous wells closely spaced. The spacing of wells, at 
least 1,000 to 1,500 feet apart, on lines normal to the direction of 
movement of ground water through the basin areas and close to the areas 
of natural discharge would, from a hydrologic point of view, be the best 
method of developing large supplies of water in the Entrada Sandstone. 
Wells should be drilled in structural depressions or troughs, because the 
Entrada generally is thickest and fully saturated in such structures. 

Springs and water in the channel of Pajarito Creek in the southern 
part of sec. 12, T. 11 N., R. 29 E., indicate that some ground water may 
be moving past the West well field. Development of additional wells in 
the West field would result in a wider cone of depression and the conse
quent salvaging of some or all of the ground water that now discharges 
into Pajarito Creek. 

Other old wells besides T 10 and T 11 in the city area probably 
could be reconditioned and used as supplemental sources of water during 
periods of peak demand. The railroad wells which had high initial capac
ity (table 2) would be the wells most likely to respond favorably to 
reconditioning. Rehabilitation and use of too many of the wells, or pro
longed or heavy pumping of anyone well; may cause impairment of the 
quality of the water by inducing greater recharge with water having a 
high sulfate content. Periodic analysis of water would help in recog
nizing this condition. 

The quantity of water presently in storage in the Entrada Sandstone 
in the area of the structural basins west of Tucumcari and in deposits 
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of older and younger alluvium underlying the city area, together with 
the annual recharge to these formations, is sufficient to serve present 
and anticipated rural and municipal demands throughout the foreseeable 
future. However, adequate planning for future supply must include obser
vation wells in various parts of the area underlain by the Entrada Sand
stone. Records obtained from observation wells aid in developing the 
ground-water resource in an optimum manner. The encroachment of imported 
sulfate-rich surface water into the natural ground water of the region 
is a real threat to the present essentially good chemical quality of the 
natural ground water in all of the irrigated area and in parts of adja
cent areas. Some adulteration of the natural ground water by sulfate
rich irrigation water, imported from the Canadian River, has already 
taken place. Additional adulteration is certain to occur locally, and 
it is possible that the the present sources of ground water for both 
rural and city use could deteriorate locally to a degree sufficient to 
cause concern. Periodic sampling and chemical analysis would indicate 
any further changes that may occur in the quality of the water. 

WELL AND QUALITY-OF-WATER RECORDS 

The ownership of wells listed in the various tables is that reported 
at the time the well was visited. The year the well was drilled 
(table 1, column J) is that reported by the owner or tenant, and years 
followed by a question mark are approximate. 

The altitude of the well ahove Sea level (table 1, column 4) was 
estimated in most cases from the Tucumcari topographic quadrangle map 
(scale 1:125,000, contour interval 50 feet). Altitudes of city wells 
and most railroad wells were determined by spirit leveling. The depths 
given for many wells (table 1, column 5) are based on reports by owners 
or drillers because the wells could not be sounded. Depths shown to the 
nearest foot were reported; depths shown to the nearest tenth of a foot 
were sounded by the Geological Survey. Because some filling may have 
taken place, and because in some wells the sounding weight would not slip 
past the pump cylinder, the sounded depth does not necessarily represent 
the depth to which the well was drilled. 

Information concerning the character of the principal water-bearing 
unit (table 1, column 9) generally is that reported by the owner, except 
in those wells for which drillers' logs are given in table 6. The strat
igraphic position was determined by extrapolation of ground elevations 
determined from the topographic map, the measured or reported depth of 
the well, and the average thickness of the rock formations as mapped and 
described on the geologic map. 

Statements relating to the occurrence of ground water (table 1, 
column 11) at each well are interpretations from the record of the par
ticular well and a study of the geologic conditions at the site. The 
water may be listed as unconfined in some wells where a small amount of 
artesian head may exist but is not sufficient to be readily discernible. 

Well depths and water levels are expressed in feet below a land-
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sllrface datum which cOincides with the general level of the land imme
diately adjacent to the well casing. Measured water levels are expressed 
to the nearest tenth or hundredth of a foot. Levels given to the nearest 
whole foot are reported and are considered dependable within range of a 
few feet. 

About 210 wells were visited and are described in table 1. Some 
data were taken entirely from old records as the wells were found caved 
or destroyed. Few of the test holes drilled by the city and railroad 
company were cased unless further developed for production wells. Most 
of the uncased holes have caved or filled. 

Logs of wells listed in table 6 were obtained from various sources, 
but the description of the rock materials is mostly the terminology of 
the driller. The identification of geologic formations in drillers I logs 
is by personnel of the Geological Survey and is based on the similarity 
of the log description and the geologic sections examined in outcrops. 
The descriptions of the rock materials in most logs permit easy identi
fication of the rock formations penetrated. 

The chemical-analysis data in table 3 are for water collected from 
representative wells throughout the area. A few analyses from creeks, 
canals, and one spring are included in table 4 to permit comparison with 
the results of the analyses of water from wells. 
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TABLE 1 

RECORDS Of" WELLS AND SPRI~"tiS NEAR TlJCl'MCARl, QUAY COU!."fV, N. UE):. 

EXPL,\NATION 

Location: Se" text lor e"planatton of lOell~!IUll1bcrlng system; apr:ings arc 
-pr;;c;;-;ied by letter S. 

Depth" and wllter levels: Those expressed to nearest tenth of loot ""nsured by the 
Geolog1cal Survey; those in whole reet reported by oWllor, tenant, or driller, 

Gro\.\nd-.. at",. occurrence: C, confined, U, unconfined; where the oeCul'J;enee is 
listed as unconUned, ... "ter-t"bl .. conditions prevail: a confined listing 11:1p11es 
some bott""' hole preasure at tho t1",,, of drilling which resulted 1n the water 
rising 1n the casing abov" the point at which 1t was encountered. 

Location 
a...ner 0, 
tenant 

9.28. 2.221 J. A. Kinkead 
9.111 do. 

11.444 1. W. Parker 

13.411 do, 
14.331 do. 
14.412 do, 
17,244 LoUl~ Kinkead 

22 244 do. 

23.212 I. 11', PQrker 

9.29. 8,311 do. 
11.122 L J, Brbcoe 

12,433 1. W. Parker 

19.123 

23,131 do, 
9,30. 1,211 Farloy StallArd 

1.231 do. 
2,211 do. 

5.242 1. 11', Parker 

5.323 TO'" Horton 

11,333 carl Pettit 
ll.344 do, 
15.211 TOI> Rorton 

18.211 do. 

20,122 '0. 
22,113 do. 

9,31, 8,122 ClBrence n,.adley 
10,28, 1,422 J, A, Kinkead 

3.-121 Ralph Richard50n 

3,422 do. 
-1,-124 do, 

8,,111 do, 

9,42J do. 
11,413 J. A, Kinkead 

Approxil:lllte 
altitude Pepth Dta"eter 

Year above sea of or 
COI:I- level ..,ell ,"ell 

pleted (reet) (fcet) (inches) 

1951 

1955 

1925(1) 
1938(1) 

1946 

1954(1) 

1910(1) 

1910(1) 
1917 

1940 

19J8(1) 

1951 

19,to (1) 

1952 

1910(1) 

1948 

1951 

4.420 
4,JSO 
4, no 

4,310 
4,315 
1,J30 
1,360 

4 370 

4,350 

1,345 
4,330 

4,190 

4,335 

4,252 
4,155 

4,165 
4,110 

4,150 

4,140 

4,185 
4,200 
4,150 

4,190 

1,190 

1,190 
4,195 
4 125 
4,296 

1,300 
4,275 

1,400 

4,310 
1,580 

'" 350,0 
H,8 

15.9 
13.1 

171,5 

39.0 

43.9 

28.6 
33.S 

29,7 

44.2 

18.5 
159.5 

'" 
37.8 

19,2 

211,6 
21,1 

26,2 

17,3 

225 
<0, 

" 29.6 

18.6 

'" 

, , 
,j 

• , 

o 
oj 

" 

prlnelpal water-bearing unit 
Depth 
to top 'Thick- Character Strati
of uni t nella of grllphic 
(feet) (feet) ",Ue"ial poal tion 

159 

" 

'" 

Morrison 
Chinle 
Older 

alluviUt.l 

'0. 
'0. 
'0. 

Chinle 

Older 
alluviun 

Younger 
al1uviu," 

Older 
aUuv1uI:I 

'0. 
'0. 

Qulcksond Younger 
alluvium 

do, Older 
alluvium 

Younger 
nlluvium 

Chinle 

Younger 
a11uvlu", 

Sand Older 
gravel IIlluvi"", 

Younger 
alluv1= 

'0. 
SlIndstono Chinle 
SlIndstone Entradll 

Sandstone Entrada 
Younger 

nllu\,l"", 

Chinle(1) 

Type of punp; C, centrifugal; J, jet; P, plung",. (generally windr.ll11 operated); 
S, 5ub",o,."lbl,,; T, turbine, 

Use of ",ate,-: 0, dOJ:lestic; II, none; 0, observation; !>S, public su;>;>ly; 
S, "tock. Parentheses indicatc orIgInal Or prIor use. 

Re""rkS: All ..,ells are drilled unless otherwise IndIcated ;\n r"I>lIrks colu"n. 

Water level 
Occur- Below 

renee of Il1l1d Date of 
ground surface meaaure-
water (feet) cent 

, , 
C 

, , 

, , 

c , 

130 10-1952 
298.9 10-16-52 

20 1955 

Dry 4-28_55 
33,S 5-16_55 

1'10"11 4-28-55 

J5.4 do. 

36.9 5-16-55 

20,2 do, 
38,9 do. 

20.4 

'0. 
14,6 do, 

12-1 
12 9-1952 

28,5 9-5-52 

16.2 5-16-55 

100 4-1955 
106.8 4-23-55 
12,3 6-17-55 

15.7 do. 

14.3 

l1J,l 1-6-55 
3'15 10-1952 
Dry 7-23-53 

,10 10_1952 
27.6 10-21_52 

71,4 10-21-52 

0" 

'Type 

0' 
pu",p 

, 

",0 

0' 
,"ater 

P D,S , , 

, , 

, 

, , 
J D,S 

P D. S 

R"':lIIrks 

GraVel-packed; drUler: J. R, Wntson, 
Water reported to be saline, 
re"'p. 6FF; water cascading into hole, 

TeOlp. 62°F; driller: R. C. Gl11elll:l. 
WimlJ:li11 out of order. 
Reported adequate for house supply. 
Static level 1,3 it above lIInd Burta"e; t""p. 63"F; amber 

color, slight taste; no odor; flo", about ~ 1:1''''-

Du tm" 61°F. 

Reportedly a good "'ell; te"p, 62°F; pun:plng at tlJ:le ot 
",oaSUrelOcnt, 

Tcr.p. 61°F; pu",plng at U",e of ",,,asurc,,,ent: ",e"t well of 
two; see table 3 for eheniea1 anQlySls. 

To",p, 62°F; water eaacadlng into hole. 

CnEed to 159 ft; ft "'cak well, pu",p~ down to botto,"; ~-nter 

reported to be sallne; te"'p. 6GQF; will pUJ::p about 1 gp ... 

cased to 46 ft; OOtt= 20 it perforated; gravel-packed; 
",111 1'''''1' to 9 1:1'1>; driller: R, C, Gillean 

TCJ:rp. 60°F; p"-"'ping at ti"" of .. eaeure,"cct, 

WUer h~tes ~Hghty salty. 
ltcportedly has fnir ,upply of 'Water. 
P""'picg at til>e of "'easure",ent. 

Reportedly a strong well; drilled to 36 ft; will "and up; 
driller: Pete Knowles, 

ltcportedly n weak ..,ell, 

Reportedly n shallow weak ",ell, 
Cased to 225 Ct; reportedly weak, 
Driller: J. R. Wllt"on, 
Originally about 90 it deep; ",,_<ing ob!<tructed by large 

rOck; reportedly wn~ a wcak well. 
Strong well. 
Dug; adequate to wllter about 30 cattle; ~ec table 3 for 

chemical anal s1_~ tllble 5 for water-levt>l "'en"urel:lent~ 
Water seep at 90 !t not adequate for drilling; drilled In 

red rock for enure depth; driller, J, R. Wat~on. 
Weak wt>ll. 
()~ncr reports not enough ",ater encountered to ",eet needs 

for drilling; driller: J, n, Watson. 
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Owner 
Location 

teMnt 

10,30,11.341 D~vc Owens 

14.232 do, 
15.211 do, 
15.444 do, 
18.121 Earl Job .. 
18.121a do, 
20,241 1. W. Parker 

21.233 do. 

510.30.23.243 Farley Stallard 

26.321 do. 

27.242 I. 'iI. Parker 

29.113 do. 
30.322 1. J. Briscoe 
30.333 do, 

31.312 do. 
:n.433 Sunny

Midcontinent 
011 Co. 

31.414 1, W. Parker 

35.131 Farley stallard 

35.323 do. 

11.28. 9.134 Dale C .. ",pbell 

25,124 

27.212 Mrs. Ben Bell 

27,3oH do. 
28.441 do. 

35.333 A. f. Curry 
sll.29 12..133 

13,133 City of Tucm,cnri 

13.133a do. 

13.24~ O"vtd Garcia 

Year 
co",

pleted 

1910(?} 
1961 

1937 

1917 

1947 

1917 
1901 (1) 

1940 

1910(1) 

1949 

1952 

19~9 

1919 

1917 

TABLE 1 (continued) 

RECORDS OF WELl.'l AND SPRIliGS NEAR TUCUMCARI, QUAY comiTY, N. MEX. 

ApprOXi",ate Principal ",,,tor_bearing Ulut 
altitude Depth Dl"",,,ter Depth 
above se" of of to top 

level well ",ell of unit 
(fcct) (fo<>t) (lnches) (fcct 

4,200 

4,167 
4,225 
4 190 
4,240 
4,260 
4,300 

4,325 

4,100 

4,130 

4,152 

4,260 
4,250 
1,270 

4.275 
4,2<10 

'1,116 

1,105 

4,625 

'1,150 

'1,205 

4 205 
1,190 

'!,050 

'1,050 

'1,050 

67.9 

116.5 
86.0 

129.3 
185 
151.3 

"" 

'" 

43.3 
92.2 
53.5 

100.0 
9,069 

28.3 

100.8 

37.6 
39.9 

88.0 

43.0 

, , , 

, , 
'j 

,j 

" 

" 

Th1ck~ Character Strati-
nesS of graphic 

(rcct) material po~it10n 

Chinle 

'0. 
Entrada(?) 

'0. 
Morrison 

Sandstone Entrada 
Chinle 

Sandstone Entrada 

Gravel, Older 
sand alluvl= 

Gravel Chinle 

Shale, do. 
rocky 

Occur
rence Of 
ground 
",ater , 
, , , , , , 

Morrison(1) U 
Chinle U 

do. U 

dO. U 
S"andstone do. U/C 

QJicksand Older 
alluYi"'" 

Chinlo 

do. Younger 
alluvi= 

Seeds tone Entrada 

Sand Younger 
alluv1um 

Chinle 

Redonda 
Younger 
alluviulI! 

Sandstone Entrada 

do. do, 

do. do. 

, 

Water l""el 
lle10w 
land Date of 

surface ,"""surcH 
([cct) ment 

71.7 9-1S~52 

36,7 do. 
105.6 9-5-52 
82.5 do, 

125.7 9-23-52 
145 4-1961 
142.2 10-3-57 

220 9-1952 

9-18-52 

219 1950 

257.8 9-5-52 

38.1 10-3-57 
15.1 $-17_55 
37.2 do. 

71.3 do. 
12-1958 

9-5-52 

31.3 7-21-53 

14 1951 

'" 11-1952 

23.0 12-10-52 

19,3 10-22-52 

22.0 do, 
28.2 do, 

62.6 do. 
Flow- 2-21~52 

'"' Flo'll- 8-12-49 

'"' 83.0 10-31-52 
14.9 3-18~53 

17 5~30-49 

11.9 6-25-53 

22.5 10-31-52 

Type usc 
of of 

pump water 

P 1.',0 

, , 
'.' , 

P D,S 
S D,S , , 
, , 
, , 
, , 

" , , , 
P D,S 

, " 
N N 

, , 

P D,S 

P D,S 

, , 
, , 
, , 
, , 
P D,S 

T " 

N N 

, 0 

Remarks 

Windmill out of order; sec table:; for water-level 
",casurc",cnts. 

Reported to be a wcak well; driller, Dave o-~cns. 
Reported to be a good "'ell. 
Re orts trouble with 5andin~' te'" • 66°F. 
Not adequate;pump ... ill suck air; bott"",ed in re<l cla)'. 
Reportedly .. 111 p=p "bout 50 gpm: driller: W, L. Crows. 
PUl':lPS down to c)'Hnder: sec table 3 lor ohm.ical 

analYSis. 
Reportedly does not suok air when p""plng steadily at 

1 3/1 I! "" cased to botto", Of hole' driller; Dave Owens. 
Spring pool In creek bed: reporte,!ly has neVer dried UP. 

Water reported to be s",;wwhat saline; reportedly c".ed to 
233 It, bottom 20 !t perforated; driller: Foote. 

Water struck at 305 ft, reportedly roae to 260 ft; .,ater 
has strong taste of iron; te"p. 69 3/40F; driller: 
R. C. GIllean. 

Adequate [or stock well. 
Originally dug; deepened by drilling in 1945, pimping 

when ",easured: driller: R, C. Gillea",. 
Reportedl a weak welL 
011-test hole; botto" 13 ft dr111ed in brlck-red rhyOlite 

porphyry; lowest sedl",ontnry beds reported to be lime
stone over a sandstone, probably of Mississippian age. 
Gn"""" ray and neutron log indicate a permeable Sand
stone bed in the Chinle for"'ntion fro", 745 to 810 ft. 
Flowieg water having a salinity of up to 250,000 PP'" 
was "ncountered in th" San Andres Iornation above 5,000 
ft; water belo ... the San Andres fOrIJlaUon reported to 
haye salinity of about 2,000 ppt!. (inforlllation fro.':1 
records of Sunray~Midcont1nent 011 Co" Albuquerque, 
N. !lex.) 

O<.oner reports yield orlgindly was "bout 10 gp'" bUt now 
will pumJ> about 5 gplll in strong wtnd: see table 3 [or 
che",!cal analysts; teop. 61o },; driller: R. C. Gillea". 

Not adequate, wat"r piJ>od from woll 35,323 to supple"ent 
supply; driller; R. C. Gillea"" 

Test p=ped at 7 gp"': driller: R. C. Gl11ea",. 

Earlier u.>st hole 20 it south was dry at 300 ft; see 
table 6 for log: driller; J. R. Watson. 

Dug; much saline encrustatl,oe on pipes, tank, and ground. 

PUOlPS down to botto", 1n strong win<l; see table 3 (Or 
cher:Heal analYSiS, table 5 for 'IIater-level rneftsure"ents. 

Water has stroml; saltne taBte' saline crust on pipes. 
Much saline encrustation on pipes and on ground around 

discharge pipe; water level at avern!:" punp;ng rate o( 
1 gpm 'lias 30.3 it: recovered iully Ie les,; than 1 hour; 
te",p. 63° F. 

Reported adequate for house Qnd yard stock, 
Seep spring, collective flow est. 3 gpOl; ~ee table ·1 for 

chemical analy.'s. 
~'est field well 2; see table 3 for chemlcQl analysis: 

table 5 for ... ater-level ccasurenents; table 6 for log 
and cssing records; table 7 [or QquUer test; this 
'11<>11 reportedly flowed at 11",e of drilling; te"p. 
64~"f'; driller: C. F. GIll for La.yne-Te~as Co. 

Test ",,,11; pUblie-supJ>ly well drilled adjacent to this 
well; see table 6 for log (believed to be bctter log 
than kept for the public-supply ... ell); well no", caved; 
driller: J. R. Watson, 

Reported d,'Hled to depth of 64.0 ft; sec table 3 for 
chenienl analYSiS, table 5 for 'IIater-level oeasure",ents. 



Own",. 
Loeanon 

tenant 

11.29.13.314 City of TUCU1!leari 

13.311a do. 

13.321 M. 

19.231 Dale Campbell 

19.23101 

Ycar 

pl"tcd 

19·19 

1919 

nltltude 
above s,,~ 

leve, 
(fc"Il 

1,095 

1,095 

4,150 

-1,140 

TABLE 1 (continued) 

RECORDS Of WELLS AI>1) SPRINGS NEAR TUCUMCARI, QU,\Y COUliT'{, N. MEX. 

Principal water_bearing unl t 
Depth Oiat'_ctcr Pepth Occur-

of of to tor> Thiclc- Characte,. St,ati- renee of 
well well of unit neSS of graphic 
(fcct) (inches) (fcct) (reet) ",ater,,,1 position 

Sandstone Entrada 

'" '0. 00. 

152.9 '" '" 00. c 

136.8 '" 00. 00. 

36.6 Morrison(?) U 

Water level 
Below 
land Oate of 

sur!ae <wasure-
(icct) ment 

53 5-30-19 
104.4 2-19-52 

19 5-30--19 
15.5 3-18_53 

100 5-30-19 

105.1 3-13-53 

52.4 10-17-52 

32.0 10-20-52 

Type Usc 
of of 

pU'"P water 

, " 
N 0 

, 0 

, 0 

P D,S 

West Held well 1; sec table J for che>lical analy,ds, 
table 6 fo,' log and castng record; table 7 for Mlulf"r 
test, drille,.: C. F. GUI for Layne-Texas Co, 

Tcst hole; caslng believed sct to 265 ft; pUblle-supply 
well drilled adjacent to thts test hole; 1"", hble 5 
for wate.--l"""l r.easurc"'enis, table 6 for log, driller, 
J. R. Watson 

We~t field test hOle 3; origtnally drilled to 315 ft, 
found filled to depth of 153 It ;'n Dec. 1952; £ce table 
5 lor water-level ",ca~ul'c"">nts, table 5 for log; 
driller: J. R. Watson. 

Test holc for publio_supply w..,ll; originally drilled to 
460 ft; no record of depth of cnsing; see table 5 for 
wntcr-Ievel ",easure,.ents, tabl" 6 for log, table 7 for 
aquifer test; drille", J. R. Watson. 

Dug; situated on strea", terrace, about 30 it above le .. el 

------"'"."'C'c+------o~oC.------c+--=----t--",""o,--t.,",~.,ri--'"--'rcc---tcc---i -e""OC.--i--."OC.-----t-rr----i-"O'-.,.tT"'-"'no-"'"'i--,,-h,,--t--~Oc'C'"'C""·'"O~"""O~OOO'C'"· ____ CC ______________________ __ 
2104'11 T. B. Hoover ·1,145 do. do. U S 
21.121 do. 4,130 33.9 ,18 do. Morrison U 29.4 8-28-52 11 !I 
24.122 do. 4,180 155.·1 do. hlorrison(?) C 126.0 9-10_52 Ii 0 

21.122a do. 4,180 185 Entrada 
25.312 do. '1,172 220.8 do. C 181.3 to-I-52 P D,S 

Reported to be ,. weak well. 
Dug; reported to have boom a good well. 
Water le"el reported to hQve been 50 ft belO'" 5urface 

prIor to develop.wnt of West well Held, and the water 
of good quality; see tnble 3 for chemical analy~is, 
table 5 for water-level m~asure"'''nts, 

See hblc 3 for chemical analysis. 
Reportedly drllied to depth of 250 it but beUeved to 

have sanded up; ~ee table 3 for checical analYSiS, 

-----c,"',."'"'"'f------o~o,.-------r-,,',"C<'c--I·-,,,,"',",·-1"'v,C-_t--"--rc---,rc---t--o"o,.---t~O"oC.----cr"----r",,,".",cr,<-,,.,-""C'-t __ ,cio"",-f--"'oO'O"'c"ce<O"'-"",o,o'-O'O'O""CO"'o"O",,""O"C',,"· ______________ _ 
25.432 City of Tucumcari 4,169 260.5 15 111 228 do. do. C 163.1 1-13-53 T PS Montoya well, or MetropOlitan Park ;;ell 17: see table 3 

for cher.licnl analYSiS, table 6 for log; driller: J. R. 

25.1'14 A. I!. Bugg 1913 1,140 '" n, ,,, 00. 00. Caved - , Watson. 
Drilled as test ;;ell for city of 1'ucuOlcari; 5ee table 6 

for log; "cpol'tedly abandoned because of e:<cessi .. e nand 

-----c,c,' .• ,c"c+, •. -o,-.• cc,',',o,c------r-.'."M'.--t-C",.".o,--i,'o,.,--·f--,,--k,',.,---"",,,---i--ooo •. ---t-COMOC.-----r.Cc----t--o--r--o---+--.• ,"',--_1-.oM,"i~c:c:*:'C:~;~o°c."c:";'~.O:":T;'~;~:i,'C:~;T~~C'~;i,o~;.~'~~~~:~~~~rC:~:~'~,;O,"::~'O;~:Oc,;c.,.--

27.131 do. 

31.11J Dale Ca"'pbell 
32.3'12 A. F. Curry 

35.213 G, E. Floeck,Jr. 

35.241 do. 

35.,113 L. L. Bug\: 

1948 

1948 

1916 

1951 

1916 

4,150 

1,320 
'1,250 

_1,300 

4,295 

201.2 

'" 
138.3 

196.6 

,,, 

'" '" 

00. 

00. 
00. 

do. do. 

do. do. 

do. do. 

c 
c 

llO 9-1952 

181.0 10-;10-52 
108.1 10-17-52 

121.0 10-7-52 
126.6 1~10-57 

162.3 1O~7-52 

, , 

P D, S 
, 0 

, , 
- , 
, , 

in 1952; reportedly was ll. good well; driller, J. R. 
Wat"en. 

O~ncr reports test_bailing at 40 gpm did not 10,;'"r the 
water level appreciably; "asod to depth 315 ft; tm::p. 
640°F: driller: J. R. Watson. 

A good well; driller: J. R. Watson. 
Orilled as a test well for city of Tucumcari; £ce table 5 

for ;;ater_Ievel ",easurements, table 6 for log; driller, 
J. R. Watson. 

O.l'Iler reports at time of drilling water-level "a~ 60 ft 
fror; round surface' driller, J. R. Watson. 

Drllled as a test 'lieU for city of TuclllIIcari; see table 6 
for leg; a good '11,,11: dnller, Oliver Well Work~_ 

See table 3 for ~het.licQ\ analysiS, table 5 for water-level 
ceasurel1ent; te"P. 6'jOF; drtller: J. n. Watson. 

do. do. 156.5 10-8-52 P S Reportcdly would furnish enough "ater for 1,000 sheep but 

------""CT,,',.t--·----."oC.------4---c----+-c.'C,"omo,--~"".~.,.t--""c--j·C----j-C----~-·~c'oc,c"c,co~o--+-"".-·---f-.",.c,cr,C-",<,-c,c,-+--,O+~,,---1-.0c,"~~L':~~;".':C:~".:'Of;oc·c,~"=,",=,=o="C,="co-.=.=,C,~,c,.,=o •• ,=o~,=,=o-,=,c.~.,OC,~o---
recent o:onths. 

36.221 do. 4,130 21.0 do. Older Dry 5-7-52 Dug. 
aUUVl\H' 

36.222 191O('i') 4,132 39.0 Gravel do. 31.1 9-21-52 , , !\cl'ortedly dr1l1ed to depth of 50 ft; see table 5 for 

-"-m-,,,C>tc-e-."".-------t-"""'--t-"""'c--h,,--t--C.--+,,---CC---"'"""'--+--=----_1'-,c-----CC~;--t-"'"'~+-oi·~·C"C·'O-~'·"'"·~'~""'~·C"O'7'"O'"oC'""~'~'o"'~·i'C'"lo,'C·~~~C7~-W,--Ii 30. 1.313 E. F. Hall 1905 4,015 I,','., I,' 92 Cavity C ~ 4-15-53 P D,S Owner reports water 1s rieb in soda, bit dropped fro", 92 
18.0 12-11-58 to III ft. 

1.413 C. G_ ["nn~ -1,028 Older 2.4 1-31-63 P D,S Not presently in use. 
nlluviun 

______ c'c·f'·,u-+'"'''~''c'"'c··'_'''~!a"',,'c'''------I--+''::_'C'':''cn'_!~.1--tC",,'"",.c-r f--",.,,--+~--+~--t--C-----pC~",""'1.!:---+-7----+c'.'c·,'+i'2-'i';c-,','-t-.,'>t",","--i-'i~~"· ~"~oO'i'"""'"''''oc·'i'i';;"cO"',,'-''"'" .. C'C'-,~'C".~'-''".,'"''",'-""'O'C· ________ ___ 
3.·131 do. 19·12 I ',',~',~ 1~~.2 I C I 99.5 7-21~53 P 11 :lot used sin~e 1951. 
·1.334 II. W. Brown 19IOC!) '" ~ VU U 1.5 7-25-53 J D 



Owner 
Location 

tenant 

11.30. 5.213 Ed Breen 

5.242 do. 
5.434 Bure ... u ot 

Recla .... tion 

5.443 A. W. 'rerry 

7.322 Jose Gnrc1a 

8.144 C. W. Reed 

8.411 L. V. Morris 

8.422 Charles Horris 
9.212 Frank Hnrtine" 

9.433 W. F. Hevert 

10,144 Roy Pl=er 

10,442 W. O. Johnson 
11.131 Raymond Bate" 

11.234 Haggie Dan1eh 

11.242 Lake Arthur Fn=s, 

'0' 
11.411 .. Soutbern Pacific 

On. 

1l.411b do. 

11,4~2 Doroteo BlI.ca 

12.422 Albert Ilitchell 

14.143 Southern pneiUe 
00. 

14.143n do. 

14..14.3 do. 

14.144 do. 

Year 
,~

pIe ted 

1945 

1945(? 

1948 

1927 

1959 

1934 

1929 

1929 

1913 

1913 

1913 

1914 

TABLE 1 (continued) 

RECORDS OF WELlS AND SPRINGS !fEAR TUCUMCARI, QUAY COU~"fY, N. ME>:. 

Approximate Pdncipal water-bearing unit 
altitude Depth D1amete,. Depth 
above "ea of of to top Th1ck- Characte,. Strati-

level well well of ""it ness of graphic 
(feet) (fcet) (inches) (I""t) (fect) ",aterU.l pOSition 

4,150 55.4 

'.' 
4,048 94.5 

4,085 25.0 

sandstone Entrada 

Older 
aLluvIU1l 

SBndstene Entrnda(?) 

Older B11u
viu,,(?) 

Occur-
renee of 
ground 
water 

o 

4,025 73.1 S .. ndstone Entrada?) C 

4,017 

4,014 
4,000 

3,971 

4,012 
4,100 

4,052 

4,045 

4,060 

4,057 

4,062 

4,030 

4,065 

4,065 

4,065 

82.3 

47.8 
48.1 

125 

no 
148.3 

'" 
149.8 

,n 

107.2 

49.6 

~88 

eo, 

"" 

'" 

, , 

24-12 

13-10 

13-10 

13-10 

13-10 

Sand eo. 

'0. '0. 
Grn'llel Older 

nlluv1u", 
Snnd nnd do. 

gra'lle1 
Chillie 

[ntradn 
Sand Entnda(?) 

Snnd and Older 
gra'llel a11u'll1= 

do. do. 

do. do. 

do. do. 

do. do. 

Sand and 
gravel 

'0. 

'0. 

Sand nnd 
eravel 

'0. 
'0. 

'0. 

'0. 

, 

o 

" 

o 

Water level 
Below 
land Date of 

surface ",,,nsurC-
(feet) mcnt 

36.1 1-1<1-53 

24.2 12-11-5S 
5.4 11-3-52 

14.6 do. 

Dry 10-31-52 

8.3 11-3-52 

20.0 1-5-53 

17.5 do. 
31.1 12-11-58 

4.9 11-21-52 
6.0 12-11-58 

123.2 6-9-48 
71.8 12-11-~8 

16.0 2-1-83 
123.8 l2-11-~8 

91.0 2-1-63 
32.7 4-17-53 

41.8 do. 

191 1929 

83.8 4-17-53 

24.3 4-17-53 

6.6 12-13-58 
5.1 1-31-63 

'" 

'" '" 

7-1913 

9-1913 
9-19-18 

1913 
1919 
1926 
1943 
1914 
1916 
1926 

6-22-48 

Type Use 
of of 

PIl",P wat",. 
Remarks 

P S Water lovel declined to 38.4 it during 1 hr of p=plng at 
average rate of zl gp .. ; sel! table 3 for ch",,!cal 
"n"lysis; t"'''p. 63!oF; recharged fro<> cando 

J Dug; owner reports ",nter tnstes bRd; not uned for drinking. 
N 0 Augur hole put down to observe fluctuations of .. nter 

levels resulting froc irrigation practices; see table 5 
for .. nter-le,·el ",oBsurc",cnts. 

C 0,5,0 Oloner reports wben ",ell first drilled water level ",nn 60 
tt 'below ground surface, and ", .. ter WBn much softer thll.n 
.. t present; seo tuble 3 for <:h"cical analysis, table 5 
for ", .. tor-level ",ensurenents. 

Reportedly WII.S 75 rt deep, now cnved, Bur. of Reel. 
records show ",nter level wns 66.5 ft on Dec. 17, 1942, 
66.4 ft on June 15, 1945, and 48.0 tt on June 8, 1948. 

C 0,5,0 \'inter .. truck at 40 ft, cased off; wllter struck &t 70 (t, 
rose in casing to within 10 ft of surface, see tBble 3 
for <:he",ical analysis, table 5 for water-level 
",ensure",cnts. 

P D,S 

P D,S 
P (0) 

About 50 ft nbove nearby bed of Pajnrlto Creek; see 
table 3 for che",ienl nllaly51s, table 5 tor water-level 
",easurenents; temp. 64!cF. 

1I0t currently in use. 

N M Dug originally to 11 tt and backfilled liround caaing; 
driller, W. F. !levert. 

P D,S Drilled originally to 183 ft. 

CD,S 
p (D) ,5 Water reportedly no longer aat1sfnctory for domestic uae. 

PO,S 

PO,S 

" -

, , 

, " 
, , 
, -

, , 
, , 

, " 

Drilled to depth ot 200 tt, baekfilled to 160 it; ~ee 
table 5 for wnter-Ievel ",easur""'ents; driller, E. L. 
Brum:oitt. 

See tlible 5 tor "'liter-level mensurc",enta. 

SP well 39; plugged at nbout ground level; wllter struck 
.. t 191 ft; casing orlg1nelly 20 in. to 8! in. to 4 In., 
set to depth of 5S0 ft, reported bent or broken at 
275 ft, see table 6 for log; driller, J. R. Wntson. 

SP well 40; cased to 340 ft; gravel-packed, obstruction 
nt 108 ft; report 220 yards of cinders put de"" hole 
nfter test pilllping re",oved large quanti ty of unnd; 
t .. ble 8 tor 10 . driller' J. B. p'~!,:ers. 

Not used tor long time; see table 5 for wnter-level 
meaaure"ents. 

SP ",ell 8; cased to 588 ft., found destroyed in 1953; test 
pimping when well was dOll'n to 351 ft produced 160 W"'; 
test ptmping at co",pleted depth of 588 ft produced 150-
160 gp .. ; see table 3 for che",tcal anD1ysis, tBble 6 for 
10 driller, O. W. Davis. 

SP lI'ell 9; cnsed to 616 ft;not used since company tied 
into city .. ystem, test p""'ping nt co",pletion of dril
line produced 173 W"'; sec table 6 fo~ log; reported 
in 1943 to be 332.5 ft deep; driller: 0. W. Dav1s. 

51' well 10; cnsed to 527 ft; not used 1n recent yenrs; 
produced 150 sptI Dt cocpletion of drilling; reported 
in 1943 to be 351 ft deep; see tgble 6 for log; 
driller, 0. W. Davis. 

SP well 11; cased to 620 ft;not used 1n recent years; 
test pwoped nt 241 IWc 1n Jnn. 1914; see tBble 6 for 
leg; drHler, O. W. Dnvia. 



Owner 
Location 

tenant 

11.30.14.14411. Soutbern Pacl!1c 
<n. 

14.1441:> do. 

14.144c do. 

14.1Hd do. 

101.1440 do. 

14.144£ do. 

14.221 do. 

14.22111 do. 

14.312 City of Tucum,,"ri 

14.312a do. 

14.322 TucUtlCllri Ice & 
Coal Co. 

14.432 HeddY McKinney 

15.131 W. F. Hevert 

15.224 City of TucUIlI.cari 

15.243 do. 

15.434 Southern P ... cifie 

'0. 
15.443 do. 

15.443a do. 

15.H3b do. 

Yca,. 
C<Y-I

pleted 

1905 

1915 

1917 

1931 

1918 

1918 

1912 

1913 

1908 

1924 

1917(?) 

1928(?) 

1929 

1930 

1920 

1920 

1920 

1926 

Approxi",ate 
al ti tude 
above sea 

level 
(feet) 

4,063 

4,062 

4,063 

4,062 

4,057 

4,051 

4,077 

4,017 

4,076 

4,075 

4,109 

4,079 

4,080 

~,082 

4,080 

4,081 

4,080 

TABLE 1 (continued) 

RECORDS OF WEt.LS AND SPRII(lS NEAR TUCIJMCARI, QUAY COU!>'TY, N. UEX. 

Principal water-bear>n\( unit 
Depth Db",,,t,,!" D<:pth 
of of to top Thick- Character Strati-

",,,11 well of unit ness of f'raph1c 
(feet) (inches) (reet) (feet) ",ater111} positton 

'" Sand and Older 
gravel aUuvlUJ:1 

'" do. do. 

335.6 16-13 314 do, do, 

294.5 '" Gravel do. 

'" 13 332 " Sand, do. 
grllvel 

'" 13 35.) Sand do. 

'" 12~1O 00. 

333.6 13-10 

322.8 Sand, do. 
gravel 

31.8 

345 8-6~ do. do. 

130.8 '0. 
93.8 Sand, Entrada 

tine,white 
331.5 20_10_8 245 Sand, Older 

gravel aUuvi= 

'" 20-18-10 285 do. do. 

'" 10 217 do. do. 

10 275 do. do. 

10 275 do. do. 

'" 13 275{?) '0. 

Occur

rence " 
ground 
lIIat"r 

, 

, 

, 
, 
, 
, 

, 

, 

, 

, 
, 

, 

Water level 
!Jelow 
hnd Date of 

aurface ",,,asurc-
e feet) mcnt 

216 

260 1917 

248 6-21-19 
137.9 3-31-53 

137.1 12-16-52 
62.2 1-22-58 

260 1-1918 

292 1926 

85 1912 

105 1913 
51.3 3-31-53 
31.0 12-11-58 
24.8 1_31_63 

158.1 2-25~53 

276 5-1924 
285 5~1928 

316 5-1929 
178 11-1951 
82.4 4-14-53 
71.1 10-2-57 
46.4 11-21-52 

151.2 4-15-53 
(in 10-
in.cus-
ing) 
114.9 do. 
(in 20-
in.cas-

'" ) 228 2-13~45 

226 4_1_47 
216 6-28-48 
201 4-5-49 
131.5 1-24-53 

252 6-1920 

192 1-1920 
117.4 6-8-53 
51.5 12-12-58 

260 3-1920 

278 6-1926 

Type Use 
of of 

pump wat"r , , 
, , 
, -

" 0 

, , 
, -

, -

, " 

, " 

, -

P D,S 

, 0 

, " 

, 0 

, -

Remarks 

SP well 5; ptmped 180 gptl when first drilled; not used 
in recent years. 

SP weU 15~ pUl'tped 110 gp .. in 1917, hl,lt later would break 
suction at :ro Will' sec table 6 for log. 

SP well 20: drilled to 361 ft, cased to 334 it, oott"", 
20 ft perforated: produced 75 gp .. lit U"'e of dri1l1ng: 
gravel_packed 1n 1937 through 2 G-1nch wells drilled 
one on the north and one en tho south side of the ... ell: 
iound covered but uecessib1e in 1953: see tpb1e 6 for 
10 driller: La ne~Bow1er Co. 

SP well 20 test "'ell I: drilled IIdjacent to well 20 for 
purpose of gravel_packing: reported drilled to a depth 
of 360 ft, cased to 334 it: see tllb1e 5 for wo.ter-l"vel 
",,,aaurelllents table 6 for log: driller: W, L, Casso 

51' ... ell 21: cased to 334 ft: pw::ped 75 gp .. : see tub!e 6 
for log: well destroyed in 1951: driller: Layne-Bowler Co. 

SP ... ell 22: cased to 344 it, oott"", 195 ft perforated: 
p=ped 65 gplll lit tll:le of drilling: not used in recent 
yellrs; see table 6 for log: driller! Layne-Bowler Co. 

SP ... ell 6: test hole: capped and covered under drive ... ay 
gravel lind sllnd: see tIl.ble 6 ... e11 14.221b, for 
IIpproXi"'nte 10&: pUlOpod 10 gpto, driller: O. W. Davis (?). 

SP woll 7, test hole; drilled origioally to depth of 578 

!;il~:;: t~~1:.6~a:~!1 [;~:221b, for approxil:lllte log: 

Town ,",ell 1: see tahle 3 for ehe",ical analyais, table 5 
for water-level lIIellnUretlents; originally no. 5 ""ell in 
Town field. 

eaaing obstructed by chunk of concrete at deptb of 31.8 
it: origlnlllly no. 7 'IIell 1n the Town fiold. 

Dr1lled originally to 331 ft: dcepeoed in 1929 to 358 ft, 
cased to 350 it, perfor .. ted 329 ft to 350 ft: dr ..... down 
reported :l() it at pu:p1ng rate of :l() liP'" .. fter pU,,!>ing 
100 hra. 

Furnished wllter for all ho,"ea in i"""edillte vicinity in 
1919; see table 5 for w .. ter-level ",easurements. 

Sec table 3 for chelllical analysis, table 5 for 'IIater
level lIIeasurc:ents: driller! X. n. Stockett. 

Town well 10: cllsed to 360 ft: 80 ft of perforation; 
grllvel_pllcked: yielded 200 gpOl (O.t tiOle of drilling; 
well has two c .. sings, 1O-1n. inside 20 in.: ... ater 
stands .. t different levels in th" two: see table 3 for 
ch",.1cal IInalysls, tllble 5 for ... ater-Ieve1 ",.,asure
",ents, t .. ble 6 for log and c&sing record: dr1ller: 
J. R. W .. tson. 

To ... n well II: cased to 360 ft: gr&vel-p .. cked, yielded 200 
gpllt in J ... n. 1931, and 120 gp'" in June: yielded 69 IWrn 
when pur.ped in J ... n. 1953; sec table 3 for chelllicni anal
ysis, table 5 for ..... ter_Ievel ",ePBure",,,nts, table 6 for 
log, t .. ble 1 for aquIfer test: ...... ter levels 1945-49 fro" 
notes on punphouse ", ... 11: t .. ",p. 66 3/4oF; driller, 
J. R. W&tson. 

SI' ..... n 31: found filled to land surface in 1953, see 
t&b1e 6 fer log; driller: F. N. ,s:Uh. 

Sf> "'ell 28: drilled originally to 381 ft, abandoned after 
cllving; well 32 drilled close by; sec table 3 for cher,-

~~:~ea~a;~~i~~" ~n:~~lie~~r F: .. ~~r;~~~:~ ",ea~ure"ents, 
SP well 29: cased to 270 ft; found destroyed in 1953: lI"e 

t .. ble 6 Ior 10&,; produced 75 gplll at U!:le of drilling: 
dr1l1er: F. M. SnUh. 

SI' well 32: cllsed to 280 ft: found scaled in 1953: see 
table 6 for log. 



Local ion 
I<m .. nl 

11.30.17.241 K. J. Roberts 

Year 
com

pleted 

1951 

App"o,d"'''te 
altilude 
above sea 

level 
(fed) 

4,000 

TABLE 1 (continued) 

RECORDS or," WELLS MID Sl'RIt-iGS NEAR TUCU~ICARI, Ql'A)" COU~,Y, N. MEX. 

P,-lnc.pal "'ater-bearin~ unit 
Depth Din!:"'!e.- Depth 
of of to top Thlck- Character 

well well of unl t ness of 
(feet) (inches) (feet) (feet) ",ate rial 

1<1.6 Sood 

Stl"at,
~raphiC 

1'051 t lOO 

Entrada(1) 

Occur-
renee of 

Water 1"",,1 
Below 
l .. nd Date of 

surface ",,,"sure-
{feet} ",cnt 

17.0 11-3-52 

Type Use 
of of 

PU,"P w,.t"e , . Drilled originally to 77 it; cased to 70 ft; pumps Hnc 
white ~and; w"ter reportedly gets ",urky alter II hsrd 
rain; see Ubi" 3 for chemical a"alysis, table 5 for 
w"tc,-level ... easur~"ents; drill",., S. L. 1(,.<",,,. 

17.342 Margaret Patt_e~ -.-- ~-.j,~---~:;~. ·-,,'~-j--:~-+:-~+---:~~H'*"¥.'"~"O~-1~li--~-f--"~'"·'4~"'·~'O·'~''-I~~'+!'i'-".+-;;;;;C-;:;;;;;;";-'''''--~~~~~~~~~~~~~~-
18.332 JOBe Garcia - 4,048 40 .- 60 Older 35 194-1 N N Dug; =ved in 1951. 

18.33211. do. 1950 11.7 
alluvlw:t 

Snndstone Entrada 13.7 10-31-52 P D,S Water lev<>l formerly 40 tt below ground surfa~e; ~e" 

table 3 Cor ch,,"'i~81 sllalysl6, table" for wat~I'-l"v"l 
",,,,,surc",,,nts; terop. 68l!~F; driller' G. E. Sour~. 

19.111 Joe ArrlcttH 1913 1,080 14.8 do, do, U 12.3 10-1-52 N - DrIlled to depth of 65 ft; caved after water leVel ro.e 

-~~""'.'""'''+''.-''II.-FiiTtOn-------:---f---4'-,OO''OO'-+"'''."'+-~"'----'::---.~---;;O:----"-'-o.~~-=------+"'c=,'-+--CoCo-.--jf--cc-fc-~+","C:~;O/C."'·'O'"""'l'-'O"'_'CCOC"""""'"~"b.~~~~~~~~~~~~ 
19.133 Victor Pacheco 1948 4,160 139.1 do, do. C(?) 82.1 do. P D,S S,," table 3 for chemical analYSiS, table" tor wnter-

20.423 Ludla E",l"r 

20.42311. do. 
20.-131 J. C. nutler 

1910(1) 4,072 48.7 

18.0 
49.8 

6.5 do. 
25.6 10-11-52 

, , 
N Ii 

1,,"01 IlIe8~Ur"'nents; t""p. 61 o y. 
White scum forms on water; \Vater b"c~",c very hard after 

irrigation bClran ill distrl<:t; see tahle 5 for water
ley,,1 "'easuren"nts. 

J D,S ca"cd sept. 30, 1952, 65 ft of pipe pulled, 51 It 
replaced, stU I pump"d sand: destroyed by H11Hl&, 

20.13411. ---"Co-~-··--I~-,,,,",,,,~I---.c,,.,Ci,C,~+,,",-.,rl~"~+cc-~+=--+I~·;,co'.~+~"~o,.~~f--~~--jI-c,"".",+-;,c'o,.~I-"+".o,,.'o;/-"'Ir"~:";~:-;:7~~~;~;"""oOO'O"O.O",0c.,,,=oO;o;,O"',",~.,;;"C.-oC";;,OO~o'oO,~",""O,-.~~~ 

:W.144 A. J. Cothern 

21.241 D.!C. Taylor 

21.,112 Travelers Para
dise Motel 

22.124 Terry Gardner 

22.133 W. H. S",Hh 
22.333 do. 
22.3J3a do. 
22.333b Henry S"i th 

22.0122 Adeline ~ichols 

23,214 A. B. Ca",p 

23.321 E. J. Corn 

24.131 R. V. Dickens 

24.221 L. E. Llttell 

21.221a 

25.113 J. R. Wa~son 

25.121 Johann 8nd Bowen 
26.221 T"~u,,cari Country 

Cluh 

1911 

1948 

1952 

1910(1) 
1910(1) 
1916 

191O(?) 

1910(1) 

1921 

B) 15(?1 

4,094 

4,095 

4,105 

4,085 

4,110 

4 180 
4,155 
4,155 
4,158 

~, 152 

4,126 

1,075 

1,030 

1 095 

65.4 

39.3 

'" 
74.3 

"'.0 
78,5 
96.S 

98.6 

295+ 

92.1 

43.7 

3S.4 

91.2 

73.2 
151. 7 

, 

Sand 

Older 

Sand, do. 
gravel 

do. do. 

do. do. 
Sand,nne Entrada 

do. do. 
do. do. 

sand, 
gravel 

Sand 

Chinle(1) 

Older 
alluvium 

Entrada(1) 

Older 
alluV1un 

Younger 
alluv)u" 

00. 
entrada(1) 

, 

, 

c 

c 

45.4 3-15-44 
23.5 6-S-48 
18.9 9-19-52 

33.4 

15,4 do 

65.8 4-2-53 

~2.2 ,\-21-53 
75.3 9-19-52 
72.7 do. 
?5.0 do. 

119.9 4-2-53 
HI 0 12-12-58 
19.9 4-1?-53 

111,2 4-9-53 

27.2 9-16-52 

27.4 '0. 
2·\.7 1_17_53 
13,0 12-12-58 

9.,1 2-1-63 
26.1 9-16-52 
35.7 1-17-53 
21.5 9-16-52 
73.1 9_17_52 

, . 

, , 
, , 
, " 
, , 
, , 
P D,S 

'.' '.' , , 

, , 
" , 
, , 
, , 

N -

J D,S 
P 8,0 

g-round-pack",!: replaced well 431: drilled to 75 it in 
fine, white, loose sand, hackfilled to 70 it with 
gera"el: water first encountered at 30 ft: sec lahle 3 
for che",;ca1 an ... ly"1~, tahle 5 for water-level 
lIleasurcr.lCnIS, table 7 for aquifer te~t: driller; R. C. 
Gllleam. 

Dug; caved to 16 it after canal put in operation; dug
by A. J. Cothern. 

Replaced w"ll 41'1; See tahle 3 for chmllical annlyds, 
tahle 5 for water-level Illeasurements. 

See table 3 for chc",ic .. l analysis; driller: R. C. 
Gilleam. 

See table 5 for water-level measurements, table 6 for 
log of nearby well. 

Sec table:' lor ""ater-Ievel mcasureJ:lents. 
Pumping at tt",e of neasurcJ:lent; Driller: 1. R. Stoek"tt. 
Sec table 5 for wster-level "'easurenents. 
Strong well, see table 3 fo,' chemical analysis; driller: 

G. E. Sours. 
Punp out of order; obstructed at 137 ft; "eQsured to 

166 ft Insld.. '"'' coluJ:ln 
Sc" table 5 for water-level "'ea5urc"ents. 

Sec table 3 for che",1<.a1 analYSiS, table 5 for water-
level ",ell~ure"'ent~ 

Struck water at about 90 ft, drilled to 120 fl, sanded 
up so backrtUed to 111 ft: sec tub1e 5 tor waler
level ",easurement; d"iller: 1. R. Stockett, 

Bored to depth of 65 it, ""ill plll:lp n little mud tf pUt.lp 
operated 12-14 iiI'S continuously; bored by I,. E. 
!.Htdl 

Dored by L. E. Littell; locnted a!rout 8 it south of 
well 221. 

See table 5 for water-level ",casure"enb 

5-1n. 11ner 1n old 7-1n. cas1ng: see hble 3 for chemical 
analysiS, uble 5 for water-level measurmoents; te"p. 
6,1" f'. 



Owner 
Loc .. tion 

tenanl 

11 30,26,231 Leonnrd '{ouris 

26.324 C. D. Chop"tt 

21.111 Mark fenner 
21.1118 do. 
28.222 W. H. S .. Hh 
29.214 O. 1.1. Jahns 

30.141 T. B. Hoover 
30.313 Ci ty of TUCUl:lcmri 

30.314 

30.323 

30.333 

30.341 

30.344 

30.U3 

30 .443 

31.244 

34.143 
34.444 
35.231 

35.241 

"0, 

00, 

'0, 

'0, 

'0, 

'0, 

Orvll Ails 

Cora Keeler 
Claude La",s 
J. R. Smith 

M. S. Dickinson 

35.324 Claude Laws 
36.112 Cy Bell 

11.31. 6.444 Stale of New Mexieo 

8.U3 J. J. Hlmilton 

8.113a do. 
17.131 Harry Aten 
17.331 Lloyd DUnd 

Yea,. 

plete" 

1959 

1946 

1938 
1938 

1951 

"" 
1950 

1945 

1936(1) 

1945 

1945 

1948 

1952 
1947 

1947 

TABLE 1 (continued) 

IlECORDS OF WELLS AIlD SPRINGS NEAR TUCUMCARI, QUAY COUNTY, N. MEX. 

App"o~i"at" Principal water-bearing unit 
altitude Depth Di" .. eter Cepth 
abo"" sea of of to top Thick- Character strati-

level well ""ell of unit neSs ot graphic 
(C"ct) (fcct) (inches) (feet) (f"ct) ",,,t,,,.141 position 

4,155 148 

4,225 

4,157 
4,155 
4,110 
4,101 

4,105 
4,093 

4 205 
'1,150 

4,140 

4,120 

4,no 

4,148 

4,105 

4,120 

1,400 
1 295 
4,215 

1,110 

4,038 

4,010 
4,020 
4,015 

220 

1::'2.1 
91.8 
34.5 
62.1 

58.4 

343.6 
395.8 

370.3 

324.0 

'" 
361.7 

'''' 
134.2 

98.4 

'''' 239.0 

'" 
189.5 

110.2 

18-13 160 234 

32 190 220 

14{?) 189 203 

'"' 

'" 
'" 

'"' '" 

'0, 
'0, 

'0, 
'0, 

'0, 

'0, 

'0, 

'0, 

Sandstone 
sand, 

gravel 

Entrada 

'0, 

'0, 
'0, 

Entrada(?) 

Older 
aUuviur:o 

Entrada 

"0, 

'0, 

'0, 

'0, 

'0, 

'0, 

'0, 

Morrison 
Entrada{?) 

'0, 

'0, 

Chinl" 

Oldor 
alluviun 

Sand do. 
sandstone Chinle 

'0, 

Occur-
renCe of 
ground 
wate,. 

U{?) 

" 
" " " 

Water lev.,l 
Below 
land Date of 

surface ""usu .. e_ 
(fe"t) ",ent 

Dry 3-6-59 

101.8 9-19-52 
87.::' do. 

Dry do. 
32.3 9-24-::'2 

26.4 4-10-53 

204.8 2-22-53 
149.9 5-1942 
180 8-15-43 
189.7 2-20-52 
205.4 2~6~53 

199.4 2_19_52 

247 3-4-52 
195.0 1_12_53 

185.4 1-30-53 
174.8 1-20-59 
169.9 1_21_63 

196 3-4-52 

" '" 

306.9 

96.5 
127.2 

79.5 

" '"' 116.4 

136.1 

1938{?) 
2-20-52 

3-18-52 

9-24-52 
1952 

9-17-52 

108.6 6-16-55 
104.4 12-13-58 
100.2 2-1-63 
26.B 9-21-43 

1.4 12-13-58 

'" 146.9 12-13-59 
144.6 2-1-63 

Type Use 
of of 

PU"'P water 

PO,S 

P D,S , , , , , , 
P D,S , , 
T " 
T " 

T " 

T " 

T " 

T " 

T " 

T " 

P O,S,O 

, , 
P D,8,0 

P D,S 

P D,S 
P D,S 
N (S) 

P D,S 

P D,S 
P D,S , , 

lIeportedly drilled !'lostly in soft white sandstone to 
depth of 148 ft w1thout encountering water; driliing 
discontinued after hole """"d back to SO ft. 

Water struck In the Entrada sandstone; reportedly rose 
30 ft· driller: J. R. Watson (1 

PU!:Ip1ng esUtl"ted 3 gpD at time of w8ter~level .. ea~ure,.ent. 
Located about 75 ft m: of well Ill. 
for .. erly" good well but caved at about water level. 
See table 3 for chm:1icnl analYSiS, table 5 for water-level 

",eBsurc",ents. 

Sec table 5 for water-level "easuretlents. 

Well elesned !'eb. 10-12 1953. 
M<!tropol1tan Park well 15; see table 3 for chemical anal

ysiS, table 6 for log and casing record, table 7 for 
aquifer test; sand cleaned fr.,.,. well in Feb. 1953; 
driller: J. ft. Watson. 

Metropolitan Park well 22: sec table 3 for dleDicnl anal
YSiS, table G for log and casing record, table 7 for 
aquaer test; driller: Oliver Well Works. 

)detropol1un Park well 14; sand cleaned from well in Jan. 
1953; pu"ping when ",e"sured in 1952, not pm.ped for 
several weeks prior to wllter-level ",e~sure",ent or 1953, 
see Uble 3 for chNHcal analY$is table 6 for lor.. 

Metropolitan Par): well 21; see log of 'lieU ll.29.25.4~4 
whiCh is about 200 ft SW; see table 3 for che"'ical anlll
ysis, Uble 5 for ",ater-Ievel ",ea5urements; t""'l'. 64°1' 
Nov. <1, 1952-

Me~:~~:l!t;~rW~!1 !~; t::~ ~:~!~ ~r~~~,,~~e~1C~1 ~:~~:i:' 
Metropol1tnn Park well 16; drilled originnlly to depth of 

171 It by Mr. Walking, of Albuquerqul>, for National 
Park Service; stllUC water lev"l reported to have been 
about 150 ft below land surface. Deepened by J. R. 
Watson, about 1938, for city of Tuc,,",carl, static water 
level aiter deepening reported to have been 73 it below 
land surface; sand cleaned fro'" well in Jan. 1953; M,e 
table 3 for cheetcal analysis, tnble 6 for log. 
P"!!l!ing when tl"asured in 1952 

Metropol1 tan Park well 20; seO table 3 for chemical anal
ysts, table 6 for log of teat hole; te"'p.65°F; pimping 
when lIleasured; driller: D. L. McDonald. 

Metropolitan park well 18; see table 3 for chemical anal
YSiS, table 6 for log; toop, 64°F; driller: O. L. 
McDonald. 

Sec table 3 Cor chemical analYSiS, table 5 for ~·nter
level I>eaSUrCllents; driller: G. E. Sours. 

pu"ping when mea~ured. 
Driller: R. C. Gilliam. 
See table 3 for chm,ica1 analYSiS, table 5 for water

level measurel>ents; reportedly w111 break suction in 
10-12 hrs in strong wind; driller: G. E. Sours. 

Water level was 30 it fro'" ground sUr!Bce at tine of 
drilling; driller: G. E. Sours. 

Reported drilled originally to 271 ft, believed to have 
caved; not in use; one Of two "dIs. 

Dug well, found destroyed In 1955; ground at site 
reportedly no'" constantly datlp. 

Water level repOrtedly has risen sharply in past few years. 
Cased to 200 ft. 
Reportedly has good supply of water. 



TABLE 1 (continued) 

RECORDS OF WELLS AND SPRINGS NEAR TUCUMCARI, QUAY COUNT'l, N. MEX. 

ApprOx1nate Principal ","ter-bear;'ng unit Water level 
altltude Depth. D;'a",,,ter Depth Occur- Below 

Owner Year above sea ,< ,< to top Thick- Character Strati- renee of land Date of Type ",0 

Location c,,"'- level wdl well of unit ncs~ 0< graphic ground surface ",,,asurc- ,< 0< Rem"rl<.;; 
tenant pletcd (feet) (feet) (:\nches) (feet) (feet) "ater1al position water (feet) ,"cnt ,~, water 

11.31.19.122 Dill Baxter 1954 1,015 '00 Sand Chinle (1) H 1954 " " Cased to 87 ft, bott<>:o 20 ft perfonted: .. udded 1n; 
23.9 12-12-58 rcdrilled amI gravel-packed in 1954 hut reportedly 
12.6 2-1-63 still sands 1n; driller' Bill !lox, 

19,131 Dob White 1957 4,032 Older " ,., 12-12-58 , 0 
.. lluvi"," ,., 2-1-63 

19.141 Ton Morris 4,02{) ~O,O ". " ,., ". , '.' 19.14~ Savage 4,045 ''''. Chinle " 159,68 '0. , , 
19.212 C. '. Cory, '". 1951 4,020 ,,, 211{?) San~stone ". C('l) '" ". , 

'"' Supplies wBter to bulk gasoline statiOn, 
20.411 '- ,. Smith 1955 4,080 202.1 ". '"' 4-1-55 " , neported drilled to 280 it and dry; cQved to 202 n. 
30.112 1955('l) 4,095 96,8 'j ". 16.2 1-20-55 - , 



TABLE 2 

RECORDS OF WELLS DRILLED FOR 'tIlE SOUTHERN PACIFIC CmiPANY * 

Campnn), Geological Depth Alti tude Water levels Illltiul capacity 

well number Sur",,), YoU" 0< above Sell Depth to water in feet; of well Remarks 
designation well nUJllber drilled well (ft) level (ft) year indicated (gpm) 

1 11.30.101.233 - - 4,062 - - Abandoned; no records available; 00' located in 1953. , 11.30.14.233a - - 4,062 - - 00, , ll,30.14.233b - - 4,062 - - 00, 

4 1l.30.14.233c 1905 '" 4,062 - 180 -, 11.30.1<1.14411 1905 , 4 062 "6 1905 ''l lSO Well used until about 1946- pumpinl: record in table 1. 

6 11.30.14.221 1912 360 4,057 "', 1912 10 Capped and covered; pumping record in table 1. , 11,30.14.22111 1913 30' 4,057 105, 1913; 30, 1953 ;0 Drilled close to well No. 6, located partly under wa)'chouse 
wall; pumping record in table 1. , 11.30.14.143 1913 38' 4 065 no 1913 160 caved, abandoned; pumpin,,; record in table Ii log in table 6. 

8 11.30.14.143a 1913 606 4,064 170, 1913; 28;~, 1918; 291, 1926 173 Pumping record in table " log in table 6. 
10 11.30.1'1.1'13b 1913 6" 4,065 170, 1913; 271, 1919; 292, 1926 150 00, 

11 11.30.14.144 1913 620 4,065 170, 1913; 178, 1916; 311, 1926 241 00, 
12 11.30.1'1.144g - - - - - No records available. 
13 11.30.14.143c 1916 '60 4,065 - - Caved, abandoned; 00< located in 1953; 10, in tnble 6. 

" 11.30.14,143d 1916 3" 4,065 - 56 Do, 
13 11.30.14.144b 1917 '00 4,063 260, 1917 110 Pumping record in table 1; log in table 6, 

16 11.30.14.223 1917 <SO 4 059 SO 1917 60 Abandoned, not tound in 1953, log in table 6. 

" 11.3O,14,221b 1917 '" 1,057 100, 1917 60 Abnndoned, destroyed; log in table 6, 
18 11.30.14,211 1917 30O 4,048 165, 1917 None Abandoned, 00< found in 1953; log in tl1b1e 6. 
18 11.30.14.231 1917 351 4,059 - do, 00, 

" 11.30.14.144c 1917 356 4,062 248, 1919; 292, 1926; 138, 1953 " Puoping record in tnble 1; water-level measurements and ," 
tor adjacent test hole 14.144c '0 tables 5 and 6. 

21 11.30,14.144e 1918 ,6< 4,063 260, 1918; 291, 1926 05 pumping record '0 table " log in table 6. 
22 11,30.1'1.144£ 1918 365 4,062 292, 1926 65 00, 

" 11.30,11.222 1918 '" 4,036 - None Abandoned, 00< located in 1953; 1o, '0 tablc 6, 
24 11.30.11,433 1918 360 4,046 197, 1918 No record 00, 
25 11,30.11.344 1918 35' 4 047 No records do, Do, 

" l1,30,14.211a 1918 351 4,048 do, do, 00, 

" 11.30.11,411 1918 310 4,060 do, "Large" Abandoned, not located in 1953; log in table 6; reportedly 
had large yield but caved. 

" 11.30,15.443 1920 'SO 4,080 192, 1920; 119, 1953 85 PUlllping record in table 1; water-level measurements 10 
table 5' log in table 6. 

29 11.30,15.443a 1920 ,,, 4,081 194, 1920; 260, later 05 PWllping record 1n table " log in table 6, 

'" - - - - - - No records available; location unknown. 

" 11.30.15.434 1920 "'3 4,082 252, 1920 60 Pumping record in table 1; 10, in table 6, 

Test No. 1 11,30.21.413 1m- '" 4,093 - None No< located '0 1953; log in table 6, 
Test No. , 11,30,29.141 1925 18' 4,080 - "Little " Do, 

Test No. , 11.30,21,242 1925 '" 4,085 - Nonc 00, 

Test No. 1 11,30.22.124a 1925 292 4,102 - "L1 ttle " Pumping record in table " Test No. , 11.30.22.122 1925 050 4 1°81 - None NO< locatcd '0 1953. 
Test No. 6 11.30.22.122& 1926 133 4,081 - d,), 00, 
Test No. , 11.30.14.221c 1927 '" 4,081 - ,", 00, 

" 11.30.15.443b 1926 "'0 4,080 27 8, 1926 60 Pumping record in table " log in table 6. 
Hargis Test 11,29.25.423 1927 ", 1 15< 100 (?) 1927 No record Not located in 1953, log in table 6. 

39 11.30.11.411a 1928 '" 4,060 '" CO) 1928 Much Caved when t .... st pU<lped; pumping record in table ,; lot: in 
tablc 6. 

," 11.30.ll,411b 1929 341 4,057 150, 1929 ; 61, 1953 "Little" ''l pumping record in table 1; log in table 6. 

Slt"s 0:( all wells and ICrot holcs drilled to obtain Ii. SUpply of water for the railroad arc shown in figures 18 01' 25; all wells that could be located in 1953 are listed in table 1; 
data in pa,·t taken fn.lm report by Molhase and Stoddu'd (1927) and miscellaneous records furnished by the Southern PaCific Company. 



TABLE 3 

CHEMICAL ANALYSES OF WATERS FROM WELLS NEAR TUCUMCARI, QUAY COUNTY, N. ME>;. 
(An"ly~e" br the U,S, Geological Survey unless otherwise ;ndlcated. Chen!""l constituents in parts per ,,11110n, unless oth"rorl" .. stilted.) 

~: See text for description of ",ell-numbering system. 

()Ilner, tenant, or nallle: The owner Or tenant at tbe U",,, of visit, if known, and nac" 
of well where d1!ferent fro", owner or tenant. 

Stratigraphic unit: Only the principal water-bearing stratlgrnphtc unit 1s indicated, 
although ",ater ""Y be d"~i""d fro", two or more units: Jc, Ent-rad .. Sandstone; Jill, 
Morrison For",nt1on; '1'« j IWdondll Qnd Chinle FO,."Btions; Qoal, older alluviuc, 

EXPIANATION 

lroll: Upper value indicates ,,",ount in $Qlution at the Uti'" or analysts; the lower 
--""Ille lnd1cIltea amount in solution plus any that might hllve settled out by th" 

ti"'e the analysiS was .. ade; In general, separate deter .. lnaUons Were ' .... de only 
when the condition of the s" .. ple at the tilOe of analysls indlc .. ted that s"" .. 
iron IOight have settled out after the sa"'pl .. was collected. 

~: Footnotes appear at end ot table. 

Dlsso1ved 
solids 

Hardness SpeCific 

Location Owner, t"nant, or nam" Date Strati~ Tc,"per- Silica Iron Cal~ Magne- SodhI'" Potas~ Blcar- Car~ sul-
as CaC0

3 
conduct-

C~!~: ~!~:- t~;~e h'''."c'''.CT"~,C""""",,,,",o.,~,r,,,,".7_- ~:~~ :::!~_ ("'~:~:_ 
(CI) (F) (0 3) l~~~on a~~:- IO:~:_ c::::a

n d~: ;!~~o .. ~s ~~ 

9.29.11.122 
10,28. 4.424 

15.143 
10.29, 4,443 

7,313 
CO. 

". 00. 
8,332 

". 
17,414 

10.30. 2.121 
7,131 

". 7 .421 

00. 
00. 

20,244 
34.444 

11.28,27.212 
11.29.13.133 

00. 
00. 

13,244 

". 13,314 

00. 
00. 
00. 
00. 
00. 
00. 
00. 
00. 
00. 

24.122 
00. 

24,122a 
25,342 
25.432 

". ". 

1. J. Briscoe 
Ralph Rlehnrdson 
J. A. K1nkead 
A. F, Curry 
J, A, Kinkead 

". ". ". 
R. J, Kilgore 

00. 

". ". 
E. W, Pl=er 
A. H. !.lugg 

I. W. Parker 

". 
Mrs. Den Bell 
Cl ty of Tucur.cari 

(West neld well 2) 

". 
<0. 

David Garcia 

". Cl tl' of TucU!IIcari 
(West Held well 1) 

". 

". , .. 
Ct ty of TacUJ;>cari (Metro_ 

politan Park well 17) , .. 
". 

collected grsphlc atare (S10
2
> 

unit (F) 

12-10-58 
12-10-52 
12-10-52 
12-9-52 
12-10-52 
2-4-53 
6-25-53 
8_21_53 
12_9_52 
6_25_53 
8-21-53 
12-9-52 
11_5_52 
11-16-52 
6_25_53 
12-9-52 
4-10- J 
8-21-53 
10-3-57 
12-10-58 
12-10-52 
2_19_52 

11-7-52 
12-19-52 
2-5-53 
6-21-53 
8-20-53 
10-31-52 
4-9~53 

5-7-51 

U-7-52 
5-26-53 
8-20-53 
12-16-53 
3-19-54 
6-22-51 
9-21-54 
10-2-57 
1_28_63 
2-5-53 • 
6-24-53· 
10-2-57 
11-4-52 
1_15_53 

6-23-53 
8-20-53 

",,' ". >, 

" J"'(?} , .. 

" " 

" " 

" 
" " 

" 

" 

" 

'" 

(Fe) clU1:l slu,," (Na) sl"", bonate bonate fate 
(Ca) (Mg) (K) (HC0

3
) (00

3
) (S04) 

0,02 16 

,03 36 " 

.00 17 " '" 

" '" 

'" '" '" '" '" '" ~ 
'" '" '" '" '" '" '" '" '" 
'" '" '" '" '" 
'" '" '" '" '" '" '" '" 

'" '" '" '" '" '" '" '" on 

'" '" '" no 

'" '" 
'" no 

, 
'" " , , , 
, , , , , 
" , 

" 

" , , , 
" , 

" , 
" , , , , 

, , 

m 

'" 
'" m 

" " " " " n 

" " 223 

" '"' " 
n 

'" " " 
" '" ". 
" 
" " 

" " n 

" "" 
" " " 

" " " , 
'" " 
" " " " " 
, , 

" n 

" n 

n, 
n 

" " 

w 

" " 

" " 

1.0 7.8 

1,0 1.0 

1,4 11 

,8 5.3 

1.0 5,0 

1.0 5.3 

,., 

(Calc.) toot 

0,86 

1.06 

'" 

,,, 

452 

'" 

." 

'" .W 

'" 

'" 

'" 

'" 

", 

'" no 

, , 
, 

, 

, 

o , 

" 

" 

n 

'.' 

,., 

,., 

'.' 

'" 1,620 
1,000 

'" 1,200 
1,210 
1,220 
1,240 

'" ." no 
m 

'" ". 
'" m 
." 

'" 1,350 
1,190 
1 160 

'" no 

'" no 
no 

'" '" 2,070 
2,020 

'" 
'" '" '" '" '" '" '" no 

'" '" 1,180 
1 260 

'" '" '" 
'" '" 

'. , 

'. , 

, ., 

,., 

'.' 

,. , 

'.' '.' 



Location 

It.29.35.413 
~. 

~. 

". 0, 

11.30. 5.213 
5.443 

". 00. 
8.144 
8.411 

14.143 

11.312 

'" 15.131 
~. 

00. 
",. 

~. 

1:>.224 

~. 

00. 
1:'>.243 

00. 

". 
",. 

00. 
",. 
00. 
00. 
00. 

OI>n".-, tenant, or U""" 

L. L. Bugg 

Ed Breen 
A. W. Terry 

C. W. Reed 

00. 
00. 

L. V. Morris 
Southern PacifiC Co, 

(SP B) 
City ot TUClmcu! 

(Town well 1) 

W. F. Revert 
00. 
00. 

". ". Ci ty of TUcuocari 
(Town well 10) 

00. 

". 
Clt~o:! !~~~,"~~~i 

00. 

". 
00. 
00. 

". ". 
00. 

". 

Date 
collected 

Strati- Temper- stlica 
graphic a ttlr" (S10 2 ) 

unit (F) 

11-6-52 
12-9-52 
2-5-53 
6-25-53 
8-21-53 
1~11-53 

1l~5-52 

2-3-53 
4-9-53 
11-5-52 
1-5-53 
6-3-13 .{ 

00. 

". 
00. 
00. 
00. 
00. 
Je(?) 

". ". 00. 

1-16-:>~ do 
12-8-:>2 Je 
2-3-:>3 dO'. 
'\-11-53 do. 
6-2~-53 do. 
8-20-53 do. 

6-24-53 % 
10-2-57 ,{ 
12-19-52 

6-23-53 
B-20-53 
9-:>-53 
1-7-51 
3-19-51 
6-22-51 
6-27-5:> 
9-12-56 

00. 

". 00. 

". 
00. 
00. 

" 
~. dO'. ~~~~. 
~. dO'. 1-28-63 do. 61 

15.143 Southern PacifiC Co. 6-23-53 * do. 
(SP 28) 

Iron 
(Fe) 

'.' 

.Q' .,i 

." 

Cal

,'= 
(Ca) 

" " 

TABLE 3 (continued) 

Magne- Sodium Patall- BicIl.... Car-
sium (Na) S1un bonate bonate 
(Mg) (K) (lle0

3
) (C0

3
) 

" " '" '" 

'" '" '" '" "'" ,,, 
", 
'" 
'" ", 
'" 
'" 
", 
'" m 

'" "''' 
'" '" n, 

n" ", 
m 

'" ", ", ,,, 

, , , 
o 
o , 
" , 

, , 

, 
, , 
, , 

H , , 

Sul
Cate 
( S04) 

" " " 
" ", 

'" '" '" '" 
'" '" 

Chlo
ride 
(el) 

" 
" " 
" " 

10~ 22 
438 52 
470 13 
471 74 

409 3B 

'" " '" 
'" m 

'" 
m 

'" ,,, 

" " " 
" " "" "" "" 

'" '" '" 
° 279 57 

'" o 266 48 
o 23 31 

Fluo
ride 

'" 
0.' 

1550 v" 
solids 

ar ness 

as caCOS ~~~~~~!~ 
". h,".~";;.T"",O.,,,,Cc;;,,",",~=,. ,.,-;,~," •. :1 Por- SodiUlll anee 

trate pe,. per ",,,glle_ carboo- cont adsorp- ( .. 1(:ro
(N03) ",1111on "Cre- stun ate so- tion .. hos at 

,., 
LO 

(Calc.) foot 

'" 

'" 

'" '" 

'" 

0.18 

.n 

'" 

'" 

'" '" 

'" '" 264 

'" 

, 

, , 
" '" 

diu," ratio 25 C} 

21 1.1 

63 4.4 

" " 
,., <., 

53 3.6 

'" '" '" '" '" 1,420 
2,001) 
2,060 
2,OBO 
1 810 
1,520 

'" 
'" 1,280 

1,390 
1,390 
1,160 
1 190 

1,910 

'" "" 
'" '" '" '" '" '" '" '" 1,090 

1 060 

17.244 K. J. Roberts 12-22_53 Je{?) 368 11 400 74 1,700 
18.332a Jose Garcia 11-7-52 ~"l 248 0 1,380 3,810 

Do. do. 2~3-53 do. 269 0 1 110 301 3 120 
~. do. 4-11-53 dO'. 930 237 781 2,710 
~. do. 6-21-53 dO'. 284 726 175 2,230 

19.133 Victor Pacheco 11-7-:>2 Je 276 20 68 618 

'" 
,., 

~. do. 2-3-:>3 do. 313 0 112 16 729 

~: :~: -.--+'~,:j:";~~~~,C-+-~::~:C--}-C---}-o--t-O-+--C-+--=--+----O---~-.,,~,,-t-~-+-'"<~'-+~:~;~--=-+-=--}--=-+--=~~'~'~"--+--=--+-CC+-~--~-4;~~:t-+-~--
00. do. 8-20-53 do. 296 19 65 11 638 

20.431a J. C. Butler 1-5-53 do. 241 0 811 228 2,380 
20.~'!oIa A. J. Cothern 12-15-52 do. 276 0 806 160 2,310 

Po. do. 4-9-53 do. 710 132 588 2060 
21,.JlZ Trave1"rs paradise Motel 12-8-52 Qoal{? 200 0 114 56 1,260 

00. do. 2-3-53 do. 235 0 183 87 1,520 
00. do. 4-9-53 do. 479 10$ 318 1,630 
00. do. 6-23-53 do. 172 0 346 21 970 

22 333b lenr ,<;",\ th .1-9-53 Je 126 $1 35{} 886 
23.321 E. J. Corn 7-24-53 Je(?) 308 0 50 15 $29 
26.221 Tucumcari country ClUb 12-8-52 do. 262 0 75 23 613 
~. do. 2-5-53 do. 257 0 77 23 611 
~. do. 4-11-:;3 do. 82 24 178 619 
Do. do. 6_23_:;3 do. 245 25 6:>2 
00. do. 8-22-53 do. 254 108 28 674 
00. do. 1-2B~63 do. 63 212 219 25 264 90 alB 



Location O>Joer,tenant, or nar;oe Date 
collect",! 

11 30.29.214 O. M. Jahns 4-9-53 
30.313 City of Tucum"ari(Mctro- 11-4-52 

"". 30.31'1 

"". 
00. 

30.323 

".,. 

"". "". 
".,. 

30.333 

"". 30.341 

00. 

00. 
30.314 

poll tan Park well 15) 

City of Tucumcarl(Mctro
poLl tan Park well 22} 

'0. 

'0. 
City of Tucumcnrl(Metro

politen Park ,,",ell 14) 

'0. 
"0. "0. 
'0. 

Cl ty of TuCU",Cliri (Metro
polHQn Park "",11 21) 

8-20-53 

11-1-52 
5-ZG-5J 
8-20-53 
2-19-52 

1l-~-52 

:l-:;-5~ 

5-26-53 
8-20-53 
11-4-52 

do. 12-12-52 
City ot Tucu,"cul(Metro- 11-4-52 

poUta" Park well 19) 
do. 5-26-53 
do. 8-20-53 

City of TucuJ:I"arl(hletro- 11-4-52 
poliUn Park well 16} 

"". 
".,. 

do. 5~26-53 

do. 8-20-53 
30.413 City of Tucuncnri(Metro- 5-7-51 

poHtan Park well 20} 
Do. do. 2-19-52 
00. do. 11-4-52 
Do. do. 12-12-52 
Do. do. 2-5-53 
00. do. 5-26-53 
Do. do. 6-23-53 
Do. do. 6-20-53 
Do. do. 12-23-53 
Do. do. 9-21-51 
Do. do. 1-25-55 
Do. do, 10-2-57 

30.-143 City of TucuOIcari(Metro- 11-4-52 
poll tan Park well IS) 

Do. do. 
Do. do. 
Do. do. 
Do. do. 
Do. do. 

31.21,1 Orvll ,\lls 
Do, do. 
Do. do. 

35.231 J, R, Sr.llth 

Dip sample. 
-I Anatysl~ br Set.""n Assay Co. 

Dip sample fro" 8-lnch c"foln~. 

~. Dip ~amplc f,'on 20-inch c"~ln,,,. 

5-26-53 
6-23-53 
8-20-53 
3-10-54 
6-22-54 
11-7-52 
2-4-53 
8-20-53 
12-8-52 

PUr.lpcd sa"plc from 8-inch casin!;, 

Je(?) 

" 

M. 

" 

" " 

Iron 
(re) 

0.02 

c .. l
o1u", 
(Ca) 

" 

.01 35 

.19 35 

.01 28 

TABLE 3 (continued) 

Magne- sodi"'" Pota5- B1""r- Car-
s1"", (Na) siuIlI bonate bonate 
(Mg) (K) (HC0

3
) (C0

3
) 

w, 

" 

" 

'" 

'"' 
'" 

'" '" '" '" '" 
'" 
'" '" '" 
'" '" '" 
'" '" '" '" '" '" '" '" '" '" '" '" 
'" '" '" '" '" '" on 

'" 324 

, 
o 
o 
o 

, 
o 
o 

o 
o 
o , 
o 

o 
o 

Sul- Chlo
fate ride 
(SO,,) (el) 

" '" 
" " 
" " 

" '" '" " " 

" W 
H 

w , 
" W 
w , 
" W 

w 

" " " 

Dissolved Hardn""" 

Fluo- Nl- h,".;'":;;:"'i":":~" •• ,,,.T,:~:,".;;;"'i,'"O""O"";:i_ Pcr- Sodl\Ul 
S!,e<;1f1c 
conduc t -

ride trate PCI' per cagnc- carbon 
(F) (NO) ml1110n aCrC- slum ate 

3 (C&le.) foo 

'" 

'" 0.51 w, 

0.' ." '" 

,. , '" '" 
4.6 332 .45 19B 

4A 324 .44 194 

'" 

'.' 2.7 448 .61 164 

cent adsorp- ( .. lero-
so- tion ",llOs at 

dlw:1 ratio 25 C) 

" 

,., 

35 1.5 

32 1.1 

58 3.6 

'" '" 
'" 

'" '" on 

'"' '" 
'" 
'" '" 
'" 
'" '" on 

'" '" '" 542 

'" 575 

'" '" '" 'n 
'" 

553 

'" '" '" '" '" 

,0 

'.0 

'.' 

'.' 

, ., 
'. , 

, ., 



TABLE 4 

CHEMICAL MIALYSES OF WATERS FROM SPRn.'GS, STREAMS, AND CANALS NEAn TUCUMCARI, QUAY COUII'fY, ,. ~,. 
(Analy~cs by the U,S, Geologi"al Survey. Except where oth'n .... ise stated, ehe,,1c"l constituents lire in parts per "UUon.) 

~ol1ds as CllC0
3 SpecHtc 

Location Date flow TC!lI- Silica Iron Cnl- Magne- Sodi"" Pota~- B1car- c,~ Sul- Chlo- Fluo- ,,- conduct-
collected ("st. J>erll- (51°2) (Fe) eium ,,= (Na) ,,= bonate bonate late ride ride trate Parts Tons CalCium, 1I0n- Per- Sodium IInce ," 

gprnl ture (en) (Mg") '" (Hee]) (CO
J

) (5°4) (el) '" (NOl ) "" ,0" r.tagnc_ carbon- cent adsorp- ( .. 1ero-
( GF) ",Ullon IIcrc- siu", ." ,,- tien t.lhoa at 

(5=) foot ,,= ratio 25OC) 

ll.29.12.433 Spring, inflow to 2-21-52 " " " '" '" " '" " '-' '" 1.06 'W " U 1,1110 
pajarito Creek 

00. ". 12-11_52 Seeping '" '" " 1,640 

13.221 Pajarito Creek at 2-21-52 15 to '" 1,920 
siphon crossing " 

13.443 Conchas canal 6-24-53 '0. '" '" " '" 
11.30. 3.223 Pajarito Creek nt 2-21-52 no 1,090 3,000 

hJ.ghway crossing 
>-' 

'0. '0. 3-22-54 '0. '" '" " 1,250 m 510 ,,, 3,370 '" '" 5.422 Creek (unna"'ed)* 2-21_52 no '" 1,620 

8.424 Paj&rlto Creek 2-21-52 W, on 2,190 
west of bridge 

eo. ". 1-14_53 '" ", " '" '" 2,420 

"'. ". 6-24_53 '0. '" '" 2,940 

9.343 S"'ith Creek 1-14-53 W on " '" " 1,900 

". '0. 6-24-53 '0. '" " " 2,250 

"'. ". 10-2_57 '" " 355 , ,,, 
'" '" 1,600 .., 

• This ereck reportedly developed perennial flow after Conchas Canal was put into operation aad the adjacent lands ",ere irrigated. 
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TABLE 5 

RECORDS OF WATER LEVELS IN WELLS 
NEAR TUCUMCARI, QUAY COUNTY, N. MEX. 

Explanation 

Well numbers: See page 10 for explanation of numbering system. 

Water-level measurements were made by tape, except where otherwise 
indicated. 

Water-level measurements made prior to 1952 are from records of the 
United States Bureau of Reclamation, except where otherwise in
dicated. 

Water-level measurements are given in feet below land-surface datum 
(lsd). The measuring point (MP) is given to the nearest tenth of 
a foot above lsd. 

Detailed information pertaining to all wells is presented in table 1. 
The principal water-bearing formation for each well also is in
dicated below. 

Letters preceding water-level measurements have the following meaning: 
a: pumping 
b: pumped recently 
c: nearby well being pumped 
d: nearby well pumped recently 
e: measurement from recorder chart 

Water Water Water 
Date level Date level Date level 

Well 10.28.4.424. Ralph Richardson. MP, top of concrete curb J East 
side of wellJ 1.5 feet above Isd. Younger alluvium. 

Oct. 21, 1952 27.55 Feb. 4, 1953 a27.20 July 23, 1953 a28.99 
Nov. 19 a27 . 99 Mar. 6 26.07 Aug. 21 Dry 
Dec. 10 24.84 Apr. 10 a28.02 
Jan. 7, 1953 27.31 13 27.52 

Well 10.28. 15 . 143 . J. A. Kinkead. MP, top of casing J east side J 1.3 
feet above lsd. Chinle Formation. 

Oct. 21, 1952 93.38 Feb. 4, 1953 93.78 July 23, 1953 94.48 
Nov. 19 93.32 Mar. 6 93.84 Aug. 21 94.64 
Dec. 10 a95.28 Apr. 10 93.79 
Jan. 6, 1953 93.83 May 24 93.84 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well lD. 29 .4.443. A. F. Curry. MP, top of casing, north side, 1.0 
foot above lsd. Morrison Formation. 

Oct. 7, 1952 a82.90 Jan. 7, 1953 b83.94 July 22, 1953 a86.98 
Nov. 7 82.26 Feb. 5 82.99 
Dec. 9 a92.74 Mar. 5 84.75 

Well 10.29.6.211. A. F. Curry. MP, top of casing, north side, 1.7 
feet above lsd. Morrison Formation. 

May 6, 1952 55.06 Jan. 14, 1953 56.24 Apr. 1, 1953 56.66 
Aug. 28 56.08 23 56.59 8 56.50 
Oct. 17 55.96 28 56.26 15 56.83 
Nov. 7 56.08 Feb. 11 56.27 22 56.71 

21 56.08 17 56.43 May 24 56.83 
Dec. 11 56.44 25 56.40 June 9 56.98 

18 56.30 Mar. 5 56.55 25 57.13 
Jan. 3, 1953 56.31 18 56.68 July 23 57.23 

8 56.40 25 56.73 Aug. 21 57.18 

Well lD.29.7.313a. J. A. Kinkead. MP, top of casing, north side, 
0.65 foot above Isd. Morrison(?) Formation. 

Oct. 8, 1952 145.26 Jan. 23, 1953 145.05 May 24, 1953 c148.31 
14 c146.30 Feb. 3 c144.90 June 8 c148.lD 

Nov. 19 145.18 11 144.50 25 c149.92 
Dec. 9 144.60 17 144.22 July 23 c148.04 

10 c145.42 25 143.58 Aug. 21 144.75 
Jan. 6, 1953 d146.69 Mar. 5 144.55 27 145.02 

9 144.73 11 143.48 Sept. 3 c148.17 
9 144.57 18 143.61 lD c148.03 

14 145.76 25 c144.89 17 d147.17 
21 c146.97 Apr. 1 c144.83 24 d148.14 
21 c147.15 8 c147.78 

Well 10.29.8.332. R. J. Kilgore. MP, hole in casing-cover, north 
side, 0.1 foot above lsd. Morrison(? ) Formation. 

Oct. 8, 1952 79.17 Feb. 4, 1953 a79.25 July 23, 1953 79.43 
Nov. 19 a79.30 Mar. 6 b79.37 
Jan. 7, 1953 79.24 Apr. 13 79.34 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Date 
Water 
level 

Well 10.29.12.222. A. H. 

Date 

Bugg. MP, 

Water 
level 

top of casing, 

Date 

southeast 

Water 
level 

side, 
1.0 foot above Isd. Entrada Sandstone. 

Sept. 21, 1952 194.75 Feb. 4, 1953 194.33 June 25, 1953 195.63 
Nov. 6 193.53 Mar. 6 194.40 July 22 195.71 
Dec. 9 193.74 Apr. 10 195.06 Aug. 21 195.70 
Jan. 6, 1953 194.17 May 24 195.49 Sept. 24 195.97 

Well 10.29.17.414. R. J. Kilgore. MP, top of casing, north side, 1.0 
foot above Isd. Morrison Formation. 

Oct. 8, 1952 134.68 Jan. 7, 1953 134.50 Apr. 10, 1953 134.60 
Nov. 19 a135.98 Feb. 4 b134.80 July 22 135.16 
Dec, . 9 a137.06 Mar. 6 a134.89 Sept. 26 134.84 

Well 10 .30.2.121. E. W. Plummer. MP, top of casing, north side, 0.55 
foot above lsd. Entrada Sandstone. 

Sept. 18, 1952 164.57 Jan. 5, 1953 162.42 Apr. 9, 1953 162.84 
Nov, 5 b163.22 Feb. 3 162.79 July 21 163.53 
Dec, 8 a170.65 Mar. 5 162.92 Aug. 19 162.76 

Well 10.30.7.131. A. H. Bugg. MP, top of casing, west side, 0.6 foot 
above Isd. Entrada Sandstone. 

Sept. 21, 1952 160.27 Jan. 6, 1953 a160.36 Apr. 10, 1953 160.25 
Nov. 6 a161.01 Feb. 4 a160.37 
Dec, 9 a161.73 Mar. 6 a160.61 

Well 10 . 30 .7 . 424. A. H. Bugg. MP, top of casing, west side, 0.1 foot 
above Isd. Entrada(?) Sandstone. 

Sept. 24, 1952 142.64 Feb. 4, 1953 142.28 Aug. 21, 1953 a144.18 
Nov. 6 142.65 Mar. 6 142.47 21 b142.63 
Dec, 9 142.60 Apr. 10 a143.02 
Jan. 6, 1953 142.19 July 22 142.57 

Well 10.30.11.341. Dave Owens. MP, top of casing collar, south side, 
1.6 feet above lsd. Chinle Formation. 

Sept. 18, 1952 71. 71 Nov. 5, 1952 71. 78 Dec. 8, 1952 71. 73 



129 

TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 

Date level Date level Date level 

Well 10.30.11. 341. Dave Owens (continued) 

Jan. 5, 1953 71.90 Apr. 9, 1953 71.87 July 21, 1953 71.75 

Feb. 3 71.80 May 23 71.65 Aug. 19 71. 76 

Mar. 5 71. 77 June 23 71.64 

Well 11.28 . 27 . 212. Mrs. Ben Bell. MP, top of casing, on south Side, 
1.2 feet above lsd. Chinle Formation. 

Oct. 22, 1952 49.28 Jan. 7, 1953 46.86 Mar. 6, 1953 b79.97 
Nov. 19 a91.25 Feb. 4 b57.15 
Dec, 10 a93.15 Mar. 6 b86.49 

Well 11 . 29 . 13 .133 . City of Tucumcari (West field well 2) . MP, top edge 
of entry port in pwnp base, 1.75 feet above lsd. Entrada Sandstone. 

Oct. 31, 1952 82.97 Jan. 15, 1953 b28.64 Apr. 15, 1953 a201. 99 
Nov. 7 76.66 Feb. 5 25.01 Feb. 13, 1954 c73.S0 

18 72.13 19 a226.75 28 c80.37 
22 60.75 25 21.9S Apr. 9 c78.78 
25 53.85 Mar. 6 18.06 Sept.21 c81. 32 

Dec. 5 42.93 lS 14.88 Dec. 21 71.80 
lS 35.15 25 a199.65 Oct. 2, 1957 65.19 
22 b37.26 Apr. 1 a199.94 Jan. 28, 1963 35.01 

Jan. 6, 1953 29.36 8 a203.55 

Well 11. 29.13.244. David Garcia. MP, top of casing, south Side, 0.5 
foot above lsd. Entrada Sandstone. 

Oct. 31, 1952 a22.46 Dec. 22, 1952 22.64 Apr. 21, 1953 b23.S9 
NoV, 3 22.S5 Ja~. 5, 1953 a23.92 May 26 a24.46 

5 a24.37 20 a24.36 June 24 a24.S6 
7 a23.77 Feb. 3 23.01 July 21 24.52 

18 22.84 Mar. 6 23.30 Aug. 19 a24.50 
25 22.64 20 a24.71 

Dec, S a23.44 Apr. 9 a24.19 

Weli 11.29.13.314a. City of Tucwncari (West field test hole 1) . MP, 
top of casing, west Side, 0.65 foot above lsd. Entrada Sandstone. 

July 31, 1952 c223.68 Oct. 31, 1952 c213.37 Nov. lS, 1952 c205.S4 
Oct. 7 c206.23 Nov. 6 c209.62 24 92.83 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level Date 

Water 
level Date 

Water 
level 

Well 11.29.13.314a. City of Tucumcari (continued) 

Dec. 11, 1952 
18 
23 
31 

Jan. 6, 1953 
15 
22 
28 

Feb. 4 
11 
25 

Mar. 5 
11 

73.28 
70.28 
69.64 
65.39 
63.32 
61. 21 

d59.80 
57.62 
56.79 
54.19 
52.35 
49.13 
47.13 

Mar. 
Jan. 
Apr. 

May 

18, 1953 
25 

1 
8 

15 
22 
25 

June 24 
July 21 
Aug. 19 

27 
Sept. 10 

17 

45.46 
d154. 
c194.25 
dl06.17 
c208.50 
c214.81 
c212.67 
c214.78 
c199.12 
c220.25 
d159.21 
c222.18 
c220.52 

Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 

8, 1953 c220.67 
11 c219. 84 
16 c220.59 
20, 1954 c221.46 
28 c222.02 
26 c221.96 

9 c222.06 
June 22 c221.99 
Sept. 21 c221. 98 
Dec. 21 c221.04 
Apr. 8, 1955 c221.60 
July 29 c220. 88 
Oct. 2, 1957 c216.39 
Jan. 28, 1963 c206.84 

Wellll.29.13.321. City of Tucumcari (West field test hole 3). MP, top 
of thin flat rock, at scratched arrow, 0.15 foot above lsd. Entrada Sandstone. 

Dec. 5, 1952 
18 

Jan. 

19 
20 
22 
31 
6, 1953 
8 

141.35 
135.50 

d136.12 
136.13 
135.03 
130.63 
128.48 
127.84 

Jan. 15, 1953 
22 
28 

Feb. 5 
11 
19 
25 

Mar. 5 

125.79 
123.23 
121. 28 
119.03 
116.41 
112.87 
109.28 
109.28 

Mar. 18, 1953 104.98 
25 dl18.92 

Apr. 1 
8 

15 
15 
15 
22 

d133.03 
d140.47 
c135.85 
d135.83 
d135.82 
d137.64 

Well 11. 29 .19.231. Dale Campbell. MP, top of casing, east side, 0.45 
foot above lsd. Windmill pump installed June, 1954. Entrada Sandstone. 

Feb. 
July 
Aug. 
Oct. 
Nov. 

Dec. 

Jan. 

Feb. 

27, 1952 
31 
20 
17 

7 
21 
10 
19 
3, 1953 
8 

14 
21 
28 

3 
11 

52.01 
51.86 
51.78 
52.38 
52.37 
52.35 
52.35 
52.35 
52.28 
52.41 
52.21 
52.22 
52.24 
52.22 
52.25 

Feb. 

Mar. 

Apr. 

May 

17, 1953 
25 

5 
18 
25 

1 
8 

15 
22 
24 

June 25 
July 23 
Aug. 21 
Sept. 24 
Oct. 21 

52.30 
52.26 
52.26 
52.30 
52.29 
52.29 
52.24 
52.34 
52.30 
52.48 
52.72 
52.52 
51.95 
52.39 
52.69 

Nov. 
Dec. 

19, 1953 
16 
20, 1954 
19 
19 
22 
24 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 7 

14 
22 

Sept. 21 
Dec, 
Feb. 
Mar. 
Apr. 

21 
14, 1955 

7 
5 

52.75 
52.71 
52.64 
52.65 
52.65 
52.67 
52.77 

b53.43 
a63.53 
53.48 

b54.94 
53.42 

a55.19 
a53.67 

53.31 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well 11.29.19.23l. Dale Campbell (continued) 

May 21, 1955 52.S4 Sept. 19, 1956 53.90 Jan. 28, 1959 53.61 

June 14 53.61 Nov. 6 55.08 Sept. 18 54.47 
July 29 a55.08 Jan. 10, 1957 54.88 Jan. 4, 1960 52.62 
Aug. 1 53.31 Mar. 19 54.58 Mar. 2 53.11 
Sept. 13 52.70 June 21 a59.76 June 1 a57.24 

Nov. 14 53.62 Sept. 26 53.51 Sept. 12 54.74 

Jan. 9, 1956 53.33 Jan. 22, 1958 53.34 Jan. 4, 1961 a5S.71 
Mar. 30 53.48 June 22 53.66 Mar. 13 a56.07 

May 22 54.56 Sept. 29 53.07 Jan. 3, 1962 52. IS 

Well 11.29.24.122. T. B. Hoover, MP, top of casing, east side, 0.1 
foot above 1sd. Morrison(?) Formation. 

Feb. 22, 1952 148.23 Dec, 20, 1952 135.73 Mar. 18, 1953 144.36 
May 6 129.85 22 136.08 25 144.94 
Aug. 20 125.93 31 137.69 Apr. 1 145.69 
Sept. 10 125.95 Jan. 6, 1953 140.3S S 145.02 
Oct. 9 130.84 8 139.10 15 146.S5 

31 129.98 15 141.52 22 136.95 
Nov. 6 129.25 22 143.81 May 25 127.69 

7 128.98 28 146.01 June 24 127.91 
18 130.52 Feb. 5 145.81 July 21 126.96 
20 130.81 11 146.02 Aug. 19 127.27 

Dec. 11 134.22 19 145.12 Oct. 2, 1957 123.72 
IS 135.50 25 145.32 
19 135.54 Mar. 5 145.09 

Well 11.29.25.342. T.B. Hoover. MP, top of casing, west side, 1.2 
feet above lsd. Entrada Sandstone. 

Oct. 1, 1952 
Nov. 18 

b1S1. 29 
179.56 

Well 11.29.32.342. 
foot above 1sd. Entrada 

Feb. 27, 1952 107.85 
May 29 107.94 
July 31 108.08 
Aug. 20 108.14 

Jan. 7, 1953 
10 

A. F. Curry. 
Sandstone. 

Oct. 17, 1952 
Nov. 21 
Jan. 28, 1953 
Feb. 4 

MP, 

b181.10 
179.88 

top of 

108.14 
108.06 
107.35 
106.82 

Mar. 
Apr. 

casing, 

Feb. 

Mar. 

6, 1953 
10 

south side, 

11, 1953 
17 
25 

5 

a180.56 
a191.50 

0.5 

106.71 
106.58 
106.59 
106.72 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level Date 

Water 
level 

Well 11.29.32.342. A. F. Curry (continued) 

Date 
Water 
level 

Mar. 1953 11, 1953 106.75 June 25, 106.66 Dec. 21, 1954 10S.33 

lS 107.S3 July 23 106. S0 Feb. 14, 1955 10S.26 

25 106.56 Aug. 21 106.61 Mar. 7 10S.23 
Apr. 1 106.25 Sept. 17 106.79 Apr. 5 10S.23 

S 106.44 Dec. 16 107.02 May 21 lOS .11 

15 106.71 Mar. 19, 1954 10S.20 June 13 10S.19 

22 106.65 June 22 10S.27 July 29 lOS .11 

May 24 106.52 Sept. 21 lOS .54 

Well 11.29.35.413. L. L. Bugg. MP, top of casing, north Side, 0.65 
foot above Isd. Entrada Sandstone. 

Oct. 7, 1952 162.33 Sept. 21, 1954 162.74 Jan. 10, 1957 163.48 
Nov. 4 162.25 Dec. 21 162.S3 Mar. 19 163.23 
Dec. 9 a167.60 Apr. 8, 1955 162.91 June 21 164.40 
Jan. 7, 1953 162.21 May 21 162.97 Sept. 26 163.30 
Feb. 4 162.30 June 13 162.82 Jan. 22, 1958 163.10 
Mar. 6 b162.46 July 29 162.79 June 22 163.79 
Apr. 13 162.35 Sept. 13 162.97 Sept. 8 165.76 
May 24 162.24 Nov. 14 162.45 Jan. 20, 1959 a169.1S 
July 23 162.57 Jan. 13, 1956 162.86 June 8 163.94 
Aug. 21 162.45 Mar. 30 162.98 Sept. 18 164.36 
Sept. 24 a162.61 May 22 163.10 Jan. 4, 1960 163.39 
Dec. 16 162.86 July 17 163.33 June 1 163.62 
Mar. 19, 1954 162.44 Sept. 19 a16S.55 Jan. 4, 1961 164.14 
June 23 162.77 Nov. 6 a164.49 Jan. 21, 1963 164.50 

Jan. 10, 1964 165.20 

Well 11.29.36.222. A. H. Bugg. MP, top of casing, northside, 0.4 foot 
above Isd. Older alluvium. 

Apr. 29, 1943 32.5S Sept. 21, 1952 34.44 Apr. 10, 1953 31.51 
Dec. 20 31.94 Nov. 6 32.39 June 25 35.48 
Mar. 15, 1944 32.70 Dec. 9 31.40 July 22 33.94 
June 15 33.S0 Jan. 6, 1953 30.70 Aug. 21 33.72 
Sept. 17 32.90 Feb. 4 30.32 
Mar. 15, 1945 30.70 Mar. 6 30.24 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level Date 

Water 
level Date 

Wa ter 
level 

Well 11.30.5.434. Bureau of Reclamation. MP, top of casing, north side, 
1.7 feet above lsd. Older alluvium. 

Nov. 

Dec. 

above 

Nov. 

Dec. 

feet 

Nov. 

Dec. 

foot 

Jan. 

Feb. 

3, 1952 5.36 Dec. 22, 1952 6.72 Apr. 9, 1953 8.61 
5 5.45 Jan. 5, 1953 6.96 21 8.72 
7 5.56 20 7.26 May 26 7.19 

18 5.96 Feb. 3 7.54 June 24 5.83 
25 6.25 Mar. 6 8.08 July 22 7.01 

8 6.56 20 8.31 Aug. 20 7.60 
Dec. 11, 1958 9.15 

Well 11.30.5.443. A. W. Terry. MP, top of casing, east side, 1.3 feet 
lsd. Entrada(?) Sandstone. 

3, 1952 14.55 Dec, 22, 1952 16.29 Apr. 9, 1953 18.46 
5 14.58 Jan. 5, 1953 16.36 21 a18.21 
7 14.64 20 a17.09 May 26 16.36 

18 15.18 Feb. 3 17.06 June 24 16.27 
25 15.49 Mar. 6 17.66 July 22 17.12 

8 15.80 20 17.81 Aug. 20 17.99 
Dec. 11, 1958 17.14 

Well 11.30.8.144. C. W. Reed. MP, top of casing, northeast side, 1.5 
above lsd. Entrada(?) Sandstone. 

3, 1952 8.34 Dec. 22, 1952 8.57 Apr. 21, 1953 a16.14 
5 9.04 Jan. 5, 1953 a14.44 May 26 7.92 
7 8.25 20 8.89 June 24 b14.67 

18 a15.31 Feb. 3 8.94 July 22 b14.87 
25 a16.41 Mar. 20 9.30 Aug. 20 b13.14 

8 a20.31 Apr. 9 9.78 Dec. 11, 1958 7.19 

Well 11.30.8.411. L. V. Morris. MP, top of casing, southeast side, 0.7 
above lsd. 

5, 1953 
20 

3 

Entrada(?) Sandstone. 

20.04 
20.68 

a31.56 

Mar. 6, 1953 
20 

July 22 

b27.66 
a52.72 
a25.24 

Aug. 21, 1953 23.15 



Date 

Well 
foot above 

Dec. 28, 
Feb. 22, 
June 15 
Sept. 20 
Dec. 23 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level 

11.30.11.234. 

Date 

Maggie Daniels. 
Isd. Older alluvium. 

1942 142.54 Mar. 16, 1944 
1943 153.55 June 19 

155.91 Sept. 21 
141.06 Dec, 19 
140.87 Mar. 21, 1945 

MP, 

Wa ter 
level 

top of 

142.20 
136.26 
136.88 
145.56 
145.90 

casing, 

June 
Aug. 
Apr. 
Dec. 

Date 

west side, 

21, 1945 
14, 1951 
17, 1953 
13, 1958 

Water 
level 

0.8 

147.80 
84.7 
32.69 
17.65 

Well 11. 30.11. 242. Lake Arthur Farms. MP, top of casing, 1. 2 feet 
above Isd. Older alluviwn. 

Dec. 28, 1942 153.85 Dec. 23, 1943 153.98 Dec. 19, 1944 146.98 
Mar. 22, 1943 153.95 Mar. 16, 1944 153.46 Mar. 21, 1945 156.10 
June 15 155.12 June 19 154.58 June 9, 1948 141.3 
Sept. 20 153.50 Sept. 21 154.82 Apr. 15, 1953 42.10 

Well 11.30.11.442. Dorotea Baca. MP, top of casing, south side, 0.3 
foot above Isd. Older alluvium. 

Dec. 22, 1942 71. 70 Mar. 16, 1944 70.70 July 5, 1945 70.20 
Mar. 22, 1943 71.30 June 19 70.40 Feb. 19, 1946 70.20 
June 15 77 .46 Sept. 21 70.42 June 10, 1948 54.7 
Sept. 20 72.66 Dec, 19 70.88 Apr. 17, 1953 24.62 
Dec. 23 71.60 Mar. 21, 1945 70.00 Dec. 13, 1958 20.16 

Well 11.30.14.144d. Southern Pacific Co. (SP 20, test hole 1) MP, top 
of pipe extension on casing, 4.2 feet above Isd. Older alluvium. 

Dec. 16, 1952 137.66 Jan. 20, 1954 120.50 Sept. 13, 1955 106.58 
Jan. 5, 1953 136.36 Feb. 19 119.44 Nov. 15 99.00 
Feb. 3 134.89 Mar. 19 118.38 Jan. 9, 1956 94.55 
Mar. 5 133.49 Apr. 22 117.64 Mar. 29 93.64 
Apr. 9 132.49 May 24 116.85 May 22 91.22 
May 23 131. 07 June 22 117.56 July 17 90.51 
June 23 132.08 Sept. 21 113.26 Sept. 19 85.95 
July 21 131. 82 Dec. 21 107.90 Nov. 6 82.08 
Aug. 20 129.54 Feb. 14, 1955 105.53 Jan. 10, 1957 77.16 
Sept. 25 127.15 Mar. 7 105.46 Mar. 19 73.69 
Sept. 30 126.76 Apr. 5 103.86 June 21 72.42 
Oct. 21 125.32 May 21 103.43 Sept. 26 71.07 
Nov. 25 123.17 June 13 103.91 Jan. 22, 1958 62.20 
Dec. 16 121.89 July 29 104.02 Mar. 18 59.87 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well 1l.30.14.144d. Southern Pacific Co. (continued). 

June 22, 1958 60.16 Apr. 18, 1959 48.67 June 1, 1960 38.76 
Sept. 29 56.79 June 8 48.56 Sept. 12 35.29 
Dec. 11 52.62 Sept. 18 45.63 Jan. 4, 1961 30.92 
Jan. 20, 1959 50.83 Jan. 4, 1960 38.82 Jan. 3, 1962 24.99 
Mar. 13 49.20 Mar. 2 37.68 Jan. 21, 1963 22.84 

Jan. 10, 1964 21.46 

Well 11.30.14.312. City of Tucwncari. (Town field well 1). MP, top of 
caSing, north side at lsd. Pump installed January, 1954. Older alluvium. 

Feb. 25, 1953 158.12 Oct. 28, 1953 148.23 Mar. 19, 1954 c140.34 
June 23 155.66 Nov. 18 146.71 Apr. 15 c139.66 
Sept. 25 150.96 Dec. 16 144.51 Oct. 2, 1957 81.30 
Oct. 8 149.25 Feb. 2, 1954 107.09 

Well 11.30.14.432. Heddy McKinney. MP, top of casing, west side, 1.65 
feet above lsd. Older alluvium. 

Apr. 14, 1953 82.39 Sept. 30, 1953 81.49 Sept. 21, 1954 78.92 
May 23 82.23 Oct. 28 81. 23 Dec. 21 78.21 
June 23 82.00 Dec. 17 80.85 Apr. 8, 1955 77.55 
July 21 81.85 Jan. 20, 1954 80.70 May 21 77.18 
Aug. 27 81.55 Feb. 19 80.43 June 13 77.09 
Sept. 3 81. 59 Mar. 19 80.22 July 29 76.80 

10 81.27 Apr. 22 79.90 Oct. 2, 1957 71.11 
17 81.32 May 17 79.73 Dec. 11, 1958 66.76 
25 81.41 June 22 79.52 Jan. 31, 1963 41.30 

Well 11. 30.15. 13l. W. F. Hevert. MP, top of caSing, north side, 1.2 
feet above lsd. Entrada Sandstone. 

Dec. 19, 1942 75.26 Mar. 15, 1945 75.50 Jan. 21, 1953 48.48 
Mar. 22, 1943 75.03 June 19 85.80 Feb. 3 49.06 
June 15 75.56 Oct. 15 76.20 Mar. 6 50.10 
Sept. 20 75.95 Dec. 17 78.8 20 50.73 
Dec. 23 75.03 June 9, 1948 56.3 Apr. 9 51.12 
Mar. 29, 1944 75.07 Nov. 21, 1952 46.38 May 26 50.04 
June 15 83.36 Dec. 8 47.05 Aug. 8 49.67 
Sept. 17 75.70 22 47.57 20 49.55 

Dec. 11, 1958 44.59 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level Date 

Water 
level Date 

Water 
level 

Well 11.30.15.224. City of Tucumcari (Town well 10). MP, top of inner 
lip of lid seat, west side, 0.95 foot above 1sd. The first measurement listed 
for a given date was taken on the water level inside the IO-inch inner casing 
of the well; the second measurement listed was taken on the water level inside 
the 20-inch outer casing. Equipped with pump July, 1957 - subsequent measure
ments made by air line inside IO-inch casing. Older alluvium. 

Apr. 15, 1953 

15 

June 8 

8 

23 

23 

July 22 

Aug. 

22 

2 

2 

5 

5 

13 

13 

20 

20 

27 

27 

Sept. 3 

3 

10 

10 

151.19 

144.94 

148.32 

141.08 

147.96 

140.60 

147.39 

140.99 

146.68 

146.72 

140.48 

146.35 

140.25 

145.82 

139.74 

145.57 

139.40 

145.14 

139.17 

144.77 

138.09 

Sept. 17, 1953 

17 

Oct. 

25 

25 

30 

30 

8 

8 

28 

28 

Nov. 25 

25 

Dec. 16 

16 

Jan. 20, 1954 

20 

Feb. 19 

19 

Mar. 19 

19 

Apr. 22 

22 

143.94 

137.60 

143.69 

137.50 

143.57 

135.00 

142.90 

133.51 

141. 71 

133.11 

140.16 

124.71 

138.72 

125.07 

136.49 

124.73 

134.67 

124.78 

133.15 

123.03 

132.10 

121.34 

May 25, 1954 

25 

June 22 

22 

July 19 

19 

Aug. 9 

9 

Sept. 21 

21 

Oct. 19 

19 

Nov. 23 

23 

Dec. 21 

21 

Oct. 2, 1957 

Jan. 22, 1958 

130.42 

114.21 

130.39 

113.47 

129.39 

128.61 

126.04 

118.94 

124.09 

121.67 

120.12 

114.99 

a98 

66.5 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Date 
Water 
level Date 

Water 
level Date 

Water 
level 

Wellll.30.15.243. City of Tucumcari (Town well 11). MP, top edge of 
inner caSing, 0.75 foot above lsd. Water levels for the period 1945-1949 
were measured by employees of the city - MP not recorded. Older alluvium. 

Feb. 13, 1945 228 Sept. 3, 1953 126.50 Jan. 20, 1954 bl18.40 
Apr. 1, 1947 226 10 125.14 Feb. 19 114.27 
June 28, 1948 216 17 123.89 Mar. 19 112.92 
Apr. 5, 1949 207 25 123.14 Apr. 15 d1l2.58 
Jan. 24, 1953 131. 55 30 122.83 Sept. 21 d1l3.84 
Aug. 19 b128.40 Oct. 21 120.67 Nov. 30 104.50 

20 a149.59 Nov. 24 b1l9.42 Oct. 2, 1957 83.26 
27 143.71 Dec. 16 117.74 Dec. 12, 1958 39.06 

Jan. 30, 1963 16.35 

Well 11 . 30 . 15 . 443 . Southern Pacific Co. (SP 28) MP, top of 2-inch pipe 
extension on caSing, 0.35 foot above lsd. Water-level measurement in 1920 
reported at conclusion of drilling. Older alluvium. 

Jan. 3, 1920 192 Aug. 13, 1953 128.00 Sept. 3, 1953 121.19 
Mar. 31, 1953 118.96 14 119.77 10 122.39 
Apr. 14 119.84 15 118.84 17 128.26 

21 119.87 17 120.66 24 126.90 
May 23 118.28 18 115.34 30 126.79 
June 8 117.39 20 122.44 8 122.54 

23 116.88 21 120.03 28 Dry at 129.9 
July 21 116.22 22 119.77 Dec. 12, 1958 51.49 
Aug. 5 115.57 27 121. 75 

Well 11 . 30 . 17 . 244. K. J. Roberts. MP, top of caSing, west side, 1.0 
foot above lsd. Entrada Sandstone. 

Nov. 3, 1952 17.00 Dec. 22, 1952 b18.22 Apr. 9, 1953 18.65 
5 17.09 Jan. 5, 1953 b18.60 21 16.79 
7 b19.40 20 17.91 May 26 15.83 

18 17.07 Feb. 3 17.98 June 24 14.44 
25 17.14 Mar. 6 18.45 July 22 16.05 

Dec, 8 17.29 20 18.42 Aug. 20 15.28 
Dec. 11, 1958 17.18 

Well 11.30.18.332a. Jose Garcia. MP, top of casing, north side, 1.3 

feet above lsd. Entrada Sandstone. 

Oct. 31, 1952 13.68 Nov. 5, 1952 a14.14 Nov. 25, 1952 13.68 

Nov. 3 13.91 18 a13.83 Dec. 8 a14.36 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well 11. 30 . 18 . 332a . Jose Garcia (con Unued) . 

Dec. 22, 1952 13.57 Mar. 6, 1953 13.96 June 24, 1953 a17.73 
Jan. 5, 1953 a15.91 20 a18.09 July 21 al4.96 

20 13.69 Apr. 21 bl4.23 Aug. 19 14.68 
Feb. 3 a15.59 May 26 a16.77 Dec. 11, 1958 15.09 

Well 11. 30 . 19 . 133 . Victor Pacheco. MP, top of casing, south side, 0.9 
foot above 1sd. Entrada Sandstone. 

Oct. 1, 1952 82.12 Dec. 8, 1952 a83.24 Apr. 9, 1953 a86.35 
31 80.65 22 81.43 21 a84.52 

Nov. 3 82.94 Jan. 5, 1953 81.83 May 26 a88.98 
5 a81.65 20 82.14 June 24 a88.28 
7 a83.67 Feb. 3 82.38 July 21 a87.74 

18 80.93 Mar. 5 82.98 Aug. 19 a88.80 
25 80.94 20 a88.25 Dec. 11, 1958 82.14 

Well 11 . 30 . 20 . 423. Luella Emler. MP, top of casing, at Isd. Entrada 
Sandstone. 

Dec. 19, 1942 25.67 Mar. 15, 1944 28.32 June 19, 1945 41.00 
Mar. 16, 1943 25.83 June 15 32.33 Oct. 19 31.40 
June 14 32.29 Sept. 17 35.24 Dec, 14 32.00 
Sept. 18 29.53 Dec. 18 40.25 June 8, 1948 15.0 
Dec. 18 29.64 Mar. 15, 1945 32.58 Oct. 1, 1952 6.69 

Dec. 11, 1958 10.94 

Well 1l.30.20.434a. J. C. Butler. MP, top of casing, west side, 1.5 
feet above 1sd. Entrada Sandstone. 

Oct. 14, 1952 27.38 Nov. 25, 1952 b30.71 Apr. 9, 1953 38.06 
17 27.70 Dec. 8 a46.80 21 b38.67 
29 29.39 22 b32.30 May 23 a45.89 
31 29.60 Jan. 5, 1953 b32.34 June 23 35.70 

Nov. 3 30.09 20 a34.41 July 21 b36.30 
5 29.49 Feb. 3 33.27 Aug. 19 34.79 
7 30.35 Mar. 5 35.02 Dec. 11, 1958 35.85 

18 a44.86 20 35.85 



0.45 

Sept. 
Oct. 
Nov. 

above 

Dec. 
Mar. 
June 
Sept. 
Dec. 
Mar. 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Date 
Water 
level Date 

Well 11. 30. 20 . 444a. A. J. Cothern. 
foot above lsd. Entrada Sandstone. 

19, 1952 18.90 Dec. 8, 1952 
31 19.80 22 

3 20.11 Jan. 5, 1953 
5 19.89 20 
7 19.99 Feb. 3 

18 20.82 Mar. 5 
25 20.95 20 

Well 11.30.22.124. Gardner. MP, top 
lsd. Older alluvium. 

21, 1942 233.82 June 15, 1944 
18, 1943 234.32 Sept. 17 
14 232.67 Dec. 19 
20 232.73 Mar. 15, 1945 
18 232.59 June 19 
15, 1944 232.45 Dec. 17 

MP, 

of 

Water 
level 

top of 

21.40 
22.11 
22.50 
23.29 
23.71 
24.66 
24.97 

casing, 

232.35 
231.98 
232.18 
234.40 
234.45 
233.70 

Date 
Water 
level 

casing, northeast side, 

Apr. 8, 1953 25.60 
13 25.71 
21 25.18 

May 23 23.21 
June 23 22.30 
July 21 21.27 
Aug. 19 20.78 

east side, 1.3 feet 

June 9, 1948 145.7 
Apr. 2, 1953 65.75 

21 65.43 
May 23 62.63 
June 23 61. 25 
July 21 60.28 
Dec. 12, 1958 48.09 

Well 11.30.22.133. W. H. Smith. MP, top of casing, south side, 0.9 foot 
above lsd. Entrada Sandstone. 

Apr. 
May 

side 

Sept. 
Oct. 
Nov. 

21, 1953 
23 

42.17 
41.81 

June 
July 

Well 11.30.22.333a. W. H. 
at lsd. Entrada Sandstone. 

19, 1952 72.69 Dec. 
31 71.81 

3 71.94 Jan. 
5 71.75 
7 71. 53 Feb. 

18 72.47 Mar. 
25 72.20 

\ 

23, 1953 
21 

Smith. MP, 

8, 1952 
22 
5, 1953 

20 
3 
5 

20 

41.02 
40.34 

Aug. 

top of hole in 

72.47 Apr. 
71. 77 
71.57 May 
72.23 June 
72.04 July 
72.60 Aug. 

a74.16-

19, 1953 40.08 

pump base, south 

9, 1953 74.02 
21 73.94 
23 a74.17 
23 73.32 
21 b72.69 
19 72.62 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water 
level Date 

Water 
level Date 

Water 
level 

Well 11.30.23.244. A. B. Camp. MP, top of casing, 0.2 foot above Isd. 
Older alluvium. 

Dec. 22, 1942 90.48 Mar. 15, 1944 90.18 Dec. 26, 1945 91.90 
Mar. 3, 1943 90.42 June 16 90.05 May 6, 1946 90.2 
June 15 90.23 Sept. 21 90.27 Apr. 17, 1953 79.90 
Sept. 21 90.28 Dec. 19 92.45 July 24 78.74 
Dec. 20 90.03 Mar. 15, 1945 90.20 Dec. 12, 1958 49.47 

Well 11. 30.23.321. E. J. Corn. MP, top of casing, 0.3 foot above Isd. 
Entrada(?) Sandstone. 

Dec. 22, 1942 126.62 Mar. 15, 1944 126.16 July 5, 1945 130.40 
Mar. 19, 1943 127.88 June 16 126.54 Oct. 16 130.95 
June 14 112.03 Sept. 17 126.50 Dec. 19 132.2 
Sept. 21 126.31 Dec. 19 126.30 Apr. 9, 1953 114.23 
Dec. 20 127.72 Mar. 15, 1945 130.40 July 23 113.76 

Well 11. 30.24.131. R. V. Dickens. MP, top of caSing, 0.5 foot above Isd. 
Older alluviwn. 

Dec. 22, 1942 81.54 Mar. 15, 1944 81.44 July 5, 1945 83.90 
Mar. 19, 1943 81.68 June 16 85.62 Oct. 16 82.90 
June 15 82.01 Sept. 21 82.50 Dec. 20 82.30 
Sept. 21 81.56 Dec, 19 81.08 Mar. 31, 1953 64.00 
Dec. 20 84.67 Mar. 17, 1945 81.90 Dec. 12, 1958 40.63 

Well 11 . 30 . 25 . 113 . J. R. Wasson. MP, top of 5-inch caSing, 2.8 feet 
above Isd. Morrison(?) Formation. 

Dec. 22, 1942 86.2 Mar. 29, 1944 87.40 Oct. 16, 1945 85.90 
Mar. 19, 1943 86.31 June 16 88.95 Dec, 19 88.40 
June 14 86.80 Sept. 17 86.50 June 15, 1948 39.7 
Sept. 21 86.26 Dec. 19 88.60 Sept. 16, 1952 26.37 
Dec. 20 86.12 July 5, 1945 86.70 Apr. 17, 1953 35.70 

Dec. 12, 1958 24.62 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well 11. 30.26. 22l. Tucumcari Country Club. MP, top of casing, south 
side, 1.7 feet above lsd. Entrada(?) Sandstone. 

Dec. 22, 1942 112.53 July 5, 1945 112.60 Mar. 5, 1953 72.45 
Mar. 19, 1943 112.46 Oct. 16 112.40 Apr. 9 73.10 
June 6 112.43 Dec. 19 110.80 11 72.70 
Sept. 21 112.31 June 9, 1948 89.3 May 23 b72.65 
Dec. 20 112.30 Sept. 17, 1952 73.10 June 23 72.23 
Mar. 16, 1944 112.47 Nov. 4 a72.49 July 21 71.56 
June 16 112.15 5 72.47 Aug. 19 70.91 
Sept. 17 112.45 Dec. 8 72.21 Sept. 25 a70.17 
Dec. 19 112.32 Jan. 5, 1953 72.04 Dec, 12, 1958 b62.54 
Mar. 15, 1945 109.50 Feb. 3 72.27 

Well 11.30.29.214. O. M. Jahns. MP, top of casing, east side, 0.6 foot 
above lsd. Entrada(?) Sandstone. 

Sept. 24, 1952 32.34 Nov. 3, 1952 34.75 Mar. 20, 1953 44.40 
Oct. 7 34.06 5 34.85 Apr. 8 45.13 

14 34.67 7 35.20 9 45.13 
20 35.56 18 37.14 13 45.14 
21 35.30 25 37.88 21 43.83 
22 34.97 Dec. 8 38.99 May 23 39.54 
23 34.78 22 40.04 June 23 36.48 
24 34.45 Jan. 5, 1953 40.89 July 21 34.68 
27 34.23 20 41.94 Aug. 19 33.98 
29 33.93 Feb. 3 42.57 Dec, 11, 1958 40.12 
31 33.84 Mar. 5 43.83 

Well 11.30.29.221. O. M. Jahns. MP, top of casing, southeast side at 
lsd. Older alluvium. 

Apr. 10, 1953 26.44 June 23, 1953 20.23 
13 26.45 July 21 18.37 
21 25.72 Aug. 19 18.30 

May 23 22.11 Dec. 11, 1958 22.32 
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TABLE 5 (continued) 

Records of Water Levels in Wells (continued) 

Water Water Water 
Date level Date level Date level 

Well 11.30.30.333. City of Tucwncari. (Metropolitan Park well 21) . 
MP, top of casing, northeast side, 1.8 feet above lsd. Entrada Sandstone. 

Jan. 30, 1953 185.39 Mar. 26, 1954 175.36 July 17, 1956 184.03 
Feb. 18 e182.76 Apr. 22 175.53 Sept. 19 184.58 
Mar. 5 186.22 May 24 178.27 Nov. 6 180.40 

11 e189.65 June 23 185.96 Jan. 10, 1957 180.48 
18 190.06 July 19 190.16 Mar. 19 186.99 
25 186.22 Aug. 9 183.39 June 21 198.60 

Apr. 1 181.52 Sept. 21 187.85 Sept. 26 184.30 
8 181. 38 Oct. 19 179.81 Jan. 22, 1958 177.50 

15 187.18 Nov. 23 175.51 Mar. 18 176.90 
22 185.02 Dec. 21 173.64 June 22 180.83 

May 26 192.49 Jan. 3, 1955 175.35 Sept. 8 180.92 
June 1 e188.20 Feb. 14 174.53 Jan. 20, 1959 174.83 

8 200.99 Mar. 7 174.43 Mar. 16 175.29 
25 209.47 Apr. 5 175.09 June 8 176.58 

July 23 183.47 May 21 172.32 Sept. 18 176.00 
Aug. 20 180.75 June 13 177.52 Jan. 4, 1960 172.39 
Sept. 24 183.80 July 29 176.12 Mar. 2 168.66 
Oct. 29 178.58 Sept. 13 177.17 June 1 170.68 
Nov. 25, 1953 177.24 Nov. 15 172.82 Sept. 12 170.54 
Dec. 16 176.52 Jan. 9, 1956 170.68 Jan. 4, 1961 168.80 
Jan. 21, 1954 176.54 Mar. 29 173.09 Jan. 3, 1962 169.78 
Feb. 28 175.11 May 22 179.36 Jan. 21, 1963 169.85 

Jan. 10, 1964 167.47 

Well 11.30.31.244. Orvil Alls. MP, top of i-inch hole in steel plate, 
1.0 foot above lsd. Entrada Sandstone. 

Feb. 26, 1952 78.89 Mar. 6, 1953 b79.52 June 23, 1954 80.00 
Aug. 20 b79.87 Apr. 10 b79.08 Sept. 21 b80.27 

28 79.34 May 23 79.54 Dec. 21 79.91 
Oct. 2 79.48 June 25 79.84 Apr. 8, 1955 a80.28 
Nov. 4 a86.41 Aug. 7 79.89 May 21 80.00 

5 79.25 13 79.89 June 13 80.10 
Dec. 9 79.23 20 79.86 July 29 80.22 
Jan. 6, 1953 79.02 Sept. 24 79.87 Jan. 13, 1956 80.27 

7 79.02 Dec, 16 79.88 
Feb. 4 78.97 Mar. 19, 1954 79.50 

Well 11. 30.35.231. J. R. Smith. MP, top of casing, west side, 1.45 
feet above lsd. Entrada Sandstone. 

Sept. 18, 1952 176.40 Mar. 5, 1953 177.67 July 21, 1953 176.12 
Nov. 5 178.90 Apr. 9 176.43 Aug. 19 176.14 
Jan. 5, 1953 175.93 May 23 175.89 
Feb. 3 178.99 June 23 176.48 
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TABLE 6 

LOGS AND CONSTRUCTION DATA OF REPRESENTATIVE WELLS 
NEAR TUCUMCARI, QUAY COUNTY, N. MEX. 

The descriptions of the rock materials and the thicknesses of the 
strata penetrated given in the logs in this table are transcribed from 
original drillers' logs and have not been changed. Consequently, the 
terms used to describe the rock materials do not necessarily have the 
same shade of meaning in all the logs and in some logs they are not 
used in any usual senSe. For example, the term "boulders!! may refer to 
concretions in one log, but to true boulders in another log. Terms 
such as "inlaid,lI 1I1ime shells, II !l 1ime ,1I "rock shell," "thin shells,'l 
and IIsoapstonet! as used by a driller may not mean what they do in 
regular usage. For instance, such terms often are used by drillers to 
describe the action of the drill rather than the composition, fossil 
content, or structure of the rock. Drillers' terms believed not to have 
been used in the regular Sense are placed in quotations. 

The geologic term "Wingate" used by some drillers follows the 
nomenclature used in earlier geologic literature to describe the 
Entrada Sandstone. 

Stratigraphic designations within the following logs have been 
made by the senior author on the basis of a comparison of the driller's 
log data with the known sequence of rocks in the vicinity. Information 
concerning Southern Pacific Company wells that could not be located in 
1953 is included in table 2 

The depths of wells as indicated in the logs may not be the same as 
the measured or reported depths given in table 1. Wells are subject to 
sanding and caving, even though cased, and the original depth seldom 
remains unchanged. 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.28.9.134. Dale Campbell. 
1952. 

Stock well drilled by J. R. Watson, 

Soil 
Purgatoire Formation: 

Rock 
Shale, gray 

Morrison(?) Formation: 
"Hard" 
Sand, "on edge" 
Shale, gray, hard 
"Boulders" 
11 Inlaid" 

Entrada Sandstone: 
Sand, upper "Winga te, " slight bit of water at 390 ft 
Sand, main "Wingate," lots of water 

5 

145 
20 

10 
50 
90 
10 
50 

20 
30 

5 

150 
170 

180 
230 
320 
330 
380 

400 
430 
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TABLE 6 (continued) 

Materials 

Well 11.28.9.134. Dale Campbell (continued) 

Entrada Sandstone:(continued) 
Shale, gray, hard, not fully penetrated 

Casing, 6!-in. set 0-441 ft. 

Thickness 
(feet) 

11 

Depth 
(feet) 

441 

Well 11.29.13.133 . City of Tucumcari. West field well 2 drilled by 
C. F. Gill, 1949, for Layne-Texas Co., Ltd. 

Younger alluvium: 
Soil and sand 

Morrison Formation: 
Sandstone, red 
Clay, red, medium-hard 
Sand, red, hard 

Entrada Sandstone: 
Sand, very soft 
Sandstone, red, hard 
Sand J "Winga te" 

Chinle Formation: 
Shale 

Casing, 24-in. blank surface, set 0-170 ft; 12 3/4-in. 

30 30 

20 50 
50 100 
76 176 

40 216 
69 285 
65 350 

5 355 

blank liner set 
0-201 it; 12-in. iron shutter screen, No. 3 gauge, No. 7 opening, 
type D; under-reamed to 36 in. from 170-344 ft, gravel_packed. 

Well 11.29.13.133a. City of Tucumcari. West field well 2 test hole 
drilled by J. R. Watson, 1949 

Soil, red, hard 
Younger alluvium: 

Adobe, hard 
Morrison Formation: 

Sand, pack 
Sand, gravel, also water 
Shale, sandy, gray 
Shale, dark-gray, inlaid hard "shells" 
"Lime shells," hard 
Shale, light-gray, one or two very soft streaks 
Shale, light-gray, one or two slanting ledges of 

hard 1I1ime shells n 

Shale, gray, lI inl a id slanting hard lime shells ll 

Shale, red, two or three hard sandstone ledges 
Lime, sandy, hard, broken, full of crevices 

Entrada Sandstone: 
Sandstone, brown, hard 
Sand, "Wingate, II clean) much water 

4 4 

4 8 

16 24 
9 33 
5 38 
7 45 
8 53 

17 70 

20 90 
16 106 
47 153 

7 160 

10 170 
42 212 
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TABLE 6 (continued) 

Materials 

Well 11. 29 .13 .133a. City of Tucumcari (continued) 

Entrada Sandstone:(continued) 

Thickness 
(feet) 

Conglomerate, "Wingate," hard, two ledges, fair water 30 
Sand, red, pack, streaked with running sand, 

fair water 59 
Sand, "Wingate," white and clean, heavy water 

Chinle Formation: 
Sandstone, red 

Casing pulled. 

39 

5 

Depth 
(feet) 

242 

301 
340 

345 

Well 11.29.13.314. City of Tucumcari. West field well 1 drilled by 
C. F. Gill, 1949, for Layne-Texas Co., Ltd. 

Morrison Formation: 
Clay and rock 10 10 
Sandstone 20 30 
Clay 5 35 
Sand and rock 17 52 
Sand and blue shale 13 65 
Shale, blue, sandy, very hard 2 67 
Sand and blue shale 16 83 
Shale, blue 8 91 
Shale, blue, and "boulders" 24 115 
Shale, blue, and "shells" 13 128 
Shale, red, and "shells ll 30 158 
Shale, red 13 171 
Shale, red, and boulders 5 176 
Shale, red, and very hard "boulde rs" 5 181 

Entrada Sandstone: 
Shale, brown 17 198 
Sand, and hard shale layers 50 248 
Sand, brown, and hard shale layers 50 298 
Sand, brown, and IIshells" 73 371 

Casing, 24-in. set 0-195 ft; 12 3/4-in. blank liner set 0-201.4 ft; 
12 3/4-in. slotted screen set 201.4-244.2 ft; 12 3/4-in. blank liner 
set 244.2-304.3 ft; 12 3/4-in. slotted screen set 304.3 - 361.2 ft; 
12 3/4-in. blank liner with set nipple and w.w. plug and B.P. valve 
set 361.2 - 366.2 ft; under-reamed to 36 in. from 195 ft to 361 ft; 
gravel_packed. 
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TABLE 6 (continued) 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.29.13.314a. City of Tucumcari. West field well 1 test well 
drilled by J. R. Watson, 1949 

Older alluvium: 
11 Soil) II sandy gravel 

Morrison Formation: 
Sand 
Sand, gray, and "shell,1I water seepage at 55 ft 
Sandstone, gray, slanting 
"Lime, II hard, sandy, gray 
"Lime shells,1I gray, some very hard and slanting 

(inlaid gray sand shell) 
Shale, red 
"Rock, shell, II broken 
"Rock, shell,1I hard, water backfilled 120 ft in 

l~ minutes 
Shale, brown 

Entrada Sandstone: 
Sand, loose, clean 
Sand, with "shell!! 
Sand, loose 
Sand, red pack 
Sand, !IWingate,1I broken 
Sand, red pack 
Sand, "Wingate, II brown, slightly broken "shell" 
Sand, "Wingate,1I red, broken IIshell" 
Sand, pack, with some small streaks of running sand 
Sand, "Wingate,!I layered, very clear and white 
Shale, hard gray 
Sandstone, brownish red, hard 

Casing 6!-in., set 0-360 ft. 

15 

36 
12 

3 
9 

45 
45 
13 

2 
5 

17 
2 

16 
3 
8 

17 
14 
18 
20 
53 

2 
5 

Well 11.29.13.321. City of Tucumcari. West field well 3 test hole 
drilled by J. R. Watson, 1949 

Soil, sandy 
Morrison Formation: 

Sand 
Shale, sandy, gray 
Sand 
Shale, bluish, sandy 
"Lime," sandy, blue 
Shale, dark blue, traces of coal 
Shale, dark blue, "shell" rock 
Shale, red, three or four hard ledges of broken 

rock and IIbouldersll 
Shale, brownish gray, lIinlaid boulders-conglomerate ll 

7 

25 
8 

11 
24 

5 
5 
5 

52 
17 

15 

51 
63 
66 
75 

120 
165 
178 

180 
185 

202 
204 
220 
223 
231 
248 
262 
280 
300 
353 
355 
360 

7 

32 
40 
51 
75 
80 
85 
90 

142 
159 
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TABLE 6 (continued) 

Materials 

Well 11.29.13.321. City of Tucumcari (continued) 

Entrada Sandstone: 
Sand, !'Wingate, II filled with shale particles 
Sand, IlWinga te, II honeycomb-rock ledges 
Sand, red pack, muddy, sticky 
Sand, "Wingate,!.! fairly clean and tighter than 

tests 1 and 2 
Chinle Formation: 

Red beds 

Casing, pulled. 

Thickness 
(feet) 

31 
17 
83 

48 

7 

Well 11.29.19.231. Dale Campbell. Kinkead test well drilled by 
J. R. Watson, 1949 

Soil 
Morrison Formation: 

Sand 
Shale, gray, rock ledges 
Sand, gray, hard 
Stone-shale-sanct, gray, soft, good water-bearing 

layers 
Shale, gray, layers of rock 
Shale, gray, hard, some rock ledges 
Shale, red, gray layers 

Entrada Sandstone: 
Sand, brown, pack; light-brown rock 
Sand, water 
Sand, light, pack 
Sand, pack, water 

Casing, 6-in. set 0-460 ft. 

ledges 

7 

33 
50 
14 

26 
8 

97 
65 

40 
15 
35 
70 

Well 11.29.25.423. Southern Pacific Company. Hargis test hole, 
drilled 1926 

Older alluvium: 
Caliche 10 

Morrison Formation: 
Sandstone, yellow 3 
Clay, blue 14 
Sandstone, yellow 9 
Sandstone, hard, yellow 11 
Sand, yellow, pack 6 
Clay, blue, lime 2 
Limestone 5 
Lime, hard 5.5 

Depth 
(feet) 

190 
207 
290 

338 

345 

7 

40 
90 

104 

130 
138 
235 
300 

340 
355 
390 
460 

10 

13 
27 
36 
47 
53 
55 
60 
65.5 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.29.25.423. Southern Pacific Company (continued) 

Morrison Formation: (continued) 
Clay, blue, lime 
Lime, hard 
Clay, chocolate colored 
Clay, chocolate colored and blue 
Clay, yellow 
Clay, yellow, streaked with red 
Clay, red, streaked with blue 
Clay, red 
Clay, blue 
Sand and first water 
Clay, hard, red 
IlSoapstone,lI blue 
Clay, yellow 

Entrada Sandstone: 
Sandstone, light brown 
Sand, white, packed, bearing water 
Clay, red 
Sand, white, small amount of water 
Clay, sandy, red 
Sand, gray, bearing water 
Clay, very hard, red 
Sand, red 
Sand, soft, white, bearing water 
Sand, soft, blue 
Sand, soft, white 
Sand, soft, gray 
Sand, soft, white 
Sand, coarse, white 

Chinle Formation: 
Clay J tough J red 

Casing, none. 

5.5 
3 
5 
3 
3 
4 

31 
6 
7 
0.5 
2.5 
7 
3 

16 
77 

3 
17 

2 
14 

5 
4 

66 
5 
2 
8 
5 
2 

20 

Depth 
(feet) 

71 
74 
79 
82 
85 
89 

120 
126 
133 
133.5 
136 
143 
146 

162 
239 
242 
259 
261 
275 
280 
284 
350 
355 
357 
365 
370 
372 

392 

Well 11.29.25.432. City of Tucumcari. Metropolitan Park (Montoya) 
well 17 drilled by J. R. Watson, 1938(?). 

Soil, sandy 7 7 
Older alluvium: 

Sand, gravel, boulders 28 35 
Boulders, large, hard 9 44 

Morrison Formation: 
Shale, gray, and ledge of hard rock 20 64 
Shale, red 47 111 

Entrada Sandstone: 
Sandstone 14 125 
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TABLE 6 (continued) 

Materials 

Well 11.29.25.432. City of Tucumcari. 

Entrada Sandstone: (continued) 
Sand, "Wingate,11 pack, dry 
Sand, "Wingate,'1 carrying water 
Sand, I1Wingate,11 packed, hard ledges 
Sand, very hard, packed 
Sand, "Wingate,'1 abundance of water 
Sand, "Wingate,'1 red, hard, packed 
Sand, I1 Wingate,11 loose, water 

Chinle Formation: 
Shale, red 

Casing, 15-in. 

(con tinued) 

Thickness 
(feet) 

34 
40 
50 

5 
45 

6 
34 

40 

Well 11.29.25.444. A. H. Bugg. Test hole for city of Tucumcari 
drilled by J. R. Watson, 1944 

Soil 
Older alluvium: 

Sand, gravel, boulders 
Boulders, large 

Morrison Formation: 
Shale, gray 
Shale, red 

Entrada Sandstone: 
Sandstone 
Sand, dry, packed, "Wingatell 
Sand, "Wingate, II lots of water 
Sand, hard ledges, very hard ledge at 235 
Sand, "Wingate," lots of water 
Sand, hard-packed, "Wingate l1 

Sand, loose I "Wingate J" lots of water 
Chinle Formation: 

Shale J red 

Casing, none 

7 

19 
9 

20 
47 

14 
34 
40 
50 
50 

6 
34 

40 

Depth 
(feet) 

159 
199 
249 
254 
299 
305 
339 

379 

7 

26 
35 

55 
102 

116 
150 
190 
240 
290 
296 
330 

370 

Well 11. 29.32.342. A. F. Curry. Curry test hole 1 drilled by J. R. 
\Va tson, 1948 

Soil 6 6 
Morrison Formation: 

Sand 29 35 
Clay, dark red, boulders 20 55 
Shale, gray, l1inlaid" with hard-rock ledges 80 135 
Shale, red 5 140 
Rock, red, hard 5 145 

1
:··.·1 ....••.... 

~ 
) 
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TABLE 6 (continued) 

Materials 

Well 11.29.32.342. A. F. Curry. (continued) 

Morrison Formation: (continued) 

Shale, red 
Shale, red, hard-rock ledges 
Sandstone, red, with layers of red shale 

Entrada(?) Sandstone: 
Sand, red, layers of hard rock 
Shale, brown, layers of rock, not much loose sand 
Shale J gray, hard-rock layers 
Sand, "Wingate Tl 

Shale, brown 

Casing pulled. 

Thickness 
(feet) 

35 
25 
15 

50 
30 
48 
48 

9 

Depth 
(feet) 

180 
205 
220 

270 
300 
348 
396 
405 

Well 11.29.35.244. Gerry Floeck. Test hole for city of Tucumcari 
drilled by Oliver Well Works, Inc., 1951 

Soil 5 5 
Older alluvium: 

Clay 5 10 
Morrison Formation: 

Rock, soft 4 14 
Clay, yellow 2 16 
? 14 30 
Clay, green and yellow 28 58 
Clay, blue 12 70 
Clay, blue, with rock 1 71 
Clay, blue 10 81 
Rock 5 86 
Clay, blue 4 90 
Clay, red and blue 45 135 
Rock, hard 4 139 
Clay, blue, with hard rock layers 1 ft to 6 ft thick 11 150 

Entrada Sandstone: 
Sand, brown, hard 15 165 
Sand, I1Wingate" 47 212 
Sand, hard pack 3 215 
Sand, "Wingate," with rock layers 55 270 
Sand, "Winga te II 15 285 
Sand, with hard layers of rock 15 300 
Sand, !IWingatell 45 345 
Sand, !lWinga te J" wi th blue shale 15 360 
Clay, blue, hard, with sand 3 363 

Chinle Formation: 
Clay, red 2 365 
Rock, green, and "soapstone " 3 368 
Clay, red 22 390 
Clay, red, with hard rock 14 404 

Cas~ngJ none. 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11. 30.8·.444. H. B. Cooper. Drilled by Pete Knowles, 1954 

Soil 
Older alluvium: 

Gravel, water-bearing 
Chinle Formation: 

Gwnbo, red, water-bearing, 
Shale, red, water-bearing, 
Clay, red, water-bearing 
Shale, red, water-bearing 
Shale, red, mixed blue 
Shale, mixed 
Shale, red 
Lime and shale 
Shale, mixed 
Shale, red 

Casing, 8 in. set 0-40 ft. 

10 gpm. 
10 gpm. 

Well 11. 30 .11. 222. Southern Pacific Company. 
drilled by Layne-Bowler 

1I 80i1 11 

Older alluvium: 
Sand 
Clay, white 
Sand, yellow 
Sand, red 
Band, white 
Boulders 
Shale 
Clay 
Shale, hard 
Shale and gumbo 
Rock 
Shale, hard 
Gumbo and gravel 
Rock 
Shale, hard 

Casing, none. 

Well 11. 30.11.344. Southern PJcific Company. 
drilled by Layne-Bowler 

1I 80i1, " sandy 
Older alluviwn: 

Sand 

10 

10 

20 
20 
40 
40 
30 
20 
30 
10 
10 

5 

SP well 23, test 
Co. J 1918 

16 

22 
12 
19 
16 

8 
2 

42 
36 
82 
20 
12 
56 
45 

2 
12 

SP well 25, test 
Co. , 1918 

22 

15 

Depth 
(feet) 

10 

20 

40 
60 

.100 
140 
170 
190 
220 
230 
240 
245 

hole 

16 

38 
50 
69 
85 
93 
95 

137 
173 
255 
275 
287 
343 
388 
390 
402 

hole 

22 

37 
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·TABLE 6 (continued) 

Mu terials 
Thickness 

(feet) 

Well 11. 30 .11. 344. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Sand, coarse 
Sand, fine 
Clay 
Sand, fine 
Clay 
Sand and clay 
Shale 
Clay 
Shale, hard 
Rock 
Sand, fine, and clay, struck water at 289.6 ft 

Casing, none 

35 
41 

8 
25 
62 
57 
12 
10 

2 
.6 

63 

Well 11.30.11.411. Southern Pacific Company. SP well 27 drilled 

Soil 
Older alluvium: 

Clay, red 
Sand 
Clay, red 
Sand and clay 
Clay 
Sand, fine 
Clay 
Shale 

Layne-Bowler Co., 1918 

Sand, coarse, red, struck water at 257 it 
Rock 

Casing, 13-in. set 0-278 ft; perforated 278-340 ft. 

10 

12 
18 
95 
27 
19 
58 
10 

8 
80 

3 

Depth 
(feet) 

72 
113 
121 
146 
208 
265 
277 
287 
289 
289.6 
352.6 

by 

10 

22 
40 

135 
162 
181 
239 
249 
257 
337 
340 

Well 11.30.11. 4lla. Southern Pacific Company. SP well 39, test hole 
drilled by J. R. Watson, 1928 

Younger alluvium: 
Soil and sand 
Gravel 
Sand 

Older alluviwn: 
Gravel 
Sand, packed, muddy 
Sand, light 
Sand, pack, tight, mud-streaked, very little water 
Clay, red, sandy 

12 
.5 

5.5 

1.5 
32 

1 
17.5 
18 

12 
12.5 
18 

19.5 
51.5 
52.5 
70 
88 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.11.411a. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Clay, gray, with streaks of fine dry sand 
Clay, joint, very sandy 
Rock, "sandy shell,lI little water 
Sand, blue, pack, dry 
Clay, blue, shaly 
Sandstone, some water 
Shale, blue, sandy 
Quicksand, red, struck water 
Clay, rect, and shale 
Quicksand, red, and water 
Clay, red 
Quicksand, red, water-bearing 
Clay, red 
Quicksand, red, and water 
Clay, red, and shale 
Quicksand, red, and water 
Clay, red, sandy 
Sand and gravel, much water 
Sand, red, tight pack 
Sand and gravel, much water 

Entrada(?) Sandstone: 
Sand, red pack 
Sand, red pack, with thin streaks of quicksand, 

very little water 
Chinle Formation: 

Clay, red, solid 

13 
14 

2 
23 
29 

1 
15 

6 
18 

4 
5 
5 
3 
5 

14 
10 
25 

2 
10 

4 

12 

27 

286 

Depth 
(feet) 

101 
115 
117 
140 
169 
170 
185 
191 
209 
213 
218 
223 
226 
231 
245 
255 
280 
282 
292 
296 

308 

335 

621 

Casing, originally 186 ft of 20-in., 621 ft of 8!-in., and 580 ft of 4-in. 
left in hole; reported either badly bent or broken at depth of 
275 ft; in 1953, only 8!-in. was found in hole. 

Well 11.30.11.411b. Southern Pacific Company. SP well 40, test well 
drilled by J. B. Rogers, 1929 

II 80i111 20 20 
Older alluvium: 

Gravel, cemented 8 28 
Clay, red 12 40 
Clay, red, sandy 11 51 
Sand, dry 2 53 
Clay, gray 36 89 
Clay, red 21 110 
Clay, gray 27 137 
Sand, Water-bearing 3 140 
Clay, blue 27 167 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.11.411b. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Clay, red, tough 4 
Clay, blue, shaly 6 
Clay, red 10 
Clay, red, sandy 7 
Clay, red 5 
Clay, blue 2 
Clay, red, tough 10 
Clay, red, sandy 23 
Sand, fine, and gravel 3 
Clay, red, tough, sticky 12 
Clay, sandy 6 
Gravel, heavy 7 
Clay, red, and stones, cemented 9 
Clay, red, sandy 15 
Sand and gravel 4 

Entrada(?) Sandstone: 
Sand, red pack 22 

Chinle(?) Formation: 
Clay, red 7 
Clay, sandy 3 
Clay, red 8 
Clay, red, sandy 9 
Clay, red 2 

CaSing, 24-in. set to 173 ft, 20-in. set 173 - 315 ft, 12-in. set 
130 - 340 ft, gravel-packed from 150 - 315 ft. 

Depth 
(feet) 

171 
177 
187 
194 
199 
201 
211 
234 
237 
249 
255 
262 
271 
286 
290 

312 

319 
322 
330 
339 
341 

Well 11.30.11.433. Southern Pacific Company. SP well 24, test hole 
drilled by Layne-Bowler Co., 1918 

IISOil,!1 sandy 
Older alluvium: 

Sand, hard-packed 
Sand, coarse 
Clay 
Shale, hard, and sand 
Clay 
Sand 
Clay 
Sand, hard, fine 

CaSing, none. 

25 

49 
44 
59 
37 
40 

5 
23 
78 

25 

74 
118 
177 
214 
254 
259 
282 
360 
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TABLE 6 (continued) 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.30.14.143. Southern Pacific Company. SP well 8 drilled by 
O. W. Davis, 1913 

!lSoill! 

Older alluvium: 
Quicksand, red clay, gumbo, struck water at 116 ft 
Gumbo 
Clay, sandy 
Gumbo 
Sand, struck water at 212 ft 
Gumbo 
Shale 
Gumbo 
Shale 
Gumbo 
Gravel, water struck at 338 ft 
Gumbo 

Chin1e(?) Formation: 
Clay, red, no additional water below 351 ft 
Sand rock, red 
Shale 
Rock and shale 
Rock, "concrete ll 

Sandstone 
Shale 
Shale and gumbo 
Shale 
Sand rock 
Shale 
Rock 
Gumbo and shale 
Shale 
Rock 
Gumbo and shale 

20 

102 
33 
10 
47 
10 
37 
20 
17 

3 
30 
14 

6 

30 
12 
20 
26 

4 
3 

22 
18 

9 
8 

29 
5 

12 
15 

5 
21 

20 

122 
155 
165 
212 
222 
259 
279 
296 
299 
329 
343 
349 

379 
391 
411 
437 
441 
444 
466 
484 
493 
501 
530 
535 
547 
562 
567 
588 

Casing, 13-in. set 0-342.5 ft, 10-in. set 236 (?) to 588 ft;perforated 
311 - 351 (?) ft. 

Well 11. 30 .14 . 143a . Southern Pacific Company. SP well 9 drilled by 
O. W. Davis, 1913 

Older alluvium: 
Sand and clay 47 47 
Sand and gumbo, 1st water at 117 ft 116 163 
Gumbo, sand and shale, 2nd water at 212 ft 58 221 
Gumbo and shale 108 329 
Sand and gravel, 3rd water at 329 ft 9 3G8 
Gumbo 7 345 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.14.143a. Southern Pacific Company. (continued) 

Chinle(?) Formation: 
Clay, red 25 
Shale and gumbo 60 
Rock, cemented 16 
Shale 3 
Rock and clay 4 
Clay and gumbo 34 
Rock 6 
Clay and sand 33 
Rock 4 
Shale 41 
Rock 2 
Shale and gumbo 35 

Casing, 13-in. set 0-345 ft, 10-in. set 337 - 608 ft. 

Depth 
(feet) 

370 
430 
446 
449 
453 
487 
493 
526 
530 
571 
573 
608 

Well 11. 30 .14 .143b. Southern Pacific Company. SP well 10 drilled by 
O. W. Davis, 1913 

Older alluvium: 
Sand and clay 
Clay, gumbo and sand; 1st water at 115 ft 
Clay and gumbo 
Gumbo, grey 
Gumbo and clay; 2nd water at 202 ft 
Shale 
Sand 
Clay and gumbo 
Clay, gumbo and shale 
Gumbo, shale, clay, sand and gravel; 3rd water 

at 331 ft 
Gumbo 
Rock 
Gumbo and shale 
Gumbo, shale and rock 
Gumbo 
Rock and gumbo 
Rock, gumbo, and clay 
Gumbo 

Casing, 13-in. set 0 - 345 ft; 10-in. set 345 - 527 ft. 

64 
60 
39 

5 
34 

6 
3 

22 
48 

59 
20 
13 
32 
40 
52 
30 
48 
45 

64 
124 
163 
168 
202 
208 
211 
233 
281 

340 
360 
373 
405 
445 
497 
527 
575 
620 
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TABLE 6 (continued) 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 1l.30.l4.l43c. Southern Pacific Company. SP well 13 drilled by 
Layne-Bowler Co., 1916 

Soil 5 5 
Older alluvium: 

Clay 35 40 
Rock 1.5 41.5 
Clay 10.5 52 
Sand 10 62 
Clay 4 66 
Clay 3 69 
Sand 4 73 
Clay and gumbo 33 106 
Sand, water-bearing 3 109 
Gumbo 7 116 
Gumbo 16 132 
Sand, fine 12 144 
Sandstone 1 145 
Gumbo 23 168 
Clay and gumbo 6 174 
Clay, sandy 13 187 
Clay and gumbo 43 230 
Gumbo 28 258 
Sand, fine 4 262 
Gumbo and clay 2 264 
Clay, sandy 6 270 
Gumbo 10 '280 
Sand, fine 3 283 
Gumbo and clay 17 300 
Sand, fine 4 304 
Gumbo 10 314 
Sand and gravel, water-bearing 4 318 
Clay, tough 5 323 
Gravel and boulders, water-bearing 8 331 
Rock, sand 1 332 
Gravel 3 335 
Gumbo 11.5 346.5 

Casing, 20-in. set 0 - 337.5 ft; 16-in. set 0 - 287.5 ft; 63.5 ft of 
Layne shutter screen, set 274 - 337.5 ft; 8-in. set 337.5 - 345.5 ft. 

Well 11. 30 .14 .143d. Southern Pacific Company. SP well 14 drilled by 
Layne-Bowler Co., 1916 

Older alluvium: 
1\ Soilll 

Rock 
Sand 

38 
2 
4 

38 
40 
44 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.14.143d. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Clay 
Clay, soft 
Sand, coarse 
Clay and gravel 
Gumbo 
Clay, soft 
Gumbo 
Gravel and 
Gumbo 
Gravel and 
Gumbo 
Shale 

clay 

clay 

Shale and clay 
Sand, fine 
Gumbo 
Clay 
Sand 
Sand and gravel 
Clay 
Sand and gravel 
Gumbo 

35 
10 
11 

5 
28 
10 
31 

5 
8 
3 
7 

10 
39 
19 

9 
11 

3 
9 
8 

20 
7 

Depth 
(feet) 

79 
89 

100 
105 
133 
143 
174 
179 
187 
190 
197 
207 
246 
265 
274 
285 
288 
297 
305 
325 
332 

Casing, 16-in. set 0 - 197 ft, 0 - 150 ft later pulled; 16-in. to 18-in. 
taper set 197 - 199 ft, 18-in. set 199 - 239 ft, 13-in. screen and 
pipe set 214 - 332 ft (screened 224 - 279 ft, 284 - 304 ft, 312 - 332 
ft). 

Well 11.30.14.144. Southern Pacific Company. SP well 11 drilled by 
O. W. Davis, 1914 

Younger alluvium: 
Soil and clay, sandy 

Older alluvium: 
Boulders, sand, clay and gumbo, 1st water at 108 ft 
Clay, gumbo and sand 
Clay, gumbo, sand and shale, 2nd water at 209 ft 
Shale and gumbo 
Gumbo, 3rd water at 328 ft 
Sand and gravel, 4th water at 340 ft 
Gumbo 
Shale and gumbo 
Sandstone, red 
Gumbo and shale 
Gumbo 
Gumbo and shale 

17 

95 
54 
62 
82 
30 

7 
7 

31 
4 

27 
11 

110 

17 

112 
166 
228 
310 
340 
347 
354 
385 
389 
416 
427 
537 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.14.144. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Shale 
Gumbo 

Casing, 13-in. set 0 - 349 ft; 10-in., 349 - 620 ft. 

48 
35 

Depth 
(feet) 

585 
620 

Well 11.30.14. l44b. Southern Pacific Company. SP well 15 drilled by 
Layne-Bowler Co., 1917 

Soil 38 38 
Older alluviwn: 

Rock, chalk 2 40 
Clay, sandy 38 78 
Clay 10 88 
Sand, coarse 11 99 
Clay, s"ndy 16 115 
Clay 74 189 
Clay, sandy 4 193 
Clay and shale 39 232 
Gumbo 23 255 
Sand, fine, struck water at 255 ft 18 273 
Sand, water-bearing 37 310 
Clay, sticky 19 329 
Gumbo, tough 9 338 
Sand and gravel, struck water at 338 ft 16 354 
Gumbo 6 360 
Sand, red 8 368 

Casing, 24-in., set 0-325 ft, No.9 Layne Screen; strainer, 46 ft of 
l6-in., set 322-368 ft. 

Well 11. 30.14 .144c. Southern Pacific Company. SP well 20 drilled 
Layne-Bowler Co., 1917 

Older alluvium: 
Soil and clay 38 
Chalk rock 2 
Clay, sandy 38 
Clay 10 
Sand 11 
Clay, sandy 16 
Clay 75 
Clay, sandy 8 
Gumbo 62 
Sand, fine 18 

38 
40 
78 
88 
99 

115 
190 
198 
260 
278 
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TABLE 6 (continued) 

Materials 

Well 11.30.14.144c. Southern Pacific Company 

Older alluvium: (continued) 
Gumbo, hard 
Gumbo, water struck at 339 ft 
Sand and gravel, water-bearing 
Gumbo 

Thickness 
(feet) 

(continued) 

56 
10 
14 

3 

Depth 
(feet) 

334 
344 
358 
301 

Casing, 13-in. set to 334 ft; perforated 341 - 361 ft; gravel-packed 
in 1937. 

Well 11.30.l4.144d. Southern Pacific Company. Test hole at SP well 20 
drilled by W. L. Cass, 1937 

Older alluvium: 
Clay, red 
Clay, sand, and small gravel 
Gravel and sand 
Clay, red 
Gravel, yield 8 gpm 
Clay, red and very fine sand 
Clay, yellow 
Clay, mixed with fine sand 
Clay, red 
Clay, gray 
Clay, red, very hard 
Clay, red, and very fine sand 
Gravel, water-bearing 
Clay (at bottom) 

Casing, 6-in. set +4 - 334 ft. 

Well 11.30.14 .144e. Southern Pacific Company. 

Soil 
Older alluvium: 

Sand and clay 
Sand and gravel 
Clay, sandy 
Sand, fine 
Clay, sandy 
Shale and gumbo 

Layne-Bowler Co., 1918 

Clay, struck water at 332 ft 
Sand and gravel, water-bearing 

30 
20 
11 
10 

1 
64 

3 
96 
13 

2 
85 
17 

8 

SP well 21 drilled 

4 

16 
30 
30 
40 

172 
38 

2 
32 

Casing, 13-in., set 0 - 364 ft, perforated 344 - 364 ft. 

30 
50 
61 
71 
72 

136 
139 
235 
248 
250 
335 
352 
360 

by 

4 

20 
50 
80 

120 
292 
330 
332 
364 
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TABLE 6 (continued) 

Materials: 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.30.14. 144f. Southern Pacific Company. SP well 22 drilled by 
Layne-Bowler Co., 1918 

1!Soilll 

Older alluvium: 
Sand and gravel 
Gumbo 
Sand 
Clay and gumbo 
Clay 
Clay and gravel 
Gumbo 
Sand, water-bearing 
Gumbo 

Casing, 13 in. set 0 - 344 ft, perforated 170 - 365 ft. 

21 

49 
20 
10 

100 
70 
20 
60 
10 

5 

21 

70 
90 

100 
200 
270 
290 
350 
360 
365 

Well 11.30.14.211. Southern Pacific Company. SP well 18, test hole 
drilled by Layne-Bowler Co., 1917 

Soil, red 4 4 
Older alluvium: 

Clay 16 20 
Sand and gravel 25 45 
Rock 2 47 
Clay 52 99 
Gumbo, some water at 120 ft 24 123 
Sand and gravel 26 149 
Clay and gravel 11 160 
Clay, sandy 20 180 
Sand 19 199 
Gumbo, hard 112 311 
Gumbo 1 312 
Gravel, some water at 313 ft 5 317 
Gravel and clay 17 334 
Sand and gravel, water-bearing 15 349 
Clay and gravel 20 369 

Casing, none. 

Well 11.30.14.211a. Southern Pacific Company. SP well 26, test hole 
drilled by Layne-Bowler Co., 1918 

Soil, sandy 20 20 
Older alluvium: 

Sand, coarse, and gravel 31 51 
Sand, fine, and clay 104 155 
Clay 4 159 
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TABLE 6 (continued) 

Materials 
Thickness 

(feet) 

Well 11.30.14.211a. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Sand, fine 
Clay 
Clay and sand 
Clay 
Shale 
Sand 
Rock 

Casing, none. 

13 
42 
45 
44 
22 
20 

6 

Depth 
(feet) 

172 
214 
259 
303 
325 
345 
351 

Well 11.30.14.221b. Southern Pacific Company. SP well 17, test hole 
drilled by Layne-Bowler Co., 1917 

Soil 
Older alluvium: 

Clay 
Clay, sandy 
Sand and gravel 
Clay, sandy 
Gumbo 
Shale 
Sand, fine, water-bearing 
Clay 
Sand, fine, water-bearing 
Clay 
Gumbo 
Sand, fine) and gravel, water-bearing 
Gumbo 
Clay, sandy 
Sand, fine 
Clay, soft 
Sand and gravel 
Gumbo 
Clay, sandy, soft 
Sand, water-bearing 
Boulders 
Clay and gravel 
Gumbo 

Casing, none. 

4 4 

16 20 
11 31 
15 46 
13 59 
39 98 
18 116 

9 125 
5 130 

15 145 
13 158 
21 179 
33 212 

9 221 
8 229 

11 240 
54 294 

5 299 
28 327 

7 334 
7 341 
2 343 
5 348 

21 369 
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TABLE 6 (continued) 

Thickness 
(feet) 

Wellll.30.14.221c. Southern Pacific Company. Test hole No.7, 
drilled 1927. 

Older alluvium: 
Lime, white 10 
Clay, sandy, red 10 
Gravel, dry 9 
Rock, flint 2 
Clay, red, and gravel 15 
Clay, red 12 
Sand, red 49 
Gravel 2 
Sand, red 19 
Clay, red, sticky 7 
Clay, red, sandy 57 
Gumbo, dark, red 35 
Sand, red 12 
Clay, hard, brown 18 
Sand, red 6 
Clay, tough, red 4 
Clay, red 7 
Sand, "flowingll water 13 
Clay, red 4 
Sand, loose, sharp, white 4 
Clay, red 15 
Sand, loose, sharp, white 3 
Clay, hard, red, and gravel 9 
Clay, hard, red 54 
Clay, red, and gravel 4 
Gumbo, red 25 
Clay, very hard, red 10 
Gumbo, red 11 
Clay, red 4 
Clay, sandy, red 2 
Clay, hard, red 11 
Clay, soft, red 2 

Casing, 6-in. set 120-332 ft, 41 ft of slotted pipe. 

Depth 
(feet) 

10 
20 
29 
31 
46 
58 

107 
109 
128 
135 
192 
227 
239 
257 
263 
267 
274 
287 
291 
295 
310 
313 
322 
376 
380 
405 
415 
426 
430 
432 
443 
445 

Well 11.30.14.223. Southern Pacific Company. SP well 16, test hole 
drilled by Layne-Bowler Co., 1917 

Soil 3 3 
Older alluvium: 

Clay, sandy 24 27 
Sand and gravel 15 42 
Clay and gravel 54 96 
Sand, fine, water-bearing 18 114 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.14.223. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Gumbo 
Clay, sandy 
Gumbo 
Clay, sandy 
Sand, fine 
Gumbo 
Sand, fine, water-bearing 
Gumbo 
Clay, sandy 
Gumbo 
Sand and gravel, water-bearing 
Clay, hard 
Gumbo 
Gravel, cemented 
Sand, fine 
Gravel, cemented 

Casing, none 

76 
19 
39 
12 

2 
8 
8 

37 
8 

36 
4 

10 
1 

46 
4 

26 

Depth 
(feet) 

190 
209 
248 
260 
262 
270 
278 
315 
323 
359 
363 
373 
374 
420 
424 
450 

Wellll.30.14.231. Southern Pacific Company. SP well 19, test hole 
drilled by Layne and Bowler Co., 1917 

Soil 
Older alluvium: 

Clay 
Sand and gravel 
Clay 
Clay, sandy 
Sand, water-bearing 
Clay 
Clay, sandy 
Gumbo 
Shale 
Gumbo 
Clay 
Gumbo 
Clay, sandy 
Gumbo 
Sand and gravel 

Casing, none. 

2 2 

18 20 
39 59 
20 79 
10 89 
14 103 
75 178 
47 225 
30 255 
20 275 
36 311 

3 314 
16 330 

4 334 
7 341 

10 351 
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TABLE 6 (continued) 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.30.15.224. City of TUcumcari. Town field well 10 drilled by 
J. R. Watson, 1929 

Tl SOi1 , " sandy 20 20 
Older alluvium: 

Gravel, dry 15 35 
Sand, packed, dry 120 155 
Mud 20 175 
Sand, packed 70 245 
Sand and gravel, water-bearing 25 270 
Clay 28 298 
Gravel, water-bearing 6 304 
Sand, packed, and mud 36 340 
Rock, water-bearing 15 355 
Clay 5 360 

Casing, 20-in. set 0-190 ft, forced through raw concrete poured into 
hole, allowed to set 10 days; 15-in. centered and well drilled to 
360 ft, casing set at 325 ft; 9 5/8-in. centered and set to 360 ft 
perforated 255 - 295 and 315 - 355 ft; gravel-packed 185 - 360 ft, 
15-in. casing pulled; 8-in. casing later installed inside 9 5/8-in. 
casing; no record of placement or perforation. 

Well 11.30.15.243. City of Tucumcari. Town field well 11 drilled by 
J. R. Watson, 1930 

Soil, sandy 
Younger alluvium: 

Adobe 
Older alluvium: 

Gravel, sandy clay 
Clay, sandy 
Sand, packed 
Sand, packed, some clay 
Sand, hard packed 
Sand, gravel, bearing some water 
Sand, packed 
Sand, some water 
Clay, very muddy 
Clay, streaks of water-bearing gravel 
Gravel, quicksand, water-bearing 
Rock, water, some quicksand 
Clay, white 
Rock, water, some quicksand 

2 

10 

23 
25 
20 
50 
10 
15 
85 

5 
15 
25 
27 
25 

8 
15 

2 

12 

35 
60 
80 

130 
140 
155 
240 
245 
260 
285 
312 
337 
345 
360 

Casing, 20-in. set 0-190 ft, cemented at bottom; 18!-in. set 182 - 227 
ft, cemented at bottom; 10-in. set 0 - 360 ft, perforated 260 - 360 
ft; reported to be gravel-packed from 177 to 360 ft. 
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TABLE 6 (continued) 

1Ia lc rials 
Thickness 

(feet) 
Depth 

(feet) 

Well 11.30.15.434. Southern Pacific Company. SP well 31 drilled by 
F. M. Smith, 1920 

Younger alluvium: 
Caliche 

Older alluvium: 
Clay, red 
Gravel 
Gravel and clay 
Clay, red 
Gravel and clay 
Gravel and boulders 
Sand and rock 
Gravel and clay 
Clay, red 
Sand and gravel, water struck at 277 it 
Gravel 
Clay, red 

10 

30 
32 
13 

5 
20, 
39 

3 
14 

111 
11 
11 

4 

Casing, 10-in, , set 0-302.5 ft; bottom 23 ft of pipe slotted. 

10 

40 
72 
85 
90 

110 
149 
152 
166 
277 
288 
299 
303 

Well 11. 30.15.443. Southern Pacific Company. SP well 28 drilled by 
F. M. Smith, 1920 

Younger alluvium: 
Caliche 10 10 

Older alluvium: 
Clay, red 20 30 
Clay, red, and gravel 18 48 
Boulders and gravel 28 76 
Clay, red 2 78 
Gravel and clay 5 83 
Gravel and boulders 15 98 
Clay, red, and gravel 6 104 
Clay, sandy, red 16 120 
Clay, red 5 125 
Gravel and boulders 4 129 
Gravel 11 140 
Gravel and sand 7 147 
Gravel 16 163 
Clay, red 7 170 
Gravel 10 180 
Clay, red 95 275 
Sand 4 279 
Gravel 10 289 
Gumbo 3 292 
Gumbo 88.5 380.5 

Casing, 10-in., set 0-313.6 ft; perforated 269-313.6 ft. 



167 

TABLE 6 (continued) 

Materials 
Thickness 

(feet) 
Depth 

(feet) 

Well 1l.30.1S.443a. Southern Pacific Company. SP well 29 drilled by 
F. M. Smith, 1920 

Younger alluvium: 
Caliche 

Older alluvium: 
Clay, red 
Clay, red, gravel, and boulders 
Gravel and boulders 
Gravel and clay 
Clay, red 
Gravel and boulders 
Gravel 
Clay, red 
Gumbo 
Sand and gravel, water struck at 278 ft 
Gravel 
Clay, red 

10 

20 
10 
32 
21 
19 
53 

4 
61 
45 

5 
12 

3 

Casing, 10-in., set 0-292.5 ft; bottom 22 ft of pipe slotted. 

10 

30 
40 
72 
93 

112 
165 
169 
230 
275 
280 
292 
295 

Well 1l.30.15.443b. Southern Pacific Company. SP well 32, test well 
drilled by Southern Pacific Co., 1926 

Younger alluvium: 
Caliche 10 10 

Older alluvium: 
Clay, sandy 14 24 
Gumbo, red 3 27 
Clay, red, sandy, with gravel and boulders 10 37 
Sand, gravel, boulders 20 57 
Clay, yellow, and gravel 2 59 
Sand, gravel J boulders 15 74 
Sand, gravel, clay 3 77 
Sand, gravel, boulders 12 89 
Clay, sandy 5 94 
Boulders 3 97 
Gravel and white sand 5 102 
Clay, red, with sand, gravel and boulders 16 118 
Clay, red 6 124 
Sand, gravel, boulders 11 135 
Gravel 9 144 
Boulders 19.5 163.5 
Sand 10.5 174 
Gravel and sand 13 187 
Gravel 7 194 
Sand 2 196 
Clay, red, sandy 4 200 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11. 30.15. 443b. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Gwnbo, red 
Clay, red, sandy 
Gumbo, red 
Clay, red, sandy 

12 
4 

19 
15 

(No record) Report water struck at 284 ft; see log 
of well 15.443 located 50 ft to N.E. 50 

CaSing, 13-in., set to 300 ft; bottom 20 ft of pipe slotted. 

Well 11.30.21.242. Southern Pacific Company. SP test hole No. 
drilled 1925 

Older alluvium: 
Clay 25 
Clay, sandy, and gravel 15 
Gravel and clay, water seep 5 

Chinle Formation: 
Clay 127 
Gravel and clay 8 
Clay 40 
Gravel and clay 7 
Clay 86 

CaSing, none 

Well 11 . 30 . 21. 413 . Southern Pacific Company. sp test hole No. 
drilled 1924 

Older alluvium(?): 
Clay 22 
Sandstone 2.5 
Clay and gravel 1.5 
Sandstone 2.5 
Clay .5 
Sand, gravel, and boulders 2 
Clay and boulders 2.5 
Clay 6 
Rock, white .5 
Clay and gravel 4 

Entrada(?) Sandstone: 
Sandstone 1.5 
Clay and gravel 2.5 

Chinle Formation: 
Clay 220 

Depth 
(feet) 

3, 

1, 

212 
216 
235 
250 

300 

25 
40 
45 

172 
180 
220 
227 
313 

22 
24.5 
26 
28.5 
29 
31 
33.5 
39.5 
40 
44 

45.5 
48 

268 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11.30.21. 413. Southern Pacific Company (continued) 

Chinle Formation: (continued) 

Shale, red 
Clay 
Shale, red 
Clay 
Clay and gravel 
Clay 

Casing, none. 

Well 11.30.22.124a. 

Soil 
Older alluviwn: 

Stony, white 
Sandstone 
Sand 
Clay 
Sandstone 
Sand and gravel, 
Boulders 
Sand and gravel 
Sand, gravel, and 
Boulders 
Sandstone 
Clay, sandy 
Sand 
Sandstone 
Sand 
Sandstone 
Sand 
Sandstone 
Clay, sandy, and 
Clay and gravel 
Clay, very sandy 
Gravel, dry 
Sand and gravel 
Clay 
Sand and gravel 
Clay 
Sand 
Clay 
Sand 
Clay 

Southern Pacific Company. SP test 
drilled 1925 

dry 

boulders 

gravel 

14 
8 
5 

32 
3 

95 

hole 

2 

13 
12 

3 

No. 

9.5 
.5 

6 
5 
2 
4 
3 
7 
5 
4 
4 
4 
2 
3 
8 

II 
12 
10 

5 
2 
3 

33 
25 

4 
22 

3 
6 

Depth 
(feet) 

4, 

282 
290 
295 
327 
330 
425 

2 

15 
27 
30 
39.5 
40 
46 
51 
53 
57 
60 
67 
72 
76 
80 
84 
86 
89 
97 

108 
120 
130 
135 
137 
140 
173 
198 
202 
224 
227 
233 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11. 30.22 .124a. Southern Pacific Company (continued) 

Older alluvium: (continued) 
Sand, fine, water-bearing 
Sandstone 
Clay 
Sand 
Clay and gravel 
Gumbo 
Clay 

Casing, none. 

6 
3 
6 
8 

19 
10 

7 

Depth 
(feet) 

239 
242 
248 
256 
275 
285 
292 

Well 11.30.29.132. Southern Pacific Company. 
dri lIed 1925 

SP test hole No.2, 

Soil, sandy 
Morrison Formation: 

Clay, sandy 
Clay, sandy, and boulders 
Clay, sandy 
Clay 
Clay, sandy 

Entrada Sandstone: 
Sand, packed, water-bearing 
Clay 
Sand, quick, little water 
Clay, sandy 
Sand, quick, water 
Clay 

Casing, none. 

Well 1l.30.29.221a. Southern Pacific Company. 
drilled 1925 

Soil, sandy 
Morrison(?) Formation: 

Clay, sandy 
Entrada(?) Sandstone: 

Sandstone 
Sand, brown 
Sand, water-bearing 
Sand, packed 
Gravel, water-bearing 
Clay, red, sticky 
Sand 
Sandstone 

10 10 

4 14 
4 18 

12 30 
60 90 

5 95 

10 105 
7 112 

53 165 
11 176 

4 180 
4 184 

SP test hole No. 5, 

10 10 

15 25 

4 29 
9 38 

12 50 
17 67 

3 70 
6 76 
2 78 

12 90 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11. 30.29. 221a. Southern Pacific Company (continued) 

Entrada(?) Sandstone: (continued) 
Sand, packed 
Clay, red J soft 
Sand and gravel, water-bearing 
Clay 
Sand 
Sandstone 

Chinle Formation: 
Clay, red 
Gumbo and gravel 
Clay and "soapstone'1 
Clay and gumbo 
Clay, sandy 
Clay 
Clay, sandy 
Clay 
Clay and gravel 
Clay 
"Flintll 
Clay 
"Soil and caliche!! 
Clay, sandy 
lISoilll 
Clay 
Clay and gravel 
Clay 
Clay and lime 
Clay, lime, and gravel 
Gumbo 
Clay, sandy 
Gumbo 
Clay, sandy 
Clay, and sandy shale 
Clay 
Sandstone 
Clay, sandy 

Casing, 6-in., set 224-697 ft, buckled at 678 ft. 

5 
5 
4 
2 
9 

16 

43 
6 
6 

141 
23 
93 

3 
23 
10 

5 
.5 

3.5 
25 

3 
2 

15 
9 

49 
27 
23 
39 

9 
3 

25 
3 

11 
.5 

4.5 

Well 11.30.30.313. Ci ty of Tucumcari. Metropolitan Park well 15 
drilled by J. R. Watson, 1938 

Soil, sandy 
Older alluvium: 

Boulders 
Clay, sandy 

8 

3 
8 

Depth 
(feet) 

95 
100 
104 
106 
115 
131 

174 
180 
186 
327 
350 
443 
446 
469 
479 
484 
484.5 
488 
513 
516 
518 
533 
542 
591 
618 
641 
680 
689 
692 
717 
720 
731 
731. 5 
736 

8 

11 
19 
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TABLE 6 (continued) 

Materials 

Well 11.30.3Q.313. City of Tucumcari (continued) 

Morrison Formation: 
Sandstone 
Shale, gray 
Sandstone 
Shale, gray, sandy 
Shale, red 
Shale, brown 

Entrada Sandstone! 
Sandstone 
Sand, loose, probably dry 
Shale, sandy 
Sand, loose, lots of water 
Sand, loose, with streaks of hard sand, water 
Sand, red, packed 
Sand, loose, water 
Sand, red, packed 
Sand, loose, much water 
Sand, honeycombed 

Chinle Formation: 
Shale, red 

Thickness 
(feet) 

19 
17 
18 
37 
35 
15 

5 
10 

5 
50 
40 

6 
17 
12 
80 

9 

6 

Depth 
(feet) 

38 
55 
73 

110 
145 
160 

165 
175 
180 
230 
270 
276 
293 
305 
385 
394 

400 

Casing, 18i-in., set 0-163 ft, cemented 133-163 ft; 16-in., set 0-271.5 
ft; perforated 173.5 - 271.5 ft; 13-in., set 263-400 ft, perforated. 

Well 11.30.30.314. City of Tucumcari. Metropolitan Park well 22, 
drilled by Oliver Well Works, Inc., 1951 

1I 80i1 11 

Older Alluvium: 
Gravel J packed, with "shells!' 

Morrison Formation: 
Sandstone, red 
Sandstone, white 
Sandstone, soft, with layers of hard, brown stone 
Clay, blue, with layers of brown stone and 

ITsoapstone ll 

Clay, blue, with "soapstone" 
Clay, red 
Stone, brown 
Stone, brown, with layers of blue and red clay 
Stone, brown 
Clay, blue, with layers of brown stone 
Clay, blue 
Clay, red 
Clay, blue 
Stone, soft 

20 

8 

1 
1 

22 

13 
10 

1 
2 
2 

14 
2 

16 
3 
5 
5 

20 

28 

29 
30 
52 

65 
75 
76 
78 
80 
94 
96 

112 
115 
120 
125 



173 

TABLE 6 (continued) 

Ma terials 

Well 11.30.30.314. City of Tucumcari. (continued) 

Morrison Formation: (con Unued) 
Clay, red 
Clay, red and blue 
Clay, red 
Shale, red and blue 
Sandstone, hard 
Shale, red and blue, with rock 
Shale, blue, with layers of rock 
Shale, blue and red, with rock 
Rock, hard 
Shale, blue, or "soapstone" 
Rock, hard 
Shale or !lsoapstone ll 

Entrada Sandstone: 
Clay, blue, and some "Wingate" sand 
Clay, blue, and sandstone 
Sand, I1Winga tell 

Alternating, hard and soft 
lISoapstonell 
Sand, "Wingate" 
!ISoapstone" 
Sand, "Wingate," with layers of "soapstone" 
Sand, "Wingate II 
11 Soapstone" 
Sand, "Wingate, II with layers of "soapstone!! 
Sand, "Wingate'! 

Chinle Formation: 
Clay, red, with IIsoapstone" 
Clay, red 

Thickness 
(feet) 

5 
5 

25 
2 
2 
1 
5 
6 
1 
3 
3 
7 

3 
12 
50 
13 

7 
1 
4 

20 
25 
10 
25 
50 

10 
15 

Casing, 32-in., set 0-190 ft; no record of casing below 190 ft. 

Depth 
(feet) 

130 
135 
160 
162 
164 
165 
170 
176 
177 
180 
183 
190 

193 
205 
255 
268 
275 
276 
280 
300 
325 
335 
360 
410 

420 
435 

Well 11.30.30.323. City of Tucumcari. Metropolitan Park well 14 
drilled in 1936, deepened by J. R. Watson, 1938 

Soil, sandy 
Older alluvium: 

Boulders, large 
Clay, sandy 

Morrison Formation: 
Sandstone 
Shale, gray 
Sandstone 
Shale 

Entrada Sandstone: 
Sandstone 

8 

3 
8 

19 
27 
25 
70 

5 

8 

11 
19 

38 
65 
90 

160 

165 
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TABLE 6 (continued) 

Ma terials 

Well 11.30.30 .. 323. City of Tucumcari. (continued) 

Entrada Sandstone: (continued) 
Sand, loose 
Shale J sandy 
Sand, loose 
Sand and gravel 
Sand, hard, red, packed 
Sand, loose 
Sand, hard, red, packed 
Sand, loose 
Sand, loose, and gravel 
Sand, honeycombed 

Chinle Formation: 
Shale, red 

Casing, 15-in. 

Thickness 
(feet) 

10 
5 

50 
40 

6 
17 
12 
25 
55 

9 

6 

Well 11.30.30.341. City of Tucumcari. Metropoli tan Park well 19 
drilled by D. L. McDonald, 1945 

Soil 
Older alluvium: 

Clay, sandy 
Morrison Formation: 

Rock 
Shale, gray 
Shale, brown 
Sandstone 
Gravel, large 
Sandstone 
Sand 
Clay, blue 

Entrada Sandstone: 
Sand 
Sandstone 
Sand 
Sandstone 
Sand, "thin 
Clay, brown 
Sand 
Clay 
Sand 
Shale, brown 
Sandstone 
Shale, brown 

shells 

Casing, 14(?)-in. 

" 

2 

38 

10 
15 
41 
11 

1 
40 
29 

2 

8 
6 
5 

29 
24 

9 
57 

5 
5 

10 
15 
38 

Depth 
(feet) 

175 
180 
230 
270 
276 
293 
305 
330 
385 
394 

400 

2 

40 

50 
65 

106 
ll7 
118 
158 
187 
189 

197 
203 
208 
237 
261 
270 
327 
332 
337 
347 
362 
400 
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TABLE 6 (continued) 

Thickness Depth 
Materials (feet) (feet) 

Well 11. 30.30.344. City of Tucumcari. Metropolitan Parlt well 
drilled by Walking 1936(?), deepened by 
Watson, 1938(?) 

Soil 5 
Older alluvium: 

Conglomerate 10 
Clay, red, and decomposed Shale 21 

Morrison Formation: 
Sand, light-yellow, carrying water - about 3 gpm; 

rose to within 15 ft of surface 2 
Clay, red and blue, and small boulders and 

gravel, dry 27 
Sand, water, estimated 5 gpm 3 
Clay, red 42 
Shale, blue 2 
Sand rock, hard 2 
Clay, blue 2 
Sand, water, about 60 gpm 6 
I!Boulders,1I gravel, sand, and blue shale; some water 7 
Rock, hard, "bOUlders" 3 
Shale, brown 3 

Entrada Sandstone: 
Sand, water 
Sandstone, yellow, soft 
Sand, white, water 
Shale, blue 

2 
5 

28 
1 

Sand, water 34 
Sand, red, hard-packed 7 
Sand, water 8 
Sand, red, packed 15 
Sand, white, clean, water-bearing 30 
Sand, hard-packed 8 
Sand, honeycombed 10 
Sand, white, hard 7 
Sand, honeycombed, hard, with strealts of soft sand 70 

Chinle Formation: 
Sandstone, red 7 

16 
J. R. 

Casing, 81-in. set originally to 171 ft by Walking; pulled by J. R. 
Watson, 1938(?); 18-in.,set to 180 ft, and cemented; 122-in.,set 
180-367 ft. 

5 

15 
36 

38 

65 
68 

110 
112 
114 
116 
122 
129 
132 
135 

137 
142 
170 
171 
205 
212 
220 
235 
265 
273 
283 
290 
360 

367 
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TABLE 6 (continued) 

Thickness 
(feet) 

Well 11. 30.30.413. Ci ty of Tucumcari. Metropoli tan Park well 20 
drilled by D. L. McDonald, 1945 

Soil 
Tucumcari Shale: 

Clay, yellow 
Morrison Formation: 

Clay, blue 
Sand, soft 
Rock, hard 
Clay, brown 
Sandstone 
Clay, brown 
Clay, blue 
Sandstone 
Clay, brown 

Entrada Sandstone: 
Sand 
Clay, blue 
Sand 
II Shell J r1 hard 
Sand 
Sand, with thin clay strata 
Sandstone 
Shale, brown 
Sand 
Clay, blue 

Chinle Formation: 
Shale) red 

Casing, 14-in. 

5 

45 

5 
50 

2 
5 
8 

18 
4 
4 

13 

54 
1 
5 
1 

16 
58 
15 

6 
20 
28 

10 

Well 11.30.30.443. City of Tucumcari. Metropolitan Park well 18 
drilled by D. L. McDonald, 1945 

Soil 5 
Old alluvium: 

Caliche 10 
Clay 5 
Gravel and sand 3 

Morrison Formation: 
Clay 8 
Clay, brown 14 
Clay and sand 5 
Shale and sand 5 
Sandrock, hard 5 
Shale 10 
Shale, sandy, hard 14 

Depth 
(feet) 

5 

50 

55 
105 
107 
112 
120 
138 
142 
146 
159 

213 
214 
219 
220 
236 
294 
309 
315 
335 
363 

373 

5 

15 
20 
23 

31 
45 
50 
55 
60 
70 
84 
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TABLE 6 (continued) 

Materials 

Well 11.30.30.443. City of Tucumcari (continued) 

Entrada Sandstone: 
Sand, white 
Shale and sand 
Sand 
Sand and shale streaks 
Sand 
Sandrock 
Sand 
Sand and shale, hard 
Sandstone 
Sandstone, hard 
Shale, hard 

Chinle Formation: 
Clay, red 

Thickness 
(feet) 

22 
22 
42 
20 
20 
10 
50 
14 

6 
13 

7 

20 

Depth 
(feet) 

106 
128 
170 
190 
210 
220 
270 
284 
290 
303 
310 

330 

Casing, 24 in., set 0-126 ft; 16-in., set 126-293 it; under-reamed to 
36 in. and gravel-packed, 126-276 ft. 



P"",pcd or 
InJ<,,,lcd ... ,,11 

).IH,Xlpoliun park Fl"ld 

{~"" fir.. :» 

lL30.JO.J1J 
(M!' 15) 

11.30.30.JII 
(\!J> 22) 

])0. 

00. 

11 :W.IJ.l14 
(W 1) 

00. 

II 29. ll. III 
(W 2) 

~. 

00. 

W,nndW2 

00. 

Town Field 
~16) 

11.30.15.2·13 
(T 11) 

00. 

ou",,. A,.ca~ 
(5"" fig. 4) 

10.26.22.421 
(K1nl",ad Ranch) 

10.29. 4.443 
(KInkead Ranch) 

10.29. 6.211 
(Curry Ranch) 

10.29.7.212 
(KInkead Ranch) 

00. 

10.29.30.422 
(1(1n)[cad Ranch) 

11.29.19.231 
(Camr>bell Ranch) 

00. 

1l.30.20A34a 
(Butler IUlneh) 

00 • 
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TABLE 7 

AQUIFER TESTS IN THE TUCUMCARI AREA, QUAY COUNTY, N. !<lEX. 

Observatio,,· 
... "ll 

11.30,30,313 
011' 15) 

II.JO.:IO.323 
(MP 11) 

ll.30,3O.314 
eMP 22) 

11.29.13,3141> 
(W I tcst hole) 

11.29.13,311 
(W 1) 

It.29.1l.314n 
(W 1 test hole) 

11.29,13.133 
(W 2) 

00. 

Date, 
Aquifer sttlrt of Method of analysis 

t"st 

£nt.-",d" 2 -20-53 Recovery, v. lit 
Sandstone (Injection) 

1 -21-53 flecovery v. r2ft; 10g-lo(l: ~c"lc 

do, Recovery v, l/t; log-log sCIllo 

00. do. Recovery v. t 011 log scalc 

00. 9 _25_52 Recovery v. t on log s"ale 

10- 6-52 O,.a"dow" v. 1ft; log-log scale 

11-20-52 Recovery v. t' on log ""ale 

<10. Recovery v. "t.on log scale 

10-23-52 

Recovery v. l/t log-log "cale 

do. do. 1 -22-53 Drmldown v. l/t; log-log :;\"ale 

1l.2~.13.321 do. 12- 5_52 Recovery v. log (tl/t'IX t 2 /t'2) 
(W 3 test hole) 

do. do. do. do. 

1l.30.1~.243 Older 1 -24-53 Drawdown v. t on log !Icalc 
(1' 11) aUuvium 

do. do. do. Recovery v. t' on log scale 

10.28.22.421 

10.29. 4.443 

10.29. 6.211 

10.29.7.212 

00. 

10.29.30.422 

11.29.19.231 

11.30.20.434a 

00. 

00. 

Entrada 10-16-52 Recovcry v. toe log "enle 
S3nd$tonc 

Morrisos 11- 6-52 
Fo=ation 

1 -23-~3 Recovery v. l/t 
(injection) 

Entrada 2 _19_53 Orawdown v. t on log scale 
sand"tone 

do. do. Recovery v. t' on log ~ealc 

10-14-~2 

1 -23-53 Recovery v. l/t; injectien 

00. 

11-10-52 Dra"'do"'" v. t; log-log scllle 

do. Dra"'dew" v. t on lag scale 

00. Racovery v. t on log sCIlle 

Cocfticiont 

ot tr"""
.,1""ibl1ity 

(lWd/Ct) 

1,070 

'" 
1,070 

'" 
'" 

1,110 

'" 

6,610 

1,200 

'" 
2,800 

2,980 

'" 

'" 
1,150 

310{)(~) 

'" 

C"eCficient 
of storage 

0.00035 

• 14'1 

• 126 

• 013 

• 0003 

" ..• 0012 

• 0002 

• 0083 

.055 

Scc fi&. 9, 

S<>" fig. 10. 

Sec !ig. 11 • 

Sen fig. 12 • 

P""'plng .. ate rcdu,,<)d by 34 lIP"' . 

Pwoping rate 155 Ill"" • 

See fig. 16. 

pumping ,.atc 155 gpm • 

See fig. 15. 

Sec tig. 14 • 

Pump!nll ,.ate 170 gpm. 

Sec fig. 17. 

Sec fig. 19. 

00. 

PWlIplng rate I (Wm. 

PWlIping rate 1 gpm. 

Sea fig. 22. 

See tig. 23. 

Fiatu ob~crvatiQn" adjusted to 
pass threugh the origin. 

Se" tig. 20. 

Sec fig. 21. 

• K1. ; K is permeability and t is tha depth of penetration at the aquifer, in feet, in the Hantush lOethed ef analysls of p"rtial ponetration. 

"Ss is the speCific sterage which when multiplied by the thiCkness of the aquifer in "q .... l to the coefticicnt of storage. 






	Tech Report 30.pdf
	DOC216
	DOC217
	DOC218
	DOC219
	DOC220
	DOC221
	DOC222
	DOC223
	DOC224
	DOC225
	DOC226
	DOC227
	DOC228
	DOC229
	DOC230
	DOC231
	DOC232
	DOC233
	DOC234
	DOC235
	DOC236
	DOC237
	DOC238
	DOC239
	DOC240
	DOC241
	DOC242
	DOC243
	DOC244
	DOC245
	DOC246
	DOC247
	DOC248
	DOC249
	DOC250
	DOC251
	DOC252
	DOC253
	DOC254
	DOC255
	DOC256
	DOC257
	DOC258
	DOC259
	DOC260
	DOC261
	DOC262
	DOC263
	DOC264
	DOC265
	DOC266
	DOC267
	DOC268
	DOC269
	DOC270
	DOC271
	DOC272
	DOC273
	DOC274
	DOC275
	DOC276
	DOC277
	DOC278
	DOC279
	DOC280
	DOC281
	DOC282
	DOC283
	DOC284
	DOC285
	DOC286
	DOC287
	DOC288
	DOC289
	DOC290
	DOC291
	DOC292
	DOC293
	DOC294
	DOC295
	DOC296
	DOC297
	DOC298
	DOC299
	DOC300
	DOC301
	DOC302
	DOC303
	DOC304
	DOC305
	DOC306
	DOC307
	DOC308
	DOC309
	DOC310
	DOC311
	DOC312
	DOC313
	DOC314
	DOC315
	DOC316
	DOC317
	DOC318
	DOC319
	DOC320
	DOC321
	DOC322
	DOC323
	DOC324
	DOC325
	DOC326
	DOC327
	DOC328
	DOC329
	DOC330
	DOC331
	DOC332
	DOC333
	DOC334
	DOC335
	DOC336
	DOC337
	DOC338
	DOC339
	DOC340
	DOC341
	DOC342
	DOC343
	DOC344
	DOC345
	DOC346
	DOC347
	DOC348
	DOC349
	DOC350
	DOC351
	DOC352
	DOC353
	DOC354
	DOC355
	DOC356
	DOC357
	DOC358
	DOC359
	DOC360
	DOC361
	DOC362
	DOC363
	DOC364
	DOC365
	DOC366
	DOC367
	DOC368
	DOC369
	DOC370
	DOC371
	DOC372
	DOC373
	DOC374
	DOC375
	DOC376
	DOC377
	DOC378
	DOC379
	DOC380
	DOC381
	DOC382
	DOC383
	DOC384
	DOC385
	DOC386
	DOC387
	DOC388
	DOC389
	DOC390
	DOC391
	DOC392
	DOC393
	DOC394
	DOC395
	DOC396
	DOC397
	DOC398
	DOC399
	DOC400
	DOC401
	DOC402

	Tucumcari plate 1
	Tucumcari plate 2

