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FOREWORD

One of the great challenges faced by water-resources scientists is providing 
reliable water-quality information to guide the management and protection of the 
Nation's water resources. That challenge is being addressed by Federal, State, 
interstate, and local water-resources agencies and by academic institutions. Many 
of these organizations are collecting water-quality data for a host of purposes, 
including compliance with permits and water-supply standards; development of 
remediation plans for specific contamination problems; operational decisions on 
industrial, wastewater, or water-supply facilities; and research to advance our 
understanding of water-quality processes. In fact, during the past two decades, tens 
of billions of dollars have been spent on water-quality data-collection programs. 
Unfortunately, the utility of these data for present and future regional and national 
assessments is limited by such factors as the areal extent of the sampling network, 
the frequency of sample collection, the varied collection and analytical procedures, 
and the types of water-quality characteristics determined.

To address this deficiency, the Congress appropriated funds for the U.S. 
Geological Survey, beginning in 1986, to test and refine concepts for a National 
Water-Quality Assessment (NAWQA) Program that, if fully implemented, would:

1. Provide a nationally consistent description of water-quality conditions for a 
large part of the Nation's water resources;

2. Define long-term trends (or lack of trends) in water quality; and

3. Identify, describe, and explain, as possible, the major factors that affect 
observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be accomplished 
through investigations of a large set of major river basins and aquifer systems that 
are distributed throughout the Nation and that account for a large percentage of the 
Nation's population and freshwater use. Each investigation would be conducted by 
a small team that is familiar with the river basin or aquifer system. Thus, the 
investigations would take full advantage of the region-specific knowledge of persons 
in the areas under study.

Four surface-water projects and three ground-water projects are being 
conducted as part of the pilot program to test and refine the assessment methods 
and to help determine the need for and the feasibility of a full-scale program. An 
initial activity of each pilot project is to compile, screen, and interpret available data 
to provide an initial description of water-quality conditions and trends in the study 
area. The results of this analysis of available data are presented in individual reports 
for each project.

The pilot studies depend heavily on cooperation and information from many 
Federal, State, interstate, and local agencies. The assistance and suggestions of all 
are gratefully acknowledged.

Philip Cohen 
Chief Hydrologist
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Ground-Water Quality and Geochemistry in 
Dayton, Stagecoach, and Churchill Valleys, 
Western Nevada

By James M. Thomas and Stephen J. Lawrence

Abstract

The U.S. Geological Survey investigated 
the quality of ground water in the Dayton, Stage­ 
coach, and Churchill Valleys as part of the Carson 
River Basin National Water-Quality Assessment 
(NAWQA) pilot study. Four aquifer systems have 
been delineated in the study area. Principal aqui­ 
fers are unconsolidated deposits at altitudes of less 
than 4,900 feet above sea level and more than 
50 feet below land surface. Shallow aquifers are 
at altitudes of less than 4,900 feet and are less than 
50 feet below land surface. Upland aquifers are 
above 4,900 feet and provide recharge to the 
principal aquifers. Thermal aquifers, defined as 
those having a water temperature greater than 
30 degrees Celsius, are also present. Ground 
water used in Dayton, Stagecoach, and Churchill 
Valleys is pumped from principal aquifers in 
unconsolidated basin-fill deposits. Ground water 
in these aquifers originates as precipitation in the 
adjacent mountains and is recharged by the Carson 
River and by underflow from adjacent upstream 
valleys. Ground-water flow is generally parallel 
to the direction of surface-water flow in the 
Carson River. Ground water is discharged by 
pumping, evapotranspiration, and underflow 
into the Carson River.

The results of geochemical modeling indi­ 
cate that as ground water moves from upland aqui­ 
fers in mountainous recharge areas to principal 
aquifers in basin-fill deposits, the following pro­ 
cesses probably occur: (1) plagioclase feldspar,

sodium chloride, gypsum (or pyrite), potassium 
feldspar, and biotite dissolve; (2) calcite precipi­ 
tates; (3) kaolinite forms; (4) small amounts of cal­ 
cium and magnesium in the water exchange for 
potassium on aquifer minerals; and (5) carbon 
dioxide is gained or lost. The geochemical models 
are consistent with (1) phases identified in basin- 
fill sediments; (2) chemical activity of major cat­ 
ions and silica; (3) saturation indices of calcite and 
amorphous silica; (4) phase relations for alumino- 
silicate minerals indicated by activity diagrams; 
and (5) results of optical, X-ray diffraction, and 
scanning-electron microscopy examination of 
mineral grains in the aquifer sediments. Sulfur- 
isotopic composition of ground-water samples 
also supports the models.

In general, the quality of ground water in the 
study area meets Nevada State drinking-water 
standards and is acceptable for most uses. In 
addition to major ions, samples were analyzed 
for 22 inorganic trace elements, 3 nutrients, and 
4 radionuclides. Selenium in 1 sample is the only 
constituent that exceeded Nevada State primary 
drinking-water standards. Nevada State second­ 
ary drinking-water standards were exceeded for 
fluoride in 1 sample, for iron in 7 samples, and for 
manganese in 19 samples. Minor constituent 
concentrations are generally the result of local 
redox conditions, and are primarily from minerals 
in volcanic and marine metasedimentary rocks, 
metal-oxide coatings on mineral grains, and 
organic matter.

Abstract 1



In addition to gross-alpha and gross-beta 
activities, radionuclide analyses included radon- 
222, uranium, radium-226, and radium-228. 
Gross-alpha and gross-beta activities ranged 
from 0.27 to 21 and 3.0 to 21 picocuries per liter 
(pCi/L), with median activities of 1.8 and 7.25 
pCi/L, respectively. Gross-alpha activity is 
primarily from uranium dissolved in the water. 
The most likely sources of dissolved uranium are 
the dissolution of uranium-rich metal-oxide coat­ 
ings, desorption from the coatings and organic 
matter, and oxidation of uraniferous organic 
matter. Gross-beta activity is primarily a result of 
the decay of potassium-40 dissolved in the ground 
water and the ingrowth of uranium-238 progeny 
in a sample before analysis. The most likely 
sources of potassium-40 are the dissolution of 
potassium feldspar and biotite. Radon-222 ranged 
from 150 to 1,800 pCi/L, had a median concentra­ 
tion of 580 pCi/L, and was produced by the decay 
of solid phases of radium-226 in the aquifer. None 
of the 24 samples with both alpha and uranium 
analyses exceeded the adjusted gross-alpha maxi­ 
mum contaminant level of 15 pCi/L. The pro­ 
posed maximum contaminant level of 300 pCi/L 
for radon-222 was exceeded in 27 of 35 samples. 
The proposed maximum contaminant level of 
20 |ig/L for uranium was exceeded in 3 of 26 
samples. None of the 3 radium-226 analyses or 
the radium-228 analysis exceeded the maximum 
contaminant level of 5 pCi/L.

Ground-water samples from Dayton, Stage­ 
coach, and Churchill Valleys were analyzed for 
61 synthetic organic compounds. Only 3 of these 
61 compounds were detected in samples collected 
during the study period. None of these exceeded 
Nevada's drinking-water standards.

INTRODUCTION 

Background

Beginning in 1986, the Congress of the United 
States has annually appropriated funds for the U.S. 
Geological Survey to test and refine concepts for a

National Water-Quality Assessment (NAWQA) 
Program. The long-term goals of a full-scale program 
are to:

1. Provide a nationally consistent description of 
current water-quality conditions for a large part of the 
Nation's surface- and ground-water resources.

2. Define long-term trends (or lack of trends) in 
water quality.

3. Identify, describe, and explain, as much as pos­ 
sible, the major factors that affect the observed water- 
quality conditions and trends.

The information will provide water managers, 
policy makers, and the public with an improved scien­ 
tific basis for evaluating the effectiveness of water- 
quality management programs and a data base for 
assessing the likely effects of proposed changes in 
land- and water-management practices. Concepts for 
a full-scale NAWQA Program are described by Hirsch 
and others (1988).

The NAWQA Program is organized into study 
units on the basis of specific hydrologic systems. For 
ground water, the study units are large parts of aquifers 
or aquifer systems, and for surface water, the study 
units are major river basins. The study units are large, 
involving areas ranging from a few thousand to several 
tens of thousands of square miles.

The assessment program is in a pilot phase in 
seven project areas throughout the United States. Each 
area represents diverse geologic and hydrologic envi­ 
ronments, and water-quality conditions. The seven 
pilot projects include four that are concerned with sur­ 
face water and three that are concerned with ground 
water. Surface-water pilot studies include the Yakima 
River Basin in Washington; the lower Kansas River 
Basin in Kansas and Nebraska; the upper Illinois River 
Basin in Illinois, Indiana, and Wisconsin; and the 
Kentucky River Basin in Kentucky. The ground-water 
project areas are the Carson River Basin in Nevada and 
California (fig. 1); the Central Oklahoma aquifer in 
Oklahoma; and the Delmarva Peninsula in Delaware, 
Maryland, and Virginia. Geochemical and hydrologic 
data for the Carson River Basin through 1987 are sum­ 
marized by Welch and others (1989); available data 
through 1990 used in the preparation of this report are 
listed in Whitney (1994).

Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchiil Valleys, Western Nevada
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Figure 1 . Location of the Dayton Valley and Churchill Valley hydrographic areas within the Carson 
River Basin pilot NAWQA study area.
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Purpose and Scope Acknowledgments

This study is part of the Carson River Basin pilot 
NAWQA project. The aquifers of primary interest are 
those used for municipal and domestic water supplies. 
This report focuses primarily on the ground-water 
quality and geochemistry in Dayton, Stagecoach, and 
Churchill Valleys.

Data collected from 1987 to 1990 (Whitney, 
1994) as part of the Carson River Basin NAWQA 
project form much of the basis for this report. Isotope 
data are evaluated in conjunction with geologic, 
hydrologic, and geophysical information to describe 
the ground-water flow systems. The discussion of 
ground-water quality includes statistically based 
descriptions of the concentrations of major and minor 
inorganic constituents, radionuclides, and synthetic 
organic compounds. For readers desiring more in- 
depth explanations of the processes resulting in the 
observed water quality, sections for each group of 
constituents listed above and a description of the 
mineralogic composition of the sediments have been 
included in the report.

Location System for Wells

A local site designation (local well number) 
is used to identify a site by the official rectangular sub­ 
division of the public lands referenced to the Mount 
Diablo base line and meridian (table 1). Each site 
designation consists of three units: The first unit is the 
township, preceded by an N or S to indicate location 
north or south of the base line. The second unit is the 
range, preceded by an E to indicate location east of the 
meridian. The third unit consists of the section number 
and letters designating the quarter section, quarter- 
quarter section, and so on (A, B, C, and D indicate 
the northeast, northwest, southwest, and southeast 
quarters, respectively), followed by a number indicat­ 
ing the sequence in which the site was recorded. For 
example, well N15 E20 23CDAC1, in Dayton Valley, 
is the first well recorded in the southwest quarter (C) 
of the northeast quarter (A) of the southeast quarter (D) 
of section 23, Township 15 North, Range 20 East, of 
the Mount Diablo base lines and meridian.

The authors thank the residents and water purvey­ 
ors in Dayton, Stagecoach, and Churchill Valleys for 
permitting access to wells for sampling. Larry Benson 
of the U. S. Geological Survey in Boulder, Colo., pro­ 
vided carbon-13 data for the Carson, Truckee, and 
Walker Rivers.

DESCRIPTION OF STUDY AREA

Location and Physiography

Dayton Valley and Churchill Valley hydrographic 
areas, designated by the Nevada Division of Water 
Resources (Rush, 1968), are in the central part of the 
Carson River Basin of west-central Nevada (fig. 1). 
The Dayton Valley hydrographic area covers approxi­ 
mately 367 mi2 and consists of several subbasins, the 
largest of which is Carson Plains (fig. 2A). Stagecoach 
Valley is the other large subbasin; it occupies the north­ 
east part of the Dayton Valley hydrographic area. 
Smaller subbasins include the Riverview area, which is 
a small floodplain along the west bank of the Carson 
River in the westernmost part of the hydrographic area, 
and the Mound House area a small upland basin a 
few hundred feet above the Carson River. In this 
report, Dayton Valley refers to all subbasins in the Day­ 
ton Valley hydrographic area, excluding Stagecoach 
Valley.

Dayton Valley is bordered by the Virginia Range 
to the north, Stagecoach Valley to the northeast, the 
Pine Nut Mountains to the south and southeast, and 
Eagle Valley to the west. Stagecoach Valley is bor­ 
dered by the Virginia Range to the north, Churchill 
Valley to the east, and Dayton Valley to the south and 
west (fig. 2A). The Carson River generally flows from 
west to east across Dayton Valley.

The Churchill Valley hydrographic area covers 
approximately 486 mi2 and is separated from the Day­ 
ton Valley hydrographic area by Churchill Butte on the 
west (fig. 25). In this report, Churchill Valley refers to 
all basins and the adjacent mountains in the Churchill 
Valley hydrographic area. Churchill Valley is bounded 
to the north by the eastern part of the Virginia Range, 
to the east by the Dead Camel Mountains, to the south 
by the Desert Mountains, and to the southwest by the 
Pine Nut Mountains. The Carson River enters 
Churchill Valley on its west side just south of Churchill 
Butte. Lahontan Reservoir impounds Carson River on

Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchill Valleys, Western Nevada



the east side of Churchill Valley. Lahontan Reservoir 
also receives Truckee River water through the Truckee 
Canal (fig. 1).

Climate

Climate of the study area is generally described as 
subhumid-continental in the high altitudes and midlat- 
itude-steppe at lower altitudes (Houghton and others, 
1975, p. 69 and 71). A subhumid-continental climate 
is characterized by cold winters, warm summers, and 
low to moderate precipitation. The midlatitude-steppe 
climate is characterized by cold winters, hot summers, 
and semiarid conditions.

Precipitation in the area originates as Pacific 
storms or Great Basin low-pressure systems (also 
called "Tonopah lows;" Houghton and others, 1975, 
p. 13). Precipitation associated with storms that origi­ 
nate as air masses in the northern Pacific generally 
occur between November and March and snow is the 
most prevalent form of precipitation. Thunderstorms 
are common during summer months and are associated 
with maritime tropical air masses that move into the 
area from the Gulf of California (Houghton and others, 
1975, p. 19). Average annual precipitation ranges from 
about 10 in. in the western parts of Dayton Valley to 
about 8 in. in Churchill Valley (Houghton and others, 
1975, fig. 40). Mountain ranges typically receive much 
more precipitation than the adjacent valley floors. 
Average annual surface-water evaporation ranges from 
46 to 48 in. within the study area and is 4 to 6 times the 
average annual precipitation (Houghton and others, 
1975, fig. 60).

Land and Water Use

Range and forest land predominates in Dayton 
and Stagecoach Valleys (95 percent of total area) and 
Churchill Valley (86 percent; Welch and others, 1990, 
table 3). The population of the study area was less 
than 5,000 in 1970 and has nearly doubled from about 
6,500 in 1980 to 12,500 in 1990 (Maud Naroll, 
University of Nevada, Reno, Bureau of Business and 
Economic Research, oral commun., 1992). In Dayton 
and Stagecoach Valleys, agriculture and barren land 
each account for 2 percent of land use; wetlands, urban- 
land, and water bodies account for less than 1 percent 
of land use. In Churchill Valley, barren land covers 
8.8, water bodies and wetlands cover 4.6, agriculture 
covers 0.5, and urban land covers 0.2 percent of

the area. Although these data are for 1973, little 
change has taken place in land-use practices since 
1973, with the exception of increased urbanization. 
During drought years, the percentage of land covered 
by water and wetlands is greatly reduced.

Water use in Dayton and Stagecoach Valleys in 
1990 was about 24,000 acre-feet (acre-ft) for irrigation 
and about 2,000 acre-ft for domestic use. Approxi­ 
mately, 17,000 acre-ft of this water was surface water 
from the Carson River and 9,000 acre-ft was ground 
water. Water use hi Churchill Valley hi 1990 was about 
8,100 acre-ft for irrigation and about 560 acre-ft for 
domestic use. Approximately 5,400 acre-ft of this 
water was surface water from the Carson River and 
3,200 acre-ft was ground water (James Crompton, 
U.S. Geological Survey, written commun., 1992). The 
amount of surface water and ground water used for irri­ 
gation fluctuates annually depending on flow in the 
Carson River and the amount of pumping. Historically, 
water use in the Dayton area provided power for more 
than 15 stamp mills that processed ore from the Corn- 
stock Lode along the Carson River in the late 1800's 
(Dangberg, 1972, p. 80).

Surface Water

The primary source of surface water in the study 
area is the Carson River. The Carson River enters the 
study area from the southwest and flows generally east­ 
ward to Lahontan Reservoir (fig. 2#). The average 
annual flow of the Carson River where it enters the 
study area is estimated to be 272,000 acre-ft (Glancy 
and Katzer, 1976, table 8). Near the eastern boundary 
of Churchill Valley, the Truckee Canal is used to import 
surface water from the Truckee River and convey it to 
Lahontan Reservoir (fig. 1). The canal enters Churchill 
Valley near Lahontan Dam, which is near the eastern 
hydrographic boundary of the valley, and water in the 
canal discharges into Lahontan Reservoir just upstream 
from the dam. Average annual flow of the Truckee 
Canal near Hazen, 3.35 mi upstream from Lahontan 
Reservoir, is 144,000 acre-ft (Garcia and others, 1992, 
p. 330). Average annual flow of the Carson River 
below Lahontan Dam is 378,000 acre-ft, which 
includes water imported by the Truckee Canal (Glancy 
and Katzer, 1976, table 8). Kings and Ash Canyon 
Creeks enter the Carson River from Eagle Valley in 
the Riverview area. The combined average annual 
flow for these creeks from 1919 to 1969 was estimated 
to be 4,000 acre-ft (Glancy and Katzer, 1976, table 12).
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Table 1. Sample site numbers and locations in Dayton, 
Stagecoach, and Churchill Valleys

[Site sequence is from west to east (decreasing longitude)]

Site 
number
(fig. 2)

Aquifer 
group1 Latitude Longitude Local well number

Dayton and Stagecoach Valleys

1
2
3
4
5

6
7
8
9
10

11
12
13
14
15

16
17
18
19
21

22
23
24
25
26

27
28
29
30
31

32
33
34
35
36

37
38
39
40
41

P
T
U
U
P

U
P
P
P
P

s
P
P
P
P
P
P
P
P
U

P
P
P
P
U

U
U
P
P
P

P
P
P
P
P

P
P
P
P
P

39° 08' 40"
39° 09' 14"
39° 17' 00"
39° 08' 30"
39° 12' 59"

39° 15' 38"
39° 14' 41"
39° 13' 30"
39° 14' 17"
39° 15' 19"

39° 16' 10"
39° 16' 27"
39° 18' 37"
39° 19' 36"
39° 17' 23"

39° 16' 05"
39° 15' 38"
39° 18' 23"
39° 17' 40"
39° 23' 43"

39° 19' 33"
39° 20' 47"
39° 20' 17"
39° 20' 07"
39° 23' 34"

39° 22' 38"
39° 22' 42"
39° 22' 37"
39° 22' 01"
39° 20' 50"

39° 21' 41"
39° 21' 10"
39° 21' 18"
39° 20' 08"
39° 21' 32"

39° 21' 26"
39° 18' 57"
39° 17' 19"
39° 18' 12"
39° 21' 44"

119° 42' 10"
119° 42' 00
119° 40' 57"
119° 38' 55"
119° 38' 42"

119° 38' 35"
119° 37' 01"
119° 35' 52"
11 9° 35' 18"
119° 35' 17"

119° 33' 59"
119° 33' 21"
11 9° 33' 05"
119° 31' 51"
119° 31' 50"

119° 31' 34"
119° 31' 13"
119° 29' 34"
11 9° 27' 24"
11 9° 27' 05"

119° 26' 33"
11 9° 26' 05"
119° 26' 05"
119° 25' 35"
119° 25' 20"

119° 25' 18"
11 9° 25' 03"
119° 24' 52"
11 9° 24' 50"
11 9° 24' 47"

11 9° 24' 06"
11 9° 23' 50"
119° 23' 49"
119° 23' 33"
119° 23' 25"

11 9° 23' 09"
119° 23' 07"
119° 23' 04"
11 9° 22' 40"
11 9° 22' 34"

N15 E20 23CDAC1
N15 E20 23ABDD2
N16 E20 01ADAC1
N15 E21 29BAAC1
N16 E21 29DCDD1

N16 E21 08DDCB1
N16E21 15CCDC1
N16E2126BCB 1
N16E2123ACDD1
N16E21 14ADBA1

N16E21 12ADAB1
N16E2206CDDD1
N17 E22 30DABC1
N17 E22 20DABB1
N17 E22 32DDBC1

N16 E22 09BCBC1
N16 E22 09CACA1
N17 E22 27DACC1
N17E2236DABB1
N18 E22 25DA 1

N17E2319ACBC1
N17E2307DDDD1
N17 E23 17 1
N17 E23 17DCBC1
N18E2329DD 1

N18E2332DD 1
N18E2332DDA 1
N18E2333CCB 1
N17 E23 04CBBB2
N17 E23 09CCDC1

N17 E23 04DDCC1
N17E2309DAAA1
N17 E23 10BCCA1
N17 E23 15CCAA1
N17E2310BABD1

N17 E23 10ABCD1
N17 E23 27 ABACI
N16E2303ABAA1
N17 E23 26CCCC1
N17 E23 02BC 1

Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchill Valleys, Western Nevada



Table 1. Sample site numbers and locations in Dayton, 
Stagecoach, and Churchill Valleys Continued

Site 
number 
(fig- 2)

Aquifer 
group8 Latitude Longitude Local well number

Dayton and Stagecoach Valleys   Continued

42
43
44
45
46

47
48

P
P
P
P
P

P
P

39° 22' 46"
39° 21' 45"
39° 22' 35"
39° 21' 32"
39° 21' 46"

39° 17' 58"
39° 21' 53"

11 9° 22' 29"
119° 22' 29"
119° 21' 56"
119° 21' 51"
119° 21' 42"

119° 21' 10"
11 9° 20' 42"

N18 E23 35CBDD1
N17 E23 02CCDA2
N18 E23 35DCDC1
N17 E23 11AA 1
N17 E23 01CC 1

N17 E23 36BADC1
N17E2301DDB 1

Churchill Valley

49
50
51

52
53
54
55
56

57
58
59
60

P
P
P

P
P
P
P
P

P
S
P
S

39° 23' 30"
39° 23' 11"
39° 25' 18"

39° 22' 26"
39° 17' 28"
39° 23' 20"
39° 24' 03"
39° 19' 52"

39° 25' 15"
39° 18' 08"
39° 23' 49"
39° 18' 47"

119° 17' 54"
119° 17' 45"
119° 17' 04"

119° 16' 21"
119° 16' 06"
119° 15' 09"
119° 13' 51"
119° 12' 40"

11 9° 12' 37"
11 9° 12' 07"
119° 11' 43"
119° 11' 38"

N18 E24 28CDBD1
N18 E24 33BDAA1
N18E2415CCBA1

N17E2403ABAD1
N17 E24 34DDAC1
N18E2435ABAD1
N18 E24 25AADC1
N17E2518DDD 1

N18 E25 17CCBC1
N17 E25 32BAAA1
N18 E25 29ADCD1
N17 E25 29ADAB1

"Aquifer groups: U, upland; S, shallow; P, principal; and T, thermal. See figure 2.

All other surface water in the study area is ephemeral; 
streams flow only during severe storms and when snow 
melts in the uplands.

The Carson River has uncontrolled flows above 
Lahontan Reservoir. During the summer, the river is 
diverted for irrigation in the study area and upstream in 
Carson Valley, reducing the natural flow of the river in 
the study area. Some of the water used for irrigation 
recharges shallow aquifers; however, the interaction 
between ground water and surface water is not well 
understood. Depending on the stage of the river, the 
river can be a source of recharge water or receive 
discharge from the basin-fill aquifer (Welch and 
others, 1989, p. 14-15). For example, approximately 
1,500 acre-ft/yr of ground water discharges to the 
Carson River in the Riverview area during low and 
normal flows (Arteaga and Durbin, 1978, p. 32). The 
Carson River probably recharges parts of the shallow 
basin-fill aquifer adjacent to the river channel during 
periods of high flow, particularly when the river is at

flood stage, and from irrigation during the growing 
season. Evidence that the basin-fill aquifer in southern 
Stagecoach Valley is recharged by water from the 
Carson River is provided by Harrill and others (1984) 
and is summarized in the section of this report titled 
"Occurrence and Movement of Ground Water and 
Isotope Hydrology." In an effort to further define 
the conclusions of Harrill and others (1984), statistical 
analysis of principal components using water- 
chemistry data was undertaken. The results 
were inconclusive.

Ground Water

Hydrogeologic Setting

Basin-fill deposits in the valleys contain aquifers 
that are the major source of ground water in the study 
area. Basin-fill deposits consist of unconsolidated and
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Figure 2. General features and sampling sites in A, Dayton and Stagecoach Valleys, and B, Churchill Valley.
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semiconsolidated alluvial, fluvial, and lacustrine mate­ 
rials that occupy structural depressions created by 
Late Tertiary and Quaternary extensional faulting. 
These deposits have a maximum thickness of about 
2,900 ft in the northwestern part of Dayton Valley and 
thin towards the southeast, are about 3,000 ft thick in 
Stagecoach Valley in an area that extends from the 
north-central to the south-central part of the valley, and 
are about 2,900 ft thick in the northern part of Churchill 
Valley and about 2,100 ft thick in the southern part of 
the valley. The basin-fill deposits are bounded laterally 
by consolidated rocks in mountains and at depth by 
down-faulted consolidated rocks, consisting primarily 
of Trias sic to Jurassic granitic rocks and Tertiary sedi­ 
mentary rocks (Schaefer and Whitney, 1992).

On the basis of differences in lithology, the rocks 
and sediments in the study area were grouped into five 
hydrogeologic units by Schaefer and Whitney (1992). 
These units are the same as those referred to by Welch 
and others (1989), except that the Tertiary sedimentary 
rocks are grouped with the Quaternary basin-fill 
deposits. The hydrogeologic units are (1) Quaternary 
and Tertiary basin-fill deposits that consist of tuf- 
faceous sandstone, siltstone, rhyolitic tuff, and clays, 
silts, sands, and gravels; (2) Quaternary and Tertiary 
basic volcanic rocks that consist of basalt, andesite, 
and trachyte; (3) Quaternary and Tertiary silicic 
volcanic rocks that consist of rhyolite, latite, and dac- 
ite; (4) Jurassic and Triassic granitic rocks primarily 
granodiorite and quartz monzonite; and (5) Jurassic 
and Triassic metasedimentary and metavolcanic rocks 
(fig. 3).

Basin-fill deposits include sediments associated 
with alluvial fans, pediments, valley lowlands, Pleis­ 
tocene Lake Lahontan, ancient Carson River deltas, 
and river flood plains (fig. 3). They consist of Quater­ 
nary to Tertiary unconsolidated, sorted to unsorted, 
clay, silt, sand, and gravel (Schaefer and Whitney, 
1992). Pleistocene Lake Lahontan covered much of 
the lowland areas in Stagecoach and Churchill Valleys 
during its high stand (Benson and Thompson, 1987, 
p. 84). Thus, valley lowlands are at least partly 
underlain by fine-grained lacustrine sediments 
(Moore, 1969).

Metamorphic and granitic hydrogeologic units 
generally have low permeability. Basic and silicic vol­ 
canic hydrogeologic units generally have low perme­ 
ability, but can have high permeability where highly 
fractured. Basin-fill deposits are very permeable

except for sediments that contain a large percentage 
of clay, which causes low permeability (Schaefer and 
Whitney, 1992, table 1).

Mineralogic Composition of the 
Basin-Fill Sediments

The mineralogic composition of basin-fill sedi­ 
ments is the result of physical and chemical weathering 
of consolidated rocks in the surrounding mountains, the 
transport of sediments into the area by the Carson 
River, and the physical and chemical weathering of 
sediments that were deposited in ancient lakes. Dayton 
and Stagecoach Valleys are bounded mainly by moun­ 
tain ranges composed of basic volcanic rocks (fig. 3A). 
Metasedimentary rocks in the western part of Dayton 
Valley contain interbedded gypsum deposits (Bingler, 
1977). Consolidated rocks underlying the basin-fill 
sediments are probably of volcanic and granitic origin 
(Schaefer and Whitney, 1992). Churchill Valley is 
surrounded primarily by basic volcanic rocks (fig. 3B) 
and the basin-fill deposits are probably underlain by 
sedimentary, volcanic, and granitic rocks (Schaefer and 
Whitney, 1992). Minerals identified in the basin-fill 
sediments were considered to be solid phases in 
geochemical models that were used to determine pro­ 
cesses that produced the observed ground-water 
chemistry. Mineralogic composition of the basin-fill 
sediments was detenrdned by petrographic examina­ 
tion, x-ray diffractometry, and scanning-electron 
microscopy for five samples (Patrick Goldstrand, 
U.S. Geological Survey, written commun., 1990). 
These samples were collected as cores and cuttings 
during the hollow-stem auger drilling of shallow wells 
(less than 50 ft deep). Chemical analyses for splits 
of these samples were reported by Tidball and others 
(1991). Mineralogical description of the sediment 
samples is summarized in table 2.

Mineralogic composition of basin-fill sediments 
indicates they were locally derived from mafic 
volcanic, metamorphic, and granitic source rocks. 
Basin-fill sediments consist primarily of volcanic 
lithic fragments, sedimentary lithic fragments, 
plagioclase grains, and quartz grains (table 2). In 
addition, K-feldspar, biotite, and opaque minerals 
(magnetite and ilmenite), pyroxene (mostly augite) 
were identified in the sediments. The volcanic lithic 
fragments are mostly basaltic lithic grains (primarily 
plagioclase). The groundmass (material between the 
mineral crystals) has undergone chlorite alteration.
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Plagioclase is generally unaltered, but a small percent­ 
age of the grains have abundant sericite alteration. 
Augite is the major mafic mineral within the volcanic 
lithic fragments and is slightly altered to chlorite. 
Pyroxene phenocrysts commonly have hematite rims 
(Patrick Goldstrand, U.S. Geological Survey, written 
commun., 1990).

Sedimentary lithic fragments are composed 
mainly of silt-size grains of quartz and feldspar; volca­ 
nic lithic fragments are also present (table 2). The feld­ 
spar and volcanic lithic fragments show alteration to 
chlorite, sericite, and hematite. Biotite and pyroxene 
were also identified in trace amounts in these frag­ 
ments. The matrix is primarily clay with some calcium 
carbonate in the Churchill Valley sediments. The clay 
minerals are primarily montmorillonite and illite, with 
lesser amounts of kaolinite and chlorite. Quartz, 
plagioclase, and K-feldspar also are present in the 
clay-size fraction. Calcium carbonate is present as 
rims on grains, indicating precipitation of calcium 
carbonate from the ground water (Patrick Goldstrand, 
U.S. Geological Survey, written commun., 1990).

Plagioclase grains are primarily oligoclase and 
andesine (table 2). Voids within the grains are com­ 
monly filled with chlorite and sericite. Chlorite is 
the most common alteration product, occurring on 
cleavages and grain boundaries. Sericite is less com­ 
mon, but is abundant on some grains. Quartz grains 
show no alteration. Thin chloritic rims on mineral 
grains are most likely a result of weathering. Potas­ 
sium feldspar grains are not abundant, and have only 
slight chlorite alteration. Biotite and augite grains 
show moderate to strong chlorite alteration. They have 
rough, jagged grain boundaries, indicating slight disso­ 
lution of the grains. Opaque minerals, magnetite and 
ilmenite, commonly have thin rims of hematite (Patrick 
Goldstrand, U.S. Geological Survey, written commun., 
1990).

Occurrence and Movement of Ground Water and 
Isotope Hydrology

For purposes of interpretation, aquifers in the 
study area were separated into four groups and infor­ 
mally named. Aquifers at altitudes of 4,900 ft and 
greater are referred to as "upland aquifers." Aquifers 
at altitudes of less than 4,900 ft and less than 50 ft 
below the land surface are termed "shallow aquifers." 
Aquifers at altitudes of less than 4,900 ft and greater 
than 50 ft below land surface are the "principal aqui­

fers." Aquifers containing water with temperatures 
greater than 30 C are called "thermal aquifers." Ther­ 
mal water is representative of water that has circulated 
to depths of several thousand feet. Water from princi­ 
pal aquifers is the primary source of ground water used 
for irrigation, municipal, and domestic supplies.

Ground-water flow is generally parallel to the 
Carson River in the study area, although it probably 
flows toward the river from basin-fill deposits adjacent 
to the river channel. Ground water in the study area 
moves approximately parallel to the Carson River from 
west to east, in the same direction the Carson River 
flows, on the basis of water-level measurements in 
wells made in the early 1980's (Schaefer and Whitney, 
1992). Near the river, ground water probably flows 
toward the river in basin-fill deposits adjacent to the 
river channel. Water in unconsolidated deposits in the 
basins is mainly unconfined, although in localized 
areas of clay or other fine-grained materials, the ground 
water may be under confined conditions (Schaefer and 
Whitney, 1992). Water in upland aquifers is locally 
derived from precipitation. Water in shallow and prin­ 
cipal aquifers is derived by subsurface inflow from 
upland aquifers in the adjacent mountains, infiltration 
of runoff from surrounding mountains, leakage from 
the Carson River, and subsurface underflow from adja­ 
cent valleys. Recharge from mountains was estimated 
to be 7,900 acre-ft/yr in Dayton and Stagecoach Val­ 
leys and 1,300 acre-ft/yr in Churchill Valley (Glancy 
and Katzer, 1976, table 17). Recharge from the Carson 
River has not been quantified, but the difference 
between the average annual streamflow into and out of 
Dayton Valley is 8,000 acre-ft (Glancy and Katzer, 
1976, table 12). However, this net loss includes surface 
water used for irrigation and evapotranspiration along 
the river. The actual amount of recharge from the 
Carson River, therefore, is less than 8,000 acre-ft. A 
satisfactory estimate of net loss from the Carson River 
in Churchill Valley cannot be determined because of 
the large and variable amount of evaporation from 
Lahontan Reservoir and the variable amount of 
Truckee River water that flows through the Truckee 
Canal into Lahontan Reservoir. Other conditions 
that make estimates difficult are the changing surface 
area of Lahontan Reservoir and the surrounding 
wetlands in response to water removed for irrigation 
and drought. Ground-water inflow to Dayton Valley 
from Carson and Eagle Valleys was estimated to be 
about 1,600 acre-ft/yr and inflow to Churchill Valley

DESCRIPTION OF STUDY AREA 11
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Figure 3. Hydrogeologic units in A, Dayton and Stagecoach Valleys, and B, Churchill Valley 
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Table 2. Identification, abundance, and alteration of minerals in composite of five shallow sediment samples

[Data from Patrick Goldstrand (U.S. Geological Survey, written commun., 1990). The five samples are from sites 11,16, 58, and 60 in figure 2 and a 
site approximately 1 mile west of site 2 and on west side of Carson River]

Minerals

Volcanic lithic fragments

Basalt fragments 
plagioclase 
groundmass 
augite 
opaque minerals

Siliceous tuff fragments 
glass 
quartz 
feldspar 
hornblende 
biotite

Meta-andesite fragments 
groundmass 
plagioclase 
hornblende

Sedimentary lithic fragments

matrix 
quartz 
feldspar 
volcanic lithic fragments

Plagioclase

albite 
oligoclase 
andesine 
labradorite

Quartz

K-feldspar

Biotite

Opaque minerals

Pyroxene (mostly augite)

Abundance 
(percent)

29

90 
65 
30 

3 
2

100

5 
75 
10 
10 

3 
2

100

5 
60
35 

5

100 100

27

35 
30 
20 
15

100

19

4 
35 
47 
14

100

18

4

1

1

1

100

Alteration

About 10 percent has abundant sericite; remainder is unaltered 
Chlorite (60 percent) and hematite (40 percent) 
Sparse chlorite and some hematite rims 
Magnetite and ilmenite with thin oxidized rims

Devitrified; sparse chlorite 
None 
None 
Sparse chlorite 
Sparse chlorite

Abundant chlorite 
Abundant sericite and illite 
Abundant chlorite

Montmorillonite, illite, kaolinite, and chlorite (in order of abundance) 
None 
Chlorite and sericite 
Chlorite, hematite rims, and sericite

Sparse chlorite along cleavages and as coatings; sericite is less 
common, but abundant on about 10 percent of the grains

None

Sparse chlorite and sericite

Abundant chlorite with slight dissolution along edges

Magnetite or ilmenite with thin, oxidized hematite rims

Abundant chlorite with slight dissolution (mostly augite)
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Figure 4. Relation of deuterium and oxygen-18 in water samples from 
Dayton, Stagecoach, and Churchill Valleys.

from Dayton and Mason Valleys was estimated to be 
about 200 acre-ft/yr (fig. 2; and Glancy and Katzer, 
1976, table 18).

Water in the basin-fill aquifers is discharged 
by pumping for domestic, irrigation, and industrial 
uses; by evapotranspiration; by flow into the Carson 
River; and possibly by subsurface flow to other basins. 
Ground-water use for 1990 was about 9,000 acre-ft for 
Dayton and Stagecoach Valleys and about 3,200 acre- 
ft for Churchill Valley (James Crompton, U.S. Geolog­ 
ical Survey, written commun., 1992). The amount of 
ground water lost by evapotranspiration and subsurface 
flow into the Carson River and adjacent basins is 
unknown (Glancy and Katzer, 1976).

Water molecules contain deuterium (2H) and 
oxygen-18 ( 18O) in varying concentrations. Deuterium 
concentration is expressed relative to hydrogen-1 
(2H/ 1 H) and reported as delta deuterium (8D); oxygen- 
18 concentration is expressed relative to oxygen-16 
( 18O/16O) and reported as delta oxygen-18 (S18O). 
Both isotopes are reported relative to Vienna Standard 
Mean Ocean Water (VSMOW) in parts per thousand 
(permil; Fritz and Fontes, 1980). The 8D and 818O 
concentrations of ground water that originate as precip­ 
itation in different recharge areas generally are differ­

ent, so they can be used to help determine sources of 
ground water. In general, 8D and SO concentrations 
of nonthermal ground water are affected only by evap­ 
oration. Evaporation produces a water that is heavier 
(less negative) in both 8D and 818O relative to the orig­ 
inal water, which causes the water to graphically plot to 
the right of water unaffected by evaporation on a 8D- 
818O plot.

Ground water in the study area may be derived 
from several sources that have different 8D concentra­ 
tions. Ground-water samples from upland aquifers, 
adjacent to Dayton and Stagecoach Valleys, range in 
8D content from -121 to-115 permil (figs. 4 and 5A). 
The Carson River is isotopically the heaviest (least 
negative) source of recharge in the study area (fig. 4), 
with 8D ranging from -108 to -103 permil (with the 
exception of 1 of the 11 samples, which was -95 permil; 
Harrill and others, 1992, table 1).

Deuterium content of ground-water samples from 
the principal aquifers of Dayton and Stagecoach 
Valleys generally is similar to ground water in upland 
aquifers of the adjacent Virginia Range and Pine Nut 
Mountains (fig. 5A). Some ground-water samples near 
the Carson River are heavier than ground water in the 
adjacent principal and upland aquifers. These samples
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Figure 5. Deuterium composition of ground-water samples from A, Dayton and Stagecoach Valleys, and 
B, Churchill Valley.

16 Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchill Valleys, Western Nevada



39°30'

39°15'

39000'

119"30' 

I

119°00'

10 MILES

106

116

BASIN-FILL DEPOSITS 

CONSOLIDATED ROCKS

HYDROGRAPHIC AREA 
BOUNDARY

SAMPLING SITE   Number is 
deuterium, in permit

Shallow aquifer 

Principal aquifer

R. 22 E. R. 23 E. R. 24E.
Base from U.S. Geological Survey digital data, 1:100,000, 1985
Local Mercator projection
Central meridian -119°10', latitude of true scale 39°20'

R. 25 E. R. 26 E. R. 27 E. 
Geology modified from Willden and Speed 

(1974), and Greene and others (1991)

Figure 5. Continued

DESCRIPTION OF STUDY AREA 17



probably contain water infiltrated from the Carson 
River, because their 8D content is similar to that of 
river water or is between that of river water and water 
in adjacent principal aquifers. An influx of river water 
into the principal aquifers was previously proposed by 
Harrill and others (1992).

Water in the principal and shallow aquifers of 
Churchill Valley can be grouped on the basis of loca­ 
tion and 6D content (fig. 55). Ground water in the 
northwestern part of the basin is several miles away, 
and upgradient from the Carson River and Lahontan 
Reservoir and the samples have a 6D composition 
ranging from -141 to-121 permil, with the exception 
of one sample (-115 permil), which has been evapo­ 
rated (fig. 4), and one sample (-111 permil) which con­ 
tains Lahontan Reservoir water (fig. 55). The source 
of the isotopically light water (-141 to-121 permil) is 
unknown. This water may have been recharged during 
the last glacial period, although ages calculated for four 
of these waters (later in this report) indicate that the 
water in this aquifer is younger than the last glacial 
period. If these waters were recharged during this 
period of probable cooler climate they would be isoto­ 
pically lighter than present recharge water. Ground- 
water samples from the southern and eastern parts of 
the basin along the Carson River and adjacent to 
Lahontan Reservoir have a 6D content ranging from 
-116 to -102 permil, which is an indication of the influx 
of river water into the aquifers.

Tritium can be used as an indicator of water that 
has recently been exposed to the atmosphere. Tritium 
is a radioactive isotope of hydrogen (3H) that is part of 
the water molecule and has a half life of 12.33 years 
(Friedlander and others, 1981). Tritium is produced in 
the upper atmosphere by the impact of cosmic neutrons 
on nitrogen nuclei, resulting in a near steady-state con­ 
centration of about 25 picocuries per liter (pCi/L) in 
precipitation (Fritz and Fontes, 1980, p. 79). Above- 
ground testing of hydrogen bombs, beginning in 1952 
in the northern hemisphere, resulted in large releases of 
tritium to the atmosphere, so that ground water that 
originated from precipitation during the period of 
above-ground testing may contain 100 pCi/L of tritium 
or more. A ban on atmospheric testing in 1963 resulted 
in declining atmospheric tritium concentration that is 
now approaching the pre-1952 level of 25 pCi/L. 
Ground water containing less than 1 pCi/L of tritium 
was recharged more than 57 years ago, assuming an 
initial atmospheric concentration of 25 pCi/L. The

most likely sources of water younger than 57 years are 
the Carson River, and associated irrigation water, and 
water in upland aquifers.

Of the samples analyzed for tritium, 7 of 22 con­ 
tained concentrations greater than 1 pCi/L (fig. 6). 
Most of these samples are from wells near the Carson 
River, which indicates that water from the river, or 
from surface-water irrigation, probably has infiltrated 
the aquifers. This conclusion generally is supported 
by 6D values for these samples, which range from 
-119 to -104 permil, indicating that the samples are 
primarily river water, or a mixture of river and princi­ 
pal-aquifer water. The other two samples with more 
than 1 pCi/L of tritium are from a mountainous 
recharge area (site 6; fig. 2A) and an alluvial fan adja­ 
cent to recharge areas (site 17).

The low levels of tritium in principal aquifers that 
are not adjacent to the Carson River indicates that 
water in the principal aquifers was recharged more than 
57 years ago. This is expected because (1) there is 
no irrigation in areas away from the river, except for 
limited irrigation by well water in Stagecoach Valley 
(Welch and others, 1989), and (2) flow paths are several 
miles long from mountainous recharge areas and the 
Carson River to wells completed in the principal 
aquifers. The low levels of tritium in principal aquifers 
in Stagecoach Valley also indicate that ground water 
used for irrigation in this valley within the past 57 years 
has not infiltrated the principal aquifers.

WATER QUALITY AND AQUEOUS 
GEOCHEMISTRY

Sampling and Analytical Methods

Surface-water samples were collected at a gaging 
station on the Carson River as part of the U.S. Geolog­ 
ical Survey National Stream-Quality Accounting 
Network (NASQAN) Program using standard U.S. 
Geological sampling procedures (U.S. Geological 
Survey, 1977, Chapters 1 and 5).

Ground water was sampled during this study 
using protocols described by Hardy and others (1989), 
which included purging wells by using positive dis­ 
placement pumps and monitoring selected water- 
quality parameters until stable readings were obtained. 
Most samples collected during this study were ana­ 
lyzed by the U.S. Geological Survey National Water
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Quality Laboratory in Arvada, Colorado, by use of 
the methods described by Thatcher and others (1977), 
Wershaw and others (1987) and Fishman and Friedman 
(1989); radon was analyzed by a contractor to the 
laboratory. Stable isotopes of water were analyzed 
at a U.S. Geological Survey laboratory in Menlo 
Park, California.

On-site measurements included pH, water tem­ 
perature, specific conductance, dissolved oxygen, alka­ 
linity, electrochemical potential (Eh), and, at some 
sites, sulfide. These measurements, except for alkalin­ 
ity and sulfide, were made in a flow-through cell. The 
pH meter and electrode system was calibrated at each 
site by using two buffer solutions (pH 7 and 4 or 10) 
that bracketed the expected pH of the sample. Water 
temperature was measured with a calibrated mercury 
thermometer. The specific conductance meter was 
calibrated at each site with a standard potassium chlo­ 
ride solution that was about the same conductance as 
the sample. Dissolved oxygen was measured with a 
calibrated polarographic oxygen-sensing electrode. 
Alkalinity was determined immediately after sample 
collection by incremental titration with standardized 
sulfuric acid (either 0.16 or 1.6 normal), from which 
carbonate and bicarbonate were calculated (Barnes, 
1964). Eh was determined using the method of 
Thorstenson and others (1979) that employs a plati­ 
num-calomel combination electrode. Sulfide was 
determined by a specific-ion electrode using the 
method of Lico and others (1982).

Surface Water

Surface water is a major source of recharge to 
aquifers in the study area, thus the chemical composi­ 
tion of surface water is important in understanding 
physical and chemical processes in the ground-water 
aquifers. The data used to characterize surface-water 
quality were collected at the Fort Churchill gage 
during calendar years 1980-90 as part of the U.S. 
Geological Survey NASQAN Program. The chemistry 
of the Carson River at Fort Churchill (fig. 25), on an 
equivalent basis, is generally not dominated by any one 
cation or anion; although in a few samples bicarbonate 
was the dominant anion. Thus, water in the Carson 
River is a mixed cation-anion type. Even though 
changes in streamflow do not appear to affect the

relative proportion of cations or anions to a large 
extent, concentrations of nearly all major ions in the 
river are affected by changes in flow.

The change in ion concentrations of the Carson 
River in relation to streamflow was examined using a 
nonparametric Mann-Whitney test. The nonparametric 
test rather than a parametric statistical test was used 
because water-quality data either do not have a normal 
distribution, or they exhibit nonconstant variance. The 
Mann-Whitney test compares the magnitude of the 
samples drawn from two populations in much the same 
way as a t-test may be used to compare the means of 
two such samples (Conover, 1980, p. 213-228). Box- 
plots, like those in figure 7 (Tukey, 1977, p. 39-41), are 
used to display summary statistics showing the distri­ 
bution of reported concentrations for selected constitu­ 
ents. Statistical components are represented visually 
by features known as "boxes" and "whiskers," which 
can be described as follows: The box defines the spread 
of the middle 50 percent of the data (concentrations 
that lie between the 25th and 75th percentiles); the 
median value (the 50th percentile) is shown by a hori­ 
zontal line within the box; vertical lines, which extend 
from the ends of the box to the maximum and minimum 
values, are called whiskers.

The chemistry of river water at Fort Churchill 
was divided into three groups on the basis of stream- 
flow duration. The first group includes water-chem­ 
istry samples for low streamflows, flows less than or 
equal to 33.5 cubic feet per second (ft3/s; the 25th 
percentile). The second group includes water-chem­ 
istry samples for medium streamflows, flows greater 
than 33.5 ft3/s and less than 461 ft3/s (the 25th to 
75th percentile). The third group includes water- 
chemistry samples for high streamflows, flows equal 
to or greater than 461 ft3/s (the 75th percentile). The 
median concentration of all major ions was greatest 
at low flows and least at high flows (fig. 7). All major- 
ion concentrations are statistically different at the alpha 
= 0.01 level among the three flow groups. The high ion 
concentrations for low flow may reflect evaporative 
concentration of surface water, ground water with high 
dissolved-solids concentration discharging into the 
river, and upstream irrigation return flows with high 
dissolved-solids concentration. The low ion concentra­ 
tions for high flow indicate dilution of surface water by 
snowmelt and storm runoff.

Concentrations of dissolved ammonium (NH4+, 
as nitrogen), dissolved nitrate (NO3~, as nitrogen), and 
dissolved orthophosphate (PCV3 , as phosphorus) were

WATER QUALITY AND AQUEOUS GEOCHEMISTRY 19



119°45' 119°30'

39°15'

39°00'

01234 5 KILOMETERS

Churchill 
Valley

Carson 
Valley

,6.9 

4.0.4

EXPLANATION

BASIN-FILL DEPOSITS 

CONSOLIDATED ROCKS

HYDROGRAPHIC AREA 
BOUNDARY

TOPOGRAPHIC DIVIDE 
BETWEEN DAYTON AND 
STAGECOACH VALLEYS

SAMPLING SITE   Number Is 
tritium, in picocuries per liter

Upland aquifer 

Principal aquifer 

Thermal aquifer

R. 20 E. R. 21 E. R. 22 E.

Base from U.S. Geological Survey digital data, 1:100,000,1985
Local Mercator projection
Central meridian -119° 10', latitude of true scale 39°20'

R. 23 E. R. 24 E.

Geology modified from Willden and Speed 
(1974), and Greene and others (1991)

Figure 6. Tritium concentration of ground-water samples from A, Dayton and Stagecoach Valleys, and B, Churchill 
Valley.

20 Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchill Valleys, Western Nevada



119°30' 119°00'

39°30'

39°15'

39°00'

10 MILES

0.3

BASIN-FILL DEPOSITS 

CONSOLIDATED ROCKS

HYDROGRAPHIC AREA 
BOUNDARY

SAMPLING SITE   Number Is 
tritium, in picocuries per liter

Principal aquifer

R. 22 E. R. 23 E. R. 24E. 
Base from U.S. Geological Survey digital data, 1:100,000,1985 
Local Mercator projection 
Central meridian -119C 10', latitude of true scale 39°20'

R. 25 E. R. 26 E. R. 27 E. 
Geology modified from Willden and Speed 

(1974), and Greene and others (1991)

Figure 6. Continued

WATER QUALITY AND AQUEOUS GEOCHEMISTRY 21



100

DC 
LLJ

OCCgs
DC CO

£1
UJ EC

Odo ^

10

36 74 40 36 74 41 36 74 41

LMH LMH LMH 

CALCIUM MAGNESIUM SODIUM

1,000
35 69 40 37 74 47 36 71 40

CC
UJ

Qp: 100
<D-
pc co

10

LMH LMH LMH 
POTASSIUM BICARBONATE SULFATE

PLUS 
CARBONATE

37 72 41 35 69 40 35 66 38
5 16 17 29 49 34 22 52 37

1 ,UUU

DC 
UJ

2f5 100
Ooc
P UJ

CC CO

z| 10
UJ S8 1
°I 1

z 

0.1

* + :
Ep .

^

'* > " r }
- -.

LMH LMH LMH
CHLORIDE SILICA DISSOLVED

SOLIDS

IU

CC
UJ

z-5 1
Occ
(NCENTRATI 

.IGRAMS PE
p

0^ 0.01

z

0.001

 
I I

-J|iii*T+i
"

: :
iii iii iii
LMH 
NITRATE

AS 
NITROGEN

LMH 
AMMONIUM

AS 
NITROGEN

LMH 
ORTHO- 

PHOSPHATE
AS 

PHOSPHORUS

EXPLANATION

40 NUMBER OF ANALYSES

  MAXIMUM

  75TH PERCENTILE

  50TH PERCENTILE (MEDIAN)

  25TH PERCENTILE

  MINIMUM

  - MINIMUM REPORTING LEVEL

+ SINGLE VALUE

© MULTIPLE VALUE

L LOW FLOW (s33.5 CUBIC FEET PER SECOND)

M MEDIUM FLOW (>33.5 to <461 CUBIC FEET PER SECOND)

H HIGH FLOW fc»461 CUBIC FEET PER SECOND)

Figure 7. Major-ion and nutrient concentrations for water samples collected during low, medium, and high flows of the 
Carson River at Fort Churchill for calendar years 1980-90.

22 Ground-Water Quality and Geochemistry In Dayton, Stagecoach, and Churchill Valleys, Western Nevada



low (less than 1 milligram per liter (mg/L)) for all sam­ 
ples collected from the Carson River at Fort Churchill, 
despite being downstream from urban, agricultural, and 
pasture land in Carson, Eagle, and Dayton Valleys and 
the Dayton sewage treatment facility (fig. 7). Mea­ 
sured dissolved orthophosphate concentrations may 
be lower than actual concentrations if the samples 
contained high sediment or organic carbon concentra­ 
tions (David Rickert, U.S. Geological Survey, written 
commun., 1992). Median concentration of nitrate 
was not statistically different between any of the flow 
groups, ammonium was statistically different between 
the low flow and the other two groups, and orthophos­ 
phate was statistically different between the low and 
middle and middle and high flow groups at the 
alpha=0.01 level. Nitrate concentrations did not 
exceed Nevada's primary drinking-water standard of 
10 mg/L as nitrogen.

The chemistry of the Carson River at different 
flows is important where river water recharges the 
basin-fill aquifer. The interaction of surface and 
ground water was discussed in the section "Occurrence 
and Movement of Ground Water and Isotope 
Hydrology."

Ground Water

Characterizations of regional ground-water qual­ 
ity are usually constrained by the areal and vertical 
distribution of the sampling sites and the temporal and 
parametric variations of the samples. Although the 
selection of sampling sites for this study (fig. 2) was 
made on the basis of an overall design for a study of the 
entire Carson River Basin (Welch and Plume, 1987) by 
using a nationally consistent quality-assurance plan 
that was designed to focus on principal water resources 
(Mattraw and others, 1989), the resultant data base still 
has limitations that constrain interpretation of the data. 
The data base contains information for 60 sampling 
sites, but only 1 site was sampled for the thermal aqui­ 
fers, 3 for shallow aquifers, and 7 for upland aquifers. 
In contrast, analyses of water from the principal aqui­ 
fers are available for 48 sites. One sample was taken of 
water on a playa surface (site 20) and was not used in 
characterizing ground-water quality. Location and 
basic information on the wells is included in a report by 
Whitney (1994).

Most of the data used to characterize ground- 
water quality were collected in 1988-89 during the 
NAWQA pilot program. In addition, data from analy­ 
ses of 24 samples collected in 1981-83 by Harrill and 
others (1992) were used. Some wells and springs were 
sampled more than once. To avoid bias toward sites 
that have been repeatedly sampled, only the most 
recent analyses were used in the spatial description of 
ground-water quality. The most recent analyses were 
used because analytical precision and accuracy gener­ 
ally have improved with time.

Another bias in the data set was introduced by 
water uses at the sampled wells. Water from wells tap­ 
ping the principal aquifers generally is used for drink­ 
ing water or irrigation and may represent a biased 
sample because public water-supply wells that produce 
poor-quality water are generally abandoned or never 
put into service. Consequently, using water-supply 
wells to sample the principal aquifers can result in a 
greater percentage of wells pumping water that meets 
the drinking-water standards than is truly representa­ 
tive of the entire aquifer system. Wells tapping the 
principal aquifers also have variable open intervals, 
from less than 30 to more than 100 ft, and some have 
an annulus filled with gravel. Because all of the wells 
tapping the principal aquifers are water-supply or irri­ 
gation wells, the open intervals generally are in the 
most productive parts of the aquifer. Thus, the water 
quality of the finer-grained, low permeability parts of 
the principal aquifers is probably not well represented 
by the available data. The available wells also tap only 
the upper part of the principal aquifer system the 
wells sampled are generally less than 400 ft deep, 
whereas the basin fill has a maximum thickness of 
about 3,000 ft. Because of these limitations, the data 
from this study are believed to be more representative 
of the ground water actually used for public supplies 
and irrigation from the principal aquifers than of all 
ground water in the study area.

Aquifers are the major source of drinking water in 
the study area, so the Nevada State drinking-water 
standards for public-water supplies provide an appro­ 
priate reference for evaluating the quality of ground 
water in these valleys. The standards consist of pri­ 
mary maximum contaminant levels (MCL's), second­ 
ary maximum contaminant levels (SMCL's), and 
secondary preferred standards (SPS's). The MCL's, 
which are health related and Federally and State 
enforceable, specify maximum permissible concentra­ 
tions of constituents in water delivered to the user of a
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public water-supply system. The SMCL's relate to the 
aesthetic quality, such as color and taste of the water 
and are not Federally enforceable. The SPS's may be 
applied if the concentrations are locally attainable if 
not, then the SMCL's apply (Nevada Bureau of Con­ 
sumer Health Protection Services, 1980, p. 8; Jeffery 
A. Fontaine, Nevada Bureau of Consumer Health 
Protection Services, oral commun., 1989). TheMCL's, 
SMCL's, and SPS's were adopted by the State of 
Nevada in 1988. The MCL's adopted by the State 
for inorganic constituents are equal to the values estab­ 
lished by the U.S Environmental Protection Agency 
(1986a). In general, the concentrations adopted by the 
State as SPS's follow the guidelines established by the 
U.S. Environmental Protection Agency (1986b). Some 
of the constituents that have SMCL's adopted by the 
State also have SPS's and, except for fluoride, the 
SMCL's are greater than the SPS 's.

Major Inorganic Constituents

Samples were assigned as upland, shallow, prin­ 
cipal or thermal as previously defined in the section 
"Occurrence and Movement of Ground Water and 
Isotope Hydrology." The results of a Kruskal-Wallis 
nonparametric analysis of variance (Conover, 1980, 
p. 229-237) show concentrations of calcium, magne­ 
sium, sodium, potassium, bicarbonate, sulfate, and 
chloride are not statistically different among the differ­ 
ent aquifer types (at the alpha=0.05 level), except that 
chloride is higher in principal aquifers than in upland 
aquifers.

The variability in the chemical composition, dis- 
solved-solids concentrations, and pH of ground-water 
samples from the study area is displayed on a single 
diagram (fig. 8). The diagram consists of five fields  
two triangular and three rectangular (Zaporozec, 1972, 
p. 38). Each chemical analysis is plotted as five points 
on the diagram. In combination, the five points provide 
a general idea of the overall chemical composition of 
the water. The relative proportions of major cations 
(calcium, magnesium, and sodium plus potassium) and 
anions (sulfate, chloride, and carbonate plus bicarbon­ 
ate) are shown in the left and upper triangles, respec­ 
tively. The pH and dissolved-solids concentrations are 
plotted in the bottom and right rectangles, respectively. 
The primary advantage of this type of diagram is that it 
provides a visual characterization, on a single illustra­ 
tion, of eight major chemical constituents, pH, and dis­ 
solved-solids concentration of the ground water. The

principal application of this type of diagram is to exam­ 
ine the grouping of data points in each of the five indi­ 
vidual triangular or rectangular areas. The arrows in 
figure 8 show how the cation and anion points for a sin­ 
gle analysis are projected from the cation and anion tri­ 
angles to the central rectangle and then to the pH and 
dissolved-solids rectangles. The central rectangle is a 
transitional area to connect the four outside triangular 
and rectangular plots.

The concentration of dissolved solids in ground- 
water samples ranges from 200 to 1,700 milligrams per 
liter (mg/L), with a median concentration of 380 mg/L 
(table 3). Five samples exceeded Nevada's SMCL for 
dissolved solids of 1,000 mg/L (table 3). Four of these 
5 samples were from Dayton Valley and 1 sample was 
from northern Churchill Valley (site 57, fig. 2B). The 
pH of ground-water samples ranges from 6.6 to 8.3. 
Water in the principal aquifers generally had the high­ 
est pH. Mixed cation bicarbonate and calcium bicar­ 
bonate type waters were present in all three aquifers, 
but only 3 of the 12 samples from the principal aquifers 
in Dayton Valley contained this type of water. Calcium 
and sodium sulfate type waters were in 9 of the 12 wells 
in Dayton Valley, 4 wells clustered in western Stage­ 
coach Valley (sites 23, 31, 33, and 34; fig. 2A), and 
4 wells in Churchill Valley (sites 49, 54, 57, and 58; 
fig. 25). The water samples containing sulfate as a 
major anion also generally contain the highest concen­ 
trations of dissolved solids.

The minimum, maximum, and median concentra­ 
tions of the major ions are given in table 3. Median and 
maximum concentrations reflect the generally dilute 
ground water in the study area. Five samples equaled 
or exceeded the Nevada State SMCL of 500 mg/L for 
sulfate and 12 samples equaled or exceeded Nevada's 
SPS of 250 mg/L for sulfate (table 3). All samples 
were below the Nevada State SMCL and SPS for chlo­ 
ride and magnesium.

Modeling of Geochemlcal Reactions

Major constituents dissolved in ground water in 
the study area are the result of reactions of water with 
minerals and gases in the aquifer. Constituents are 
added to the water by the dissolution of aquifer miner­ 
als and carbon dioxide in the soil zone; constituents are 
removed by the precipitation of minerals, formation of 
clay minerals by incongruent dissolution, and exsolu- 
tion of carbon dioxide. In addition, some constituents 
can be removed or added to the water by cation
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Figure 8. Chemical composition of ground-water samples from the Dayton, Stagecoach, and Churchill Valleys. 
Arrows show how data points for a single analysis are projected from triangles to rectangles.

exchange. Constituent concentrations can also change 
by mixing waters. These processes can be represented 
as a set of chemical reactions, commonly referred to 
as a geochemical model. A geochemical model for a 
ground-water system can be evaluated using a mass- 
balance approach that incorporates chemical and 
isotopic data for ground water, mineralogy of the 
aquifer matrix, thermodynamic data for phases (miner­ 
als, gases, and amorphous phases), and hydrologic 
information (Plummer and others, 1983). One com­ 
mon approach is the formulation of geochemical

models along a ground-water flow path which yields 
a different model for the different segments of the flow 
path between the sampling locations. This approach 
was not used for ground water in the study area, 
because flow paths are not well defined and the wells 
do not generally draw water from discrete depths 
owing to long screened intervals commonly used in 
supply wells.

The approach used in this study assumed that the 
water chemistry in the principal aquifers can be 
described by a common set of chemical reactions.
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This approach resulted in development of geochemical 
models consistent with (1) mineralogic data for a lim­ 
ited set of samples collected in the shallow subsurface 
(less than 50 ft deep) in the study area, (2) the bulk 
chemistry of sediments in the study area, (3) the chem­ 
ical and isotopic compositions of the ground water, and 
(4) thermodynamic calculations of mineral equilibria. 
From the specific geochemical models, general 
geochemical models are developed to describe the 
water chemistry in the principal aquifers for a mini­ 
mum of 70 percent of the samples in the modeled area, 
and in which the total mass transfer of all constituents 
into the water is less than 20 millimoles per kilogram 
(mmol/kg). A general model is developed on the basis 
of a set of specific models that consist of reactions con­ 
sistent with the observed water chemistry and aquifer- 
matrix mineralogy.

General geochemical models were evaluated for 
10 samples in Dayton Valley and 27 samples in Stage­ 
coach and Churchill Valleys. Samples from Stage­ 
coach and Churchill Valleys were grouped together 
because of the small number of samples in Churchill 
Valley (7 samples), the closeness of the wells in north­ 
east Churchill Valley to the wells in Stagecoach Valley, 
and their similar hydrogeologic setting. The most 
dilute water in the recharge areas (site 3) was used as 
the initial water for modeling the reactions. An average 
chemical composition for all samples in the recharge 
areas could have been used as the initial water, but 
fewer general geochemical models would result 
because this average initial water has higher average 
ion concentrations than water from site 3.

Samples from wells adjacent to the Carson River 
with heavier deuterium compositions than water in the 
adjacent principal and shallow aquifers were consid­ 
ered to have derived a significant part of their water 
from the river. A Mann-Whitney statistical test showed 
that ground water containing Carson River water is 
statistically different from the water in principal aqui­ 
fers at the alpha = 0.05 level for deuterium, dissolved 
solids, chloride, magnesium, silica, temperature, and 
pH. Consequently, the river-influenced samples (sites 
1, 8,9,11,19, 39,40,47, 53, 56, 58, 59, and 60; fig. 2) 
were not included in the models with the rest of the 
samples from principal aquifers. One sample, from site 
12 adjacent to the Carson River in Dayton Valley, con­ 
tained 93 pCi/L of tritium and had an isotope composi­ 
tion (-119 permil) lighter than any measured for the 
river (-108 permil) and lighter than the median value 
of samples in the Dayton Valley principal aquifer

(-113 permil). Although a maj or part of this water may 
have been recently recharged water, the sample has 
been included with the Dayton Valley principal-aquifer 
water because of its light isotopic composition and 
chemical composition similar to that of samples from 
the principal aquifers.

No unique geochemical model exists for a set of 
water-chemistry data, but the individual mass-balance 
solutions are unique. These solutions require that 
the number of phases (minerals, gases, and cation 
exchange) be equal to the number of elements (major 
ions) used in the model. Minerals used in development 
of the geochemical models were discussed in the 
section "Mineralogic Composition of the Basin-Fill 
Sediments" and are listed in table 2. The chemical 
composition of phases used in the geochemical models 
are given in table 4. Plagioclase grains in the basin-fill 
sediments are dominated by andesine and oligoclase 
with an average chemical composition of 
Caqj4Nao.66Ali34Si2.66O8 (table 2). Plagioclase 
grains make up 36 percent of the total mineral 
composition of the sediment samples 19 percent as 
separate grains and 17 percent within basaltic lithic 
fragments. The plagioclase in basalt is probably more 
calcic than the plagioclase grains (Deer and others, 
1966, p. 335); thus, a chemical composition of 
Cao.4Nao.6Ali4Si2.6Og was used for plagioclase in 
the geochemical modeling. The composition used for 
biotite is the same as previously used in weathering 
models for the Sierra Nevada (table 2, from Garrels and 
MacKenzie, 1967). The sodium end member is used 
for the beidellite clay (montmorillonite) composition. 
Sodium and chloride are assumed to enter ground 
water in equivalent amounts from evaporative salts or 
fluid inclusions. Carbon dioxide was included as a 
phase because of its presence as a gas in the unsaturated 
zone and the presence of organic matter in the aquifer. 
The exchange of divalent cations (calcium and magne­ 
sium) in the water for monovalent cations (sodium and 
potassium) on clays was used because of the presence 
of montmorillonite clays in the basin-fill sediments. 
Aluminum was assumed to be conservative in the mod­ 
els; that is, the concentration of aluminum in the initial 
and final waters would be the same.

Illite was identified in basin-fill sediments, but 
was not included as a phase in the geochemical models 
because it does not generally form or dissolve in non- 
thermal environments (Graf von Reichenbach and 
Rich, 1975) that are present in most of the study area. 
Illite in the study area probably originated during the
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late stages of igneous rock formation. Pyrite is present 
in mineralized areas in mountains surrounding the 
basin-fill aquifers, but was not included as a phase in 
the models because of the common occurrence of 
gypsum and gypsite in the study area (Bonham, 1969; 
and Moore, 1969). With phases limited to the number 
of elements in the geochemical models, gypsum was 
chosen as a more likely source of sulfate than pyrite. 
However, the same models result when using pyrite 
in place of gypsum as a sulfate source, except, because 
pyrite (FeS2) does not contain calcium and gypsum 
does, less calcium would be dissolved in the water 
resulting in less calcite precipitation. This would also 
result in more carbon dioxide exsolution because less 
carbon would be removed by calcite precipitation.

Results of geochemical model simulations, using 
the computer program "BALANCE" (Parkhurst 
and others, 1982), are given in figures 9 and 10. 
BALANCE calculates the average amounts of mass 
input and output for all possible combinations of the 
phases given in table 4. General geochemical models 
were developed for the study area.

In all three valleys, some of the samples were 
not included in a general geochemical model. The 
geochemical models for these samples include a 
change in chloride between the initial and final water 
chemistry that is greater than the change in sodium 
(in millimoles per kilogram). Thus, these waters may 
evolve from a more dilute water, or one with a different 
ratio of sodium to chloride, than water at site 3 (site 3 
contains 7 times more sodium than chloride on an 
equivalent basis), or site 3 water is not representative of 
recharge chemistry for these samples. Another possi­ 
bility is that sodium has been removed (adsorbed by 
clays) or a chloride salt with a cation other than sodium 
is being dissolved, because all these waters contain 
chloride in greater concentration (in equivalents) than 
sodium. General geochemical models for the study 
area have most of the same processes, with the excep­ 
tion that models for Dayton Valley include the forma­ 
tion of sodium beidellite and the exchange of calcium 
in the water for sodium on clays, whereas the models 
for Stagecoach and Churchill Valleys include precipita­ 
tion of silica. These similar processes are (1) the 
dissolution of plagioclase feldspar, sodium chloride, 
gypsum (or pyrite), potassium feldspar, and biotite; 
(2) precipitation of calcite; (3) formation of kaolinite; 
(4) exchange of relatively small amounts of calcium

and magnesium in the water for potassium on aquifer 
minerals (or the uptake of potassium by clays); and 
(5) gain or loss of carbon dioxide.

Median values for the mass transfer of phases for 
general geochemical models of ground-water samples 
from Dayton Valley are given in figure 9 and of ground- 
water samples from Stagecoach and Churchill Valleys 
are given in figure 10. The amounts of mass transfer 
are the molar mass contributed or removed from the 
ground water by the processes. Positive values indicate 
dissolution or cation exchange and negative values 
indicate gas and mineral precipitation, formation, 
or exsolution.

The major sources of dissolved constituents in 
ground water in Dayton Valley are the dissolution of 
gypsum (or pyrite), plagioclase feldspar, chlorite, and 
sodium chloride, and the exchange of calcium in the 
water for sodium on clays. Minor sources of dissolved 
constituents include dissolution of carbon dioxide (two 
models), potassium feldspar (one model); and biotite 
(one model); and the exchange of calcium or magne­ 
sium in the water for potassium on aquifer materials 
(two models). The primary processes that result in the 
removal of dissolved constituents from the ground 
water are the precipitation of calcite, and the formation 
of sodium beidellite, or kaolinite. Lesser amounts of 
carbon dioxide appear to be lost from the ground water 
(two models; fig. 9).

The major sources of dissolved constituents in 
ground water in Stagecoach and Churchill Valleys 
are the dissolution of plagioclase feldspar, gypsum, 
(or pyrite) and sodium chloride. Minor sources of dis­ 
solved constituents include dissolution of potassium 
feldspar and biotite (one model) and the exchange of 
calcium or magnesium in the water for potassium on 
aquifer materials (two models). Formation of kaolinite 
and precipitation of calcite and silica remove dissolved 
constituents from ground water. All the models sug­ 
gest that a small amount of carbon dioxide is removed 
from the ground water. One model indicates the pre­ 
cipitation of chlorite, which may be unlikely given the 
low water temperatures measured in the principal aqui­ 
fers; this model (fig. 10) may be unsatisfactory.

The processes of dissolution, precipitation, and 
formation of minerals agree well with thermodynamic 
calculations made using the computer program 
"WATEQ4F" (Ball and others, 1987) and with the 
observed mineralogic composition of the aquifers.
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Table 4. Phases (minerals, gases, and cation exchange) and chemical compositions included in 
geochemical models of ground water for Dayton, Stagecoach, and Churchill Valleys

[Constraints: D, the mineral may dissolve, but not precipitate; F, all models include this phase the phase is "forced" into 
the set of models considered; P, the mineral may precipitate, but not dissolve; N, no constraints]

Phase

Biotite 

Calcite

Chemical composition

KMg3AlSi3O10(OH)2 

CaCOi

Phase selection rationale

Identified in thin section; mostly altered 
to chlorite.

Identified in thin section; present as coat-

Constraints

D

N

Carbon dioxide CO2

Chlorite

Exchange

Gypsum

Ca-Na, Ca-K, Mg-K

CaS04 -2H20

Kaolinite Al2Si2O5(OH)4 

Montmorillonite Sodium beidellite

ings on mineral grains.

Ubiquitous; atmospheric, root respira- N 
tion of C4 plants, such as Atriplex and 
possibly oxidation of sedimentary 
organic matter.

Common alteration product of feldspars, N 
biotite, pyroxene, and hornblende as 
seen in thin section; presence confirmed 
by X-ray diffractometry.

Abundant exchange sites are present in N 
sediment.

Identified in the study area; mined near F,D 
Mound House in Dayton Valley 
(Moore, 1969).

Identified by X-ray diffractometry. P

Presence confirmed by X-ray diffractom- P 
etry; exact composition unknown; 
most abundant clay mineral.

Plagioclase 
feldspar

Potassium 
feldspar

Silica

Sodium chloride

Intermediate andesine

KAlSi3O8

SiO2

NaCl

Present as detrital grains and as compo­ 
nents in volcanic and sedimentary lithic 
fragments; compositions range from 
albite to labradorite.

Identified in thin section and by X-ray 
diffractometry; slight chlorite and 
sericite alteration.

Quartz grains are present in thin section.

Evaporative salts or fluid inclusions.

F,D

D

N

F,D
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Figure 9. Median amounts of mass transfer for Dayton Valley ground-water samples calculated by geochemical 
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tion or formation, or gas exsolution.
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Saturation indices (the log of the ratio of an ion-activity 
product to the equilibrium constant) are a measure of 
the thermodynamic state of a solution with respect to 
minerals. Positive values indicate the water is satu­ 
rated relative to a mineral and negative values indicate 
the water is undersaturated. All ground water in the 
study area is undersaturated with gypsum and sodium 
chloride. Thus, if these minerals are present they 
should dissolve. The saturation index of calcite for 
samples used in the geochemical models of the study 
area indicates that the waters are saturated, or close 
to saturation, with calcite (fig. 11), which indicates 
that calcite can precipitate from the water. The satura­ 
tion index of silica for samples used in the geochemical 
modeling of Stagecoach and Churchill Valleys indi­ 
cates that the waters are saturated, or close to satura­ 
tion, with amorphous silica (fig. 12), so silica can 
precipitate. These thermodynamic calculations 
are consistent with the geochemical models.

Chemical analysis did not include analysis of alu­ 
minum, so saturation indices were not calculated for 
the aluminosilicate minerals. In addition, because of 
variability hi chemical composition of many of the alu­ 
minosilicate minerals, especially clay minerals, calcu­ 
lation of accurate saturation indices is difficult (May 
and others, 1986). However, microscopic observations 
and activity diagrams can be used to indicate the disso­ 
lution, or formation, of some aluminosilicate minerals 
identified in the aquifer systems. Plagioclase feldspar 
is present throughout the aquifer materials; about 
10 percent of the feldspar grains show heavy alteration 
to sericite (table 2). This alteration, and the presence 
of feldspar grains that have undergone dissolution 
(Patrick Goldstrand, U.S. Geological Survey, written 
commun., 1990), indicates that feldspar grains in the 
aquifer are dissolving. Biotite grains have also under­ 
gone alteration and dissolution along edges (table 2). 
The presence of kaolinite and beidellite in clays in the 
aquifers indicates that they form stable products of 
weathering. Activity diagrams also can be used to 
show the activities for the ground-water samples on the 
stability fields of common clay minerals (fig. 13). This 
activity diagram indicates that sodium beidellite and 
kaolinite would form hi the aquifers. Thermodynamic 
data for beidellite may not be valid in a strict thermo­ 
dynamic sense (May and others, 1986). However, 
studies of systems where beidellite is forming have 
shown that water appears to have stable ionic composi­ 
tions that correspond to those determined by solubility 
constants for beidellite (see Drever, 1988, p. 177-188).

Chemical activity ratios for samples in the study 
area generally plot along slopes consistent with cation 
exchange reactions (fig. 14), except for 3 samples that 
contained the highest concentrations of sodium. A 
ratio of two will result for a water in which the aqueous 
geochemistry is controlled by the exchange of a diva­ 
lent for a monovalent cation (Drever, 1988, p. 180-82). 
This corresponds to a slope of 2 on figure 14. The trend 
of most of the data is consistent with exchange as a 
geochemical control on the ratios of the major cations.

All models include the mass transfer (dissolution 
or exsolution) of 0.3 mmol/L, or less, of carbon diox­ 
ide. This small amount of mass transfer may be an arti­ 
fact of (1) dissolution of soil-zone carbon dioxide; 
(2) exsolution of carbon dioxide from a spring, well, or 
sample; or (3) small errors in alkalinity measurements.

In summary, geochemical models are consistent 
with (1) phases identified in basin-fill sediments of the 
study area; (2) chemical activity of major cations and 
silica; (3) saturation indices of calcite and amorphous 
silica; (4) phase relations for aluminosilicate minerals 
indicated by activity diagrams; and (5) optical, X- ray 
diffraction, and scanning-electron microscopy obser­ 
vations of mineral grains in the aquifer sediments. 
Geochemical models do not yield a unique solution for 
a geochemical system like that in Dayton, Stagecoach, 
and Churchill Valleys because the number of reacting 
phases is greater than the number of elements. How­ 
ever, this approach does yield a set of models that, 
taken together, represent a general overall model that 
describes geochemical reactions that can account for 
the observed major-ion chemistry.

On the basis of deuterium and chemical composi­ 
tions, some ground-water samples adjacent to the Car­ 
son River were determined to be a mixture of river and 
ground waters, or river water that has reacted with 
aquifer materials. The effects on the chemical compo­ 
sition of the ground water from the influx of Carson 
River water into the principal aquifers was examined 
by mixing Carson River water from low, middle, and 
high streamflows with water from the adjacent basin- 
fill aquifers (table 5). The median ion concentrations of 
the river water for each of these three flow regimes 
were used as endmembers for mixing; medians for sets 
of samples from the adjacent principal aquifers were 
used as the other endmembers. For example, median 
ion concentrations for samples in the principal aquifer 
of Dayton Valley, that were assumed not to be influ­ 
enced by Carson River water (sites 5, 7,10, and 12 to 
18), were used to represent the ground-water chemistry
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Figure 11. Saturation index of calcite for ground-water 
samples from principal aquifers in Dayton, Stagecoach, 
and Churchill Valleys.

for mixing with Carson River water in Dayton Valley. 
The percentage of each endmember in the mixture was 
determined for each well using deuterium.

The chemical composition of the mixed water is 
not generally produced by simply mixing the waters 
in proportions determined by deuterium content. 
Although several of the ion ratios are close to one 
(table 5), which would result from simple mixing, most 
of the ratios are not, indicating the ion concentrations 
have been affected by geochemical processes in addi­ 
tion to mixing. Ion ratios greater than one indicate the 
ion has been added to the mixed water, whereas ratios 
less than one indicate the ion has been removed from 
the mixed water. Increases in ion concentrations after 
mixing are probably caused by mineral and gas disso­ 
lution; decreases in ion concentrations are probably 
caused by mineral precipitation, clay formation, cation 
exchange, and gas exsolution. Mixed ground waters

that contain greater than 95 percent river water (table 5) 
generally have ion concentrations that are greater than 
the initial river water. Thus, the river water is undergo­ 
ing chemical reactions as it infiltrates and flows 
through the aquifers.

Evaluation of Geochemical Models Using Sulfur and 
Carbon Isotopes

The stable-isotope composition of dissolved inor­ 
ganic sulfur and carbon can be used to help evaluate the 
geochemical models. Changes in the isotopic compo­ 
sition of dissolved inorganic sulfur and carbon can be 
the result of several processes. These processes 
include (1) a variation in the amount or isotopic com­ 
position of dissolving minerals or of gases equilibrat­ 
ing with the water that contain sulfur and carbon; 
(2) mineral precipitation and loss of gas;
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(3) differences in the isotope composition of recharge 
or mixing waters; and (4) microbial processes, such as 
sulfate reduction.

Because gypsum and gypsite are present in the 
Mound House area of Dayton Valley (Moore, 1969), 
gypsum was used as the source of sulfate in the 
geochemical models. The sulfur isotopic composition 
of the gypsum deposits was not measured, but delta 
sulfur-34 (6 S) generally ranges from about 11 to 
17 permil in Triassic and Jurassic marine evaporite 
deposits (Claypool and others, 1980, fig. 9). However, 
the 834S composition of the gypsite deposits may have

a greater range than 11 to 17 permil because gypsite 
was deposited along ancient shore lines from erosion of 
gypsum deposits (Moore, 1969, p. 36). Thus, although 
gypsite deposits may be primarily produced by 
mechanical weathering, if gypsite was also chemically 
precipitated, sulfate in the gypsite may exhibit a wider 
range of isotopic composition. For example, Walker 
Lake, a remnant of Lake Lahontan approximately 
50 miles south of the study area, contains sulfate in the 
pore water of lake-bottom sediments with an isotopic 
composition ranging from 4.5 to 30.9 permil (Rice and 
Turtle, 1989, table 1).

WATER QUALITY AND AQUEOUS GEOCHEMISTRY 35



Table 5. Major-ion ratios for ground-water samples affected by recharge from the Carson River

Site
Percentage

of river
water8

Flow
regime"

Calcium Sodium Magnesium

Ion ratio6

Potassium Chloride Sulfate Bicarbonate

Dayton Valley

1

8

9

11

19

62

38

100

75

25

high
medium

low

high
medium

low

high
medium

low

high
medium

low

high
medium

low

1.1
.92
.76

2.3
2.1
1.9

6.7
3.3
1.9

1.2
1.0
.73

.51

.49

.47

0.81
.58
.43

2.6
2.2
1.8

5.2
2.2
1.3

1.5
.93
.63

1.1
1.0

.85

0.54
.46
.37

2.3
2.1
1.9

5.7
3.1
1.8

.68

.53

.39

.89

.85

.80

0.63
.51
.42

.59

.53

.48

2.0
1.2
.88

.78

.59

.47

1.2
1.1
1.0

0.80
.60
.52

2.1
1.9
1.7

5.4
2.4
1.7

1.3
.84
.70

1.0
1.0
.92

0.36
.31
.25

2.3
2.1
2.0

11
4.2
2.0

.68

.54

.40

.49

.47

.45

1.6
1.2
1.0

1.8
1.6
1.4

3.5
1.9
1.3

1.4
1.0
.77

1.0
1.0
.89

Stagecoach Valley

39

40

47

100

47

47

high
medium

low

high
medium

low

high
medium

low

2.8
1.4
.82

.79

.62

.47

.65

.50

.38

2.9
1.2
.70

1.7
1.3
1.0

2.2
1.7
1.3

4.8
2.6
1.5

.89

.76

.62

.81

.69

.56

2.9
1.8
1.3

1.4
1.2
1.1

1.4
1.2
1.0

2.1
.91
.67

1.3
1.0
.85

1.4
1.1
.92

4.5
1.6
.79

1.1
.79
.53

1.5
1.1
.72

2.9
1.6
1.1

1.4
1.1
.93

.69

.56

.47

Churchill Valley

53

56

58

59

60

54

75

100

75

96

high
medium

low

high
medium

low

high
medium

low

high
medium

low

high
medium

low

1.3
1.0

.78

.92

.62

.42

6.1
3.0
1.8

.80

.54

.37

1.7
.87
.53

1.4
1.1
.82

.91

.57

.39

8.5
3.5
2.0

1.0
.63
.43

3.8
1.7
1.0

1.2
1.0

.83

.80

.58

.41

7.6
4.2
2.5

.74

.54

.39

1.8
1.0
.64

1.1
.92
.80

1.3
1.0
.79

2.4
1.5
1.1

1.2
.94
.76

1.4
.91
.67

0.69
.58
.53

.56

.40

.34

8.1
3.5
2.6

.59

.42

.36

2.4
1.2
.89

1.0
.79
.57

.77

.49

.30

13
4.8
2.3

.64

.41

.25

2.8
1.2
.58

1.9
1.4
1.2

1.2
.81
.60

4.3
2.3
1.6

1.3
.83
.62

2.0
1.1
.79

a Estimated on basis of deuterium values.
b High, 461 cubic feet per second (ft3/s; 75th percentile) and greater; medium, >33.5-<461 ft3/s (25th to 75th percentiles); low, 33.5 ft3/s and less. 
c For each ion, ratio equals concentration in ground water from sample site, divided by concentration of a mixture of (1) river water having median 

composition for stated flow regime and (2) ground water having median composition for principal aquifer in valley adjacent to sample site.
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The 8 S of sulfate in ground-water samples 
in principal aquifers away from the Carson River 
ranges from -2.9 to 14.4 permil (with the exception 
of one sample, -15.9 permil), which indicates that 
sulfate is probably derived from a combination of 
sources and also may be subject to some microbial 
fractionation (figs. 15 and 16). Sulfate in most samples 
probably results from dissolution of gypsum in the 
sediments (with a probable range of 8 S from about 
11 to 17 permil, or possibly with a wider range) and 
pyrite in sediments derived from volcanic rocks (834S 
of sulfide minerals in volcanic rocks ranges from about 
-10 to 0 permil; Krouse, 1980, fig. 11-1). In addition, 
some of the sulfate in ground water can be derived 
from pyrite that has eroded from granitic rocks of 
the Sierra Nevada and has been deposited in the basin

fill. The 834S of this sulfate should range from about
-5 to 4 permil (Ishihara and Sasaki, 1989, fig. 3). One 
sample (at site 12) had an isotopic composition of
-15.9 permil and a measured dissolved-oxygen concen­ 
tration of less than 1.0 mg/L, indicating some microbial 
sulfate reduction of this sample. A sample (from site 
57) had a 834S of 14.4 permil and a sulfate concentra­ 
tion of 810 mg/L, indicating the source of this sulfate 
was primarily dissolution of gypsum. The isotopic 
composition of dissolved sulfur probably is not 
affected by mineral precipitation because sulfate, 
sulfide, calcium, and iron concentrations are well 
below levels that could form common sulfur-bearing 
minerals, such as gypsum and pyrite. There is no 
apparent correlation between sulfate concentration 
and sulfur isotopic composition (fig. 15).
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The isotopic composition of sulfate in ground 
water that is a mixture of Carson River and ground 
waters ranges from 9.7 to 15.2 permil (fig. 15). This 
isotopic composition indicates that the source of sulfate 
may be primarily dissolution of gypsum in the basin-fill 
sediments. The range in isotopic composition of sul­ 
fate dissolved in the water is similar to that expected for 
gypsum in the basin-fill sediments (11 to 17 permil). 
The sulfur-34 isotopic composition of sulfate dissolved 
in the ground water indicates that the dissolution of 
gypsum (used for the source of sulfur in the geochemi- 
cal models) is not the only source of sulfate in most 
samples. Sulfur from dissolution of sulfide minerals 
(mainly pyrite) derived from volcanic and granitic 
rocks probably also adds sulfate to the water (see 
section titled "Modeling of Geochemical Reactions"). 
In addition, sulfate reduction may be affecting the 
isotopic composition of sulfate in some ground water.

The carbon-13 composition (813C) of inorganic 
carbon dissolved in ground water depends on the isoto­ 
pic composition of the different sources of carbon and 
the fractionation between carbon phases and dissolved 
carbon. In the study area, the absence of carbon isotope 
data for samples in recharge areas precluded the use of 
813C to evaluate the sources of carbon dissolved in the 
upland aquifer water, and also in subsequent reactions 
involving carbon as the ground water moves from 
recharge areas to the principal aquifers. However, the 
813C of water in the principal aquifers can be used to 
infer the sources of carbon dissolved in water in the 
upland aquifers, which is important for age dating of 
the ground water.

Initial carbon concentrations in ground water are 
generally derived from equilibration of water with 
carbon dioxide as it passes through the root zone in 
recharge areas. Some of this carbon dioxide can be 
derived from atmospheric carbon dioxide, but most of 
the carbon dioxide in the root zone is from plant-root 
respiration and oxidation of organic matter. Atmo­ 
spheric carbon dioxide has a 8 C of about -8.7 permil 
in southern Nevada (Thorstenson and others, 1990, 
table 2) and probably has a similar composition in 
northern Nevada. The 813C of carbon dioxide respired 
by plants depends primarily on the metabolic pathway 
of the plants. Carbon dioxide released by plants using 
a C3 metabolic pathway, such as pine and fir trees, has 
a 813C of about -27 permil (Deines, 1980). Vegetation 
utilizing the  4 metabolic pathway, such as Atriplex 
(salt brush), produces carbon dioxide with a composi­ 
tion of about -13 permil (Deines, 1980; and Cerling,

1984). Organic matter in the root zone is primarily 
from dead plant material; the 813C of this matter 
depends on the plant type. Thus, oxidation of organic 
matter produces carbon dioxide of the same 8 C 
as root respiration (Deines, 1980). Mountainous 
recharge areas surrounding the study area contain both 
C3 and C4 vegetation; thus, a 813C of root-zone carbon 
dioxide of about -20 permil could be expected in these 
recharge areas.

The 813C of ground water in principal aquifers 
in the study area ranges from -15.1 to -8.0 permil 
(figs. 17 and 18). Assuming an average temperature 
of 10°C and a pH range of 7.0 to 8.0, the fractionation 
between carbon dioxide and dissolved carbonate is 
-9 to -7 permil (Wigley and others, 1978, fig. 2). Using 
a fractionation of -8 permil for the ground-water sam­ 
ples indicates that root-zone carbon dioxide would 
have a 813C of-23.1 to -16.0 permil, if the main source 
of dissolved carbon is plant-respired carbon dioxide. 
Thus, the primary source of carbon dissolved in ground 
water in the principal aquifers could be equilibration 
of root-zone carbon dioxide with ground water in the 
recharge areas. A study by Welch (1994) in adjacent 
Carson and Eagle Valleys also concluded that dissolved 
carbon is most likely from equilibration with soil-zone 
carbon dioxide.

The presence of limestone and dolomite in meta- 
morphic rocks in the mountains (Moore, 1969) and 
calcite in the basin-fill deposits indicates that the disso­ 
lution of calcite and dolomite could be another source 
of dissolved carbon in ground water in the study area. 
Some calcite and dolomite in upland aquifers in the 
mountainous recharge areas could dissolve because 
most samples from the upland aquifers are undersatu- 
rated with calcite and dolomite. The 813C of these car­ 
bonate rocks has not been determined; but on the basis 
of their marine origin, it probably is about 0 permil 
(Mazor, 1991, p. 171). If the 813C of ground water in 
principal aquifers is little changed from that of recharge 
water in the upland aquifers, carbonate minerals could 
have dissolved in the recharge areas. If the 8 C of car­ 
bon dioxide is relatively uniform in the root zone in the 
recharge areas throughout the study area, the ground 
water with the heavier (more positive) 813C could have 
obtained some carbon from dissolution of marine car­ 
bonate minerals. Thermodynamic and mass-balance 
calculations, and the optical observation that calcite 
forms as surface coatings on mineral grains in basin-fill 
sediments, indicate that calcite could precipitate from
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ground water in the principal and shallow aquifers and 
probably is not a significant source of carbon in this 
part of the study area.

Another possible source of dissolved carbon is 
sedimentary organic matter in basin-fill deposits, par­ 
ticularly along the Carson River. Sedimentary organic 
matter may contribute a small amount of carbon to the 
total dissolved inorganic carbon content, but only a 
small amount of organic matter could be oxidized 
because of the presence of dissolved oxygen in excess 
of 1 mg/L in most ground-water samples from the prin­ 
cipal aquifer (fig. 19). This absence of oxidation of 
significant amounts of organic carbon assumes that 
ground water in the principal aquifers is closed from 
contact with atmospheric circulation. Carbon derived 
from oxidation of organic matter would have a 813C 
similar to the plant-respired soil-zone carbon dioxide 
(Deines, 1980) and thus, would have little affect on the 
6 C of the ground water.

The 8 C of ground water that contains a signifi­ 
cant proportion of Carson River water ranges from 
-14.4 to -10.9 permil (fig. 17). There are no carbon-13 
data for the Carson River water, but data are available 
for the Truckee and Walker Rivers in adjacent drainage

basins to the north and south. The 8 C of the Truckee 
River (9 samples at Nixon) ranges from -11.2 to
-9.6 permil with an average of -10.6 permil and the 
Walker River (15 samples at Wabuska) ranges from
-11.7 to -9.4 with an average of-10.1 permil (L.V. 
Benson, U.S. Geological Survey, written commun., 
1991). Ground-water samples affected by river water 
were about 1 to 3 permil lighter (with the exception of 
1 sample) than values for the Truckee and Walker Riv­ 
ers (fig. 17). These lighter compositions may have 
been caused by a lighter 8 C of dissolved carbon in 
the Carson River than in the Truckee and Walker Riv­ 
ers; however, there is no apparent reason for this river 
water to be isotopically different from the two adjacent 
rivers. A more likely source is the equilibration of river 
water (that has infiltrated the principal aquifers) with 
soil carbon dioxide, or dissolution of organic matter in 
sediments adjacent to the river (this carbon should have 
a 813C that ranges from about -23 to -16 permil). The 
813C of the river-affected samples can not be produced 
by mixing river water with ground-water in the adja­ 
cent principal aquifer, because 8 C in samples from 
the nearby principal aquifer are generally heavier than 
in the river-affected samples (figs. 17 and 18). This
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Figure 18. Carbon-13 composition of dissolved inorganic carbon in ground-water samples from A, Dayton and 
Stagecoach Valleys, and B, Churchill Valley.
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indicates reactions involving carbon take place after 
mixing. The addition of carbon to the mixed water 
from soil-zone carbon dioxide or organic matter, with a 
lighter 8 C, fits the geochemical model in which car­ 
bon is added to the mixed waters (see section titled 
"Modeling of Geochemical Reactions" and table 5).

Age Dating of Ground Water by Using Carbon Isotopes

The age of ground water along a flow path can be 
determined by using carbon isotopes, carbon mass 
transfers calculated using geochemical models, and 
fractionation of carbon-13 during geochemical pro­ 
cesses. There are no carbon isotope data for samples in 
the recharge areas, thus carbon-14 ground-water ages 
cannot be calculated using the geochemical models for 
ground-water flow from recharge areas to the principal 
aquifers. However, ground-water ages can be calcu­ 
lated if the carbon isotopic composition of ground 
water in the recharge areas can be estimated. A sample 
from the principal aquifers analyzed for carbon iso­ 
topes (site 17) had a tritium concentration of 6.9 pCi/L 
(table 6), indicating this sample contained water

recharged between 38 and 57 years ago, assuming no 
mixing. If this water contained carbon-13 and carbon- 
14 compositions typical of water that recharged the 
principal aquifers during the past, its carbon-14 content 
of 83.6 percent modern carbon (PMC) and carbon-13 
content of -11.6 permil could represent the initial car- 
bon-isotopic content of water in these aquifers.

Interpretation of carbon-13 data for ground-water 
samples from the principal aquifers indicates that dis­ 
solved carbon may be primarily from equilibration 
with carbon dioxide in the root-zone in the recharge 
areas, so a ground-water age can be estimated by 
assuming the difference in carbon-14 measured in prin­ 
cipal aquifer samples, as compared to 83.6 PMC, is a 
result of radioactive decay. This is termed an "open- 
system" model, in which the only contribution of car­ 
bon to the ground water is by equilibration of carbon 
dioxide in the root-zone with the water. The ages cal­ 
culated by using this model are given in table 6. These 
ages may overestimate the actual age of the ground 
water because the model assumes no dissolution of car­ 
bonate minerals.
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Table 6. Estimated age of ground-water samples from principal 
aquifers of the study area

[Abbreviations: pCi/L, picocuries per liter; PMC, percent modern carbon; --, not 
determined; <, less than; modern, recharge since about 1950]

Site Tritium 
(pCi/L)

Carbon-13 
(permil)

Carbon-14 
(PMC)

Estimated age 
(years)

Open
system

Closed
system

Dayton Valley

13

17

18

<0.3

6.9

<0.3

-9.9

-11.6

-8.9

90.8

83.6

25.4

modern

modern

9,800

modern

modern

4,800

Stagecoach Valley

25

30

34

41

44

--

<0.3

--

<.3

--

-11.6

-10.9

-10.4

-11.4

-11.6

72.1

67.6

46.1

37.3

3.3

1,200

1,800

4,900

6,700

27,000

modern

modern

1,200

3,700

24,000

Churchill Valley

49

54

55

57

<0.3

.3

--

--

-9.7

-9.3

-10.2

-8.0

34.9

22.4

27.9

10.3

7,200

11,000

9,100

17,000

2,900

6,200

5,200

11,000

Samples affected by Carson River water

1

9

47

53

56

59

3.4

27

3.3

--

<.3

<.3

-14.4

-14.4

-10.9

-13.8

-12.8

-13.0

91.5

109.2

52.3

100.7

91.7

78.8

modern

modern

3,900

modern

modern

500

modern

modern

modern

modern

modern

modern
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Carbon-13 data indicate that some dissolution of 
carbonate minerals in the recharge areas may have 
occurred (see section titled "Modeling of Geochemical 
Reactions"). In general, as carbon-14 decreases, car- 
bon-13 increases (fig. 20). If carbon-13 has remained 
relatively constant hi the recharge area, this relation 
indicates that some of the dissolved inorganic carbon 
is from dissolution of marine carbonate minerals. The 
marine carbonate rocks in the study area should have a 
813C of about 0 permil and a carbon-14 composition of 
0 PMC, thus dissolution of these minerals would result

1 ^
in an increase in 5 C and a decrease in carbon-14. 
Ground-water age can be estimated using this "closed- 
system" model in which the water becomes isolated 
from root-zone carbon dioxide and dissolves carbonate

1 1
minerals, if the 8 C of the calcite and carbon dioxide 
and the carbon-14 composition of the final water can be 
measured or estimated (Ingerson and Pearson, 1964).
_ -t o

The 5 C of carbon dioxide was estimated using the 
8 C at site 17 (-11.6 permil). Assuming a fraction- 
ation factor of -8.0 permil for the fractionation of car­ 
bon-13 between carbon dioxide and carbon dissolved 
in the ground water (see section titled "Modeling of

Geochemical Reactions"), the carbon dioxide would 
have a 8 13C of -19.6 permil. This value is consistent 
with the mixed  3 and  4 type plants hi the recharge 
areas. Carbon-14 ages calculated using the Ingerson 
and Pearson (1964) closed-system model are in table 6.

Ground-water ages estimated for samples from 
the principal aquifers generally are less than 6,000 
years, but reach a maximum of 24,000 years for the 
closed-system model. Ages estimated from the closed- 
system model were used for interpretation because 
generally as carbon-13 increases, carbon-14 decreases, 
indicating a system that has become isolated from root- 
zone gas. Estimated ages for the three ground-water 
samples in Dayton Valley indicate that two of the sam­ 
ples are modern (recharged since about 1950) and one 
is 4,800 years old. The 4,800-year estimate was for a 
sample taken from easternmost Dayton Valley and may 
represent ground water that originated hi recharge areas 
to the west. The two modern waters are samples from 
wells in alluvial fans adjacent to the Virginia and Pine 
Nut Mountain recharge areas. Four of five samples 
taken hi Stagecoach Valley were estimated to range 
in age from modern to 3,700 years; the fifth sample had
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Figure 20. Relation between the carbon-13 composition and carbon-14 activity 
of dissolved inorganic carbon for ground-waters.
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an estimated age of 24,000 years. The age of the water 
increases from west to east across the basin. However, 
the 24,000- and 3,700-year-old waters are only about 
1 mile apart, making the great age discrepancy difficult 
to explain. The age difference is apparently not caused 
by sampling different parts of the aquifer; the wells 
have about the same land-surf ace altitude and the 
well with the younger water is about 40-ft deeper than 
the well with the older water. The old age of the water 
may be explained by its location on an alluvial fan 
adjacent to a part of the mountain that yields very little 
recharge today; thus, the water may have traveled a 
long distance from its recharge source or may have 
been recharged a long time ago in the adjacent moun­ 
tains during a wetter climate. The well with the oldest 
water in adjacent Churchill Valley is similarly located 
near these mountains. Four samples in Churchill 
Valley were estimated, based on the closed-system 
model, to range in age from 2,900 to 11,000 years 
(table 6). These older ages indicate that little or no 
recharge may be occurring today in the adjacent Vir­ 
ginia Range. All ground-water samples affected by

Carson River water are estimated to be modern 
(table 6). The modern ages agree with the tritium data 
in that three of the samples contain 3.3 to 27 pCi/L of 
tritium. A general decrease in deuterium corresponds 
to an increase in carbon-14 age (fig. 21). This relation 
can result from (1) a cooler past climate, (2) a change 
in recharge areas for the principal aquifers with time, 
or (3) a change in storm tracks with time.

Minor Inorganic Constituents

Analytical results for 25 minor constituents hi 
ground-water are summarized in table 7. Among these 
constituents, only selenium exceeded Nevada State 
MCL's at a single site. Nevada State SMCL's were 
exceeded in 1 sample for fluoride, 7 samples for iron, 
and 19 samples for manganese. Iron and manganese 
also exceeded Nevada State SPS's in 3 and 13 samples, 
respectively (table 7 and figs. 22 and 23).

Concentrations of arsenic, boron, fluoride, iron, 
manganese, nitrogen, and selenium in ground-water 
samples vary widely in the study area. Clusters of 
wells with high concentrations of these constituents
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Figure 22. Concentration of iron in ground-water samples from A, Dayton and Stagecoach Valleys, and B, Churchill Valley 

48 Ground-Water Quality and Geochemistry in Dayton, Stagecoach, and Churchill Valleys, Western Nevada



39°30'

39° 15'

39°00'

119°30' 

I

119°00'

10 MILES

370

21

BASIN-FILL DEPOSITS 

CONSOLIDATED ROCKS

HYDROGRAPHIC AREA 
BOUNDARY

SAMPLING SITE   Number is 
Iron concentration, in micrograms 
per liter

Shailow aquifer 

Principal aquifer

R. 22 E. R. 23 E. R. 24E.
Base from U.S. Geological Survey digital data, 1:100,000,1985
Local Mercator projection
Central meridian -ng^O1 , latitude of true scale 39°20'

R. 25 E. R. 26 E. 
Geoi

R. 27 E.
itogy modified from Willden and Speed 
(1974), and Greene and others (1991)

Figure 22. Continued

WATER QUALITY AND AQUEOUS GEOCHEMISTRY 49



119°45' 119°30'

39°15'

39°00'

01234 SMILES 
I i 'i i 1 i 'i  '  ' 

01234 5 KILOMETERS

Churchill 
Valley

Carson 
Valley 16

BASIN-FILL DEPOSITS 

CONSOLIDATED ROCKS

HYDROGRAPHIC AREA 
BOUNDARY

TOPOGRAPHIC DIVIDE 
BETWEEN DAYTON AND 
STAGECOACH VALLEYS

SAMPLING SITE   Number is 
manganese concentration, in 
micrograms per liter

Upland aquifer 

Shallow aquifer 

Principal aquifer 

Thermal aquifer

R. 20 E. R. 21 E. R. 22 E. R. 23 E. R. 24 E.

Base from U.S. Geological Survey digital data, 1:100,000, 1985
Local Mercator projection
Central meridian -119° 10', latitude of true scale 39°20'

Geology modified from Willden and Speed 
(1974), and Greene and others (1991)

Figure 23. Concentration of manganese in ground-water samples from A, Dayton and Stagecoach Valleys, and B, 
Churchill Valley.
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were not found. Although arsenic concentration did 
not exceed the MCL in any sample, water from sites 30, 
47, and 57 contained 33, 33, and 46 |ig/L of arsenic, 
respectively. Fluoride (2,900 |ig/L) exceeded the 
SMCL in a sample from a 120-ft deep well in Dayton 
Valley (site 16). The highest concentrations of iron 
(3,900 |lg/L) and manganese (2,800 |ig/L) were 
measured in water from site 16 in Dayton Valley (figs. 
22 and 23). The next highest concentrations of iron 
(1,100 |ig/L) and manganese (2,300 and 1,900 |ig/L) 
were measured in water from sites 51, 58, and 60 in 
Churchill Valley. Two of the Churchill Valley sites 
were shallow wells located near the Carson River a 
short distance upstream from Lahontan Reservoir. 
Selenium exceeded the primary drinking-water stan­ 
dard in a sample from a 133-ft deep well in the southern 
part of Dayton Valley (site 17). Nitrate concentrations 
were all below the MCL and reached a maximum con­ 
centration of 5.6 mg/L, as nitrogen.

Arsenic in ground-water samples from the 
study area ranged in concentration from less than 1 to 
46 \igfL. The concentration of arsenic is probably con­ 
trolled by local redox conditions. In a similar hydro- 
geologic environment in the adjacent Carson Desert, 
dissolution of volcanic rock fragments and metal-oxide 
coatings is probably releasing arsenic to the ground 
water (M.S. Lico, U.S. Geological Survey, written 
commun., 1992). Lico and others (1986), Welch and 
Lico (1988), and Welch and others (1988) indicate that 
volcanic-rock fragments and metal-oxide coated grains 
have substantially higher arsenic concentrations than 
other grains, such as quartz and feldspar. Arsenic-bear­ 
ing minerals have not been identified in basin-fill 
deposits of the study area, possibly due to the insensi- 
tivity of techniques used for mineral identification in 
this study. Processes controlling arsenic concentra­ 
tions in basin-fill deposits in the Carson Desert are dis­ 
cussed by Welch and Lico (1988).

Fluoride is common in volcanic rocks and glass, 
in hornblende and micas of intrusive and metamorphic 
rocks, and in the more common minerals, such as 
fluorite and apatite (Hem, 1985, p. 121; Robertson, 
1991, p. 17). Fluoride concentration in ground water 
can be controlled by (1) mineral-equilibrium reactions, 
(2) sorption or desorption, and (3) availability of 
fluorite in rocks (Robertson, 1991, p. 17). Fluoride 
in ground water in the study area probably originates 
from dissolution of fluorine-rich minerals and volcanic

glass. Ground water is undersaturated with fluorite, so 
fluoride concentration may be controlled by adsorp­ 
tion, or availability of fluorine-containing minerals.

Iron and manganese concentrations are statisti­ 
cally correlated (Spearman's rho (rs) = 0.60, at the 
alpha = 0.05). Spearman's rho is a nonparametric test 
that measures the monotonic relation between two vari­ 
ables (Conover, 1980, p. 252-256). Multiple correla­ 
tion analysis of iron, manganese, and ammonium 
concentrations result in r=0.84, at the alpha=0.05 level. 
Multiple correlation analysis of iron, manganese, 
ammonium, and dissolved oxygen did not show a sig­ 
nificant correlation. This is probably because the 
reporting level for dissolved oxygen used in this report 
was 1.0 mg/L, so that samples with high concentrations 
of iron, manganese, and ammonium generally contain 
dissolved oxygen concentration below the reporting 
level. The presence of water with high iron, manga­ 
nese, and ammonium concentrations implies that dis­ 
solved oxygen is being consumed by nitrification. 
When all the dissolved oxygen is consumed, a reducing 
environment remains that can result in (1) the reduction 
of nitrate to ammonium and (2) the dissolution of iron 
and manganese oxides that coat mineral grains. These 
processes produce water with ammonium and rela­ 
tively high concentrations of iron and manganese.

Selenium in ground-water samples in the study 
area generally was at concentrations less than the 
detection limit of 1 |ig/L and reached a maximum con­ 
centration of 12 |ig/L. The likely sources of dissolved 
selenium are soils derived from marine sedimentary 
deposits (Gilliom and others, 1989), dissolution or 
oxidation of organic matter (Weres and others, 1989), 
and dissolution of iron and manganese oxides 
(Balistrieri and Chao, 1990). Concentration of sele­ 
nium in the shallow sediment samples is generally less 
than 2 mg/kg in the study area (Elizabeth A. Frick, U.S. 
Geological Survey, written commun., 1992).

Concentrations of nitrate, ammonium, and phos­ 
phate in ground-water samples are low (table 7). The 
source of the nutrients is unknown. Sewage effluent 
from septic systems could be a source of nutrients in 
the samples, but none of the 8 samples containing 
nitrate concentration greater than 2 mg/L had measur­ 
able tritium (evidence of recent origin). In addition, 
5 of these 8 samples have estimated ages ranging 
from 1,200 to 24,000 years (table 6); thus sewage
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effluent probably is not a source of nutrients in these 
waters. A more probable source is organic matter in 
the basin-fill deposits.

Radionuclides

Gross-alpha and gross-beta activities, radon-222, 
and dissolved uranium concentrations were measured 
in several samples from the study area (fig. 24). Gross 
alpha and beta (excluding radon and tritium, which 
were removed prior to counting) had median activities 
of 1.8 and 7.25 picocuries per liter (pCi/L) and ranged 
from 0.27 to 21 and 3.0 to 21 pCi/L, respectively, in 
35 samples (fig. 24). Alpha and beta activities are a 
general indication of the concentration of alpha- and 
beta-emitting radionuclides dissolved in the water, 
but these measurements do not indicate the source of 
the radiation. Median radon-222 concentration for 
35 samples was 580 pCi/L and ranged from 150 to 
1,800 pCi/L. Median uranium concentration for 
26 samples was 2.2 jo,g/L and ranged from 0.40 to 
210 |ig/L (fig. 24). Radium-226, measured in 3 sam­ 
ples, ranged from 0.04 to 0.10 pCi/L. Radium-228, 
measured in 1 sample, was 1.0 pCi/L. Although only 
5 or 6 samples in the upland and shallow aquifers were 
analyzed for activities and radionuclide concentrations, 
these samples had the same range in activities and 
concentrations as samples from the principal aquifers, 
except uranium was higher (fig. 24).

Measurements of alpha and beta activities are 
used as screening methods for public-water supplies 
(U.S. Environmental Protection Agency, 1986b). 
The primary maximum contaminant levels (MCL's) 
proposed by the U.S. Environmental Protection 
Agency (1991) for radionuclides analyzed in this study 
are 15 pCi/L for adjusted gross-alpha activity (adjusted 
to exclude uranium and radium-226), 300 pCi/L 
for radon-222; 20 jo,g/L for dissolved uranium, and 
20 pCi/L for radium-226 and radium-228. None of the 
24 samples that had both alpha and uranium analyses 
exceed the proposed gross-alpha MCL. Twenty-seven 
of 35 samples exceeded the proposed radon-222 MCL. 
Three of 26 samples exceeded the proposed uranium 
MCL. None of the 3 radium-226 analyses or the 
radium-228 analysis exceeded the proposed MCL.

Gross-alpha activity in the ground- water samples 
is primarily from the radioactive decay of uranium dis­ 
solved in the water (fig. 25). Alpha activity in 20 of the 
24 samples with both alpha and uranium analyses was 
produced entirely by uranium decay. This assumes an

activity ratio (AR) of uranium-234 to uranium -238 of 
1.0 to 1.5, as was measured in most samples throughout 
the Carson River Basin (Thomas and others, 1993), and 
that uranium-234 and uranium-238 made up most of 
the dissolved uranium. Uranium-235 is less than 
5 percent of the total dissolved uranium in 38 samples 
analyzed for all three uranium isotopes in the Carson 
River Basin (Thomas and others, 1993). The most 
likely sources of the dissolved uranium are uranium- 
rich organic matter and metal-oxide coatings on min­ 
eral grains. Dissolution of the metal-oxide coatings, 
desorption from coatings and organic matter, and oxi­ 
dation of organic matter can release uranium to the 
water (Szalay, 1964; Langmuir, 1978; Nakashima and 
others, 1984; Hsi and Langmuir, 1985; Kamineni, 
1986; Leventhal and others, 1986). Some of the dis­ 
solved uranium probably originated from dissolution 
of uranium-rich silicic volcanic and granitic rocks in 
the recharge areas and underlying the basin-fill aquifers 
(fig. 3). Alpha-emitting radionuclides other than ura­ 
nium also may be present in small concentrations in the 
ground water. For example, radium-226 contributed 
some alpha activity to the ground-water samples. 
Radium-226 ranged from 0.04 to 0.10 pCi/L in three 
samples and probably was present in similar concentra­ 
tions in other samples (in 55 samples throughout the 
entire Carson River Basin, radium-226 ranged from 
0.02 to 2.1 pCi/L; Thomas and others, 1993).

Gross-beta activity in the ground water is prima­ 
rily from potassium-40 dissolved in the ground water 
and the ingrowth of uranium-238 progeny in the sam­ 
ple before analysis. The main source of dissolved 
potassium probably is dissolution of potassium feld­ 
spar and biotite (see section titled "Modeling of 
Geochemical Reactions"). In addition, some potas­ 
sium may be added to the water by cation exchange. 
Generally, radioactive decay of dissolved potassium-40 
does not account for all the beta activity in the samples 
(fig. 26). An activity line for potassium-40 was used to 
estimate the amount of beta activity produced by potas­ 
sium-40 dissolved in the water and was calculated by 
multiplying the potassium concentration by 0.818 (a 
natural abundance of 0.0117 percent and a half life of 
1.28 x 109 years was assumed; Friedlander and others, 
1981, p. 612). The most likely source of the unac­ 
counted-for beta activity was the ingrowth of uranium- 
238 progeny in the sample before analysis (samples 
are generally stored more than 100 days between 
collection and drying for analysis). In approximately
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Figure 24. A, gross-alpha and beta activities and radon-222 concentrations, and B, uranium concentrations 
in ground-water samples from Dayton, Stagecoach, and Churchill Valleys.

100 days, thorium-234 and protactinium-234 would 
grow in the sample in an amount equal to the parent 
uranium-238, assuming a uranium-234 to uranium-238 
activity ratio of 1.0. Because uranium-238 has two 
progeny, the amount of beta activity from this ingrowth 
would be about equal to the activity of the total dis­ 
solved uranium. For higher activity ratios uranium-238 
is proportionately less than uranium-234 and therefore

ingrowth would be less, as compared to the total dis­ 
solved uranium. Ingrowth of uranium-238 progeny in 
the sample could account for most of the beta activity 
above that produced by the decay of potassium-40 
(Thomas and others, 1993) as shown in figure 27. 
Other beta-emitting radionuclides, such as radium-228 
[1.0 pCi/L in 1 sample from this study and 1.0 to 
4.6 pCi/L in 34 samples throughout the Carson River
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Basin (Thomas and others, in press)] and lead-210 
[0.45 to 12 pCi/L in 7 samples in the Carson Desert 
(Thomas and others, 1993)] also contribute beta activ­ 
ity to the ground water.

Radon-222 is a product of the decay of radium- 
226 in the aquifer material, rather than dissolved 
radium-226. Maximum radium-226 concentration for 
55 samples in the entire Carson River Basin was only 
2.1 pCi/L (Thomas and others, 1993), whereas radon- 
222 ranged from 150 to 1,800 pCi/L in the study area.

For a more detailed discussion of processes 
affecting the concentration of radionuclides in the 
Carson River Basin, see Thomas and others (1993).

Synthetic Organic Compounds

Ground-water samples from the study area were 
analyzed for 61 synthetic organic compounds. These 
compounds represent four classes of organic com­ 
pounds: (1) carbamate insecticides (for example, car- 
bofuran), (2) triazine herbicides (for example, 
atrazine), (3) chlorophenoxy acid herbicides (for exam­ 
ple, 2,4-D), and (4) volatile organics (for example, ben­ 
zene). Only 3 of these 61 compounds were detected in 
ground-water samples collected during the study 
period (table 8) and none exceeded Nevada State drink­ 
ing-water standards. Samples from sites 5 and 9 (fig. 2) 
contained tetrachloroethylene (PCE) at concentrations

100

O SHALLOW AQUIFER 

D PRINCIPAL AQUIFER

1 10 

URANIUM, IN PICOCURIES PER LITER

EXPLANATION

DATA POINT Bars represent analytical 
uncertainties

AR ACTIVITY RATIO OF URANIUM-234/ 
URANIUM-238

Figure 25. Relation between uranium concentration and gross-alpha activity in 
ground-water samples from Dayton, Stagecoach, and Churchill Valleys.
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of 0.5 and 0.2 ^ig/L, respectively; the sample from site 
5 also contained 1,1,1-trichloroethane (TCA) at a con­ 
centration of 0.3 |LLg/L. A sample from site 11 (fig. 2A) 
contained the chlorophenoxy acid herbicide dicamba at 
the reporting limit of 0.01 |LLg/L; a subsequent sample 
contained no dicamba.

Wells at sites 5 and 9 had relatively shallow 
depths to water, 30 ft in an 82-ft deep well and 55 ft in 
a 180-ft deep well, and were in areas near some indus­ 
trial and commercial activity, so PCE and TCA could 
be present in the aquifer near the well. PCE and TCA 
are among the most commonly measured organic con­ 
taminants in ground water (Plumb, 1991). PCE is a

general-purpose degreasing agent used to clean auto­ 
mobile engines, septic tanks, cooking grease in 
kitchens, and in dry cleaning. TCA is also used as a 
degreasing agent, and is commonly used as a solvent 
in many industrial processes and household products. 
The well at site 11 is shallow (17.5 ft deep) and is in a 
field that is flood irrigated for growing alfalfa and 
winter wheat. The well is 30 ft from a large irrigation 
ditch where dicamba could have been used for weed 
control. Dicamba is a post-emergent herbicide 
used to control broadleaf weeds for noncrop 
and grain-crop applications.
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Figure 26. Relation between potassium concentration and gross-beta activity in 
ground-water samples from Dayton, Stagecoach, and Churchill Valleys. The potas- 
sium-40 activity line is the amount of beta activity estimated to be produced by 
potassium-40 dissolved in the water and was calculated by multiplying the potas­ 
sium concentration by 0.818 (assuming a natural abundance of 0.0117 percent 
and a half life of 1.28 x 109 years; Friedlander and others, 1981, p. 612).
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Figure 27. Relation between uranium concentration and gross-beta activity cor­ 
rected for the contribution of potassium-40 (beta activity contributed by potas- 
sium-40 is subtracted from the gross-beta activity) in ground-water samples from 
Dayton, Stagecoach, and Churchill Valleys.

The synthetic organic compounds detected in the 
study may not represent actual ground-water condi­ 
tions in the area because of sample contamination or an 
analytical problem. Sample contamination can be 
caused by (1) sample collection and handling, where 
the sample comes in contact with organic compounds 
on sampling equipment, or the sample is near organic 
compounds in storage or in areas where the compound 
is used; and (2) well-construction practices that are 
incompatible with the sampling of organic compounds, 
such as the use of organic-based drilling fluids, the use 
of unclean poly vinyl chloride (PVC) well casing, or the 
use of PVC cement to connect sections of PVC pipe.

Vinyl chloride may contaminate samples from wells 
where PVC cement was used because vinyl chloride is 
a major ingredient in PVC cement. Phthalate esters are 
used in the manufacture of PVC pipe and remain on the 
pipe until it is cleaned with detergent. The presence of 
as little as 2.3 mg/L of dissolved organic carbon, 
mainly from natural organic compounds (humic and 
fulvic acids), can result in the incorrect identification of 
dicamba because of the analytical ambiguity caused by 
the presence of natural organic acids.

In order to distinguish sample contamination 
from ground-water contamination, quality-control 
measures were incorporated in the sampling protocols.
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Table 8. Summary of synthetic compounds measured in ground-water samples from the study area

[Abbreviations: NA, not available because edited values comprise 80 percent of more of the total analyses, thus invalidating log-normal maximum 
likelihood procedures. MCL, primary maximum contaminant level; jtg/L, micrograms per liter; --, not determined]

Constituent

1,1,1 -Trichloroethane
(TCA)

Tetrachloroethylene
(PCE)

Dicamba

Number 
of

samples

31

31

6

Drinking-
water

Laboratory standard 
reporting (lig/L)

(ng/L)
MCL

0.2 200

.2

.01

Number of
samples exceeding

Reporting Mr,
limit

1 0

2

1

Concentration
(ng/L)

Minimum Maximum

<0.3 0.3

<.2 .5

<.01 .01

Median

NA

NA

NA

These measures included using equipment blanks 
(blanks are water containing no detectable organic 
compounds) to identify organic compounds added to 
the sample by sampling equipment, trip blanks (blanks 
shipped with the ground-water samples to the labora­ 
tory) to account for organic compounds entering sam­ 
ples by airborne routes, and "spiked" samples (known 
amounts of an organic compound are added to a sample 
to identify loss by volatilization or degradation of the 
compounds after sample collection). Results of qual­ 
ity-control measures show that the synthetic organic 
data are accurate. A discussion of the quality-control 
data is given by Whitney (1994).

The source of the identified organic compounds is 
unknown, but some industrial and commercial activi­ 
ties in the study area probably use PCE and TCA. 
Dicamba may be used for weed control in the study 
area. Ground-water contaminated by synthetic organic 
compounds should have a young component because 
most of these compounds have been developed since 
World War II. Tritium was detected in samples from 
two of the three sites, indicating a young age. A sample 
at site 9 contained 27 pCi/L of tritium (and 109 percent 
modern carbon), indicating that this sample contained 
recently recharged ground water. Thus, water in the 
aquifer near this site may have been contaminated by 
PCE. A sample at site 5 contained less than 0.3 pCi/L 
of tritium, indicating that the water in this well was 
recharged more than 57 years ago. Thus, the PCE and

TCA measured in this sample may be from sample con­ 
tamination and may not be present in the aquifer in this 
area. Tritium was not measured at site 11.

SUMMARY AND CONCLUSIONS

This report describes the quality of surface and 
ground waters and the processes that produce the 
chemical and isotopic compositions of ground water 
in aquifers of the Carson River Basin pilot NAWQA 
project study area. The description of water quality 
includes major and minor inorganic constituents, 
radionuclides, and manmade organic compounds. A 
detailed discussion of physical and geochemical pro­ 
cesses that produce the ground-water chemistry in 
aquifers in the study area is also given.

Dayton, Stagecoach, and Churchill Valleys are in 
the central part of the Carson River Basin. The valleys 
consist of basins filled with unconsolidated deposits 
bordered by mountain ranges. The mountains are pri­ 
marily volcanic rock. Water use in all three valleys 
in 1990 was about 12,000 acre-ft of ground water and 
about 22,000 acre-ft of surface water. Average annual 
flow of the Carson River into the study area is esti­ 
mated to be 272,000 acre-ft.

Most ground water used in Dayton, Stagecoach, 
and Churchill Valleys is pumped from principal aqui­ 
fers in basin-fill deposits. The deposits are unconsoli­ 
dated and semiconsolidated alluvial, fluvial, and 
lacustrine material in extensional basins that reach a
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maximum depth of approximately 3,000 ft. Ground 
water in the principal aquifers originates as precipita­ 
tion in the adjacent mountains, as surface water in the 
Carson River, and as subsurface flow from adjacent 
valleys. Ground-water flow in the study area is gener­ 
ally parallel to the direction of surface-water flow in the 
Carson River. Ground water is discharged by pumping, 
evapotranspiration, and subsurface flow into the 
Carson River.

Ground water in some wells near the Carson 
River is a mixture of water recharged from the river and 
the adjacent principal aquifer. The mixing of surface 
and ground waters is indicated by the water chemistry; 
the stable isotopes deuterium, carbon-13, and sulfur- 
34; and the radioactive isotopes tritium and carbon-14.

In general, the quality of ground water in the 
study area meets Nevada State drinking-water stan­ 
dards and is acceptable for most uses. The chemical 
composition of ground water is variable, with the most 
dominant type being mixed cations and bicarbonate for 
about half of the ground water sampled. Dissolved- 
solids concentrations range from 200 to 1,700 mg/L, 
and have a median of 380 mg/L. The chemical com­ 
position of the Carson River is a mixed cation-anion 
water and is independent of streamflow. Low flows 
(less than or equal to 33.5 ft /s, 25th percentile) con­ 
tained the highest constituent concentrations and high 
flows (equal to or greater than, 461 ft3/s, 75th 
percentile) contained the most dilute 
constituent concentrations.

Geochemical models, do not provide unique solu­ 
tions, but they indicate that (1) plagioclase feldspar, 
sodium chloride, gypsum (or pyrite), potassium feld­ 
spar, and biotite dissolve; (2) calcite precipitates; 
(3) kaolinite forms; (4) small amounts of calcium and 
magnesium in the water exchange for potassium on 
aquifer matrix minerals; and (5) CC>2 gas dissolves, or 
exsolves, as ground water moves from upland aquifers 
in mountainous recharge areas to principal aquifers 
in basin-fill deposits. Additionally, models for Dayton 
Valley include the formation of sodium beidellite and 
the exchange of calcium in the water for sodium on 
clays. Models for Stagecoach and Churchill Valley 
also include precipitation of silica. Models were 
consistent with (1) phases identified in basin-fill sedi­ 
ments of Dayton, Stagecoach, and Churchill Valleys;
(2) chemical activity of major cations and silica;
(3) saturation indices of calcite and amorphous silica;
(4) phase relations for aluminosilicate minerals indi­ 
cated by activity diagrams; and (5) optical, X-ray

diffraction, and scanning-electron microscopy obser­ 
vations of mineral grains in the aquifer sediments. 
Sulfur-isotopic composition of ground-water samples 
also support the general geochemical models for the 
study area.

Carbon-isotopic data were used to estimate ages 
of the ground water. Estimated age ranges from mod­ 
ern to 24,000 years using the closed-system model of 
Ingerson and Pearson (1964). Samples that were a 
mixture of Carson River and ground water are all 
estimated to be modern in age.

In ground-water samples collected during the 
study, 25 minor constituents were measured. Only 
one sample contained a constituent (selenium) that 
exceeded Nevada's primary drinking-water standards. 
Nevada's secondary-drinking water standards were 
exceeded in 1 sample for fluoride, 7 samples for iron, 
and 19 samples for manganese. Minor constituents and 
nutrient concentrations varied widely throughout the 
study area. Minor constituents concentrations are gen­ 
erally controlled by local redox conditions, and origi­ 
nate primarily from minerals in volcanic and marine 
sedimentary rocks, metal-oxide coatings on mineral 
grains, and organic matter. Nutrients are probably 
from organic matter buried in the sediments.

Radionuclide analyses for this study included 
gross-alpha activity, gross-beta activity, radon-222, 
uranium, radium-226, and radium-228. None of the 
24 samples that had both alpha and uranium analyses 
exceeded the proposed adjusted gross-alpha MCL of 
15 pCi/L. Of 35 samples analyzed for radon-222, 
27 exceeded the proposed MCL of 300 pCi/L. Of 
26 samples analyzed for uranium, 3 exceeded the pro­ 
posed MCL of 20 H-g/L. None of the three radium-226 
analyses or the radium-228 analysis exceeded the pro­ 
posed MCL of 20 pCi/L. Gross-alpha and gross-beta 
activities ranged from 0.27 to 21 and 3.0 to 21 pCi/L, 
with median activities of 1.8 and 7.25 pCi/L, respec­ 
tively. Gross-alpha activity was primarily from ura­ 
nium dissolved in the water. The most likely sources of 
dissolved uranium are the dissolution of uranium-rich 
metal-oxide coatings, desorption from coatings and 
organic matter, and oxidation of uraniferous organic 
matter. Radon-222 ranged from 150 to 1,800 pCi/L, 
had a median concentration of 580 pCi/L, and was 
produced by the decay of radium-226 in solid phases 
in the aquifer. Gross-beta activity was primarily from 
the decay of potassium-40 dissolved in the ground 
water and the ingrowth of uranium-238 progeny in the
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sample before analysis. The most likely source of 
potassium-40 is the dissolution of potassium feldspar 
and biotite.

Ground-water samples from Dayton, Stagecoach, 
and Churchill Valleys were analyzed for 61 synthetic 
organic compounds. Only 3 compounds PCE, TCA, 
and dicamba were detected and none of these 
exceeded Nevada's drinking-water standards. The PCE 
and TCA are degreasing agents and could be from 
industrial and commercial activities in the study area. 
Dicamba is a broad-leaf herbicide and may be used for 
weed control in the study area.
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Appendix. Summary statistics for the ground-water quality of Dayton, Stagecoach, and Churchill Valleys, Nevada

[Abbreviations and symbols: mg/L, milligrams per liter; |ig/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius; 
mV, millivolts; °C, degrees Celsius; --, not determined; <, less than; pCi/L, picocuries per liter; PMC, percent modern carbon; Sr-90/Y-90, 
strontium-90/yttrium-90. Isotope standards: Deuterium and oxygen relative to Vienna Standard Mean Ocean Water; carbon-13 relative to Pee-Dee 
Belemnite; sulfur relative to Canyon Diablo meteorite. Uranium in pCi/L is calculated from the corresponding uranium values in (J-g/L by assuming 
that the activity ratio of U-234 to U-238 is 1]

Upland aquifers

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent
or

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Specific 
conductance 

(^S/cm)

7
360
460
600

Suifate, 
dissolved 

(mg/L)

7
29
54

160

Cadmium,
dissolved

(ug/L)

5
<1
<1
<1

Ammonia, 
dissolved 

(mg/L as N)

1
.02
.02
.02

Radium-226, 
dissolved 

(pCI/L)

2
.04
.04
.05

PH 
(standard 

units)

7
6.6
7.3
7.7

Chloride, 
dissolved 

(mg/L)

7
3.6
8.1

11

Chromium,
dissolved

(ug/L)

1
<5
<5
<5

Ortho- 
phosphate, 
dissolved 

(mg/L as P)

1
.02
.02
.02

Radium- 
228, 

dissolved 
(PCI/L)

0
-
-
-

Temperature, 
water (°C)

7
13
15
18

Fluorlde, 
dissolved 

(mg/L)

5
.1
.2
.2

Iron,
dissolved

(ug/L)

5
<10
<10
300

Selenium, 
dissolved 

(ug/L)

1
<1
<1
<1

Uranium, 
dissolved 

(ug/L)

2
1.2

100
210

Oxygen, 
dissolved 

(mg/L)

0
-
-
--

Silica, 
dissolved 
(mg/L as 

SI02)

7
18
85

130

Lead,
dissolved

(ug/L)

5
<10
<10

20

Sliver, 
dissolved 

(ug/L)

1
<1
<1
<1

Uranium, 
dissolved 

(pCI/L)

2
.81

70
140

Calcium, 
dissolved 

(mg/L)

7
31
38
81

Dissolved
solids, 
sum of 

constitu­ 
ents,

(mg/L)

7
280
340
410

Lithium,
dissolved

(ug/L)

5
13
16
26

Carbon 
13/12 
(ratio 

permll)

0
-
 
~

Gross
alpha, 

dissolved 
(pCI/L 
asU)

1
.27
.27
.27

Magnesium, 
dissolved 

(mg/L)

7
13
15
20

Carbon, 
organic 

dissolved 
(mg/L as C)

1
.5
.5
.5

Manganese,
dissolved

(ug/L)

5
1
4

160

Carbon-14 
(PMC)

0
-
 
~

Gross beta, 
dissolved 
(pCI/L as 

Sr-90/Y-90)

1
4
4
4

Sodium, 
dissolved 

(mg/L)

7
16
27
36

Arsenic 
dissolved 

(ug/L)

1
14
14
14

Mercury,
dissolved

(ug/L)

5
<.l

.1

.2

Sulfur 
34/32 
(ratio 

permll)

0
-
 
-

Potassium, 
dissolved 

(mg/L)

7
1.5
4

10

Barium, 
dissolved 

(ug/L)

5
11
32
92

Nitrate,
dissolved

(mg/L as N)

1
<.l
<.l
<.l

Tritium 
(PCI/L)

1
1.3
1.3
1.3

Bicarbonate, 
dissolved 

(mg/L)

7
180
190
320

Boron, 
dissolved 

(ug/L)

1
40
40
40

Nitrite,
dissolved

(mg/L as N)

1
<01
<.01
<.01

Radon-222, 
dissolved 

(PCI/L)

3
170
250
970
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Appendix. Summary statistics for the ground-water quality of Dayton, Stagecoach, and Churchill Valleys, Nevada Continued

Shallow aquifers

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent
or

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
Median
Maximum

Specific 
conductance 

(uS/cm)

5
430
470

1,100

Sulfate, 
dissolved 

(mg/L)

3
81
82

320

Cadmium,
dissolved

(ug/g

3
<1
<1

1

Ammonia, 
dissolved 

(mg/L as N)

3
.03
.04
.21

Radium-226, 
dissolved 

(pCi/L)

0
-
 
-

pH 
(standard 

units)

5
6.8
6.8
7.0

Chloride, 
dissolved 

(mg/L)

3
12
14
39

Chromium,
dissolved

(ug/g

3
<5
<5
<5

Ortho- 
phosphate, 
dissolved 

(mg/L as P)

3
.03
.16
.30

Radium- 
228, 

dissolved 
(pCi/L)

0
-
 
--

Temperature, 
water (°C)

5
14
16
17

Fluoride, 
dissolved 

(mg/L)

3
.3
.5

1.1

Iron,
dissolved

(ug/L)

5
<.5

310
370

Selenium, 
dissolved

3
<1
<1
<l

Uranium, 
dissolved

3
.7

1.1
28

Oxygen, 
dissolved 

(mg/L)

3
<1
<1
<!

Silica, 
dissolved 
(mg/L as 

Si02)

3
30
30
38

Lead,
dissolved

(ug/L)

3
<10
<10
<10

Silver, 
dissolved

3
<1
<1
<!

Uranium, 
dissolved 

(pCI/L)

3
.47
.75

19

Calcium, 
dissolved 

(mg/L)

3
30
55

100

Dissolved
solids, 
sum of 

constitu­ 
ents,

(mg/L)

3
290
300
780

Lithium,
dissolved

(MM

3
9

31
45

Carbon 
13/12 
(ratio 

permil)

0
 
 
--

Gross
alpha, 

dissolved 
(pCi/L 
asU)

4
.95

1.5
16

Magnesium, 
dissolved 

(mg/L)

3
6.2
8.4

32

Carbon, 
organic 

dissolved 
(mg/L as C)

3
2.3
2.4
2.8

Manganese,
dissolved

(ug/g

3
36

1,900
2,300

Carbon-14 
(PMC)

0
-
 
-

Gross beta, 
dissolved 
(pCi/L as 

Sr-90/Y-90)

4
3
4.3

20

Sodium, 
dissolved 

(mg/L)

3
34
55

110

Arsenic 
dissolved

4
3

16
25

Mercury,
dissolved

(ug/L)

3
<.l
<.l
<.l

Sulfur 
34/32 
(ratio 

permil)

0
 
~
--

Potassium, 
dissolved 

(mg/L)

3
2.7
3.8
6.1

Barium, 
dissolved

3
35
48
51

Nitrate,
dissolved

(mg/L as N)

3
<.l
<.l
<.l

Tritium 
(pCi/L)

0
-
 
--

Bicarbonate, 
dissolved 

(mg/L)

5
140
150
300

Boron, 
dissolved

3
210
220
500

Nitrite,
dissolved

(mg/L as N)

3
<.01
<.01
<.01

Radon-222, 
dissolved 

(pCi/L)

3
310
340
480
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Appendix. Summary statistics for the ground-water quality of Dayton, Stagecoach, and Churchill Valleys, Nevada Continued

Principal aquifers

Constituent 
or 

parameter

Number of
samples
Minimum
25th percentile
Median
75th percentile
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
25th percentile
Median
75th percentile
Maximum

Constituent
or

parameter

Number of
samples
Minimum
25th percentile
Median
75th percentile
Maximum

Constituent 
or 

parameter

Number of
samples
Minimum
25th percentile
Median
75th percentile
Maximum

Constituent
or 

parameter

Number of
samples
Minimum
25th percentile
Median
75th percentile
Maximum

Specific 
conductance 

(US/cm)

49
270
440
570
850

2,400

Sulfate, 
dissolved 

(mg/L)

48
25
56
98

210
1,100

Cadmium,
dissolved

(H9/L)

48
<1
<1
<1
<1

1

Ammonia, 
dissolved 

(mg/L as N)

29
<.01
<.01
<.01
<.01

.02

Radium-226,
dissolved 

(PCi/L)

1
.1

-
.1

-
.1

pH 
(standard 

units)

49
7.0
7.4
7.6
7.8
8.3

Chloride, 
dissolved 

(mg/L)

48
6.5

11
15
26

170

Chromium,
dissolved

(H9/L)

29
<5
<5
<5
<5

<15

Ortho- 
phosphate, 
dissolved 

(mg/L as P)

29
<.01
<.01

.02

.05
1.6

Radium-

dissolved 
(pCi/L)

1
1
-
1
 

1

Temperature, 
water (°C)

48
12
16
17
19
24

Fluoride, 
dissolved 

(mg/L)

48
<.l

.2

.2

.3
2.9

Iron,
dissolved

(H9/L)

49
<10
<10

19
76

3,900

Selenium, 
dissolved 

(H9/L)

29
<1
<1
<1

1.5
12

Uranium,
dissolved

21
<.4
1.5
2.2
5.9

23

Oxygen, 
dissolved 

(mg/L)

29
<1
<1

4.4
6.2

7.3

Silica, 
dissolved 
(mg/L as 

Si02)

48
24
48
60
80

140

Lead,
dissolved

(H9/L)

48
<10
<10
<10

10
20

Silver, 
dissolved

28
<1
<1
<1
<1

2

Uranium,
dissolved 

(PCI/L)

21
<.27
1
1.5
4

16

Calcium, 
dissolved 

(mg/L)

48
18
34
50
79

400

Dissolved
solids, 
sum of 

constitu­ 
ents,

(mg/L)

48
200
330
400
550

1,700

Lithium,
dissolved

(H9/L)

48
5

12
18
27

420

Carbon 
13/12 
(ratio 

permil)

22
-15.1
-13.0
-11.6
-10.2
-8.0

Gross
alpha,

dissolved 
(pCi/L 
asU)

29
.27

1.2
1.8
4.3

21

Magnesium, 
dissolved 

(mg/L)

48
.16

16
24
63

Carbon, 
organic 

dissolved 
(mg/L as C)

29
.2
.3
.4
.65

2.1

Manganese,
dissolved

(H9/L)

48
<3
<3

3.5
76

2,800

Carbon-14 
(PMC)

18
3.3

27.9
52.3
91.5

109.2

Gross
beta,

dissolved 
(pCi/L as 

Sr-90/Y-90)

29
3.5
5.3
7.6
9.6

21

Sodium, 
dissolved 

(mg/L)

48
14
31
41
60

440

Arsenic 
dissolved

29
<1

2.5
7

13
110

Mercury,
dissolved

(H9/L)

48
<.l
<.l
<.l
<.l

.6

Sulfur 
34/32 
(ratio 

permil)

19
-15.9

-.2
5.5

11.0
15.2

Potassium, 
dissolved 

(mg/L)

48
1.9
4.3
5.7
7.8

17

Barium, 
dissolved

48
10
30
51
70

140

Nitrate,
dissolved

(mg/L as N)

29
<.l
<.l
1.1
2.4
5.6

Tritium 
(PCI/L)

20
<.3
<.3
<.3
3.4

93

Bicarbonate, 
dissolved 

(mg/L)

49
71

140
160
200
350

Boron, 
dissolved

29
30
70

150
270

3,200

Nitrite,
dissolved

(mg/L as N)

29
<.01
<.01
<.01
<,01

.02

Radon-222, 
dissolved 

(PCI/L)

28
150
370
660
880

1,800
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