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GROUND WATER IN HUERFANO COUNTY, COLORADO
By THAD G. MCLATTGHLIN
ABSTRACT

Huerfano County includes nearly 1,600 square miles in south-central Colorado. The western part of the county is in the Southern Rocky Mountains, and
the remainder is in the Great Plains. It is an area of diverse topography
from rolling grassy plains to rugged mountain peaks which is drained by the
Huerfano River. The climate is semiarid to subhumid, the annual precipitation
ranging from about 14 to nearly 30 inches.
The mountains in the western part of the county are of diverse stratigraphy
and complex structure. The remainder of the county is underlain chiefly by
rocks of Mesozoic age that dip very steeply eastward from the foothills into the
Raton basin and that dip much less steeply westward from the Apishapa arch,
also into the Raton basin. The westward dip of the rocks from the Apishapa
arch is interrupted by several extensive normal faults.
In general, Huerfano County has two types of aquifers: alluvial and bedrock. The alluvial aquifers are those in which water occurs in relatively thin
surflcial deposits in the valleys and beneath pediments. They are recharged
principally by the percolation of precipitation downward to the water table and
by percolation through the beds of streams. Water is discharged from the
aquifers mainly through springs and seeps and by evapotranspiration. The
bedrock aquifers comprise older consolidated rocks such as sandstone and limestone and are recharged principally by the infiltration of precipitation and the
percolation through stream beds on the outcrop areas. Water is discharged
from the bedrock aquifers through springs and seeps in the outcrop area and
by movement into other formations. Water in most bedrock formations in
Huerfano County is under artesian pressure.
Water problems in Huerfano County are mainly those of availability and
quality. Water is needed for irrigation of feed crops that are grown in much
of the county for livestock and for general improvement of the local economy;
for livestock supplies in the eastern part of the county, where the supplies are
not now adequate; and for the development of new industries. Utilization of
the mine water in the county would help alleviate the water shortage and would
facilitate additional coal mining.
Much of the water in the county is highly mineralized; hence, care must be
exercised in its use, particularly for irrigation.
The water problems of Huerfano County can be alleviated, and in part solved,
by (1) development of mine water for industrial and perhaps other uses, (2)
development of water from the alluvium of the larger streams for industrial and
irrigation use, and (3) development of water from bedrock aquifers for stock
supplies and perhaps also for industrial and irrigation supplies.
Large quantities of water have been produced from most mines whose excavations extend beneath the flood plains of the larger streams, such as the
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Cucharas River, Bear Creek, and Santa Clara Creek. The mines contain more
than 20,000 acre-feet of water in storage and are capable of a sustained discharge of more than 10,000 gallons of water per minute. The water is highly
to very highly mineralized and is not suitable for irrigation use on most soils.
It can perhaps be used for irrigation if mixed with surface water or with
water from wells tapping the alluvium, and it may have limited industrial use.
Water in quantities sufficient for industrial and irrigation use can be obtained
in selected parts of the larger valleys, such as Huerfano, Cucharas, Bear, and
Santa Clara. Shallow wells or infiltration galleries that are properly located
by means of test drilling can be expected to yield as much as several hundred
gallons of water per minute. The water is hard but can be used for some
industrial purposes and for irrigation on well-drained soils. A few irrigation
wells have been used for many years with no apparent deleterious effect on
soils or crops, and irrigation with water from wells can pro'bably be expanded
substantially.
Water in quantities adequate for domestic and stock use can be obtained
from several bedrock aquifers, including the Entrada Sandstone, the Cheyenne
Sandstone Member of the Purgatoire Formation, the Dakota Sandstone, the
Greenhorn Limestone, the limestone-sandstone aquifer, the Trinidad Sandstone, the Vermejo and Raton Formations, and the Poison Canyon and
Cuchara Formations. Other formations may yield small supplies locally.
Sufficient water for industrial or irrigation use may be available locally from
wells tapping (1) both the Cheyenne Sandstone Member and the Dakota, (2)
the Trinidad Sandstone, (3, both the Vermejo and Raton Formations, (4)
the Poison Canyon Formation, and (5) the Cuchara Formation. Although the
water generally is moderately to highly mineralized, it can be used for some
industrial purposes and, with proper care, for irrigation.
INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

A study of ground water in Huerfano County was begun in July
1949 as a part of the program of ground-water investigations being
made cooperatively in Colorado by the Colorado Water Conservation
Board and the U.S. Geological Survey. A decline in population and
economy of the county, associated with deterioration of the coal-mining
industry, has focused attention on the need for more adequate water
supplies to bolster the agricultural economy of the area and to attract
new industrial enterprises.
The principal objectives of the investigation were to determine (1)
the availability of water in the eastern part of the county in quantities
adequate for stock use, (2) the availability of water in the principal
valleys in quantities adequate for supplemental irrigation, and (3)
the quality and quantity of water available from mines for industrial,
irrigation, or other uses.
The investigation in Huerfano County was under the direct supervision of S. W. Lohman, former district geologist in charge of groundwater investigations in Colorado.
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LOCATION AND EXTENT OF THE AREA

Huerfano County is in south-central Colorado and is roughly
bounded by lat 39°17' and 38° N. and long 104°20' and 105°30' W.
(fig. 1). Starting at Greenhorn Mountain, the county lane extends
along the drainage divide of the Huerfano River to the crest of the
Sangre de Cristo Range at Blanca Peak, along the crest of the Culebra
Range to Trinchera Peak, and along the divide to East Spanish Peak.
The line then extends along the dividing ridge of Santa Clara and
Apishapa drainages to Pueblo County, thence along the Pueblo County
line to Corral de Toros and westward to Greenhorn Mountain. (See
pi. 2.) The county includes all or parts of 66 townships and has an
area of about 1,580 square miles.
PREVIOUS INVESTIGATIONS

The geology and ground-water resources of parts of Huerfano
County were described briefly in reports by Hills (1900, 1901) on
the Walsenburg and Spanish Peaks quadrangles, by Darton (1905,
1906) on the central Great Plains and the Arkansas Valley, by Richardson (1910) on the Trinidad coal field, by Stose (1912) on the
Apishapa quadrangle, and by Lee and Knowlton (1917) on the Raton
Mesa area. In addition, a few papers have been written about specific
geologic features within the county, including a report by Burbank
and Goddard (1937) on thrusting in Huerfano Park and a report
by Waage (1953) on clay deposits in south-central Colorado.
No major detailed studies had been made in Huerfano County
until the start of this investigation in 1949. The Fuels Branch of
the U.S. Geological Survey began a detailed study of the coal resources of Huerfano County in 1951 as a part of an overall investigation of the Trinidad-Walsenburg coal field. These studies have
resulted in .reports by Harbour and Dixon (1956, 1959), Johnson
(1958, 1960), Johnson and Stephens (1954a, b; 1955), Johnson and
Wood (1956), Johnson, Wood, and Harbour (1958), Wood, Johnson,
and Dixon (1956, 1957), and Wood, Johnson, Eargle, and others
(1951).
METHODS OF INVESTIGATION

The fieldwork upon which this report is based was begun in July
1949 and was continued through the summer field seasons of 1949,
1950, and 1951. The writer was assisted by V. M. Burtis, who inventoried wells, collected water samples, and did instrumental leveling,
and by W. J. Powell, who supervised the test drilling.
During this investigation, records of wells and springs were obtained from owners, tenants, and drillers, and samples of water were
collected from wells, springs, and mines for chemical analysis.
780-472 O 65
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FIGURE 1. Index map of Huerfano County.

Nine lines of test holes were drilled across the Huerfano and
Cucharas Valleys to determine the thickness and texture 'of the alluvial
materials and to facilitate determination, of the potential of the alluvial
aquifer to yield water. Each line consisted of three to seven shallow
test holes drilled through the alluvium and only a short distance into
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the underlying 'bedrock. Samples from the test holes were studied,
and logs were compiled. In addition, the logs of many wells and oiltest holes were obtained from oil companies, drillers, and other sources.
<Records of wells and springs, the results of chemical analyses, and logs
of wells and test holes have been published by the Colorado "Water
Conservation Board (McLaughlin, Burtis, and Wilson, 1961).
Recent detailed geologic maps of much of the county lying east of
the mountains and in Huerf ano Park have been prepared by the Fuels
Branch of the Geological Survey. The easternmost part of the county,
which was not adequately covered by geologic maps, was mapped on
aerial photographs as a part of this investigation.
WELL-NUMBERING SYSTEM

Well and test-hole numbers in this report are 'based on the U.S.
Bureau of Land Management system of land subdivision. The number shows the location of the well or test hole by township, range,
section, and position within the section. A graphical illustration of
this method of well location is shown on figure 2. The first numeral
indicates the township; the second, the range; and the third, the section
in which the well is situated. Lowercase letters following the section
number locate the well within the section. The first letter denotes
the quarter section; the second, the quarter-quarter section; and the
third, the quarter-quarter-quarter section. The letters are assigned
to the section in a counterclockwise direction, beginning with "a"
in the northeast quarter of the section. Letters are assigned to each
quarter section and each quarter-quarter section in the same manner.
If more than one well occurs in a quarter-quarter-quarter section, consecutive numbers 'beginning with 2 are added to the letters. For
example, 25-65-20daa2 indicates a well in the northeast quarter of
the northeast quarter of the southeast quarter of sec. 20, T. 25 S., R.
65 W., and shows that this is the second well inventoried in the
quarter-quarter-quarter section.
The location of the wells inventoried in this study is shown on plate
1. The number above the line adjacent to the well symbol indicates
the depth from land surface to the water surface in the well, and the
number below the line indicates the depth of the well. Brackets
around the well symbol indicate that an analysis of water from the
well is given in the basic-data report (McLaughlin and others, 1961).
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-65-20daa2

FIGURE 2. 'System of numbering wells and test holes in Colorado.
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GEOGRAPHIC SETTING
TOPOGRAPHY

Huerfano County has a great variety of topographic features, from
smooth rolling plains to deep canyons and towering peaks. The more
prominent features are indicated ion plate 2. The county is bounded
on the southwest by the Culebra Eange. One of the highest points
in the range is Trinchera Peak (alt. 13,540 ft), which is the southernmost point in the county. On the northwest is the Sangre de Cristo
Range, which reaches an altitude of 14,317 feet at Blanca Peak, the
fifth highest peak in Colorado. On the north is the southern part of
the Wet Mountain Range, which reaches an altitude iof 12,334 feet at
Greenhorn 'Mountain on the county line.
Between the Wet Mountain and Sangre de Cristo Ranges is Huerfano Park, which is a gently rolling to moderately rugged area. It is
partly timbered and partly grass covered. Locally it has little or no
vegetation and displays a badland topography. On the smooth grassy
slopes near the divide between the Huerfano River and Texas Creek,
the altitude exceeds 9,000 feet; at Badito, where the Huerfano River
leaves the park, the altitude is about 6,600 feet.
The coal basin in the southern part of the county is underlain by
a sequence of sandstone and shale and is moderately rugged and partly
covered with timber (fig. 3). The timbered slopes are broken by long
smooth grassy pediments and by striking topographic features, such
as the Spanish Peaks. The east edge of the coal basin is marked in
most places by a relatively steep eastward-facing escarpment of the
Trinidad Sandstone.
East of the coal basin and the Wet Mountains is an area of shale
plains that has low relief and smooth grassy slopes and is underlain
chiefly by the Pierre Shale and by the Smoky Hill Marl Member of
the Niobrara Formation (fig. 4). The gentle relief is interrupted by
dikes, sills, and intrusive rocks, such as Huerfano Butte, and by the
smooth pediments extending eastward from the Wet Mountains.
The easternmost part of the county is underlain mainly by sandstone, limestone, and shale that have been slightly tilted, faulted, and
eroded. The resultant faultline scarps, buttes, and canyons form a
topography unlike that of the rest of the county. The most prominent
escarpments and buttes are those capped by the Fort Hays Limestone
Member of the Niobrara Formation and include such locally wellknown features as Turkey Ridge and Rattlesnake Buttes (alt 6,442 ft).
The deepest canyons are those that have been cut into the Dakota
Sandstone arid underlying formations (fig. 5). Cucharas Canyon,
which is the best known topographic feature in this part of the county,
is more than 600 feet deep.

FIGURE 3. View westward over coal basin from near Walsenburg. Photograph by U.S. Soil Conservation
Service.

00

FIGURE 4. Shale plains east of Wet Mountains. Huerfano Valley in center. Photograph by U.S. Soil
Conservation Service.
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The normal topography of each of the major physiographic areas
in Huerfano County is interrupted locally by the many striking features formed by the intrusion of igneous rocks. These features include
East Spanish Peak (alt 12,683 ft), West Spanish Peak (alt 13,623 ft),
Mount Mestas (La Veta Peak) (alt 11,654 ft), Rough Mountain, Dike
(Silver) Mountain, Sheep Mountain, and Little Sheep Mountain.
Smaller topographic features of this type are Goemmer Butte, the
Black Hills, Little Black Hills, Gardner Butte, Badito Cone, Huerfano
Butte, and the well-known dikes that radiate outward for many miles
from the Spanish Peaks and from Dike Mountain.
One of the most widely known of these features is Huerfano Butte,
which is an igneous plug on the bank of the Huerfano River near U.S.
Highway 85-87. The butte rises sharply from the rolling plains and
is isolated from the larger buttes and mountains to the west; hence, it
was called "huerfano" (orphan) by the early Spanish settlers. From
this butte, the river and county obtain their names.
DRAINAGE

Nearly all of Huerfano County is drained by the Huerfano River
and its tributaries (pis. 1,3). The only areas not included in the Huerfano drainage basin are the easternmost tip of the county, which is
drained by Mustang Creek, a tributary of the Apishapa River, and
a small area east of Greenhorn Mountain, which is drained by Graneros Creek, a tributary of the St. Charles River (pi. 3). All these
rivers are tributaries to the Arkansas River.
The main stem cf the Huerfano River drains the northern half of
the county, including Huerfano Park and the Sangre de Cristo and
Wet Mountain Ranges. The Cucharas River, which is the principal
tributary of the Huerfano, drains the southern half of the county,
including the Culebra Range, the Spanish Peaks, and much of the coal
basin.
Average annual runoff from Huerfano County is 0.3 inch, as indicated by the records of the gaging station on the Huerfano River near
Undercliffe in Pueblo County (table 1). This amount is only about 2
percent of the total precipitation. In the mountains above the gaging
stations near La Veta and Redwing, the runoff is about 6 inches, or
more than 25 percent of the total precipitation.
Much of the streamflow is derived from snowmelt in the mountains
in the western part of the county. Because of the many diversions of
water for irrigation and other uses and because of the losses by evapotranspiration and infiltration, only about 29,000 acre-feet of water
leaves the county as runoff in an average year. This is indeed a small
proportion of the 1,500,000 acre-feet (estimated) of anual precipitation. East of the mountains, little or no snowpack accumulates, and
780-472 O 65
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Huerfano River at Manzanaras Crossing (near Redwing) .
Huerfano River at Badito _________________
Huerfano River at Huerfano Valley Dam (near Undercliffe). ...
....... ......;.. ....... . . .

Station

37,450
44,000
44,440
197,000

22

Acre-feet

118

84

669
603

Acre-feet
per square
mile
5,490
9,900
3,910
3,950

2.2

Acre-feet

2

98
136
7

Acre-feet
per square
mile

.04

1.8
2.5
.14

Inches

Minimum annual runoff

12.6
11.3
1.6

Inches

Maximum annual runoff

26
37
13

Length of
record
(years)

TABLE 1. Runoff at gaging stations in Huerfano County

28,669

18, 250
24, 113
16,208

Acre-feet

17

326
330
30

Acre-feet
per square
mile

.3

6.0
6.2
.6

Inches

Average annual runoff
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the runoff is derived largely from thunderstorms in the spring and
early summer. Most streams in this area are intermittent.
On plate 3 is shown the outline of the principal drainage basins
within the county that are tributary to the four major streams mentioned above. The basins range in size from less than 1 square mile
in the headwaters of Cucharas and Huerfano Rivers to more than
100 square miles in the more gently rolling eastern areas. Plate 3 also
shows, in a very generalized way, the susceptibility of the underlying
rocks to erosion.
The hard Precambrian and Paleozoic 1 rocks in the mountains have
a low susceptibility to erosion, and the streams discharging from them
generally are clear. Areas underlain primarily by sandstone, such as
the terrane of Dakota Sandstone adjacent to Cucharas Canyon, have
a low susceptibility to erosion. Areas of moderate erosion are those
underlain by the Trinidad, Vermejo, Raton, Poison Canyon, and
Cuchara Formations, which constitute a thick sequence of alternating
sandstone and shale. Large amounts of sediment are derived from
areas underlain by formations consisting principally of shale. These
formations include mainly the Graneros, Carlile, Nidbrara, and Pierre*
The most easily eroded rocks are the younger formations that crop out
in Huerfano Park particularly the Huerfano Formation, which
locally displays a badland topography.
As indicated on plate 3, a large part of Huerfano County is underlain by rocks of moderate to very high susceptibilty to erosion, and the
outcrops of many of these rocks are in areas subject to severe thunderstorms and flash floods. The erosion is reflected in the relatively high
sediment load of the Huerfano River, particularly near Undercliffe.
(See table 2.)
CLIMATE

The climate in Huerfano County ranges from semiarid in the eastern plains to subhumid in the mountains. The mean annual precipitation ranges from less than 15 inches in the northeastern part of the
county to about 30 inches near the crests of the Sangre de Cristo and
Culebra Ranges (fig. 6). Much of the precipitation in the mountains
is snow and accumulates in snowpacks, which either directly or indirectly supply most of the water constituting the base flow of the major
streams discharging from the mountains. Precipitation on the plains
is mainly from spring and summer thunderstorms of short duration;
the pattern of these storms is indicated by part of the records of the
weather station at Walsenburg and is illustrated on plate 6.
The area has periodic extended droughts, which create serious water
problems. 'Streamflow diminishes, and municipal and irrigation supSee table 3 for section of geologic formations.
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TABLE 2. Discharge of sediment in Huerfano River
[Data from U.S. Army Corps of Engineers]
Water year

RunofE of
river (acre-ft)

Discharge of sediment
Acre-feet

Tons

Concentration of sediment (percent) l

Huerfano River at Badito
11,324
25,388
29,880
15,530

1946
1947 .
______ -__.. ... ... ....
1948 .......... ___ . _ _____ ___ ______
1949. . ... _ ..... _
___ ..... ... _ ....

68
201
65
38

111,399
331,626
106,420
63,440

0.60
.79
.22
.25

452
396

745,809
653, 508

3.32
1.59

1,446
1,062
471
55
512
75
75
250

2,384,618
1,751,381
776,943
91,500
844,636
123,072
123,632
412, 031

8.36
3.92
1.38
.54
2.42
1.04
.98
4.05

Huerfano River at Mustang
1946
1947

_

13,631
24,933
Huerfano River near Undercliffe

1946
_
_ __ -_ ... .
1947
.__. _ . _ _ _ _ . _ ....
1948
____ . _ _ _ _ .__ _
1949- _ .
1950_ _ _ _ _ - - _ _
1961 _
_ -___1962
._ .._ _ _ .. __ _____ _ _ ....
1953 _ - ___ __
...... _ __ ..-. ...

17,303
27, 108
34,160
10,310
21,160
7,140
7,690
6,170

1 Acre-feet of deposited sediment per 100 acre-feet of runofE.
104°30'

30' h

20 MILES

37°15F|-
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FIGURE 6. Distribution of average annual precipitation in Huerfano County.
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plies become inadequate; stock ponds become dry, and stock wells are
not capable of meeting the needs. The most serious and extended
recorded drought was in the 1930's; the most recent was from 1952
through 1956. (See cumulative departure from normal precipitation
at Walsenburg on plate 6.)
GEOLOGIC SETTING
STRATIGRAPHY

Most rocks that crop out in Huerfano County are sedimentary, but
some are igneous and metamorphic. The sedimentary rocks range in
age from Pennsylvanian to Quaternary, and the igneous and metamorphic rocks are Precambrian in the mountain cores and Tertiary in
intrusions such as the Spanish Peaks and the dikes and sills. A generalized section of geologic formations in Huerf ano County is given in
table 3.
The oldest sedimentary rocks exposed in Huerf ano County probably
are the beds of limestone and shale of Pennsylvanian age that crop out
in the mountains along the west border of the county. These rocks are
overlain by a thick sequence of red beds of Pennsylvanian and
Permian age that crop out in and along the Culebra, Sangre de Cristo,
and Wet Mountain Ranges and in Cucharas Canyon. Mesozoic rocks
underlie a large part of Huerfano County and include the Morrison,
Ralston Creek(?), and Entrada Formations of Jurassic age and the
Purgatoire, Dakota, Graneros, Greenhorn, Carlile, Niobrara, Pierre,
Trinidad, and Vermejo Formations of Cretaceous age. Cenozoic sedimentary rocks include the Raton Formation, which is partly of Cretaceous age but largely of Tertiary age; the Poison Canyon, Cuchara,
Huerfano, Farisita, and Devils Hole Formations of Tertiary age,"
and alluvial deposits of quaternary age.
The outcrops of the various rock formations in the eastern part of
the county are shown on plate 1, and a generalized section indicating
the order of the geologic formations is given in table 3.
For detailed descriptions of the geology and geologic history of the
area, the reader is referred to the papers listed in the references at
the end of this report. The more recent reports by Harbour and
Dixon (1956, 1959), Johnson (1958, 1960), Johnson and Stephens
(1954a, b; 1955), Johnson and Wood (1956), Johnson, Wood, and
Harbour (1958), Wood, Johnson, and Dixon (1956,1957), and Wood,
Johnson, Eargle, and others (1951) cover the area in considerable detail, particularly that part immediately east of the mountains. Most
of the geologic maps in these reports are of larger scale than plate 1.

Tertiary

Quaternary

System

Eocene

Intrusive rocks

Eocene(?)

Yields small quantities of water to
wells and springs and moderate to
large quantities of water to mines
and mine shafts.
Yields small quantities of water to
wells and springs and moderate
quantities to mines.

Conglomeratic sandstone at base;
alternating sandstone, shale, siltstone, and coal above.
Buff, gray, and gray-green slightly
arkosic sandstone; buff and gray
siltstone; gray to nearly black
carbonaceous and silty shale; and
coal.

0-2, 500

0-500

0-410

0-310

Baton Formation

Vermejo Formation

Trinidad Sandstone

Light-gray to buff sandstone.

Massive arkosic sandstone and conglomerate and thin beds of shale and
siltstone.

Yields small to moderate quantities
of water to wells. Source of much
of the water in those mines that
exploit the lower coal seams.

Do.

Yields small quantities of water to
wells and springs in western part of
county.

Poison Canyon Formation

Red, pink, and white massive sandstone and red to tan shale.

0-5,000

Cuchara Formation

Yields small quantities of water to a
few wells and springs in northwestem part of county.

0-2, 000

Shale, sandstone, and conglomerate.

Yield water to a few wells. Yield
water to springs in the western part
of the county.

Huerfano Formation

Complex variety of igneous rocks in
the form of dikes, sills, plugs, and
stocks.

Do.

Buff conglomeratic crossbedded sandstone.

0-1, 200

Farisita Conglomerate

Oligocene(?)

Yields water to wells and springs in
Huerfano Park.

Light-gray to buff conglomeratic
crossbedded tuff and conglomerate.

0-1, 300

Devils Hole Formation

Yields adequate quantities of water
for domestic and stock use. Locally yields sufficient water for
irrigation.

Water supply

Locally yield small quantities of
water for domestic and stock use.

Sand and gravel.

Physical character

Largely coarse gravel with some sand.

Miocene (?)

0-50

Thickness
(feet)

0-30

Member

Colluvium and terrace deposits

Alluvium

Stratigraphic unit

Recent and
Pleistocene

Recent

Series

TABLE 3. Generalized section of geologic formations in Huerfano County, Colo.
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STRUCTURE

The central structural feature of Huerfano County is the Raton
basin, a broad asymmetrical syncline having a steep western limb and
a more gently sloping eastern limb (pis. 1, 4). In the broad, central
area of the basin, the rocks are nearly horizontal. The basin occupies
parts of New Mexico and Colorado. From its widest part near the
State line, it narrows northwestward into Huerfano Park and the
Wet Mountain Valley.
The steep western limb of Raton basin is bordered on the west by the
Sangre de Cristo and Culebra Ranges, along which the rocks have
been highly faulted and, in places, thrust eastward over younger rocks.
The eastern limb of the basin rises gently eastward and culminates in
the Apishapa arch. The Las Animas arch represents the crest of the
Sierra Grande uplift in southeastern Colorado; it extends northeastward across Colorado, where it forms the southeast border of the
Denver-Julesburg basin. The Apishapa arch, which is a branch of
the Las Animas arch, extends northwestward across eastern Huerfano
County and bends westward just north of the Huerf ano-Pueblo County
line to merge with the Wet Mountain uplift. The arch forms the
divide between the Raton basin on the southwest and the DenverJulesburg basin on the northeast. The Apishapa arch is the eastern
limit of the Raton basin in much of Colorado. Where the basin narrows and is constricted between the Sangre de Cristo and Wet Mountain Ranges, both flanks of the basin are steeply dipping. In general,
the bedrock formations slope toward south-central Huerfano County,
which is the lowest part of the basin within the county.
In addition to the major structural features of the county, there are
many less prominent features. The lowest part of the basin in Huerfano County was referred to by Johnson and Stephens (1954a) as
the La Veta syncline. It is bifurcated by a southward extension of the
Wet Mountain uplift known as the Greenhorn anticline that has a
structural relief of several thousand feet. The anticline plunges southward and separates the La Veta syncline on the west from the Delcarbon syncline on the east.
Some of the major igneous intrusions, such as the Spanish Peaks
and the Black Hills, have domed and faulted the sedimentary rocks
around them and, hence, have modified the structure locally. The
many radiating dikes that intrude the sedimentary rocks have affected
the local structure only slightly.
Smaller structural features, such as faults, are common along the
mountain fronts and are particularly abundant in the eastern part of
the county, where long normal faults having as much as 700 feet of
displacement roughly parallel the major structural alinement of the
Apishapa arch. (See pi. 1.)
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The structure probably governs, to a large extent, the movement of
ground water in the artesian aquifers in and near Huerfano County.
Structurally high areas, such as the foothills and the Las Animas and
Apishapa arches, generally are areas of outcrop of artesian aquifers,
such as the Dakota, Purgatoire, and Entrada Formations. As these
areas generally are at higher altitudes, water from precipitation may
enter the rocks in these areas of recharge and move in the general
direction of the dip of the rocks. Near the center of the Raton basin,
the water probably moves in part southward toward the low part of
the basin, but much of the water probably moves slowly upward
through the overlying rocks.
HYDROGEOLOGIC SETTING
DEFINITION OF TERMS

The principles of occurrence of ground water have been discussed
by many authors, such as Meinzer (1923a) and Thomas (1951, p.
15-34), and the reader is referred to their reports for a discussion of
the subject. For convenience, the technical terms commonly used in
ground-water reports are defined below, and some are illustrated in
figure 7. They are adapted mainly from Meinzer (1923b).
Aquifer. A rock formation, bed, or zone containing water that is
available to wells. An aquifer may be referred to as a water-bearing
formation or water-bearing bed. The Dakota Sandstone and the
alluvium are typical aquifers in Huerfano County.
Aquiclude. A rock of relatively low permeability that overlies or
underlies an artesian aquifer and confines water in the aquifer under
pressure. As most aquicludes are leaky, the term aquitard in sometimes used because of its connotation of a retardation rather than a
prevention of the movement of water. Such a rock may also be called
a confining bed. The Graneros Shale, which overlies the Dakota
Sandstone, is a typical aquiclude in Huerfano County.
Artesian water. Ground water under sufiicient pressure to rise
above the level at which the water-bearing bed is reached in a well.
The pressure in such an aquifer commonly is called artesian pressure,
and the rock containing artesian water is an artesian aquifer.
Capillary fringe. The zone of complete saturation directly above
the water table in which water is held in the pore spaces by capillarity.
Cone of depression. A conelike depression of the water table that
is formed in the vicinity of a well during pumping. The surface area
included in the cone is known as the area of influence of the well.
Confined water. Water under artesian pressure. Water that is
not confined is said to be under water-table conditions.
1780-472
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FIGUBE 7. Some principles of ground-water occurrence.
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Drawdown. The depression or decline of the water level in a
pumped well or in nearby wells caused by pumping. It is the vertical
distance between the static and the pumping level at the well.
Effluent stream. A stream or reach of a stream fed by ground
water. It is also called a gaining stream. The Huerfano River is
an effluent stream. (See fig. 8.)
Ephemeral stream. A stream that flows only in response to precipitation. Greasewood Arroyo is an ephemeral stream.
'
Evapotranspiration. The movement of water into the atmosphere
by the combined processes of direct evaporation and transpiration
from plants.
Flowing well. An artesian well having sufficient head to discharge
water above the land surface. The Potts well (26-68-25aba) is a
typical flowing well.
Formation factor. The yield of a well per unit of drawdown per
unit of saturated thickness of the aquifer times 100.
Ground water. Water in the zone of saturation or below the water
table.
Hydraulic gradient. The gradient or slope of the water table or
piezometric surface in the direction of the greatest slope, generally
expressed in feet per mile.
Hydrology. The science that relates to the water of the earth.
Infiltration. The flow or movement of water into the surface soil.
Influent stream. A stream that contributes water to the zone of
saturation. (See fig. 8.) Santa Clara Creek is an influent stream in
its lower reaches.
Intermittent stream. A stream that flows only part of the time or
through only part of its reach.
Interstices. The openings or pore spaces in a rock. In an aquifer,
they are filled with water.
Non flowing artesian well. An artesian well in which the head is
not sufficient to raise the water to the land surface at the well site.
The Dudley well (25-67-13abc) is now a nonflowing artesian well,
although it flowed when drilled.
Perched water. Ground water separated from the underlying
water table by a zone of unsaturated rock.
/7 Perennial stream. A stream that flows continuously, such as the
Huerfano River. >
;
10 Permeability. The capacity of a rock to transmit water. The
field coefficient of permeability of an aquifer is the coefficient of
transmissibility divided by the saturated thickness of the aquifer, in
feet.
' Piezometric surface. An imaginary surface that everywhere coincides with the static level of the water in the aquifer.

INFLUENT STREAM

INFLUENT STREAM
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FIGUBE 8. Influent and effluent streams.
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Porosity. The porosity of a rock is its property of containing
openings or interstices. It is the ratio (usually expressed as a percentage) of the volume of openings in the rock to the bulk volume of
the rock.
Pumping level. The position of the water surface in a well during
pumping.
Pumping lift. The vertical distance from the point of free discharge of a well to the pumping level.
^ Recharge. The addition of water to the zone of saturation. Infiltration of precipitation and its movement to the water table is one
form of natural recharge ; injection of water into an aquifer through
wells is one form of artificial recharge.
2 ^ Specific capacity. The yield of a well 'per unit of drawdown after
a specified period of pumping. Generally expressed as gallons per
minute (gpm) per foot of drawdown. If a well yields 500 gpm
KAA

with a drawdown of 25 feet, its specific capacity is-^-> or 20 gpm
^o
per ft.
Specific yield. The ratio of the volume of water that a rock will
yield by gravity, after being saturated, to its own volume. If 100
cubic feet of water-bearing materials yields 20 cubic feet of water
20
by gravity drainage, its specific yield is -r-> or 0.20.
Static water level. The level of water in a nonpumping or nonflowing well. For the purpose of computing the drawdown, it generally is the water level immediately before pumping begins.
Storage coefficient. The volume of water released from storage
or taken into storage in an aquifer per unit surface area of the aquifer
per unit change in the component of head perpendicular to that
surface.
Transmissibility. The capacity of a rock to transmit water under
pressure. The coefficient of transmissibility is the rate of flow of
water, at the prevailing water temperature, in gallons per day, through
a vertical strip of the aquifer 1 foot wide extending the full saturated
height of the aquifer under a hydraulic gradient of 100 percent. A
hydraulic gradient of 100 percent means a 1-foot drop in head in 1
foot of flow distance.
i! Unconfined water. Water not under artesian pressure. Generally
applied to denote water below the water table.
Water table. The upper surface of the zone of saturation, where
that surface is not confined by impermeable rocks.
Zone of aeration. The zone between the land surface and the water
table.
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Zone of saturation. The zone of permeable rocks saturated with
water under pressure greater than atmospheric. The zone of saturation extends below the water table.
In addition to the specific definitions listed above, the descriptive
terms "small," "moderate," and "large," are used throughout this
report to describe the quantities of water discharged by wells and
springs. For the purposes of this report, a discharge of less than 25
gpm is considered small, 25-250 gpm is considered moderate, and
more than 250 gpm is considered large. The expressions "sufficient
for domestic and stock use" and "sufficient for irrigation use" are also
used throughout the report. These expressions are, of necessity,
qualitative, as they depend on the number and type of livestock
watered and on the acreage irrigated. In general, supplies of a few
to 25 gpm are adequate for stock and domestic use, and supplies larger
than 250 gpm are adequate for irrigation, although supplies as small
as 100 gpm may be used effectively for small-scale irrigation.
Descriptive terms for water quality used in this report are defined
as follows:
1. Water of "low mineralization" contains less than 150 ppm (parts
per million) dissolved solids and has a conductivity of less than
about 250 micromhos per centimeters.
2. Water that is "moderately mineralized" contains between 150 and
500 ppm dissolved solids and has a conductivity between about
250 and 750 micromhos per centimeter.
3. Water that is "highly mineralized" contains between 500 and 1,500
ppm dissolved solids and has a conductivity between about 750
and 2,250 micromhos per centimeter.
4. Water that is "very highly mineralized" contains more than 1,500
ppm dissolved solids and has a conductivity more than 2,250
micromhos per centimeter.
ALLUVIAL AQT7IFEBS

Two general types of aquifers are in Huerfano County: consolidated and unconsolidated. All unconsolidated water-bearing deposits will be referred to as alluvial aquifers because alluvium is the
chief unconsolidated deposit containing water. Water-bearing consolidated deposits will be referred to as bedrock aquifers. The alluvial
aquifers are those in which shallow water occurs in unconsolidated
deposits, including the alluvium (principally sand and gravel) beneath
the flood plains and terraces of the larger streams and the slope wash
and colluvium (principally poorly sorted sand, silt, and gravel) beneath the valley slopes and the broad, flat pediments that slope from
the mountains.
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ORIGIN AND MOVEMENT OP WATER

Water enters the alluvial aquifers in Huerfano County by two principal means: (1) part of the precipitation that infiltrates the soil
eventually moves downward to the zone of saturation and recharges
the aquifers, and (2) part of the water that runs off into losing or
influent streams infiltrates the bed of the stream channel and eventually
reaches the aquifer.
Direct percolation of precipitation downward to the zone of saturation is the source of nearly all water in the colluvium underlying the
pediment surfaces because these deposits are high above present stream
levels. (See fig. 9.) The patches of colluvium have small areal extent, are isolated from other alluvial aquifers by areas of nearly
impermeable shale, and slope steeply toward the larger stream valleys;
hence, recharge to the colluvium is small probably much less than
recharge to the alluvium and slope wash. The comparatively small
amount of water that does enter the colluvium moves downward until
it reaches the underlying bedrock and then moves laterally along slight
depressions or channelways in the bedrock and discharges along the
margins and at the toes of the pediments. (See figs. 9,10.) A small
amount of water near the head of the pediments moves directly into
some of the more permeable bedrock aquifers, such as the Dakota
Sandstone and the Codell Sandstone Member of the Carlile Shale.
Direct percolation of precipitation is also the source of most water
in the slope wash along the sides of the valleys adjacent to the flood
plains. The slope wash is commonly in direct contact with the
alluvium but is separated from the colluvium by nearly impermeable
shale (fig. 9). Water derived from precipitation moves downslope
through the slope wash and enters the alluvium beneath the flood
plains.
Water in the alluvium beneath the flood plains is recharged by direct
percolation of precipitation, by movement of water from adjacent
slope wash, and by infiltration of water through the beds of influent
streams. The water moves downvalley through the alluvium toward
points or areas of discharge at lower altitudes. Where the alluvium
directly overlies bedrock aquifers, as illustrated in figure 11, some of
the water may move into those aquifers.
DISCHARGE

Water is discharged naturally from the alluvial aquifers as springs
and seeps, directly into the channels of gaining (effluent) streams, and
by evapotranspiration. Water in the colluvium beneath the pediment surfaces moves in channelways in the surface of the underlying
shale to the margins of the pediment, where it is discharged by
springs and seeps. Because the colluvium has a coarse texture, small

FIGUBE 9. Movement of water in alluvial deposits in Huerfano County. Kpu, Purgatoire Formation; Kd, Dakota Sandstone;
Kgs, Graneros Shale; Kgn, Greenhorn Limestone; Kc, Carlile Shale; Kn, Niobrara Formation; Kp, Pierre Shale; Qc, colluvium; Qoi, alluvium; Q«, slope wash. Arrows indicate inferred direction of ground-water movement.
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FIGURE 10, Movement and accumulation of ground water in the colluvium beneath the pediments of Huerfano County.
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FIGURE 11. Movement of water from an intermittent stream into alluvium and into a bedrock aquifer.
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areal extent, and high topographic position with respect to adjacent
streams, ground water does not accumulate in it to an appreciable
depth. Hence, the water probably is sufficiently far below the land
surface to prevent extensive discharge by evapotranspiration except
along the margins, where water discharges as springs and seeps or
is dissipated by evapotranspiration. In the pediment margins between Huerfano River and Apache Creek, some discharge areas may
be marked by small lines or areas of more luxuriant plant growth.
Some water is discharged through a few wells.
Water in slope wash generally moves into adjacent or underlying
alluvium, although some is discharged through springs and seeps
where deeply incised gullies or arroyos have cut into the thin saturated zone overlying the bedrock. Along some of the intermittent
streams, such as Gordon, Maitland, and Greasewood Arroyos, some
ground water is withdrawn from the slope wash through wells.
Water in alluvium beneath the flood plains discharges into gaining
streams, such as the Huerfano and Cucharas Rivers, and by evapotranspiration where the water table is shallow. In the smaller tributary valleys the water is sufficiently deep and the bedrock topography
is such that very little ground water discharges locally; most of it
moves downvalley and into the alluvium of the larger valleys, such
as the Huerfano and Cucharas, where it lies at shallow depths and
discharges into the streams and by evapotranspiration.
BEDROCK AQUIFERS

All aquifers in Huerfano County, other than the shallow alluvial
aquifers discussed above, are here referred to as bedrock aquifers.
They consist principally of consolidated rocks, such as sandstone and
limestone, but may consist also of a variety of other rocks. The surface distribution of the bedrock formations in most of Huerfano
County is shown on the geologic map, plate 1; and their general
configuration is shown on the structure contour map, plate 4. The
bedrock formations are tabulated in table 3.
Because of the large number and wide distribution of bedrock aquifers in Huerfano County and the relatively small amount of data
concerning wells that penetrate them, little is known about the recharge, movement, and discharge of ground water in them. The following statements about these processes, therefore, are highly
generalized.
The bedrock aquifers are recharged principally in the high areas
in the foothills on the west and north and on the Apishapa arch on
the east. The water probably moves generally down the dip of the
bedrock formations into the trough of the Raton basin. As the water
moves slowly along these formations, it probably leaks slowly upward
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through the overlying aquicludes. The general direction of movement
is shown on plate 4 and is indicated by the deterioration of water
quality down the dip of some of the formations. In areas of outcrop,
the bedrock formations may be highly dissected, and the contained
water may move only short distances before discharging as seeps and
springs.
The bedrock aquifers of Huerf ano County are principally sandstone
and limestone, and they are separated by aquicludes, such as shale and
clay, having a much lower permeability. As the aquifers dip rather
steeply away from the higher areas of intake and are separated by
aquicludes, the water in them is generally under artesian pressure. In
areas of comparatively low altitude, such as in parts of Huerfano,
Cucharas, Bear, Santa Clara, and Apache Valleys, the water from
some of the aquifers is probably under sufficient head to flow at the
surface.
The principal artesian aquifers in Huerfano County are the Cheyenne Sandstone Member of the Purgatoire Formation and the Dakota
Sandstone. The Trinidad Sandstone, the basal sand and conglomerate
of the Raton Formation, the Poison Canyon Formation, the Cuchara
Formation, the Greenhorn Limestone, the Codell Sandstone Member
of the Carlile Shale, and the Fort Hays Limestone Member of the
Niobrara Formation are also artesian aquifers in Huerfano County,
but they have not been developed extensively. Owing to the considerable folding and faulting of the bedrock formations and to the
alternating sequence of permeable and relatively impermeable materials, almost all the bedrock aquifers are likely to contain water
under artesian pressure in some areas.
WATER PROBLEMS

Huerfano County was part of the Great Plains drought area of
the 1930's and of the southwestern drought area of the early 1950's.
It is faced with almost perennial water shortages and, during drought,
with some critical water problems. The county is largely a bedrock
area that is, the more permeable alluvial aquifers are not extensive,
and the county is underlain chiefly by bedrock formations of relatively
low permeability. Because of its geographic, geologic, and hydrologic
setting, the water problems of the county are primarily those of
availability and quality.
AVAILABILITY

The mountainous areas of the county are adequately watered during
normal seasons. Precipitation averages nearly 30 inches annually,
much of which accumulates as snowpack. Infiltration of rainfall and
snowmelt maintains the base flow in the principal streams and supplies
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water to numerous springs and seeps that generally furnish adequate
water for the production of livestock, which is the principal agricultural activity in the mountains. The main problems of availability
concern the poor distribution of water in both space and time. Water
supplies are relatively abundant in the mountains, but they are inadequate in the plains east of the mountains, where the irrigable land
is most plentiful. Precipitation is intermittent, and, although it is
generally most abundant in the spring, during the early part of the
growing season, it is generally deficient during the later part of the
growing season.
IRRIGATION SUPPMES

At lower altitudes in the county, precipitation generally is less than
20 inches annually and is adequate only for grazing or dryland
farming. Immediately east of the Oulebra, Sangre de Cristo, and
Wet Mountain Ranges, water is diverted from the perennial streams
to irrigate lands on flood plains, on terraces, and on some pediments.
Water from these streams has long been overappropriated, and supplies are not adequate to properly serve the relatively large area of
irrigable land available. Irrigated valleys, such as the Huerfano and
Cucharas, are lifelines through the county that permit the growing
of feed crops for livestock that graze on adjacent uplands. Water
from most streams is diverted before it reaches far beyond the highlands most of the water discharged east of the foothills is in the
Huerfano and Cucharas Rivers. Part of the water in both these
streams must be allowed to flow to the Arkansas Valley to satisfy
appropriations in that area. One of the principal water problems of
the county is that of increasing water supplies to enlarge the acreage
irrigated and to supplement present supplies so that the land now
irrigated is watered more adequately.
INDUSTRIAL SUPPLIES

Now that the coal industry in Huerfano County has declined, new
industry is needed in the area to absorb the surplus labor and to bolster
the general economy. Development of the large reserves of coal in the
county might provide ample opportunity for the advancement of
chemical and related industries, provided the water supply is adequate.
Although water can be obtained by the purchase of rights to surface
flows now used for irrigation, this reduces the amount available for
irrigation and reduces farm income accordingly. Another major
problem of water availability in the county, therefore, is that of obtaining water suitable for industrial use without reducing appreciably
the amount of surface water now used for irrigation.
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STOCK SUPPLIES

In much of the eastern part of the county, particularly in the shale
plains and in the canyon and mesa areas (pi. 2), there are no perennial
streams, and, hence, no water is diverted for irrigation. The area is
devoted mostly to grazing and dryland farming. However, large
parts of eastern Huerfano County are underlain by rocks that yield
only moderate to small quantities of water to wells. The rocks permeable enough to yield water at adequate rates for livestock consumption may be highly dissected and largely drained of water. Therefore,
stock water from wells is difficult and costly to obtain. The stockwater supplies in many areas are so inadequate that the available
grass cannot be utilized fully or the stock must walk such great distances for water that they cannot grow rapidly and properly for
marketing, and they overgraze the land near the water supply.
Another major problem of water availability, therefore, is one of
obtaining adequate water supplies for stock use in the drier parts of
the county, particularly in the eastern third.
MINE WATER

Although Huerfano County was once a leading coal-mining area,
most of the mines have closed, and some have filled with water. In
fact, the cost of pumping large quantities of water to keep workings
open is said to have been a major factor leading to the closing of some
mines. The problem of Water-filled mines has long held the attention
of local residents, and their interest in the possibility of utilizing the
mine water for irrigation and industry was one of the principal factors
leading to a ground-water study of the county.
QUALITY

The quality of water its suitability for various uses is a key factor
in the consideration of any water problem. Much of the water in
Huerfano County may be very highly mineralized, as it is derived from
alluvial materials that overlie and were in part derived from rocks
containing gypsum and other water-hardening minerals. Water moving through bedrock aquifers dissolves mineral matter from the
rocks and also may become very highly mineralized. As much of the
ground water in Huerfano County is mineralized to the extent that
its usefulness may be limited, water quality is a major problem in the
area.
POSSIBLE SOLUTIONS

No complete and permanent solutions to most water problems have
been found, but the problems can be alleviated generally and can be
solved locally. This study was made to help alleviate the water
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problems in Huerfano County. The planners of the Huerfano County
ground-water study believed that moderately large capacity wells
could possibly be developed in the alluvium of the larger valleys
principally the Huerfano and Cucharas Valleys. If sufficient water
were available and were of suitable quality, it could be used for supplemental irrigation and perhaps also for industry.
The mines also seemed to offer a possible additional source of water
for both irrigation and industrial use. If mine water were available
in adequate quantity and quality, it would serve a dual purpose, because the lowering of the water level in the mines would also facilitate
renewed mining operations.
Many local stock-water problems seemingly could be solved by
determining the texture, distribution, and thickness of the rock formations in the eastern part of the county so that the farmer and stockman
could improve his chances of finding water and reduce the expense of
fruitless drilling.
Although within present economic limits little can be done toward
improving the quality of ground water in Huerf ano County, a study
of the water quality seemingly would serve as a guide to better utilization of currently developed supplies and would prevent possible damaging effects that development of mine water of poor quality might
have on land and animals.
The following discussions of mine water, alluvial aquifers, and bedrock aquifers are intended to assist in the alleviation of the water
problems discussed above. They deal with (1) the quantity and quality of water available from mines, (2) the possibilities of developing
moderate to large supplies from alluvial deposits, and (3) the areas
where enough water of suitable quality for domestic, stock, and other
uses may be found in the bedrock aquifers.
MINE WATER

Water in coal mines in Huerfano County is derived from bedrock
formations and logically should be discussed in the section on bedrock
aquifers. However, in view of the strong local interest in mine water,
its potential utilization warrants separate discussion.
OCCURRENCE AND MOVEMENT

The rocks composing the coal-bearing series in Huerfano County
dip toward the trough of the Eaton basin (pi. 4); hence, the mines become deeper at greater distances from the outcrops. Although the
rocks in the coal-bearing series are largely fine grained and generally
will not yield large quantities of water to wells, many mine operations
were hampered by increasingly large quantities of water as the mines
were deepened. For example, as much as 40 tons of water per ton of
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mined coal reportedly was pumped from the Cameron mine shortly
before it was abandoned. The quantity of water entering some of the
mines increased to a point where the cost of pumping water made the
production of coal at greater depths uneconomical. The extensive
underground excavations are, in effect, large horizontal wells having
an area of intake many thousand times that of an ordinary well;
thus, some of the mines are capable of yielding much larger quantities
of water than are ordinary wells penetrating the same rock formations.
Many of the data that were compiled on mine water in Huerfano
County during this investigation are given in table 4. Although the
data are incomplete, they indicate that the occurrence of water in
mines is directly related to the proximity of the mine workings to the
major streams and flood plains. Almost all the mines that have been
extended beneath the saturated alluvium in the larger valleys have
pumped large quantities of water, whereas none of the mines that
underlie interstream areas have pumped significant amounts of water.
In addition to the mines listed in table 4 for which some water data
are available, more than 20 other mines are along the north and east
margins of the coal basin. Although no specific data on water in these
mines are available, none of the mines are known to extend beneath
significant streams or flood plains, and none are reported to have had
water problems. Pumpage from mines, therefore, will be restricted
largely to the group of mines in and near Cucharas, Bear Creek, and
Santa Clara Valleys.
Water in the mines seems to be derived mainly from streamflow entering the alluvium by infiltration. The saturated sand and gravel of
the alluvium overlies the truncated edges of the coal-bearing rocks
along the periphery of the basin, so that water has continuous access
to the more permeable beds in the coal-bearing series. As illustrated
on figure 12, water moves from the alluvium into and through the
permeable bedrock formations in the general direction of their dip.
The occurrence of ground water at considerable distance from the
outcrop of the coal-bearing series indicates relatively free movement of
ground water in the direction of the dip. The near absence of ground
water in many of the coal mines in the interstream areas indicates
comparatively little movement in the direction of* the strike of the
coal-bearing series and suggests that the movement may be impeded
by the many igneous dikes radiating from the Spanish Peaks and from
Dike Mountain. Locally, however, some dikes may transmit water
readily. As illustrated in figure 13, the cessation of heavy pumping
in Cameron mine caused a renewed rise in water levels in Robinson
No. 2 and Pictou mines. Although the Cameron mine is connected to
some of the mines in Cucharas Valley through Unfug dike, no connection exists between any of the mines in Cucharas Valley through Walsen dike to the Pictou mine. In support of the evidence shown in figure
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TABLE 4. Water in mines in Huerfano County
[Data from Colorado Fuel and Iron Corp. and from State office of Chief Inspector of Coal Mines. Coal
seam: C, Cameron; H, Hezron; K, Kebler; L, Lennox; R, Robinson; W, Walsen. Magnitude of discharge: L, large (more than 250 gpm); M, moderate (25-250 gpm); S, small (less than 25 gpm)]

Mine

Mine
extends
beneath
stream
or flood
plain

Coal seam

Reported discharge of pumps
Magnitude

gpm

Water
in storage
(acre-feet)

W._.

X

L

2,230

2,240

L---

X

L

550

3,024

Toltec.. _ _ -. C, L, W..
R. ..... X
W
X

S
L
L

2,640

W, R--.- X

L

1,050

C, W, R__ X

S?

W... ...

X

L

1,600

W..... - X

L

1,200

W..

L

1,000

- X

ELW......

S
S
M

4
70

C-. .......

S

15

S?
S?
M
S?
L

100

C,L. ::::.
Kebler _ . __ ..
Butte Valley __ C
C--Solar....... __ ... W
X
ft

T

C. ........

S?

Remarks

Extends beneath Bear Creek.
Closed in 1937.
Extends beneath Pictou Arroyo.
Water level was lowering at
discharge of 550 gpm. Discharging 50 gpm by pump in
1952.

1,000
1,820 \Extend beneath Cucharas River.
7,056 / Mines connected to each other
and to Walsen mine. No. 1
closed May 1931; No. 2 closed
April 1931.
Extends beneath Cucharas
River. Discharge is natural
flow at pit mouth, altitude
6,213 ft.
1,000 Extends beneath Pryor Canyon.
Discharge not known, but
probably not large. Water rose
in Cameron seam when pumping reduced at Rouse mine.
Connected to Lester mine in W
and R seams, but not in C
seam.
1,400 Extends beneath Pryor Canyon.
Water receded at Rouse mine
while Lester was being pumped
at 2,125 gpm.
2,380 Extends beneath Santa Clara
Creek. 200-foot vertical separation from Lester mine.
Closed in 1918 or 1919.
Extends beneath Cucharas
River. Connected to Robinson No. 1 and No. 2 and Walsen
mines.
No water problem.
Do.
Pumped an average of 125 gpm
from old workings in C seam
in 1952. No water problem.
Pumped 75 gpm for a few hours
daily in 1952. No water problem.
No water problem.
Do.
\Mines connected. No water
J problem.
Extends beneath Cucharas
River. Reportedly has large
yield.

13, the water level in Pictou mine reportedly was, for many years, at the
same altitude as the discharge point in the Walsen mine.
YIELD AND STOBAGE

The rate at which water was pumped from mines in the county has
not been recorded accurately, and the potential yield can be estimated
only roughly for the following reasons:
1. Some mines have been closed for more than 35 years, and records
of pumpage are not now available or are incomplete.

FIGURE 12. Recharge of coal-bearing rocks with water from alluvium.
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2. The workings in a few mines intercept those of nearby mines, so
pumps in one mine may have taken water from two or more mines.
3. Data on the percentage of time pumps were in operation and on
the position or changes of position in the water level generally are
not available.
Owing to the large storage capacity of the mines, large quantities of
water must be pumped to lower the water level significantly, even if
no additional water enters. When water is being withdrawn rapidly
and the water level is not recorded, the part produced from the aquifer and the part taken from storage in the mine cannot be distinguished. If the water level declines significantly with pumping, a significant, if not major, part of the water assumedly is coming from storage. The amount in storage in the Eobinson mines, for example,
reportedly is 8,876 acre-feet (table 4), or about 2.9 billion gallons.
If no new water entered these mines and they were pumped at 1,000
gpm (1,440,000 gallons per day), 2,009 days or about 5y2 years would
be required to remove the water in storage. As the vertical distance
between the pit mouth and the bottom of the workings is 616 feet, the
water level during pumping would decline an average of only 3.7
inches a day.
The data compiled in table 4 indicate that the mines in Huerfano
County, together with Niggerhead shaft, from which coal was never
mined, are capable of a sustained yield of about 10,000 gpm, or about
22 cfs (cubic feet per second). The amount of water in storage is
probably at least 20,000 acre-feet.
QUALITY

Chemical analyses of samples of water from coal mines in Huerfano
County (including Niggerhead shaft) are given in table 4 of the basicdata report on Huerfano County (McLaughlin, Burtis, and Wilson,
1961, p. 19). Although the the data are for scattered areas and are
incomplete, they are adequate to cast doubt on the suitability of mine
water for most uses. The data are indicative, but they are not conclusive. Plans for extensive use of mine water for almost any purpose
should be preceded by a detailed appraisal of the suitability of the
water for its intended use.
The samples collected in Huerfano County were almost all either
highly or very highly mineralized and were predominantly sodium bicarbonate solutions; water from some mines, however, was a sodium
sulfate solution. Some samples contained large concentrations of calcium, but each of these was probably a mixture of water from the coal
series and of calcium sulfate water from the overlying alluvium. In
Niggerhead shaft, for example, water collected by Foerst sampler had
significant concentrations of calcium and was predominantly a sulfate
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solution. After 77 hours of pumping more than 1,000 gpm, however,
the water discharged was predominantly a sodium bicarbonate solution, and the concentration of calcium and sulfate had declined significantly.
Data obtained during this study indicate that water from mines
may be highly to very highly mineralized, may be sodium bicarbonate
or sodium bicarbonate sulfate solutions, and may have a percent
sodium (the ratio of the sodium to the total bases) that is almost certain to exceed 50 and may exceed 90. The apparently poor chemical
quality of the water makes the potential for its use extremely limited,
unless water treatment is feasible. The water probably would not
meet U.S. Public Health Service standards (1962) for drinking water,
although it could perhaps be mixed with other water, such as the
Walsenburg municipal supply, for use in extreme drought or other
emergency. The water could perhaps be utilized by certain industries, but water-quality requirements differ greatly with type of industrial use. It will be necessary, therefore, to consider each potential industrial development in the county in the light of the quantity
and quality of water needed by the industry.
The suitability of the mine water for irrigation also is questionable.
Nearly all irrigation water that has been used successfully for a considerable time has a conductivity less than 2,250 micromhos per cm
(centimeter) (about 1,440 ppm dissolved solids). Water having a
conductivity of less than 750 micromhos per cm (about 480 ppm dissolved solids) is satisfactory for irrigation insofar as salt content is
concerned, although salt-sensitive crops may be adversely affected by
irrigation water having a conductivity in the range of 250-750 micromhos per cm (about 160-480 ppm dissolved solids). Water having a
conductivity in the range of 750-2,250 micromhos per cm is used
widely and permits satisfactory crop growth under good management
and with proper drainage, but saline conditions will develop if drainage is inadequate. The use of water having a conductivity in excess of
2,250 micromhos per cm generally is not successful. Only the more
salt-tolerant crops can be grown, and then only when large quantities
of water are used and where subsoil drainage is good.
The alkali hazard involved in using water for irrigation is determined by the absolute and relative concentrations of the cations
(usually calcium, magnesium, sodium and potassium). If the proportion of sodium is high, the alkali hazard is high; if the proportion of
calcium and magnesium is high, the hazard is low. Alkali soils are
formed by the accumulation of exchangeable sodium and commonly are
characterized by poor tilth of the soil cover and low permeability of the
soil and underlying rocks. The relative proportion of sodium to the
other cations in water has commonly been used for determining the
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suitability of the water for irrigation. Personnel of the U.S. Salinity
Laboratory (1954), however, have shown that the sodium-adsorption
ratio of a soil solution is simply related to the adsorption of sodium by
the soil and, hence, has certain advantages for use as an index of the
sodium or alkali hazard of the water. The ratio is defined by the
following equation:

V

Na+1
(Ca+2 +Mg+2)

where Na+1, Ca+2, and Mg+2 represent the concentrations, in milliequivalents per liter, of the respective ions.
The U.S. Salinity Laboratory Staff (1954) prepared a diagram foi
use in classifying irrigation water on the basis of the salinity hazard, as
indicated by the electrical conductivity of the water, and of the sodium
or alkali hazard, as indicated by the sodium-adsorption ratio of the
water. The water in representative mines in Huerfano County and
from Mggerhead shaft is classified in figure 14. The suitability of the
water for use in irrigation is discussed below. In using such a diagram,
the water assumedly will be used under average conditions with respect
to soil texture, infiltration rate, drainage, quantity of water use, and
salt tolerance of the crop. Large deviations from the average of one
or more of these variables may make unsafe the use of water that is
good under average conditions or may make safe the use of water
that, under average conditions, would be bad or of doubtful quality.
Low-salinity water (Cl in fig. 14) can be used for irrigating most
crops on most soils with little likelihood that soil salinity will develop.
Some leaching is required, but this occurs under normal irrigation
practices except in soils of extremely low permeability. Mediumsalinity water (C2) can be used if leaching is moderate. Plants having
a moderate salt tolerance can generally be grown without special
salinity control. High-salinity water (C3) the class to which most
mine water in Huerfano County belongs cannot be used on soils
having restricted drainage. Even with adequate drainage, special
salinity control may be required, and plants having high salt tolerance
should be selected. Very high salinity water (C4) the class to which
a large part of mine water in Huerfano County belongs is not suitable
for irrigation under ordinary conditions, but it may be used occasionally under very special "circumstances. The soils must be permeable, the drainage must be adequate, the irrigation water must be
applied in excess to provide considerable leaching, and the water can
be used to irrigate only those crops that have a very high tolerance for
salt.
The classification of irrigation water with respect to the sodiumadsorption ratio is based primarily on the effect of exchangeable
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FIGURE 14. Classification of mine water in Huerfano County for irrigation use.
Source of samples: B, Butte Valley mine; c, Cameron mine; c°, Calumet mine;
G, Gordon mine; K, Kebler mine; L, Lester mine; M, Mutual mine; Ma, Morning
Glory mine; N? Niggerhead shaft; p, Pictou mine; R, Rouse mine; w, Walsen
mine. Solid circle indicates conductivity measured; open circle indicates
conductivity estimated from dissolved solids.
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sodium on the physical condition of the soil. Sodium-sensitive plants
may, however, be injured as a result of sodium accumulation in plant
tissues, when exchangeable-sodium values are lower than those causing
deterioration of the physical condition of the soil. Low-sodium water
(SI) can be used for irrigation on almost all soils with little danger
of the development of harmful levels of exchangeable sodium, but
sodium-sensitive crops may accumulate injurious concentrations of
sodium. Medium-sodium water (S2) presents an appreciable sodium
hazard in fine-textured soils having high cation-exchange capacity,
especially under low-leaching conditions, unless the soil contains
gypsum. The water may be used on coarse-textured or organic soils
having a moderately high permeability. High-sodium water (S3) may
produce harmful levels of exchangeable sodium in most soils and requires special soil management, good drainage, high leaching, and additions of organic matter. Gypsiferous soils may not develop harmful
levels of exchangeable sodium from this water. Chemical amendments
may be required for replacement of exchangeable sodium, except that
amendments may not be feasible if water of very high salinity is used.
The very high sodium water (S4), which includes the largest group
of mine water in Huerfano County, generally is unsatisfactory for
irrigation except at low and perhaps medium salinity, where the solution of calcium from the soil or the use of gypsum or other amendments
may make the use of these waters feasible. The irrigation water may
sometimes dissolve sufficient calcium from calcareous soils to decrease
the sodium hazard appreciably, and this possibility should be taken
into account in the use of C1-S3 and C1-S4 water. For calcareous soils
having high pH or for noncalcareous soils, the sodium status of water
in classes C1-S3, C1-S4, and C2-S4 may be improved by the addition
of gypsum. It may also be beneficial to add gypsum to the soil
periodically if C2-S3 and C3-S2 water is used for irrigation.
Although little mine water has been used for irrigation in Huerfano County, adverse results from its use have been reported. Mr.
E. C. Waddhams reported that water from Pictou mine was applied to
an alfalfa crop on his land north of Walsenburg with good results the
first year and poor results in successive years. The land became
progressively less productive and finally would not support crops.
Mr. Turner of the Colorado Fuel and Iron Corp. reported that water
pumped from the lower part of Pictou mine turned potatoes black
upon cooking, caused mottling of the enamel of the residents' teeth
(probably from the high concentration of fluoride), and ruined lawns
and gardens. Water from Mggerhead shaft was used for irrigation
for a short time in 1951 with no apparent adverse results. If its use
had been prolonged, however, the crops or the soil may have been
damaged.
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In summary, careful consideration must be given before mine water
is utilized for any purpose. As the alluvial water is primarily of the
calcium sulfate type, mixing it with mine water might produce a
mixture that could be used, under certain conditions, for successful
irrigation particularly if used on porous, well-drained soils.
The development of new and improved methods of desalinization
of salt and brackish water offers a new hope for the ultimate utilization
of the mine water. If the water can be demineralized or if the mineral
content can be reduced appreciably, the county will have an excellent
combination of fuel, chemical, and water resources for the facilitation
of industrial development.
ALLUVIAL AQUIFERS

Some of the principal water problems of Huerfano County concern
the development of moderate to large quantities of water (25 gpm to
more than 250 gpm) for irrigation and industrial use. Alluvial
aquifers seem to offer greater potential for such development than do
coal mines, and for some uses, such as irrigation, the water is generally
of more suitable quality. Coal mines have an estimated potential
sustained yield of about 10,000 gpm; a greater yield can probably be
obtained by wells of moderate to large capacity tapping the alluvial
aquifers in the larger valleys. The general occurrence and movement
of water in alluvial aquifers was discussed under "Hydrogeologic
Setting" (p. 19); a more detailed discussion of their water-supply
potential follows.
DISTRIBUTION AND THICKNESS

The thickest, most permeable, and most productive alluvial aquifers
underlie the flood plains of Huerfano and Cucharas Rivers and of
Bear and Santa Clara Creeks. The thickness and texture of the
alluvium is indicated by selected sections across Huerfano and
Cucharas Valleys that are based on test holes drilled as a part of this
investigation (pi. 5).
The alluvium of the larger valleys is thin or discontinuous in the
mountains and foothills, reaches its greatest thickness across Huerfano Park, the coal basin, and the shale plains, and becomes thin and
discontinuous in the canyon-and-mesa area in the eastern part of the
county. The alluvium of the smaller valleys, the slope wash along
the valley sides, and the colluvium beneath the pediments generally
are discontinuous, are only thinly saturated locally, and will yield
water in sufficient quantity for domestic and stock use only in a few
places.
The thickness of alluvium differs greatly from valley to valley and
within a single valley (pi. 5). It ranges from zero in all valleys to
780-472 O 65
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a maximum of about 50 feet in Huerfano Valley. The maximum
thickness probably is not more than 30 feet in the valleys of the
Cucharas River and of Bear, Santa Clara, Muddy, and Apache Creeks.
WATER SUPPLY
AVAELABILJTY

Enough water to supply the potential demand for domestic and
stock supplies throughout the flood plains of the major valleys can
be developed from the alluvial aquifers without appreciably affecting
the availability of surface-water supplies. In parts of the valleys,
copious quantities can be developed for irrigation or industrial use,
but extensive development would reduce appreciably the amount of
surface water available. Although such development would likely
improve the beneficial use of water in the valleys, problems involving
water rights would need to be resolved. All the water in the perennial
streams in Huerfano County has been appropriated for many years,
and, according to the water code of Colorado, withdrawals of ground
water that would appreciably reduce the natural flow of these streams
could be stopped by legal action initiated by any surface-water user
whose natural supply was being diminished; his right would be senior
to that of any of the ground-water users.
The possibility of conjunctive use of ground water and surface
water was not studied during this investigation; thus, the discussion
on availability will be confined to showing where water is available,
what yields can be expected, and how the water can be developed.
Ground-water development should be encouraged even though its
development will involve problems in water rights and in water management. If the two sources are properly managed, water now being
nonbeneficially consumed by evapotranspiration can be salvaged, and
in some places the supply can be regulated by temporarily storing
surface water in ground-water reservoirs.
The management of water in valleys of perennial streams is a
function of State and local agencies. As water-supply problems become more critical, more effort will be made to attain a balance of
surface-water and ground-water use that will make the best utilization of our water resources. The amount of ground water that can
be withdrawn cannot be determined until management practices are
established, and this cannot be done until the relations of surface
water to ground water are studied in more detail.
In those valleys where the streams are not, perennial, the legal problems between ground-water and surface-water use are less involved;
and hydrologic, physical, and economic limitations are the principal
factors that govern development. Development of large-capacity wells
is generally difficult in the relatively thin alluvium in these valleys.
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The difficulty of developing such wells generally will prevent widespread overdevelopment of the supply, as the wells will, of necessity,
be widely separated. In a few places, where the water table is shallow
and where some water is evaporated or transpired, lowering of the
water table would salvage water that otherwise would be lost. Areas
of shallow water table in valleys of intermittent streams are small,
and, likewise, the potential salvage by lowering the water table is
small. As no perennial streams are in these valleys, the lowering of
the water table would not appreciably increase recharge by loss in
streamflow this can be done only by artificial means, such as retention structures that retard flood runoff and that allow additional
time for the water to percolate through the stream channel into the
underlying alluvium.
QUALITY

The chemical quality of ground water from alluvial aquifers in
Huerfano County is indicated by analyses of 32 samples of water
collected from wells and springs (McLaughlin and others, 1961, p.
IT, 18). Suitability of the water for irrigation use is indicated by
the relation of electrical conductivity to sodium-adsorption ratio in
samples from the alluvium in Bear Creek, Huerfano, and Cucharas
Valleys (fig. 15).
Almost all the water from the alluvium is hard, and most of it is
highly to very highly mineralized some containing more than 5,000
ppm dissolved solids. Most of the water is a calcium sulfate solution,
but some is a calcium bicarbonate or bicarbonate sulfate solution.
Much of it is too highly mineralized for domestic use and for many
industrial uses. In those areas where water is likely to be found in
quantities adequate for irrigation, the water generally has a low to
medium sodium hazard and a high to very high salinity hazard.
(See p. 40 for discussion of significance of sodium and salinity hazard.) Because the soils in the flood plains of the larger valleys are
porous and generally well drained, the water can be used for irrigation if proper precautions are taken. The water from the Davis,
Perrino, and Marchiori wells has been used for many years with no
report of deleterious effects on soils or crops.
PRESENT DEVELOPMENT

Only a few successful large-capacity wells had been developed in
the alluvium in the principal valleys at the time of this investigation.
In the Huerfano Valley, the Davis well (26-67-31ccb) later known
as the Edelman well was drilled through 38 feet of alluvium and
was capable of discharging 450 gpm. The Kimbrell well (26-6733aab) penetrated 34 feet of alluvium and discharged 400 gpm for
short periods but was not capable of maintaining a sustained discharge
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FIGURE 15. Classification of water from alluvium for irrigation. B, Bear Creek
Valley; H, Huerfano Valley; and C, Cucharas Valley. Subnumeral indicates
relative position in the valley; number 1 is the farthest upstream.

of that magnitude. The Perrino well (27-68-2aba) was dug and
drilled to a depth of 51 feet and was capable of discharging more than
500 gpm. In Bear Creek Valley, the Marchiori well (29-67-23bcc)
was dug to a depth of about 27 feet and reportedly yields 450 gpm.
Other attempts have been made to develop large supplies of water
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from alluvium, but they have generally been only partly successful.
Some water has been pumped from trenches, pits, or other excavations, but these sources generally did not yield large quantities of
water, and discharge declined rapidly as the sides slumped and finegrained materials accumulated at the bottoms.
Small to moderate supplies of water have been developed from
alluvial deposits throughout a large part of the major valleys and in
many places in the smaller valleys. Supplies adequate for domestic
and stock use can be obtained almost anywhere in the valley flood
plains. Moderate supplies are easily obtained in the large valleys but
can be developed in the smaller valleys only where the alluvium is
thickest. In Dog Springs Arroyo, for example, the Butte Valley
mine pumped about 50 gpm from a caisson sunk 50 feet through
alluvium into the underlying shale.
FUTURE] DEVELOPMENT

The alluvium beneath the flood plains of Huerf ano, Cucharas, and
Bear Creek Valleys seems to offer the best opportunity for the development of moderate- to large-capacity wells (25 to more than
250 gpm). Moderate supplies (25-250 gpm) can be expected from
the alluvium in Santa Clara Valley and perhaps also in Apache flats
and along parts of Muddy Creek. The water table in these valleys
generally is shallow, and both the pumping lift and pumping cost
will be relatively small.
Care should be exercised in prospecting for water in valleys, particularly if moderate to large quantities of water are being sought in the
larger valleys having broader flood plains. Beneath the flood plains
of most valleys, the bedrock surface is .uneven; in large valleys, such
as the Arkansas and the South Platte, there may be one or more
buried channels. These buried channels, or "lows," in the bedrock
mark the position of the thickest and most permeable water-bearing
materials. Their position is not discernible from surface features;
hence, the character and thickness of the water-bearing materials in
them can be determined 'accurately only by test drilling.
As the thickest water-bearing materials lie in a line or channel
that is between the valley walls and is roughly parallel to the valley,
test holes should be drilled in lines at right angles to the trend of the
valley rather than parallel to it (fig. 16). In this way the most
favorable well sites can be selected with minimum test drilling.
Figure 16 shows schematically two methods of test drilling. Illustration A is a plan of a stream valley outside Huerf ano County, and
B and C are cross sections along the two lines of test holes (A-A' and
B-B'). Line A A' was drilled parallel to the valley trend (upstream
and downstream), and, although 14 holes were drilled, the buried chan-
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FIGURE 16. Method of locating a buried channel in a stream valley by test drilling. From
McLaughlin (1954, fig. 54).
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nel was not located. The alluvium is thicker in test holes 13 and 14,
and if 4 additional test holes had been drilled at the same spacing,
the buried channel would have been located by the 18th test hole.
If the buried channel is narrow, as it is some valleys, and if the holes
are not uniformly spaced, the channel might remain undiscovered
even by many more test holes.
Line B-B' was drilled across the flood plain with uniform spacing
between the test holes and between the end holes (1 and 4) and the
edges of the flood plain. The thickest water-bearing materials were
penetrated in test holes 3 and 4, so a fifth test hole (5) was drilled
between test holes 3 and 4 and located nearly the deepest part of the
buried channel. The channel could be outlined more accurately, if
necessary, by drilling additional closely spaced tests between holes 3
and 5 and between 5 and 4.
The optimum spacing of test holes is determined by many factors,
such as width of flood plain, width of buried channel, cost of drilling,
and availability of funds; hence, suggested optimum spacings are
beyond the scope of this report. The width of the flood plain is easily
observed or measured, and data on wells generally indicate the order
of magnitude of the buried channel width. With this information,
the optimum spacing commensurate with the costs and funds can be
planned.
With systematic test drilling and proper well construction, the
alluvium of Huerfano Valley can be expected to yield 200-800 gpm
to wells. Smaller quantities can be expected from the other valleys
in Huerfano County, although locally in Cucharas and Bear Creek
Valleys, wells may yield as much as 500 gpm.
The alluvium in parts of some valleys, particularly along Muddy
Creek, has been deeply channeled, and the water table has been
lowered to the extent that the alluvium may be largely drained.
Generally in these areas, quantities of water greater than a few gallons
per minute cannot be obtained. Figure 17 illustrates the effect of the
channel cutting on the potential water supply of the alluvium.
If test drilling fails to reveal a thickness of saturated alluvium sufficient for the development iof the amount of water needed from wells,
larger yields can sometimes be obtained from thinly saturated deposits
by means of 'battery wells, collector systems, or infiltration galleries.
Battery wells consist of two or more closely spaced wells connected
to a single pump generally a centrifugal pump. Collector systems
are constructed by sinking a large-diameter caisson and then extending perforated pipe, well screens, or well points radially from the
caisson. Infiltration galleries are essentially horizontal wells in which
the perforated casing is laid horizontally in an open trench that has
been excavated below the water ta/ble and then backfilled with sorted

FIGUBE 17. Effect of channel cutting1 on ground-water supply. A, Deeply cut channel of Muddy Creek has drained most of
the ground water from the alluvium; B, shallow channel of Bear Creek has drained only a part of the ground water
from the alluvium.

B

o

Ot

ALLUVIAL AQUIFERS

51

gravel. All three systems are particularly adaptable to areas such
as the small valleys of Huerf an'o County in which the water-bearing
alluvium is thin and shallow and in which the production of ordinary
wells is restricted by the small drawdown allowable. These systems
permit the withdrawal of water from a larger area and, hence, will
produce more water with a smaller drawdown than the conventional
well constructed with a vertical screen. Although these systems have
not been used widely in Huerfano County, they may be the best means
of developing larger supplies of water.
The collector systems are the most costly to install properly, but
they probably are the most effective. The infiltration galleries can be
constructed with little specialized equipment, but they commonly are
constructed improperly, in that the pipe may mot be placed to the
optimum depth, some sections of pipe may foe placed above the water
table, and the trench may not be backfilled with properly graded
materials. The battery wells are constructed much like ordinary wells,
but trenching generally is required to connect them to the single pump.
The alluvial aquifers of Huerf ano County are capable of yielding
considerably more water than had been developed at the time of this
study, as indicated by water-level trends. Hydrographs of water
levels in observation wells in Huerfano and Bear Creek Valleys (pi.
6, curves (7, D) show that water levels have not declined appreciably,
other than the normal seasonal fluctuations, and that the water levels
were as high in 1960 as they were at the beginning of record in 1950.
They also show that the drought of 1950-56 had no appreciable effect
on water levels in those valleys. Water levels in the two valleys (and
probably also in Cucharas Valley) rise in the spring and early summer as a result of spring runoff and of the application of surface water
for irrigation, and they decline in late summer and fall as irrigation
declines and ceases and as ground water continues to discharge into
the streams. Because the water table in the alluvium remains sufficiently high throughout the year to cause water to discharge into the
stream, a great deal <of potential recharge is rejected for lack of
storage space in the alluvium. If water levels can be lowered sufficiently to reduce discharge and increase storage space, more water
can be salvaged by natural recharge, and less will be lost by runoff.
The hydrograph of a well in Apache Creek valley (pi. 6, curve B)
indicates a rapid refilling of the alluvial aquifer after the severe
drought of the early 1950's. This suggests that if water levels in alluvial aquifers are lowered appreciably by heavy pumping during
drought, they will rise rapidly when precipitation returns to normal
or above normal and when pumping ceases or is greatly reduced. The
water resources of the valley areas therefore can seemingly be utilized
most efficiently by developing water from the alluvial aquifers as a
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supplemental water supply to be used where and when the surfacewater supplies are below normal.
BEDROCK AQUIFERS

One of the water problems of Huerfano County is that of locating
small supplies for stock and domestic use particularly in the eastern
part of the county. Although some supplies can be obtained from
alluvial deposits in that area, the bedrock aquifers seem to offer the
best solution to the problem. The general occurrence of water in
bedrock aquifers was discussed in the section "Hydrogeologic Setting";
it will be discussed in more detail in the following pages.
PROBLEMS IN LOCATING WATER

This section is concerned principally with the problem of where to
find ground water in the bedrock aquifers of Huerfano County. Solution of the problem is made easier by use of tables 3 and 5, which show
the character, thickness, and water-supply properties of the bedrock
formations, and by use of plate 1, which shows the distribution of the
formations. For more detailed maps showing the distribution of bedrock formations in Huerfano County and for more detailed geologic
descriptions of the bedrock formations in this area, refer to the references at the end of this report.
Both the aquifers and aquicludes are discussed in this section. An
effort has been made to utilize information on all bedrock formations
in facilitating the location of ground-water supplies. A geologic map,
such as plate 1, can be used as an aquifer map. It shows the areas
of outcrop of the aquifers and aquicludes and, with information from
tables 3 and 5, the depths to the most productive aquifers can be predicted with reasonable accuracy.
Prediction of the depth to an aquifer is not always easy, because the
bedrock formations are not of uniform thickness. Bedrock formations, such as the Cuchara and Poison Canyon, have a wide range of
thickness; some of the older formations, such as those listed in table
5, are of more uniform thickness. The formations having more uniform thicknesses are tabulated in table 5 to facilitate the prediction of
depths to aquifers.
The bedrock formations do not all thicken or thin in the same direction. Therefore, one cannot total the minimum and maximum thicknesses to determine the range in depth to a selected aquifer. Certain
units in the section thicken at the expense of others; for example, the
Greenhorn Limestone thickens as the Graneros Shale thins, so that the
thickness of the combined Greenhorn and Graneros section ranges from
about 220 to 260 feet, rather than from 210 to 265 feet, as would be
indicated by totaling the minimum and maximum thicknesses of each.
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TABLE 5. Thickness of bedrock formations in eastern Huerfano County
Formation and member

Minimum
Niobrara:
Smoky Hill.... ... ....
Carlile:
CodeU- ....... ... ..
Blue Hill.. .... ... . .
Purgatoire:
Morrisonand Ralston Creek(?)_
Entrada. ___________

Combined thickness (ft)

Unit thickness (ft)
Average

Maximum Minimum

Average

Maximum

400
50

450
60

500 }
70

470

5
220
25
185
115

20
240
30
210
120

30
260
35
235
125

!

250

260

265

220
115

240
120

260
125

15
95
260
30

20
110
280
50

25
135 |
300
70

120
260
30

130
280
50

150
300
70

510

550

An example of how data in table 5 are used to predict depths to aquifers may acquaint the reader with those data and facilitate their use
by him. In drilling a well at the contact of the Fort Hays Limestone
and Smoky Hill Marl Members of the Niobrara Formation, the depth
to the base of the limestone-sandstone aquifer (the base of the Codell)
would range from 55 to 100 feet. If that aquifer is dry, it might be
desirable to drill to the top of the Dakota Sandstone. To determine
the probable range of depths to the top of the Dakota 'Sandstone,
proceed as follows: To the range in thickness of the Fort Hays in
its outcrop area (0-70 ft), add the average thickness of the Carlile
(260 ft) and of the Greenhorn and Graneros combined (240 ft). The
total range would be 500-570 feet. If the depth to the Cheyenne Sandstone Member is desired, add the average thickness of the Dakota (120
ft) plus the average thickness of the Kiowa (20 ft). The range of
depth to the Cheyenne, therefore, would be 640-710 feet.
The predictions outlined above are complicated in some places by
geologic structure including the many faults that displace the rocks
from a few to many hundreds of feet. Where structure is relatively
simple, as in the eastern part of the county, no great difficulties should
be encountered in predicting where to find water; where structure is
complex, as in and near the mountains, prediction may be complex.
Figure 18 illustrates the possible effects of faulting on the occurrence
of ground water in a typical area of eastern Huerfano County. The
idealized section shows the rocks displaced by two faults (A and B)
and shows the results of drilling four hypothetical wells.
Well 1 is on the upthrown side of the fault and obtained no water
from the Dakota and Purgatoire Formations because they are drained
at that point. Well 2, on the downthrown side, obtained water from
both formations. As the rocks on the east side of fault A are in contact with less permeable rocks on the west side, the fault is a barrier
to the movement of water downdip. Well 3 obtained no water from

FIGURE 18. Relation of geologic structure to the occurrence of ground water. Kpu, Purgatoire Formation; Kd, Dakota Sandstone; Kgs, Graneros Shale; Kgn, Greenhorn Limestone; Kc, Carlile Shale; Knf, Fort Hays Limestone Member of the Niobrara Formation; Kns, Smoky Hill Marl Member of the Niobrara Formation. Shading indicates
saturation with water.
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the Dakota but obtained a small supply of water from the Purgatoire.
Because of the displacement along fault B, the Dakota on the east side
abuts the Purgatoire on the west side, and water moves from one to
the other across the fault zone. Well 4, which is near the sources of
recharge, obtained water from both aquifers.
The discussion above is concerned mainly with the two most productive aquifers in that area. Smaller supplies, generally of poorer
quality, possibly may also be obtained in that area from the Fort Hays
Limestone Member of the Niobrara Formation, the Codell Sandstone
Member at the top of the Carlile Shale, and the Greenhorn Limestone.
In areas underlain by thick sequences of shale or clay containing
little or no potable water, such as the Smoky Hill Marl Member of the
Niobrara Formation and the Pierre Shale, construction of stock-waterponds may be advisable rather than investment of large sums in drilling that may prove fruitless. Ponds constructed in these materials
generally are watertight and require little or no sealing. Commercial
water-purification units now are available, so the pond water could
be made usable for both domestic and stock purposes.
The statements on the following pages about the problems of finding water in bedrock formations are concerned only with the physical
problems. Considerations of the legal, economic, or sociological aspects are beyond the scope of this report. If the statement is made,
for example, that drilling to the Dakota Sandstone would be advisable,
this means that such action would be most likely to produce the best
supply of water. Because of the economics involved, however, a
landowner may decide that he cannot afford to drill to such great
depths and may choose to accept a less satisfactory supply from a
shallower depth.
MISCONCEPTION CONCERNING THE SUPPLY

A common belief in this region is that bedrock aquifers are more
productive than alluvial aquifers; consequently, many wells are
drilled to considerable depths in search of large quantities of water
from bedrock, although alluvial aquifers at shallow depth may be
the most productive. The alluvial aquifers generally consist of sand
and gravel of high permeability and will transmit water readily; the
bedrock aquifers generally consist of limestone or well-cemented sandstone of less permeability and will transmit water much less readily.
Although some bedrock aquifers, such as the cavernous limestone of
the Roswell artesian basin in eastern New Mexico, may yield large
quantities of water to wells, most of them are not cavernous and,
therefore, will yield only relatively small supplies. The contrast
between the yields of alluvium and of consolidated rock is illustrated
vividly by the serious water problems of Huerfano County, which is
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underlain largely by bedrock, and the abundance of water in nearby
San Luis Valley, which is underlain largely by alluvial deposits.
The contrast is emphasized also by a comparison of the yield of Niggerhead shaft (28-67-24da), which taps bedrock aquifers, and the Davis
well (26-67-31ccb), which taps the alluvium in Huerfano Valley.
The 12- by 20-foot shaft, which is 651 feet deep, discharged 1,250 gpm
with a drawdown of 338 feet during a test in 1951. The specific
capacity of the shaft, therefore, was 3.7 gpm per foot of drawdown.
The Davis well, only 2 feet in diameter and only 41 feet deep, discharged 450 gpm with a drawdown of 26.5 feet. Hence, its specific
capacity was 17 gpm per foot of drawdown almost 5 times as great.
The contrast is emphasized further by a comparison of the formation
factor (p. 21). The saturated thickness should refer to the total
thickness of permeable water-bearing materials penetrated, but as a
log of Niggerhead shaft is not available, the interval from the static
water level to the bottom of the shaft and well is used in this camparison. The formation factor for Niggerhead shaft was 0.68; the factor
for the Davis well was 56.6 more than 80 times as great. If the
hole diameters were taken into account, the contrast would be even
greater. The comparisons above emphasize the low productivity of a
thick section of bedrock and give an indication of the greater cost
of developing a given supply of water from bedrock.
The misconception concerning the productivity of bedrock aquifers
is amplified in this region by the belief that large quantities of water
are commonly found in the bedrock by deep oil tests. Eecent tests
near Ojo in the western part of the county reportedly found moderate
to large quantities of water under sufficient artesian head to cause the
water to flow at the surface. Reports of large quantities of fresh
water in oil tests commonly create false hopes that abundant supplies
of fresh water may be available usually at great depths. These false
hopes arise because different standards of measure are used by the oil
driller, the oil operator, and the oil geologist than are used by the
hydrologist, the irrigator, and most other water users. Most water
found in oil tests is salty that is, it commonly contains 30,000-100,000
ppm or more dissolved solids, principally sodium chloride. When an
oil test taps water containing only 5,000-10,000 ppm chloride, the
oil man commonly calls it "fresh," even though it is unfit for human
consumption, for livestock consumption, for irrigation, and for most
other uses.
Differing standards are also in use in the measurement of water
discharges. To an oil man, an oil well producing 100 barrels a day
is a good well, and one producing 1,000 barrels a day is a "gusher"
and is a rarity. Production of this magnitude is of little significance
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to the hydrologist or irrigator, for 100 barrels a day is equivalent to
only about 3 gpm, and 1,000 barrels a day is equivalent to only about
30 gpm. When the oil man says that a "large" quantity of water "has
been found, it commonly means that there is enough water to sustain
a few head of livestock if the water is fresh enough for the cattle
to drink.
The layman himself commonly contributes to the false hopes that
arise with the finding of water in oil tests. The Lewis Drilling Co.
Campbell Ranch 1 test, for example, found flowing artesian water,
which attracted considerable local attention. As the story of the
flowing well was spread, the reported discharge was magnified until
one witness declared that the water "shot out of the hole [10%-inch
casing] to a height of 20 feet." A well discharging water from a
10%-inch pipe to a height of 20 feet above the top of the pipe would
have a yield of approximately 10,000 gpm. According to data obtained by personal communication with Mr. J. A. Lewis of the Lewis
Drilling Co., the flow under the most optimistic circumstances could
not have exceeded 300 gpm.
The discussion above is not meant to discourage further exploration for water in bedrock formations; rather, it is intended to caution
the potential water user against large expenditures for deep drilling
in bedrock on the basis of rumors and overly optimistic reports and
to encourage him to obtain sound technical advice before proceeding.
PBECAMBBIAN BOCKS

Precambrian rocks in the area consist of gneiss, schist, granite, and
other metamorphic and igneous rocks in the cores of the Culebra,
Sangre de Cristo, and Wet Mountain Ranges. The rocks are hard
and dense and have very low permeability except where weathered,
fractured, or jointed. Water is absorbed into the surficial weathered
parts of the rocks or into zones of joints and fractures by the infiltration of rainfall and snowmelt. Water is discharged from the rocks
principally as seepage into streams or as springs and seeps.
Because precipitation is more abundant in the mountains where
the Precambrian rocks crop out, water supplies generally are adequate for the needs of the area. Livestock generally are adequately
watered from the springs and streams, and the few domestic supplies
required generally are obtainable from springs or from shallow dug
wells in the surficial weathered material or from alluvial deposits
adjacent to the streams. As long as the principal industry in these
areas is stock growing, ground-water supplies from those rocks probably will be adequate to meet all needs.
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PENNSYLVANIA!! MARINE BOCKS

Unnamed marine rocks of Pennsylvanian age (table 3) crop out in
the Culebra and Sangre de Cristo Ranges adjacent to the core of
Precambrian rocks. They have not been mapped in detail except
locally, and their area of outcrop is not shown on plate 1. They consist
of more than 5,000 feet of carbonaceous conglomerate, sandstone, limestone, and shale. They are highly folded and faulted and in general
have relatively low permeability. Water accumulates in the fractures,
joints, and bedding planes of the harder rocks particularly the sandstone and conglomerate and discharges generally within short distances through seeps and springs. The areas of outcrop are well
watered during most years, and the principal industries, stock growing
and summer resorts, normally have adequate supplies. Water supplies for livestock are obtained from many springs, seeps, and small
streams, and those for summer resorts and summer cabins are obtained
principally from springs but also from shallow dug wells in weathered
material or in the alluvial deposits near streams.
The Pennsylvanian marine rocks extend eastward from the mountains and pinch out beneath a thick cover of younger sedimentary
rocks within a short distance east of the mountains. These rocks are
not potential aquifers east of the mountains because (1) they lie at
great depth, (2) they generally have a low permeability, and (3) they
generally are overlain by more productive and more easily developed
aquifers.
SANGRE DE CRISTO FORMATION

The Sangre de Cristo Formation is exposed along the east side of
the Culebra and Sangre de Cristo Ranges, around the south end of
the Wet Mountains, and in the bottom of Cucharas Canyon (pi. 1).
It has been mapped in the Cucharas Canyon and in parts of Huerfano
Park, but details of its distribution are not known. The formation
consists of poorly sorted conglomerate and arkose, sandstone, shale,
and limestone, most of which is various shades of red and maroon.
It ranges in thickness from a few hundred feet on the Apishapa arch
in the easternmost part of the county to many thousands of feet in
the west. The rocks have low permeability, and water accumulates and
moves largely in the fractures, joints, and bedding planes and in
weathered material. Areas in which the formation crops out normally
are adequately watered, as the small supplies that are needed for
domestic and stock use generally are available from springs,- seeps,
or small streams or from shallow dug wells.
Outside the areas of outcrop, the formation generally lies at depths
ranging from nearly 1,000 feet on the Apishapa arch to many thousands of feet in the trough of the Raton basin. Water supplies for
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domestic and stock use are in most places available from more permeable overlying formations.
ENTRADA SANDSTONE

The Entrada Sandstone underlies most of Huerf ano County at great
depths and crops out in Cucharas Canyon and along the foothills at
the base of the Culebra, Sangre de Cristo, and Wet Mountain Ranges
(pi. 1). It consists of 30-70 feet of massive white to buff fine- to
medium-grained sandstone. It commonly is soft and friable and probably is more permeable than the more highly cemented sandstones
of either the older formations beneath or the Morrison and Ralston
Creek(?) Formations above.
The Entrada is not known to yield water to wells in Huerf ano
County, but it is a potential aquifer in two areas in the county where
supplies are difficult to obtain: near Huerf ano Canyon in T. 25 S.,
R. 65 W., and near Cucharas Canyon in Tps. 25 and 26 S., R. 64 W.
Huerfano Canyon has been cut through the Dakota Sandstone and
part of the Purgatoire Formation, which are largely drained near the
canyon; and Cucharas Canyon has been cut through the Dakota, Purgatoire, Morrison, Ralston Creek (?), and Entrada Formations and into
the underlying red beds of the Sangre de Cristo Formation. The rocks
near Cucharas Canyon are largely drained, particularly on the east
side and near the lower end, and supplies of water are extremely
difficult to find. Plate 7 illustrates the effect of canyon cutting on the
local water supply. As the rocks dip westward and southwestward
away from the Apishapa arch, the water is largely drained from those
aquifers on the east side of the canyon that have been breached. As
indicated by diagram A, little possibility exists of obtaining water
supplies from wells on the east side of the canyon or near the canyon
edges on the west side. Any water in the sandstone on the east side
moves downdip in sinuous channels and discharges through springs
and seeps. Water accumulates in the sandstone on the west side, and
domestic and stock supplies can generally be obtained from either the
Dakota Sandstone or the Purgatoire Formation. If a well fails to find
water in either of these, a supply may possibly be obtained from the
Entrada by drilling an average additional 280-330 feet below the
base of the Purgatoire.
Diagram B represents a typical cross section of Cucharas Canyon in
the southern part of T. 25 S., R. 64 W., and throughout much of its
course through T. 26 S., R. 64 W. As shown, the canyon is cut through
the Dakota and Purgatoire Formations and into the underlying
Morrison Formation. Here, the Entrada Sandstone is a potential
source of water in those areas where the overlying Dakota and Purgatoire may be dry.
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In diagram C, a typical cross section of Huerfano Canyon, the
canyon is shown cut through the Dakota and into the Purgatoire
Formation. Water is largely drained from the Dakota Sandstone but
only partly drained from the Purgatoire. Here, the Entrada likely
is fully saturated and is a potential source of supply for deep wells
that fail to penetrate water-bearing sandstone in overyling rocks.
The Entrada Sanstone probably will yield less than 10 gpm to
ordinary domestic and stock wells. The water probably is moderately
to highly mineralized but should be suitable for stock use and perhaps
for limited domestic use.
MORRISON AND RALSTON CREEK(?) FORMATIONS

The Morrison and Kalston Creek (?) Formations underlie most of
Huerfano County but crop out only in Cucharas Canyon and in the
foothills (pi. 1). They consist of 260-300 feet of variegated shale,
claystone, and siltstone with generally thin beds of tightly cemented
fine-grained quartzitic sandstone. Locally, the Ralston Creek (?)
Formation contains thin beds of limestone.
The Morrison has a very low permeability, and the clayey and
silty materials that it contains will not transmit water to wells at rates
useful for stock or domestic purposes. The sandstone in the Morrison
generally is so hard and dense that it will transmit very little water except along joints and bedding planes. In a few places the sandstone
is very lenticular; it thickens within short distances and is more
porous and friable. Where saturated, it probably will yield enough
water for domestic and stock use perhaps a few gallons per minute.
No means of determining where these lenticular beds may occur in the
subsurface is known; hence, the chances of finding them at depth
generally are not worth the risk of deeper drilling. Where the overlying formations are absent or are dry, however, drilling through
the Morrison and Ralston Creek (?) may be advisable because a thick
sand section might be penetrated or, if not, water may be found in the
underlying Entrada Sandstone.
In drilling deep wells for water in many parts of Huerfano County,
the Morrison serves as a good marker to identify the position of the
bottom of the drill hole within the stratigraphic section. Normally,
exploratory drilling for water should stop at the base of the Purgatoire
Formation, as the next potential aquifer of any degree of continuity
and productivity is the Entrada Sandstone, which lies 260-300 feet
below the Purgatoire. After drilling through the buff and white
friable sandstone of the Purgatoire, one can easily identify the Morrison by the brightly variegated (usually various shades of green, red,
and maroon) fragments of shale, claystone, and siltstone brought up
by the drill. The Ralston Creek(?) can generally be identified by
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the more abundant thin beds of hard sandstone, by the thin layers of
platy limestone, and by the scattered fragments of red chert (jasper).
The Morrison Formation discharges water of good quality, but
with some hydrogen sulfide gas, at Sulphur Springs southwest of La
Veta (McLaughlin, Burtis, and Wilson, 1961, p. 18); its quality
elsewhere in the county is not known. The discharge from the Morrison at Sulphur Springs is near the source or recharge; where the
formation lies at depth, the water probably is much more highly
mineralized. Wells tapping sandstone in the Morrison cannot be expected to yield more than a few gallons per minute.
PUEGATOIBE FOBMATION

The Purgatoire Formation crops out in Cucharas and Huerfano
Canyons as well as in several of the smaller canyons in the eastern
part of Huerfano County. It is exposed also along the foothills
(pi. 1). The Purgatoire consists of a lower unit of sandstone called
the Cheyenne Sandstone Member and an upper unit of shale called
the Kiowa Shale Member (table 3). The Cheyenne Sandstone Member is a massive white to buff friable fine-grained sandstone having
moderate permeability. Generally it is about 110 feet thick in Huerfano County, but its thickness may range from about 95 to 135 feet
within the county. The Kiowa Shale Member consists of 15-25 feet
of shale, sandy shale, and thin-bedded sandstone. It has a very low
permeability and serves as an aquiclude between the Purgatoire and
Dakota Formations, although considerable leakage probably occurs
between the two aquifers. The Purgatoire Formation underlies most
of the county east of the mountain ranges commonly at considerable
depth.
One of the most extensive and potentially productive bedrock aquifers of Huerfano County as well as in much of southeastern Colorado,
the Purgatoire Formation yields adequate supplies to domestic and
stock wells in the eastern part of the county and in some areas, such as
in Baca and Pueblo Counties, from several hundred to more than 1,000
gpm to individual irrigation wells.
Although large-capacity wells have been developed in the Purgatoire Formation for irrigation in a few areas, this formation probably
does not have much potential for large-scale development in Huerfano
County. It generally lies at too great a depth, and where it is at or
near the surface it commonly is so nearly drained that it will not
yield even moderate quantities of water to wells. In outcrop areas
of the Graneros Shale and younger formations in the eastern part
of the county, a few moderate- to large-capacity wells may possibly
be developed by drilling through and tapping both the Dakota and
Purgatoire Formations.
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The Purgatoire is also a potential source of water in much of the
county that is underlain by the Dakota, Graneros, Greenhorn, Carlile,
and Niobrara Formations (pi. 1). The top of the Cheyenne Sandstone Member lies at depths ranging from 20 to 140 feet in areas of
outcrop of the Dakota Sandstone, 140 to 350 feet in areas of Graneros
Shale, 350 to 380 feet in areas of Greenhorn Limestone, 380 to 640 feet
in areas of Carlile Shale, and 640 to 1,150 feet in areas of Niobrara
Formation. For each of the ranges above, the minimum depth to
the top of the Cheyenne is measured from the contact with the underlying formation, and the maximum depth is at the contact with the
overlying formation. For example, in Greenhorn outcrop areas the
top of the Cheyenne is 350 feet below the Greenhorn-Graneros contact
and 380 feet below the Greenhorn-Carlile contact.
Water in the Purgatoire Formation commonly is under artesian
pressure. In parts of the Raton basin, wells tapping the formation
probably will flow at the surface. Artesian flows from the Purgatoire can be expected in the Huerfano Valley between Badito and
Huerfano Canyon, in the Cucharas Valley between Walsenburg and
Cucharas Reservoir, in Apache Creek valley on either side of U.S.
Highway 87, and perhaps elsewhere. In most of these areas, however, the depth to the Purgatoire is more than 1,000 feet.
The water in the Purgatoire Formation is hard but is generally
suitable for stock use and for limited domestic use. It commonly ig
a calcium sulfate solution and contains a few hundred to about Ij500
ppm dissolved solids. The water seems to be of best quality in the
area between Cucharas and Huerfano Canyons in T. 25 S., Rs. 64 and
65 W., where the aquifer has access to recharge in outcrop areas to
the north and east. The water east of Cucharas Canyon, where the
aquifer is at greater distances from sources of recharge, seems to be of
poorer quality. Well 26-63-1 Idcb, which is near the top of the Apishapa arch, probably draws water from the Purgatoire Formation, and
it discharges water that cattle will not drink. It is a magnesium sulfate solution having a hardness of more than 7,000 ppm.
As indicated in figure 19, the water from four wells tapping the
Purgatoire had a low sodium hazard but medium to very high salinity
hazard. (See p. 40 for a discussion of sodium and salinity hazards.)
Water from two wells one a deep oil test tapping both the Purgatoire
and Dakota and the other the well that produces the magnesium sulfate water had such high sodium and salinity hazards it could not
be plotted on figure 19. Seemingly, therefore, part of the water from
the Purgatoire Formation in Huerfano County could be used for
irrigation provided that the land is properly drained and that special
practices for salinity control are exercised.
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DAKOTA SANDSTONE

The Dakota Sandstone crops out in narrow bands in the hogbacks
bordering the mountain ranges and in a large area in eastern Huerfano
County. (See pi. 1.) It underlies younger rocks at considerable
depth between the foothills and the large outcrop area. The Dakota
consists principally of fine- to medium-grained sandstone, but locally
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it may be coarse grained or conglomeratic. The formation is predominantly massive sandstone, but in places it comprises an upper
massive sandstone, a middle unit of shale, clay, and thin-bedded sandstone, and a lower massive sandstone. The sandstone generally is
moderately well cemented but commonly is soft and friable and probably has an average permeability in the order of 50-100 gpd per sq ft.
Near the mountains, where the beds are highly folded, the sandstone
generally is tightly cemented and quartzitic and has a much lower
permeability. The Dakota ranges in thickness from 115 to 125 feet;
the thickness is reasonably uniform, although it reportedly increases
abruptly in a few places near the mountains.
The Dakota is one of the most extensive and widely used aquifers
in southeastern Colorado, and it yields water to wells and springs in
a large area in eastern Huerfano County, principally in its area of
outcrop. It is largely drained near Huerfano and Cucharas Canyons
and near smaller tributary canyons that have been cut into the underlying Purgatoire Formation. The drained area is elongate, extending
2-4 miles east from Cucharas Canyon and generally north from State
Highway 10 to and beyond the Pueblo County line. Water supplies
are difficult to obtain in this area, and most wells, some of which were
drilled to depths of more than 500 feet, have failed to tap adequate
supplies of water of usable quality.
In the outcrop area of the Dakota Sandstone, except near the deeper
canyons, water can generally be obtained from the lower part of -the
formation at depths less than 125 feet. If wells fail to penetrate
water in the Dakota, they can be deepened to test the Cheyenne Sandstone Member of the Purgatoire Formation, which lies at depths
ranging from 15 feet below the surface contact of the Dakota with the
Purgatoire Formation to as much as 150 feet below the surface contact
between the Dakota Sandstone and the Graneros Shale. (See pi. 1.)
Wells drilled near the Dakota-Graneros contact must generally be
drilled about 250 feet deep to test the full section of the Cheyenne
Sandstone Member. Near Cucharas Canyon, where both the Dakota
and Purgatoire may be drained (pi. 7), enough water possibly can be
obtained from the Entrada Sandstone for domestic and stock use.
Wells drilled in the area of outcrop of the Dakota east of the canyon
should reach the Entrada at depths ranging from nearly 400 feet to
perhaps as much as 575 -feet. Because of the low permeability and
great depth of rocks beneath the Entrada Sandstone, drilling below
the Entrada for water supplies in the area of outcrop of the Dakota
may not be desirable.
The Dakota Sandstone has been tapped by many wells in its area
of outcrop but by only a few wells in the areas of outcrop of younger
formations, where it lies at greater depth. The slow development in
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the latter areas has resulted in part from the greater cost of drilling
but largely from the lack of information concerning the availability
and quality of water at greater depth. The Dakota underlies a large
part of the county in fact, nearly all parts underlain by younger
bedrock formations. (See pi. 1.) In most of the county the Dakota is a potential aquifer; but toward the center of the Eaton basin,
the Dakota lies at increasing depths, and the quality of the water deteriorates. Its depth increases generally less than 200 feet per mile
away from the Apishapa arch and more than 1,000 feet per mile away
from its outcrop in the foothills. Nevertheless, considerable additional supplies of potable water can be developed in the areas of outcrop of the bedrock formations immediately overlying the Dakota.
The top of the Dakota lies at depths ranging from 0 to 210 feet in
areas of outcrop of Graneros Shale, 210 to 240 feet in areas of Greenhorn Limestone, 240 to 500 feet in areas of Carlile Shale, and 500 feet
to more than 1,000 feet in areas of the Niobrara Formation (pi. 1).
Although the Dakota Sandstone generally yields only small quantities of water to wells in the southern Great Plains, it has been known
to yield as much as a few hundred gallons per minute from properly
constructed large-diameter wells. Yields of this magnitude could
likely be developed in Huerf ano County in a few favorable areas where
the Dakota Sandstone lies at shallow depths and in areas away from
the mountains, where it is less extensively cemented and is more permeable. If the water is of suitable quality, it could be used for irrigation. Large supplies can probably be obtained only in a few places
in Huerf ano County by tapping both the Dakota Sandstone and the
underlying Purgatoire Formation.
The Dakota Sandstone commonly contains water under artesian
pressure, particularly in areas where it is overlain by the Graneros
Shale. Water in wells tapping the Dakota in parts of the Raton basin
probably will flow at the surface. Artesian flows can be expected
from the Dakota in the same general area but at lower altitudes as
artesian flows from the Purgatoire Formation. (See p. 62.) The
area of potential flow from the Dakota, however, is somewhat smaller
than that from the Purgatoire. Flows have been obtained from the
Dakota in the Dudley well (25-67-13abc), the Potts well (26-68-25
aba), and the St. Mary 1 oil test (26-67-33bcb).
Quality of the water in the Dakota ranges from good to bad, depending on the depth to the water and the proximity to areas of recharge. The water commonly is a calcium sulf ate solution but may
be a sodium bicarbonate solution, particularly where the formation
lies at great depth. The water is suitable primarily for watering
livestock and for limited household use. It generally has a low sodium
hazard, but in places the sodium hazard may be very high; the salinity
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hazard ranges from medium to very high. (See fig. 19; p. 40.) In
some places the water available can be used for irrigation of welldrained soils, provided salinity control is practiced.
GBANEROS SHALE

The Graneros Shale is largely a thick black noncalcareous shale
having platy chalky shale and thin platy limestone in the uppermost
part and a few thin beds of limestone near the base. It crops out in
sinuous bands i/£>-2 miles wide on the west and southwest flanks of the
Apishapa arch and in very narrow bands, generally less than half a
mile wide, in the hogbacks bordering the mountains (pi. 1).
The Graneros is known to yield water to only one shallow dug well
(25-66-12dda, near Mustang School) in Huerfano County. The water
probably is obtained largely from weathered material but perhaps
also from joints and bedding planes. In general, the Graneros cannot
be expected to yield water to wells in this area; it is an aquiclude, is
a widespread confining layer over the Dakota Sandstone, and is in
part the cause of the development of artesian heads in the Dakota
throughout a large area in the central Great Plains.
In the development of water supplies in areas of outcrop of the
Graneros Shale (pi. 1), consideration might first be given to the
possibility of obtaining small supplies from shallow drilled or dug
wells penetrating alluvium or slope wash along small draws or arroyos.
Wells 25-65-18bbb and 25-65-27acd were located in this way. If
no alluvial deposits are present in the area where water is needed, if
the alluvial deposits are found to be dry, or if the water is not of
suitable quality, consideration can then be given to drilling a deeper
well to tap underlying aquifers. Potential aquifers beneath the
Graneros include the Dakota Sandstone, the Cheyenne Sandstone
Member of the Purgatoire Formation, and the Entrada Sandstone.
Wells drilled in the Graneros outcrop area (pi. 1) should reach the
Dakota at depths ranging from 0 to 235 feet and should reach the
base of the Dakota at depths ranging from 120 to 330 feet. Supplies
adequate for domestic and stock use can generally be obtained from
the Dakota in these areas, although some wells may be failures or may
tap unsuitable water. If more or better water is needed, the top of
the Cheyenne Sandstone Member of the Purgatoire Formation can
be reached by drilling an additional 15-25 feet below the base of the
Dakota, and its base can be reached by drilling 120-150 feet below
the Dakota. Generally, drilling below the Cheyenne is not necessary
in areas of Graneros Shale. The top of the Entrada Sandstone, which
may also yield useful quantities of water, lies at depths ranging from
about 530 to 740 feet in the outcrop areas of Graneros Shale. At those
depths, however, water in the Entrada Sandstone probably is much
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more highly mineralized than that in either the Cheyenne or Dakota.
Water from the few wells that tap the Graneros Shale or the thin
alluvial deposits overlying the Graneros reportedly is of very poor
quality. One well reportedly yielded "black sulphur" water, and another reportedly yielded nonpotable water; both waters were suitable
for livestock use.
GREENHORN LIMESTONE

The Greenhorn Limestone consists of 25-35 feet of light-gray thinbedded limestone interbedded with dark-gray calcareous shale. The
beds of limestone range in thickness from less than an inch to nearly a
foot; the interbeds of shale range in thickness from several inches to
several feet. The formation crops out in narrow sinuous bands 1/4-1/2
mile wide in the eastern part of the county and in very narrow, steeply
dipping ridges in the foothills (pi. 1). The outcrop forms a rocky
ledge downslope from the prominent escarpments of the Fort Hays
Limestone Member of the Niobrara Formation. In some places the
ledge has a scattered cover of scrubby cedar.
The Greenhorn yields small quantities of water to a few wells in the
northeastern part of the county. A few of the wells are dug, but
most are drilled. The water is derived from joints, fractures, and
bedding planes; the rock materials themselves have very low permeabilities and ordinarily would not yield even a few gallons of water
per minute to wells. The water in the Greenhorn is generally under
artesian head because it is commonly overlain and underlain by thick
shale aquicludes. Where the water is at considerable depths, such as
in wells 25-66-17aad and -18abb, it has an appreciable artesian rise
(nearly to the land surface), which commonly is interpreted as a large
volume of water available. However, the formation has a relatively
low permeability and generally will yield only 1-2 gpm to wells, with
very large drawdowns commonly more than 100 feet.
The Greenhorn Limestone is not one of the principal aquifers in
Huerfano County. However, it may be a major source of water for
livestock in a few areas where no other water is available within an
acceptable depth. If enough water can be obtained from the Greenhorn, the necessity of drilling through 185-235 feet of the underlying
Graneros Shale to reach the Dakota Sandstone can be avoided and
the cost greatly reduced. In other words, the Greenhorn is the only
possible source of water supply in the thick section of materials of low
permeability lying between the Codell Sandstone Member of the Carlile Shale and the Dakota Sandstone, an interval that averages about
480 feet in thickness. The Greenhorn lies at depths ranging from 250
to 265 feet in outcrop areas of the Carlile Shale, where it is the
shallowest potential source of water. As the Greenhorn is comparatively soft and drills much like the overlying and underlying shale
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(except for the appearance of white cuttings or white drilling mud),
it is commonly not recognized as the drill bit passes through it, and,
hence, a potential small water supply may be overlooked. A careful
examination of the cuttings as drilling progresses will assure that the
position of the Greenhorn is determined and will permit testing of the
formation before drilling continues through the underlying shale.
In outcrop areas of the Greenhorn, water cannot be obtained at
^shallow depths in most places, either from the formation itself or from
thin overlying alluvial deposits. There are no records of wells obtaining water from the Greenhorn in its outcrop area within Huerfano
County. Because the formation is thin and is more resistant to erosion
than is the overlying and underlying shale, very little alluvium or
slope wash has been deposited along the drainageways that cross the
formation. Only one well in Huerfano County (27-64-3cbb) is
known to yield water from alluvial deposits overlying the Greenhorn
and its water contained more than 4,000 ppm dissolved solids. In the
development of ground water in the areas of outcrop of the Greenhorn, drilling to the underlying Dakota Sandstone is generally advisable, as the top of the formation can be reached at depths ranging
from 185 to 260 feet and the base can be reached by drilling an additional 115-125 feet. If the water in the Dakota is not of sufficient
quantity or adequate quality, the Cheyenne Sandstone Member of the
Purgatoire Formation can be expected to yield additional water. It
lies 15-25 feet below the base of the Dakota.
Most of the water in the Greenhorn Limestone is reportedly of poor
quality and undesirable for household use. Water from well 25-6618abb was a very highly mineralized sodium bicarbonate solution
having more than 1,800 ppm dissolved solids.
CARLILE SHALE

The Carlile Shale consists of two units in Huerfano County and
adjacent areas (table 3). The lower unit is the Blue Hill Shale
Member, which consists mostly of gray to black shale with a little
chalky shale and thin-bedded limestone at the base. It ranges in
thickness from 220 to 260 feet in Huerfano County. The upper unit,
called the Codell Sandstone Member, is a fine-grained sandstone ranging from 5 to 30 feet in thickness which has a hard 2-foot bed of brown
to nearly black bituminous limestone near the top. The thickness of
the Carlile ranges from 250 to 265 feet in Huerfano County. The
Carlile crops out in irregular bands having a width ranging from
about *4 to 2 miles on the west and southwest flanks of the Apishapa
arch and generally less than half a mile in the hogbacks (pi. 1).
The Carlile is an extensive aquifer in Huerfano County; but generally the yields from wells and springs are less than 10 gpm, and the
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water is commonly of poor quality. The Blue Hill Shale Member
yields no water to wells, but the Codell Sandstone Member together
with the overlying Fort Hays Limestone Member of the Niobrara
Formation supplies water to a large number of wells in the shaleplains area of eastern Huerfano County. The Codell Member is
seldom the sole source of water to an individual well. Wells drilled to
the Codell generally obtain water both from the Codell and the overlying Fort Hays Member. As the two units constitute a single aquifer,
the water supply of the Codell and Fort Hays will be discussed as a
unit in the section on "Limestone-sandstone aquifer."
In the area of outcrop of the Carlile Shale, water of good quality
is generally difficult to obtain. In developing a water supply in this
area, consideration might be given to the possibility of obtaining small
supplies from shallow wells in alluvial deposits along draws or arroyos.
Well 28-64-5daa was located in this way. If water of suitable quantity or quality is not found in the alluvial deposits or in the weathered,
upper part of the Carlile, drilling to a depth of several hundred feet
may be necessary to obtain water. In the outcrop area, the first potential aquifer below the Carlile is the Greenhorn Limestone, which lies
at a depth ranging from zero at the Greenhorn-Carlile contact to as
much as 265 feet at the Carlile-Niobrara contact (pi. 1). As mentioned on p. 68 the drill cuttings should be checked with care to avoid
drilling through the Greenhorn without recognizing it. If the
Greenhorn is dry or if its water is inadequate in quality or quantity,
the only possibility of obtaining an adequate supply is to deepen the
well to the underlying Dakota Sandstone. The top of the Dakota
is 185-235 feet below the base of the Greenhorn Limestone, 220-260
feet below the base of the Carlile, and from 220 to nearly 500 feet
below land surface in the outcrop areas of the Carlile. The bottom
of the Dakota lies 115-125 feet deeper. Additional supplies, if needed,
are available in the Cheyenne Sandstone Member of the Purgatoire
Formation. The top of the Cheyenne is generally 'between 15 and 25
feet below the base of the Dakota, and the unit is 95-135 feet thick.
LIMESTONE-SANDSTONE AQUIFER

The most productive parts of the Carlile Shale and Niobrara Formation are the top and base of the formations, respectively. The Codell
Sandstone Member of the Carlile is overlain by the Fort Hays Limestone Member of the Niobrara, and together they constitute one of the
most widely used aquifers in eastern Huerfano County. The association of the two units is shown graphically in figure 20. The Fort Hays
is generally separated from the bituminous limestone of the Codell
by a thin 'bed of shale, and the bituminous limestone is separated from
the sandstone of the Codell by one to several feet of shale. Water

§

pe
>o
C

a
02
S
»
tf

BEDROCK AQUIFERS

71

probably occurs mostly in the limestone and sandstone, although some
may nnove through the shale and between the limestone and the
sandstone.
Only a few wells obtain water from either the Codell or the Fort
Hays; most wells tap both members to get as much water as possible.
These two members generally yield a few gallons per minute of highly
to very highly mineralized water to wells. Many of the wells reportedly yield "black sulfur" water water that is highly charged with
hydrogen sulfide and that turns black on exposure to air. The "black
sulfur" water from well 25-66-7bca was a sodium bicarbonate solution
having 664 ppm dissolved solids but having a hardness of only 4 ppm.
Water from other wells tapping the entire aquifer was calcium sodium
bicarbonate solutions, calcium sulfate solutions, calcium bicarbonate
solutions, and sodium sulfate solutions; thus, a great degree of mixing
of water in wells tapping the entire aquifer is indicated. Two springs
that probably discharge from the Codell alone yield principally calcium bicarbonate and sodium bicarbonate water. No samples from
wells tapping either the Codell or Fort Hays alone were analyzed for
chemical content.
The writer believes that most of the "black sulfur" water is derived
from joints and bedding planes in the bituminous limestone near the
top of the Codell (fig. 20). Where the sandstone of the Oodell will
supply the desired amount of water, as in the area north of Apache
Creek and east of U.S. Highway 87, a water of .better quality can
probably be obtained by tapping the Codell and casing off the overlying beds, which include the bituminous limestone and the Fort Hays
Limestone Member. If more water is needed, the Fort Hays can be
tapped also, but caution should be exercised to prevent entry of water
from the bituminous limestone into the well.
The distribution of the limestone-sandstone aquifer is not shown on
the geologic map (pi. 1). The Fort Hays Limestone Member is shown,
but the Codell iSandstone Member was not mapped because the width
of its outcrop is too narrow to be shown conveniently at the scale
adopted for this study. As the Fort Hays and the bituminous limestone commonly form prominent escarpments, the generally softer
underlying Codell extends only a very short distance beyond the
contact of the Fort Hays and the Codell. For practical purposes,
therefore, the outcrop of the Fort Hays, as shown on plate 1, is about
the same as that of the combined Codell and Fort Hays.
The limestone-sandstone aquifer extends beneath younger formations in the Eaton basin and is one of the principal sources of water
in areas underlain by the Smoky Hill Marl Member of the Niobrara
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Formation. The top of the aquifer lies at depths ranging from 0 to
500 feet in the 'Smoky Hill outcrop area and from 400 to more than
2,700 feet in outcrop areas of Pierre Shale.
NIOBRARA FORMATION

The Niobrara Formation comprises the Fort Hays Limestone Member in its lower part and the Smoky Hill Marl Member in its upper
part. It crops out in a wide area in the shale plains in eastern Huerf ano County and in narrow bands along the foothills. Its total thickness ranges from about 470 to 550 feet.
FORT HAYS LIMESTONE MEMBER

The Fort Hays Limestone Member of the Niobrara consists of 50-70
feet of light-gray to cream-colored chalky limestone beds separated
by very thin chalky shale partings. It crops out in steep escarpments
that are commonly covered with cedar, particularly near the edge of
the escarpments. The unit, as part of the limestone-sandstone aquifer
(p. 69), yields water to many wells, but only three of the wells inventoried during this investigation are known to obtain water from the
Fort Hays alone (25-66-34bbb, 26-66-12dba, and 27-65-16aaa). One
of these reportedly yields only small quantities of hard water.
In developing ground water in the outcrop areas of the Fort Hays
Limestone Member (pi. 1), prospecting in the shallow alluvial deposits
is generally not advisable. The land surface in these areas usually
slopes 100 to several hundred feet per mile down the dip of the formation ; so the streams have steep gradients and have cut steep narrow
channels containing little or no alluvium. Only one well (25-609cdd) visited during this investigation obtains water from alluvial
deposits overlying the Fort Hays Member, and it is used only occasionally. In the Fort Hays outcrop areas, water can commonly be
obtained from some part or parts of the limestone-sandstone aquifer
at depths ranging from a few tens of feet to nearly 100 feet. Near
the escarpments, the aquifer is largely drained; thus, drilling to
greater depths to obtain adequate supplies is necessary. (See fig. 18.)
In the Fort Hays outcrop, the Greenhorn Limestone can be reached at
depths ranging from 250 feet at the contact with the Carlile Shale to
335 feet at the contact with the Smoky Hill Marl Member. As the
Greenhorn is not a very productive aquifer, drilling all the way to the
Dakota Sandstone may be necessary to obtain the desired amount of
water. In the Fort Hays outcrop, the top of the Dakota lies at depths
ranging from 470 to 595 feet, and the base of the Dakota lies at depths
of about 585 feet to about 720 feet. Additional water could probably
be obtained at still greater depths from the Purgatoire.
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SMOKY HILL MARL, MEMBER

The Smoky Hill Marl Member of the Niobrara Formation crops
out in the shale plains of eastern Huerfano County in a broad band
ranging in width from 2 to T miles (pi. 1). It consists of gray to buff
calcareous to chalky shale with a few sandy zones and with thin beds
of chalky limestone in the lower part and locally near the top.
The Smoky Hill is not a good aquifer, but it yields water to many
wells in areas where no other supplies are available at reasonable depth.
Water occurs in joints and bedding planes in the shale and limestone
and in the sandy zones. The yield to wells is generally only a few
gallons per minute. Near some of the intrusive rocks, such as dikes and
sills, the shale has been altered by the heat of the molten intrusive and
is hard and highly jointed. Well 26-66-35acc penetrated such a zone
in the Smoky Hill Marl Member and reportedly yielded 30-40 gpm
when drilled. Ordinarily, however, wells tapping the Smoky Hill
can be expected to yield only a few gallons per minute with drawdowns
of several tens of feet.
Most of the water in the Smoky Hill Marl Member is highly
mineralized. The dissolved-solids content in samples collected during
this investigation ranged from 362 to 16,500 ppm. Only two samples
contained less than 1,000 ppm. Most of the water is a sodium sulfate
solution, but calcium and bicarbonate predominate in some samples.
Locally the member yields water having a relatively high concentration of selenium. Analyses of three of the five samples collected in
Huerfano County showed selenium concentrations many times the
maximum limit established by the U.S. Public Health Service (McLaughlin and others, 1961, table 3). Much of the water from the member is not suitable for household use, and some cannot be used for
livestock; nevertheless it is the only water available in many areas,
and it has been developed extensively for livestock use. The Smoky
Hill is the principal source of water in all but the easternmost part of
its outcrop area (near the Smoky Hill-Fort Hays contact) and in the
easternmost part of the Pierre Shale outcrop (near the Pierre-Smoky
Hill contact). (See pi. 1.)
In the outcrop area of the Smoky Hill Marl Member, the shallow
alluvial deposits along draws and arroyos are sources of ground water.
Streams flow off the steeply sloping Fort Hays Limestone Member,
and their gradients decrease abruptly in the area of the Smoky Hill.
Their sediment-carrying capacity is much less, and, consequently,
detrital materials have been deposited; hence, the alluvial deposits are
thicker and more widespread in the Smoky Hill outcrop areas than in
the Fort Hays outcrop areas. More than half the wells in the Smoky
Hill outcrop areas in Huerfano County tap shallow alluvial deposits.
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If successful, the wells generally have larger yields and smaller drawdowns than do those drilled into the underlying Smoky Hill, and the
water is of a little better quality. As many of these wells are dug and
are shallow, they are more likely to fail during extended drought.
If tests in the shallow alluvial deposits are not successful, the only
recourse for obtaining ground water is to drill deeper. Water occurs
in many zones in the Smoky Hill, but data are not adequate to predict
where it may be found within the member. Water may be found at
depths ranging from a few tens of feet to nearly 500 feet. If water
is not found in the Smoky Hill, prospects are good for obtaining a supply that is adequate, but that may be highly mineralized, from the
underlying limestone-sandstone aquifer (fig. 18). The top of the
aquifer can be reached at depths ranging from 0 to 500 feet in the
outcrop areas of the Smoky Hill. Near the contact of the Smoky Hill
and Fort Hays, the Smoky, Hill and perhaps also the underlying
limestone-sandstone aquifer may be drained (fig. 18). In these areas,
the only chances of obtaining water are from the deep underlying
aquifers. In the Smoky Hill areas, the top of the Greefahorn Limestone lies at depths of 300-815 feet, and the top of the Dakota Sandstone, at depths of about 540 to nearly 1,100 feet. The cost of drilling
to these depths is great, and the chances of obtaining unsuitable water
are high. In these areas, some water may possibly be found in intrusive rocks, as is described on page 83, or construction of stock-water
ponds may be advisable.
PIERRE SHALE

The Pierre Shale consists generally of more than 2,000 feet of darkgray, gray-green, and black shale. It contains interbedded silty shale
and shaly sandstone near the top and locally contains sandstone in
the lower fourth of the section. It crops out in a broad band in
the shale-plains area in east-central Huerfano County and in narrow bands in the foothills (pi. 1); it underlies younger formations in
the central part of the Raton basin.
The Pierre Shale is a poor source of water throughout the Great
Plains. It yields water to a few wells in northern Colorado from
the Hygiene Sandstone Member in the lower part of the Pierre, and
successful wells can probably be obtained locally in Huerfano County
in the northwestern part of T. 27 S., R. 68 W., where a similar lower
sandstone unit about 500 feet above the base (Apache Creek Sandstone Member) seems to be sufficiently permeable to yield enough
water for domestic and stock use. Elsewhere, the formation might
yield meager amounts of very poor quality£%ater from near-surface
joints, bedding planes, and weathered material.
Water from the only well (28-65-r31abb) tappiifg the Pierre Shale
for which an analysis is available is a sodium sulfate solution having
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a hardness of 7,740 ppm and containing more than the maximum limit
of selenium for domestic use. Well owners report that the quality
of water from the Pierre is poor and that the water is generally
suitable only for livestock use. Water from the Pierre Shale in well
27-66-36dbb was so highly mineralized that its use caused the death
of 1,400 turkeys.
In the outcrop areas of the Pierre Shale, the problem of obtaining
water of adequate quality and quantity is very serious. In developing ground water in these areas, effort should be concentrated almost entirely on the thin alluvial deposits along draws and arroyos.
Along the larger arroyos, such as Greasewood, Gordon, and Sull, many
dependable domestic and stock wells have been developed (pi. 1). Although the water they yield generally is only of fair to poor quality,
it is of better quality than that from the Pierre Shale, and some
is suitable for domestic use. If not enough water is available in the
alluvial deposits, the well should be deepened to test the upper 1020 feet of Pierre Shale, in the event that the weathered upper part may
yield a little water. If this attempt is unsuccessful, the possibility of
obtaining a supply of ground water is remote except perhaps at considerable depth near the Pierre-Niobrara contact, where adequate
supplies might be obtained from the limestone-sandstone aquifer. At
the Pierre-Niobrara contact, the top of the limestone-sandstone aquifer
is 400-500 feet below land surface, and its base, at a depth of about
475-580 feet. As the beds dip steeply into the Raton basin and as
the surface altitude generally increases away from the Pierre-Niobrara
contact, the depth to the limestone-sandstone aquifer also increases
sharply with distance from the contact. For example, the Corsentino
well (27-66-36dbb), which is less than 1 mile west of the contact,
penetrated the top of the limestone-sandstone aquifer at a depth of
1,075 feet below the land surface. Where the depth to this aquifer
is great, drilling costs are relatively prohibitive, and the quality of
the water obtained probably would not be suitable. In many parts
of the Pierre outcrop, therefore, the only solution to the stock-water
problem may be to prospect for water in and near dikes and sills, as
described on page 83, or to construct stock-water ponds.
TRINIDAD SANDSTONE

The Trinidad Sandstone is a light-gray to buff medium-grained
sandstone having a maximum thickness of more than 300 feet. It thins
generally northward along the east edge of the coal basin and pinches
out near the Black Hills northwest of Walsenburg. As the Trinidad
crops out in bluffs and escarpments, its outcrop area is in very narrow
bands the width nowhere exceeds half a mile (pi. 1). It underlies
most of the Raton basin in Huerf ano County between its outcrops on
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the east side of the coal basin and those in the hogbacks along the east
side of the Culebra Range.
Only a few wells now obtain water from the Trinidad Sandstone in
Huerfano County, although the unit is the best potential acquifer
in a small area west of its principal area of outcrop. The few domestic
and stock wells that tap the formation reportedly are dependable, and
analyses of waters from two of them reveal that the water is moderately
to highly mineralized. The water level in one of these wells has
been observed periodically since 1950. Although the water level declined during the drought of the early 1950's, it recovered during the
succeeding period of more abundant precipitation (pi. 6, curve A).
The Trinidad Sandstone dips steeply into the coal basin and lies at
great depths within a short distance from its outcrop. Nlggerhead
shaft (28-67-24:da), which is near the Raton-Poison Canyon contact
about 2 miles west of the outcrop of the Trinidad Sandstone, had not
reached the Trinidad when construction was abandoned at a depth of
651 feet. Therefore, the Trinidad seemingly lies within reasonable
drilling distance only in the outcrop areas of the Trinidad, Vermejo,
and Raton Formations (pi. 1). It should lie at depths of 0 to 410
feet in Vermejo outcrop areas and 250 to more than 850 feet in Raton
outcrop areas.
In outcrop areas of the Trinidad, water may be difficult to find, as
the formation may be largely drained. In developing ground-water
supplies in such areas, well sites that are as far away as possible
from the Trinidad-Pierre contact and near the Trinidad-Vermejo
contact are most likely to succeed. Wells may have to be drilled
through the entire section of Trinidad to the top of the underlying
Pierre Shale to obtain the desired amount of water. If water is not
found, drilling at another location is more advisable than deeper
drilling; additional drilling into the underlying Pierre Shale would
be fruitless. Aquifers of any significance would lie at depths of nearly
3,000 feet and probably would contain unsuitable water. In the
southern part of Huerfano County, the Trinidad comprises two sandstones, the lower of which is interbedded with the underlying Pierre
Shale. The interbedding is shown on the geologic map (pi. 1) by the
appearance of two outcrop bands of the Trinidad Sandstone. It is
also shown in depth by the cross section on figure 21. If water
cannot be found in the west outcrop band of the Trinidad in T. 29 S.,
R. 65 W., by drilling through the first and thickest sandstone (about
85 ft thick), the well could be extended 30 feet through the underlying
Pierre Shale tongue into the lower sandstone of the Trinidad. As
the lower sandstone is only about 6 feet thick, it could not be expected
to be highly productive; but it might be adequately productive to
sustain a few livestock where no other water is available.
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FIGURE 21. Occurrence of water in the Trinidad Sandstone in T. 29 S., R. 65 W. Kp, Pierre Shale; Kt, Trinidad Sandstone;
Kv, Vermejo Formation. Shading indicates saturation with water.
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Prospecting for water in alluvial deposits in the Trinidad outcrop
areas probably would not be fruitful. The stream gradients are steep,
and little alluvium has been deposited.
The Trinidad is potentially capable of yielding enough water for
small-scale irrigation in parts of Huerfano County. As its texture is
comparable to that of the Dakota and Purgatoire Formations and as its
thickness is locally much greater, it may be capable of yielding moderate quantities of water (25-250 gpm) to properly constructed wells.
The wells would need to be drilled in the Vermejo and Eaton outcrop
areas for the sandstone to be fully saturated and to be within present
economical drilling depths. The water would be under artesian pressure, but probably not a sufficient pressure to cause it to discharge at
the land surface.
The analyses of the two samples of water collected from wells
tapping the Trinidad Sandstone indicate a low sodium hazard and
medium to high salinity hazard; hence, the water from the Trinidad
probably would be of suitable quality for limited irrigation use. (See
fig. 19; 40-43.)
VERMEJO AND BATON FORMATIONS

The two formations that normally overlie the Trinidad Sandstone
in Huerfano County are the Vermejo and Eaton Formations. The
Vermejo consists of as much as 410 feet of buff, gray, and gray-green
very fine-grained to medium-grained sandstone containing siltstone,
carbonaceous and silty shale, and coal. The Eaton attains a maximum
thickness of about 500 feet and consists of alternating sandstone, shale,
siltstone, and coal with conglomeratic sandstone at the base. The
lithologic characteristics and water supply of the two formations are
similar; hence, they are discussed as a unit in this section. The combined thickness of the two formations near the Las Animas County
line is about 900 feet; the thickness decreases generally northwestward.
The two formations pinch out near the Black Hills in west-central
Huerfano County.
The Vermejo and Raton Formations contain many beds of sandstone that are 5-20 feet thick, and, where saturated, they should be
sufficiently productive to supply domestic and stock wells. Because of
the large number of sandstones in the two formations and because of
the lack of detailed information about each, depth to water cannot
feasibly be predicted in their outcrop areas. The outcrop areas are
considerably dissected, and many springs and seeps issue from the
sandstones. These are sufficient to supply much of the domestic and
stock need in those areas. If larger supplies are required, wells can
be drilled to greater and greater depths to penetrate more and more of
the sandstone. Sufficient water for domestic and stock use throughout
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the Vermejo and Raton outcrop area should be available from either
the sandstone within the two formations or the underlying Trinidad
Sandstone. If larger supplies are needed, they may be available locally
from properly constructed deeper large-diameter wells. The yield of
Niggerhead shaft, which reportedly was 3,000 gpm before the shaft
was abandoned, indicates that moderate to large supplies may be
available from wells penetrating most or all of the sandstone. The
water from such wells probably would be highly mineralized, however, and would have only limited use. For a discussion of the quality
of water in these formations, see the section on mine water (p. 38).
POISON CANYON AND CTJCHARA FORMATIONS

The Poison Canyon and Cuchara Formations have similar watersupply characteristics in Huerf ano County and are discussed as a unit
in this section. The Poison Canyon consists of 0-2,500 feet of buff to
red massive sandstone and conglomerate with thin beds of shale and
siltstone. The Cuchara consists of 0-5,000 feet of red, pink, and white
massive sandstone and red to tan shale. The sandstone of the two
formations is commonly medium to coarse grained, is friable in places,
and is generally lenticular. It crops out in a broad area through
central Huerfano County from the coal basin in the southeast to
Huerf ano Park on the northwest (pi. 1).
In places the outcrop areas are well dissected, and numerous small
springs and seeps issue from the beds of sandstone. These natural
discharges supply most of the domestic and stock needs of the area,
although wells and stock ponds have been constructed to supplement
the supply. Most of the wells in the area are shallow dug wells tapping
thin alluvial deposits or the uppermost part of the two bedrock formations, or both. The wells generally yield a dependable supply of water
that is hard but is satisfactory for domestic and stock use. Some of
the water has a high sodium content and is soft.
Athough water can generally be obtained from the sandstone within
a depth of 200 feet in the outcrop areas of the Poison Canyon and
Cuchara, the formations may be dry to a depth of several hundred feet
where the area is highly dissected as in the vicinity of the Spanish
Peaks. In developing ground-water supplies in the outcrop areas,
preliminary testing of the alluvial deposits may be advantageous if
the desired location is near a draw or arroyo, particularly if the area
is high above the major streams. If this effort is not successful, then
the sandstone in the Poison Canyon and Cuchara can be tested. In
most of the outcrop areas, water can probably be obtained within a
reasonable drilling depth. As the Poison Canyon contains thicker,
more permeable, and more numerous sandstone beds and generally is
in a lower topographic position, its area of outcrop is a more fruitful
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area to drill for water than is that of the Cuchara. The Cuchara areas,
on the other hand, are more deeply dissected and, hence, are more
adequately watered by springs and seeps.
The sandstone beds of the Poison Canyon and Cuchara Formations
are potential sources of larger water supplies for irrigation or other
uses, but they are largely untapped. Enough water for current domestic or stock needs is generally obtained within 100 feet of the land
surface; therefore, few wells have been extended deeper, and the great
thickness of relatively porous sandstone and conglomerate remains
inadequately tested. The Poison Canyon and Cuchara section migTit
yield moderate to large supplies of water to properly constructed deep
wells. Some deep tests have been drilled, but generally with little
success. Most of the deeper tests have been in the higher land around
the Spanish Peaks, where the sandstone of the Cuchara is largely
drained. In attempting to develop large-capacity wells, the testing
could be tried in topographically low areas, preferably in the larger
valleys, such as Cucharas, Bear Creek, and Santa Clara, where the
chances are greater that the underlying sandstone is saturated with
water. Figure 22 illustrates the position of saturated sandstone in
relation to a major valley. Sandstones A and B are largely drained
north of the Cucharas River beneath the high pediment surface, but
they are saturated with water toward the west, where they are lower
than the level of the flood plain and thus have an opportunity to be
recharged with water from the alluvial deposits beneath the flood
plain. In figure 22, well 1 would probably fail to obtain enough water
even for stock use, either in the alluvial deposits beneath the pediment
surface or in sandstones A and B. Well 2, if drilled deeper, would
probably obtain water from sandstone C. The water would be under
artesian pressure and would rise to a level about equal to that of the
flood plain of the Cucharas Valley. The static water level would be so
great, however, that large-scale pumping for irrigation might be too
costly. Wells 3 and 4, in the Cucharas Valley, would probably penetrate several beds of saturated sandstone, have shallow static water
levels, and yield large amounts of water with comparatively small
pumping lifts.
So little is known of the hydrology of the Poison Canyon and
Cuchara Formations that their potential can only be conjectured.
First attempts at developing larger supplies would be most fruitful
in the flood plains of the larger valleys. If these are successful, additional tests could be made in areas outside the valleys where the
artesian heads may possibly be sufficient to raise the water in the wells
to within economical pumping lifts.
If large-capacity wells can be developed in the Poison Canyon and
Cuchara Formations, some care must be taken if the water is to be
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FIGURE 22. Idealized relation of topographic position to water supply in the
Poison Canyon and Cuchara Formations. Shaded areas indicate saturated
sandstone.

used for irrigation. Seven samples of water from wells tapping these
formations were analyzed as a part of this investigation. Five of the
samples had a low sodium hazard and medium salinity hazard, one
had medium sodium hazard and high salinity hazard, and one had
low sodium hazard and very high salinity hazard (fig. 19). For
details of the limitations on the use of such water for irrigation, the
reader is referred to p. 40. If proper care is exercised, much of this
water could probably be used successfully for irrigation.
HUEBFANO FORMATION

The Huerfano Formation consists of 0-2,000 feet of variegated
maroon, gray, and green shale with red and white shaly sandstone and
with tan conglomeratic sandstone near the base. The formation crops
out in a broad area in the central part of Huerfano Park (pi. 1) and
commonly displays a typical badland topography. It underlies the
younger Farisita and Devils Hole Formations in much of their outcrop areas in the northwestern part of the county.
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The formation has a low permeability and, although cropping out
in or underlying a large area, yields water to only a very few wells
and springs in Huerfano County. Only one well (26-69-20ccb) inventoried during this investigation obtained water from the Huerfano,
and only six wells and one spring that were inventoried obtained water
from alluvial deposits overlying the Huerfano Formation. The Huerfano cannot be expected to yield much water to wells in Huerfano
County, except perhaps from the conglomeratic sandstone near the
base.
In prospecting for water in areas of outcrop of the Huerfano Formation (pi. 1), first consideration might be given to obtaining shallow
supplies from alluvial deposits along draws or arroyos. Most wells
now in use in this area were developed in this way. Many small draws
and arroyos drain the areas of outcrop, and, hence, opportunity for
such development is great. Chemical analyses of water from three
wells in alluvium in these areas indicate that the water is a calcium
bicarbonate calcium sulfate solution. They show that water in the
Huerfano is highly mineralized and is hard (305-620 ppm).
If water cannot be found in alluvial deposits, drilling into the
underlying Huerfano Formation is not advisable unless a possibility
exists of penetrating some of the lower conglomeratic sandstone at
reasonably shallow depths. Drilling to the lower sandstone beds
should not be attempted without technical advice from a qualified
consultant. In general, if water cannot be found in the shallow alluvial
deposits overlying the Huerfano Formation or in the upper, weathered
part of the Huerfano, an attempt to impound surface runoff in small
ponds or reservoirs would be advisable rather than continued drilling.
INTRUSIVE BOCKS

The intrusive rocks of Huerfano County comprise the numerous
dikes, sills, plugs, and stocks that crop out in many parts of the county
and that form such prominent topographic features as the Spanish
Peaks and Mount Mestas; Eough, Sheep, Little Sheep, and Dike
Mountains; Huerfano, Gardner, Goemmer, and Santana Buttes; and
Black Hills and Little Black Hills (pi. 1). The rocks are of a variety
of igneous types and in part display complex structures; hence, very
little is known of their water-yielding capacities. In general, they
are dense and have very low permeabilities, but in some places water
might be recovered from joints and fractures. They yield water to
springs around the larger intrusive bodies in the western part of the
county. The sills, which were intruded parallel to bedding planes,
yield water to a few wells in the shale-plains area in the east-central
part of the county.
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The intrusive rocks, particularly the dikes and sills, probably have
some effect on the water supply in the county, even though they generally do not yield water themselves. The dikes were intruded perpendicular to the bedding planes of the sedimentary rocks and may locally
retard or prevent the flow of water. Both the dikes and sills were
intruded in a molten state at high temperatures; hence, the sedimentary rocks through which they were intruded have been altered by
heat or pressure. Where the intrusive bodies penetrated porous rock,
such as standstone, the rock was hardened and its permeability generally reduced; where they penetrated shale, the rock was hardened
and jointed and its gross permeability was increased. As a result,
shale that normally has little or no permeability may be highly
permeable where it lies adjacent to the intrusive rocks. Mine operators
in this area report that, as a rule of thumb, the thickness of altered
shale on either side of a dike or sill or sill is about equal to the thickness
of the intrusive body itself.
The altered zones of shale associated with dikes and sills can be
looked upon as conduits through which water can move readily. As
the contacts between the altered zones and the dikes are nearly vertical, the horizontal component of water movement is restricted chiefly
to the elongate direction of the dikes. Sills are parallel to bedding
planes, and the altered material adjacent to them is more nearly
horizontal. Thus, water moves through altered zones near sills much
as it would move through a sandstone bed or other permeable zone
within a shale bed. Water is obtained from sills or from associated
altered rocks tapped by several wells in Huerfano County. Well
26-66-35acc obtains water from shafe in the Niobrara Formation that
has been altered by the large sill near Bradford Lake. The yield
reportedly was 30-40 gpm when the well was drilled. The Lewis
Drilling Co. Campbell 1 reportedly flowed about 300 gpm from a
sill, although the water was probably discharging from both the sill
and associated altered rocks.
In prospecting for water in or near the outcrops of intrusive rocks,
the advice of a consultant may be required because of the wide range
of water occurrence as governed by local geology. Generally, drilling
for water is not advisable in the outcrop areas of the intrusive bodies.
Water may be found in the altered rock immediately adjacent to the
intrusive body. If the intrusive body is a dike or plug, the test
should be drilled within the altered zone adjacent to it (generally
within a few feet or tens of feet); if it is a sill, the test should be
drilled downdip from the outcrop of the sill. Figure 23 illustrates
the possible occurrence of water adjacent to a sill intruded into a
normally impermeable shale, such as the Pierre Shale or Smoky Hill
Marl Member of the Niobrara Formation. Water enters the altered
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Altered shale

FIGURE 23. Occurrence of water in altered shale adjacent to a sill.
indicates saturation with water.

Shading

shale in the nearby areas of outcrop and moves downdip, where the
material is fully saturated. Specialized occurrences of this type may
serve as sources of domestic and stock supplies in some areas of Pierre
Shale or Smoky Hill Marl Member where no other water is available.
FARISITA CONGLOMERATE

The Farisita Conglomerate consists of 0-1,200 feet of buff conglomeratic sandstone containing siltstone and a little shale. It crops out
on the east and north sides of Huerfano Park (pi. 1), where it overlies the Huerfano and older formations. The formation exhibits a
rough terrain, having considerable timber cover and deeply dissected
valleys.
The Farisita is poorly sorted and poorly cemented, and little is
known of its water-supply characteristics. It yields water to a few
wells and springs in its area of outcrop, but no data on the yield of
the wells or the quality of the water are available. In searching for
water in the area of outcrop of the Farisita, the shallow alluvial
deposits should be 'tested first. If this is unsuccessful, the formation
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can be tested in the valleys or other low areas where it is less likely
to be drained. Test wells drilled in this area should not be extended
beyond the top of the underlying Huerfano Formation, which has a
characteristic maroon color and which is not likely to yield water to
wells.
DEVILS HOLE FORMATION

The Devils Hole Formation consists of 0-1,300 feet of light-gray
to buff conglomeratic tuff and conglomerate. The beds are lenticular
and may be either thin or massive. The formation crops out in a
small high area at and near the divide between Muddy and Texas
Creeks in the northern part of Huerfano Park and extends for an
unknown distance into Wet Mountain Valley in Ouster County (pi. 1).
The outcrop area is characteristically open grassy country that is
locally deeply dissected by headwater tributaries of Muddy and Texas
Creeks.
The Devils Hole Formation seems to have moderate to high permeability, but in places it is drained to considerable depths because of
its high topographic position and the deep incision of streams. As
a result, many springs issue at or near its base, including Patton
Spring (25-7l-4dcd), which reportedly yields about 450 gpm and is
the largest in Huerfano County. The Devils Hole also yields water to
a few wells near the Custer County line (pi. 1); most of the wells
reportedly are "strong" domestic and stock wells.
The quality of water from the Devils Hole Formation, as determined by three chemical analyses, seems to be excellent; the water is
probably the most potable of any in sedimentary formations in the
county. The water analyzed was a calcium or sodium bicarbonate
solution having less than 250 ppm dissolved solids; two samples contained high concentrations of silica (46 and 47 ppm). Water from
Blue Spring (24-70-21bbb), which issues from alluvium overlying the
Devils Hole Formation but which probably originates in the Devils
Hole, contained only about 100 ppm dissolved solids and had a hardness of only 48 ppm; it contained 73 ppm silica.
In developing ground-water supplies in outcrop areas of the Devils
Hole Formation, tests could be made in areas of low topography,
where the Devils Hole is less likely to be drained and where the
alluvial deposits are thickest. Both the alluvium and the underlying
Devils Hole could be tested, where feasible. Water is likely to occur
in most places in the lower areas, although drilling as deep as several
hundred feet may be necessary. If drilling in topographically high
positions is necessary, water cannot be expected above the level of
nearby streams or arroyos.
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by collector systems. _______
49'
by infiltration galleries..____
49
mine water, occurrence. _______
34
movement of water__________
25
origin . _______..._..
25
present development-________
45
quality of water. ________.__
45
thickness_______________
43
artesian..__.__.___________
30
bedrock..... ..................... 28,29,52
Carlile Shale.........................
68
Codell Sandstone Member____
69
classification of water_________
63
Codell Sandstone Member-Fort Hays
Limestone Member_____
69
mineralization of water_____..
71
Cuchara Formation.________~
80
Dakota Sandstone_________
63
quality______________..
65
Devils Hole Formation___....
85
quality_____________..
85
Entrada Sandstone________.-..
59
Farisita Conglomerate.______..
84
Greenhorn Limestone.._____....
67
quality____________ .
68
Huerfano Formation.. _____-81
quality____________..
82
intrusive rocks.. __________.82
limestone-sandstone____ .
69,75
mine water_. _______
S3
yield.
33
Morrison Formation_____..
60
Niobrara Formation, Fort Hays Limestone Member.__..
71
Smoky Hill Marl Member.
73
mineralization of water_
73
Pennsylvanian.____________.
58
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bedrock continued
Pierre Shale.
__ __.
74
Apache Creek Sandstone Member.. .._................
74
Hygiene Sandstone Member___
74
quality
________
75
Poison Canyon Formation..-____
80
Poison Canyon and Cuchara Formations, quality...________
81
Precambrian rocks _______
57
problem of location of water _____
52
productivity....
. ... ..
55
Purgatoire Formation_________
61
Cheyenne Sandstone Member....
66
quality_..... _________
62
Ralston Creek(?) Formation_____
60
recharge areas__ ________
29
Sangre de Cristo Formation_____
68
thickness.___ ______
63
Trinidad Sandstone__________
76
Vermejo and Baton Formations___
79
comparison of alluvial and bedrock.
56
consolidated. See Aquifers, bedrock
definition...___... ...__..
19
unconsolidated. See Aquifers, alluvial
Area of influence, definition. ____
19
Artesian aquifer, definition_._..._ .
19
Artesian pressure, definition... _.._
19
Artesian water, Dakota Sandstone. _____
65
definition_____ ...........
19
Greenhorn Limestone.___.....
67
Purgatoire Formation...__._
62
Availability of water......................
30
B
Battery wells .
.
Bear Creek Valley, waterlevels...Bedrock aquifers, prediction of depth
Bedrock formations, thickness....
BlackHills .......... ...
Blue Spring....
Buried channels. __
Canyon-and-mesa area
Capillary fringe, definition
Carlile Shale
......
Channel cutting.
Cheyenne Sandstone Member, Purgatoire
Formation
Climate
Coal basin....
Codell Sandstone Member, Carlile Shale.
89

49
61
52
63
18
85
47,48
10
19
68
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Collector systems_. __. __________
49
Colluvium___________________ 25,27
Cone of depression, definition_________
19
Confined water, definition__________
19
Confining beds, definition. __________
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Cuchara Fonnation. _____________ 30, 79
Cucharas Canyon....___________ 7,10,59,61
Cucharas Eiver.________________
11
Cucharas Valley_._____________
37
Culebra Eange . __._______
18
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Huerfano Park... . . . ... 7,18,79,84
Huerfano Eiver..-...- ....__._...__
11
Huerfano Valley, water levels......... ..
51
Hydraulic gradient, definition__ ...__..
21
Hydrographs_____ __-__ ._
51
Hydrology, definition....
21

Industrial uses, availability of water..
Infiltration, definition______.__ ...
D
Infiltration galleries....
.
Dakota Sandstone..._____________ 30,03
Influent stream, definition.. .
Definition of terms_. ____________
19
Intermittent stream, definition....._ ....
Delcarbon syncline______________
18
Interstices, definition.. _ .
Denver-Julesburg basin____________
18
Intrusive rocks_
Desalinization_________________
43
Irrigation water, availability..... .
Descriptive terms for water quality_____
24
classification_...
Devils Hole Formation_____________
85
salinity hazard...
Dikes.............__..........._...._ 34,83
sodium or alkali hazard..
Dog Springs Arroyo, water......_.__._
47
Drainage. ....._._____________
;;
Drawdown, definition_____________
21

31
21
49
21
21
21
88
31
40
40
42

Kiowa Shale Member, Purgatoire Formation.

61

E
Effluent stream, definition__________
Ephemeral stream, definition_________
Erosion, susceptibility____________
Evapotranspiration, definition________
Extent of the area..______________

21
21
La Veta syncline....
.
13
Las Animas arch..
21
Livestock use, availability of water.
3

18
18
32
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84
41
53 Mine water, classification....
21
movement
S3
occurrence.
S3
21
potential yield..
35
present use for irrigation.
42
30
problem.
32
quality..
58
G
salinity hazard..
40
Gaging stations________________
11
sodium hazard .
42
Geologic formations, generalized section. __
16
storage...
38
Geologic setting________________
IS
suitability for irrigation..
39
Geologic structure... _____________ 18, 54
Graneros Shale___. _____________
66 Mines:
Alamo..
35
Greenhorn anticline..._.__________
18
Butte Valley..
...
35,41,47
Greenhorn Limestone..____________ 30,67
Calumet.
~
- 35,41
Ground water, alkali content_________
39
Cameron.
___..... 34,35,37,41
conjunctive use with surface water.___
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Gordon... .
- 35,41
definition_._________________
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Kebler
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- 35,41
in mines, salinity hazard...._______
40
Lester
35,41
sodium or alkali hazard__ ____
42
Maitland....___.... . .
35
intrusive rocks, association...______
83
Morning Glory
35,41
movement through alluvium.._____
34
Mutual...
35,41
movement through igneous dikes____
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Pictou
34,35,37,41,42
Pennsylvanian rocks..._________
58
Pryor.
.
35
potential yield from mines________
35
Eavenwood...
35
Precambrian rocks....__________
57
EobinsonNo. 1
35
storage in mines..._..__.____._
38
Robinson No. 2 ..
- 34,37
quality. .. ....__._______
Rouse._ .
35,41
Solar. .
35
H
Strong
35
" Huerfano, definition______________
11
Toltec
35
Huerfano Butte...______________
11
Walsen ...
35,41
Huerfano Canyon....._.________ 10,59,61
SO
Huerfano Formation....___________
81 Morrison Formation..
Farisita Conglomerate_____________
Faulting, effects on occurrence of water.. __
Flowing well, definition____________
Formation factor, definition_________
Fort Hays Limestone Member, Niobrara
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Fort Hays Limestone Member.. ____
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Smoky Hill Marl Member---... ..__
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Nonflowing artesian well, definition-.. __
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O

Oil test, Campbell!.._.
Campbell Ranch 1.
St. Mary I-.

Patton Spring.._
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Pediments_.._ _
25,27
Pennsylvanian marine rocks...
.
58
Perched water, definition_.. _.. ....
21
Perennial stream, definition.-- _ _.
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Permeability, definition.___...___.....
21
Pierre Shale. _
.
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.
Piezometric surface, definition.. ..........
21
Poison Canyon Formation. ............ 30,79
Porosity, definition.
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Precambrian rocks _Precipitation..........-... ... 11,13, 25,31
Pumpage from mines.
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Pumping level, definition__ ............
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Pumping lift, definition.... . .......
23
61
Purgatoire Formation....
Purpose and scope of study_...
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Salinity hazard___ _ ________
40
Sangre de Cristo Formation.
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58
Sangre de Cristo Eange.
___
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Sediment, discharge.
..
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Shale, altered_________-________
84
Shale plains____
__.. 7,9
Sierra Grande uplift
.
18
Sills..
_ .. __
83
Sodium-adsorption-ratio
.
40
Soils, gypsiferous. .
.
42
Spanish Peaks...
18,80
Specific capacity, definition. __...___
23
Specific yield, definition
.
23
Static water level, definition...___....__
23
Storage coefficient, definition...
23
Stratigraphy, discussion__ _ .
15
generalized section..
18
Streams, effluent and influent...
22

u

Q

Test drilling.,.. .
48,49
Topography__ ..
7
Transmissibility, coefficient of, definition..
23
Trinidad Sandstone...
.
30,75
U
TJnconfined water, definition.

23

Vermejo Formation.
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Quality of water._______ __
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Codell Sandstone Member-Fort Hays
Limestone Member-.___._.
71
Dakota Sandstone___ _..
65
Devils Hole Formation.. __ ..
85
Greenhorn Limestone... __
68
Huerfano Formation... ..... ..
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Morrison Formation__ __ ..
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Niggerhead shaft.....
.
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Pierre Shale.._______________
74
Poison Canyon and Cuchara Formations.
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Purgatoire Formation.__________
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Trinidad Sandstone. _._.___.___ 76,78

W
Water, "black sulfur".. ...........
71
electrical conductivity
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in mines
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problems___..__
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possible solutions. _
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Water table, definition...
Well-numbering system..
5
Wells:
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Dudley_
.
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Edelman. .
Kimbell . .
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Marchiori.. .
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Perrino .
.
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Potts.
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Wet Mountain uplift.
Kalston Creek(?) Formation.. ________
60 Wet Mountain Valley....
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Eaton basin__________________ 18,29,33
Eaton Formation- ______._______ 30,78
Eecharge____________________ 23,36
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86 Zone of aeration, definition...
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