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GLOSSARY

Aguifer.--A geologic formation, part of a formation, or group of formations 
that contains sufficient saturated permeable material to yield signifi­ 
cant quantities of water to wells and springs. A confined aquifer is an 
aquifer in which ground water is confined under pressure greater than 
atmospheric by overlying, relatively impermeable strata. Water level in 
a well penetrating a confined aquifer will be above the upper boundary of 
the aquifer. An unconfined aquifer is an aquifer where the water table 
is the upper surface of the saturated zone.

Chemical quality.--Concentration of solutes (any substance dissolved in water) 
and certain properties or characteristics such as hardness, sodium- 
adsorption ratio, percent sodium, and specific conductance.

Confining bed.--A rock unit above or below an aquifer that is much less
permeable than the aquifer and that restrains ground-water flow to and 
from adjoining units.

National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic datum
derived from a general adjustment of the first-order level nets of both 
the United States and Canada, formerly called "Mean Sea Level." (NGVD of 
1929 is referred to as sea level in this report.)

Sodium-adsorption ratio (SAR).--The expression of relative activity of sodium 
ions in exchange reactions with soil. The formula used for the computa­ 
tion of SAR is:

SAR =

(Mg+2 )

Where solute concentrations are expressed in milliequivalents per liter

Specific capacity .--A. measure of the productive capacity of a well: rate of
well discharge per unit of drawdown. 

Transmissivity. --The rate at which water is transmitted through a unit width
of the aquifer under a unit hydraulic gradient.

IV



METRIC CONVERSION FACTORS

Inch-pound units used in this report may be converted to metric SI 
(International System) units by using the following conversion factors:

Multiply

foot (ft)
foot squared per day (ft 2 /d) 
gallon per minute (gal/min) 
gallon per minute per foot

[(gal/min/ft)] 
inch (in.) 
mile (mi) 
acre 
square mile (mi 2 )

By

0.3048
0.0929
0.06309
0.01923

25.40
1.609
0.4047
2.590

To obtain SI units

meter
meter squared per day
liter per second
liter per second per meter

millimeter
kilometer
hectare
square kilometer

To convert degrees Fahrenheit (°F) to degrees Celsius (°C), use the 
following formula: °C = (°F-32) x 5/9. To convert degrees Celsius (°C) to 
degrees Fahrenheit (°F), use the following formula: °F = (°C x 9/5) + 32.

The following water quality term has been used in this report: 
microsiemens per centimeter at 25° Celsius (|jS/cm).



RECONNAISSANCE OF GROUND-WATER RESOURCES 
IN THE LOWER GUNNISON RIVER BASIN, 

SOUTHWESTERN COLORADO

By Tom Brooks and D. J. Ackerman

ABSTRACT

Information about ground-water quantity and quality in the lower Gunnison 
River basin assists in developing, appropriating, and managing the basin's 
water resources. Hydrogeologic data are presented for 51 wells and 61 
springs. Chemical analyses are given for 34 wells and 17 springs. Drillers' 
reports for 71 wells are included.

Springs normally discharge from shorter alluvial flow systems and com­ 
monly are less saline than well water. These springs are a calcium sulfate 
bicarbonate water type. Spring discharges of as much as 200 gallons per 
minute were measured.

The most productive wells in the study area are completed in alluvium, 
with reported yields of as much as 750 gallons per minute for an irrigation 
well. Alluvial gravels are most productive. Specific-conductance values of 
water samples from alluvial deposits ranged from 80 to 32,200 microsiemens per 
centimeter at 25 degrees Celsius.

Reported yields of wells completed in the Mesaverde Formation range from 
0.7 to 24 gallons per minute. The Dakota Sandstone, Morrison Formation, and 
Entrada Sandstone include potential aquifers. Wells completed in the Dakota 
Sandstone reportedly yield 5 to 14 gallons per minute in the study area. 
Specific-conductance values of water samples from the Mesaverde Formation 
ranged from 325 to 5,390 microsiemens per centimeter at 25 degrees Celsius. 
Insufficient data prevented water-quality analysis of other rock units.

INTRODUCTION 

Purpose and Scope

The purpose of this ground-water reconnaissance study was to collect data 
on quantity and quality of ground water available for domestic, livestock, 
municipal, irrigation, and industrial use in the lower Gunnison River basin. 
These data will be used for the efficient development, appropriation, and 
management of Colorado's water resources. The investigation was done by the 
U.S. Geological Survey in cooperation with the Colorado Department of Natural 
Resources, Division of Water Resources, Office of the State Engineer.



Location of the study area (the lower Gunnison River basin) and location 
of previous aquifer studies on the Western Slope of Colorado are shown in the 
index map (fig. 1). Most data in this report were collected during 1980 and 
1981. The system of numbering data sites, local identifier in tables 3, 4, 
and 5, is explained in figure 2.

Approach

Data for this report were compiled from discussions with well and spring 
users and from drillers' records of water wells, from completion reports and 
logs for oil and gas test wells, from geologic maps, and from chemical analy­ 
ses of water samples from wells and springs. The data reported here consist 
of: (1) Verified hydrogeologic data from 51 wells and 61 springs, (2) geo­ 
logic and hydrologic data from 71 additional wells based on drillers' reports, 
and (3) chemical analyses of water samples from 34 wells and 17 springs.

Data collected include measured water level, depth of well, discharge of 
well or spring, water-quality information, type of water use, well or spring 
location, geology, and other hydrogeologic information. All data-collection 
sites for inventoried and noninventoried wells are shown in plate 1.

Data reported for sites visited as a part of this study are shown in 
tables 3, 4, and 5 in the "Supplemental Information" section at the end of 
this report. Data in table 6, also in the "Supplemental Information" section, 
are from, or are derived from, well reports provided by the State Engineer's 
Office. Data in tables 3, 4, 5, and 6 may not represent conditions through­ 
out the aquifer because of the discontinuous nature of aquifers and irregu­ 
larity of water chemistry in some aquifers and irregular distribution of 
fracturing and zones of saturation. Many of these wells were not completed 
for optimum yield or penetrate only part of the aquifer. Wells penetrating 
the full aquifer thickness, and which have well screens in all sand or sand­ 
stone zones in the aquifer, might have greater yields than most of those 
listed in table 6. Some reported yields were from very short tests; there­ 
fore, some wells might not support the reported yield for a longer period of 
time than the test. Well yields given in this report are based on reported 
well yields given by drillers' records on file with the Colorado State Engi­ 
neer's Office.

Previous Investigations

General hydrology of the study area was reported by lorns and others 
(1965). Hydrogeologic maps in this report were prepared from geologic maps by 
Cashion (1973), Tweto, Moench, and Reed (1976), Tweto and others (1976) and 
Williams (1964). Lee (1912) described the geology in western Delta County.

Acknowledgments

Data collected for this report are the result of cooperation from basin 
residents who provided information on wells and springs, permitted measure­ 
ments to be made, and allowed water-quality sampling. The Colorado State 
Engineer's Office assisted with the well and spring inventory and provided 
well records.
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Figure 2. System of numbering well and spring sites in Colorado



STUDY-AREA DESCRIPTION

Geography 

Physiography and Drainage

The lower Gunnison River basin is the drainage area of the Gunnison River 
downstream from the junction with the North Fork Gunnison River as shown in 
figure 1. This basin is mainly within the Canyon Lands section; a small 
section is in the Uinta Basin section of the Colorado Plateaus physiographic 
province (Fenneman, 1946).

The highest point in the basin is 11,159 ft, in sec. 24, T. 11 S., 
R. 94 W. The lowest point in the basin is about 4,550 ft, at the confluence 
of the Colorado and the Gunnison Rivers at Grand Junction. Tributary streams 
in the southwestern part of the basin generally flow perpendicular to the axis 
of the Uncompahgre Plateau uplift (see pi. 1), until reaching more level 
terrain below. Streams draining southern Grand Mesa have a more dendritic 
pattern. Total drainage of the lower Gunnison River basin is 1,630 mi 2 .

Climate

Climate and vegetation vary within the basin and are very dependent on 
elevation. Average annual precipitation ranges from less than 8 in. in the 
lower valley west of Delta to 40 in. along the Grand Mesa divide. The 
Uncompahgre Plateau (labeled Uncompahgre uplift on plate 2) receives as much 
as 25 in. annually. Temperature extremes range from more than 95°F near Delta 
in July to less than -30°F in the mountains in January. Climatological data 
from four stations in or near the basin are summarized in table 1.

Geology

Two major structural features are within the lower Gunnison River basin-- 
the Uncompahgre uplift west of the Gunnison River and the north-dipping 
southwestern flank of the Piceance structural basin both shown on plate 2. 
The Uncompahgre uplift is an asymmetrical anticline plunging northwest and 
southeast with the axis nearly coinciding with the western boundary of the 
study area. The average dip for the Uncompahgre anticline slope is 2.5° 
northeast, ranging from 2° to 4° (see fig. 3, a general geologic section). 
Nearly parallel drainage from the Uncompahgre Plateau trends northeast and 
reflects the anticlinal dip and other displacements, such as large-scale 
joints and minor faults. The southwestern flank of the Piceance structural 
basin plunges north with an average dip of 2°. The axis of the Montrose syn- 
cline, within the Piceance structural basin, plunges north about 8 mi west of 
Cedaredge (Williams, 1964).



Table 1.--Climatological data 1 from stations in and near the study area 

[ft=foot; in.=inch; °F=degrees Fahrenheit]

0 . .. T . . Grand   ,. _ , , BonharaStation location T .. Delta Cedaredge _ . 2Junction Reservoir 41

Mean annual precipitation (in.)-----

Moan onnnol o -i v +  cnmi-\£i vo t-ii vo fOT?'\___.

-- 4,670

7.95
t;O CL

4,930

6.9 

«;n i

6,244

11.5 

AQ n

9,835 

32.0

Mean annual daily maximum air
temperature (°F)               65.1 67.1 62.9

Mean daily maximum air temperature
for July (°F)                  93.5 92.6 87.7

Mean daily minimum air temperature
for January (°F)               15.5 12.2 15.6

Period of record                  1951-80 1950-79 1951-80 1964-78

on data from the National Climatic Data Center for indicated 
period of record.

2Bonham Reservoir is about 4 miles north of Eggleston Lake, which is 
north of the study area.

Rock units in the study area range from Precambrian basement rocks ex­ 
posed in the Uncompahgre uplift to Quaternary alluvium in the valleys. Most 
common rock types are sandstone, shale, alluvial sand, and gravel, with 
igneous rock capping the top of Grand Mesa. Age, thickness, and lithology of 
the local rock units are summarized in the stratigraphic column (table 2). A 
hydrogeologic map of the study area with areal extent of exposed rock units is 
shown on plate 2.



sw

FE
ET

 
1

2
,0

0
0

-.

1
0

,0
0

0
-

8
0
0
0
-

60
00

-

4
0
0
0
-

20
00

-4
0
0
0

N
A

T
IO

N
A

L
 G

E
O

D
E

T
IC

 V
E

R
T

IC
A

L
 

D
A

T
U

M
 O

F 
19

29
V

E
R

T
IC

A
L

 E
X

A
G

G
E

R
A

T
IO

N
 X

 1
0

20
00

10
 M

IL
E

S
I

10
 K

IL
O

M
E

TE
R

S

B
as

al
t

U
in

ta
 F

or
m

at
io

n 

G
re

en
 R

iv
er

 F
or

m
at

io
n 

W
as

at
ch

 F
or

m
at

io
n

E
X

PL
A

N
A

T
IO

N

M
es

av
er

de
 F

or
m

at
io

n 

M
an

co
s 

Sh
al

e

D
ak

ot
a 

Sa
nd

st
on

e 
an

d 
B

ur
ro

 C
an

yo
n 

Fo
rm

at
io

n
M

or
ri

so
n 

Fo
rm

at
io

n

E
nt

ra
da

 
S

an
ds

to
ne

W
in

ga
te

 S
an

ds
to

ne
 a

nd
C

hi
nl

e 
Fo

rm
at

io
n 

Pr
ec

am
br

ia
n

C
O

N
T

A
C

T
.L

T
D

F
A

U
L

T
 D

as
he

d 
w

he
re

 
ex

te
nt

 u
nk

no
w

n.
 A

rr
ow

s 
in

di
ca

te
 r

el
at

iv
e 

m
ov

em
en

t

T
D

 T
o

ta
l 

de
pt

h 
of

 o
il 

or
 

ga
s 

te
st

 h
ol

e 
us

ed
 f

or
 

co
nt

ro
l

F
i
g
u
r
e
 
3
.
-
-
G
e
n
e
r
a
l
i
z
e
d
 
g
e
o
l
o
g
i
c
 
s
e
c
t
i
o
n
 
(t

ra
ce

 
of
 
s
e
c
t
i
o
n
 
s
h
o
w
n
 
on
 
pl
at
e 

2)
.



Table 2. Stratigraphic column, lower Gunnison River basin,
southwestern Colorado 

[Wavy lines indicate unconformities]

System
and 

series
Geologic unit

Maximum 
thickness 

(feet)
Predominant lithology

Quaternary

Tertiary

Alluvium landslide, 
talus, colluvium, 
glacial drift, and 
terrace gravels.

 \T\/~\/^/~V~\/~<S\f\S\/\S\,

Extrusive volcanic 
/r\r^r^s\r^r^s\/\r^r^r<s^rv^s\/
Uinta Formation 

Green River Formation

100(?) Silt, sand, and gravel.

200(?) Dense, black vesicular basalt

1,000 Siltstone, sandstone, and 
marlstone.

Wasatch Formation 1,000 Variegated claystone, silt- 
stone, sandstone, lignite, 
and conglomerate.

Upper 
Cretaceous

9

Lower 
Cretaceous

Upper 
Jurassic

Middle 
Jurassic

Mesaverde Formation 3,000

Mancos Shale 4,500

Dakota Sandstone 
350 

Burro Canyon 
Formation

Morrison Formation 600 
(including Brushy 
Basin and Salt 
Wash Members)

Entrada Sandstone 150 
(includes overlying 
Wanaka Formation 
in places)

'^y>y-^L^^yx/^J^voo^^^lx^^^xxx^r^-rv^^y^

Intertonguing sandstone, 
shale, and coal.

Dark gray carbonaceous marine 
shale.

Interbedded hard sandstone, 
conglomerate, shale, and 
coal.

Bentonitic mudstone, sandstone, 
siltstone with limestone 
near base.

Very fine-grained yellow to 
pink eolian sandstone.

Kayenta Formation 50 Fine- and medium-grained sand­ 
stone, lenses of siltstone, 
shale and conglomerate.

Upper 
Triassic

Wingate Sandstone 350 Fine-grained, crossbedded 
eolian sandstone, small 
quantity of clay.

Chinle Formation

Precambrian

100 Soft red siltstone, hard lenses 
of siltstone, limestone, and 
conglomerates.

Gneiss, schist, and pegmatite.



GROUND WATER 

Bedrock Aquifers

Bedrock aquifers in the study area generally are sandstone and fractured 
bedrock such as sandstone, shale, siltstone, and coal. Fine-grained rocks 
require significant fractures to transmit and store ground water. The extent 
of fractures in many of the rocks is unknown and aquifer-characteristic data 
are limited. The Wingate Sandstone (Upper Triassic) is the oldest rock unit 
developed for a water supply. Bedrock units that yield the most water to 
wells are the Mesaverde Formation and the Mancos Shale (Upper Cretaceous), 
Burro Canyon Formation and the Dakota Sandstone (Lower Cretaceous).

The geologic units shown on plate 2 and summarized in table 2 are grouped 
into hydrogeologic units and shown by a geologic symbol. Hydrogeologic units 
represent aquifer systems (such as the Burro Canyon Formation and the Dakota 
Sandstone), confining beds (such as the Mancos Shale), or groups of rocks of 
similar water-bearing characteristics (such as igneous and metamorphic rocks).

No wells were reported to have been completed in the Wasatch Formation 
(Tertiary). Sandstone and conglomerate zones within this formation have 
reasonable potential for yielding water for domestic well production; however, 
the formation's occurrence at higher altitudes and inaccessible locations has 
prevented significant development of these water resources.

Fractured igneous and metamorphic rocks of Precambrian and Tertiary age 
locally may be aquifers in the eastern part of the study area. Precambrian 
metamorphic rocks may be found below consolidated sedimentary rocks at most 
locations in the basin. If a well is to be developed in the igneous and meta­ 
morphic rocks, the yield will depend on the number of fractures intersected 
below the water level in the well. Yields generally decrease with greater 
depth because most fractures are in the upper part of these rocks. Wells 
drilled in the broken Tertiary basalt have reported yields of 6 to 25 gal/min.

The Wingate and the Entrada Sandstones have produced 11 to 15 gal/min in 
this basin, but are areally limited. The Entrada Sandstone, Morrison Forma­ 
tion, and Dakota Sandstone may be potential aquifers, but are more limited in 
areal extent.

Based on well-production data, the Burro Canyon Formation and the Dakota 
Sandstone represent the best opportunity for development in the western part 
of the lower Gunnison River basin with reported well yields ranging from 5 to 
14 gal/min.

Ten wells were reported to have been completed in the Mancos Shale. One 
produced as much as 20 gal/min, but another yielded only 1 gal/min. This for­ 
mation generally has little potential for yielding sufficient quantities of 
water for domestic or agricultural uses.



Sandstone beds within the Mesaverde Formation in the study area generally 
have minimal primary permeability, although secondary permeability, such as 
fractures, can yield enough water for domestic-well production. Transmissivi- 
ties for the Mesaverde Formation in the North Fork of the Gunnison River 
valley are between 0.3 and 16.7 ft 2 /d for typically unfractured rock (Brooks, 
1983). Wells producing from the Mesaverde Formation, which is exposed in the 
eastern part of the study area, yield between 0.7 and 24 gal/min.

Specific-conductance values for water samples from 43 springs issuing 
from consolidated sedimentary-rock formations other than the Mancos Shale 
ranged from 42 to 18,500 (jS/cm with a median of 932 (jS/cm. Specific- 
conductance values for ground water in this formation ranged from 325 to 
5,390 [JS/cm. Two samples from springs issuing from the Mancos Shale had 
specific-conductance values of 110 and 7,540 pS/cm. Two wells had specific- 
conductance values of 629 and 1,900 (JS/cm.

Alluvial Aquifers

Sand, silt, and gravel of Quaternary age form aquifers in stream valleys 
and terraces throughout the basin (see pi. 2); these materials will be 
referred to collectively as the alluvial aquifers in this report. Springs are 
common at higher elevations; wells generally are located in the valleys. Most 
inventoried wells completed in alluvial aquifers are completed in glacio- 
fluvial materials or alluvium. These deposits are rarely more than 200 ft 
thick, and most often are less than 100 ft thick.

Saturated alluvial deposits are the most productive aquifers yielding 
water that is suitable for most uses. Well yields reportedly range from 1 to 
750 gal/min. Most wells yielded a calcium sulfate bicarbonate type water. 
Salinity, water chemistry, and relative position of bedrock and alluvial 
aquifers indicate that some alluvial aquifers receive discharge from bedrock 
aquifers. Salinity and water chemistry also indicate that flow paths and 
residence times are longer for most well waters than for spring waters.

Spring waters predominantly originate from precipitation and snowmelt 
infiltration. Alluvium, glacial drift, and landslide deposits on steep slopes 
may be saturated only seasonally and are intermittent sources for springs. 
Some valley springs issue from the base of extensive terrace gravels overlying 
bedrock and have a large continuous discharge. These springs are less saline 
than most well waters and probably derive much water from the infiltration of 
streamflow and irrigation water on the terraces.

Specific-conductance values for samples from 10 wells ranged from 80 to 
32,200 |jS/cm with a median of 1,750 (JS/cm. Specific-conductance values for 16 
of 18 sampled springs were less than 500 (JS/cm. Most spring waters are a 
calcium sulfate bicarbonate type, but some are of a calcium magnesium 
bicarbonate sulfate type.
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Water-Quality by Aquifer

Most of the available water-quality data in table 5 in the "Supplemental 
Information" section at the end of the report are for water samples taken from 
the Mesaverde Formation and alluvium. Other water quality samples are grouped 
as other bedrock in the following summary of water quality of aquifers.

Table 5 includes analyses for samples from 19 wells completed in the 
Mesaverde Formation. The range of specific conductances was from 325 to 
5,390 [jS/cm with an average of 1,434 pS/cm. The range of dissolved solids was 
from 206 to 3,360 mg/L with an average of 880 mg/L. The dominant cation was 
sodium and the dominant anions were bicarbonate and sulfate. Concentrations 
of dissolved solids, sulfate, iron, and manganese in some samples exceeded the 
U.S. Environmental Protection Agency's (U.S. EPA) standards for secondary 
maximum contaminant levels of public drinking waters. Concentrations of 
fluoride and selenium exceeded the U.S. EPA primary drinking water standards 
in some samples.

Samples were taken from 10 wells completed in other bedrock and the range 
of specific conductances was from 173 to 1,900 pS/cm and averaged 886 pS/cm. 
The range of dissolved solids was from 123 to 1,262 mg/L and averaged 
618 mg/L. The dominant cation was sodium and the dominant anion was 
bicarbonate. Concentrations of sulfate, dissolved solids, iron, and manganese 
exceeded the secondary maximum contaminant levels established by the U.S. EPA.

Samples were taken from 10 springs that issued from other bedrock. 
Specific conductances ranged from 275 to 18,500 pS/cm and averaged 
3,564 [jS/cm. The range of dissolved solids was 166 to 12,400 mg/L and 
averaged 2,577 mg/L. The dominant cation was calcium and the dominant anion 
was bicarbonate. Concentrations of sulfate, dissolved solids, chloride, and 
manganese exceeded the U.S. EPA secondary standards in some samples. Fluoride 
concentrations exceeded the U.S. EPA primary standards in some samples.

The water quality of samples taken from alluvium and unconsolidated 
deposits were more suitable for domestic use than bedrock water, although 
water samples from alluvial wells were more similar to bedrock water quality 
than springs that issued from alluvium. Water quality samples from 6 wells 
completed in alluvium and unconsolidated deposits ranged in specific 
conductance from 80 to 32,200 pS/cm. The range of dissolved solids was 63 to 
2,970 mg/L. The dominant cation was calcium and the dominant anion was 
bicarbonate. Concentrations of sulfate, dissolved solids, manganese, and 
chloride exceeded the U.S. EPA secondary standards in some samples. The 
selenium concentration in one sample exceeded the U.S. EPA primary drinking 
water standard.

Water quality of samples taken from 8 springs that issued from alluvium 
and unconsolidated deposits were the best in the study area. The range of 
specific conductance was from 48 to 510 pS/cm and the range of dissolved 
solids was from 46 to 305 mg/L. The dominant cation was calcium and the 
dominant anion was bicarbonate. No chemical constituents exceeded the primary 
or secondard standards established by the U.S. EPA.
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SUMMARY

Aquifers occur within bedrock formations and unconsolidated Quaternary 
sands and gravels in the study area. Water from the Mancos Shale seldom is 
used because of generally inadequate yields or undesirable quality. Specific- 
conductance values for water from the Mesaverde Formation ranged between 325 
to 5,390 pS/cm and reported well yields from 0.7 to 24 gal/min.

The Dakota Sandstone, Morrison Formation, and Entrada Sandstone may be 
potential aquifers. Wells in the Dakota Sandstone yield 5 to 14 gal/min in 
the study area and two wells had specific-conductance values of 629 and 1,900 
[jS/cm.

Unconsolidated alluvial deposits found in stream valleys contain the best 
producing aquifers. Water in these deposits had specific-conductance values 
that ranged from 80 to 32,200 pS/cm. Wells completed in alluvial deposits 
were reported to yield from 1 to 750 gal/min.

Ground water issuing from springs generally is less saline than well 
water, especially for those springs with shorter flow systems. Discharges of 
as much as 200 gal/min were reported. Spring water commonly is a calcium 
sulfate bicarbonate water.
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Table 6. --Hydrogeologic data (noninventoried wells) from drillers' records

EXPLANATION
TOWNSHIP/RANGE NUMBER 

See figure 2.

PERMIT NUMBER
Assigned by State Engineer's Office

UNIT ABBREVIATIONS
gal/min = gallon per minute 
gal/min/ft = gallon per minute 

per foot

PRODUCING FORMATION AND GEOLOGY 
FROM DRILLERS' LOG 
Quaternary 
Qa, alluvium 
Qg, gravel
Ql, landslide material 
Qd, glacial drift

Tertiary 
Tb, basalt

Cretaceous 
Kmv, Mesaverde 
Km, Mancos Shale 
Kd, Dakota Sandstone

Jurassic
Je, Entrada Sandstone
Jk, Kayenta Formation

Triassic
"Rw, Wingate Sandstone
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