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FOREWORD 

The ffilSSIOn of the U S Geological Survey 
(USGS) 1s to assess the quantity and quahty of the 
earth resources of the Nation and to provtde mforma
tion that will asstst resource managers and pohcymak
ers at Federal, State, and local levels m making sound 
dectswns Assessment of water-quahty conditions and 
trends IS an Important part of this overall ffilsswn 

One of the greatest challenges faced by water
resources scientists IS acquumg rehable mformat10n 
that wtll gmde the use and protectiOn of the N atlon' s 
water resources That challenge IS bemg addressed by 
Federal, State, mterstate, and local water-resource 
agencies and by many acadeffilc mstltutwns These 
organizatiOns are collecting water-quahty data for a 
host of purposes that tnclude compliance wtth pefffilts 
and water-supply standards, development of remedia
tion plans for specific contaffilnatwn problems, opera
tional dectswns on mdustnal, wastewater, or water
supply facthties, and research on factors that affect 
water quahty An addttlonal need for water-quahty 
mformatwn ts to provtde a basts on whtch regiOnal
and natiOnal-level pohcy dec1s10ns can be based Wtse 
dectstons must be based on sound mformatwn As a 
soctety we need to know whether certam types of 
water-quahty problems are tsolated or ubtqmtous, 
whether there are stgmficant dtfferences tn condttlons 
among regwns, whether the condttions are changmg 
over tlme, and why these conditiOns change from 
place to place and over tlme The mformat10n can be 
used to help deternnne the efficacy of existing water
quahty pohctes and to help analysts deterffilne the 
need for and hkely consequences of new pohctes 

To address these needs, the US Congress appropn
ated funds m 1986 for the USGS to begm a ptlot pro
gram m seven proJect areas to develop and refine the 
NatiOnal Water-Quahty Assessment (NAWQA) Pro
gram In 1991, the USGS began fulltmplementatwn of 
the program The NAWQA Program bmlds upon an 
extshng base of water-quahty studtes of the USGS, as 
well as those of other Federal, State, and local agenctes 
The obJectives of the NAWQA Program are to: 

• Descnbe current water-quahty condttlons 
for a large part of the Nation's freshwater 
streams, nvers, and aqmfers 

• Descnbe how water quahty 1s changmg 
over time 

• Improve understandmg of the pnmary 
natural and human factors that affect 
water-quahty condttlons 

This mformatwn wtll help support the development 
and evaluatiOn of management, regulatory, and mom
tonng dec1s10ns by other Federal, State, and local 
agenctes to protect, use, and enhance water resources 

The goals of the NAWQA Program are bemg 
achieved through ongomg and proposed Investigations 
of 60 of the N atwn' s most Important n ver basms and 
aqmfer systems, whtch are referred to as study umts 
These study umts are dtstnbuted throughout the 
Nation and cover a dtverstty of hydrogeologic set
tings More than two-thtrds of the Natwn's freshwater 
use occurs wtthin the 60 study umts and more than 
two-thtrds of the people served by pubhc water-supply 
systems hve wtthm the1r boundartes 

Natwnal synthesis of data analysts, based on 
aggregatiOn of comparable mformatwn obtamed from 
the study umts, 1s a maJor component of the program 
Thts effort focuses on selected water-quahty toptcs 
usmg natiOnally conststent mformatwn Comparative 
studtes wtll explam dtfferences and Stffillanttes m 
ob~erved water-quahty conditions among study areas 
and wllltdentify changes and trends and thetr causes 
The first toptcs addressed by the national synthesis are 
pestlctdes, nutnents, volatile orgamc compounds, and 
aquatic bwlogy Dtscusstons on these and other water
quality toptcs wtll be pubhshed tn penodtc summartes 
of the quahty of the Nation's ground and surface water 
as the mformatwn becomes available 

Thts report ts an element of the comprehensiVe 
body ofmformatwn developed as part of the NAWQA 
Program The program depends heavtly on the advice, 
cooperatiOn, and mformat10n from many Federal, 
State, Interstate, Tnbal, and local agenctes and the 
pubhc The assistance and suggestwns of all are 
greatly apprectated 

Robert M Husch 
Chief Hydrologtst 
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Ground-Water Quality Assessment of the 
Carson River Basin, Nevada and California
Results of Investigations, 1987-91 

By Alan H Welch, Stephen J. Lawrence, M1chael S L1co, James M Thomas, 
and Donald H Schaefer 

Abstract 

The Carson River Basin IS an area of dramatic 
contrasts The Carson River drains pnstine wilder
ness of the forested SierraN evada, which provides 
much of the basin's water The chermcal composi
tion of the Carson River changes from that of a 
fresh, untamed white-water nver In the Headwa
ters Area to that of stagnant sahne sloughs and 
alkah lakes In the Carson Desert The ground
water quahty, particularly In shallow aquifers, 
broadly mirrors the chermcal changes In the 
nver-a maJor source of recharge to basin-fill 
aquifers Contrasts In ground-water quahty within 
the Carson River Basin are evident across the 
basin, among the different aquifers, and, to a lesser 
extent, between shallow ground water beneath 
urban and agnculturalland. 

Using current dnnklng-water standards as 
a measure of overall water quahty, ground-water 
quahty In pnncipal aquifers In the upper basin gen
erally IS good Pnncipal aquifers In the upper basin 
are a maJor source of supply for municipal systems 
that provide water to the communities of Minden, 
Gardnerville, and Carson City Precipitation fall
Ing on the Sierra Nevada, along with recharge 
from the Carson River In areas of heavy ground
water pumping, Is the maJor source of recharge 
to pnncipal aquifers Except for locally high con
centrations of nitrate and presence of synthetic 
organic compounds, water quahty In pnncipal 
aquifers generally results from chemical reactions 
with aquifer matenals Some ground water In and 
adJacent to the Sierra Nevada contains uranium 

concentrations greater than the proposed dnnklng
water standard Radon activities In the Sierra 
Nevada locally exceed 10,000 pCIIL and are high
est In the Carson River Basin 

Shallow aquifers In Carson Valley contain 
higher concentrations of most maJor constituents 
and, compared to water In pnncipal aquifers, more 
commonly contain concentrations of some rmnor 
constituents that exceed dnnklng-water standards 
Manganese exceeds the secondary maximum con
tarmnant level at more than 25 percent of the 
sampled sites Minor constituents that exceed 
dnnklng-water standards at less than 10 percent 
of sampled sites are arsenic, ftuonde, nitrate, and 
Iron Water from shallow aquifers more commonly 
contains concentrations of arsenic, ftuonde, Iron, 
and manganese In excess of the dnnklng-water 
standards than does water from the pnncipal 
aquifers. 

Shallow aquifers beneath the upper basin 
locally contain herbicides, pesticides, and volatile 
organic compounds Beneath the urban part of 
Carson City, prometone, tnchloroethylene, and 
tetrachloroethylene were found at concentrations 
well above the laboratory minimum reporting 
level Tnchloroethylene was found at concentra
tions above the dnnklng-water standard With a 
few exceptions, ground water beneath agncultural 
land In Carson Valley contained, at most, low 
concentrations of synthetic organic compounds 

Pnncipal aquifers beneath the sparsely popu
lated rmddle Carson River Basin are recharged by 
precipitation falhng on the uplands and, locally, by 
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the Carson River Concentrations of maJor constit
uents In water from pnncipal aquifers In the lower 
basin generally are higher than In water from the 
pnncipal aquifers of the upper basin Concentra
tions of dissolved sohds, Iron, manganese, and 
sulfate more commonly exceed dnnklng-water 
standards In pnncipal aquifers of the middle than 
the upper basin 

Carson Desert, at the distal end of the Carson 
River Bas1n, IS a closed basin that loses water only 
by evapotranspiration Analyses of ground water 
Indicate a wide range In concentrations of maJor 
and m1nor Inorganic constituents, with dissolved 
sohds reaching maximum concentrations greater 
than seawater Concentrations of sodium, chlonde, 
bicarbonate, and dissolved sohds generally are 
higher In shallow and pnncipal aquifers of Carson 
Desert than In the upper and middle parts of the 
bas1n More than 10 percent of sampled ground 
water from shallow and pnncipal aquifers con
tains concentrations of arsenic, dissolved sohds, 
and manganese greater than the dnnklng-water 
standards 

Several m1nor constituents reach unusually 
high concentrations In shallow aquifers of Carson 
Desert Notable are arsenic, Iron, manganese, and 
uranium Among these four elements, all except 
uranium reach concentrations greater than 1 mllh
gram per hter Processes leading to the high 
concentrations Include evapotranspuation and 
reactions of sedimentary organic matter with 
metal oxides Locally, these reactions appear to 
be an Indirect result of a nse In the water table In 
response to apphcation of ungation water for agn
cultural activities 

INTRODUCTION 

Background 

This report summarizes results of one of seven 
pilot NAWQA proJects selected to represent diverse 
hydrologic environments and water-quality conditiOns 
The seven pllot proJects Include three concerned with 
ground water and four concerned with surface water 
Ground-water proJect areas are the Carson RIVer 
Basin In Nevada and California, the Central Oklahoma 

aqmfer m Oklahoma, and the Delmarva Pemnsula 
In Delaware, Maryland, and VIrgima Surface-water 
proJect areas are the Yalama River Basin m Washmg
ton, the lower Kansas River Basm In Kansas and 
Nebraska, the upper Illin01s RIVer Basm m Illin01s, 
Indiana, and Wisconsm, and the Kentucky River Basm 
m Kentucky 

The Carson River Basin pllot proJect Included 
several studies, some of which were discussed In 
reports on three subareas of the basm, and topics of 
special Interest Reports descnbmg the geochermstry 
and water-quality charactenstlcs of ground water are 
avallable for Carson and Eagle Valleys (Welch, 1994, 
Thodal, 1989), Dayton and Churchill Valleys (Thomas 
and Lawrence, 1994 ), and Carson Desert (Lico and 
Seiler, 1994) Data assembled dunng the proJect are 
reported by Whitney ( 1994) Topics of special mterest 
Include the effects of urbamzatwn on water quality 
(Lawrence, 1996), radwnuclides In ground water 
(Thomas and others, 1990, 1993, Welch and others, 
1990), minor morgamc constituents (A H Welch and 
M S Lico, U S Geological Survey, wntten commun , 
1995), the chermstry of shallow sediments (Tidball and 
others, 1991), and fluorocarbon compounds as mdica
tors of ground-water age (Sertic, 1992) These reports 
complement and update geochermcal and hydrologic 
data avmlable through 1987, as summarized by 
Welch and others (1989) This report summanzes 
the mterpretatwns given m the reports cited above 

Purpose and Scope 

The pnmary purpose of this report IS to descnbe 
the chermcal quality of ground water m the Carson 
River Basin, with an emphasis on ground water m aqm
fers used for mumcipal and domestic water supply 
Included are discussiOns of the general water-quality 
charactenstlcs and the physical and chermcal processes 
producmg the observed quality The hydrology of the 
area IS discussed because water quality IS affected by 
processes occumng as water flows through the basin 

Unlike most of the earlier reports listed above, 
this report Includes comparisons of water-quality char
actenstlcs throughout the basm EvaluatiOn of Isotope 
data complements hydrologic analyses based on 
geologic, hydrologic, and geophysicalinformatwn 
Data collected dunng 1987-90 (Whitney, 1994) as 
part of the Carson River Basin NAWQA proJect are 
the pnncipal basis for this report The discussiOn of 
ground-water quality Includes statistical descnptwns 
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of the concentratiOns of major and rmnor morgamc 
constituents, radwnuchdes, and synthetic orgamc com
pounds For more m-depth explanatwns of the pro
cesses responsible for the observed water quahty, 
sectwns descnbmg processes that affect constituent 
concentratiOns, a descnptwn of the rmneralogtc 
composition of the sedtments, and a dtscusston of 
the pnnctples of tsotope hydrology are mcluded 

Location System for Wells 

Locations of ground-water samplmg sttes are 
tdentified usmg a "stte tdentificatwn" expressed m 
terms of local well numbers Local well numbers are 
based on the rectangular subdtvtswn of pubhc lands 
relative to the Mount Dtablo base hne and mendtan A 
complete destgnatwn of a stte conststs of ( 1) the town
ship number north of the base lme, (2) the range east of 
the mendtan, (3) the sectwn number, (4) letters destg
natmg the quarter sectwn, quarter-quarter sectwn, and 
so-on (the letters "A," "B," "C," and "D" mdtcate north
east, northwest, southwest, and southeast quarters, 
respectively), and (5) a number dtstmgmshmg wells m 
the same tract wtthm the sectwn For example, well 
N17 E28 30 DBA 1ts the first recorded m the NE 1/4 
NW 1/4 SE 1/4 of sectwn 30, townshtp 17 north, range 
28 east Townshtp and range numbers are shown along 
the margms of well-locatwn maps 
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DESCRIPTION OF THE STUDY AREA 
By Donald H Schaefer 

location and Physiography 

Located wtthm the western Great Basm and east
em Sierra Nevada, the Carson Rtver Basm encom
passes an area of about 3,980 rm2 The area IS mostly m 
western Nevada, but mcludes a small part m eastern 
Cahfornta (fig 1) The basm IS divided mto six areas 
generally correspondtng to hydrographic areas delm
eated by the Nevada DIVISIOn of Water Resources 
(Rush, 1968) and Cahfomta Department of Water 
Resources for management and allocatwn of water 
resources In downstream order through the bastn, 

the areas consist of the mountamous Headwaters Area, 
Carson Valley, Eagle Valley, Dayton Valley, Churchill 
Valley, and Carson Desert Dayton Valley mcludes 
two subbasms known as Carson Platns and Stagecoach 
Valley Water quahty IS discussed for upper, rmddle, 
and lower Carson River Basm, correspondmg to the 
Headwaters, Carson Valley and Eagle Valley areas 
(upper basm), the Dayton Valley and Churchill Valley 
areas (rmddle bastn), and the Carson Desert area (lower 
basm) The boundary between the Headwaters and the 
Car son Valley areas ts defined on the basts of surface
water dramage rather than the Nevada-Cahfomta 
boundary used by Rush (1968) for Carson Valley 
An area to the west of the Carson Rtver and east of 
Eagle Valley ts tncluded m the dtscusswn of the upper 
Carson Rtver Basm Thts area, whtch ts formally part 
of the Dayton Valley hydrographic area, recetves flow 
from Eagle Valley and probably contnbutes httle 
ground-water flow to Dayton Valley 

The Headwaters Area IS composed of dramage 
basms of the East and West Forks of the Carson Rtver 
and contams no areally extensive alluvial aqmfers 
Steep local topography wtth mountatn peaks reachtng 
altitudes greater than 10,000 ft above sea level form 
thts scemcally spectacular area 

Valley floors of the Carson Rtver Bastn generally 
are level and surrounded by htgh mountams Altitudes 
of valley floors range from nearly 5,000 ft m Carson 
Valley to about 3,800 ft m Carson Desert Altttudes of 
adjacent mountams range from 6,000 to 8,700 ft along 
divides tn the rmddle and lower basm and from 9,000 
to 11,000 ft m the upper basm 

Major hydrographic features of the Carson River 
Bastn (fig 1) mclude the East and West Forks of the 
Carson River m the Headwaters Area and southwestern 
Carson Valley, the mam stem of the Carson Rtver, 
Lahontan Reservmr on the lower Carson River, and 
the Truckee Canal, which transports water from the 
Truckee Rtver to Lahontan Reservou Other features 
tnclude dtstnbutary channels, marshes, shallow mter
mtttent lakes, and salt flats m Carson Desert, as well 
as the Carson Smk and Carson Lake, the terrmnal smks 
of the Carson River Many small tnbutary streams 
enter the Carson RIVer from adjacent mountams Some 
of these streams are perenmal m valleys as far down
stream as Eagle Valley, but wtth few exceptiOns are 
ephemeral to the east Most of the flow m the Carson 
Rtver and 1ts perenntal tnbutartes comes from spnng
time meltmg of snow Some reaches of the nver are dry 
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dunng extended penods of drought Carson Valley 
and Carson Desert have extensive networks of ditches, 
drams, and sloughs 

Climate 

Climate of the Carson River Basm IS dominated 
by the S1erra Nevada, wh1ch receives as much as 25-
50 m/yr of precipitatiOn at higher altitudes (Tw1ss and 
others, 1971, p 3) The regiOn to the east, however, 1s 
distinctly dner because much of the mmsture earned 
by winter storms from the Pacific Ocean falls as snow 
or ra1n 1n the S1erra Nevada Th1s eastern regiOn, 
1ncludmg most of the Carson R1ver Basm, lies m the 
ram shadow of the S1erra Nevada (Houghton and oth
ers, 1975, p 6) Climatic zones m the Carson R1ver 
Basm vary from alp1ne m the Headwaters Area and the 
Carson Range of the S1erra Nevada m Carson Valley to 
ar1d m Carson Desert 

PrecipitatiOn m the Carson R1ver Bas1n falls as 
wmter snow at h1gh altitudes, as winter snow and ram 
at lower altitudes, and as summer thundershowers 
throughout the area Uplands, mcludmg much of the 
Headwaters Area, can receive 25 m/yr or more m an 
average year Valley floors and other low areas receive 
3 to 11 m/yr (N at10nal Climatic Center, 1986, p 3) The 
effect of the S1erra Nevada ra1n shadow 1s apparent 
when companng long-term precipitatiOn totals at V1r
g1ma C1ty to those at Glenbrook (along the east shore 
of Lake Tahoe), Markleeville, and Woodfords (Glancy 
and Katzer, 1976, p 18) The altitude at the Vugm1a 
C1ty statiOn 1s nearly the same as at the Glenbrook sta
tiOn and IS higher than the Markleeville and Woodfords 
stations In sp1te of th1s, the Vugm1a C1ty statiOn, about 
30 ffil east of the S1erra coast, receives from 11 to 13 
m/yr less precipitatiOn than any of the other three 
stations m the headwaters 

Land and Water Use 

Agnculture and m1mng are h1stoncally the maJor 
land uses m the Carson River Basm Declme of mmmg 
m the basm m the 1880's was followed by an mcrease 
m 1rr1gated acreage m Carson Desert due to the 
Newlands ProJect 

In the upstream part of the study area, barren land 
1s pnmanly exposed bedrock, whereas m the down
stream part of the basm, barren land 1s pnmanly dry 
salt flats and other sandy areas Nearly 10,000 acres 
of land along the crest of the S1erra Nevada m the 

Headwaters Area and Carson Valley are classified as 
tundra The Headwaters Area remams largely undevel
oped and sparsely populated More than 70 percent of 
the area 1s forested land 

Carson Valley has been a maJor agncultural area 
1n Nevada smce the 1850's and contamed about 47,000 
1mgated acres m 1985 (Douglas K Maurer, U S Geo
logical Survey, oral commun , 1986) The urban area m 
Carson Valley, pnmanly m Mmden and Gardnerville, 
has mcreased considerably smce the 1973-80 Inventory 
shown m table 1 Eagle Valley, wh1ch contains Carson 
C1ty, 1s largely urban and has only a small amount of 
agnculturalland (about 1,000 acres m 1973) 

Dayton and Churchill Valleys, wh1ch have the 
smallest populatiOns of the hydrographic areas 1n the 
Nevada part of the basm, are pnmarily rangeland The 
valleys mclude agncultural areas along the Carson 
R1ver 

Carson Desert has the largest percentage of bar
ren land because 1t contams the Carson Smk and other 
alkali flats Dunng 1980-87, the estimated 1rr1gated 
acreage m Carson Desert ranged from 61,000 to 67,000 
acres (Bureau of ReclamatiOn, 1987a) Urban land m 
Carson Desert consists of the c1ty of Fallon and the Fal
lon Naval Au StatiOn ConstructiOn of a 31-mi-long 
canal to d1vert Truckee R1ver water to the Carson RIVer 
was completed m 1905 ConstructiOn of Lahontan Dam 
on the Carson R1ver, to store the diverted water and 
water from the Carson R1ver, was completed 1n 1915 
(Katzer, 1971) Smce 1914, 1mgated acreage m the 
Newlands ProJect area, wh1ch mcludes land along the 
Truckee Canal, has ranged from as little as 39,449 acres 
m 1916 to as much as 67,294 acres m 1979 The Fallon 
N at10nal Wildlife Refuge was established 1n 1931 and 
the Stillwater Wildlife Management Area and Stillwa
ter NatiOnal Wildlife Refuge were established m 1948 

Other than changes associated w1th the New lands 
ProJect, land use and populatiOn m the Carson R1ver 
Basin were relatively stable from the 1890's until about 
1950 Urban and suburban development began to 
mcrease dunng the 1950's and has been mcreasmg rap
Idly s1nce the 1960's Mmden, Gardnerville, Carson 
C1ty, and Fallon have grown considerably, as have rural 
populatiOns throughout much of the basm Most of the 
urban and suburban development has been on land pre
viOusly used for agnculture (either 1mgated cropland 
or rangeland) 

Land uses 1n the basm, by acreage and as a per
cent of the total basm, are listed m table 1 Because of 
rap1d urban and suburban growth smce the compilatiOn 
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Table 1 Land use and land cover 1n Carson R1ver Basin, Nevada and California, by hydrographic area, 1973-80 1 

[Upper number IS area, m acres Number m parentheses ts percentage of total acreage for each hydrographic area Land-use areas that constitute more than 
25 percent of a hydrographic area are shown m bold type Due to roundmg, sum of mdtvidual percentages may not be I 00 percent Symbol <, less than] 

Total (rounded) 
HydrographiC area 
(years for wh1ch Urban Agricultural Range Forest Water Wetland Barren Tundra Percent of 

data apply) Acres Carson 
R1ver Bas1n 

Headwaters Area 49 0 62,000 190,000 410 300 2,500 8,800 270,000 11 
(1973-79) (<0 1) (0) (23) (72) (0 2) (0 1) (0 9) (3 3) 

Carson Valley 3,400 47,000 98,000 130,000 470 5,300 1,400 1,600 280,000 11 
(1973-79) (1 2) (16) (34) (45) ( 2) (1 9) ( 5) ( 6) 

Eagle Valley 24,800 1,100 28,000 12,000 0 0 450 0 47,000 2 
(1973) (10) (2 3) (60) (26) (0) (0) (1 0) (0) 

Dayton Valley 950 4,800 150,000 70,000 9 1,600 4,700 0 230,000 9 
(1973) ( 4) (2 0) (65) (30) (<0 1) ( 7) (20) (0) 

Churchill Valley 720 1,700 250,000 21,000 7,500 7,000 28,000 0 320,000 12 
(1973) ( 2) ( 5) (79) (6 7) (2 4) (2 2) (8 8) (0) 

Carson Desert 25,600 79,000 580,000 30,000 23,000 62,000 600,000 0 1,400,000 55 
(1973, 1980) ( 4) (57) (42) (2 1) (1 6) (4 4) (44) (0) 

Carson Rtver Basm 15,000 130,000 1,200,000 450,000 31,000 76,000 640,000 10,000 2,500,000 
totals (rounded) ( 6) (52) (46.1) (17 9) (1 2) (3 0) (25.2) ( 4) 100 

1 Data sources U S Geologtcal Survey, 1979, 1980, 1983 (maps Interpreted from photographs taken dunng 1973-79 for areas south of 39 degrees 
latitude, m 1973 for areas between 39 and 40 degrees latitude, and m 1980 for areas north of 40 degrees latitude) 

2 Carson Desert has less than one-halfthe populatiOn of Eagle Valley, but It has more urban land because Fallon Naval Air StatiOn IS classified as urban 
land 

penod (1973-80), the distnbutwn and percentage of 
urban land are now different, although the numbers In 
the table represent the most current InformatiOn avail
able for the basin as a whole Carson Valley and the 
Carson Desert con tam more than 90 percent of the 
agnculturalland m the basm Forest land predominates 
In the Headwaters Area and m Carson Valley, and 
decreases markedly toward the downstream part of the 
study area Rangeland Increases eastward from Dayton 
Valley to Churchill Valley to Carson Desert 

Areal extent of water bodies and wetlands IS 
highly vanable, both seasonally and from year to year 
This IS especially true In Carson Desert For example, 
between July 1984 and February 1985, followmg three 
unusually wet years, the surface-water area of the Car
son Smk was about 200,000 acres (Rowe and Hoffman, 
1990) By Apnl1988 (dunng a second consecutive 
drought year), the sink was dry (Rowe and Hoffman, 
1990) MaJor water bodies m the basm are the Lahon
tan Reservorr m Churchill Valley and ephemeral lakes, 
reservOirs, and alkali flats In Carson Desert 

Demand for water In the Carson River Basm 
exceeded supply soon after the area was settled Histor
Ically, court smts regarding water nghts In the basin 
follow drought years (Dangberg, 1975, p 134-135 and 

unnumbered plate) In the 1980's, maJor water
management Issues m the Carson Rtver Basin Included 
distnbutmg available water and finding new sources of 
water to support urban and suburban growth, farming 
mterests, and wildlife management Many water-use 
and water-allocatiOn disputes m the Carson Rtver 
Basm and between the Truckee River and Carson River 
Basms await decisiOn by the courts and negotiatiOns as 
of 1990 

Basmwide estimates of water use In 1969, 1975, 
and 1988 are listed In table 2 Trends (1969-88) In 
ground-water use are shown m figure 2 and mclude 
estimates for 1985 from Welch and others ( 1989, 
table 19) The sigmficant decline m surface-water 
use between 1985 and 1988 Is due to a combinatiOn of 
changes In operatiOn of the large New lands Irrigation 
ProJect In the lower Carson River Basin and effects of 
relative drought In 1987 and 1988 Withdrawals of 
ground water for public water supply (combmed wtth 
self-supplied domestic use and labeled as domestic use 
m fig 2) mcreased from 3,900 acre-ft m 1969 to about 
21,000 acre-ft m 1988 The estimated ground-water 
withdrawal for self-supplied domestic use has more 
than tnpled 
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Table 2 Est1mated bas1nw1de water use 1n Carson R1ver Bas1n, Nevada and Cal1forn1a, 1969, 1975, and 1988 

[Estimated wtthdrawals, m acre-feet, are stgmficant to no more than two figures, columns may not cross-total because of mdependent roundmg 
Abbrevtat10ns GW, ground water, RS, reclatmed sewage, SW, surface water,--, no data] 

1969 1 1975 2 1988 3 

Type of water use 
GW sw RS Total GW sw RS Total GW sw RS 

Pubhc supply 2,700 1,200 0 3,900 5,900 480 0 6,400 16,900 1,600 0 

Self-supplied domestic 1,200 40 0 1,200 1,700 50 0 1,800 4,100 40 0 

Livestock (non-rrngated 
42,200 52,600 agnculture) 120 440 0 560 870 0 3,100 1,800 0 

Total 

18,500 

4,100 

4,400 

Imgat10n 6,000 6670,000 7 -- 680,000 8,800 650,000 8900 660,000 18,600 260,000 5,400 280,000 

Thermoelectnc power 0 0 0 0 0 0 

Self-supplied commercial, 
41,300 9300 mdustnal, and mmmg 1,200 430 0 1,600 

Total Withdrawal (rounded) 11,000 670,000 7 -- 690,000 20,000 650,000 

1 Smales and Harnll (1971, p 17, 29, and 30) 
2 James R Harnll and Jon 0 Nowlm (U S Geologtcal Survey wntten commun 1976) 
3 U S Geologtcal Survey files, 1990 

0 0 0 0 0 0 

8 -- 1,600 1,300 100 0 1,400 

900 670,000 44,000 260,000 5,400 310,000 

4 For 1975, esttmate of self-supphed mdustnal water use mcludes 2,200 acre-feet of ground water wtthdrawn by the Lahontan Ftsh Hatchery For consistency 
wtth 1988 categones of water use, those 2,200 acre-feet are mcluded m nomrngated agnculture A very small percentage of thts water ts lost from the system 

5 Includes 1,900 acre-feet of ground water wtthdrawn by the Lahontan Ftsh Hatchery A very small percentage of thts water ts lost from the system 
6 Includes 114,000 acre-feet dtverted from Truckee River mto Derby Canal 
7 In 1969, 2,900 acre-feet of treated sewage effluent from the Lake Tahoe Basm was tmported to the Carson River Basm, but the amount used for trngatwn 

was not recorded (Glancy and Katzer, 1976, p 53) 
8 In 1975, the estimate of self-supphed mdustnal water use mcluded 500 acre-feet of reclatmed sewage apphed to the Carson Ctty Golf Course For consistency 

wtth 1988 categones of water use, that 500 acre-feet ts mcluded as trngatwn 
9 In 1975, the estimate of self-supphed mdustnal water use mcluded 2,000 acre-feet of surface water wtthdrawal by Huck Salt Company m Carson Desert 

Water on the salt flats flows naturally and ts not dtverted or wtthdrawn Salt-mmmg operatwns do not affect natural evaporatwn rates For consistency wtth 1988 
estimates, the 2,000 acre-feet mcluded m the ongmal 1975 esttmates ts not mcluded m above table 
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Total water use m the Carson River Basin for 
1988 IS estimated to be 310,000 acre-ft, more than 
80 percent was surface water diverted for Irngatwn 
(table 2) Although ground water accounts for only 
14 percent of the total water use, It supplies 93 percent 
of the amount withdrawn for domestic use 

Sewage effluent returned to ground-water and 
surface-water systems of the study area has the poten
tial to degrade regwnal ground-water quality Esti
mates of effluent discharged m each hydrographic 
area m 1985 are detailed by Welch and others (1989, 
table 6) Four sewage-treatment facilities wtthm the 
Lake Tahoe Basm began exportmg effluent to the Car
son River Basm between 1968 and 1971 (Glancy and 
Katzer, 1976, p 50-53), for more than 10 years (as of 
1988), all effluent from the Lake Tahoe Basm has been 
exported to the upper Carson River Basm Treated sew
age effluent IS used for Irngatwn In Carson Valley and 
Eagle Valley Similar applications are made on 20 acres 
m Carson Desert 

HYDROGEOLOGIC SETTING 

Geologic Framework 
By Donald H Schaefer 

Alluvtal valleys tn the Carson RIVer Bastn are 
located m structural bastns formed by extensiOnal 
faulting dunng the Terttary and Quaternary penods of 
geologtc time These bastns are bounded laterally by 
consolidated rocks of adJacent mountam ranges and at 
depth by consolidated rocks of the down-faulted valley 
blocks, and contain bastn-fill deposits that range 1n 
thickness from 2,000 to 12,000 ft Aqmfers m the Car
son Rtver Basm are mostly these basm-fill depostts 

Differences 1n lithology and rock chemistry allow 
groupmg of the consolidated rocks 1nto five hydrogeo
logic umts (pl 1, Welch and others, 1989) ( 1) Meta
sedimentary and metavolcamc rocks of Tnasstc and 
Jurassic age, (2) baste tgneous rocks conststmg of diOr
Ite, gabbro, and martne volcamc rock of Jurassic age, 
(3) granodtonte and quartz monzomte of Jurasstc to 
Terttary age, ( 4) sthctc volcamc rocks conststmg of 
rhyolite, latite, and dactte of Tertiary and Quaternary 
age, and (5) baste volcamc rocks conststing of basalt, 
andestte, and trachyte of Terttary and Quaternary age 
Except for Jurassic baste tgneous rocks, which are 
found only 1n the West Humboldt and Stillwater 
Ranges, each of these umts 1s wtdespread In the basm 

Basm-fill depostts tnclude sediments of Tertiary 
and Quaternary age Terttary sediments consist of 
clays, stlts, sands, and gravels In former times, these 
deposits were more extensive than m the modem 
basms These older deposits are exposed m mountain 
blocks and along bastn margtns and presumably make 
up the deeper part of the bastn-fill deposits 1n each 
basm For purposes of this report, Tertiary sedtments 
are considered part of the bastn-fill depostts 

Younger deposits are at and near the land surface 
1n each basm and mclude poorly sorted to unsorted 
clay, silt, sand, and gravel of alluvial fans, pedtments, 
and basm lowlands Some of these deposits are associ
ated wtth Pleistocene Lake Lahontan, anctent Carson 
Rtver deltas, and past and present flood platns of the 
nver Lake Lahontan was a Late Pleistocene pluvtal 
lake that covered much of the eastern half of the bastn 
dunng Its highest stand (fig 3) Fme-gramed deposits 
accumulated mostly as lacustnne and deltaic sedtments 
of Lake Lahontan and, dependtng on the level of the 
lake, as fluvial sedtments of the Carson Rtver flood 
plain Locally, bastn-fill deposits are Interbedded wtth 
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EXPLANATION 

Maximum areal extent of Pleistocene Lake 
Lahontan- From Mifflin and Wheat, 1979, plate 1 
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Figure 3. Maximum extent of Pleistocene Lake Lahontan in Carson River Basin. 
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volcamc rocks These volcanic rocks are considered 
part of the basm-fill deposits One Important aquifer m 
southern Carson Desert IS composed of basalt and IS 
exposed at Rattlesnake Hlll This basalt aqmfer IS the 
source of pubhc supply for the City of Fallon and the 
Fallon Naval Au Statwn 

A doffilnant hydrologic feature of the Carson 
River Basin IS the Carson River, which provides a con
nectiOn between the valleys of the basm The nver 
flows through and physically connects the Headwaters 
Area, Carson Valley, Dayton Valley, Churchill Valley, 
and Carson Desert Shallow aqmfers are hydrauhcally 
connected to the n ver m these valleys Dependmg on 
flow, reach of the nver, and localungatwn practices, 
the nver either can be a source of ground-water 
recharge or can receive discharge The Carson River 
does not enter Eagle Valley or Stagecoach Valley, 
although both are hydrauhcally connected to the nver, 
either by tnbutary streams m Eagle Valley or by 
ground-water underflow m Stagecoach Valley 

Mineralogic Composition of the Aquifers 
By Michael S LICO 

Knowledge of an aqmfer's ffilneralogic composi
tion can lead to an understandmg of reactiOns affectmg 
constituent concentratiOns m ground water of the Car
son River Basm It IS Important to detefffilne whether 
precipitatiOn or dissolution of ffilneral phases has 
occurred In some ffilneral samples, distmgmshmg 
whether features were formed In place or at another 
locatwn and transported to a present locatwn Is diffi
cult The ffilneralogic composition of parts of Carson 
Desert IS descnbed by Lico and others ( 1986, 1987) 
and Lico (1992) 

Igneous rocks form the bulk of the bedrock 
uplands (table 3) As a result, ffilnerals forming the 
basm-fill sediment reflect the Igneous ongm of upland 
areas The Sierra Nevada bathohth, which Is composed 
mostly of silicic rocks Including granodwnte and 
quartz monzomte, has been a maJor source of sediment 
transported by the Carson River smce the Late Tertiary 

Table 3 Area of shallow or exposed bedrock of Carson R1ver Bas1n, Nevada and Cahforn1a, by hydrographic area 

[Upper number Is area, m square rrules Number m parentheses IS percentage of total bedrock outcrop area for each hydrographic area Bedrock areas 
that constitute more than 25 percent of a hydrographic area are m bold type Due to roundmg, sum of mdtvtdual percentages may not be 100 percent 
Sthctc rocks are sum of QTsv and TJst AbbreviatiOns QTbv, basic volcamc rocks, QTsv, siliCIC volcamc rocks, TJs1, mtrustve Igneous rocks, 
Jm, Jurassic Igneous rocks, JTRm, metasedimentary and metavolcamc rocks, m12, square miles] 

Hydrographic area Total area (m12) QTbv QTsv TJSI Jm JTRm QTsv+TJsl 

Upper Carson River Basm 

Headwaters area 365 210 21 123 0 11 144 
(58) (6) (34) (0) (3) (39) 

Carson Valley 169 42 2 75 1 49 77 
(25) (1) (44) (1) (29) (46) 

Eagle Valley 58 5 2 31 0 21 33 
(8) (3) (53) (0) (35) (57) 

Subtotal 592 257 25 229 1 81 254 
(43) (4) (39) (0) (14) (43) 

Middle Carson River Basm 

Dayton Valley' 244 176 5 24 0 30 38 
(72) (6) (10) (0) (12) (16) 

Churchill Valley 268 197 46 14 0 11 60 
(73) (17) (5) (0) (4) (22) 

Subtotal 513 373 61 38 0 41 99 
(73) (12) (7) (0) (8) (19) 

Lower Carson River Basm 

Carson Desert 463 254 98 21 28 62 119 
(55) (21) (5) (6) (13) (26) 

Carson RJVer Basm 1568 883 184 288 29 184 472 
total (56) (12) (18) (2) (12) (30) 

1 Dayton Valley mcludes Carson Plams and Stagecoach Valley 
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Table 4 Mmerals and alteration products 1n shallow sed1ment of Carson R1ver Bas1n, Nevada and Cahforn1a 

[Due to roundmg, sum of mdtvtdual percentages may not be 100 percent Abbreviations C, chlonte, D, dtssoluttOn, H, hematite, I, tlhte, 
K, kaohmte, M, montmonllomte (betdelhte), N, no alteratiOn, S, senctte Bold letters mdtcate strong alteratiOn Symbol --, mmeral not 
detected] 

Component Carson Valley 
(27 samples) 

Quartz 20(N) 

PlagiOclase feldspar 26 (C,I,K) 

PotassiUm feldspar 9 (C,K) 

Volcamc hthtc fragments 34 (C,H,I,S) 

Sedimentary hth1c fragments 8 (C) 

Btotlte 1 (C, D) 

Hornblende trace (C) 

Pyroxene (aug1te) 1 (C) 

Opaque mmerals 1 (H) 

Total (all components) 100 

Silicic rocks are most commonly found m the upper 
basm and constitute about 40 percent of the 
exposed bedrock 

Volcamc rocks formed mountam ranges withm 
the basm and also are maJor sources of sediment for the 
basm-fill deposits In the upper basin, basic volcamc 
rocks are exposed throughout much of the Headwaters 
Area (table 3) Volcamc rocks are more common m the 
middle and lower basm than In the uplands of Carson 
and Eagle Valleys Almost three-quarters of the 
bedrock m the middle basm Is volcamc As a result, 
volcanic-rock fragments constitute a maJor part of the 
basm-fill sediment Coarse-gramed granodwnte and 
quartz monzomte commonly break down to grams con
sistmg of smgle minerals Consequently, few grano
dwnte or quartz monzomte rock fragments are found m 
the basm-fill sediment In contrast, volcamc rocks are 
typically fine gramed and more commonly survive 
transport as rock fragments 

Mmerals from 59 sediment samples were Identi
fied by electron microscopy, X-ray diffractiOn, and 
visually from thm sectiOns and hand specimens (table 
4) The most commonly Identified phases are those 
mcluded m geochemical models discussed later m this 
report PlagiOclase feldspar generally has a more cal
cmm-nch composition with mcreasing distance from 
the Sierra Nevada (fig 4) Increasmg dominance of 
basalt m the middle compared to the upper basin IS a 
likely source for the more calcmm-nch plagiOclase An 
alternatlve explanation Is preferential weathenng of 
sodmm relative to calcmm m the feldspar 

Percentage of total (alteration) 

Dayton and 
Carson Desert 

Churchill Valleys 
(27 samples) 

(5 samples) 

18 (N) 22 (N) 

19 (C,S) 26 (C,S) 

4 (C,S) 6 (C,S) 

29 (C,H,I,S) 23 (C,H,I,S) 

27 (C,H,I,K,M,S) 18 (C,H,I,M,S) 

1 (C) 2 (C) 

trace (C,D) 

1 (C,D) 1 (C,D) 

1 (H) 1 (H) 

100 99 

Calcite IS a common secondary mineral m 
basm-fill deposits of dry climates Although calcite 
was not found m sediment samples from Carson or 
Eagle Valleys, Its presence In these sediment deposits 
IS hkely Calcite constitutes a small amount of the 
basin-fill sediment m Churchill Valley and Carson 
Desert as shell fragments and tufa m the Pleistocene 
lacustnne deposits of Lake Lahontan Secondary cal
Cite also IS present as coatmgs on shell fragments and 
cavity-filling cement (Lico, 1992) m basm-fill deposits 
of Carson Desert (fig 5) Calcite also forms m the 
unsaturated zone of Carson Desert (Lico and others, 
1987) 

Gypsum IS commonly found m desert soils Tnas
SIC to Jurassic evaponte deposits (mostly gypsum) are 
present In northwestern Dayton Valley and the West 
Humboldt Range of northern Carson Desert These 
deposits release gypsum mto the basm-fill sediment 
However, no gypsum was seen In the five sediment 
samples from Dayton Valley Gypsum was found m 
shallow sediment near the Stillwater Wildlife Manage
ment area (Lico, 1992) 

Most basm-fill sediment IS altered (table 4) 
Typically, volcamc lithic fragments are highly altered 
Chlonte, the most abundant alteratiOn product, proba
bly formed before the sediment was transported to Its 
current locatiOn rather than bemg a product of reactiOns 
m the aqmfers AlteratiOn of mmerals to chlonte usu
ally occurs m low-grade metamorphic or hydrothermal 
conditions These conditions are rare m the aqmfers of 
the Carson River Basm except m active geothermal 
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Figure 4. Composition of plagioclase feldspar in shallow sediments of Carson River Basin, Nevada and 
California, by hydrographic area. 

areas. Plagioclase feldspar is altered to chlorite, seric
ite, illite, or kaolinite along cleavage planes and frac
ture surfaces. Sericite is increasingly abundant with 
distance from the Sierra Nevada. Kaolinite, an alter
ation product of plagioclase and potassium feldspars, 
was found mostly in samples collected near the Sierra 
Nevada. Hematite commonly forms on volcanic and 
sedimentary lithic fragments throughout the Carson 
River Basin (fig. 6). In a few samples throughout the 
basin, pyroxene (augite), biotite, and hornblende 
grains have dissolution features. 

Plagioclase feldspar, potassium feldspar, and aug
ite are the principal minerals that compose the basalt 
aquifer in Carson Desert. Minerals formed after initial 
cooling of basalt include calcite (with about 2.5 mole 
percent magnesium), phillipsite (a potassium-calcium 
zeolite), and an unidentified clay mineral. Pyroxene in 
the basalt aquifer has been slightly altered to chlorite. 
Plagioclase feldspar laths have minor illitic or sericitic 
alteration along cleavage planes. Edges of the iron
bearing minerals magnetite and ilmenite have been 
commonly altered to hematite. 

General Principles of Isotope Hydrology 
By Alan H. Welch 

Isotopes provide information on a variety of 
hydrologic processes, including sources of recharge 
and age of ground water. Information presented in this 

section provides the basis for interpretation of isotopic 
data in unraveling hydrologic processes in the Carson 
River Basin. 

Commonly measured stable isotopes of water are 
the hydrogen isotopes with atomic masses of 1 and 2 
(deuterium) and oxygen isotopes with atomic masses 
of 16 and 18. Isotopes of these two elements are 
expressed as ratios and related to comparable ratios 
for a standard called "Vienna Standard Mean Ocean 
Water" or V-SMOW (Fritz and Fontes, 1980, p. 11-14 ). 
Differences from the standard are expressed as delta 
deuterium (8D) and delta oxygen-18 (8180); the units 
are expressed as "permil" (o/oo). Because of the con
vention adopted for calculating delta values, more neg
ative delta values are isotopically lighter than less 
negative values (Fritz and Fontes, 1980, p. 4-5). 

Isotopic compositions of nonthermal ground 
water generally are different from those of local mete
oric water because the compositions are affected by 
processes occmTing during recharge and discharge. 
Evaporation in the near-surface environment during 
recharge and discharge is a major factor affecting the 
isotopic composition of ground water and surface 
water in the Carson River Basin. Rock-water interac
tion at temperatures greater than about 150°C also can 
affect the isotopic composition of oxygen. Important 
mechanisms affecting the stable-isotope composition 
of ground water in the Basin and Range Province are 
discussed below. 
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Approximately 0.4 millimeter 

Figure 5. Calcite overgrowth in shallow sediment from southern Carson Desert, Nevada. 
Photomicrograph by William Carothers, U.S. Geological Survey, May 1986. 

Approximately 1 millimeter 

Figure 6. Hematite rims on pyroxene in shallow sediment from Carson Valley, Nevada. 
Photomicrograph by Patrick Goldstrand, U.S. Geological Survey, November 1990. 
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Although the Isotopic composition of precipita
tion commonly vanes widely from storm to storm (Gat, 
1980, p 37-39), the average composition at a site com
monly hes along a regressiOn lme called the "meteonc
water hne " The slope of the regressiOn IS 

(2) 

PrecipitatiOn m dry climates IS heavier m 
deutenum ( 8D), compared with oxygen-18 ( 180), 
than suggested by the simple relatiOn of equatiOn 1 
Thus, the meteonc-water lme IS displaced upward from 
the lower regression lme, labeled "ground-water 
recharge," shown In figure 7 This displacement IS 
commonly called the "deutenum excess parameter" 
(Dansgaard, 1964), or "deutenum excess" (d) The gen
eral equatiOn of the meteonc-water lme IS 

8D = 88180 + d (3) 

A widely used "d-value" IS 10 perrml for atmo
sphenc precipitatiOn, on the basis of a study by Cratg 
(1961) of many places m the world (see upper mete
one-water hne m fig 7) The Isotopic composition of 
ground-water recharge from precipitatiOn In northern 
Nevada may be estimated from measurements of non
geothermal ground water with chlonde concentratiOns 

less than 25 mg/L Low chlonde concentratiOns Indi
cate evaporatiOn has not greatly affected the stable
Isotope composition of the water The hnear relatiOn 
between the oxygen and hydrogen-Isotope composi
tion m ground water of northern Nevada with deute
num concentratiOns rangmg from -130 to -100 IS 

8D = 6 948180- 10 6 (4) 

This equatiOn compares favorably with a regres
siOn equatiOn for ratn m southeastern Cahforma that 
has a slope of 6 5 and ad-value equal to -9 7 (Fnedman 
and others, 1992, fig 9) Data for 206 sites north of 
38 degrees north latitude m Nevada were used for the 
regressiOn A hnear regressiOn for ground water with 
chlonde concentratiOns less than or equal to 10 mg/L 
yields a slope of 6 60, deutenum excess of -14 2, and a 
correlatiOn coefficient of 0 84 for 127 analyses This 
lme, although not shown m figure 7, would plot near 
the "ground-water recharge" hne Sirmlar regressiOn 
equatiOns suggest evaporatiOn has not greatly affected 
the Isotope composition because the chlonde concen
tratiOns Increased from 10 to 25 mg/L Within this 
range of chlonde concentratiOn, the mcrease may come 
from aqmfer matenals rather than evaporative 
concentratiOn 
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In general, the stable-Isotope compositiOn of pre
CipitatiOn becomes progressively hghter with mcreas
mg distance east of the Sierra Nevada (Ingram and 
Taylor, 1991) Conversely, water subJect to evapora
tion becomes progressively heavier With mcreasmg 
evaporatiOn because of the loss of the hghter fractiOn 
as water vapor 

Smface water also IS a source of ground-water 
recharge In the Carson River Basm Among the differ
ent sources of surface water analyzed, streams drammg 
the Carson Range of the Sierra Nevada on the west side 
of Carson Valley have the hghtest stable-Isotope com
position (fig 8) Carson River water generally had 
hydrogen-Isotope compositions rangmg from about 
-110 to -100 permil m the reach from above Carson 
Valley (at gages 10309000 and 10308200, fig 1) to 
above Lahontan ReservOir (gage 1 0312000) Lahontan 
ReservOir receives water from both the Carson River 
and, through the Truckee Canal, from the Truckee 
River The Truckee River at Tahoe City, which IS the 
outflow from Lake Tahoe, had a distinctly heavier Iso
topic composition than any other surface water sam
pled at a higher altitude than Lahontan ReservOir 
(fig 8) The Isotopic compositiOn of water from Lake 
Tahoe and the Truckee River about 500ft downstream 
from Lake Tahoe (gage 10337000, Bostic and others, 
1991) ts similar Truckee River water near Farad (gage 
10346000, Bostic and others, 1991, fig 10) appears to 
have an Isotopic composition largely controlled by the 
amount of water from Lake Tahoe compared to contri
butions from other dramages Release of ground water 
from bank storage also may alter the Isotopic composi
tion of Truckee River water (McKenna, 1990) 

Tntmm IS a useful Indicator of the "age" of 
ground water (the time smce the water has been out of 
contact with the atmosphere), which provides mforma
twn on the hydrogeology of the area Tntmm, a radiO
active Isotope of hydrogen with a half-hfe of 12 33 
years (Fnedlander and others, 1981), IS part of the 
water omolecule forming precipitatiOn and provides 
rechar&e to ground water The tntmm content of pre
CipitatiOn IS denved from atmosphenc releases gener
ated by above-ground thermonuclear explosiOns 
begmmng m 1952 and cosrmc-ray bombardment 
m the upper atmosphere 

Tntmm present m precipitatiOn before thermonu
clear testmg of atomic weapons generally IS beheved to 
result (m 1990) m activities less than about 25 pCIIL 
(picocunes per hter, Fontes, 1980, p 81) If tntmm 
activities m precipitatiOn before 1952 were at a 

constant value of 25 pCIIL, ground water older than 
57 years would have present-day (1990) activities less 
than about 1 pCIIL MaJor releases from above-ground 
testmg caused tntmm activities In 1990 of more than 
10 pCIIL In precipitatiOn smce 1952 High tntmm 
activities In ground water (greater than 100 pCIIL) are 
a re~ult of precipitatiOn In 1958-59 and 1962-69 These 
penods of high tntmm activities are supported by esti
mated activities In precipitatiOn on the Sierra Nevada 
m the Lake Tahoe Basm (fig 9, Carl Thodal, US Geo
logical Survey, wntten commun , 1991, and on the 
basis of the tntmm depositiOn model developed by 
Michel, 1989) MIXmg of water with different activities 
of tntmm can produce mtermediate values Ages for 
ground water based on tntmm data are mterpreted 
usmg the followmg general gmdehnes 

Tnt1um 
act1v1t1es 

(pC1/L) 

Less than 1 

1 to 10 

11-100 

Greater 
than 100 

Penod of recharge 

Years 

pre-1933 

1933 to 1952 

after 1952 

1958-59, 
1962-69 

Number of 
years 

before 1990 

more than 57 

57 to 38 

fewer than 38 

32-31, 28-21 

Comments 

Can be mixture 
of pre- and 
post-1952 
water 

Hydrogeology of the Upper Carson River 
Basin 
By Donald H Schaefer and Alan H. Welch 

The Headwaters Area and the Carson Range are 
rugged, with extremes of altitude and rehef Dramages 
are typically narrow with steep sides and, m the Head
waters Area, the canyons are more than 1,000 ft deep 
Mam hydrologic features of the Headwaters Area are 
the East and West Forks of the Carson River and their 
many tnbutanes Average annual flow of the West Fork 
IS about 80,000 acre-ft, based on records collected dur
mg 59 years between 1900 and 1990 (gagmg statiOn 
10310000, Bostic and others, 1991, p 137) For the 
East Fork, average annual flow IS about 270,000 acre
ft, based on records collected dunng 64 years between 
1891 and 1990 (gagmg statwn 10309000, Bostic and 
others, 1991, p 131) 

Canyon bottoms of the Headwaters Area are 
underlam by lenses of stream-deposited boulders, cob
bles, and gravel probably no more than a few tens of 
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F1gure 8. Relat1on between stable 1sotopes of hydrogen (deutenum) and oxygen 1n surface 
water of Carson and Truckee R1ver Bas1ns, Nevada and Callforn1a Value 1n parentheses 1s 
number of analyses enclosed by envelope Data are from U S Geolog1cal Survey, except for 
Ash Canyon Creek (Szecsody and others, 1983) 

feet thick and generally no more than a few hundred 
feet wide Ground-water levels In these deposits are 
controlled by the stage of the adJacent stream 

In upland areas, the presence of ground water 
depends on the permeabihty of consohdated rocks 
Permeabihty IS related mostly to the depth of weather
Ing and, beneath the weathered zone, to the degree to 
which the rocks are fractured Both factors probably 
differ throughout the area, and the degree to which con
sohdated rocks are saturated with water and will yield 
water to wells differs accordmgl y 

Carson Valley IS a north-trendmg basin bounded 
to the west by the Carson Range, to the east by the Pine 
Nut Mountams, and to the north by an alluvtal divide 
separatmg Carson Valley from Eagle Valley The valley 
floor IS underlatn by a structural basm as much as 
5,000 ft deep along the west side that becomes progres
Sively more shallow to the east (Maurer, 1985, p 5) 

The East and West Forks of the Carson River 
enter Carson Valley at Its south end and JOm near the 
west margm of the valley floor about 3 mt northwest 

of Minden Just downstream from this confluence, the 
nver bends and exits the valley at Its northeast comer 
Average annual flow, measured at a gage near Carson 
City, has been about 290,000 acre-ft dunng the years 
from 1939 through 1990 (gaging statwn 10311000, 
Bostic and others, 1991, p 143) Other surface-water 
features mclude several small streams m the Carson 
Range and the Pine Nut Mountains, sloughs and aban
doned channels of the nver, and a network of Irngatwn 
ditches and dratns 

Older, Tertiary-age basin-fill deposits In Carson 
Valley reach thicknesses of 1,000 ft or more on the east 
side of the valley (Moore, 1969, p 12, Maurer, 1986, 
p 12) Dippmg westward beneath younger deposits, 
the older deposits underhe the central valley Younger 
deposits are mostly fluvial gravels that attam thick
nesses up to 50ft (Moore, 1969, p 14, 15) These 
younger deposits overhe the older deposits along the 
east side of the valley Youngest deposits form alluvial 
fans next to mountams and extensive areas m the 
Carson River flood plain (Moore, 1969, pl 1) 
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The ground-water basm m Carson Valley con
tams two discontmuous confined alluvial aqmfers 
(Maurer, 1985) and a shallow water-table aqmfer 
Aqmfers are confined In alluvial fans along the west 
margm of the valley and m basm-fill deposits beneath 
the central part of the valley Contours show the alti
tude of the water table (pl 1) Contours Indicate 
ground-water movement IS toward the Carson River 
from both sides of the valley, and then generally north
ward through sediments beneath the nver A water
table aquifer Is hydraulically connected to the nver 
throughout most, If not all, of the valley Water moves 
between the nver and aqmfer m either directiOn, 
depending mostly on the stage of the nver 

Many features of the ground-water system m 
Carson Valley can be visualized by exarmmng ground
water flow along an east-west line at the latitude of 
Gardnerville (fig 10), denved from a descnptwn by 
Welch ( 1994) PrecipitatiOn on the Carson Range IS 
an Important source of recharge to upland aqmfers 
Ground-water flow In the upland areas IS largely 
restncted to fractures m the shallow subsurface and 
faults Flow from upland aqmfers m the Carson Range 
recharges the basm-fill sediments and then flows north 
and east 

Basin-fill sediments mclude lacustnne clays, 
deposits formed by through-flowing nver water, and 
alluvial fan deposits Fan deposits generally form at the 
tnouths of canyons at the base of the Carson Range 
Much, If not all, surface water flowmg across these fans 
recharges the basm-fill sediments Away from canyons, 
the bedrock sides of basin-bounding faults are exposed 
and fans are small or absent This setting IS shown m 
figure 10 Through-flowmg nvers formed both perme
able channel sediments (sand and gravel) and less
permeable flood-plam deposits (clay and silt) Struc
tural tilting of the basin to the west has probably 
displaced nvers to the west As a result of tilting, a 
greater proportiOn of the channel deposits IS m the 
western than In the eastern basm-fill sediments 

Laterally extensive clay deposits restnct vertical 
movement of ground water m the basm-fill sediments 
The lateral extent of the clay deposits Is consistent with 
deposition of lacustnne sediments These deposits are 
not contmuous (Douglas K Maurer, U S Geological 
Survey, oral commun ,1992) The lack of lateral conti
nmty may be a result of erosiOn by through-flowmg 
surface water after deposition Replacement of clay 

10 

- Glenbrook 
Tahoe C1ty 

1~~~~~~~~~~~~~~~~ 

1950 1955 1960 1965 1970 1975 1980 1985 1990 
YEAR 

F1gure 9 Estimated 1990 tnt1um act1v1t1es 1n 1953-86 
prec1p1tat1on on uplands of Truckee R1ver Bas1n, Nevada 
and Cahforma 

deposits by more permeable fluvial sediments allows 
much of the vertical movement of water between zones 
above and below the clay deposits (Inset B of fig 1 0) 

Shallow basm-fill aqmfers are recharged by flow 
from upland aqmfers, surface water diverted for unga
tion, and the Carson River Most Irngatwn water 
returns to the Carson River either as ground-water 
discharge or by way of dramage ditches (mset A of 
fig 10) Recharge of deeper aqmfers through shallow 
basm-fill sediments IS enhanced by hydraulic gradients 
created by pumpmg and by flow through breaches m 
laterally extensive clay deposits (mset B of fig 10) 

The structural basm beneath Eagle Valley con
sists of several north-northeast-trendmg fault blocks 
(Arteaga, 1982, p 26) Fault scarps m the basm-fill 
deposits approximately cOincide with margms of these 
fault blocks The basm has a maximum depth of about 
2,800 ft beneath the eastern part of the valley (Arteaga, 
1982, p 26) 

Eagle Valley has a shallow water-table aqmfer 
and one or more deeper alluvial aqmfers (Arteaga, 
1982, p 8) Confimng beds are composed of discontin
uous clay lenses at different depths Confined condi
tions are most pronounced where ground-water flow 
paths from the north, northwest, and southwest con
verge Water-level altitudes shown on plate 1 are based 
on measurements at shallow wells In some areas, and 
at deeper wells In others Therefore, the altitudes 
shown do not necessanly represent the water table, 
mstead, they are a composite potentiometnc surface 
that represents confined conditions m some areas 
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Though ground-water movement IS complex because 
of several consolidated-rock barriers, the movement IS 
generally toward the Carson River 

Most recharge to pnnc1pal aqmfers m Eagle Val
ley comes from runoff and underflow along the west 
s1de of the valley and InfiltratiOn of streamflow and liTI
gatiOn water elsewhere Ground water discharges from 
the basm as evapotranspiration, by pumpmg, and as 
subsurface underflow to Carson Valley and the Carson 
RIVer The easternmost part of Eagle Valley 1s along 
the flood plam of the Carson R1ver Although th1s part 
of the valley IS formally part of the Dayton Valley 
hydrographic area, 1t IS hydrologically connected to 
Eagle Valley and discussed as part of the upper Carson 
River Basm m this report Th1s area IS a small structural 
basm filled w1th sediment as much as 800 ft thick 
(Arteaga, 1982, p 26) Sediments m this small basm 
consist of poorly sorted silty gravels and sands of allu
vial fans and pediments along basm margms and silt 
and sands of the Carson R1ver flood plain (Bmgler, 
1977) 

Recharge to this small basm 1s provided by under
flow eastward from Eagle Valley Ground water IS dis
charged by wells, seepage mto the Carson R1ver, and 
by evapotranspiratiOn The Carson R1ver gams about 
1,500 acre-ft/yr of ground-water discharge m Its reach 
through this area (Arteaga and Durbm, 1978, p 32), 
much of which IS from the west In contrast, the nver 
probably acts as a source of recharge dunng h1gh flow 
Pumpmg of mumc1pal wells next to the nver, begm
nmg 1n the late 19801s, may be mducmg recharge from 
the nver 

A maJor control on the stable-Isotope composi
tion of ground water 1n basm-fill sediments of Carson 
and Eagle Valleys 1s the composition of recharge In 
Carson Valley, hydrogen-Isotope compositiOns of the 
maJor sources of recharge are -110 to -98 perrml for the 
Carson R1ver, -118 to -98 perrml for prec1p1tatwn and 
precipitatiOn runoff m the Carson Range of the Sierra 
Nevada (fig 11), and -128 to -122 perrml for precipita
tion and prec1p1tatwn runoff m the Pme Nut Moun tams 
(estimated by Welch, 1994) 

The source of recharge to shallow and prmc1pal 
aqmfers m Carson Valley may be mferred from rela
tions between the hydrogen-Isotope composition of the 
ground water and of recharge Water from shallow 
wells (water levels less than 50ft below the land sur
face) 1n agncultural areas generally has an Isotope 
composition w1thm the range of Carson R1ver water, 
wh1ch IS the source of most water used for liTigatiOn 

This s1rmlanty m the hydrogen-Isotope composition 
1nd1cates the Carson R1ver IS an Important source of 
recharge to shallow aqmfers Local exceptions may be 
caused by mfiltratwn of treated sewage water Imported 
from the Lake Tahoe Basm or upward flow from pnn
cipal aqmfers 

Most ground-water samples from Carson Valley 
con tam at least some water recharged smce about 1952, 
as md1cated by tntmm activities equal to or greater than 
10 pC1/L Ground water m pnnc1pal aqmfers 1n the 
Minden-Gardnerville area IS withdrawn by large
capacity wells used for Irrigation and mumc1pal supply 
Water 1n th1s area has stable hydrogen-Isotope compo
sitiOns w1thm the range found for the Carson RIVer and 
tntmm activities equal to or greater than 10 pC1/L 
(fig 12) Taken together, the stable hydrogen-Isotope 
compositiOn and tntmm data for this area 1nd1cates that 
the Carson R1ver IS a maJor source of recharge to pnn
cipal aqmfers Pumping of the large-capacity wells has 
created a downward component of flow, rechargmg 
pnnc1pal aqmfers m th1s area 

Ground water beneath northwest Carson Valley 
generally has tntmm activities less than 10 pCIIL and 
hydrogen-Isotope compositiOns lighter than -110 per
rml (fig 12) These values suggest prec1p1tatwn m the 
Carson Range entered the ground-water system more 
than 38 years before present (1990) 

Stable-Isotope composition of ground water 1n 
pnnCipal aqmfers beneath much of Eagle Valley gener
ally IS s1m1lar to the compositiOn of water m upland 
aqmfers of the mountams to the west Water m Ash 
Canyon Creek and the upland aqmfers 1s considered 
representative of water m the moun tams Wells tappmg 
pnnc1pal aqmfers along surface-water dramages and 
beneath an Irrigated park y1eld water w1th slightly 
heavier hydrogen-Isotope compositions Heavier com
positiOns are most likely caused by evaporatiOn affect
mg the water before recharge Isotope composition of 
ground water m northeastern Eagle Valley also 1s 
lighter than Ash Canyon Creek Th1s lighter composi
tion IS due to a lighter stable-Isotope composition m 
prec1p1tatwn m the recharge area to the northeast than 
m precipitation 1n the Carson Range Tntmm activities 
m pnnc1pal aqmfers of Eagle Valley of generally less 
than 1 pC1/L, except along the margins of the basm-fill 
deposits (fig 13), md1cate the water was recharged at 
least 57 years ago 
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Hydrogeology of the Middle Carson River 
Basin 
By Donald H. Schaefer and James M. Thomas 

The Dayton Valley hydrographic area includes 
several basins extending from Eagle Valley to 
Churchill Valley (pl. 1). One of these is Carson Plains, 
a valley east of the town of Dayton. Carson Plains also 
includes a narrow strip of river flood plain and uplands 
of the Pine Nut Mountains south of Stagecoach Valley. 
Maximum thickness of basin-fill deposits, on the basis 
of geophysical modeling, is about 3,000 ft (Schaefer 
and Whitney, 1992). 

A structural basin underlying Stagecoach Valley 
contains as much as 3,000 ft thickness of fill on the east 
side and as much as 1 ,000 ft on the west side (Schaefer 
and Whitney, 1992). Basin-fill deposits in Stagecoach 
Valley consist of poorly sorted deposits of alluvial fans 
and pediments extending from mountain fronts toward 
valley lowlands. Valley lowlands are underlain by fine 
playa deposits formed, at least in part, by lacustrine 
sediments of Pleistocene Lake Lahontan. Flood-plain 
deposits are restricted to a narrow strip south of and 
along the south bank of the Carson River. 

Depths to water in Carson Plains range from less 
than 20 ft near the Carson River to 100-200 ft on fan 
slopes away from the river (Glancy and Katzer, 1976, 
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p 104) Average depth to water IS about 60ft (Schaefer 
and Whitney, 1992) Ground water generally moves 
eastward through the valley, as shown by water-level 
contours (pl 1) Aqmfers are recharged by precipita
tiOn 1n the VIrgtma Range and Pme Nut Moun tams, and 
dtscharged by withdrawals from wells and evapotrans
piratiOn Shallow aqmfers near the Carson Rtver are 
recharged by diVersiOns from the Carson Rtver Dunng 
high flow, the nver also can be a source of recharge 
Discharge from shallow aqmfers to the nver probably 
occurs dunng some penods of low flow m the 
Carson RIver 

Water levels m Stagecoach Valley mdicate shal
low ground water moves eastward and southward 
through basin-fill deposits (pl 1) Precipitation pro
VIdes recharge In the Vtrgtma Range to the north and by 
mflow from the Carson River flood plam m the east part 
of the Carson Plams Evidence for Inflow IS supported 
not only by contours of water-level altitudes m Stage
coach Valley, but also by stable-Isotope composition 
of the ground water (Harnll and Pretssler, 1994) Aqm
fers m Stagecoach Valley are discharged by pumpmg, 
evapotranspiratiOn on the valley floor, outflow to 
the nver through basm fill, and possible outflow to 
Churchill Valley through the alluvial divide separatmg 
the two valleys 

Churchill Valley trends northeast and IS bounded 
by mountams (pl 1) The Carson River enters the west 
stde of the valley south of Churchill Butte (fig 14A) 
Before the constructiOn of Lahontan Dam, the nver 
flowed out of the valley through a canyon, now buned, 
m the Dead Camel Mountams (fig 14B) Average 
annual flow of the Carson River mto the valley was 
about 268,000 acre-ft/yr for 1911-90 (gaging station 
10312000, Bostic and others, 1991, p 150) Another 
145,000 acre-ft/yr was diVerted mto Lahontan Reser
voir from the Truckee Rtver by way of the Truckee 
Canal dunng 1966-90 (gagmg statiOn 10351400, 
Bostic and others, 1991, p 275) 

Thicknesses of basm-fill deposits m Churchill 
Valley reach a maximum of about 2,900 ft, as shown 
by gravity and magnetic data (Schaefer and Whitney, 
1992) Logs for two domestic wells m the northwest 
and north-central parts of the valley show depths to 
consolidated rock of 300ft and 210ft, respectively 
In additiOn, andesite crops out near the center of the 

valley On the basts of geophysical data, the andesite 
appears to cap metavolcamc and sedimentary rocks 
extendmg from Churchill Butte (Schaefer and Whit
ney, 1992) 

Ground-water levels beneath Churchill Valley 
range from 20-50 ft or less below land surface near the 
shores of Lahontan ReservOir and the Carson River 
flood plain to more than 200 ft near the margins of 
the alley (Glancy and Katzer, 1976, p 105) DirectiOns 
of ground-water movement are southward toward the 
nver flood plam and eastward toward Lahontan Reser
vou (pl 1, Schaefer and Whitney, 1992) that now 
covers much of an earlier flood platn Ground-water 
recharge to the valley IS an estimated 1,300 acre-ft/yr 
(Glancy and Katzer, 1976, p 48) and comes from pre
cipitatiOn m surrounding mountams and mfiltratwn 
from the nver and reservmr Discharge of ground water 
Is pnmanly by withdrawal from wells and evapotrans
piratiOn 

On the basts of geographic locatiOn, stable hydro
gen-Isotope composition, and lirmted tntmm analyses, 
ground water m pnncipal aqmfers of Dayton and 
Churchill Valleys can be separated mto two groups 
One group consists of ground water m pnncipal aqm
fers of Dayton and Churchill Valleys away from the 
nver Ground water m this group has stable hydro
gen-Isotope compositions s1rmlar to ground water m 
adJacent mountams Tntmm activities In ground-water 
samples were less than 1 pCIIL, except m a sample 
from one well m an alluvial fan m Dayton Valley 
(fig 14A) The other group, which has hydrogen
Isotope compositiOns heavier than ground water m 
the adJacent pnnctpal aqmfers (fig 15) and tntmm 
actiVIties greater than 1 pCIIL, IS near the Carson Rtver 
(fig 14) Because the hydrogen-Isotope compositiOn In 
thu, group IS sirmlar to the Carson River, or IS between 
that of the Carson River and ground water In the adJa
cent pnncipal aqmfer, and because of the apparent rel
atively young age, a maJor source of recharge probably 
IS the nver This recharge can be either directly from 
the nver, especially dunng high streamflow, or from 
diVersiOns for IrrigatiOn Local subsurface flow of nver 
water mto pnnctpal aqmfers m southwestern Stage
coach Valley also IS mdicated by general ground-water 
quality, water-level contours, and a water-budget 
Imbalance (Hamil and others, 1992) 

The hydrogen-Isotope compositiOn of ground 
water In pnnctpal aqmfers away from the Carson River 
m Dayton and Churchill Valleys becomes distmctly 
heavter proceedmg west (fig 16) Deutenum content of 
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ground water in principal aquifers of Dayton and 
Stagecoach Valleys generally is similar to ground water 
in the adjacent Virginia Range and Pine Nut Mountains 
(fig. 14A). Due to a lack of available sampling sites, the 
stable-isotope composition of water in upland aquifers 
in Churchill Valley is not known. Primary sources of 
ground water in Churchill Valley north of the Carson 
River are precipitation on the Flowery Range to the 
north along with ground-water flow from Stagecoach 
Valley. Absence of tritium in wells in basin-fill aquifers 
away from the Carson River, suggests that the water 
was recharged more than 57 years ago. This conclusion 
is supported by the absence of irrigation away from the 
river, except limited irrigation by ground water in 
Stagecoach Valley (Welch and others, 1989). 

Hydrogeology of the Lower Carson River 
Basin 
By Donald H. Schaefer and Michael S. Lico 

Carson Desert, the largest valley in the Carson 
River Basin, is elongate northeastward, and has a 
maximum length of about 70 mi and a maximum width 

of about 25 mi (pl. 1). The basin is the terminus of 
the Carson River, which enters the basin just below 
Lahontan Dam. Average flow of the river below the 
dam, including Truckee River water diverted to 
Lahontan Reservoir by way of the Truckee Canal, was 
about 390,000 acre-ft/yr for 1966-90 (gaging station 
10312150; Bostic and others, 1991, p. 154). Most of 
the Carson River flow is diverted for irrigation in the 
Fallon area. The rest, along with irrigation returns, 
flows to sinks and lakes in the Desert. Carson Sink is a 
large salt fiat during years of average or below-average 
precipitation, but during wet years it becomes a large 
shallow lake that receives water from the Carson River, 
from irrigation runoff, and by occasional overflow 
from the Humboldt River Basin north of the sink. 

Carson Desert consists of several smaller 
structural basins, some of which are oriented along 
regional structural trends. Northern Carson Desert is 
underlain by a northeast-trending structural basin along 
the West Humboldt Range that is 6,000 ft deep, and by 
a north-trending trough along the Stillwater Range that 
is 12,000 ft deep. A northeast-trending bedrock high 
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at a depth of about 2,000 ft separates the two smaller 
basins (Hastmgs, 1979, p 518) Unpublished gravity 
data md1cate a deep basm underlymg the southern part 
of the desert, where an exploratiOn hole penetrated 
more than 8,000 ft of basm-fill deposits without reach
Ing bedrock (Garside and others, 1988) 

Lacustnne, fluvial, and wmd-blown sediments 
and mterbedded volcamc rocks form the basm-fill 
deposits beneath the desert. The upper 2,000-3,000 ft 
of the basin-fill deposits are mostly sediments and 
mclude lesser amounts of volcamc rocks Deeper parts 
of the basin-fill deposits have mcreasingly greater pro
portwns of volcamc rocks (Franklm H Olmsted, U S 
Geological Survey, wntten commun , 1987) 

The ground-water system m Carson Desert IS the 
most complex In the Carson River Basm It has been 
mvestigated m the southern Carson Desert (Glancy, 
1986) and m geothermal areas (Morgan, 1982, Olm
sted and others, 1984, Olmsted, 1985) Shallow, mter
mediate, and deep alluvial aqmfers and a basalt aqmfer 
underhe the southern area (Glancy, 1986) The basalt 
aqmfer IS the source of water for the mumcipal water 
supply for Fallon and the Fallon Naval Air Statwn, 
shallow and Intermediate aqmfers provide water to 
domestic wells and to some Irngatwn wells 

Discusswn of the ground-water quahty In Carson 
Desert IS based on the aqmfer designatiOns of Glancy 
(1986) The shallow aqmfer system Includes ground 
water at depths less than 50 ft below land surface The 
mtermediate aqmfer system mcludes ground water In 
sediments at depths between 50 and about 320ft below 
land surface The basalt aqmfer crops out at Rattle
snake Hill The term "pnncipal aqmfers," when apphed 
to the Carson Desert, refers to the mtermediate and the 
basalt aqmfer systems 

Directwns of ground-water flow In shallow aqm
fers generally are northeastward and eastward toward 
the Carson Sink (pl 1) Duectwns of movement In 
Intermediate basm-fill aqmfers are sirmlar Flow direc
tions In the basalt aqmfer are uncertam because gradi
ents are nearly honzontal (Glancy, 1986, p 15-16) 
Vertical gradients between the different aqmfers mdi
cate upward movement of ground water m some parts 
of the Carson Desert and downward movement In other 
parts (Glancy, 1986, p 27, 55) In addition, short-term 
reversals of vertical gradients m shallow aquifers have 
been documented (Olmsted, 1985, p 15-19) 

Some Important features of the ground-water sys
tem m southern Carson Desert are shown (view IS to the 
north) In figure 17 Recharge under current conditiOns 
IS supphed largely by seepage from Irrigatwn canals, 
the Carson River and Its distnbutary channels, and 
flood Imgatwn (Glancy, 1986, p 39) Other sources 
mclude locally ponded precipitatiOn m low-lying areas 
after mtense storms (Olmsted, 1985, p 25) and precip
ItatiOn m mountams surroundmg the basin Before Irri
gation, most recharge probably was supphed by 
subsurface flow from the Carson River At that time, 
the depth to the water table was greater m areas away 
from the nver and m low-lymg areas, such as Carson 
Lake Pre-IrrigatiOn measurements of depth to water 
(Stabler, 1904) and the altitude of water m Soda Lake 
(Rush, 1972) are consistent with this descnptwn 

Ground-water flow m the basm-fill sediments 
IS affected by laterally extensive lake deposits Fine
gramed lake sediments retard vertical movement, 
except where subsequent eroswn has cut through the 
deposits Channel deposits of the ancestral Carson 
RIVer generally are more permeable than the enclosmg 
sediments Greater permeability leads to greater 
ground-water flow, both vertical (fig 17) and honzon
tal, m these sediments Honzontal movement of ground 
water IS greater m the basalt aqmfer than In eqmvalent 
thicknesses of the surroundmg sediments because of Its 
greater hydrauhc conductivity In general, hydrauhc 
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Clay 

Alluvial and coluvial fan deposits 

Quaternary and Tertiary basalt 

EXPLANATION 

Direction of ground-water flow 

Recharge 

Fault- Arrows indicate direction of 
relative movement 

Figure 17. Schematic three-dimensional"block diagram" showing geology and ground-water flow in southern Carson Desert, 
Nevada. 

heads decrease with depth in the recharge area to 
the west resulting in downward movement of ground 
water. In discharge areas, on the east side of the south
em Carson Desert, ground water tends to move upward 
(fig. 17). 

Irrigation drains and unlined canals control 
movement of ground water in shallow aquifers beneath 
irrigated areas (fig. 18). Flood irrigation and leakage 
from irrigation canals provide water to shallow aqui
fers. Water levels can rise to land surface during flood 
irrigation, then decline as water flows into drains that 
direct the water to Carson Pasture and Stillwater 
Marsh. Ground water in shallow aquifers is largely 
from surface sources, except in the low areas of intense 
evapotranspiration, such as Carson Lake and Stillwater 

Point Reservoir. Shallow aquifers beneath low areas 
receive flow from the underlying intermediate aquifers 
(fig. 17). 

The stable-isotope composition of water in shal
low aquifers is a result of the water's origin and subse
quent isotopic fractionation caused by evaporation. 
The areal distribution of deuterium shows that less 
negative values (heavier water) correspond to areas 
where ground water discharges from shallow aquifers 
(fig. 19). The composition of this water (fig. 20) is a 
result of evaporation at the water table of water that 
moved upward from intermediate aquifers. 

The diverse origins of the water result in different 
stable-isotope compositions. The water from the 
Carson and Truckee Rivers and water rising from 
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Figure 19. Hydrogen-isotope composition of ground water in southern Carson Desert, Nevada. 
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intermediate aquifers is subsequently affected by 
evaporation. The composition of the irrigation water 
is not constant because it includes varying amounts 
and compositions of water diverted from the Carson 
and Truckee Rivers and undergoes varying degrees 
of evaporation before recharge. The measured range 
in composition of Carson and Truckee River water is 
shown in figure 20. Water in shallow aquifers beneath 
irrigated areas had tritium activities ranging from 39 to 
93 pCi/L (table 5). These concentrations suggest recent 
recharge of surface water. 

Most water in basalt and intermediate aquifers 
near Fallon is isotopically lighter than present-day Car
son and Truckee Rivers. Thus, present-day river water 
alone cannot be the source of water in these aquifers. 

Recharge for the basalt and intermediate aquifers 
can be from several sources. Mixing of Carson River 
water with water having a lighter composition could 
produce the observed ground water. An isotopically 
lighter source of water is in Churchill Valley, where a 
hydrogen-isotope composition as light as -141 perrnil 
was measured in ground water (fig. 15). A mixture con
sisting of about 84 percent river water (with a hydro
gen-isotope composition of -110 permil) and about 
16 percent ground water (the lightest water measured 
in Churchill Valley) would have an isotopic composi
tion of -115 permil. This is the approximate average 
composition of water in the basalt and intermediate 
aquifers. 
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Another possible source for water 1n the basalt 
and mtermed1ate aqmfers could be recharge dunng the 
Pleistocene age when Lake Lahontan last was present 
(about 4,000-7,000 years ago) Carbon-14 ages for 
water from some wells are old enough to support th1s 
ongm, however, water m some wells 1s too young for 
th1s to be a realistic hypothesis Water m the basalt and 
1ntermed1ate aqmfers could be the result of recharge 
several hundred years ago when Carson R1ver water 
was 1sotop1cally lighter Several observatiOns, Includ
mg Pyraffild Lake levels and c1rque glac1er reformatiOn 
m the S1erra Nevada, suggest that the climate m the 
western Umted States was wetter and doffilnated by 
w1nter prec1p1tatwn from 600 to 50 years ago (Dav1s, 
1982, p 68) Presumably, prec1p1tat10n dunng th1s time 
was 1sotop1cally lighter and recharge rates h1gher than 
dunng the present because of large unrestncted flows 
m the Carson R1ver Carbon-14 ages for water 1n some 
wells suggest that the basalt and mtermed1ate aqmfers 
were recharged w1th1n the last several hundred years 

Unlike water m the basalt and 1ntermed1ate 
aqmfers near Fallon, water m mtermed1ate aqu1fers 
near the Upsal Hogback area has been affected by 
evaporatiOn (fig 20) Pnor to evaporatiOn, the water 
probably had a stable-Isotope composition Slffillar to 
basalt aqmfer water 

SIX samples from wells tappmg mtermed1ate 
aqmfers analyzed for tntmm had activities less than 
16 pC1/L, except for samples from two wells m the 
western Carson Desert (table 5) These two wells 
y1eld water that probably was recently recharged from 
shallow aqmfers Glancy (1986, p 32) reported tntmm 
activities of less than 0 3 pC1/L for samples from three 
wells tapp1ng the mtermed1ate aqmfers near Fallon 
The water from these three wells apparently was 
recharged more than 57 years ago 

Most samples from wells tappmg the basalt 
aqmfer analyzed for tntmm had activities greater than 
10 pC1/L, md1catmg ages of less than 38 years Water 
from the basalt aqmfer near the center of Fallon and 
at the Naval A1r Statwn had tntmm concentratiOns 
greater than 20 pC1/L (Glancy, 1986) For the basalt 
aqmfer, th1s suggests recharge may be takmg place near 
the center of Fallon and near Rattlesnake Hill, the only 
area where the basalt 1s exposed Surface water from 
1IT1gatwn canals 1s the most likely source of recharge m 
th1s area Recharge may be Increased by pump1ng of 
wells completed m the basalt aqmfer near Rattlesnake 

Hill The pumpmg causes lower hydraulic heads m the 
basalt, wh1ch results m greater ground-water flow mto 
the basalt aqmfer 

WATER QUALITY AND AQUEOUS 
GEOCHEMISTRY 

Th1s sectiOn descnbes water quality of pnnc1pal 
aqmfers and the processes that produce the observed 
quality Other aqmfers, the Carson River, and the 
West Fork Carson River, are discussed pnmarlly 
because they affect water quality 1n pnnc1pal aqmfers 
For example, shallow and upland aqmfers are 
descnbed because they recharge pnnc1pal aqmfers 

Nevada State dnnklng-water standards (table 6) 
prov1de an appropnate reference for evaluatmg the 
quality of ground water The standards, wh1ch apply 
to public water supplies, mclude pnmary maximum 
contaffilnant levels (MCL), secondary preferred 
standards (SPS), and secondary max1mum contaffil
nant levels (SMCL) MCL's were established because 
of human health concerns and spec1fy enforceable 
maximum pefffilSSlble levels of constituents m water 
delivered to the user of a public water-supply system 
SPS's relate to the aesthetic quality of water and are 
Intended to be gmdelines w1thm the State, they are 
not enforceable The SPS's may be applied 1f levels 
are locally attamable-1f not, SMCL's apply (Nevada 
Adm1mstrative Code, 1992, p 3) The pnmary and 
secondary maximum contaffilnant levels were adopted, 
w1th the addition of a SMCL of 2 mg!L (illllligrams per 
liter) for fluonde, by the State of Nevada from the US 
Environmental ProtectiOn Agency's Natwnal Dnnklng 
Water RegulatiOns (Nevada Admm1strative Code, 
1992) Although a dnnklng-water standard has not 
been established for radon, the U S Envuonmental 
ProtectiOn Agency (1991) has proposed a MCL of 300 
pC1/L The proposed MCL for uramum 1s 20 ~giL and 
radmm-226 and -228 each have a proposed standard of 
20 pC1/L (U S Environmental ProtectiOn Agency, 
1991) 

Differences between MCL's and SMCL's can be 
Illustrated by a companson of arsemc, wh1ch has an 
MCL, w1th 1ron and manganese, wh1ch have SMCL's 
The standard for arsen1c was established because of 
scientific ev1dence that human health can be adversely 
affected by concentratiOns greater than the standard 
In contrast, 1ron and manganese can stam clothes 
and plumb1ng fixtures when present m concentratiOns 
greater than the standards, but do not generally affect 
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Table 5 Carbon-13, carbon-14, and tnt1um 1n ground water of Carson Desert, Nevada 

[Carbon-13 values relative to Peedee belemmte standard Abbrevtatwns PMC, percent modem carbon, 
pCl/L, p1cocunes per hter, <,less than,--, no data, NA, not apphcable] 

Local number Date 
Carbon-13 Carbon-14 Tr1t1um 

Laboratory 1 
(perm1l) (PMC) (pC1/L) 

Shallow aqmfers 

N17 E29 05BCBB1 03-08-89 -14 0 70 DRI 
Nl8 E28 30BDBA1 03-07-89 -11 6 51 DRI 
N19 E28 23DCDB1 03-09-89 -11 3 42 DRI 
N19 E28 30ADBC1 02-23-89 -12 0 93 DRI 
N19 E29 25AADA1 04-19-89 -14 1 39 USGS 
N19 E30 23DBCD1 08-30-89 44 USGS 
Nl9 E30 30BBBA1 04-19-89 -13 4 55 USGS 

Intermediate aqmfers 

N18 E29 02BADA1 04-28-89 -8 3 5 USGS 
N18 E28 10CAAA1 01-27-89 -13 2 61 NA 
N18 E28 23ADAA1 04-20-89 -8 5 41 NA 
N18 E28 35CDBD1 04-18-89 -6 3 18 NA 
N18 E29 05CCCB1 04-20-89 -10 7 62 NA 

N18 E29 05DDAB1 03-08-89 -8 5 35 NA 
N18 E29 18BAAD1 04-20-89 -8 8 40 NA 
N18 E29 28DDCD1 04-21-89 -10 1 13 NA 
N19 E27 13CCCB1 02-28-89 -11 0 90 67 DRI 
N19 E27 19BCB 1 02-28-89 -12 2 85 90 DRI 

N19 E28 24ADCC1 03-08-78 -11 0 62 <3 USGS 
N19 E28 24DABB1 03-08-78 -10 7 87 3 USGS 
N19 E28 25BCDD1 03-07-89 -12 2 89 NA 
N19 E29 07DAAD1 03-01-89 -114 69 NA 
N19 E29 08DABC1 04-25-89 -9 9 18 <3 USGS 
N19 E29 17BABD1 05-31-89 -11 6 73 NA 
N19 E29 29CACA1 02-22-89 -12 1 77 NA 

Basalt aqmfer 

N 19 E28 36AABC 1 10-06-78 -10 0 40 84 USGS 
N19 E29 18DCBB1 03-02-89 -8 4 36 NA 
N19 E29 29BACB1 03-01-89 -9 1 43 14 DRI 
Nl9 E29 30CBAD1 01-25-89 -9 5 51 15 USGS 
N19 E29 30CDBC1 08-10-78 -9 4 53 26 USGS 
N19 E29 30CDBC2 01-25-89 -9 6 52 15 USGS 
N19 E29 33CBBC1 01-26-89 -9 2 45 14 USGS 
N19 E29 33CBBB2 02-22-78 -8 9 5L 22 USGS 
N20 E29 34BBAC1 06-01-89 -8 2 15 NA 
N20 E29 34CCDC 1 07-19-78 -6 9 30 6 USGS 

1 Laboratones performmg tntmm analysts DRI, Desert Research Institute, Reno, Nevada, USGS, 
US Geologtcal Survey, Arvada, Colorado 

human health Sources and possible effects, either 
health related or aesthetic, for several constituents m 
ground water of the Carson River Basm are listed m 
table 7 These constituents consistently exceed estab
lished or proposed dnnlang-water standards m ground 
water of the basin 

Some dissolved constituents reach concentratiOns 
that may Impmr use of the water, but do not have estab
lished or proposed dnnkmg-water standards Four 

mmor constituents m this category within the Carson 
River Basm are boron, lithmm, molybdenum, and vana
dium ConcentratiOn gmdelines established for these 
elements m water for Irngatwn and livestock use are 
boron, 750 J..tg/L (US Envuonmental ProtectiOn 
Agency, 1976), lithmm, 100 J..tg/L (Hem, 1985, p 134 
and 216), molybdenum, 10 J..lgiL (Committee on Water 
Quality Cntena, 1973, p 344), and vanadmm, 100 J..tg/L 
(Committee on Water Quality Cntena, 1973, p 345) 
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Table 6 Nevada State dnnk1ng-water standards for public water systems 

[Umt of measure milligrams per hter, except as noted, --, standard does not exist for mdicated constituent or property] 

Constituent or property 
Pnmary max1mum 
contaminant level 

(MCL)1 

Secondary max1mum 
contaminant level 

(SMCL)2 

Arsemc 

Inorgamc constituents and properties 

005 
Ban urn 
Cadmmm 
Chlonde 
Chrommm 

Copper 
Flu on de 
Iron 
Lead 
Magnesmm 

Manganese 
Mercury 
Nitrate (as N) 
Selemum 
Silver 

Sulfate 
Dissolved sohds 
Zmc 
pH (umts) 

Benzene 
Carbon tetrachlonde 
Endnn 
Lmdane 
Methoxychlor 

Tnchloroethylene 
Toxaphene 
Tnhalomethanes (total) 
Vmyl chlonde 
1,2-Dichloroethane 

1,1-Dichloroethy lene 
1 ,4-Dichlorobenzene 
1,1, 1-Tnchloroethane 
2,4-Dichlorophenoxyacetic acid (2,4-D) 
2,4,5-Tnchlorophenoxyprop10mc acid (2,4,5-T) 

Adjusted gross alpha (excludmg radmm-226, 
radon, and uramum), m picocunes per hter4 

Gross beta, m nnlhrems per year 

Radmm-226 and -228 (combmed), 
m picocunes per hter 

Radmm-226, m picocunes per hter4 

Radmm-228, m picocunes per hter4 

Radon-222, m picocunes per hter4 

Uramum· m nnlhgrams per hter4 

1 0 
01 

05 

40 

05 

002 
10 

01 
05 

Orgamc compounds 

0 005 
005 
0002 
004 
1 

005 
005 
1 
002 
005 

007 
075 
2 
1 
01 

Rad10nuchdes 

15 

4 

5 

20 
20 

300 
02 

400 

20 
6 

150 

500 
1,000 

Secondary preferred 
standard 
(SPS)3 

250 

1 0 

3 

125 

05 

250 
500 

50 
6 5-8 5 

1 Pnmary maximum contarrunant level (MCL's) are health related and State and Federally mandated Best available technology as deter
mmed by US Environmental ProtectiOn Agency must be utilized to achieve these levels (Jeffrey A Fontame, Nevada Bureau of Consumer 
Health ProtectiOn Services, oral commun, 1989) MCL's are adopted by the Nevada Admmistrative code (1992) from the National Dnnkmg 
Water RegulatiOns (US Environmental ProtectiOn Agency, 1986a, b) 

2 Secondary maximum contammant levels (SMCL's) are based on aesthetic qualities and are enforceable by the State of Nevada 
(Nevada Adrrumstrative Code, 1992) Best avmlable technology IS determmed by the State of Nevada (Jeffrey A Fontame, Nevada Bureau 
of Consumer Health ProtectiOn Services, oral commun, 1989) SMCL's, except that for magnesmm, are adopted from NatiOnal Dnnkmg Water 
RegulatiOns (US Environmental ProtectiOn Agency, 1986c, p 587-590) SMCL's have not been established by the State of Nevada for copper, 
pH, and zmc 

3 Secondary preferred standards (SPS's) must be met unless water of that quahty IS not attamable, m which case existmg SMCL's must be 
met (Nevada Admimstrative Code, 1992) 

4 Standard has been proposed but not adopted as of 1993 (U S Environmental ProtectiOn Agency, 1991) 
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Table 7 Source and s1gmf1cance of selected constituents m ground water of Carson R1ver Bas1n, Nevada and Cahforn1a 

[Constituents havmg maximum contammant levels (MCL's) are m bold letters and hsted first, constituents and properties havmg secondary maximum 
contammant levels (SMCL's) are nonbold, constituents havmg proposed U S Envuonmental ProtectiOn Agency MCL's are m ttaltcs (Contammant levels for 
mdividual constituents and properties are hsted m table 6) Modified from Nowhn (1982, table 2) and Garcia (1989, table 1) AbbreviatiOn mg/L, mtlhgrams 
per hter] 

Constituent 
or property 

Arsemc 

Fluoride 

Nitrate 

Chlonde 

Dissolved sobds 

Iron 

Manganese 

Sulfate 

Uramum 

Radon-222 

MaJor source 

Common m basm-fill aqmfers denved from weathenng of 
mtermediate and acidic volcamc rocks (Welch and oth
ers, 1988, p 334) 

Dissolved m small amounts from most rocks and smls 
Also common to most thermal water Concentrations 
commonly exceed 2 mg/L m ground water havmg low 
concentratiOns of calcmm Added to many pubhc water 
supplies to mhibit dental canes 

Sources mclude fixatiOn of atmosphenc mtrogen by 
plants, leachmg of decaymg orgamc matter, fertilizers, 
or mdustnal, agncultural, or domestic wastes 

Dissolved m d1ffenng amounts from all rocks and soils 
High concentratiOns may be denved from manne and 
desert evaponte mmerals such as hahte May be denved 
from salts used for control of Ice on streets and high
ways May be concentrated by evapotranspiration 

Sum of all rrnnerals dissolved from rocks and smls High 
dissolved-solids concentration generally IS a result of 
d1ssolut10n of evaponte rrnnerals (such as hahte or gyp
sum) or concentration by evaporatiOn 

Dissolved from uon rrnnerals present m most rocks and 
soils Found m some mdustnal wastes, and can be 
corroded from pipes, well casmgs, pumps, and other 
eqmpment Also can be concentrated m wells and 
spnngs by certam bactena 

Dissolved from rocks, soils, and lake-bottom sediments 
Generally assocmted with uon 

DissolutiOn of sulfate mmerals such as gypsum, and sul
fide rrnnerals such as pynte May be concentrated by 
evapotranspiratiOn 

S1gmf1cance 

Two cherrncal forms tnvalent (arsemte) and pentavalent 
(arsenate) The former IS more toxic Eptdemwlogtc 
studies have shown that arsemc can cause a vanety of 
chrome and acute health problems, mcludmg skm cancer 

Concentrations between 0 6 and 1 7 mg/L may have benefi
Cial effects on structure and resistance to decay of chil
dren's teeth ConcentratiOns m excess of 4 mg/L may 
cause mottlmg and pittmg of teeth 

ConcentratiOns exceedmg 10 mg/L may cause mfant meth
emoglobmerrna (blue-baby syndrome) High concentra
tiOns may mdicate contarnmatwn from one or more 
human sources 

May make water corrosive Imparts salty taste at concentra
tiOns as low as 100 mg/L Chlonde 10n IS very stable m 
ground water and IS often used as a tracer of movement of 
wastes m aqmfers 

General md1cator of overall cherrncal concentratiOn of 
water Imparts unpleasant taste to water when concentra
tiOns exceed standards Additional effects on water uses 
depend on concentratiOns of mdiVIdual constituents 

Oxidizes to a reddish-brown precipitate Stams utensils, 
enamelware, clothmg, and plumbmg fixtures May be 
obJectiOnable for food and beverage processmg because 
of taste and odor problems 

Oxidizes to form a dark brown or black precipitate Prob
lems Sirrnlar to those cause by uon 

Forms bmler scale m combmation with calcmm Causes 
bitter taste when combmed m high concentratiOns With 
other tons, and may have laxative effects when first 
mgested m higher concentrations than those to which an 
mdividualis accustomed 

DissolutiOn of acidic plutomc rocks, sedimentary orgamc Cherrncal toxicity can cause kidney fatlure 
matter, and uon oxide 

Natural radwnuchde m the uramum-decay cham Rapidly volatilizes from ground water when It IS exposed 
to atmosphere InhalatiOn may cause lung cancer 

Water-Quality Data and Statistical Analysis 
By Alan H Welch 

they provide a broad visuahzatwn of the chemical 
composition of the water Relative proportiOns of 
maJOr catiOns ( calcmm, magnesium, and sodmm plus 
potassmm) and maJor amons (carbonate plus bicarbon
ate, ~ulfate, and chlonde) are shown on the left and 
upper tnangles, respectively Dissolved-sohds 
concentratiOns and discharge are plotted m the nght 
and bottom rectangles, respectively Arrows m figure 
21 show how catiOn and amon pomts for a smgle 

The general chemicalwmc composition, dis
charge or pH, and dis sol ved-sohd concentratiOns of the 
Carson River are displayed m a five-field diagram In 
figure 21 One use of this diagram IS to exaffilne where 
data pomts tend to group m each of five mdividual 
tnangular and rectangular areas Each cheffilcal analy
SIS IS plotted as five pomts on the diagram and together 
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Figure 21. General chemical composition and discharge of Carson River and West Fork Carson River, Nevada and 
California. Envelope boundaries are derived by polar smoothing routines and encompass 50 percent of data. Arrows 
show projection scheme for individual chemical analysis. 

analysis are projected from triangles to a central square 
and two rectangles. The central square functions pri
marily as a transitional area to connect the four outside 
plots. Where abundant data results in crowding, distin
guishing the individual symbols is difficult. Where 
crowding is a problem, fields enclosing either 50 or 7 5 
percent of the data are shown. These "envelopes" are 
defined by using polar-smoothing routines (Dennis 
Helsel, U.S. Geological Survey, written cmmnun., 
1992). 

Boxplots, like those in figure 22, are used to dis
play summary statistics regarding the distribution of 
reported concentrations for selected constituents. Sta
tistical cmnponents are represented visually by features 
known as "boxes" and "whiskers," the box defines the 
spread of the middle 50 percent of the data ( concentra
tions that lie between the 25th and 75th percentiles). A 
median value (the 50th percentile) is shown by a hori
zontal line within the box. Whiskers are vertical lines 
that extend from the ends of the box to the maximum 

A36 Ground-Water Quality Assessment of the Carson River Basin, Nevada and California-Results of Investigations, 1987-91 



and minimum values. Modified trilinear diagrams and 
boxplots are used to display a large number of data 
points in this report. 

Bar graphs, such as figure 29, show frequencies 
with which data for selected constituents exceed pri
mary and secondary drinking-water standards. Gener
ally, constituents are shown only when more than 2 
percent of the data exceed a standard. 

Nonparametric statistics are included in this 
report because water quality and other environmental 
data cormnonly do not (or cannot be proved to) fit some 
common distribution. Additionally, extreme values are 
common, distorting the true central tendency of the 
data and making parametric statistics invalid. Nonpara
metric approaches use data ranks rather than actual 
values. Nonparametric approaches are only slightly 
less efficient than parametric tests when data are 

a: 
w 
f
:J 
a: 
w 
0... 
(/) 

~ 
< a: 

10-

nmmally distributed and are more efficient when 
data are not normally distributed (Hollander and 
Wolfe, 1973, p. 1). 

For a comparison of ranks, the Mann-Whitney 
test (Conover, 1980, p. 216) is used. The statistical dif
ference between mean ranks of selected constituents is 
estimated by this method for (1) the different aquifers, 
(2) the upper, middle, and lower Carson River Basin, 
and (3) shallow ground water beneath agricultural and 
urban land. 

A chi-square test for differences in probabilities 
(Conover, 1980, p. 145) is used to evaluate whether a 
significant proportion of samples from an aquifer have 
concentrations above a drinking-water standard. The 
test also is used to determine whether minor constitu
ents are more commonly above laboratory reporting 
limits in one group of samples than in another. 
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The Mann-Whitney and cht-square tests yteld 
a test statistic called a "p-value " For purposes of this 
report, the followmg terms descnbe stgmficance for a 
range m the p-value htghly stgmficant, p less than or 
equal to 0 01, stgmficant, p greater than 0 01 and less 
than or equal to 0 05, and not stgmficant, p greater than 
0 05 A confidence level Is equal to 1 00 minus the 
p-value and IS expressed as a percent For example, 
a p-value of 0 05 IS equal to a 95-percent 
confidence level 

A tendency for the concentratiOn of one constitu
ent to correspond to an mcrease or decrease m the con
centratiOn of another Is evaluated usmg a statistic 
called "Spearman's rho" (lman and Conover, 1983, 
p 126-129) For purposes of this report, the following 
terms descnbe the correlatiOn between two constitu
ents based on a range m absolute magmtude of Spear
man's rho very strongly correlated, greater than or 
equal to 0 90, strongly correlated, 0 75 to less than 
0 90, moderately correlated, 0 50 to less than 0 75, 
weakly correlated, 0 25 to less than 0 50, and not cor
related, less than 0 25 For example, a Spearman's rho 
of 0 55 descnbes a moderate correlatiOn Negative val
ues mdtcate that one vanable tends to decrease as a sec
ond vanable mcreases A Spearman's rho IS reported 
only for relatiOns valid at the 95th-percent confidence 
level or greater (p-value less than or equal to 0 05) 

Surface-Water Quality 
By James M Thomas 

Thts sectiOn descnbes water quality of the mam 
stem and West Fork of the Carson Rtver The quality of 
this water IS Important because It IS a source of recharge 

to the ground-water flow system Data collection sttes 
With maJor-Ion analyses used to descnbe water quality 
of the nver are the West Fork at Woodfords near Car
son Ctty (where the nver exits Carson Valley) above 
Lahontan ReservOir In Churchill Valley, and the Carson 
Rtver and below Lahontan Reservmr (where It enters 
Carson Desert, fig 1) Comparisons of median concen
tratiOns (fig 22) and ranks (table 8) of maJor constitu
ents show changes along the nver Ranks also were 
compared after removmg data for samples collected 
dunng penods of highest and lowest flow (the upper 
and lower 10-percent duratiOns) RelatiOns suggested 
by table 8, with the few exceptiOns noted m the table, 
are Similar when data collected dunng penods of high
est and lowest flow are excluded 

Calcmm and bicarbonate are the dominant wns 
m the dilute water of the West Fork Carson Rtver at 
Woodfords (fig 21), where relative proportiOns of 
maJOr IOns generally are Independent of flow Concen
tratiOns of the maJor constituents Increase downstream 
from Woodfords (fig 22, table 8) The West and East 
Forks are the pnnctpal sources of IrrigatiOn water m 
Carson Valley Consequently, the nver system IS an 
Important source of recharge to shallow aqmfers Pro
portiOns of sodtum, sulfate, and chlonde are greater 
where the mam stem passes Carson Ctty (fig 21) 
MaJor constituents, except for chlonde and silica, 
become even more concentrated as the nver flows past 
Fort Churchill Sulfate contnbutes an mcreased propor
tion of the total am on concentratiOn beyond Fort 
Churchill These changes m the water quality are 

Table 8 Stat1st1cal companson of ranked concentrations of maJor constituents 1n samples from the Carson R1ver and 
West Fork Carson R1ver, Nevada and Cahforma 

[Constituents m bold and non bold have, respectively, htgher and lower ranked concentratiOns m more downstream part of basm, p-values determmed by 
Mann-Whttney method (Conover, 1980, p 216) Symbol --,no constituent] 

Locat1on 

Woodfords compared with 
Carson City 

H1ghly s1gn1f1cant 
(p less than 0 01) 

S1gn1f1cant 
(p less than or equal to 0 05 

and greater than 0 01) 

Calcium, magnesiUm, sodium, Silica 1, dissolved solids 2 

potassiUm, chloride, sulfate, 
bicarbonate 

Not s1gn1f1cant 
(p greater than 0 05) 

Carson City compared With Calcmm, sulfate, bicarbonate, MagnesiUm, sodmm 1, Chlonde, sihca 
Fort Churchill dissolved sohds 3 potassmm3 

Fort Churchill compared with Calcmm, sihca Magnesmm, chloride, sulfate 1, Sodmm, potassmm 1, bicarbonate 
below Lahontan Reservmr dissolved sobds1 

1 Highly significant with data for highest and lowest flows (upper and lower 10-percent duratiOns) removed 
2 Not sigmficant wtth data for highest and lowest flows (upper and lower 10-percent durations) removed 
3 Sigmftcant With data for highest and lowest flows (upper and lower 10-percent duratiOns) removed 
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most hkely caused by return of Irngatwn water 
diverted from the nver, evapotranspuatwn, and 
mflow of ground water 

For most maJor constituents, the trend toward 
mcreasmg concentratiOn reverses at the Site below 
Lahontan Reserv01r Except chlonde, all maJor constit
uents have median values lower than or Similar to those 
for the nver near Fort Churchill, and the spread of the 
middle 50 percent of the data IS less (fig 22) This 
reversal probably IS due to contnbutwns of Truckee 
River water to Lahontan Reserv01r by way of the Truc
kee Canal Much of the water passmg Lahontan Dam IS 
used for Irngatwn that recharges shallow aqmfers m 
Carson Desert 

Ground-Water Quality 
By Alan H Welch 

This section mcludes discussiOns of the maJor 
morgamc constituents, minor morgamc constituents, 
radwnuchdes, and synthetic orgamc compounds m the 
ground water, and processes producmg concentratiOns 
of the different constituents In this report, the maJor 
morgamc constituents are those that make up 98 per
cent or more of the total solute mass Mmor morgamc 
constituents generally are present at concentratiOns less 
than 1 mg/L 

Most data used to descnbe ground-water quahty 
were collected as part of the NAWQA pilot program 
Other sources of data Include morgamc chemical anal
yses of water from spnngs m the Carson Range (Feth 
and others, 1964 ), and morgamc chemical and tntmm 
analyses of ground water m Eagle Valley (Szecsody 
and others, 1983) Data collected for momtonng 
ground-water quahty m Carson Valley (Garcia, 1989, 
Thodal, 1992), for a study ofirngatwn dramage m Car
son Desert (Rowe and others, 1991, Lico, 1992), and 
for a study of ground water beneath the southern Car
son Desert (Glancy, 1986) also are used 

A comprehensive descnpt10n of regwnal ground
water quahty can be made only If an adequate number 
and distnbutwn, both areally and vertically, of chemi
cal analyses are available General charactenzatwn of 
regwnal ground-water quahty IS usually constramed by 
the areal and vertical distnbutwn of the sample Sites 
Limited access for samplmg, however, commonly 
results m an uneven distnbutwn of sampled sites In the 
Carson River Basin, samples from only 39 upland 
aqmfer sites were collected In contrast, analyses of 
water from shallow and pnncipal aqmfers are available 
for about 160 and 230 Sites, respectively 

A second constramt results from the water uses 
Wells tappmg pnncipal aqmfers generally are used for 
dnnklng water or ungatwn The selectiOn of these 
wells may result In a biased sample populatiOn because 
wells dnlled for pubhc water supply that yield poor
quality water commonly are abandoned Consequently, 
the selectiOn may result m a greater percentage of sam
ples that meet the dnnklng-water standards than IS truly 
representative of the entire aquifer system 

Wells tappmg pnncipal aqmfers also have van
able open mtervals or an annulus filled with gravel 
Different well constructiOn means that some wells can 
produce water from an mterval of 100 ft or more and 
others may produce water from an Interval of 30 ft or 
less Most wells tappmg pnncipal aqmfers are water
supply wells used pnmanly for domestic, mumcipal, 
and Irngatwn purposes Generally, these wells have 
open mtervals within the most productive parts of 
the aqmfer Consequently, the water quahty of finer 
gramed, less productive parts of pnncipal aqmfers, IS 
probably not well represented The wells available for 
samplmg tap only the upper part of the pnncipal aqm
fer and generally are less than 400ft deep, whereas the 
basm-fill deposits locally have thicknesses of 5,000 ft 
or more Because of these hmitatwns, the data for pnn
Cipal aqmfers are more representative of ground water 
used for pubhc supply than of all ground water m the 
basm 

Methods of Sample Collection and Data 
Compilation 

By Alan H Welch 

Data collectiOn required Site selectiOn, well 
pumpmg, sample collectiOn, and measurement of 
unstable constituents Laboratory analyses were for a 
wide range of orgamc and morgamc constituents and 
Isotopes Field and laboratory data, along with basic 
mformatwn on the wells, IS Included In a report by 
Whitney (1994) Surface-water samples were analyzed 
by U S Geological Survey laboratones Methods of 
sample collectiOn are descnbed by Garcia and others 
(1992) 

About 30 wells tappmg pnncipal and upland 
aqmfers m four areas were sampled as part of the 
NAWQA pilot proJect These areas are Carson Valley, 
Eagle Valley, the middle basin (Dayton and Churchill 
Valleys), and Carson Desert The wells are located 
throughout the valleys from which most of the ground 
water IS withdrawn 
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Shallow wells were dnlled for samphng the upper 
part of shallow aqmfers usmg protocols descnbed by 
Hardy and others ( 1989) Most shallow wells were 
dnlled to depths less than 30 ft and completed wtthtn 
20ft beneath the shallow water table Because agncul
ture 1s a maJor land use, 30 wells were dnlled 1n agn
cultural areas throughout the basm The wells were 
stted ustng a program wntten by Scott (1990) to ensure 
random dtstnbutwn and geographic coverage of the 
bastn Closely spaced, shallow wells also were dnlled 
1n three agncultural areas and m the urban part of 
Carson Ctty 

Most wells were dnlled wtth a hollow-stem 
auger usmg a natiOnally consistent NA WQA quality
assurance plan (Mattraw and others, 1989) Cores of 
aqmfer matenal were collected at the depth of screen 
placement for analysts of the sohd phase Mtnerals 
forrmng shallow sedtments were Identified ustng a 
petrographic rmcroscope and X-ray dtffractwn A total 
of 372 shallow soli samples was collected at the dnlled 
s1tes and other sttes throughout Carson Desert Cherm
cal analyses of these samples are reported by Ttdball 
and others ( 1991) 

Ground-water samples were collected ustng 
methods and protocols descnbed by Hardy and others 
( 1989) The procedures spectfy that wells be pumped 
wtth a posttive-dtsplacement pump until several mom
tared properties (pH, specific conductance, tempera
ture, and dtssolved oxygen) are constant before the 
sample 1s collected Most constituents were analyzed 
by the US Geologtcal Survey National Water Quahty 
Laboratory (NWQL) m Arvada, Colo Radwnuchdes 
(except radon-222) and stable Isotopes of carbon and 
sulfur were analyzed by a contractor to the NWQL, and 
stable Isotopes of water were analyzed by the U S 
Geological Survey laboratory 1n Menlo Park, Cahf 
Tntmm was analyzed at two dtfferent laboratones 
(Desert Research Institute laboratory m Reno, Nev , 
and the Umverstty of Mtarm through a contract to the 
US Geological Survey) Methods of analysts are 
descnbed by Ftshman and Fnedman ( 1985), Thatcher 
and others (1977), and Wershaw and others (1987) 

Comptled water-quahty data for the Carson RIVer 
Basm mclude multtple analyses of some wells and 
spnngs To avmd btas toward repeatedly sampled s1tes, 
only the most recent analyses are used m the spatial 
descnpt10n of ground-water quahty The most recent 
analyses (most of whtch are for samples collected stnce 
1985) are used because analytical prec1s10n and accu
racy generally are Improved m companson to older 
analyses 

MaJor-IOn analyses were ehrmnated from the data 
set 1f the absolute value of the dtfference between the 
rmlheqmvalents of the catwns and amons d1v1ded by 
the sum of the two 1s greater than 10 percent 

Dtfferent aspects of ground-water quahty m the 
area are dtsplayed on graphtc plots Dependmg on the 
hydrographic area, the IllustratiOns mclude ( 1) maps 
that show all samphng sttes and htghhght those where 
concentratiOns of selected constituents exceed the 
Nevada State dnnklng-water standards, (2) a dtagram 
showmg the general chermcal composition of the 
water, (3) a bar graph showmg percentages of samples 
that exceed selected Nevada State dnnklng-water stan
dards, and (4) boxplots showtng the statistical dtstnbu
tion of concentrations or activities 

Concentrations of Major Constituents 
By Michael S. L1co 

Thts sectiOn descnbes the concentratiOns of 
maJor constituents m ground water of the Carson RIVer 
Bastn Comparisons between medtan concentratiOns 
of maJor constituents 1n mdividual valleys and aqmfer 
systems are given The quahty of ground water also IS 
compared to current Nevada State dnnklng water 
standards 

The chermcal compositiOn of ground water m 
pnncipal aqmfers beneath Carson and Eagle Valleys 
IS dormnated by calcmm, sodmm plus potassmm, and 
bicarbonate (fig 23A) Dissolved-solids concentrations 
generally are less than 300 mg/L and pH values gener
ally are between 7 and 8 Chlonde concentratiOns typ
Ically are less than 10 mg/L, correspondmg to the 
relatively dilute composition of the water (fig 24A) 

All maJor constituents except potassmm have 
lower medtan and ranked concentratiOns In water from 
upland aqmfers than from pnncipal aqmfers (table 9, 
fig 24A) Lower concentratiOns are consistent with the 
upland aqmfers as a source of recharge to pnncipal 
aqmfers Addttionally, many samples were collected m 
areas underlam by gram tic rocks, which generally yield 
water with lower dissolved-solids concentrations 

Ground water m shallow aqmfers beneath Carson 
and Eagle Valleys has a wtder range of dissolved sohds 
and wmc compositions than water In pnncipal aqm
fers Most water m shallow aqmfers 1s dormnated by 
sodmm plus potassmm, calcmm, and bicarbonate 
(fig 23B) Dissolved-solids concentratiOns generally 
range from 300 to 600 mg/L and pH values generally 
are near 7 Much of the shallow ground water In Carson 
Valley IS recharged by Irrtgatwn Carson Rtver 1s the 
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Table 9. Statistical comparison of ranked concentrations of major constituents in water from principal aquifers and 
water from upland and shallow aquifers of Carson River Basin, Nevada and California 

[Constituents in bold and nonbold have, respectively, higher and lower ranked concentrations in principal aquifers; p-values determined by Mann-Whitney 
method (Conover, I 980, p. 216). Symbol: --, no constituent] 

Location 
Aquifer 
system 

Carson and Eagle Upland 
Valleys 

Shallow 

Carson Desert Shallow 

Highly significant 
(p less than 0.01) 

Sodium, chloride, sulfate, silica, 
dissolved solids 

Significant 
(p greater than 0.01 and 

less than or equal to 0.05) 

Bicarbonate, calcium, 
magnesium 

Calcium, magnesium, sodium, chloride, Potassium, silica 
sulfate, bicarbonate, dissolved solids 

Calcium, magnesium, sulfate Bicarbonate 

Not significant 
(p greater than 0.05) 

Potassium 

Sodium, potassium, silica, 
chloride, dissolved solids 

A. PRINCIPAL AQUIFERS Note: Trilinear plots 
indicate percentages, on 
basis of milliequivalents 
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primary source of irrigation water. The generally 
higher concentrations of major constituents in water 
in shallow aquifers than in water in principal aquifers 
(table 9, fig. 24A) are consistent with concentrations 
in much of the shallow water discharging to the river. 
Except for areas near major pumping of ground water, 
such as near Gardnerville and along the Carson River 
east of Carson City, the river probably is not a major 
source of recharge to principal aquifers. 

In Dayton and Churchill Valleys, ground-water 
quality in principal aquifers is dominated by the cations 
sodium plus potassium and calcium; bicarbonate and 
sulfate are the dominant anions (fig. 23A). Dissolved
solids concentrations in water from principal aquifers 
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result from higher concentrations of most major 
constituents (table 10; fig. 25), most notably from 
sulfate. Median concentrations of sulfate in principal 
aquifers increase from less than 20 mg/L in the upper 
Carson River Basin to more than 80 mg/L in the middle 
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Water from principal aquifers of Carson Desert 
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composition in some ground water. Dissolved-solids 
concentrations in water from principal aquifers in Car
son Desert generally are greater than in ground-water 
from other parts of the Carson River Basin (fig. 25). 
The Carson Desert ground water also is more alkaline, 
with pH values generally ranging from 8 to 9. Concen
trations of sodium, potassium, chloride, and bicarbon
ate are all distinctly higher in ground water from 
Carson Desert than in ground water from the upper 
and middle basin (table 10, fig. 25). The median 
chloride concentration for Carson Desert (about 260 
mg!L) is more than 10 times greater than the median 
for the middle Carson River Basin (about 15 mg/L). 
Median concentrations in the basin (lower compared to 
the middle basin) are greater by factors of about 8 and 

1.7 for sodium and bicarbonate, respectively (fig. 25). 
In contrast, medians and ranked concentrations of 
magnesium and calcium are lower in Carson Desert 
than in the upper and middle basin. As discussed in the 
following section, these lower concentrations are prob
ably caused by exchange of calcium and magnesium in 
the water for sodium on clay-mineral surfaces. 

Shallow aquifers beneath Carson Desert contain 
water with a wide range in composition and dissolved
solids concentration (fig. 23B). Much of the water is 
dominated by bicarbonate, sodium plus potassium, 
and calcium (or just sodium). In general, increases of 
dissolved-solids concentrations correspond to increas
ing dominance of sodium and chloride (fig. 23B). 
Water with the higher dissolved-solids concentrations 
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Figure 24. Continued. 

is found in areas of intense evapotranspiration from the 
shallow subsurface. Most samples had dissolved-solids 
concentrations less than 10,000 mg/L, but the maxi
mum measured concentration was 41,000 mg/L. 

Secondary maximum contaminant levels 
(SMCL's) have been established for sulfate, chloride, 
magnesium, and dissolved solids (table 6). Where the 
concentration of one of these constituents exceeds the 
SMCL, the dissolved-solids concentration also exceeds 
the SMCL. Most samples with high dissolved-solids 
concentrations are from topographically low areas in 
the Carson Desert-Stillwater Marsh, Carson Sink, 
and Carson Lake areas (fig. 26). Intense evapotranspi
ration accompanied by dissolution of salts, such as 
halite and gypsum, are the most likely causes of the 
high dissolved-solids concentrations. Ground water 

-$ 
+r 
s p s p 
SILICA DISSOLVED 

SOLIDS 

with high dissolved-solids concentrations in the middle 
basin generally also has high sulfate concentrations. 
Water with high dissolved-solids and sulfate concen
trations is in principal aquifers of Dayton Valley. Water 
with high dissolved-solids content in the upper Carson 
River Basin is limited to shallow aquifers-two sites 
are in the Carson City urban part of Eagle Valley and 
one site is in northern Carson Valley. 

Processes Producing Concentrations of Major 
Constituents 
By Michael S. Lico 

The purpose of this section is to describe the 
physical and chemical processes resulting in observed 
concentrations of major constituents in ground water of 
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Table 10. Statistical comparison of ranked concentrations of major constituents in ground water from upper, middle, and 
lower Carson River Basin, Nevada and California 

[Constituents in bold and nonbold have, respectively, higher and lower ranked concentrations in more downstream part of basin; p-values determined by 
Mann-Whitney method (Conover, 1980, p. 216). Symbol: --,no constituent] 

Area 

Carson and Eagle Valleys 
compared with Dayton 
and Churchill Valleys 

Dayton and Churchill Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
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Figure 25. Summary statistics for major constituents in principal aquifers of Carson River Basin, Nevada and 
California. 
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the Carson R1ver Basm Some Introductory explana
tions of processes that commonly control ground-water 
quahty of morgamc constituents are mcluded These 
processes can be Important controls on maJor and 
rmnor 1norgamc constituents and radwnuchdes A 
d1scusswn of the use of thermodynarmc and Isotope 
data m deterrmnmg processes also 1s mcluded 

ConcentratiOns of morgamc constituents m 
ground water are controlled by a vanety of geocherm
cal processes mclud1ng reactiOn kinetics, mmeral solu
bility, adsorptiOn, and 10n exchange Application of 
laboratory-denved reactiOn rates reqmres mformatwn 
unavailable for the Carson R1ver Bas1n and, therefore, 
1s considered only generally RadiOactive Isotopes pro
duced by radiOactive decay, such as radon, are con
trolled by the concentratiOn of the parent and half-hves 
of mtermed1ate progeny products m the decay cham 
Additionally, some constituents are present m only 
small amounts w1tmn aqmfer matenals 

Mmeral solub1hty as a control on concentratiOns 
generally 1s evaluated usmg computer programs that 
calculate the state of saturatiOn w1th respect to rmnerals 
and other sohd phases The program WATEQ4 (Ball 
and others, 1987) was used to estimate a measure of 
saturation termed a "saturatiOn 1ndex," wh1ch 1s the log 
of the activity product d1v1ded by the eqmhbnum con
stant For example, a saturatiOn mdex for the calcmm 
sulfate rmneral gypsum 1s 

saturatiOn mdex = Log { [Ca2+] [S~-] I 
( eqmhbnum constant for gypsum)}, 

where values m square brackets are chem1cal activities 
of calcmm and sulfate (Hem, 1985, p 19) Positive val
ues for the saturatiOn 1ndex md1cate oversaturatwn 
w1th respect to a sohd phase, whereas negative values 
md1cate undersaturatwn For purposes of d1scuss1on, 
saturatiOn mdex values between -0 5 and 0 5 are con
sidered to md1cate eqmhbnum Greater and lesser val
ues md1cate oversaturatwn and undersaturatwn, 
respectively One hm1tat10n of the WATEQ4 program 
1s that chermcal-activ1ty coefficients for dissolved spe
Cies are calculated usmg the extended De bye-Huckel 
equatiOn, wh1ch becomes mcreasmgly maccurate for 
wmc strengths greater than about 0 1 (Stumm and 
Morgan, 1970, p 83) Some ground water m Carson 
Desert has 1omc strengths greater than 0 1, accordmgly, 
chermcal actiVIties and saturation mdexes are reported 
only for ground water w1th wmc strengths less than 0 5 

Stable Isotopes of d1ssolved morgamc sulfur and 
carbon can aid m understandmg reactiOns m ground 
water Differences 1n stable-Isotope compositions can 
be caused by (1) differences m the Isotope composition 

of recharge water, (2) vanatwns m the Isotopic compo
Sition of mmerals dissolved by ground water, (3) the 
amount of a rmneral that 1s dissolved, (4) mineral 
precipitatiOn, (5) concentratiOn by evapotranspiratiOn, 
or ( 6) microbial processes, such as sulfate reductiOn 

The stable-Isotope composition of sulfur (as 
dissolved sulfate) IS h1ghly variable m ground water 
throughout the Carson River Basm (fig 27) In the 
upper Carson R1ver Basm, sulfate has at least three 
1sotop1cally d1stmct sources (Welch, 1994) ( 1) L1ghter 
(more negative) sulfur IS denved from dissolutiOn of 
sulfide rmnerals m gramt1c rocks of the S1erra Nevada 
Therefore ground water m upland areas generally has 
a hghter sulfate-Isotope composition (2) To the east 
( downgrad1ent) of metavolcamc rocks m the Carson 
Range, the sulfate m ground water 1s 1sotop1cally 
heavier Apparently, these rocks have a source of 
heav1er sulfur than gramtic rocks Ground water w1th 
the heaviest sulfur-Isotope composition m the Carson 
R1ver Basm 1s m northeastern Eagle Valley (3) Dis
solved sulfate also 1s denved from Tnassic and Jurassic 
evaponte deposits contaimng gypsum and gypsum
ncb detntus m the basm-fill sediment All common 
sulfur-beanng rmnerals are undersaturated m ground 
water of Carson and Eagle Valleys This suggests pre
CipitatiOn of sulfur-conta1mng rmnerals does not mod
Ify the stable-Isotope composition of dissolved sulfur 

In Dayton and Churchill Valleys, sulfate concen
tratiOns m ground water generally are h1gher than In 
Caison and Eagle Valleys (fig 25) The stable-Isotope 
compositiOn of dissolved sulfate Is sirmlar to that of 
ground water from Carson and Eagle Valleys (fig 27, 
Thomas and Lawrence, 1994) Sources of dissolved 
sulfate mclude dissolutiOn of gypsum deposits, m 
volcamc rocks and gramte, some sulfate may be rmcro
bially reduced, as md1cated by the hghter sulfur
Isotope composition m one water sample than m rock 
sources Evidence of precipitatiOn of sulfur-beanng 
mmerals m the rmddle Carson River Basm has not been 
observed 

The sulfur-Isotope composition IS highly vanable 
m ground water of Carson Desert (fig 27) Sources 
of dissolved sulfate m ground water mclude dissolutiOn 
of pynte from volcamc and gram tic rocks and dissolu
tion of gypsum from desert sediments Lighter sulfur
Isotope compositions are similar to those for gramtic 
rocks of the Sierra Nevada (fig 27), mdicatmg the 
gramtlc rocks and theu sedimentary denvatlves are 
sources of dissolved sulfate Ground water m mterme
diate aqmfers commonly has lower sulfate concentra
tions and heav1er sulfur-Isotope compositiOns than 
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F1gure 27. Relation between stable ISotopes of sulfur 
and sulfate concentrations 1n ground water of Carson 
R1ver Basin, Nevada and California 

40 

ground water In shallow aqmfers If sulfate m both 
aqmfers IS from the same source, rmcrobial reductiOn 
of sulfate (Krouse, 1980, p 458-461) probably IS the 
cause of heavier sulfate and lower concentratiOns m 
Intermediate aquifers Precipitation of sulfur-beanng 
rmnerals also can alter the sulfur-Isotope composition 
However, precipitatiOn of sulfur-beanng rmnerals from 
ground water m the Carson River Basin has not been 
documented, except In shallow aqmfers near Stillwater 
Wildlife Management Area (Lico, 1992) 

The stable-Isotope composition of dissolved mor
gamc carbon IS variable m ground water of the Carson 
River Basin (fig 28) ConcentratiOns of dissolved mor
gamc carbon generally mcrease eastward In the basm 
Sources of carbon m ground water mclude the atmo
sphere and the soil zone as carbon diOxide, calcite, and 
organic carbon Soil-zone carbon diOxide dissolves m 
ground water, resultmg m a weak carbomc acid solu
tion that dissolves calcite m gramtic rock or basin-fill 
sediment m Carson and Eagle Valleys OxidatiOn of 
orgamc carbon probably adds a small amount of carbon 
to the dissolved morgamc carbon In ground water 

In Dayton and Churchill Valleys, dissolved
Inorgamc-carbon concentrations and carbon stable
Isotope compositiOns are pnmanly the result of disso
lutiOn of soil-zone carbon diOxide m ground water m 
recharge areas Subsequent precipitatiOn of calcite 
preferentially removes heavier carbon from the ground 
water, leaving a lighter dissolved-Inorgamc-carbon 
composition Oxidation of orgamc matter with an ISO
tope compositiOn sirmlar to soil-zone carbon diOxide 
may contnbute a small amount of carbon to the 
dissolved morgamc carbon m ground water 

In Carson Desert, concentratiOns of dissolved 
Inorgamc carbon m ground water are much greater than 
concentrations In ground water In the rmddle and upper 
Carson River Basin Evapotranspuatwn has a maJOr 
affect by concentrating the dissolved morgamc carbon, 
especially In shallow aqmfers near Carson Lake and 
Stillwater Wildlife Management Area Ground water 
with the highest dissolved-Inorgamc-carbon concentra
tions also has the heaviest carbon-Isotope compositiOn, 
Indicating the most likely source of heavy carbon IS 
calcite present m the basin-fill sediment Calcite m 
shallow aqmfers (8 samples) has a carbon-Isotope 
composition between -6 8 and 0 9 permil, which Is 
heavy enough to cause the observed values, orgamc 
carbon, with a range of -25 2 to -22 9 perrml m 14 sam
ples, has a carbon-Isotope composition too light to 
cause the observed values 
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Most ground water m the Carson River Basm IS at 
eqmhbnum with calcite and amorphous sihca (fig 29) 
Thus, solubility of calcite hrmts concentrations of cal
cmm and dissolved Inorgamc carbon Sirmlarly, solu
bility of amorphous sihca hrmts concentratiOns of 
dissolved sihca 

InterpretatiOn of activity diagrams, such as those 
shown m figures 30A-G, mdicate that clay mmerals 
are an Important control on the catwn compositiOn of 
ground water m the basin Chermcal activity ratws for 
ground water generally plot along slopes consistent 
with catwn exchange reactwns Specifically, If concen
tratiOns of a divalent catwn (such as calcmm) and a 
monovalent catwn (such as sodmm) are controlled by 
exchange, then a slope of2 will result (figs 30A and C) 
Sirmlarly, exchange of two catwns with the same 
valence will result m a slope of 1 (fig 30B) 

Most ground-water data for the Carson River 
Basm he along trend hnes consistent with catwn 
exchange Some data, mostly for samples from the 
shallow aqmfers In Carson Desert, do not mdicate that 
exchange controls the relatiOn between sodmm and cal
cmm A different process may be removmg calcmm 
from solutwn as concentratiOns of sodmm plus calcmm 
mcrease A hkely explanatiOn for the decrease m cal
cmm IS precipitatiOn of calcite The presence of sec
ondary calcite (overgrowth) m sediment from Carson 
Desert (fig 5) and Stillwater Wlldhfe Management 
Area (Lico, 1992) IS consistent with the precipitatiOn 
of calcite 

Relatwns between activities of catwns and sihca 
are shown m figures 30D-G Fwlds m these plots mdi
cate relatiOns between ground-water compositions and 
mmeral stability The clay rmnerals, kaohmte and beid
ellite, may be stable In aqmfers of the Carson River 
Basm Ground water m Carson and Eagle Valleys typ
Ically IS m the stability field for kaohmte In the middle 
and lower Carson River Basm, beidellite Is more com
monly the stable clay rmneral For some ground water, 
mostly from Carson Desert, chlonte may be a stable 
rmneral Also shown m figures 30D-G Is a lme repre
sentmg saturatiOn of amorphous sihca Few samples 
have sihca concentratiOns greater than saturation, prob
ably because amorphous sihca IS the maJor control on 
dissolved sihca concentratiOns 

Three general models were evaluated to deter
rmne reactiOn paths for ground water In western Carson 
and Eagle Valleys "silicate," "closed system," and 
"open system" models (Welch, 1994, p 42-57) Each 
model started with the average chemical compositiOn 

of atmosphenc precipitatiOn and ended with the com
position of water samples from pnncipal aqmfers The 
"silicate" model did not contam calcite as a rmneral 
phase and did not explain observed water chermstry 
m pnncipal aqmfers The "open" and "closed" system 
models have broadly Similar results In both models, 
plagwclase feldspar IS the maJor source of dissolved 
sohds, calcite, carbon diOxide, pynte, sodmm chlonde, 
and sihca contnbute a small amount of the dissolved 
sohds content Kaohmte and sodmm beidellite are 
maJor products formed by reactwns withm aqmfers 
Cation-exchange processes also modify catiOn ratiOs 
m ground water 

In Dayton Valley, water chermstry can result from 
dissolutiOn of plagwclase feldspar, sodmm chlonde, 
gypsum, and small amounts of potassmm feldspar, 
bwtite, and chlonte (Thomas and Lawrence, 1994, 
p 24-32) Products formed by reactiOns In aqmfers are 
calcite, kaohmte, sodmm beidellite, and carbon diox
Ide gas Exchange processes caused the observed cat
IOn concentratiOns m ground water Water chermstry m 
Churchill and Stagecoach Valleys can be explamed 
usmg a model sirmlar to that for Dayton Valley, except 
that chlonte and potassium feldspar are not Involved 

Three reactiOn paths were modeled for aqmfer 
systems m Carson Desert (Lico and Seller, 1994, 
p 40-55) These reactiOns cause changes In water 
chermstry as water flows from shallow aqmfers to the 
mtermediate aqmfers, from shallow aqmfers to the 
basalt aqmfer, and from Intermediate aqmfers to the 
basalt aqmfer In general, dissolutiOn of plagwclase 
feldspar, formatiOn of sodmm beidellite, catiOn 
exchange, and evapotranspuatwn are maJor processes 
controllmg the compositiOn of ground water Most 
models constructed for these reactiOn paths mcluded 
solutiOn and precipitatiOn of small amounts of calcite 
and sihca along with rmnor amounts of other rmnerals 

Concentrations of M1nor Constituents 
By Stephen J Lawrence 

Minor morgamc constituents (arsemc, boron, ftu
onde, uon, hthmm, manganese, molybdenum, mtrate, 
and vanadmm) reach concentratiOns that can affect use 
of ground water m the Carson River Basin, particularly 
m Carson Desert Large differences m concentration 
are found m water from the different aqmfers m the 
three parts of the basin Some differences are shown 
by companng shallow ground water beneath agncul
tural and urban settmgs ConcentratiOns of rmnor 
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Figure 29. Saturation indexes for calcite and amorphous silica in ground water of Carson River 
Basin, Nevada and California. 
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constituents can differ greatly over small vertical and 
horizontal distances, particularly in shallow aquifers of 
Carson Desert. Nitrate, although not always considered 
a minor constituent, is included in this section because 
its concentration generally are less than 1 mg/L, 
expressed as nitrogen. 

Except for manganese in shallow aquifers, 
ground water of Carson and Eagle Valleys has low 
concentrations of minor constituents compared to 
drinking-water standards and the guidelines previously 
discussed (fig. 31 ). Water in principal aquifers has sig
nificantly higher ranked concentrations of boron and 
fluoride cmnpared to water in the upland aquifers 

(table 11 ). Although ranked iron concentrations are 
significantly higher in water from the upland aquifers 
than from principal aquifers, the median concentrations 
are similar (11 and 7 /.lg/L, respectively). Among the 
minor constituents with significantly higher ranked 
concentrations in water from shallow aquifers than 
from principal aquifers, only manganese concentra
tions exceed the SMCL in more than 25 percent of the 
samples (fig. 31A). 

Ground water beneath agricultural land in Carson 
Valley and the urban part of Carson City has been 
analyzed for chloride and minor constituents. Chloride 
is included in this comparison because of possible 
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Figure 30. Continued. 

relation to human activities. A comparison of ranked 
concentrations shows some significant differences 
between these two land-use groups (table 12, fig. 32). 
Ground water beneath agricultural areas has signifi
cantly higher ranked concentrations of arsenic, boron, 
fluoride, and molybdenum than ground water from 
urban areas. In contrast, ranked chloride, iron, lithium, 
and nitrate concentrations in ground water beneath 
urban land are significantly higher. 

Differences in ground-water quality between the 
agricultural and urban areas may be caused by human 
activities. Shallow ground water beneath both areas 
is largely recharged by surface irrigation. Higher 
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chloride, nitrate, and iron beneath the urban areas 
could be a result of human activities common in urban 
environments. For example, higher chloride concentra
tions could result from winter application of salt on 
roads. Higher nitrate could result from fertilizers and 
sewage. Higher iron concentrations can be an indirect 
result of release of synthetic organic compounds to the 
ground water. Synthetic organic compounds released 
to the shallow subsurface can react with oxygen, pro
ducing anoxic conditions. As discussed in the follow
ing section, a rise in the water table from landscape 
and agricultural irrigation can cause reaction of 
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Table 11. Statistical comparison of ranked concentrations of minor constituents and dissolved oxygen in water from 
principal aquifers and water from upland and shallow aquifers of Carson River Basin, Nevada and California 

[Constituents in bold and nonbold have, re pectively, higher and lower ranked concentrations in principal aquifers; p-values determined by Mann
Whitney method (Conover, 1980, p. 216)] 

Aquifer 
system 

Upland 

Shallow 

Shallow 

Highly significant 
(p less than 0.01) 

Boron, fluoride 

Iron, manganese, lithium 

Significant 
(p greater than 0.01 and 

less than or equal to 0.05) 
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Iron 

Boron 
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Figure 31. Boxplots showing summary statistics for minor constituents in aquifer systems of Carson River Basin, 
Nevada and California. A, Carson and Eagle Valley; and 8, Carson Desert. 
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Table 12. Statistical comparison of ranked concentrations of minor constituents and chloride 
beneath agricultural and urban land of upper Carson River Basin , Nevada and California 

[Constituents in bold and nonbold have, respectively, higher and lower ranked concentrations in ground water beneath 
urban land; p-values determined by Mann-Whitney method (Conover, 1980, p. 216)] 
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Figure 32. Summary statistics for minor constituents and chloride in shallow aquifers beneath 
agricultural and urban land of the upper Carson River Basin, Nevada and California. 

sedimentary organic matter, producing water that con
tains little or no dissolved oxygen. Iron is much more 
soluble in water without dissolved oxygen. 

The differences in ground-water quality may be 
due to factors unrelated to human activities. One com
plicating factor is that the urban samples are located 
only in Eagle Valley whereas the agricultural samples 
are from wells in Carson Valley. The lack of analyses 

of samples collected prior to urban and agricultural 
land use prevents an evaluation of whether the differ
ences are related to land use or other factors. 

Water in principal aquifers of the upper and mid
dle Carson River Basin generally contains lower con

centrations of minor constituents than in the lower 
basin (Carson Desert), as shown in figure 33. Although 
some constituents have significantly higher ranked 

concentrations in ground water from the middle than 
from the upper basin (table 13), concentrations gener
ally are below standards and guidelines (fig. 33). 

Several minor constituents in ground water of 
Carson Desert commonly are highly concentrated, both 
relative to upstream parts of the basin and compared to 
standards and guidelines (table 13, fig. 33). Arsenic, 
boron, lithium, and molybdenum concentrations 
exceed standards and guidelines in more than 25 per
cent of samples from aquifers in Carson Desert. The 
sole source of drinking water for Fallon and the Fallon 
Naval Air Station is a basalt aquifer containing arsenic 
concentrations slightly higher than the 50 J..lg!L stan
dard. Ranked concentrations of arsenic, boron, fluo
ride, iron, lithium, manganese, molybdenum, and 
nitrate are significantly higher in ground water in 
Carson Desert than in the upper and middle basin 
(table 13). 
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Table 13. Statistical comparison of ranked concentrations of minor constituents in ground water from upper, middle, and lower 
Carson River Basin, Nevada and California 

l Constituents in bold and nonbold have, respectively, higher and lower ranked concentrations in more downstream part of basin; p-values determined 
by Mann-Whitney method (Conover. 1980, p. 261). Symbol:--, no constituent] 

Area 

Carson and Eagle Valleys 
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Figure 33. Summary statistics for minor constituents in principal aquifers in Carson River Basin, Nevada and 
California. 
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In Carson Desert, shallow aqmfers have stgmfi
cantly htgher ranked concentratiOns of manganese, 
mtrate, molybdenum, and lithmm than those found m 
pnnctpal aqmfers (fig 31B, table 11) Iron, fluonde, 
mtrate, and vanadmm concentratiOns do not exceed 
standards and gmdelmes m pnnctpal and shallow 
aqmfers (fig 31B) 

An1ong constituents with MCL's, arsemc most 
commonly exceeds the standard In ground water of the 
Carson River Basin Most constituents that exceed 
MCL's m the basin are m shallow aqmfers of Carson 
Desert (fig 34) ConcentratiOns of dissolved arsemc m 
shallow aqmfers locally dtffer greatly over short verti
cal and honzontal distances Differences are greatest m 
Irrigated areas In Carson Desert For example, mea
sured arsemc concentrations at Dodge Ranch mcrease 
from about 10 J..Lg/L m IrrigatiOn water rechargmg the 
shallow aqmfer to more than 2,000 J..Lg!L m water at 
depths less than 20ft below land surface (fig 35A) 
In areas of upward flow from Intermediate to shallow 
aqmfers, such as near Lead Lake, arsemc concentra
tiOns also are htgh (fig 35B), but the range IS somewhat 
less [n this area, measured arsemc concentratiOns dif
fer by a factor of 2 9 and range from 480 to 1 ,400 J..Lg!L 

Manganese concentratiOns greater than the 
SMCL are found m ground water throughout much of 
the Carson Rtver Basin (fig 36) Water with concentra
tions m excess of the dnnkmg-water standards IS most 
common In shallow aqmfers of the upper and lower 
basm (fig 31) Shallow aqmfers beneath urban and 
agnculturalland In the upper basm contam htgh 
manganese concentratiOns (fig 32) 

Dunng the late 1800's to early 1900's, 7,000 tons 
of mercury was released to the envuonment dunng 
millmg and amalgamatiOn of gold and silver ore from 
the Comstock Lode m the Vugtma Ctty and Gold Htll 
areas (Smtth, 1943, p 257) Much of this mercury and 
associated mme tailings were washed mto the Carson 
River, resultmg m contaminated nver sediments down
stream from the Comstock As a result of this contam
InatiOn, a public health warning for human 
consumptiOn of fish caught m Lahontan ReservOir was 
Issued m 1986 by the Nevada Bureau of Health Protec
tion Services A public health wammg also was Issued 
m March 1989 for consumptiOn of shoveler duck mus
cle from the Carson Lake area Htgh concentratiOns of 
mercury m sediment samples from Lahontan ReservOir 
and the Carson Rtver have been documented by Van 
Denburgh (1973), and from Carson Lake and deposi
tiOnal areas of the Carson R1 ver m Carson Desert by 

Hoffman and others ( 1990) Surficial soil samples from 
Carson Desert contamed htgh concentrations of mer
cury, especially along former channels of the Carson 
Rtver (Ttdball and others, 1991) Despite this docu
mented contamination, only very low concentrations 
of mercury have been found m ground-water samples 
from Carson Desert (Hoffman and others, 1990, Ltco 
and Setler, 1994) and from Dayton and Churchill Val
leys (Thomas and Lawrence, 1994) A recent summary 
of ground-water data m the Carson Rtver Basm (Welch 
and others, 1989) showed that mercury concentratiOns 
dtd not exceed or closely approach established MCL's 

Analyses of ground water compiled for this study 
generally show low selemum concentratiOns A few 
samples collected m Carson Desert dunng studies of 
IrrigatiOn dratnage (Hoffman and others, 1990, p 36, 
Rowe and others, 1991, table 33) had selemum concen
tratiOns greater than the 10 J..Lg/L MCL However, these 
samples were from momtonng wells m shallow aqm
fers near Stillwater Wildlife Management Area where 
ground water IS not used for human consumptiOn The 
Bureau of Reclamation studied selemum m shallow 
ground water and surface drams m the Fallon Indian 
ReservatiOn and found htgh concentrations very local
Ized (Bureau of ReclamatiOn, 1987b) Extensive stud
Ies of surface-water quality, particularly with respect to 
selemum, have been completed m Carson Desert 
(Hoffman and others, 1990, Rowe and others, 1991, 
Ltco, 1992) These studies show a possible lmk 
between selemum and wildlife mortalities or deforrm
ties m Carson Desert No apparent relatiOn between 
selemum concentratiOns In ground water and In water 
from a nearby surface dram was observed m Carson 
Desert (Hoffman and others, 1990) 

Processes Producmg Concentrations of Mmor 
Constituents 
By Alan H Welch 

Chemical reductiOn caused by reactiOn with sedi
mentary orgamc matter can lead to dissolutiOn of metal 
oxides and conversiOn of mtrate to less oxtdtzed spe
Cies Orgamc matter IS microbially oxidized, resultmg 
m electrons bemg accepted by some oxidized species 
that are thereby reduced The reductiOn of both dis
solved chemical species and solid phases typically 
present m alluvial aqmfers can proceed man order 
estimated by thermodynamics A commonly descnbed 
sequence mvolvtng closed-system reactions m the 
presence of sedimentary orgamc matter from a more 

Ground-Water Quality A57 



119°00' 

0 

0 

·~ 

~ 
: ~ 
\._~ 

ce7s 
44,30 

580, 130,58 

• 
390, 300, 130 
1ac• 

0 FEET 150 

H--f--J 
O METERS 45 

120 o8 

Upsal 

Hogback 

350 

sD 

R. 27 E. R. 28 E. 

r-
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Base from U.S. Geological Survey digital data, 1:100,000, 1985 
Local Mercator projection 
Central meridian -119°1 0', latitude of true scale 39°20' 

Basin-fill deposits 

Consolidated rocks 

Open water 

Hydrographic-area boundary 

R. 29 E. 

A Lead Lake wells 

Carson 

Sink 

Bunej'ug 

Mountains 

• 2,200, 680, 310, 50 

150 FEET 

R. 30 E. 

140 

·~ 250 21 12 • 
0 980. , .... _ 

790 - ........ 

0 0.5 MILE 
f------r-1-T--' 
0 0.5 KILOMETER 

9
• 
6

Ce 15o, n, 53 

110,65. 

R. 31 E. 

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

EXPLANATION 
Sampling site- Number is arsenic 

concentration, in micrograms per liter 

Arsenic concentration - Aguifers 

in micrograms per liter Shallow intermediate 

Less than or equal to 50 0 2a 0 2 

Greater than 50 • 75 • 52 

Basalt 

.120 

Figure 34. Ground-water sampling sites in southern Carson Desert, Nevada, where arsenic concentrations 

exceed Nevada State drinking-water standard (50 micrograms per liter). 
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Figure 35. Arsenic concentrations in shallow ground water at two sites in southern Carson Desert, Nevada. 
A, Dodge Ranch; and 8, Lead Lake. 

oxidized to a more reduced state is ( 1) consumption of 
dissolved oxygen, (2) reduction of nitrate to nitrogen 
gas (denitrification), (3) dissolution of manganese 
oxide, (4) dissolution of iron oxide, (5) reduction of 
dissolved sulfate to sulfide, and (6) conversion of 
dissolved nitrogen gas to ammonia (Champ and others, 
1979, table 2). These reactions can lead to release of 
other minor constituents, including arsenic, molybde
num, and uranium, if these constituents are present in 
sedimentary organic matter or iron and manganese 
oxides. 

Adsorption can limit dissolved concentrations for 
some inorganic constituents, particularly those gener
ally found at trace levels, such as arsenic. Because a 
critical discussion of models developed to quantita
tively describe adsorption and the results of laboratory 
experiments is beyond the scope of this report, readers 
are referred to Davis and Hayes (1986). Briefly, adsorp
tion is a process in which a dissolved species becomes 
attached to a surface of a pre-existing solid phase. An 
important phenomenon found in laboratory studies is 

the pH-dependence of adsorption. Over a narrow pH 

range, adsorption of ions varies from very little to 

nearly complete. Additionally, cations are adsorbed at 
higher pH values and anions are adsorbed at lower pH 
values. Some phases commonly found in alluvial 

deposits, such as iron oxides, can have a negative 
surface charge in solutions with pH values of about 

8 or greater. Anions such as fluoride, arsenic, and 

molybdenum also commonly tend to be only weakly 
adsorbed on iron oxides in alkaline solutions. These 
phenomena are consistent with the electrostatic model 

of James and Healy (1972). Adsorption has been 

described as both an electrostatic interaction between 
an oxide surface and an adsorbing species (James and 

Healy, 1972) and as formation of a complex on the sur

face. The latter interaction is commonly called "spe

cific" adsorption. These two ideas are combined in a 
single model containing terms for both interactions 

(Davis and others, 1978), where either can dominate. 
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Figure 35. Continued. 
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Median concentrations of iron and manganese in 
shallow sediment sampled from the Carson River 
Basin are similar to estimated average concentrations 
in granitic rocks and somewhat lower than in basalt 
(table 14). These granitic and basalt rock types form 
much of the uplands, except for the ranges sunounding 
Carson Desert. Iron and manganese in unaltered gra
nitic and basaltic rocks are mostly in mafic minerals, 
including amphiboles and pyroxenes. These groups of 
minerals generally are unstable in weathering environ
ments. Weathering of these mafic minerals in oxygen
ated environments, such as streams and some ground 
water, results in formation of oxides on fractures and 
sediment surfaces. Ferric oxyhydroxides (FeOOH) and 
birnessite (Mn02) are common in sediments. These 
oxides, which form part of total concentrations in sed
iments, can dissolve if they come in contact with water 
containing a chemically more reduced specie, such as 

EXPLANATION 

~480 
Screened interval of well-Value is 

arsenic concentration , in micrograms 
per liter, June 1989 

General direction of ground-water flow 

dissolved organic carbon. For example, inundation of 
sediments containing organic matter can result in dis
solution of the oxides. 

Manganese and iron concentrations are weakly 
con-elated (Spearman's rho is equal to 0.39), suggesting 
that ground water with a high concentration of manga
nese also may have a high concentration of iron 
(fig. 37A). Higher concentrations of both manganese 
and iron are found in water with low dissolved-oxygen 
concentrations (figs. 37 B and C) and high dissolved
organic-carbon concentrations (figs. 37 D and E). Man
ganese and iron concentrations greater than about 
100 J.lg/L generally are in water with dissolved-oxygen 
concentrations less than 2 mg/L. High dissolved 
organic carbon and low dissolved oxygen are consis
tent with oxygen in recharge water reacting with 
organic carbon to produce a slightly reduced ground 
water. Pumping of wells during sampling may intro
duce oxygen into water prior to determination of the 
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Greene and others {1991) 

Figure 36. Ground-water sampling sites in Carson River Basin, Nevada and California, where concentrations of 
manganese exceed Nevada State secondary maximum contaminant level (1 00 micrograms per liter). SMCL, 
secondary maximum contaminant level. 
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dissolved oxygen Consequently, water with a mea
sured low dissolved-oxygen concentration (less than 
about 2 mg/L) may have even lower concentrations In 
an aqmfer 

Dissolved orgamc carbon In anoxic water can 
react with Iron and manganese oxides on aqmfer mate
nal, thereby producmg water with high concentratiOns 
of these two metals ReactiOn of dissolved orgamc car
bon With uon and manganese oxides IS consistent with 
the geologic and hydrologic regime m the shallow sub
surface of the Carson River Basin This reactiOn prob
ably occurs In shallow aqmfers from which most of the 
ground-water samples with high concentratiOns ofuon 
and manganese were obtamed 

Sediments forming shallow aqmfers consist pn
marlly of alluvial and colluvial deposits that generally 
have oxide coatmgs (Jenne, 1968) Irngatwn of agn
cultural and urban land has raised the water table, 
resultmg In saturatiOn of previously unsaturated sedi
ments, particularly In southern Carson Desert This 
change m water level apparently has resulted m release 
of sedimentary orgamc matter to the ground water 
Sedimentary orgamc matter reacts with oxygen m 
recharge water and with oxide coatmgs on aqmfer 
matenals High Iron and manganese concentratiOns 
are common m the resulting anoxic water Thus, water 
with high Iron and manganese concentratiOns In 

shallow aqmfers can be an Indirect result of a nse In 
the water table by recharge from agncultural and urban 
activities 

Ground water m the Carson River Basin with 
high manganese and uon concentratiOns (greater than 
100 J..Lg/L) generally IS at or near saturatiOn with the 
carbonate rmnerals rhodochrosite and sidente (figs 
38A and B) Although these rmnerals have not been 
Identified as discrete phases In the basm-fill sediments, 
they have been shown to form In nonmanne water 
Sidente has been Identified as a secondary rmneral 
formed by precipitation from ground water In shallow 
sediments (Magantz and Luzier, 1985) and rhodoch
rosite has been reported m aquifers from several local
Ities (Jones and Bowser, 1978, p 215-219) Iron and 
manganese can adsorb onto calcite surfaces or, at 
high metal concentratiOns, form Iron or manganese 
carbonate rmnerals, as shown by laboratory expen
ments for manganese (Zachara and others, 1991) Iron 
and manganese carbonate, either as discrete rmnerals 
or on calcite surfaces, appear to hrmt metal concentra
tions m some ground water that has low concentratiOns 
of dissolved oxygen 

Among constituents with MCL's, arsemc IS found 
most commonly at concentratiOns exceeding the stan
dard, particularly m Carson Desert Median arsemc 
concentratiOns In surficial sediments of the Carson 

Table 14 Concentrations of selected constituents 1n shallow sed1ments of Carson R1ver Basin, Nevada 
and California, and Western Umted States, and est1mated mean concentrations 1n selected rock types 

[Umts of measure mtlhgrams per kilogram (eqmvalent to parts per mtlhon) Symbol --,values not available] 

Shallow sed1ments 

Carson R1ver Basin 1 Western Umted 

Constituent States 2 

Geometnc Geometnc 
Gramte 3 

Med1an Mean Max1mum Mean Max1mum 

Iron 30,000 29,000 68,000 26,000 100,000 27,000 

Manganese 630 600 1,500 480 5,000 500 
Flu on de 1,900 440 1,900 850 
Boron 6 1 72 300 29 300 15 

Ltthmm 37 41 130 25 130 30 

Arsemc 10 10 73 70 97 15 

Molybdenum 8 9 7 1 1 7 15 
Uramum 33 37 490 27 79 48 

1 E A Fnck (US Geological Survey, wntten commun, 1992), modified from Tidball and others (1991) 
2 Shacklette and Boemgen (1984, table 2), geometnc mean IS estimated 
3 Taylor (1964) 
4 Hom and Adams ( 1966) 

Estimated means 

Basalt3 Sandstone 4 Shale4 

86,000 18,600 38,800 

1,700 392 575 
400 220 500 

5 90 194 

12 15 46 
2 1 7 

1 5 42 
6 45 
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River Basm are greater than estimated average values 
for both gramtic and basaltic rocks (table 14) Arsemc 
concentratiOns In surficial sediments also are greater m 
Carson Desert than m Carson and Eagle Valleys (E A 
Fnck, U S Geological Survey, wntten commun , 
1992) The estimated geometnc mean concentratiOn In 
surficial sediments m the Western Umted States and the 
estimated average concentratiOn In shale are sirmlar to 
median values for the Carson River Basm (table 14) 

Arsemc concentratiOns In some ground water 
beneath Dodge Ranch (fig 35A) are much greater than 
can be attnbuted to evaporative concentratiOn as shown 
by the relatiOn between arsemc and chlonde (fig 39) 
Assurmng an Initial arsemc and chlonde concentratiOn 
equal to that m the sample from Dodge Ranch with the 
lowest chlonde concentratiOn (24 mg/L), the effect of 
evaporative concentration IS shown by the slopmg lme 
m figure 39 Water from two wells open to the aqmfer 
at a depth of about 20ft below land surface clearly have 
higher arsemc concentratiOns that can be attnbuted to 
evaporative concentratiOn alone 

Although the contributiOn from different solid 
phases to the total dissolved-arsemc concentratiOn 
m water cannot be quantified, several processes that 
release arsemc to the aqueous system can be descnbed 
Disso]utwn of feme oxyhydroxide and manganese 
oxides, which are present as coatings on the sediments 
and can concentrate arsemc, IS Indicated by relatively 
high concentrations of dissolved Iron and manganese m 
water samples This process may be the pnmary cause 
of the h1gh concentrations m water In the shallow aqm
fers of the southern Carson Desert DissolutiOn of lithic 
volcamc fragments, which have arsemc concentratiOns 
greater than 30 mglkg (Lico and others, 1986, table 6), 
IS another potential source of dissolved arsemc m 
water AdsorptiOn of arsemc on uon oxides also may 
hrmt concentratiOns m water In parts of the Carson 
River Basm 

The relatiOn between arsemc and chlonde 
(fig 39) m water with chlonde concentratiOns greater 
than about 200 mg!L can be explamed by either the dis
solutiOn of chlonde salts or a combmation of evapora
tive concentratiOn and loss of arsemc from solutiOn 
Agam usmg the data for Dodge Ranch as an example, 
two of the three samples with the highest chlonde con
centratiOns plot well below the slopmg line that repre
sents the effects of evaporative concentratiOn alone 
This evtdence, along with the stable Isotope relatiOns 
shown m figure 20 for shallow water m the upflow 
zone, suggest that evaporative concentratiOn and loss 
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EXPLANATION 

• Dodge Ranch 

c Lead Lake 

x Areas where water levels are 
higher m shallow than m 
mtermed1ate aqu1fer 

t:.. Other shallow-aquifer samples 

F1gure 39 Relat1on between arsenic and chlonde 1n shallow 

ground water of Carson Desert, Nevada Slop1ng line 

represents compos1t1on of water affected only by evap
orative concentration, assum1ng 1n1t1al chlonde and arsen1c 

concentrations of 24 milligrams per liter and 30 m1crograms 

per liter, respectively 

of arsemc from solutiOn may be occumng, at least In 
some shallow ground water The sample With the high
est chlonde at Dodge Ranch IS from a well open to a 
depth of only 9ft below land surface The presence of 
efflorescent salts at this locatiOn, which are not present 
at the other Dodge Ranch locatiOns shown In figure 
35A, suggests that evaporatiOn affects water at this site 

Fluonde concentratiOns generally are higher In 
acidic Igneous rocks and m residual flmds formed dur
mg the coolmg of magma than m ground water The 
estimated mean fluonde concentratiOn m gram tic rocks 
IS more than twice that estimated for basalt (table 14) 
Amphiboles and rmcas, which are common In a variety 
of tgneous rocks, typically contam some fluonde sub
stituted for hydroxide m crystal lattices Apatite also 
commonly contams some fluonde Geothermal water 
typically contams high concentratiOns of dissolved 
flu on de 
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commonly contams some fluonde Geothermal water 
typically contams high concentratiOns of dissolved 
flu on de 

Geochemical controls on fluonde concentratiOns 
In nonthermal ground water commonly are mineral 
eqmlibna and adsorptiOn (Hem, 1985, p 121) Two 
common minerals that contam fluonde, fluonte and flu
orapatite, do not appear to limit fluonde concentratiOns 
In most ground water of the Carson River Basm 
(figs 40A and B) SaturatiOn Indices for fluorapatite 
[Ca5(P04)}F] suggest both oversaturatwn and under
saturation, which Implies that this mineral Is not limit
Ing concentratiOns of fluonde Only a few ground
water analyses show eqmlibnum or oversaturatwn 
With respect to fluonte (CaF2), suggesting an absence 
of solubility control 

Laboratory and field data Indicate that fluonde 
concentratiOns can be controlled by adsorptiOn reac
tions With common minerals Laboratory data show 
large adsorptiOn capacities for fluonde on minerals 
such as gibbsite, kaolimte, halloysite, and freshly pre
cipitated aluminum oxide (Bower and Hatcher, 1967) 
Results of laboratory expenments usmg Iron oxide 
(goethite) as the sorbing phase show that fluonde Is 
specifically adsorbed AdsorptiOn of a fluonde wn IS 
accompamed by release of a hydroxylwn, and Is less 
effective with mcreasmg pH (Hingston and others, 
1967, 1972) On the basis of a statistical correlatiOn 
of fluonde with pH, and leachate analyses of aqmfer 
matenal, Robertson (1985) concluded that adsorptiOn 
reactiOns are a likely control on fluonde concentratiOns 
In ground water In Anzona's alluvial basms In the Car
son River Basin, fluonde concentratiOns are weakly 
correlated with pH (fig 40C), mdicating that adsorp
tion may be limitmg concentratiOns In some ground 
water 

Median concentratiOns of lithmm In surficial sed
Iments are Similar to estimated concentratiOns m shales 
and to concentratiOns In sediments of the Western 
Umted States (table 14) Boron and molybdenum m 
sediments of the Carson River Basm have median con
centratiOns lower than those generally found In the 
Western Umted States These relations suggest that 
high dissolved concentratiOns of these constituents m 
ground water may be the result of some factor other 
than total concentratiOns In the sediments Intense 
evapotranspiratiOn In Carson Desert, where many 
of the high concentratiOns are found, IS a likely 
contnbuting factor 
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Rad1onuchde Act1v1t1es and Concentrations 
By James M Thomas 

Radwnuchdes of greatest concern m the Carson 
River Basm, from a human health standpomt, are 
radon-222 and uramum This concern Is reflected by 
present and proposed dnnlang-water standards Pro
posed standards for radium-226, radmm-228, and 
adJu~ted gross alpha (table 6) generally are higher than 
levels In ground water m the Carson River Basm The 
distnbutwn and sources of radwnuchdes m ground 
water of the Carson River Basm are descnbed by 
Thomas and others ( 1993) 

Screemng methods have been used for rapid Iden
tificatiOn of alpha and beta activity In water These 
methods, called gross alpha and gross beta, are mex
pensive compared to analysis for specific radwnuchdes 
and are sensitive to a variety of Isotopes Disadvan
tages of the methods Include (1) volatile radwnuchdes 
mcludmg tntmm and radon-222, are not detected ' 
because samples are dned pnor to measurement of the 
activity, (2) mgrowth of radiOactive progeny dunng the 
time between samplmg and analysis may contnbute to 
gros~-beta activity (Thomas and others, 1990, Welch 
and others, 1995), and (3) the analytical methods do 
not Identify which Isotopes contnbute to the gross 
measurement An additional measure, whtch has been 
proposed as a dnnlang-water standard, IS called an 
nadJusted gross alpha11 and IS defined as the measured 
gross-alpha activity nnnus radmm-226 and uramum 
Alpha- and beta-emittmg Isotopes are grouped together 
m the discussiOn Uramum IS shown m figure 43 1n 
terms of activity and concentratiOn because the pro
posed dnnklng-water standard IS expressed as a con
centratiOn and the gross-alpha activity Is expressed In 
terms of radiOactivity 

Uramum IS the pnmary source of alpha activity m 
ground water of the Carson River Basin (fig 41, Tho
mas and others, 1993) On the basis of a few measure
ments of the uramum-Isotope composition, the activity 
ratio (AR) ofuramum-234 to uramum-238Is withm the 
range of 1 to 1 5 If the only source of alpha activity IS 
uramum, the data will plot along the AR hnes shown m 
figure 41 With only a few exceptiOns, gross-alpha 
activity can be accounted for by the uramum present 
m the water (Thomas and others, 1993) Radmm-226, 
With a maximum measured activity of only 0 56 pCI!L, 
and thonum-230, With a maximum activity of 0 20 
pCI!L, m four samples appear to contnbute httle to 
the total alpha activity Polomum-210 had a maximum 

activity of 21 pCI!L m one sample, and this may con
tnbute sigmficant alpha activity to some ground water 
(Thomas and others, 1993) 

Gross-beta activity In ground water can be 
accounted for by potassmm-40 and uramum progeny 
(fig 42) Potassmm concentratiOns range from about 
1 to 500 mg!L (for samples with gross-beta analysis), 
which correspond to potassmm-40 activities ranging 
from about 0 5 to 410 pCI!L (Thomas and others, 
1993) After about 100 days, mgrowth of radiOactive 
uramum progeny produces particle ennsswn rates 
approximately equal to the mitlal uramum decay rate, 
m water With a U-234/U-238 AR equal to 1 0, because 
one-half of the uramum decay ennsswn would be from 
uramum-238 decay Ingrowth of the progeny, com
bined with potassmm-40 activities estimated from 
potassmm concentratiOns, can produce gross-beta 
activities that he along the AR hne shown m figure 42 
The contnbution of radmm-228 to gross-beta activities, 
In most ground-water samples, IS small because of low 
mobility m near-neutral to alkaline water (Knsh
naswarm and others, 1982, Ames and others, 1983, 
Latham and Schwarcz, 1987) Median radmm-228 
activity m ground water of the Carson Desert IS less 
than 1 0 pCI!L (fig 43B) 

In the upper basm, pnncipal aqmfers contain ura
mum and radon-222 activities with ranges and medians 
and ranked activities sinnlar to those found In the 
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F1gure 41 Relat1on between gross-alpha act1v1ty and 
uramum 1n ground water of Carson R1ver Basm, Nevada 
and Cahforn1a Envelope boundanes are denved by polar 
smoothing rout1nes and encompass 75 percent of data 
Act1v1ty rat1o 1s rat1o of uramum-234 to uramum-238 
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F1gure 42 Relat1on between gross-beta act1v1ty and 
uramum 1n ground water of Carson R1ver Bas1n, Nevada 
and California Envelope boundanes are denved by polar 
smooth1ng rout1nes and encompass 75 percent of data 

upland and shallow aqmfers (fig 43A, table 15) The 
med1an concentratiOn of uramum m surficial sediments 
1s s1rmlar to estimated mean concentratiOn 1n shale and 
the mean for sediments 1n the Western Umted States 
(table 14) In Carson Desert, the median uramum activ
Ities m ground water IS about 30 times greater m shal
low aquifers than 1n Intermediate and basalt aquifers 
(fig 43B) The mean rank radon-222 activity of Carson 
Desert also 1s s1gmficantly h1gher m the shallow aqui
fers than m mtermed1ate and basalt aqmfers that com
pose the pnnc1pal aquifers (table 15) 

Median and ranked uramum concentratiOns 1n 
mtermed1ate and basalt aqmfers are the lowest m the 
Carson Desert (table 16) Median values decrease from 
2 8 pC1/L m the upper basin to 1 3 pC1/L m Carson 
Desert Med1an radon-222 activities decrease from 
1,100 to 425 pC1/L (fig 44) S1rmlarly, ranked uramum 
activities 1n shallow aqmfers are s1gmficantly h1gher m 
Carson Desert than 1n the upper and m1ddle basms 
(fig 43, table 16) The median activity 1n shallow aqm
fers of Carson Desert ( 40 pC1/L) 1s h1gh compared to all 
other aquifers m the basm (fig 43) and to the proposed 
standard (20 pC1/L) 

Radmm-226 and -228 activities m ground water 
are s1m1lar m upland, shallow, and pnnc1pal aqmfers 
and m valleys w1thm the Carson R1ver Basm (figs 43 
and 44) Radmm-226 activities range from a rmmmum 

reportmg level of 0 02 to 0 56 pCI!L (fig 43) Radmm-
228 activities range from a rmmmum reportmg level of 
1 0 to 4 6 pC1/L (fig 43) 

Uramum concentratiOns greater than the pro
posed standard are most commonly found m shallow 
aqmfers of Carson Desert and upland and pnnc1pal 
aqmfers of Eagle Valley (fig 45) By far, the highest 
concentratiOns are 1n shallow aquifers of Carson 
Desert L1ke arsenic, uramum concentratiOns are 
h1ghly variable over relatively short distances 1n shal
low aqmfers m Carson Desert One example at Dodge 
Ranch 1s a 10-fold Increase m measured concentrations 
over a honzontal distance of less than 1,000 ft at depths 
of less than 30ft below land surface (fig 46A) In gen
eral, lower concentratiOns are 1n water that has moved 
shorter distances through the subsurface Variations are 
somewhat less m ground water beneath non-1rr1gated 
land, for example near Lead Lake (fig 46B) In th1s 
area, measured uramum concentratiOns d1ffer by a 
factor of about 1 3, from 180 to 240 J..Lg!L 

E1ghty-seven percent of ground-water samples 
from pnnc1pal aquifers (119 samples) have radon-222 
activities greater than the proposed MCL (300 pC1/L) 
The proportiOn of samples contmmng radon-222 above 
the proposed MCL 1s about the same m the different 
aqmfers The highest radon-222 activities are 1n upland 
aqmfers Shallow and pnnc1pal aqmfers have h1gher 
radon-222 activities m the western parts of Carson and 
Eagle Valleys adjacent to the S1erra Nevada (fig 47) 
The highest radon-222 activities generally are along 
the western parts of Carson and Eagle Valleys adjacent 
to the S1erra Nevada Radon-222 1n ground water on 

Table 15. Stat1st1cal companson of ranked uramum 
concentrations and radon-222 act1v1t1es 1n water from 
pnnc1pal aqu1fers and water from upland and shallow 
aqu1fers, Carson and Eagle Valleys and Carson Desert, 
Nevada and California 

[Ranked uramum and radon-222 actlvttles are htgher m samples from 
shallow aqutfers, p-values determmed by Mann-Whttney method 
(Conover, 1980, p 216) Symbol --,no constituent] 

Aqu1fer 
system 

Upland 

Shallow 

Shallow 

H1ghly s1gmf1cant 
(p less than 0 01) 

Not s1gmf1cant 
(p greater than 0 05) 

Carson and Eagle Valleys 

Carson Desert 

Uramum, radon-222 

Uramum, radon-222 

Uranmm, radon-222 
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Proposed U.S. Environmental 
Protection Agency maximum 
contaminant level 

Minimum reporting level 

+ Single value 

E9 Multiple values 

U Upland aquifers 

S Shallow aquifers 

P Principal aquifers 

Figure 43. Summary statistics for selected radionuclides in aquifers of (A) Carson and Eagle Valleys, and (B) Carson 

Desert, Nevada and California. 

the eastern slope of the Carson Range commonly 
exceeds 2,700 pCi/L and locally has been found as 
high as 14,000 pCi/L. 

More than one-half of 41 samples from shallow 
aquifers and 3 of 9 samples from upland aquifers have 
uranium concentrations that exceed the proposed 
MCL. Most of the samples from the shallow aquifers 
that exceed the proposed standard (22 of 32) are from 
wells in Carson Desert. Only 7 of 112 samples from 
principal aquifers exceed the proposed MCL. Of those 
seven samples, five are from Carson and Eagle Valleys. 

None of the radium-226 or radium-228 samples 
analyzed exceed the proposed MCL. Four percent of 
samples (6 of 143) analyzed for gross-alpha activity 
and dissolved uranium exceed the proposed MCL for 
adjusted gross alpha. 

Processes Producing Radionuclide Activities 
By Alan H. Welch 

In mountainous areas, uranium is dissolved by 
water infiltrating granitic rocks , mainly in the Sierra 
Nevada, and through silicic volcanic rocks in relatively 
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Table 16. Statistical comparison of ranked uranium concentrations and radon-222 activities in ground 
water from upper, middle, and lower Carson River Basin, Nevada and California 

[Constituents in bold and nonbold have, respectively, higher and lower ranked concentrations in more downstream part of basin; 
p-values determined by Mann-Whitney method (Conover, 1980, p. 216). Symbol:--, no constituent)] 
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Area 

Carson and Eagle Valleys 
compared with Dayton 
and Churchill Valleys 

Dayton and Churchill Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
compared with Carson Desert 

Carson and Eagle Valleys 
compared with Carson Desert 

10,000 59 21 32 67 

Highly significant 
(p less than 0.01) 

Significant 
Not significant 

(p greater than 0.01 and 
less than or equal to 0.05) (p greater than °·05) 

Principal aquifers 
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Figure 44. Summary statistics for selected radionuclides in principal aquifers in Carson River Basin, Nevada 
and California. 
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Figure 45. Ground-water sampling sites in Carson River Basin, Nevada and California, where concentrations of 
uranium exceed proposed U.S. Environmental Protection Agency drinking-water standard (20 micrograms per liter). 
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Figure 46. Uranium concentrations in shallow ground water at two sites in southern Carson Desert, Nevada. 
A, Dodge Ranch; and B, Lead Lake. 

small areas throughout the study area. This water dis
solves primary minerals containing uranium and ura
nium-rich metal-oxide coatings on mineral grains and 
in the rock matrix. Uranium concentrations in granitic 
rocks range from about 3 to 10 mg/kg (Otton and oth
ers, 1989, p. 25). Titanite (sphene) is the most signifi
cant contributor of uranium to the water because 
titanite is more abundant than zircon and is highly 
altered (fig. 48). Titanite is ubiquitous in granitic rock 
and because the titanite is highly altered, uranium is 
readily released to the ground water. 

In ground water containing dissolved oxygen, 
uranium generally is present in the 6+ oxidation state as 
a uranyl ion. Uranyl complexes adsorb onto surfaces of 
aquifer materials, such as iron oxyhydroxide (Lang
muir, 1978; Hsi and Langmuir, 1985; Kamineni, 1986), 
organic matter (Szalay, 1964; Nakashima and others, 
1984; Leventhal and others, 1986), and clay minerals 
(Ames and others, 1983; Kamineni, 1986), and copre
cipitate with iron and manganese oxides (Kamineni, 
1986; Guthrie, 1989). Consequently, dissolved 

uranium is removed from water and is concentrated in 
iron- and manganese-oxide coatings in fractures and 
fine-grained sediments and on organic matter (fig. 49). 

Fluvial processes transport sediments containing 
uranium from the upper to the lower Carson River 
Basin. Uranium concentrations are less than 9 mg/kg in 
95 percent of 351 surficial sediment samples collected 
throughout most of the Carson River Basin (E.A. Frick, 
U.S. Geological Survey, written commun., 1992; based 
on data from Tidball and others, 1991). Uranium con
centrations are highest in sediments adjacent to the 
Carson Range in Carson Valley. Riparian vegetation 
along the Carson River has periodically been incorpo
rated into basin-fill sediments because of flooding. In 
addition, vegetation in stream channels along the east 
slope of the Sierra Nevada has been carried down chan
nels and buried in alluvial fans along the west side of 
Carson Valley. Thus, organic matter is present in basin
fill sediment in the western part of the basin, predomi
nantly along buried river channels and alluvial fan 
deposits. These relatively organic-rich sediments 
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contain uranium because organic matter strongly 
adsorbs uranium (Szalay, 1964; Nakashima and others, 
1984; Leventhal and others, 1986). 

Uranium can be released from organic matter 
and metal-oxide coatings through dissolution and 
desorption (Welch and Lico, 1988; Thomas and others, 
1993). Uranium activities generally are less than 
40 pCi/L in ground water of the Carson River Basin. 
Exceptions are shallow ground water in Carson Desert 
and a spring in the Pine Nut Mountains, where uranium 
activities are markedly greater. These locally high 
activities in the shallow ground water of Carson Desert 
are caused by irrigation water saturating previously dry 
sediments. Readily available uranium is released from 
hematite coatings and sedimentary organic matter by 

EXPLANATION 

~180 
Screened interval of well-Value is uranium 

concentration , in micrograms per liter, 
June 1989 

.,_ General direction of ground-water flow 

dissolution and desorption. Uranium in Carson Desert 
is concentrated in metal-oxide coatings on mineral 
grains and in sedimentary organic matter (fig. 50). 
Some shallow ground water has been affected by 
evapotranspiration, resulting in high uranium concen
trations and dissolved-solids concentrations. 

Radon-222 is the decay product of radium-226, 
but radon-222 activities measured in ground water are 
produced almost exclusively by radium-226 in aquifer 
material rather than from decay of dissolved radium-
226. Highest measured radon-222 activities are in 
ground water from consolidated rock and unconsoli
dated deposits in and adjacent to the Sierra Nevada (fig. 
47; Lico and Rowe, 1991). Fractures in consolidated 
rock along the range front allow ground water to flow 
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Figure 47. Radon-222 activities in ground water of Carson River Basin, Nevada and California. 
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Figure 48. Radiation from shallow sediments of Carson River Basin, Nevada. A, Thin section 
(26 millimeters across) of weathered granite, and A', Accompanying auto-radioluxograph 
exposed for 168 hours. Light areas on micrograph are produced by alpha radiation, primarily 
from naturally occurring uranium. Very bright circular spots on micrograph are due to emissions 
from zircons; more diffuse elongated light spots are from titanite. 8, Plain light photomicrograph 
(2 millimeters across) showing titanite in highly altered crystal (shown by arrows in A and A'). 
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Figure 49. Schematic three-dimensional "block diagram" showing conceptual model of uranium in ground water of upper Carson River 
Basin, Nevada and California. 



through mountam blocks and mto basm-fill aqmfers 
These fractures commonly have metal-oxide coatmgs 
that adsorb uramum and Its progeny, mcluding radmm-
226 Thus, ground water flowmg through these frac
tures locally contams high radon-222 activities In 
addition, sediment samples collected m the western 
part of Carson Valley con tam higher uramum concen
tratiOns than samples from other parts of the valley, so 
these sediments probably also contain high radmm 
activit1es 

Synthetic Orgamc Compounds 

By Stephen J Lawrence 

Ground-water samples were analyzed for as 
many as 154 synthetic orgamc compounds (Whitney, 
1994) Ground-water samples from the Carson City 
urban area were analyzed for all154 compounds Shal
low ground-water samples from agncultural areas were 
analyzed for volatile compounds, Insecticides, and her
biCides Samples from pnncipal aqmfers were analyzed 
only for volatile compounds (36 compounds) 

Synthetic orgamc compounds detected m ground
water samples from the Carson River Basm may not 
represent actual ground-water conditions, particularly 
for volatile compounds, because of sample contaffilna
tlon Contam1natwn may be caused by contact With 
orgamc compounds on samplmg eqmpment Move
ment of orgamc compounds as vapor, such as m storage 
areas for paint or chem1cals, can contam1nate samples 
Well constructiOn can mtroduce orgamc compounds 
Into ground-water samples through the use of orgamc
based dnlhng flmds, polyvmyl chlonde (PVC) well 
casmg, or cement used to connect sectiOns of PVC 
casing VInyl chlonde IS a maJor mgredient m PVC 
cement and can be released from well casmgs Phtha
late esters used In the manufacture of PVC pipe used 
for casmg can be released unless the casmg IS cleaned 
With detergent 

In this study, samphng protocols mcluded proce
dures designed to allow evaluatiOn of sample contaffil
natwn or loss of compounds dunng collectiOn or anal
ysis Procedures Included use of "eqmpment blanks" to 
Identify orgamc compounds Introduced by samplmg 
eqmpment, use of "tnp blanks" to detect contam1nat10n 
dunng shippmg, storage, and field transport AdditiOn 
of known amounts of an orgamc compound to the sam
ple allows estimatiOn of losses by volatihzatwn or deg
radation of the compounds, or matnx Interference 

Results of these efforts suggest that airborne com
pounds may be a source of several volatile compounds 
detected dunng the study At many samphng Sites, 
wells are enclosed In bmldmgs used for storage of 
products contammg many of the orgamc compounds 
detected dunng the study Although the role these stor
age practices have m contam1nating samples dunng 
collectiOn IS not known, the presence of orgamc vapor 
m well houses IS a hkely source because the sample 
bottle must be opened to collect the sample, thereby 
allowmg diffusiOn mto the bottle and the water sample 
In addition, auborne transport may cause persistent, 
but barely detectable, amounts of 1, 2 and 1, 1-dichlo
roethane m many ground-water samples collected dur
Ing this study Airborne pathways are probable because 
tnp blanks also were contam1nated and other sources of 
dichloroethane have not been Identified Airborne 
transport of gasohne vapors m samphng vehicles also 
may affect concentrations of benzene, toluene, xylene, 
and ethylbenzene detected m some samples 

Analysis of eqmpment blanks did not Indicate 
samplmg equipment as a source of orgamc compounds 
measured dunng the study On the basis of data from 
spiked samples, loss of volatile compounds In samples 
pnor to analysis could be as high as 10 to 20 percent of 
mit1al concentratiOn, the loss IS caused by volatihzatwn 
and degradatiOn Sim1larly, concentratiOns of many 
herbicides and msecticides could decrease by as much 
as 5 percent of their Imtial concentratiOn due to 
degt adatwn 

For the chlorophenoxy acid herbicide Dicamba, 
concentratiOns were shghtly above the laboratory 
reporting hmit m shallow samples from Churchill 
Valley and Carson Desert However, shallow ground
water samples from Churchill Valley and especially 
from Carson Desert also contam high concentratiOns 
of dissolved orgamc carbon Naturally occurnng dis
solved orgamc carbon may falsely mdicate low con
centratiOns of Dicamba (Whitney, 1994) Because the 
reported Dicamba concentratiOns may be caused by 
mterference, Dicamba IS not considered further m this 
report 

Only 23 orgamc compounds were detected m 
ground-water samples Tetrachloroethylene (PCE), 
tnchloroethylene (TCE), prometone, and chloroform 
were the most frequently detected orgamc compounds 
m the Carson River Basm (table 17) Two samples 
contained TCE concentratiOns greater than the MCL 
(5 ~giL) for that compound Because of the low pro
portiOn of samples With detectable concentratiOns com
pared to the number of samples, quantitative or 
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Figure 50. Fission tracks from shallow sediment of southern Carson Desert, Nevada. Tracks were produced 
by irradiation of sample with thermalized neutron flux. Photograph (1 millimeter across) at top of figure shows 
etched fission tracks that correspond to sediment sample shown below. Large area of concentrated fission 
tracks (shown by arrow) corresponds to metal oxides. Small areas of concentrated tracks are zircon or 
sphene. From Thomas and others (1993, fig. 9). 

A78 Ground-Water Quality Assessment of the Carson River Basin, Nevada and California-Results of Investigations, 1987-91 



statistical compansons between land uses and aqmfers 
IS not possible Therefore, only quahtative descnptwns 
and compansons are presented 

Ground-water samples from Carson Valley con
tamed PCE and TCE more commonly than any other 
synthetic orgamc compound These compounds were 
measured only m samples from shallow and pnncipal 
aqmfers (table 18) Two samples from upland aquifers 
contamed chloroform Six samples from shallow aqm
fers m Carson Valley contamed the herbicides 2,4-D 
and stmazme, and the msecticides diazmon and ethion 

The solvents PCE, TCE, 1 ,2-dichloroethylene 
(DCE), and 1,1, 1- tnchloroethane (TCA) were detected 
m samples of shallow ground water In Eagle Valley, 
pnmarlly from the Carson City urban area (table 18) 
Also detected were the tnazme herbicides cyanazine, 
prometone, and simazine The highest concentratwns 
of PCE, TCE, DCE, chloroform, prometone, TCA, and 
cyanazme were found In samples from the Carson City 

urban area In Eagle Valley In the Dayton Valley and 
Churchill Valley hydrographic areas, only two syn
thetic orgamc compounds (PCE and TCA) were 
detected m ground-water samples These were m three 
samples collected from pnncipal aquifers In Dayton 
Valley and one sample from a pnncipal aqmfer m 
Churchill Valley Shallow aquifers In Carson Desert 

yielded samples contaimng four synthetic orgamc 
compounds, three of which were herbicides or Insecti
cides (table 18) 

Samples collected from wells In shallow aqmfers 
m urban and agncultural settings show some differ
ences m the synthetic orgamc compounds most 
frequently detected Chloroform, prometone, PCE, 
TCE, and DCE were detected more frequent! y and at 
higher concentratwns In samples from the urban area 

than m samples from agncultural areas 

Table 17 Summary of synthetic orgamc compounds detected 1n ground water of Carson R1ver Bas1n, Nevada 
and Cahforn1a, 1987-90 

[AbbreviatiOns Jlg/L, rrucrograms per hter, MCL, maximum contammant level,--, MCL not established] 

Number 
Laboratory 

MCL Number of samples exceeding Max1mum 
Constituent reportmg hm1t 

(Jlg/L) of samples 
concentration 

(Jlg/L) Reportmg 
MCL (Jlg/L) 

hm1t 

Constituents with primary drmkmg-water standards 

Benzene 02 5 225 3 0 1 9 
1, 2-Dtchloroethane 2 5 173 3 0 1 
Vmyl chlonde 2 2 229 2 1 5 
1,1, 1-Tnchloroethane (TCA) 2 200 229 2 0 4 
Tnchloroethylene (TCE) 2 5 229 15 2 20 

Constituents without drmkmg-water standards 

Bts (2-ethylhexyl) phthalate 5 65 1 0 13 
Chloroform 2 229 9 0 1 7 
Chloroethane 2 229 1 0 35 
Chloromethane 2 229 1 0 25 
Dtchlorodtftuoromethane 2 227 2 0 2 

1,1-Dtchloroethane 2 225 2 0 10 
1,2-Dtchloroethylene (DCE) 2 125 3 0 68 
Ethyl benzene 2 226 2 0 5 
Tetrachloroethylene (PCE) 2 228 16 0 44 
Toluene 2 208 3 0 3 

Xylene 2 221 2 0 1 5 
2,4-D 01 85 2 0 07 
Stlvex 01 85 1 0 01 
Dtazmon 01 31 1 0 01 
Eth10n 01 31 1 0 02 

Prometone 85 9 0 38 
S1mazme 85 4 0 2 
Cyanazme 85 1 0 1 
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Table 18. Summary of synthetic orgamc compounds detected 1n ground water 1n the different aqu1fer systems of Carson R1ver 
Bas1n, Nevada and Cahforn1a, by hydrographic area, 1987-90 

[Abbrevtatwn and symbol ~-tg/L, rrucrograms per hter, --,concentratiOn not determmed or below laboratory reportmg hmtt] 

Upland aquifers Shallow aqu1fers Pr1nc1pal aqu1fers 

Number Number Number 

Number 
of Max1mum 

Number 
of Max1mum 

Number 
of Maximum 

Constituent samples samples samples 
of 

concen-
of 

concen-
of 

concen-

samples 
exceedmg trat1on 

samples 
exceeding trat1on 

samples 
exceed~ng trat1on 

reporting (~-tg/L) reporting (~-tg/L) reporting (~-tg/L) 

hm1t hm1t hm1t 

Carson Valley 

Benzene 6 0 10 2 1 9 35 02 
Chloroform 6 2 02 11 0 35 1 2 
Chloroethane 6 0 11 1 35 35 0 
Chloromethane 6 0 11 0 35 0 
2,4-D 1 0 14 04 0 

Dtazmon 0 01 0 
Dtchlorodtftuoro-

methane 6 0 10 0 35 0 
1, 1-Dtchloroethane 6 0 11 10 35 2 
Eth10n 0 1 02 0 
Ethylbenzene 6 0 10 1 5 35 2 

Stmazme 0 14 2 2 0 
Tetrachloroethylene 

(PCE) 6 0 11 0 35 4 98 
Toluene 5 0 8 2 3 33 0 
Tnchloroethy lene 

(TCE) 6 0 11 46 35 1 9 
Vmyl chlonde 6 0 11 2 50 35 0 

Xylene 6 0 10 1 5 35 2 

Eagle Valley 

Chloroform 4 0 57 4 1 5 25 0 
Cyanazme 0 31 0 
1 ,2-Dtchloroethylene 

(DCE) 0 56 5 68 0 
Prometone 0 31 9 38 0 
Stmazme 0 31 0 

Tetrachloroethylene 
(PCE) 4 0 55 8 44 25 0 

1,1, 1-Tnchloroethane 
(TCA) 4 0 57 4 25 0 

Tnchloroethylene 
(TCE) 4 0 57 15 20 25 0 

Dayton and Churchill Valleys 

Tetrachloroethylene 
(PCE) 0 0 26 3 5 

1,1, 1-Tnchloroethane 
(TCA) 0 0 26 3 

Carson Desert 

2,4-D 0 30 07 0 
1 ,2-Dtchloroethane 0 16 1 0 0 
Stlvex 0 31 01 0 
Stmazme 0 29 0 
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Sources of synthetic orgamc compounds detected 
m ground water w1thm the Carson R1ver Basm are var
Ied For example, PCB, TCE, DCE, and TCA are found 
m general purpose degreas1ng products used for a van
ety of tasks that range from cleanmg automobile 
engmes to treatmg septic systems PCB, TCE, and DCE 
may move mto shallow ground water by leachmg from 
septic systems (Cantor and Knox, 1986, p 82), 
Improper disposal of used solvents, or from leaks and 
sp1lls TCE and DCE also can be produced by bwlogi
call y mediated degradatiOn of PCB under anaerobic 
cond1t10ns (Vogel and others, 1987, p 730-734) Chlo
roform detected w1thm the Carson R1ver Basm proba
bly 1s from chlonnated mumc1pal water rechargmg 
shallow ground water Chloroethane and 1, 1-dichloro
ethane may be degradation products of TCA 

Herb1c1des generally are much more soluble and 
leachable than msectic1des Accordingly, herb1c1des 
tend to be detected m ground water more commonly 
(Sm1th and others, 1988, p 43) Low affimties of her
bicJdes for orgamc matter mean that they do not readily 
partitiOn mto soil or sediment Ind1v1dual herb1c1des 
may be present m ground water m w1dely vanable con
centratiOns because of vanable applicatiOn rates, deg
radatiOn rates, soil properties, and 1rngat10n practices 
The herb1c1des prometone, s1maz1ne, cyanaz1ne, and 
2, 4-D generally do not persist m a g1ven matnx 
beyond about 90 days, except m areas where the appli
catiOn rates of these compounds are particularly h1gh 
(Hellmg and others, 1988, p 176, Sm1th and others, 
1988, p 40-43) An exceptiOn 1s Silvex, wh1ch 1s less 
soluble, has a greater affimty for orgamc matter, and 1s 
more persistent m the envuonment than either the tn
azme herb1c1des, or 2, 4-D (Mullison, 1987, p 121-
126, Verschueren, 1988, p 1143) 

Insecticides such as d1az1non and ethwn generally 
persist for longer penods than herbicides and have a 
h1gher affimty for soil orgamc matter (Sm1th and oth
ers, 1988, p 37-39) Thus, detectiOn of herb1c1des 
(except for Silvex) m ground water would be most 
likely w1th1n 2 or 3 months followmg apphcatwn 
In contrast, dmzmon and ethwn could be detected 
throughout the year, but probably at lower concentra
tions than herb1c1des, because the msectic1des are less 
attenuated by soil orgamc matter The presence of dmz
mon, prometone, cyanazme, s1mazme, 2, 4-D, Sllvex, 
and ethwn m ground water probably 1s caused by 
mfiltratwn from 1rr1gated landscape and (or) vegetatiOn 
or weed control m ditches w1thm urban areas, and mfil
tratwn from 1rr1gated agnculturalland 

Summary of Ground-Water Quality with Respect to 
Federal Dnnking-Water Standards 

By Alan H. Welch 

The ground-water quality 1n the Carson R1ver 
Basm varies considerably, both areally and among the 
different aqmfers Th1s var1ab1lity 1s reflected m the 
frequency w1th wh1ch dnnkmg-water standards estab
lished and proposed by U S Envuonmental ProtectiOn 
Agency are exceeded Inorgamc constituents that most 
commonly exceed dnnkmg-water standards are, 1n 
general decreasmg order of frequency, manganese, 
arsemc, mtrate, uon, and fiuonde Chlonde, sulfate, 
and dissolved-solids concentrations also exceed the 
standard m some places Measured uramum and, par
ticularly, radon-222 commonly exceed proposed Fed
eral standards 

Constituents that most typiCally exceed estab
lished maximum contam1nant levels (MCL's) m pnncl
pal and shallow aqmfers are arsemc, fiuonde, and 
mtrate (fig 51) Among these, arsemc 1s the most com
mon m the Carson River Basm Nearly all arsemc con
centratiOns that exceed the 50 J..LgiL MCL are 1n Carson 
Desert, the topographically lowest part of the basm In 
water from pnnc1pal aqmfers, arsemc concentratiOns 
exceed the MCL more commonly m Carson Desert 
than m the upper and m1ddle Carson R1ver Basm (table 
19) In water from shallow aqmfers of Carson and 
Eagle Valleys, arsemc concentratiOns more common1y 
exceed the MCL than 1n water from pnncipal aqmfers 
(table 19) In contrast, the frequency of exceedance for 
arsemc m water from shallow and pnnc1pal aqmfers of 
Carson Desert 1s not s1gmficantly different (table 20) 
W1th1n Carson Desert, water from nearly one-half of 
the wells tapp1ng pnnc1pal and shallow aqmfers have 
arsemc concentratiOns greater than the Federal dnnk
mg-water standard Included 1n the pnnc1pal aqmfer 1s 
the basalt aqmfer, wh1ch provides the sole source of 
supply for Fallon and the Fallon Naval A1r StatiOn 

Fluonde concentratiOns m some water from shal
low aqmfers exceed the MCL m Carson Desert and m 
Carson and Eagle Valleys (fig 51) In contrast, fiuonde 
concentratiOns m water from pnnc1pal aquifers exceed 
the 4 mg/L MCL only m Carson Desert 

Nitrate concentratiOns 1n water from shallow 
and mtermed1ate and basalt aqmfers exceed the MCL 
(1 0 mg/L as mtrogen) m the Carson and Eagle Valleys 
and Carson Desert (fig 51) H1gher mtrate values m 
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Figure 51. Percentage of ground-water sampling sites in Carson River Basin, Nevada and California, where 
selected inorganic constituents and radionuclides exceeded existing and proposed U.S. Environmental Protection 
Agency drinking-water standards. 
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Table 19 Stat1st1cal companson of the frequency w1th wh1ch selected 1norgamc constituents exceed dnnk1ng-water 
standards 1n ground water from upper, m1ddle, and lower Carson R1ver Bas1n, Nevada and Cahforma 

[All constituents, except for constituent m bold, have htgher frequenctes of exceedance m lower basm, p-values determmed by cht-square test 
(Conover, 1980, p 145) Symbol --,no constituent] 

Area 
H1ghly s1gmf1cant 
(p less than 0 01) 

S1gmf1cant 
(p greater than 0 01 and 

less than or equal to 
0 05) 

Not s1gmf1cant 
(p greater than 0 05) 

Prmc1pal aqmfers 

Carson and Eagle Valleys 

compared with Carson Desert 

Dayton and Churchtll Valleys 

compared with Carson Desert 

Carson and Eagle Valleys 

compared With Carson Desert 

Sulfate, dissolved solids 

Arsemc, dissolved sohds 

Arsemc, ftuonde, 
dissolved solids, radon 

Iron, manganese 

Manganese 

Arsemc, mtrate, ftuonde, 
radon, uramum 

Fluonde, mtrate, sulfate, 
Iron, manganese, uramum 

Nitrate, sulfate, uon, 
uramum 

Shallow aqmfers 

Carson and Eagle Valleys 

compared with Carson Desert 

Arsemc, sulfate, 
dissolved sohds 

pnncipal aqmfers of Carson and Eagle Valleys gener
ally are m areas where septic tanks are used for domes
tic sewage disposal 

The secondary maximum contammant levels 
(SMCL's) for sulfate (500 mg/L), dissolved solids 
(1,000 mg/L), Iron (0 6 mg/L), and manganese 
(0 1 mg/L) generally are exceeded more commonly m 
water from shallow aqmfers than from pnncipal aqm
fers Sulfate and dissolved-solids concentratiOns gener
ally are higher m ground water In the rmddle and lower 
Carson River Basm because of evapotranspiratiOn and 
dissolutiOn of evaponte rmnerals, mcluding gypsum 
Manganese concentratiOns commonly exceed the 
SMCL In water from shallow aqmfers m both the upper 
and lower basm Exceedances of the manganese SMCL 
are less common In pnncipal aquifers and are less com
mon m the upper basm than elsewhere Iron exceed
ances are much less common than manganese 
throughout the basm m both shallow and pnncipal 
aqmfers The uon exceedances are more common m 
ground water from the Carson and Eagle Valleys area 
than from Carson Desert 

The overall ground-water quality can be 
expressed m terms of the percentage of ground-water 
san1ples that contmn one or more constituents that 
exceed a proposed or current dnnklng-water standard 
(fig 52) The percentages for the MCL exceedances 
were calculated using only samples that have been 
analyzed for allinorgamc constituents that have an 
established MCL Sirmlarly, the MCL plus SMCL per
cent-ages were calculated usmg only samples that had 

Nitrate, ftuonde, Iron, 
manganese, radon, uramum 

been analyzed for allinorgamc constituents that have 
an established MCL or SMCL The locatiOn of these 
sites IS shown In figures 53 and 54 The percentages 
labeled maximum contaminant level, adJusted gross 
alpha, or uramum m figure 51 are based on samples 
with Inorgamc constituents and an established MCL 
plus analyses of uramum and gross-alpha activity 

Ground water m pnncipal aqmfers of Carson 
Desert most commonly contams constituents that 
exceed a MCL (fig 52A) The pnncipal aqmfers of the 
upper and rmddle basm contam ground water that gen
erally meets the MCL's-but less commonly meets 
both the MCL's and SMCL's Some ground water In 
Carson Desert that does not meet the MCL's IS from the 
basalt aqmfer beneath Fallon (fig 53) Water with con
stituents exceeding either an MCL or a SMCL IS 
present throughout much of the bastn (fig 54) If the 
proposed standards for uramum and adJusted gross 
alpha are adopted, ground water m the upper and rmd
dle parts of the basm would more commonly exceed a 
standard (fig 52A) Nearly all ground water In pnnci
pal aqmfers of the Carson River Bastn contams more 
radon-222 than the proposed 300 pCt!L Federal 
standard 

Shallow aqmfers sampled beneath much of the 
upper and lower basm commonly contain ground water 
that does not meet at least one established MCL or 
SMCL (figs 52B and 54) Half the samples of shallow 
ground water tn the upper basm fall to meet at least one 
MCL or SMCL In Carson Desert, 80 percent of shal
low ground-water samples contamed at least one 
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Table 20 Stat1st1cal companson of the frequency w1th wh1ch selected morgamc constituents exceed dnnkmg
water standards 1n water from pnnc1pal and shallow aqu1fers of Carson R1ver Bas1n, Nevada and Cahforma 

(All constituents have htgher frequencies of exceedance m shallow aqmfers, p-values determmed by cht-square analysts (Conover, 1980, 
p 144-147) Abbreviation (s), secondary standard for fluonde Symbol --,no constituent] 

Area 
Highly s1gn1f1cant 
(p less than 0 01) 

S1gn1f1cant 
(p greater than 0 01 and 

less than or equal to 0 05) 

Not s1gn1f1cant 
(p greater than 0 05) 

Prmc1pal compared With shallow aqmfers 

Carson and Eagle Valleys Iron, manganese Arsemc, fiuonde(s), Nttrate, sulfate, radon, 
uramum 

Carson Desert Manganese, sulfate, uramum 

constituent that exceeds a dnnkmg-water standard If 
the proposed standards for uramum and adJusted gross 
alpha are adopted, then ground water m the upper basm 
would exceed a MCL m about 40 percent of the sam
ples--compared to about 15 percent on the basts of 
current MCL's (fig 52B) In Carson Desert, the adop
tion of standards for these two radwnuclides would 
tncrease the frequency of exceedance from about 45 to 
more than 70 percent Nearly all ground water m shal
low aqmfers m the Carson River Bas1n has radon-222 
activttles that exceed the proposed 300 pCI!L standard 

SUMMARY 

The Carson Rtver Basm 1s an area of dramatic 
contrasts The Carson Rtver drains pnstine wllderness 
of the forested Sterra Nevada, whtch provtdes much of 
the basm's water The chenucal composition of the Car
son Rtver changes from that of a fresh, untamed whtte
water nver m the Headwaters Area to that of stagnant, 
salme sloughs and alkali lakes m Carson Desert The 
ground-water quality, particularly m shallow aqmfers, 
broadly nurrors the chenucal changes m the nver-a 
maJor source of recharge to basm-fill aqmfers Con
trasts m ground-water quality Withm the Carson Rtver 
Basm are evident across the bas1n, among the different 
aqmfers, and, to a lesser extent, between shallow 
ground water beneath urban land and agnculturalland 

Although precipitatiOn m excess of 25 m/yr can 
falltn the uplands, low areas that make up most of the 
basm typtcally rece1ve 3 to 11 m/yr Prectpttatwn 
decreases wtth mcreasmg distance from the Sterra 
Nevada, which 1s the wettest part of the basm 

Agnculture remams and tmportant land use, but 
rapid mcreases m populatiOn have led to mcreased 
urban-land use Wtldlife management areas, particu
larly In Carson Desert, represent another Important 

dtssolved sohds 

Arsemc, mtrate, fiuonde(s), 
radon, dtssolved sohds, 1ron 

land use Tradttlonally, most ground water has been 
used for trrtgatwn The burgeonmg population has led 
to mcreased use of ground water for domestic pur
poses In 1988, domestic use was nearly equal to the 
amount used for agnculturaltrrtgation Total ground
water use more than tnpled from 1969 to 1988 

Most ground water 1n the Carson River Basm 1s 
wtthdrawn from bastn-fill sediments These sediments 
partly fill structural basms formed by extensiOnal fault
mg The faultmg also raised the consolidated rocks that 
form the mountamous uplands The basm-fill depos1ts, 
which reach thtcknesses of 10,000 feet or more, locally 
mclude volcamc rocks In the Carson Desert, volcamc 
rocks are an tmportant source of supply for the Ctty of 
Fallon and the Fallon Naval Au StatiOn 

Usmg current dnnkmg-water standards as a mea
sure of overall water quality, ground-water quality 1n 
pnnctpal aqmfers m the upper basm generally 1s good 
Pnnctpal aqmfers m the upper bas1n are a maJor source 
of supply for mumctpal systems that provtde water to 
the commumties of Mtnden, Gardnerville, and Carson 
Ctty Prectpttatwn fallmg on the Sterra Nevada Infil
trates and reacts with Igneous and metamorphic rocks 
Thts water, along wtth recharge from the Carson River 
1n areas of heavy ground-water pumpmg, 1s the maJor 
source of recharge to pnnctpal aqmfers Except for 
locally htgh concentratiOns of mtrate and presence of 
synthetic orgamc compounds, ground-water quality m 
pnnctpal aqmfers generally results from chenucal reac
tions wtth aqmfer matenals Locally, ground water 
wtth little or no dtssolved oxygen contams manganese 
concentratiOns greater than the dnnkmg-water stan
dard Some ground water m and adJacent to the Sterra 
Nevada contams uramum concentratiOns greater than 
the proposed dnnkmg-water standard Radon activtties 
1n the Sterra Nevada locally exceed 10,000 pC1/L and 
are highest m the Carson Basm 
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Figure 52. Summary of percentage of ground-water sampling sites in Carson River Basin, Nevada and California, 
where selected inorganic constituents and radionuclides exceeded existing and proposed U.S. Environmental 
Protection Agency drinking-water standards. 
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Figure 53. Ground-water sampling sites in Carson River Basin, Nevada and California, where inorganic constituents 
exceed Nevada State primary maximum contaminant levels. Only sites with analyses for all inorganic constituents 
with primary maximum contaminant levels were considered. 
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Shallow aquifers m Carson Valley are recharged 
pnmanly by water diverted from the Carson Rlver, m 
Eagle Valley, the shallow recharge IS pnncipally from 
watenng of lawns and other landscape vegetatwn 
Water m these aquifers contams higher concentratwns 
of most maJor constituents and, compared to water 
In pnncipal aqmfers, more commonly contams con
centratwns of some ffilnor constituents that exceed 
dnnlang-water standards Manganese exceeds the 
SMCL at more than 25 percent of the sampled Sites 
Mmor constituents that exceed dnnlang-water stan
dards at less than 10 percent of sampled Sites are 
arsemc, fluonde, nitrate, and uon Water from shallow 
aqmfers more commonly contmns concentratwns of 
arsemc, fluonde, Iron, and manganese In excess of the 
dnnlang-water standards than does water from the 
pnncipal aqmfers 

Shallow aqmfers beneath the upper basm locally 
contam herbicides, pesticides, and volatile orgamc 
compounds Beneath the urban part of Carson City, 
prometone, tnchloroethylene, and tetrachloroethylene 
were found at concentratwns well above the laboratory 
mimmum reporting level Tnchloroethylene was found 
at concentratwns above the dnnlang-water standard 
With a few exceptwns, ground water beneath agncul
turalland m Carson Valley contamed, at most, low con
centratwns of synthetic orgamc compounds 

Pnncipal aquifers beneath the sparsely populated 
m1ddle Carson RIVer Basin are recharged by precipita
tion fallmg on the uplands and, locally, by the Carson 
River Concentratwns of maJor constituents In water 
from pnncipal aqmfers In the lower basin generally are 
higher than In water from the pnncipal aquifers of the 
upper basm Concentratwns of dissolved sohds, Iron, 
manganese, and sulfate more commonly exceed dnnk
Ing-water standards m pnncipal aqmfers of the rmddle 
than the upper basm 

Carson Desert, at the distal end of the Carson 
River Basm, IS a closed basm that loses water only by 
evapotranspiration Analyses of ground water Indicate 
a wide range m concentratwns of maJor and minor 
Inorgamc constituents, With dissolved sohds reachmg 
maximum concentratwns greater than seawater Con
centratwns of sodmm, chlonde, bicarbonate, and dis
solved sohds generally are higher m shallow and 
pnncipal aqmfers of Carson Desert than m the upper 
and m1ddle parts of the basm Mmor-constituent con
centratwns, mcludmg those for arsemc, boron, fluo
nde, hthmm, and molybdenum, also are higher m both 
shallow and pnnctpal aqutfers m the Carson Desert 

compared wtth the other two parts of the basm Water 
tn pnnctpal aqmfers beneath Carson Desert generally 
contams lower concentratwns of calcmm, magnesmm, 
btcarbonate, sulfate, hthmm, manganese, molybde
num, and mtrate than water m shallow aqmfers More 
than 10 percent of sampled ground water from both 
shallow and pnncipal aqmfers contmns concentratwns 
of arsemc, dtssolved sohds, and manganese greater 
than the dnnlang-water standards 

Several m1nor constituents reach unusually high 
concentratwns tn shallow aqmfers of Carson Desert 
Notable are arsemc, tron, manganese, and uramum 
Among these four elements, all except uranmm reach 
concentrations greater than 1 mg!L Processes leadtng 
to the htgh concentratwns Include evapotranspuatwn 
and reactwns of sedimentary orgamc matter wtth metal 
oxtdes Locally, these reactwns appear to be an tndirect 
result of a nse tn the water table m response to apphca
tion of Imgatwn water for agncultural activities 
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