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Geologic Framework and Hydrogeology of the Middle 
Carson River Basin, Eagle, Dayton, and Churchill Valleys, 
West-Central Nevada

By Douglas K. Maurer

Abstract 
Changes in land use and water use and increasing 

development of water resources in the middle Carson 
River basin may affect flow of the river and, in turn, affect 
downstream water users dependent on sustained river flows 
to Lahontan Reservoir. The U.S. Geological Survey, in 
cooperation with the Bureau of Reclamation, began a study 
in 2008 of the middle Carson River basin, extending from 
Eagle Valley to Churchill Valley. Various types of geologic 
and hydrologic data were compiled from previous studies, 
collected for this study, and compiled and analyzed to provide 
a framework for development of a numerical model of the 
groundwater and surface-water flow systems of the basin. 

Geologic units that are assumed to have similar 
hydrologic characteristics were grouped into hydrogeologic 
units comprised of consolidated rocks of pre-Cenozoic age 
that underlie a unit of consolidated volcanic rock and semi-
consolidated sediments of Tertiary age. The principal aquifer 
in the study area is comprised of unconsolidated sediments of 
Quaternary age. The Quaternary sediments include alluvial 
fan, fluvial, and lake sediments, and were grouped into a 
basin-fill hydrogeologic unit that overlies the pre-Cenozoic 
and Tertiary hydrologic units. 

The thickness of the combined section of Tertiary 
volcanic and sedimentary rocks and Quaternary basin-fill 
deposits previously was estimated to range from zero where 
pre-Cenozoic rocks are exposed to greater than 10,000 feet 
in the Bull Canyon subbasin, and greater than 6,000 feet on 
the western side of Churchill Butte and beneath the Desert 
Mountains. The thickness of Quaternary basin-fill sediments 
was estimated using gravity data and lithologic descriptions 
from driller’s logs. The most permeable parts of basin-fill 
sediments are greater than 1,000 feet thick in the Carson 
Plains subbasin, greater than 800 feet and 600 feet thick in the 
western and northeastern parts of the Stagecoach subbasin, 
and greater than 1,000 feet and 800 feet thick in the northern 
and southern parts of Churchill Valley, respectively. 

The distribution of aquifer properties was estimated for 
basin-fill sediments using slug-test and aquifer test data, and 

the lithologic descriptions of previously mapped geologic 
units. Slug-test data show hydraulic conductivity is greater 
than 10 to greater than 100 feet per day for fluvial sediments 
near the flood plain, less than 10 feet per day for basin-fill 
sediments outside the flood plain, and less than 1 foot per day 
for consolidated rocks. Estimates of transmissivity exceed 
20,000 feet squared per day near the Carson River in Dayton, 
Churchill, and western Lahontan Valleys and in the northern 
part of the Stagecoach subbasin, and exceed 10,000 feet 
squared per day in the western part of Churchill Valley. A 
transmissivity of 90,000 feet squared per day was estimated 
from results of an aquifer test in the Carson Plains subbasin, 
indicating that permeable gravel and cobble zones at depths 
greater than 400 feet supplied water to the pumping well. 
Estimates of specific yield ranged from less than 1 to 2 percent 
for most consolidated rocks, from 1 to 15 percent for semi-
consolidated Tertiary sediments, and from 10 to 40 percent for 
unconsolidated basin-fill sediments.

Water-level altitude maps based on measurements at 
about 300 wells in 2009 show water levels have declined 
as much as 70 feet since 1964 on the northwestern side of 
Eagle Valley, about 10 feet since 1995 near Dayton in the 
Carson Plains subbasin, and from 5 to 10 feet since 1982 in 
the western and northeastern parts of the Stagecoach subbasin 
and the northwestern part of Churchill Valley. The declines are 
likely the result of municipal and agricultural pumping. The 
maps show a groundwater divide between the Carson Plains 
and Stagecoach subbasins, and a continuous hydraulic gradient 
between the Stagecoach subbasin and Churchill Valley. 
Groundwater flow directions are uncertain beneath parts of 
the boundary of Churchill Valley. The altitude of the top of 
pre-Cenozoic rocks shows thick sections of saturated Tertiary 
rocks and sediments south of the Dead Camel Mountains 
and beneath the eastern part of the Desert Mountains through 
which groundwater flow between Churchill Valley, Mason 
Valley, and Lahontan Valley may take place. North of 
Lahontan reservoir, beneath the Dead Camel Mountains, and 
beneath the southern part of Adrian Valley, the altitude of pre-
Cenozoic rocks indicates groundwater flow between the three 
valleys is minimal. 
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Streamflow measurements, supported by data on the 
deuterium content and specific conductance of surface-water 
samples, indicate a loss of Carson River streamflow in the 
Riverview subbasin, streamflow gains in the Moundhouse 
subbasin and the eastern part of the Carson Plains subbasin, 
and streamflow losses in the Bull Canyon subbasin. 
Comparisons of fluctuations in groundwater levels to those 
in stream stage in the Carson Plains subbasin indicate that 
streamflow lost to infiltration from the Carson River, from 
irrigation ditches, and from irrigated fields is an important 
source of groundwater recharge. Fluctuations in groundwater 
levels compared with the stage of Lahontan Reservoir in 
Churchill Valley indicate losses to infiltration from the 
reservoir during high stage and groundwater seepage to the 
reservoir during low stage. 

Introduction
Rapid population growth is increasing the demand for 

water resources in the Carson River basin (fig. 1). This growth 
is causing changes in land and water use, and the potential 
effects of these changes on groundwater and surface-water 
resources are uncertain. In the middle Carson River basin, 
upstream of Lahontan Reservoir, agricultural land is being 
urbanized, groundwater pumping is increasing, and surface 
water and groundwater currently being used for agriculture 
will likely be increasingly used for municipal supply. These 
changes in land and water use may cause changes in the rates 
and locations of groundwater recharge and discharge. 

The groundwater and surface-water systems are thought 
to be well connected in the Carson River basin upstream of 
Lahontan Reservoir in Dayton and Churchill Valleys (Harrill 
and Preissler, 1994; Brown and Caldwell, 2004; Maurer 
and others, 2009). In these valleys, groundwater pumping 
may cause flow of the Carson River to Lahontan Valley to 
decrease over time, thereby affecting water users downstream. 
Conversely, land- and water-use changes that include the 
cessation of flood irrigation with diversions from the Carson 
River and the irrigation of land with treated effluent rather 
than by diversions from the Carson River may cause the flow 
of the river to increase (Maurer and Berger, 2007, p. 53).

An evaluation of groundwater flow and groundwater and 
surface-water interactions in the middle Carson River basin 
is needed to provide water managers with information for 
water-resources planning. In this study, the middle Carson 
River basin includes the hydrographic areas1 (HA) of Eagle 

(HA104), Dayton (HA103), and Churchill Valleys (HA102) 
upstream of Lahontan Dam (fig. 1). The study area also 
includes the western part of the Carson Desert hydrographic 
area (HA101), which encompasses Lahontan Valley.

The U.S. Geological Survey (USGS), in cooperation with 
the Bureau of Reclamation (Reclamation), began a study in 
2008 to develop a numerical model to simulate groundwater 
and surface-water interactions in the Carson River basin 
upstream of Lahontan Dam and downstream of Carson Valley. 
Hydrogeologic information was compiled and collection 
of hydrogeologic data began as a basis for developing 
the framework for a numerical groundwater flow model. 
Concurrently, work began on development of precipitation-
runoff models of selected watersheds in the middle Carson 
River basin to estimate runoff and groundwater recharge from 
the watersheds (Jeton, in press). 

Purpose and Scope

This report presents and describes the hydrogeologic 
information from which a numerical model of the groundwater 
and surface-water systems in the middle Carson River basin 
is currently being developed. Maps of hydrogeologic units in 
the study area were compiled, along with maps showing the 
thickness of Tertiary rocks and sediments, the thickness of 
Quaternary basin-fill sediments (using existing gravity data 
and gravity measurements collected at 95 new stations), and 
the altitude of pre-Cenozoic rocks compared with regional 
water-level altitudes. Estimates of the distribution of aquifer 
properties were made using slug-test data collected at 30 
wells from 2009 to 2010 in Dayton and Churchill Valleys, 
aquifer-test data compiled and analyzed for 16 wells in Dayton 
Valley, information from driller’s logs, and ranges of specific 
yield reported in the literature. Water levels measured at about 
300 wells in April 2009, including 10 wells installed for this 
study, were used to update previously compiled water-level 
altitude maps for each valley and to evaluate long-term water-
level changes and regional groundwater- flow directions. 
Information on groundwater and surface-water interactions 
was gained by analysis of streamflow measurements and 
water samples collected at 13 sites in Dayton and Churchill 
Valleys from 2007 to 2009, and from comparisons of water-
level fluctuations measured in 13 wells to changes in the stage 
of the Carson River from 2007 to 2009 and to changes in the 
levels of Lahontan Reservoir from 2005 to 2009.

Geographic Setting 

The middle Carson River basin extends a distance of 
about 60 mi in west-central Nevada and covers an area of 
about 900 mi2 (fig. 1). The headwaters of the Carson River 
lie at altitudes above 10,000 ft in the Sierra Nevada of 
east-central California, and the East and West Forks enter 
the southern end of Carson Valley. Through Carson Valley, 
the flow of the East and West Forks is diverted through a 

 1The U.S. Geological Survey (USGS) and Nevada Division of Water 
Resources (NWDR) delineated formal hydrographic areas in Nevada 
systematically in the late 1960s for scientific and administrative purposes 
(Cardinalli and others, 1968). The official hydrographic-area names, numbers, 
and geographic boundaries continue to be used in USGS scientific reports and 
NWDR administrative proceedings and reports. Hydrographic-area boundaries 
generally coincide with drainage-area boundaries.
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complex network of canals and ditches for flood irrigation 
of about 39,000 acres of mainly pasture grasses and alfalfa 
(Maurer and Berger, 2007, p. 44). The East and West Forks 
join northwest of Minden, Nevada, and the mainstem of the 
Carson River flows out of Carson Valley a few miles southeast 
of Carson City, into the westernmost part of the Dayton Valley 
hydrographic area (fig. 2A). Maurer (1997) divided the Dayton 
Valley hydrographic area into five subbasins, from west to 
east: Riverview, Moundhouse, Carson Plains, Bull Canyon, 
and Stagecoach (fig. 2A). The Carson Plains subbasin is often 
called Dayton Valley locally, however, there is not a single 
valley named “Dayton Valley”, only the hydrographic area.

The Carson River flows along the eastern side of Eagle 
Valley in the Riverview subbasin of the Dayton Valley 
hydrographic area, and through a canyon in the Moundhouse 
subbasin upstream of Dayton, Nevada. The flow of the Carson 
River is diverted for flood irrigation of agricultural fields on a 
narrow flood plain extending about 0.5 mi on each side of the 
river and incised about 50 ft into the valley floor in the Carson 
Plains and Bull Canyon subbasins, and in Churchill Valley 
(fig. 2B). About 3,100 acres of pasture grasses and alfalfa were 
irrigated in 2006 in the Dayton Valley hydrographic area, and 
about 1,200 acres of pasture grasses and alfalfa were irrigated 
in 2007 in the Churchill Valley hydrographic area (Maurer and 
others, 2009, p. 34). The river flows through another canyon 
west of Table Mountain in the Bull Canyon subbasin and is 
separated from the Stagecoach subbasin by a low topographic 
divide between Table Mountain and Churchill Butte. The 
Carson River enters the Churchill Valley hydrographic area 
south of Churchill Butte near historic Fort Churchill, about 
8 mi south of Silver Springs, Nevada, and enters Lahontan 
Reservoir about 8 mi downstream of the boundary of the 
Churchill Valley hydrographic area. The term “hydrographic 
area” was included in this discussion to familiarize the reader 
with their locations. In the remainder of this report, the 
hydrographic areas will be referred to using only the name of 
the valley they represent.

A topographic divide is not present between northernmost 
Mason Valley and the Carson River basin. Small wetlands 
near the northern end of Mason Valley drain northward 
through Adrian Valley, which is tributary to the Carson River 
southeast of Churchill Butte; however, surface-water inflow to 
the Carson River through Adrian Valley is largely ephemeral. 
A low topographic divide separates the northernmost end of 
Mason Valley from the Walker River. The Walker River is 
thought to have flowed periodically through Adrian Valley into 
the Carson River basin during the Holocene Epoch (10,000 
years ago to the present), most recently from 1,500 to 1,000 
and 500 to 300 years ago (Adams, 2007).

Annual flow of the Carson River is extremely variable, 
ranging from a low of about 26,000 acre-ft in 1977, to slightly 
more than 800,000 acre-ft in 1983 near Fort Churchill (Maurer 
and others, 2009, p. 41). The Carson River itself becomes 
ephemeral in the middle Carson River basin during dry years, 
and some reaches of the river channel may be dry downstream 
from the eastern side of the Riverview subbasin.

Lahontan Reservoir, constructed from 1903 to 1915, 
stores water for the Newlands Project, one of the first 
reclamation projects in the United States. The reservoir also 
receives water from the Truckee River through the Truckee 
Canal (figs. 1 and 2B). Releases from Lahontan Reservoir 
provide water for irrigation of about 56,000 acres downstream 
in Lahontan Valley, which is encompassed by the Carson 
Desert hydrographic area. Flow not used for irrigation 
provides water for wetlands on the eastern and southern sides 
of Lahontan Valley, and any remaining flow enters the Carson 
Sink about 15 mi north of Fallon, Nevada (fig. 1). Lahontan 
Reservoir is the only large reservoir on the Carson River, in 
contrast to the adjacent Truckee and Walker River basins, 
both of which have several large reservoirs in their upstream 
reaches.

Most of the Carson River basin lies in the rain shadow of 
the Sierra Nevada, with precipitation decreasing abruptly from 
about 33 in/yr at the crest of the Carson Range to about 10 in/
yr on the floor of Eagle Valley (period of record 1971–2000, 
Maurer and Halford, 2004, p. 26). Precipitation over the 
eastern part of the basin ranges from 14 in/yr at Virginia City, 
Nevada, in the western part of the Virginia Range, to only 5 in/
yr at Lahontan Dam (period of record 1971–2000; National 
Oceanic and Atmospheric Administration, 2002, p. 12). 

Streamflow tributary to the Carson River is perennial 
in three watersheds in Eagle Valley: Clear Creek, and Ash 
Canyon and Kings Canyon Creeks (fig. 2A). Flow from Clear 
Creek enters the northern part of Carson Valley to join the 
Carson River. Flow from Ash Canyon and Kings Canyon 
Creeks has been increasingly diverted for municipal supply 
in Carson City, and flow reaches the Carson River in the 
Riverview subbasin of Dayton Valley only during spring 
runoff in wet years and floods. Eagle Valley Creek drains the 
eastern side of Eagle Valley and joins the Carson River in the 
Riverview subbasin. Tributary streamflow in the remaining 
part of the middle Carson River is largely ephemeral, with 
flow reaching the Carson River only during spring runoff in 
wet years and floods.

 Previous Hydrologic Investigations

Previous hydrologic investigations are most numerous 
in Eagle Valley. The first hydrologic report for the valley 
(Worts and Malmberg, 1966) included water budget estimates 
and maps showing water-level altitude, depth to water, and 
the distribution of phreatophytes and irrigated land. In the 
mid-1970s and early 1980s, Arteaga and Durbin (1979) 
and Arteaga (1986) developed a numerical groundwater 
flow model of Eagle Valley using estimates of groundwater 
recharge and discharge, and estimates of aquifer thickness 
and hydrologic properties. In the late 1990s, Maurer and 
others (1996), Maurer and Berger (1997), and Maurer and 
Thodal (2000) made estimates of subsurface inflow of water 
to Eagle Valley from the surrounding watersheds and updated 
estimates of groundwater recharge. Schaefer and others (2007) 
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Figure 2. Selected geographic features of the middle Carson River basin, Nevada. (A) Eagle and Dayton Valleys, and 
(B) Churchill and western Lahontan Valleys.
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Figure 2.—Continued.
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modified the model developed by Arteaga (1986) to estimate 
the location of areas contributing recharge to public-supply 
wells. Maurer and others (2009) summarized information on 
tributary streamflow, water-level fluctuations, and groundwater 
pumping and flow directions in Eagle Valley.

Glancy and Katzer (1976) published the first estimates of 
water-budget components and maps showing the distribution 
of phreatophytes and irrigated land for Dayton and Churchill 
Valleys. Harrill and Preissler (1994) developed a numerical 
groundwater flow model for the Stagecoach subbasin and 
westernmost Churchill Valley. Their work provided estimates 
of groundwater recharge and discharge, maps showing the 
depth to water and water-level altitude for pre-development 
conditions in 1971 and spring of 1982, and maps showing the 
distribution of aquifer thickness and hydrologic properties. 
Schaefer and Whitney (1992) developed geophysical models 
showing estimated depth to bedrock along a cross section in 
the Carson Plains subbasin, and maps showing the depth to 
water, water-level altitude, and groundwater flow directions 
for 1982 in the Carson Plains and Stagecoach subbasins. 
Maurer (1997) made estimates of water-budget components 
for the Dayton Valley subbasins and mapped water-level 
altitudes and groundwater flow directions in 1995 for the 
Riverview, Moundhouse, and Carson Plains subbasins. Maurer 
and others (2009) summarized information on tributary 
streamflow, water-level fluctuations, groundwater pumping 
and flow directions, changes in land use from the 1970s to 
2005, and gains to and losses from the Carson River for 
Dayton Valley as a whole and for each subbasin. 

Churchill Valley is the least studied in the middle Carson 
River basin. The geophysical models of Schaefer and Whitney 
(1992) showed estimated depth to bedrock along two cross 
sections in Churchill Valley, and maps showing the depth to 
water, water-level altitude, and groundwater-flow directions 
for 1982. Brown and Caldwell (2004) summarized existing 
hydrologic data in an evaluation of groundwater conditions. 
Maurer and others (2009, p. 60–61 and 83) estimated water 
losses from the Carson River through Churchill Valley, and 
provided water-level data showing how infiltration losses from 
Lahontan Reservoir to the groundwater system varies with 
changing stage in the reservoir. 

Geologic Framework
Geologic features of the middle Carson River basin 

that, in part, control groundwater flow include the types of 
rocks and sediments through which flow takes place, their 
thickness and hydraulic properties, and the geologic history 
and structural setting of the area. Maps were compiled and 
developed for this study that show the surficial exposures of 
hydrogeologic units and faults of Quaternary age, the extent 
of ancient Lake Lahontan from early to late Pleistocene, the 

thickness of rocks and sediments of Tertiary and Quaternary 
age, the altitude of rocks of pre-Cenozoic age, and the 
thickness of basin-fill sediments of Quaternary age in each 
valley. Delineation of these geologic features provides 
information needed for the development of a numerical model. 

Hydrogeologic Units and Geologic History

Geologic units in the middle Carson River basin 
mapped mostly by Stewart (1999a) at a scale of 1:100,000 
were grouped into hydrogeologic units assumed to have 
similar hydraulic characteristics (fig. 3). Consolidated 
rocks of Tertiary to Triassic age were grouped into granitic 
and metamorphic hydrogeologic units, and consolidated 
volcanic rocks of Tertiary age were grouped into ash-
flow tuffs, andesitic, basaltic and rhyolitic, and semi-
consolidated sedimentary hydrogeologic units. Various 
types of unconsolidated sediments of Quaternary age were 
grouped into a basin-fill hydrogeologic unit. Because the map 
published by Stewart (1999a) does not extend to the eastern 
side of the study area, a map developed by Maurer and others 
(2004) and having similar hydrogeologic units was used in 
this study for the easternmost 4–5 mi of the study area. The 
hydrogeologic map of Maurer and others (2004) was based on 
a 1:500,000-scale geologic map for the entire State of Nevada 
compiled by Stewart and Carlson (1978). Differences in the 
boundaries of the hydrogeologic units on the two maps are 
apparent along a north-south line on the eastern side of the 
study area. Resolving the differences in the mapped extent of 
hydrogeologic units along the boundary of the two maps was 
beyond the scope of this study, and the differences were not 
considered critical for the purposes of this report.

The hydrogeologic units consisting of consolidated rocks 
are much less permeable to groundwater flow than the basin-
fill unit. However, fractured zones within the consolidated 
rocks likely provide sufficient permeability to supply small-
producing wells (see wells with water strata in consolidated 
rocks, appendix A). Numerous domestic wells have been 
completed in the Tertiary volcanic rocks near the periphery 
of the valleys, most notably in the Stagecoach subbasin and 
in Churchill Valley. Granitic and metamorphic rocks were 
grouped separately because Maurer and Berger (1997, p. 11) 
showed that metamorphic rocks generally were less permeable 
than granitic rocks surrounding Eagle Valley. Maurer and 
others (2004, p. 7) showed that basaltic and rhyolitic rocks and 
ash-flow tuffs generally were more permeable than andesitic 
rocks in Nevada. In this report, rhyolitic rocks were grouped 
with basaltic rocks because of their similar permeability 
(Maurer and others, 2004, p. 7) and the minor extent of 
outcrops of rhyolitic rocks in the study area. Ash-flow tuffs 
were grouped separately from the other volcanic rocks because 
of their exposure near the Moundhouse subbasin, where they 
may be important in controlling groundwater flow. 
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The Tertiary sedimentary hydrogeologic unit also is 
likely to be less permeable than the basin-fill unit (Maurer 
and others, 2004, p. 7). However, domestic wells have 
been installed that likely withdraw groundwater from the 
unit. Tertiary sediments were grouped separately from 
unconsolidated Quaternary sediments because they are often 
fine-grained and are described as shale, siltstone, sandstone, or 
conglomerate with varying degrees of consolidation (Moore, 
1969, p. 12; Pease, 1980, p. 14). 

Granitic and metamorphic hydrogeologic rock units 
generally are exposed near each other and constitute most of 
the bedrock surrounding Eagle Valley, where they underlie 
Quaternary-age basin-fill sediments (fig. 3). Similarly, 
the granitic and metamorphic rock border most of the 
Riverview subbasin and are exposed in the northern part of 
the Moundhouse subbasin, between the Carson Plains and 
Stagecoach subbasins, on the eastern side of Churchill Butte, 
and along the southern part of the Desert Mountains. In the 
eastern part of the study area, the granitic and metamorphic 
rocks underlie the Tertiary-age hydrogeologic units. The 
granitic and metamorphic rocks were grouped together and 
called pre-Cenozoic rocks for the purposes of estimating 
the thickness of overlying Tertiary-age volcanic rocks and 
sediments and Quaternary-age basin-fill sediments. 

The metamorphic rock hydrogeologic units are of 
Triassic to Jurassic age, range in age from about 170 to 240 
mega-annum (Ma, million years; Stewart, 1999b, p. 9–10), 
and consist of volcanic and sedimentary rocks that were 
metamorphosed by heat and pressure during intrusion of 
granitic rocks from 80 to 110 Ma (Stewart, 1999b, p. 8). 
Moore (1969, p. 7) describes some of the volcanic portions 
of the unit as massive and structureless. Maurer and Berger 
(1997, p. 11) estimated hydraulic conductivities of the 
metamorphic rocks in Eagle Valley ranging from 0.1 ft/d 
where weathered to clay, to 30 ft/d where the rocks are 
fractured. The aggregate thickness of the metamorphic rock 
hydrogeologic unit is estimated to be 24,000 ft (Moore, 1969, 
p. 6). 

The granitic hydrogeologic units are primarily Cretaceous 
in age, ranging from about 170 Ma along the southern 
boundary of the study area in the Pine Nut Mountains, to 
110 to 80 Ma in the Carson Range, where they are part of the 
Sierra Nevada batholith (Moore, 1969, p. 8; Stewart, 1999b, 
p. 8–9). The thickness of the granitic rock unit has not been 
reported but is likely thousands of feet. Maurer and Berger 
(1997, p. 11) estimated that hydraulic conductivities of the 
uppermost 30–40 ft of weathered and decomposed granitic 
rocks range from 0.4 to 5 ft/d in the Clear Creek drainage of 
Eagle Valley. 

Following emplacement of the Sierra Nevada batholith, 
volcanism during the Tertiary period produced extensive and 
thick sections of three types of volcanic rocks that have been 
recognized over large parts of the western United States (John 
and others, 1993, p. 15). Volcanism from 30 to 20 Ma, related 

to a shallow dipping subduction zone beneath the Western 
United States, was accompanied by widespread eruption of 
volcanic rocks that form the ash-flow tuff hydrogeologic unit. 
Subsequently, a period of volcanism associated with renewed 
high-angle subduction along the continental margin and early 
development of the Cascade volcanic belt took place from 
about 20 to 12 Ma, producing the oldest rocks in the andesitic 
hydrogeologic unit (John and others, 1993, p. 17). Extension 
of the Earth’s crust beginning about 16 Ma produced broad 
basins in which the Tertiary sedimentary unit was deposited, 
and initiated eruption of basaltic rocks that form the basaltic 
hydrogeologic unit (John and others, 1993, p. 19). Faulting 
that produced the present-day topography began about 6 Ma 
and also is the result of crustal extension (John and others, 
1993, p. 23). 

The ash-flow tuff hydrologic unit forms the base and 
oldest part of the Tertiary-age section of rocks and sediments, 
ranging in age from about 30 to 20 Ma (Stewart, 1999b, 
p. 7–8). The unit includes tuffs assigned separate names by 
Stewart (1999a) including Santiago Canyon, Eureka Canyon, 
Nine Hill, Lenihan Canyon, and Mickey Pass tuffs. The 
ash-flow tuffs often lie directly on the older granitic and 
metamorphic rocks (Moore, 1969, p. 10). The tuffs commonly 
crop out near exposures of the granitic and metamorphic 
units in the Moundhouse subbasin, the westernmost Carson 
Plains subbasin, and between the middle Carson River basin 
and Mason Valley (fig. 3). Moore (1969, p. 10) describes 
them as crystal tuffs, tuff breccias, and welded tuffs that 
have developed two sets of intersecting partings to form 
crude columns. The ash-flow tuff unit is reported to range 
in thickness from 1,000 ft near Virginia City to 4,000 ft 
near Yerington in Mason Valley (Moore, 1969, p. 10). 
The tuffs erupted and were deposited over a large area in 
northwestern Nevada (John and others, 1993, p. 17). Henry 
and Faulds (2010) showed that the tuffs originated from 
calderas in central Nevada and flowed westward through large 
“paleovalleys”, valleys that pre-date the present-day valleys. 
Two paleovalleys, one along the Virginia Range, and one 
trending northwest through the Pine Nut Mountains, joined 
near the northern boundary of Eagle Valley and continued 
westward across Lake Tahoe (before the Lake Tahoe basin was 
formed) toward the central valley of California (Henry and 
Faulds, 2010, p. 341). 

The andesitic volcanic rock hydrogeologic unit, which 
covers large parts of the middle Carson River basin, ranges 
in age from about 15 to 3 Ma (Stewart, 1999b, p. 5). The unit 
includes two andesitic rock formations named in previous 
geologic reports as the Kate Peak and Alta Formations 
(Stewart, 1999b, p. 5). The unit is composed of crudely 
bedded or unbedded coarse breccias, flow breccias, and lava 
flows that are thought to have erupted from large, composite 
volcanoes near Virginia City, Como, and Ramsey (fig. 3; 
Moore, 1969, p. 11; John and others, 1993, p. 19). The 
thickness of the Alta Formation is as great as 2,700 ft near 
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Virginia City (John and others, 1993, p. 17). The thickness 
of the andesitic volcanic rock unit was reported by Moore 
(1969, p. 11) to be several thousand feet thick in the southern 
Pine Nut Mountains, and he notes that the unit is associated 
with thick sections of the Tertiary sedimentary unit. Moore 
also reported that the andesitic volcanic rock unit is overlain 
by the Tertiary sedimentary unit in the southern Pine Nut 
Mountains and overlies the Tertiary sedimentary unit in the 
Desert Mountains. John and others (1993, p. 19) reported that 
near Virginia City, the Kate Peak Formation includes almost 
3,000 ft of the Tertiary sedimentary unit. 

The Tertiary sedimentary hydrogeologic unit, which 
ranges in age from about 15 to 2 Ma (Muntean, 2001, p. 5; 
Stewart, 1999b, p. 5), is exposed primarily in the Bull 
Canyon subbasin, near the divide between the Stagecoach 
subbasin and Churchill Valley, and surrounding Churchill 
Valley. The unit has been previously mapped in and nearby 
the study area as the Sunrise Pass, Coal Valley, and Truckee 
Formations (Stewart, 1999b, p. 6; Muntean, 2001, p. 7). 
The Tertiary sediments generally overlie and intertongue 
with the andesitic unit and are overlain by and intertongue 
with the basaltic volcanic rock unit (Stewart 1999b, p. 6). 
The unit is characterized by abrupt lithologic changes and 
includes tuffaceous sandstone, siltstone, shale, diatomite, 
conglomerate, and volcanic breccias deposited in basins 
formed by the eruption of the andesitic rocks (Moore, 1969, 
p. 12; John and others, 1993, p. 19; Stewart, 1999b, p. 5–7). 
The Tertiary sediments generally are semi-consolidated and 
partly cemented. The thickness of the Tertiary sedimentary 
unit is reported to range from more than 3,000 ft near Virginia 
City to more than 1,000 ft in the Pine Nut Mountains (Moore, 
1969, p. 12). The Tertiary sedimentary rocks make up the 
hydrogeologic unit most susceptible to erosion; it is typically 
reduced to areas of low relief in the study area and commonly 
capped with a layer of gravels (Moore, 1969, p. 12). 

The basaltic volcanic rock hydrogeologic unit is 
exposed near Carson City, along the southern boundary of 
the Stagecoach subbasin, in the Bull Canyon subbasin near 
the Carson River, on the western side of Churchill Butte, and 
extensively surrounding Churchill Valley. The unit ranges 
in age from about 14 to 1 Ma (Stewart, 1999b, p. 4, 6) and 
represents the last period of volcanic activity in the study 
area (Moore, 1969, p. 14). As mapped for this study, the unit 
includes small isolated exposures of Quaternary- and Tertiary-
age rhyolite, and is reported to include minor amounts of 
andesitic rocks (Moore, 1969, p. 14; John and others, 1993, 
p. 19). The oldest part of the unit includes rocks mapped as 
the Pyramid sequence, which may be as thick as 1,000 ft (John 
and others, 1993, p. 19). Maurer and Berger (1997, p. 11) 
estimated a hydraulic conductivity of only 3 ft/d for basaltic 
rocks, but from 300 to 500 ft/d for a cobble zone encountered 
within the basaltic rocks in Eagle Valley. Maurer and Welch 
(2001, p. 25) estimated the hydraulic conductivity of a basalt 

aquifer near Fallon to range from 500 to more than 1,000 ft/d. 
The basalt aquifer near Fallon consists of fractured, vesicular 
basalt flows alternating with more massive flows over a total 
thickness of about 300 ft (Maurer, 2002). Basalt outcrops in 
the Stagecoach and Bull Canyon subbasins and in Churchill 
Valley also are quite vesicular and fractured, based on field 
inspection, and may have hydraulic conductivities similar to 
those of the Fallon basalt aquifer.

The basin-fill hydrogeologic unit overlies the other 
hydrogeologic units and forms the principal aquifers in the 
study area. The basin-fill hydrogeologic unit fills the center of 
each valley and comprises unconsolidated sediments deposited 
by streams forming alluvial fans surrounding the valleys, 
fluvial sediments deposited by the Carson River and other, 
smaller streams, and lake sediments deposited during high 
stands of ancient Lake Lahontan. The sediments, ranging in 
age from 1.6 Ma to recent, were estimated to be more than 
2,000 ft thick in Eagle Valley, and more than 3,000 ft thick 
in the Stagecoach subbasin (Arteaga, 1986, p. 26; Harrill and 
Preissler, 1994, p. 13; see section, “Thickness of Quaternary 
Basin-Fill Sediments” for new estimates of thickness). 

Sediments deposited by ancient Lake Lahontan 
are present in the basin-fill hydrogeologic unit from the 
Moundhouse subbasin downstream to Lahontan Valley. 
Ancient Lake Lahontan covered much of northwestern Nevada 
several times during the Pleistocene epoch, and its level 
varied in response to changing glacial climates (Morrison, 
1964, p. 110). High stands of the lake extended from about 1 
Ma to 850 ka (thousand years), 650 to 600 ka, 400 to 130 ka, 
and 25 to 10 ka (Benson and others, 1990, p. 241; Benson, 
1991, p. 115; Morrison, 1991, p. 292). The highest stands, at 
an altitude of about 4,360 ft (1,330 m), were reached during 
650 to 600 ka, and during late Pleistocene (13,500 ka; Benson 
and Thompson, 1987, p. 78; Morrison, 1991, p. 292). Reheis 
(1999) published a map showing that lake levels in early to 
middle Pleistocene may have reached 4,590 ft (1,400 m), 
about 200 ft higher than during the late Pleistocene, and 
the lake extended westward into the Moundhouse subbasin 
(fig. 4). At the high stand of the lake mapped by Reheis 
(1999), ancient Lake Lahontan was greater than 400 ft deep 
in the southeastern part of Churchill Valley, 300 ft deep in 
the Stagecoach subbasin, and about 250 ft deep in the center 
of the Carson Plains subbasin. Between high lake stands 
were periods, lasting from about 95,000 to 250,000 years, 
when the lake was either dry or very shallow (Morrison, 
1991, p. 291). During high lake stands in late Pleistocene, the 
Walker River basin was connected to the Carson River basin 
through Adrian Valley (fig. 4), and evidence discussed by 
Benson and Thompson (1987, p. 82) shows that the Walker 
River periodically was diverted through Adrian Valley into 
the Carson River basin. Adams (2007, p. 126) notes that the 
Walker River flowed most recently into the Carson River basin 
from 1,500 to 1,000 and 500 to 300 years before present. 
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The sediments deposited in Lake Lahontan vary greatly 
in lithology. During high lake stands, sediments deposited by 
the Carson River likely formed deltas in the Carson Plains 
subbasin, well-sorted sand and gravel beaches and bars were 
formed by wave action along the shoreline, and silt and clay 
were deposited in the deeper parts of the lake. During periods 
when the lake was dry, the Carson River meandered across 
the valley floors, and eolian (wind-blown) sand deposits 
likely covered much of the valley floors in the middle Carson 
River basin as described by Morrison (1964, p. 102–103) in 
Lahontan Valley and as mapped by Stewart (fig. 3; 1999b). 
As the level of ancient Lake Lahontan rose and fell, the 
deposition of deltaic sediments at the mouth of the Carson 
River moved upstream and downstream, and the deposition 
of beach sand and gravel, deep-lake silt and clay, and eolian 
sand progressed laterally across the valley floors, creating a 
complex mixture of Quaternary sediments within the basin-fill 
hydrogeologic unit. The locations of driller’s logs that describe 
layers of coarse gravel and cobbles and layers of clay greater 
than 50 ft thick are shown in figure 4. The logs were selected 
from the well-log database maintained by the Nevada Division 
of Water Resources (http://water.nv.gov/Engineering/wlog/
wlog.cfm) and well locations were checked with parcel maps 
to ensure correct location. 

 Coarse gravel and cobble layers are greater than 300 ft 
thick and as deep as 600 ft below land surface in the Carson 
Plains and Stagecoach subbasins, and some wells penetrate 
more than one thick gravel or cobble layer (appendix B). 
Thick clay layers also are found in the Carson Plains and 
Stagecoach subbasins, sometimes in proximity to wells that 
were drilled through thick gravel layers, and sometimes in the 
same well that also penetrated thick gravel layers. The drilling 
logs for many wells in Churchill and western Lahontan Valleys 
report the presence of thick clay layers.

Some unconsolidated sedimentary units mapped by 
Stewart (1999a) are relatively thin where mapped near and 
within the mountain blocks and on the valley floor. These units 
do not form important aquifers and most likely lie above the 
water table. They are described by Stewart (1999b, p. 1, 4) as 
alluvium in small mountain valleys in the mountain-block area 
east of Como, as veneers of eolian sand in the Dead Camel 
Mountains and on the valley floors throughout the study area, 
and as veneers of pediment deposits (poorly sorted gravel, 
sand, and silt) covering eroded benches of consolidated rock 
or Tertiary sediments throughout the study area. Because 
these thin deposits of unconsolidated sediments do not form 
important aquifers, they have been distinguished from the 
hydrogeologic unit of basin-fill deposits in figure 3.

Geologic Structure

 The post-depositional folding, tilting, and faulting of the 
rocks and sediments that make up the hydrogeologic units, 
collectively called their geologic structure, may be important 
in controlling groundwater flow. Detailed information on 

how faults may affect groundwater flow in the middle Carson 
River basin is lacking. Quaternary-age faults are shown in 
figure 3 to indicate locations where recent and most likely 
repeated movement may affect groundwater flow. Faulting 
in consolidated rocks can produce fractures along which 
secondary permeability, and thus paths of preferential 
groundwater flow, are created. Faulting in unconsolidated 
sediments may provide either avenues for groundwater flow or 
barriers to flow (Maurer and others, 2004, p. 11–13). 

The study area lies near the western margin of the Basin 
and Range Province, which generally is characterized by 
north-south trending mountain ranges separated by intervening 
valleys, or basins. The topography of the Basin and Range 
Province is the result of crustal extension beginning about 
6 Ma, in which the mountain ranges have been uplifted and 
the basins down-dropped along north-south trending normal 
faults. 

The structure of the middle Carson River basin differs 
from that in most of the Basin and Range Province. North-
south trending faults are present in Washoe, Eagle, Carson, 
and Mason Valleys, and in the southern parts of the Carson 
Plains subbasin and Churchill Valley (fig. 3). Most of the study 
area, however, lies in an area in which the north-south pattern 
of normal faulting has been disrupted by northeast trending, 
left-lateral, strike-slip faulting along the Carson Lineament 
(Stewart, 1988, p. 688; John and others, 1993, p. 25). The 
Carson Lineament is expressed as the alignment of the floors 
of Eagle Valley, the Carson Plains and Stagecoach subbasins, 
and the northern part of Churchill Valley; the long-axis of 
the Virginia Range; and numerous northeast-trending faults 
(see large oval, fig. 3; Rogers, 1975). The Carson River 
also follows the northeastern trend of the lineament. Moore 
(1969, p. 19) described the lineament as a structural and 
topographic “sag” that separates the northern part of the Pine 
Nut Mountains from the Virginia Range. Numerous northeast 
trending faults also are present along the topographic divide 
between Churchill and Mason Valleys, forming the Wabuska 
Lineament, or fault zone, about 15 mi southeast and parallel to 
the Carson Lineament (Stewart, 1988, p. 687; John and others, 
1993, p. 25).

The Carson Lineament was likely formed by the 
accommodation of movement along the Walker Lane belt, a 
northwest trending zone of right-lateral, strike-slip faulting 
that extends from Las Vegas to north of Pyramid Lake and 
disrupts the north-south trending faults of the Basin and Range 
Province. The Walker Lane belt encompasses the entire study 
area (Stewart, 1988), but Cashman and Fontaine (2000, p. 113) 
note that no known northwest trending faults associated 
with the Walker Lane belt are found adjacent to the Carson 
Lineament. The section of the Walker Lane belt near the 
Carson River basin was recognized as the Carson “block” by 
Stewart (1988, p. 688) and the Carson “domain” by Cashman 
and Fontaine (2000, p. 113), and is bounded on the south by 
the Wabuska lineament. Cashman and Fontaine (2000) and 
Surpless (2008) provide evidence of the clockwise rotation 

http://water.nv.gov/Engineering/wlog/wlog.cfm
http://water.nv.gov/Engineering/wlog/wlog.cfm
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of structural blocks in the Carson River basin, bounded on 
the north and south by the Carson and Wabuska lineaments, 
respectively. The northeast-trending faults in the study area, 
the Carson Lineament, the Wabuska Lineament, and the 
clockwise rotation of structural blocks likely were formed in 
response to the right-lateral movement of the Earth’s crust 
within the Walker Lane belt. 

Two other structural zones of interest in the study area 
have been described by John and others (1993, p. 25) near 
the northern and southern parts of Churchill Valley (fig. 3). 
Near the northern part of the valley, a zone of east-southeast 
trending faults, rhyolitic, andesitic, and basaltic flows, and the 
east-southeast trend of the Dead Camel Mountains form the 
Lahontan Reservoir Structural and Volcanic Zone. Similarly, 
the Desert Mountains Structural and Volcanic Zone near the 
southern part of Churchill Valley is characterized by east-
southeast trending faults and lava flows, and the east-southeast 
trend of the Desert Mountains. Moore (1969, p. 21) reported 
that exposures of pre-Tertiary rocks along the southern 
boundary of the Desert Mountains and that basaltic rocks 
down warped more on the north than the south side of the 
range suggests a northward tilt of the Desert Mountains. The 
abundance of young basaltic and andesitic rocks in the Desert 
Mountains and near the Lahontan Reservoir Structural and 
Volcanic Zone also suggests they were uplifted less and by 
more recent faulting than the other mountain ranges (Moore, 
1969, p. 16, 21). 

Moore (1969) reported other structural features in the 
study area that may be important in controlling groundwater 
flow. In Eagle Valley, granitic and metamorphic rocks of the 
Carson Range are cut by swarms of west-dipping normal 
faults, and the granitic rocks are deeply weathered to depths 
greater than 100 ft. The Pine Nut Mountains are actually 
composed of several blocks, bounded on the east by north-
trending normal faults that have exposed the granitic and 
metamorphic basement rocks on the east, and tilted the blocks 
and the mountain range as a whole to the west (Moore, 1969, 
p. 18). Similarly, Churchill Butte is thought to be the exposed 
portion of a fault block tilted to the west, as shown by the 
exposure of granitic and metamorphic basement rocks its 
eastern side and the westward dip of andesitic and basaltic 
rocks on its western side (fig. 3; Moore, 1969, p. 21, 22). The 
exposure of granitic and metamorphic basement rocks on the 
southern side of the Virginia Range suggests that the range 
may be slightly tilted to the north (fig. 3; Moore, 1969, p. 21). 

Thickness of Tertiary and Quaternary Rocks and 
Sedimentary Units

The development of a numerical groundwater flow 
model of the study area requires estimates of the thickness 
of the hydrogeologic units. To make such estimates, the 
hydrogeologic units were grouped into (1) those units 
comprising pre-Cenozoic rocks, mostly granitic and 
metamorphic rocks; (2) units comprising Tertiary volcanic 
(ash flow tuffs, andesites, and basalts) and sedimentary rocks; 
and (3) unconsolidated Quaternary basin-fill sediments. 
Variations in the thickness of the Tertiary and Quaternary 
units produce small variations in the gravity field of the 
Earth owing to differences in the density among the three 
groups. Measurements of the earth’s gravity field at numerous 
locations provide data for estimates of their thickness (Telford 
and others, 1976, p. 7–30). 

The thickness of the combined sections of Tertiary 
volcanic and sedimentary rocks and the Quaternary basin-fill 
deposits has been estimated by Ponce (2004) for northern 
Nevada using gravity data. The thickness was estimated 
for a 0.6 mi (1-km) grid covering northern Nevada on the 
basis of data from more than 30,000 gravity stations and 
measurements of the physical properties of rocks from more 
than 480 locations (Ponce, 2004, p. 71, 72). For this study, 
the values for the grid cells were contoured using Geographic 
Information System (GIS) software. In the study area, the 
estimated thickness of Tertiary and Quaternary rocks and 
sediments ranges from zero where pre-Cenozoic rocks are 
exposed to more than 10,000 ft in the Bull Canyon subbasin, 
and more than 6,000 ft thick on the western side of Churchill 
Butte and beneath the Desert Mountains (fig. 5). At most 
locations in the study area, the estimated (contoured) thickness 
is zero or near zero in areas where pre-Cenozoic rocks are 
exposed, which suggests the dataset provides a reasonable 
estimate for the thickness of Tertiary and Quaternary rocks and 
sediments. 

The altitude of the top of pre-Cenozoic rocks was 
estimated by subtracting the thickness of Tertiary and 
Quaternary rocks and sediments from the average altitude of 
land surface within each 0.6 mi grid cell, using a 10-m digital 
elevation model (U.S. Geological Survey, 1999) and GIS 
software. The altitude of pre-Cenozoic rocks approximates 
the altitude of land surface where they are exposed, is as 
great as 4,000 ft below sea level in the Bull Canyon subbasin, 
and is 1,000–2,000 ft below sea level on the western side of 
Churchill Butte and beneath the Desert Mountains (fig. 6). 
Water-level altitudes shown in figure 6 are discussed in 
section, “Groundwater Levels and Regional Groundwater 
Flow.”
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Figure 6. Estimated altitude of the top of pre-Cenozoic rocks, and groundwater altitude at selected wells, middle Carson 
River basin, Nevada.
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Thickness of Quaternary Basin-Fill Sediments

Maps of the estimated thickness of Quaternary basin-
fill sediments for Eagle Valley and the Stagecoach subbasin 
have been compiled in previous studies (Arteaga, 1986, p. 26; 
Harrill and Preissler, 1994, p. 13). The thickness of basin-fill 
sediments also was estimated beneath a cross section in the 
Carson Plains subbasin, and beneath two cross sections in 
central and southeastern Churchill Valley by Schaefer and 
Whitney (1992, p. 6–7). The map for Stagecoach Valley shows 
more than 3,000 ft of basin-fill sediments west of Misfits Flat. 
The geologic map used for this study, however, shows basaltic 
volcanic rock exposed where the basin-fill thickness of 3,000 
ft was estimated by Harrill and Preissler (1994), suggesting 
their estimate may be in error. For this reason, new estimates 
of the thickness of basin-fill sediments in the Carson Plains 
and Stagecoach subbasins and in Churchill Valley and western 
Lahontan Valley were made for this study.

Gravity data from 736 stations in and near the middle 
Carson River basin (fig. 7) were used to estimate the thickness 
of Quaternary basin-fill sediments in the eastern part of the 
study area. Gravity data for most of the stations were obtained 
from a dataset compiled by the National Geophysics Data 
Center (National Oceanic and Atmospheric Administration, 
1999). Gravity measurements were made at 95 new stations 
for this study where existing gravity data were sparse. 
Measurements at the new stations were processed to obtain 
the complete Bouguer anomaly at each station, assuming a 
bedrock density of 2.67 g/cm3 and using software developed 
by Geosoft, Oais montaj, version 7.1.1. The new station data 
were then merged with the dataset obtained from NOAA for 
analysis.

Estimates of the thickness of basin-fill sediments were 
made using gridded residual gravity values and a regression 
between basin-fill thickness and residual gravity (fig. 8). 
Residual gravity values were calculated by subtracting a 
grid of the regional gravity field derived from those stations 
located on bedrock outcrops from a grid of the total gravity 
field derived using all stations (Telford and others, 1976, 
p. 50-56). Figure 7 shows a regional gradient of the complete 
Bouguer anomaly ranging from about -200 mGal west of 
Carson City to about -150 mGal east of Lahontan Reservoir. 
Complete Bouguer anomalies for stations on the valley floor 
are more negative than the values for stations in the adjacent 
mountain blocks, a consequence of the thickness and lower 
density of unconsolidated basin-fill sediments. The regional 
and total field gravity grids were developed from the gravity 

measurements using GIS software for interpolation of the 
data to produce a 10-m grid. The grids were subtracted using 
GIS software to produce a grid of the residual gravity values. 
In theory, the residual gravity values are proportional to the 
thickness of unconsolidated sediments, whose density is less 
than that of the underlying consolidated rocks. The density of 
unconsolidated sediments is about 2.00 g/cm3 based on values 
reported by Maurer (1985, p. 4) for other studies in Nevada. 
The resulting grid of residual gravity values were generally 
near zero close to bedrock exposures, and were positive in the 
valleys. 

Lithologic descriptions from 25 driller’s logs (see 
locations in fig. 9) were then used to develop a regression 
between residual gravity and the thickness of unconsolidated 
basin-fill sediments (fig. 8). The regression was applied to 
the grid of residual gravity to produce a grid of basin-fill 
thickness that was contoured using GIS software. The mapped 
exposures of consolidated rocks and lithologic descriptions 
from selected driller’s logs for deep wells that either did or did 
not penetrate consolidated rocks (appendix A) were used to 
adjust the machine-generated contours to provide contours that 
best fit all available information. The logs were selected from 
the well-log database maintained by the Nevada Division of 
Water Resources (http://water.nv.gov/Engineering/wlog/wlog.
cfm) and well locations were checked with parcel maps to 
ensure correct location. 

The resulting contours of the thickness of unconsolidated 
basin-fill sediments generally show sediments are less thick 
than estimated in previous studies (figs. 9A and 9B). In Carson 
Plains, basin-fill sediments are thickest, more than 1,000 ft, 
about 4 mi northeast of Dayton (fig. 9A). The cross section 
developed by Schaefer and Whitney (1992, p. 6) indicates 
a thickness of about 2,000 ft at this location. Similarly, in 
the Stagecoach subbasin, basin-fill sediments are thickest, 
more than 800 ft, beneath the western part of the subbasin, 
and are more than 600 ft beneath the northeastern part of the 
subbasin. The map developed by Harrill and Preissler (1994, 
p. 13) shows thicknesses of more than 1,000 and 2,000 ft in 
these locations, respectively. In Churchill Valley, basin-fill 
sediments are thickest, more than 1,000 ft, about 5 mi west of 
Silver Springs, and more than 800 ft thick beneath the Carson 
River in the southern part of the valley. The cross sections 
developed by Schaefer and Whitney (1992, p. 7) indicate 
a thickness of about 2,000 ft near Silver Springs and in the 
southern part of the valley. Basin-fill thickness is estimated to 
exceed 1,200 ft near the intersections of U.S. Highway 95 and 
U.S. Highway 50 in Lahontan Valley.

http://water.nv.gov/Engineering/wlog/wlog.cfm
http://water.nv.gov/Engineering/wlog/wlog.cfm
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Figure 8. Relation between residual gravity and thickness of unconsolidated basin-fill 
sediments from lithologic descriptions on driller’s logs for selected wells, middle Carson 
River basin, Nevada.

The presence of semi-consolidated Tertiary sediments 
underlying Tertiary volcanic rocks or basin-fill sediments may 
explain some of discrepancies in the estimates of basin-fill 
thickness. The driller’s log for the well southwest of Misfits 
Flat in the Stagecoach subbasin encountered consolidated 
rock from 7 to 135 ft below land surface; then clay, sand, and 
gravel to 380 ft, which are likely semi-consolidated Tertiary 
sediments underlying Tertiary volcanic rocks (fig. 9A). 
Sediments, likely of Tertiary age, underlying consolidated 

rocks have been reported in driller’s logs at several wells near 
the valley margins (figs. 9A and 9B). The Tertiary sediments 
may underlie unconsolidated basin-fill sediments at many 
locations in the study area, and are difficult to distinguish 
from the unconsolidated sediments on the basis of gravity 
data alone, or from driller’s log descriptions. For this reason, 
estimates of the thickness of basin-fill sediments made for this 
study are considered to be minimum values representing the 
most permeable parts of the basin fill sediments. 
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Figure 9.—Continued.
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Hydrogeology
The movement of groundwater also is controlled by the 

hydraulic properties of the hydrogeologic units, called aquifer 
properties in this report, and the hydraulic gradients that drive 
groundwater flow. Aquifer tests and data from the literature 
were used to develop maps showing the distribution of 
hydraulic conductivity and transmissivity mainly for the basin-
fill hydrogeologic unit, and aquifer storage properties for all 
hydrogeologic units. Water-level measurements in wells were 
used to develop updated contours of water-level altitude for 
each valley and evaluate historical changes in water levels and 
regional directions of groundwater flow. Fluctuations in water 
levels and surface-water stage, and streamflow measurements 
and water-quality data were used to evaluate interactions 
between the groundwater and surface-water systems in the 
middle Carson River basin.

Aquifer Properties

Estimates of aquifer properties that control the movement 
of groundwater and the volume of water stored in the aquifers 
are additional requirements for development of a numerical 
flow model. The hydraulic conductivity of aquifer materials 
controls the volume of water that can move a through a given 
cross-sectional area of the aquifer in a given period of time. 
In general, the hydraulic conductivity of coarse-grained 
sediments such as gravel and sand is greater than that of 
fine-grained sediments, such as silt and clay. The sorting of 
aquifer materials, or the uniformity of grain-size, also greatly 
affects hydraulic conductivity. Well-sorted sediments, such as 
beach gravel have greater hydraulic conductivity than poorly 
sorted alluvial fan sediments. Values of hydraulic conductivity 
vary over several orders of magnitude for different materials 
(Freeze and Cherry, 1979, p. 28). 

Transmissivity also is a measure of the volume of water 
than can move through an aquifer, and is equal to the hydraulic 
conductivity of the aquifer multiplied by its thickness. Similar 
to hydraulic conductivity, values of transmissivity also vary 
over several orders of magnitude. Halford and others (2006, 
p. 469) reported that reliable estimates of transmissivity can 
be made using single-well aquifer tests, even when the aquifer 
thickness is not well known.

Specific yield is the ratio of the volume of water that 
drains from a given volume of an unconfined aquifer when 
the water table is lowered, and also can be thought as the 
volume of water stored in an unconfined aquifer. Specific 
yield values are dimensionless, but are commonly multiplied 
by 100 and expressed as percentages. Lohman and others 
(1972, p. 12) define specific yield as the porosity of an aquifer 
minus specific retention, the volume of water that remains 

in storage after gravity drainage. Values of specific yield 
vary much less than those of hydraulic conductivity, and 
generally range from 10 percent for fine-grained materials to 
30 percent for coarse-grained materials (Davis and DeWeist, 
1966, p. 394; Lohman, 1972, p. 8). In confined aquifers, the 
storage coefficient reflects the volume of water stored in or 
released from aquifer materials when the aquifer is pumped. 
Values of the storage coefficient, ranging from 10-5 to 10-3, are 
several orders of magnitude less than specific yield because 
the aquifer materials are not actually drained (Lohman, 1972, 
p. 8). Instead, the water is derived from expansion of the 
water as pumping reduces the pressure in the aquifer and from 
compression of the aquifer materials (Lohman, 1972, p. 8). 

Estimates of aquifer properties for Eagle Valley and 
the Stagecoach subbasin have been made by Arteaga (1986, 
p. 22–35) and by Harrill and Preissler (1994, p. 12–16), 
respectively, and incorporated into numerical models. In a 
numerical model for Eagle Valley, specific yield was assigned 
a single value of 0.15 for the upper 100 ft of saturated 
sediments, and the storage coefficient was assigned values 
by multiplying the remaining thickness of saturated sediment 
above the bedrock by 10-6 (Arteaga, 1986, p. 35). In the 
Stagecoach subbasin, Harrill and Preissler (1994 p. 12) 
estimated the distribution of horizontal and vertical hydraulic 
conductivity on the basis of lithologic descriptions from 
driller’s logs, aquifer tests, and specific capacity information 
found in driller’s logs. The distribution of specific yield was 
estimated by assigning representative ranges of values to the 
various types of geologic materials, such as fluvial, lake, and 
alluvial fan deposits. 

For this report, the distribution of hydraulic conductivity 
was estimated on the basis of slug test data collected and 
analyzed at 30 monitoring wells in Dayton and Churchill 
Valleys (fig. 10). In the slug tests, water levels were monitored 
with a recording transducer while a cylinder was quickly 
lowered into a well below the static water level, which caused 
a water-level rise in the well. The rate at which the water-
level rise dissipated was recorded until returning to static. 
The process generally was repeated 2 to 3 times in each well 
and water levels were recorded at 0.1- or 1-second intervals. 
The wells used for slug tests were shallow, 2-inch diameter 
monitoring wells, most of which were drilled to a few tens 
of feet below the water table (table 1). Because the “slugs” 
displace small amounts of water at discrete depths, the tests 
are representative of only a small depth interval of the aquifers 
and not their entire thickness. The hydraulic conductivity 
estimated from the tests is assumed to be representative of the 
upper 50 ft of saturated sediments. The slug-test data were 
analyzed to obtain an estimate of hydraulic conductivity using 
a spreadsheet program developed by Halford and Kuniansky 
(2002). 
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Estimates of hydraulic conductivity from the slug tests 
range from 0.6 to 300 ft/d (table 1, fig. 10). The two lowest 
estimates, 0.6 and 0.7 ft/d, were for two wells completed in 
fractured granite near the divide between the Carson Plains 
and Stagecoach subbasins (fig. 10). The remaining slug tests 
were completed in wells screened in basin-fill sediments. 
Near the Carson River, hydraulic conductivity is greater than 
15 ft/d to as much as 160 ft/d in the Riverview and Carson 
Plains subbasins. Estimates of hydraulic conductivity outside 
the river flood plain generally are less than 10 ft/d, with the 

exception of Adrian Valley, where estimates of 50 and 300 ft/d 
were made for two wells. The larger estimate is for a well 
that penetrated well-sorted sediments probably deposited by 
the Walker River when it flowed through Adrian Valley. An 
hydraulic conductivity of 5 ft/d was estimated for a well near 
the center of Misfits Flat, a playa in Stagecoach Valley. The 
relatively large value for a well drilled in a playa is the result 
coarse-grained sand, gravel, and cobbles encountered from 20 
to 70 ft beneath overlying playa sediments consisting of fine-
grained silt and clay. 

Site identifier
Decimal 
latitude     

Decimal 
longitude

Screened 
interval 

(feet below  
land surface)

Static water 
level 

(feet below 
land surface)

Date of  
test

Hydraulic 
conductivity   

(ft/d)

391038119422701 39.17713 119.70851 5–20 12 10-06-09 60
391024119425801 39.17324 119.71712 10–25 22 09-22-09 20
390941119425901 39.16130 119.71740 50–70 15 09-22-09 25
391416119351401 39.23780 119.58725 25–35 16 09-02-09 60
391456119345801 39.24886 119.58285 25–35 18 09-02-09 60
391457119343801 39.24927 119.57713 26–36 17 09-02-09 100
391454119335501 39.24836 119.56527 35–55 19 09-29-09 8
391615119345501 39.27074 119.58194 63–83 50 09-09-09 2
391545119333901 39.26263 119.56080 20–30 11 09-17-09 40
391522119330501 39.25599 119.55141 71–91 57 09-29-09 50
391605119331901 39.26797 119.55514 20–30 8 09-17-09 70
391655119330901 39.28199 119.55242 76–96 55 09-28-09 110
391625119324801 39.27354 119.54679 18–28 9 09-17-09 50
391604119322001 39.26785 119.53902 80–100 57 09-29-09 110
391529119314101 39.25817 119.52802 70–90 59 09-29-09 1
391638119321001 39.27720 119.53599 25–35 14 09-15-09 15
391632119314101 39.27567 119.52809 70–90 59 09-29-09 40
391649119313702 39.28032 119.52692 145–165 20 09-15-09 100
391703119311701 39.28422 119.52132 5–15 7 09-15-09 140
391711119303301 39.28647 119.50915 4–14 7 09-15-09 120
 391758119321001 39.29947 119.53622 64–84 69 09-28-09 1
391711119303301 39.29898 119.51701 70–90 52 09-28-09 3
391802119300001 39.30056 119.50007 40–60 27 09-28-09 70
391729119294501 39.29148 119.49575 22–32 11 10-07-09 160
391928119285901 39.32454 119.48306 110–140 82 09-15-10 .6
391937119281801 39.32703 119.47165 245–265 61 09-15-10 .7
392002119224901 39.33411 119.38014 52–67 40 09-09-09 5
391727119190701 39.29088 119.31846 36–41 27 06-03-10 2
391615119164801 39.27074 119.27990 15–20 13 06-03-10 50
391252119160201 39.21438 119.26712 19–24 7 06-03-10 300

Table 1. Summary of information for slug tests in Riverview, Carson Plains, and Stagecoach subbasins, 
and Churchill Valley.  

[Decimal latitude and longitude: North American Datum of 1983. Hydraulic conductivity estimated using spreadsheet 
program of Halford and Kuniansky (2002). Abbreviation: ft/d, foot per day]
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Maps that would show the distribution of hydraulic 
conductivity were not compiled because of the sparse 
distribution of available slug tests in areas distant from the 
Carson River flood plain. The slug test data indicate potential 
ranges of hydraulic conductivity: greater than 10 ft/d to greater 
than 100 ft/d for fluvial sediments near the flood plain, less 
than 10 ft/d for basin-fill sediments outside the flood plain, and 
less than 1 ft/d for consolidated rocks. 

Estimates of transmissivity for basin-fill sediments were 
made on the basis of data from 16 single-well aquifer tests, 
generally conducted during the construction of high-producing 
municipal and industrial wells in Dayton Valley (table 2, 
fig. 10). Because of the large volume of water pumped and the 
duration of the tests, the resulting estimates of transmissivity 
are considered representative of the total thickness of the 
aquifer being pumped. Estimates of transmissivity approached 
or exceeded 30,000 ft2/d for wells near the Carson River 
flood plain in the Riverview and Carson Plains subbasins 
(fig. 10). Data from a multiple-well test also were analyzed 
by simulating the test in a three-dimensional numerical flow 
model developed by USGS (Site Identifier 391649119313801; 
K. Halford, U.S. Geological Survey, written commun., 
September 2010), resulting in an estimated transmissivity of 
90,000 ft2/d, compared with an estimate of 33,000 ft2/d for 
a single-well test of the same well. The simulation results 
suggest that the source of pumped water was likely permeable 
gravel and cobble zones underlying the screened interval 
of the well at depths of greater than 400 ft. Such gravel and 
cobble zones are described in the logs of nearby wells (see 
fig. 4 and appendix B).

The specific capacity of pumped wells may be used to 
develop estimates of transmissivity for areas where aquifer 
test data are sparse (Lohman, 1972, p. 52). The specific 
capacity of a well is the rate of discharge, in gallons per 
minute, divided by the water-level drawdown in the pumping 
well, in feet, to obtain the volume of water pumped per foot 
of drawdown. Such information is commonly included on 
driller’s logs. An empirical log-based regression that relates 
transmissivity estimated from aquifer tests and the specific 
capacity of 37 wells was made for data from Carson Valley 
(R. Yager, U.S. Geological Survey, written commun., 2010). 
The transmissivity and specific capacity calculated from 
the aquifer tests in Dayton Valley were combined with the 
regression from wells in Carson Valley for comparison 
(fig. 11). Log scales were used to plot the specific capacity and 
transmissivity data because the properties have been found to 
be log-normally distributed. Equations for the best-fit lines and 
R2 values (correlation coefficients) shown in figure 11 indicate 
the regressions explain 79 and 84 percent of the variability of 
the transmissivity estimated from specific capacity in Dayton 
and Carson Valleys, respectively. Residuals plots exhibit little 
evidence of structure in the pattern over time, and the residuals 
between measured and predicted transmissivity are nearly 
normally distributed (Helsel and Hirsch, 1992). 

The results of aquifers tests in Dayton and Carson 
Valleys show a similar relation between transmissivity and 
specific capacity, although estimates of transmissivity were 
greater for a given value of specific capacity in Dayton Valley. 
The greater estimates of transmissivity in Dayton Valley 
could reflect the presence of well-sorted sediments that form 
the deltas and beaches of Lake Lahontan, and eolian sand 
deposits, as discussed previously. 

The distribution of transmissivity in Eagle, Dayton, 
Churchill, and western Lahontan Valleys was estimated using 
the equation between specific capacity and transmissivity 
from figure 11 and information on well-yield and drawdown 
reported in about 400 driller’s logs (fig. 12). Eagle Valley 
and the Stagecoach subbasin were included in the analysis 
to allow comparison of transmissivity estimates with those 
determined by Arteaga (1986) and Harrill and Preissler (1994). 
The logs were selected from the well-log database maintained 
by the Nevada Division of Water Resources (http://water.
nv.gov/Engineering/wlog/wlog.cfm, accessed 09/01/10) and, 
where provided, well locations were checked with parcel 
maps to ensure correct location. Parcel numbers were not 
always provided on older logs, however, so that the resulting 
distribution of transmissivity is considered approximate. Only 
those wells with a reported yield greater than 30 gal/min were 
used in the estimation to ensure that the pumping stress on the 
aquifer was sufficient to affect a large aquifer thickness. 

The resulting distribution of transmissivity shows values 
exceeding 20,000 ft2/d generally are near the Carson River in 
Dayton, Churchill, and western Lahontan Valley (fig. 12). In 
the Riverview and Carson Plains subbasins, no estimates in 
the range of 10,000–20,000 ft2/d were calculated. Estimates 
ranging from 1,000 to 10,000 ft2/d were calculated from data 
for wells near the Carson River, and transmissivity values 
less than 1,000 ft2/d were calculated for wells on alluvial 
fans near the margins of the valley floors. Values greater 
than 20,000 ft2/d were estimated from data for wells north of 
Misfits Flat in the Stagecoach subbasin, and values greater 
than 10,000 ft2/d are found throughout the western part of 
Churchill Valley, likely reflecting the effect of well-sorted sand 
and gravel beaches and eolian sand deposited in and near Lake 
Lahontan. The areal distribution of transmissivity estimates 
in the Stagecoach subbasin is similar to that reported by 
Harrill and Preissler (1994, p. 28–30) but the newly estimated 
values are somewhat greater than model-derived estimates for 
three separate model layers that include the entire thickness 
of basin-fill sediments in the Stagecoach subbasin. The 
transmissivity of the layers ranged from 1,700 to 2,600 ft2/d 
and totaled about 6,000 ft2/d. Transmissivity estimates in 
Eagle Valley agree well with those determined by Arteaga 
(1986, p. 28, table 4, pl. 3), who reported values from 10,000 
to 12,000 ft2/d on the western side of the valley, from 1,000 
to 10,000 ft2/d near the center of the valley, and less than 
1,000 ft2/d near the margins of the valley. 

http://water.nv.gov/Engineering/wlog/wlog.cfm
http://water.nv.gov/Engineering/wlog/wlog.cfm
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Figure 11. Relation between specific capacity and transmissivity, Carson and Dayton 
Valleys, Nevada.

Estimates of the transmissivity of consolidated rocks 
were not made because of the paucity of data. The two 
estimates of hydraulic conductivity of fractured granite, 
both less than 1 ft/d, indicate that the transmissivity of most 
consolidated rocks is considerably less than that of basin-fill 
sediments. However, the potential for high transmissivity of 
basaltic volcanic rocks or zones of high transmissivity along 
fractures in other consolidated rocks remains likely. Additional 
drilling of test wells in consolidated rocks would aid in 
determining the potential range of their transmissivity.

The distribution of specific yield in the middle Carson 
River basin was estimated on the basis of geologic units 
mapped by Stewart (1999a; fig. 13). Lithologic descriptions 
of the units were used to assign a potential range of specific 
yield values generally based on values reported by Cohen 
(1963) and Morris and Johnson (1967). Values reported by 
Cohen were for more than 300 samples collected near the 
Humboldt River in northern Nevada and analyzed in the 
USGS Hydrologic Laboratory in Denver, Colorado. Values 
reported by Morris and Johnson (1967) were for varying 
numbers of samples for different types of rocks and sediments, 
together totaling more than 10,000 samples collected 
throughout the United States and analyzed in the USGS 
Denver laboratory from 1948 to 1960. The geologic units 

were grouped in categories assumed to have similar ranges 
of specific yield: consolidated rocks, basaltic rocks, Tertiary 
sediments, alluvial fans, lake deposits, and fluvial deposits. As 
discussed previously, some of the geologic units mapped by 
Stewart (1999a) are described as thin gravel, pediment, and 
eolian sand deposits covering the underlying geologic units of 
alluvial fans, lake deposits, or basaltic rocks. The thin geologic 
units were assigned specific yield values representative of 
the underlying units assumed to be those exposed near their 
periphery. 

Specific yield values for all categories ranged from 
less than 1 to 40 percent (fig. 13). The specific yield of 
consolidated rock was estimated to be the lowest, ranging 
from less than 1 to 2 percent, with the exception of basaltic 
rock which may have a specific yield as great as 15 percent 
where highly fractured and vesicular. Cohen (1963, p. 22) 
lists the specific yield of fresh crystalline bedrock to be 0 
percent. Morris and Johnson (1967, p. 16) report the porosity 
of weathered granite to range from 34 to 57 percent and 
average 45 percent, and the porosity of basalt to range from 3 
to 35 percent and averages 17 percent. Assuming the specific 
retention of the basalt may be only a few percent, 15 percent 
may be a reasonable estimate for the high range of specific 
yield. 
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The specific yield of sedimentary deposits is estimated 
to range from 1 to 40 percent, depending on grain size and 
sorting. The fine-grained semi-consolidated Tertiary sediments 
were assigned a range from 1 to 15 percent based on a range 
of 0.9 to 13 percent and an average of 12 percent for siltstone 
reported by Morris and Johnson (1967, p. 19), and a range 
of 5 to 16 percent for cemented sand and gravel reported by 
Cohen (1963, p. 21). Alluvial fan sediments were assigned 
a range of 10 to 30 percent based on the range determined 
by Harrill and Preissler (1994, p. 16) for fans in Stagecoach 
Valley. Lake deposits were assumed to consist of layers of 
beach and eolian sand deposits alternating with layers of silt 
and clay, and were assigned a range of 20 to 40 percent. The 
range for lake deposits is based on a range of 19 to 29 percent 
for silt, sand, and gravel deposits in the Humboldt River valley 
in north-central Nevada reported by Cohen (1963, p. 19), and 
ranges of 17 to 20 percent for water-laid silt and clay, 28 to 
45 percent for water-laid sand, 31 to 44 percent for water-laid 
gravel, and 32 to 47 percent for eolian sand reported by Morris 
and Johnson (1967, p. 22–24). The greatest values of specific 
yield for water-laid sediments reported by Morris and Johnson 
(1967) were for those with the greatest degree of sorting, 
which may be expected for beach deposits of sand and gravel, 
and eolian sand deposits in the middle Carson River basin. 
Fluvial deposits were assigned a range of 30 to 40 percent 
based on the reported ranges for water-laid sand and gravel by 
Morris and Johnson (1967).

Groundwater Levels and Regional Groundwater 
Flow

Groundwater levels and directions of groundwater flow 
in the valleys of the middle Carson River basin have been 
recently described by Maurer and others (2009, p. 20–21). 
The descriptions were based on contours of water-level 
altitude published in previous reports from the mid-1960s and 
1980s for Eagle Valley, the early 1980s for the Stagecoach 
subbasin of Dayton Valley and for Churchill Valley, and from 
the mid-1990s for the Riverview, Moundhouse, and Carson 
Plains subbasins of Dayton Valley. Ten water-level monitoring 
wells were installed for this study, primarily in areas where 
groundwater-flow directions were considered uncertain by 
previous investigators (table 3). Water-level measurements at 
these and other wells were used to update contours of water-
level altitude for each valley. The updated contours provide a 
means to evaluate long-term water-level changes and regional 
groundwater-flow directions. 

Water-level measurements were made for this study at 
about 300 wells during April 2009. Measurements at about 
50 of the wells were made by personnel from the Nevada 
Division of Water Resources (data downloaded from http://
water.nv.gov/well%20net/download_data.cfm, accessed 
May 5, 2009), from Lyon County (Scott Fleckenstein, Lyon 
County Utilities Department, written commun., April 2009), 

and from Carson City (Kelly Hale, Carson City Utilities 
Department, written commun., May 2009). Well locations 
were determined using a hand-held Global Positioning System 
(GPS) and are considered accurate to ± 20 ft. Measurements 
were made with steel and electric tapes and are considered 
accurate to ± 0.01 ft. Most of the wells measured in Eagle 
Valley were unused monitoring wells installed by the USGS 
for previous studies, and by the office of the State Engineer. 
In the Carson Plains subbasin, about 30 of the wells measured 
also were unused monitoring wells installed by Lyon County 
Utilities. Most of the remaining wells measured were private 
domestic wells, many of which were not in use. Water levels 
in wells being used were checked by repeat measurements 
to ensure that water levels were static. Wells that were not 
being used actively were slugged with water to ensure good 
communication between the well and the aquifer. All water-
level data have been stored in the National Water Information 
System (NWIS) maintained by the USGS. 

The measuring point and land-surface altitude for the 
wells were determined using various methods. The altitude 
of many of the wells measured in Eagle and Dayton Valleys 
have been determined in previous USGS studies from optical 
surveys by USGS personnel and are considered accurate 
from ± 0.1 to ±1.0 ft. The measuring point and land-surface 
altitude for wells measured by Lyon County were determined 
from optical surveys by Tri State Surveying Ltd. (Kenneth 
Yucamera, Tri State Surveying Ltd., oral commun., July 2009) 
and are considered accurate to ±0.5 ft. Land-surface altitudes 
at selected wells near the Carson River were determined 
by overlaying maps of land-surface altitude at 1-ft contour 
intervals on the well locations using GIS software. The maps 
were developed from a Light imaging and Detection and 
Ranging (LiDAR) survey of the Carson River basin in 2004 
(BAE SYSTEMS Advanced Technologies, Inc., 2004). Land-
surface altitudes determined from the LiDAR survey were 
determined to be accurate to within ±0.5 ft by a Differential 
Global Positioning System (DGPS) survey of selected points 
(Maurer and others, 2009, p. 76). Measuring point altitudes at 
newly visited wells in Eagle, Dayton, and Churchill Valleys 
distant from the river were surveyed using a DGPS. Measuring 
point altitudes determined using DGPS are considered 
accurate to ± 0.5 ft. 

Contours of water-level altitude were developed using 
GIS software and the measured water levels to evaluate 
groundwater flow directions in each valley (figs. 14A–14D). 
The contours were drawn using water levels in all available 
wells including wells screened in different hydrogeologic 
units. In western Eagle Valley, where granitic and 
metamorphic rocks are relatively impermeable to groundwater 
flow, the extent of water-level contours was limited to 
unconsolidated basin-fill sediments. In the remainder of 
the study area, water-level contours were extended into 
areas of Tertiary volcanic rocks and sediments of variable 
permeability, where groundwater flow may take place. The 

http://water.nv.gov/well%20net/download_data.cfm
http://water.nv.gov/well%20net/download_data.cfm
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Well location
Nevada 
log No.

Site  
identification  

No.

Decimal 
latitude

Decimal 
longitude

Well depth 
(feet below 

land surface)

Top of well 
screen (feet 
below land 

surface)

Bottom of 
well screen 
(feet below 

land surface)

Lithology of 
materials  

encountered

Eastern Carson Plains 
subbasin

106603 391928119285901 39.32454 119.48306 140 110 140 Fractured volcanic rock

Divide between 
Carson Plains 
and Stagecoach 
subbasins

109428 391937119281701 39.32702 119.4714 162 142 162 Fractured granitic rock

Divide between 
Carson Plains 
and Stagecoach 
subbasins

106604 391937119281801 39.32703 119.47165 265 245 265 Fractured granitic rock

Divide between 
Stagecoach 
subbasin and 
Churchill Valley

109427 392222119210601 39.37268 119.35155 300 260 290 Sand, gravel, cobbles, 
and clay

Divide between 
Stagecoach 
subbasin and 
Churchill Valley 1

109429 392240119203202 39.37772 119.34234 285 260 280 Sand, gravel, and clay

Divide between 
Stagecoach 
subbasin and 
Churchill Valley 1

109429 392240119203201 39.37772 119.34234 375 360 370 Sand, gravel, and clay

Misfits Flat, 
Stagecoach 
subbasin

106648 392003119224901 39.33411 119.38014 67 52 67 Silt and clay to 23 ft; 
sand, gravel, and 
cobbles to 67 ft

Bull Canyon subbasin 109262 391727119190701 39.29088 119.31846 41 36 41 Sand and gravel
Adrian Valley 109077 391615119164801 39.27074 119.2799 20 15 20 Sand, silt, gravel, 

and clay to 14 ft; 
rounded cobbles 
14–20 ft

Adrian Valley 109078 391252119160201 39.21438 119.26712 24 19 24 Well sorted sand
1 Indicates nested wells installed in same borehole.

Table 3. Location, construction, and lithologic information for 2-inch monitoring wells installed for this study.  

[Decimal latitude and longitude: North American Datum of 1983. Abbreviation: ft foot]

Tertiary rocks and sediments appear to be the source of water 
for many domestic wells drilled near the edges of the valley 
floors in Dayton and Churchill Valleys. It should be noted 
that differences in well depth between the measured wells 
may result in different water levels to be measured in nearby 
wells where a vertical hydraulic gradient is present. Similarly, 
differences in water levels may be measured in nearby wells, 
which are screened in different types of aquifers, for example, 
basin-fill sediments and consolidated rocks, where a vertical 
gradient exists between the two aquifers. The magnitude and 
direction of the vertical hydraulic gradient was been measured 
at well pairs screened at different depths in Eagle Valley and 
the Stagecoach subbasin (figs. 14A and 14C), but is not known 
in much of the study area. For this reason, contours of water-
level altitude shown in figures 14A–14D are considered to be 
only approximately located.

On the northwestern side of Eagle Valley, closely spaced 
water-level contours indicate a steep horizontal gradient and 
eastward groundwater flow from the mountain front toward 
the valley floor (fig. 14A). Groundwater moves toward the 
southeast in the northern part of Eagle Valley, across the basin 
divide, and into the northern part of the Riverview subbasin. 
A groundwater divide exists in the southern part of the valley, 
where water north of the divide flows northeastward toward 
the center of Eagle Valley, and water south of the divide flows 
southeastward into Carson Valley and toward the Carson 
River. Vertical hydraulic gradients measured in well pairs 
show a downward gradient near the perimeter of the valley 
from basin-fill sediments to underlying consolidated rocks and 
within basin-fill sediments on the valley floor.
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Figure 14.—Continued
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Water levels have declined as much as 70 ft since 1964 at 
one well in the northwestern part of Eagle Valley. The extent 
and magnitude of water level declines in northwestern Eagle 
Valley are difficult to determine precisely because many of the 
wells measured in the 1960s and 1970s have been abandoned 
or destroyed, or have gone dry. The extent of hachured areas 
showing declines of greater than 10 ft and greater than 40 ft 
in figure 14A was estimated by comparing the contours of 
water-level altitude from 1964 (Worts and Malmberg, 1966, 
fig. 4) and 2009. The declines are likely the result of pumping 
for municipal use on the western side of the valley, which have 
decreased the southeastward hydraulic gradient in that part 
of the valley from about 150 ft/mi in 1964 to about 9 ft/mi in 
2009. 

In the Riverview subbasin and most of the Moundhouse 
subbasin, groundwater moves toward the Carson River. 
Groundwater flows from the west and east toward the Carson 
River in the Riverview subbasin, although water-level 
data are sparse east of the river in the northern part of the 
subbasin (fig. 14A). Vertical hydraulic gradients measured 
at well pairs west of the Carson River show a downward 
gradient within basin-fill sediments. Groundwater in the 
northwestern and central parts of the Moundhouse subbasin 
flows south and southeastward toward the Carson River, 
and in the northeastern part of the subbasin, eastward into 
the Carson Plains subbasin (figs. 14A and 14B). The steep 
horizontal hydraulic gradient north of the Carson River in 
the Moundhouse subbasin indicates limited groundwater 
flow through poorly permeable ash-flow tuffs. The contours 
show little change from contours developed for November–
December 1995 in the Moundhouse subbasin by Maurer 
(1997, pl. 1). 

In the Carson Plains subbasin, water-level contours show 
a low horizontal hydraulic gradient, about 10 ft/mi, across 
the valley floor, with groundwater moving from southwest to 
northeast, generally parallel to the Carson River (fig. 14B). 
The low hydraulic gradient could be the result of either small 
volumes of groundwater flow or highly transmissive aquifer 
materials. The contours show a steep eastward gradient from 
the Moundhouse subbasin and the Virginia Range toward the 
western side of the valley floor, indicating limited groundwater 
flow through poorly permeable ash-flow tuffs. Water levels in 
wells on the valley floor show very little hydraulic gradient 
toward the Carson River in the southwestern and central parts 
of the subbasin. The lack of a gradient toward the river on 
the valley floor may be the result of either small volumes of 
recharge entering the valley from the Virginia Range and the 
Pine Nut Mountains, or the result of a highly transmissive 
aquifer in that part of the valley.

In the northeastern part of the Carson Plains subbasin, 
the water level in a well screened in consolidated rocks at the 
southern edge of the Flowery Range shows that groundwater 
moves from the north toward the valley floor. Water levels 
in wells installed for this study on the topographic divide 
between the Carson Plains and Stagecoach subbasins show a 

distinct groundwater divide between the subbasins, and that 
groundwater moves southwestward from the divide toward the 
northeastern part of the Carson Plains subbasin. Maurer (1997, 
p. 20) reported the potential for groundwater flow from the 
Carson Plains to the Stagecoach subbasin, based on available 
water levels on either side of the topographic divide. 

Water levels near the western part of the Carson Plains 
subbasin have declined about 10 ft within a small area 1.5 mi 
east of Dayton compared with measurements made in 1995 
(fig. 14B). The extent of the decline is difficult to determine 
because measurements in 1995 and 2009 were made in only 
one well near the area. For this reason, the extent of decline 
shown in figure 14B is considered very approximate. The 
decline is likely the result of municipal pumping in the area 
increasing from about 600 acre-ft in 1997 to about 1,500 
acre-ft in 2005 (Maurer and others, 2009, p. 26). Water levels 
in the remaining parts of the Carson Plains subbasin show 
little change between 1995 and 2009. 

Water-level contours in the western part of the 
Stagecoach subbasin show groundwater flow from the 
mountain fronts on the west and northwest toward the valley 
floor (fig. 14C). The steep horizontal hydraulic gradient 
indicates limited flow through poorly permeable granitic 
rocks. The vertical hydraulic gradients measured in well 
pairs on the western side of the valley show an upward 
gradient within consolidated rocks near the divide and from 
consolidated rocks to basin-fill sediments. Groundwater 
flows from southwest to northeast across the western part 
of the valley floor, with very low horizontal hydraulic 
gradients north and south of Misfits Flat of about 4 and 3 ft/
mi, respectively. As in Carson Plains, the very low gradients 
may be a consequence of either small volumes of groundwater 
flow or highly transmissive aquifers. The low gradient north 
of Misfits Flat may also be the result of groundwater pumping 
for agricultural and municipal supply. Groundwater flow is 
northward from the Carson River between Table Mountain and 
Churchill Butte toward the northeastern part of the subbasin. 
In the northeastern part of the subbasin water levels show a 
continuous horizontal hydraulic gradient of about 15 ft/mi 
toward the northeast between the Stagecoach subbasin and 
northwestern Churchill Valley. Harrill and Preissler (1994, 
p. 10) mapped a groundwater divide between the Stagecoach 
subbasin and Churchill Valley in 1971. The vertical hydraulic 
gradient measured in a well pair on the northeastern side of the 
valley shows a downward gradient within basin-fill sediments. 
The water-level altitudes measured in the two northernmost 
wells (altitudes 4,204 and 4,218) indicate a downward vertical 
hydraulic gradient from basin-fill sediments to consolidated 
rocks near the northern margin of the valley floor. Harrill and 
others (1993) provided evidence of groundwater flow from 
the Carson River flood plain in the western part of the Bull 
Canyon subbasin into the southwestern part of the Stagecoach 
subbasin through the intervening basaltic rocks. A 28-ft 
difference in water levels was measured between the two areas 
in 2009 (fig. 14C), indicating such flow is still likely.
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Water levels have declined in the Stagecoach subbasin 
and northwestern Churchill valley since 1982 but have 
changed little in the Bull Canyon subbasin. Water levels have 
declined about 5 ft over much of the valley floor and about 
10 ft in the western and northeastern parts of the Stagecoach 
subbasin compared with water levels measured at many of 
the same wells in the spring of 1982 (fig. 14C; Harrill and 
Preissler, 1994, p. 22). The declines are likely the result of 
agricultural pumping in the western part of the subbasin, 
combined with agricultural and increased municipal pumping 
in the northeastern part since 1982. Water levels also have 
declined about 5 ft in the northwestern part of Churchill Valley 
(fig. 14C). Water levels in the Bull Canyon subbasin are likely 
maintained by infiltration losses from the Carson River.

In Churchill Valley, groundwater-flow directions are 
apparent on the valley floor but are uncertain near the basin 
boundaries (fig. 14D). Water-level contours in northwestern 
Churchill Valley show groundwater flows eastward from the 
Stagecoach subbasin and southeastward from the Virginia 
Range toward the valley floor and Lahontan Reservoir. 
The steep horizontal hydraulic gradient from the Virginia 
Range indicates groundwater flow through poorly permeable 
volcanic rocks. On the valley floor in southern Churchill 
Valley, contours show that groundwater flow is northward 
and northeastward parallel to the Carson River and toward 
Lahontan Reservoir under a low horizontal hydraulic gradient 
of about 3 ft/mi. As in the Carson Plains and Stagecoach 
subbasins, the low hydraulic gradient may be the result 
of either small volumes of groundwater flow or highly 
transmissive aquifers. The water-level altitudes measured in 
two wells east of Churchill Butte (4,130 and 4,159) indicate 
a downward vertical hydraulic gradient from basin-fill 
sediments to consolidated rocks near the western margin of the 
valley floor. 

With the exception of local water-level declines in 
northwestern Churchill Valley discussed previously, water 
levels appear not to have changed appreciably in Churchill 
Valley. This observation, however, is based on comparison 
of available historical measurements at only two wells in the 
1960s and 1980s with measurements in 2009. 

Contours and water levels north of Lahontan Reservoir 
indicate a gradient toward the north and northeast from the 
reservoir through Tertiary volcanic rocks and sediments. 
The average reservoir stage of 4,138 ft during the month of 
April 2009 is significantly greater than water-level altitudes 
to the north, indicating infiltration losses from Lahontan 
Reservoir are a likely source of recharge to the area north 
of the reservoir. Water levels in three wells in western 
Lahontan Valley north of the Carson River range from 
4,080 to 4,090 ft, more than 30 ft higher than water levels 
of 4,060 and 4,055 measured in two wells about 7 mi to the 
southeast, in Churchill Valley. Water levels in the three wells 
north of the river are likely maintained by infiltration losses 
from the Truckee Canal, which flows at an altitude from 80 
to 90 ft higher than the water-level altitudes. It is unclear 
if groundwater north of the reservoir moves farther north 

and then eastward toward Lahontan Valley. A water level of 
4,262 ft in the southern part of the Fernley Area precludes the 
potential for groundwater flow northward across the basin 
divide. 

Contours and sparse water-level data on the southeastern 
side of Churchill Valley show a potential for flow 
northeastward through Tertiary volcanic rocks and sediments 
comprising the Dead Camel Mountains and south of the 
Dead Camel Mountains toward western Lahontan Valley. 
The driller’s log for the well near the basin divide (water-
level altitude 4,104 ft) describes 420 ft of clay overlying 
water bearing “lava rock,” which is likely permeable basalt, 
indicating such flow may take place. 

Water levels and contours show the potential for 
groundwater flow from Churchill Canyon toward the north and 
northeast through Adrian Valley and into the southwestern part 
of the Churchill Valley floor. In northwestern Mason Valley, 
contours indicate a groundwater divide that was described 
by Lopes and Allander (2009, p. 63), with flow south of the 
divide toward the south, and flow north of the divide toward 
the northeast beneath the highest part of the Desert Mountains. 
Contours and water levels east of the Desert Mountains in 
northeastern Mason Valley and in southeastern Churchill 
Valley indicate a groundwater divide with potential for flow 
toward the southeastern part of Churchill Valley west of the 
divide and toward western Lahontan Valley east of the divide. 
Lopes and Allander (2009, p. 65) also noted the potential 
for northeastward groundwater flow along the Wabuska 
Lineament near the southern base of the Desert Mountains 
(fig. 3). 

It is uncertain if groundwater flow actually takes place 
beneath the Dead Camel and Desert Mountains. In most parts 
of northern Nevada, precipitation generally provides sufficient 
recharge to create groundwater divides beneath mountain 
blocks. Given the low annual precipitation in Churchill Valley, 
only about 5 in/yr, groundwater divides may not be present 
beneath the Dead Camel and Desert Mountains.

 If the pre-Cenozoic rocks are assumed to be relatively 
impermeable to groundwater flow, then the altitude of the top 
of these rocks provides a means to evaluate groundwater flow 
directions and provide qualitative estimates of groundwater 
flow volumes near the boundaries of Churchill Valley. If the 
altitude of the top of pre-Cenozoic rocks is lower than the 
altitude of measured water-levels, groundwater may flow 
through the overlying Tertiary rocks and sediments (fig. 6). 
Conversely, if the altitudes of the top of pre-Cenozoic rocks 
are equal to or higher than the altitude of water levels, 
interbasin groundwater flow probably does not occur or is 
small, even if there is a hydraulic gradient across the divide. 

A comparison of water-level altitudes with the altitude 
of the top of pre-Cenozoic rocks (fig. 6) shows thick sections 
of saturated Tertiary rocks and sediments are present through 
which groundwater flow may take place beneath the eastern 
part of the Desert Mountains, south of the Dead Camel 
Mountains, and beneath the northern part of Adrian Valley. 
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Water-level altitudes range from about 3,900 to 4,270 ft, 
or from 900 to 5,000 ft higher than the altitude of pre-
Cenozoic rocks. However, groundwater flow from the floor 
of northeastern Mason Valley toward the northeast is likely 
restricted by the arm of mountains extending southeast from 
the Desert Mountains toward Parker Butte. The altitude of the 
top of pre-Cenozoic rocks beneath the arm is about 4,000 ft, 
similar to that of the water-level altitudes. Groundwater flow 
to the northeast, toward western Lahontan Valley, is limited 
to flow north and south of Parker Butte and flow derived from 
losses from the Walker River east of Parker Butte as described 
by Lopes and Allander (2009, p. 63, pl. 1).

Relatively thin sections of Tertiary rocks and sediments 
are present below the water table north of Lahontan Reservoir, 
beneath the Dead Camel Mountains, and in southern Adrian 
Valley (fig. 6). The top of pre-Cenozoic rocks ranges in 
altitude from 3,000 ft near the northwestern part of Lahontan 
Reservoir to 4,000 ft near the northeastern part, compared 
with water-level altitudes of about 4,100 ft. The shallow 
pre-Cenozoic rocks near the northeastern part of the reservoir 
likely restrict groundwater flow from northeastern Churchill 
Valley toward western Lahontan Valley. Similarly, beneath the 
Dead Camel Mountains water-level altitudes of about 4,100 ft 
are close to or less than the altitude of the top of pre-Cenozoic 
rocks, which ranges from 4,000 to 5,000 ft. 

The altitude of the top of pre-Cenozoic rocks is about 
4,000 ft beneath the southern part of Adrian Valley and about 
3,000 ft beneath the northern part, compared with water-level 
altitudes of about 4,200 ft (fig. 6). Thus, the shallow pre-
Cenozoic rocks beneath the southern part of Adrian Valley 
may restrict groundwater flow from Mason Valley into Adrian 
Valley. The saturated rocks and sediments of Tertiary age 
through which groundwater may flow from Churchill Canyon 
toward the Carson River, however, may be about 1,000 ft thick 
beneath the northern part of Adrian Valley. 

Near the boundaries of the Stagecoach subbasin, the top 
of pre-Cenozoic rocks is from 1,000 to 4,000 ft lower than 
water-level altitudes (fig. 6). Beneath the divide between 
Stagecoach Valley and northwestern Churchill Valley, 
groundwater may flow through about 1,000 ft of Tertiary rocks 
and sediments and Quaternary basin-fill sediments. The divide 
between the southeastern part of the Stagecoach subbasin and 
the Bull Canyon subbasin is underlain by more than 4,000 ft 
of Tertiary rocks and sediments and Quaternary basin-fill 
sediments. Tertiary rocks and sediments are about 1,000 ft 
thick beneath the divide between the southwestern part of the 
Stagecoach subbasin and the western part of the Bull Canyon 
subbasin. 

Groundwater and Surface-Water Interactions

The hydraulic connection and interactions between 
groundwater and surface-water systems are most evident when 
rivers gain or lose streamflow. Rivers commonly gain flow in 
a downstream direction where groundwater levels adjacent to 
the river are higher than the stage of the river and groundwater 
seeps from the aquifer into the river channel. Conversely, 
rivers lose flow where groundwater levels adjacent to the 
river are lower than the stage of the river and surface water 
infiltrates through the river channel into the aquifer. 

Findings in Previous Studies

Data collected and discussed in previous studies provide 
estimates of the locations and volumes of streamflow gains 
and losses in the middle Carson River basin. Data used 
for such estimates include streamflow recorded at USGS 
gaging stations, sets of streamflow measurements (seepage 
measurements or “runs”) made in channel reaches between the 
gaging stations, differences between the stage of the Carson 
River and the altitude of adjacent groundwater levels, and the 
chemical characteristics of the stream and groundwater. 

Maurer and others (2009, p. 42–62) made estimates 
of streamflow gains and losses through the valleys of the 
Middle Carson River basin for selected periods on the basis 
of differences in mean annual, mean monthly, and mean daily 
inflow and outflow recorded at USGS streamflow-gaging 
stations near the boundaries of the valleys (fig. 2). Annual 
differences in streamflow through the entire Dayton Valley 
Hydrographic Area indicated an average long-term loss of 
7,000 acre-ft for the period from 1971 to 2000, increasing 
to 16,000 acre-ft during dry years from 2002 to 2004, and 
average gains of about 19,000 acre-ft during wet years from 
1995 to 1997 (Maurer and others, 2009, p. 58). The losses 
were the consequence of consumptive use of streamflow by 
irrigated crops and infiltration of streamflow to groundwater 
storage. The gains were caused by groundwater seepage to the 
river channel following wet years. 

Annual differences in streamflow through Churchill 
Valley indicated losses each year, with an average long-term 
loss of more than 53,000 acre-ft for the period from 1971 
to 2000, a greater loss of about 57,000 acre-ft during dry 
years from 2002 to 2004, and an even greater loss of more 
than 100,000 acre-ft during wet years from 1995 to 1997 
(Maurer and others, 2009, p. 61). The losses were caused 
by the consumptive use of streamflow by irrigated crops 
and by native plants (such as willow and cottonwood trees) 
adjacent to the river, by infiltration of streamflow beneath 
the river channel and beneath Lahontan Reservoir, and by 
evaporation from Lahontan Reservoir. Losses to infiltration 
and evaporation from the reservoir are greater in wet years 
when the surface area of the reservoir is greater. 
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A detailed discussion of streamflow gains and losses 
through the subbasins of Dayton Valley and the seasonal 
and annual variations of those gains and losses is provided 
by Maurer and others (2009, p. 41–64). The data show that 
streamflow gains and losses vary seasonally and between 
wet and dry years, indicating that groundwater and surface-
water interactions are complex. The recorded streamflow 
data provide only net volumes of gain or loss over the entire 
river reach between existing gages, however, and provide no 
information on how conditions may vary between the gaging 
stations. 

Data on differences in measured streamflow at locations 
between gaging stations and on the comparisons between 
altitude of groundwater levels and adjacent stream stage 
were presented and discussed by Maurer (1997, p. 15–16) 
and Maurer and others (2009, p. 76–83). These estimates of 
gains and losses from streamflow measurements and from 
comparisons of groundwater altitudes to river stage are based 
on sparse data collected over short periods. 

Insights Gained by Analyses of Recent Data

Analyses of data collected for this study provide 
additional information on groundwater and surface-water 
interactions in the middle Carson River basin. These data 
include seepage measurements made at 13 sites along the 
Carson River in Dayton and Churchill Valleys, and results of 
analyses of surface-water samples collected at the sites. In 
2007 and 2008, Lyon County installed monitoring wells in 
the Carson Plains subbasin and measured water levels in the 
wells; those data were compiled and analyzed for this study. 
Water-level data for wells near Lahontan Reservoir have 
been collected in an ongoing program with the Carson Water 
Subconservancy District (CWSD) since 2005. In a related 
USGS study, which began in 2009 in cooperation with the 
Carson Water Subconservancy District, data applicable to 
groundwater and surface-water interactions were collected 
in Dayton and Churchill Valleys and analyzed for use in this 
study. 

Seepage measurements generally were made during 
periods of low flow at 13 sites along the Carson River in 
Dayton and Churchill Valleys to estimate the approximate 
location and volumes of streamflow gains and losses (fig. 15, 
table 4). Streamflow (also called discharge) measurements 
were made using standard USGS procedures and meters 
(Rantz, 1982). Measurements were made only once at sites 
4 and 10 owing to problems with access. Stream water 
temperatures were recorded during all flow measurements and 
water samples collected during some of the measurement sets 
were analyzed for specific conductance and concentrations of 
deuterium.

The use of seepage measurements to calculate streamflow 
gains and losses requires the accounting for, and the 
measurement of, all diversions of flow and all tributary inflow 

above the measurement point, including any return flow from 
diversions. Tributary inflow to the Riverview subbasin from 
Eagle Valley Creek used in the calculations was the daily 
mean recorded flow (as noted on table 5), and was included 
with inflow to the reach measured at site 1. On one occasion, 
tributary inflow from Eldorado Canyon (fig. 15, left-center 
of the map) was taking place and the measured flow of the 
tributary was included with flow of Carson River at site 6 for 
calculations. 

Diversions for irrigation between the streamflow 
measurement sites are a potential source of water loss by 
infiltration through the ditch bed or irrigated fields and 
evapotranspiration from irrigated crops. Return flows from 
diversions generally re-enter the river upstream from the 
measurement sites. Diversions for irrigation to Mexican Ditch 
were measured and are included in table 5 for comparison 
with measured flow losses. Return flow from diversions 
upstream from site 6 was not measured but re-enter the river 
upstream from the site. Flow in the Baroni ditch (site 5), 
adjacent to site 6, was measured and added to flow at site 6 
for calculating gains and losses. Return flows from diversions 
downstream from site 6 re-enter the river upstream from site 
7, and diversions to the ditch near site 8 generally were not 
taking place during measurements, or were small enough to 
be considered negligible. Return flow from the ditch between 
sites 9 and 11 re-enters the river upstream from site 11, and 
diversions to the Buckland Ditch (site 10) were measured and 
added to flow at site 11 for calculations. 

The accuracy of the individual measurements compared 
to the total flow and the calculated differences in flow 
also affected estimates of gains and losses. The individual 
measurements were generally rated “good” to “fair”, which 
indicates they are thought to be accurate to within 5 to 
8 percent of the true flow, respectively. On the basis of the 
rules of error propagation, the calculated differences in flow 
should be greater than 7 to 11 percent of the total flow to 
ensure the flow differences are real and not an artifact of 
measurement error (Lebaugh and, Rosenberry 2008, p. 17).

Other complications in calculating gains and losses from 
streamflow measurements include short-term variations in 
flow and the travel time of water between measurement sites. 
Measurements were made by three teams with measurement 
times at the sites differing from 1 to 3 hours. With the 
exception of measurements made in March and April 2008, 
flow recorded at the streamflow-gaging stations was steady 
prior to, and during the days of measurement, with water 
stages varying less than 0.02 ft. The travel time for peak flows 
between sites 1 and 12 is about 1 day based on an analysis of 
station data. Measurements in March 2008 were made during 
a period of rising flow whereas those in April 2008 were 
made during a period of falling flow. The calculated losses 
in flow in March 2008 and gains calculated in April 2008 
may be, in large part, affected by changes in flow during the 
measurements and the travel time between the measurement 
sites.
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Figure 15. Location of seepage measurement sites and location of wells with warm water in the Carson Plains subbasin, middle Carson 
River basin, Nevada.
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Differences in streamflow calculated from the remaining 
seepage measurements indicate consistent losses in flow in 
the Riverview subbasin. Streamflow is likely being lost to 
infiltration through the river channel between sites 1 and 3 on 
dates when the calculated loss is greater than diversions to the 
Mexican Ditch (table 5). 

The measurements show varying streamflow gains and 
losses in the Moundhouse subbasin and streamflow gains in 
the eastern part of the Carson Plains subbasin. A gain was 
calculated through the Moundhouse subbasin on the single 
occasion when a measurement was made at site 4, with 
gains between sites 3 and 6 on April 25, 2008, October 1, 
2008, and October 1, 2009. It is uncertain if the gains took 
place solely within the Moundhouse subbasin, or if part of 
the gain was from the westernmost part of the Carson Plains 
subbasin between sites 4 and 6. Streamflow gains generally 
were calculated on the eastern side of the Carson Plains 
subbasin between sites 6 and 7 and sites 7 and 8, with the 
exception of October 25, 2007, and November 12, 2008, 
when losses between sites 6 and 7 were likely caused by 
diversions between the sites. The gain between sites 7 and 8 
on November 12, 2008, is only 5 percent of the total flow and 
may not be real. 

Measurements show that streamflow was usually being 
lost in the Bull Canyon subbasin downstream from site 8, 
except that gains were calculated between sites 6 and 12 on 
April 25, 2008, between sites 12 and 13 on November 12, 
2008, and between sites 8 and 9 on August 25, 2009. The 
gains on April 25, 2008, and November 12, 2008, are 7 and 
5 percent of the total flow, respectively, and may not be real. 

The locations of gains and losses in streamflow calculated 
from the seepage measurements are in general agreement 
with findings in previous studies, with the exception of the 

eastern side of the Carson Plains subbasin, where gains were 
calculated in this study. Streamflow gains in the eastern part 
of the Carson Plains subbasin may result, in part, from inflow 
of groundwater from the Virginia Range to the northern side 
of the Carson River. Groundwater temperatures reported 
on driller’s logs for wells north of the river range from 60 
to 105 ° F (fig. 15). In mine shafts as deep as 3,000 ft near 
Virginia City, air temperatures as great as 150 °F and springs 
discharging water as warm as 157 °F have been reported 
(Schamberger, 1972, p. 39). The movement of such hot water 
toward the floor of the Carson Plains subbasin along deep 
flow paths may cause the warm water temperatures in wells 
north of the river. However, variations in stream temperature 
recorded during seepage measurements do not show a marked 
increase among sites 6, 7, and 8. Any change in stream 
temperature caused by seepage of warm water through the 
river channel likely was masked by diurnal temperature 
variations in streamflow during the period of measurements. 

The specific conductance of streamflow samples 
showed increases between sites 6 and 7 during some of the 
measurements, which could indicate groundwater seepage 
to the river channel. Specific conductance increased from 
about 600 µS/cm at site 6 to about 800 µS/cm at site 7 on 
October. 25, 2007, and October 1, 2008, then decreased to 
about 600 µS/cm at site 8 (table 6). Similarly, conductance 
increased from about 500 µS/cm at site 6 to 600 and 700 µS/
cm at site 7 on August 25, 2009, and October 1, 2009, 
respectively, with little change in conductance at site 8. 
Historical data on the specific conductance of groundwater 
near the river in the Carson Plains subbasin show values 
ranging from about 500 to 1,400 µS/cm.

Site name
Station 

No.

Station  
identification  

No.

Decimal 
latitude

Decimal 
longitude

Carson River near Carson City 1 10311000 39.107687 119.713233
Mexican Ditch near Silver Saddle Ranch 2 10311025 39.132417 119.707111
Carson River at Deer Run Road 3 10311400 39.181378 119.694869
Carson River near Winter Ranch 4 10311600 39.21283 119.61159
Baroni Ditch near Dayton 5 10311655 39.237778 119.5875
Carson River at Dayton  6 10311700 39.237794 119.58786
Carson River below Dayton 7 10311715 39.28214 119.53462
Carson River above Chaves Ranch 8 10311850 39.29384 119.47961
Carson River near Clifton 9 10311875 39.28592 119.41749
Carson River above Buckland Ditch 10 10311895 39.29623 119.32577
Buckland Ditch near Fort Churchill 11 10311900 39.29256 119.31349
Carson River near Fort Churchill 12 10312000 39.29167 119.31111
Carson River near Silver Springs 13 10312020 39.29297 119.25238

Table 4. Location of seepage measurement sites, Middle Carson River, Nevada.  

[See figure 15 for locations. Decimal latitude and longitude: North American Datum of 1983]
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Site name

Carson 
River 
near 

Carson 
City 1

Mexican Ditch 
near Silver Saddle 

Ranch 2

Carson 
River at 

Deer Run 
Road 

Carson  
River near 

Winter 
Ranch

Baroni 
Ditch 
near 

Dayton

Carson 
River at 
Dayton 3 

Carson  
River  

below 
Dayton

Carson 
River 
above 

Chaves 
Ranch

Carson 
River 
near 

Clifton

Carson 
River 
above 

Buckland 
Ditch

Buckland 
Ditch 

near Fort 
Churchill

Carson 
River 

near Fort 
Churchill

Carson 
River 
near 

Silver 
Springs

Site No. 1 2 3 4 5 6 7 8 9 10 11 12 13
Date Flow    Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow

10-25-07 27.0 10.7 18.5 19.9 10.1 5.9 2.2 4.9 4.5 1.8 – – –
Gain/Loss -8.6 1.5 -3.9 -13.8 2.8 -.4 -2.7    
403-14-08 332 1.9 274 – .33 237 – – – – 5.4 217 –
Gain/Loss -58.0 -36.7 -14.9
504-25-08 103 25.2 91.7 – 13 95.4 – – – – 28.1 86 –
Gain/Loss -11.3 16.7 65.7
10-01-08 4.9 0 0 – 0 .04 1.4 3.5 2.8 – .0 .1 0
Gain/Loss -4.9 .04 1.3 2.2 -.7 -2.7 -.1
11-12-08 115 8.4 105 – 1.88 95.6 80.4 84.7 84 – 7.4 68.6 72.5
Gain/Loss -10.0 -7.5 -17.1 64.3 -.7 -8 63.9
08-25-09 10.5 2 5.0 – 1.3 .8 4.0 6.6 7.5 – 3.0 .6 –
Gain/Loss -5.6 -2.9 1.9 2.6 .9 -3.9
10-01-09 6.4 1.5 .1 – .0 .2 2.2 4.9 4.4 – 1.7 .2 –
Gain/Loss -6.3 .1 2.0 2.7 -.4 -2.4

1 Includes daily mean inflow from Eagle Valley Creek in cubic feet per second: 0.6 on 10-25-07, 2.1 on 03-14-08, 0.8 on 04-25-08, 0 on 10-01-08, 1.1 on 
11-12-08, 0.12 on 08-25-09, 0 on 10-01-09

2 Not included in gain/loss calculations; presented for comparison with calculated losses.
3 Includes tributary inflow of 2.9 ft3/s from Eldorado Canyon on 03-14-08.
4 Calculated losses may, in large part, be the result of rising flow conditions this day.
5 Calculated gains may, in large part, be the result of declining flow conditions this day.
6Calculated gain may be artifact of measurement error.

Table 5. Seepage measurements and calculated gains and losses.  

[All flow values are in cubic feet per second. Site numbers are shown in figure 15. Gains and losses calculated by subtracting downstream flow from upstream 
flow and combining flow at sites 5 and 6 and sites 11 and 12 for calculations. Flow gains are positive values, flow losses are negative values. Abbreviations: 
ft3/s, cubic foot per second; –, no measurement]

Site  
name

Carson 
River near 

Carson 
City

Mexican 
Ditch near 

Silver Saddle 
Ranch

Carson  
River at 

Deer Run 
Road 

Carson  
River near 

Winter 
Ranch

Baroni 
Ditch near 

Dayton

Carson 
River at 
Dayton 

Carson  
River  

below 
Dayton

Carson 
River above 

Chaves 
Ranch

Carson 
River near 

Clifton

Carson 
River above 

Buckland 
Ditch

Buckland 
Ditch 

near Fort 
Churchill

Carson 
River 

near Fort 
Churchill

Site No. 1 2 3 4 5 6 7 8 9 10 11 12
Date SC SC SC SC SC SC SC SC SC SC SC SC

10-25-07 500 – 570 590 – 620 810 650 620 670 – – 
2H – – – – – – – – – – – –
10-01-08 720 – – 640 – 580 810 620 590 – –  600
2H – – – – – – – – – – – –
11-12-08 – – 300 – – 300 330 370 370 – – 390
2H – – – – – – – – – – – –
08-25-09 560 590 590 – 530 530 600 600 540 – – 540
2H – – – – – -99 -102 -106 -103 – – -99
10-01-09 620 730 880 – – 540 680 590 570 – – 550
2H -101 – -84 – – -95 -103 -108 -106 – – -95

Table 6. Specific conductance and deuterium concentration of streamflow sampled during selected seepage measurements.  

[All specific conductance values are in microsiemens per centimeter. All deuterium values are in parts per thousand. Site numbers are shown in figure 15. Gains 
and losses calculated by subtracting downstream flow from upstream flow and combining flow at sites 5 and 6 and sites 11 and 12 for calculations. Flow gains 
are positive values, flow losses are negative values. Abbreviations: SC, specific conductance; 2H, deuterium; permil, parts per thousand; –, no measurement]
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Results of analyses for deuterium in samples of 
streamflow collected during selected seepage measurements 
indicate groundwater inflow to the channel of the Carson 
River in the Moundhouse subbasin and on the eastern side 
of the Carson Plains subbasin. The samples were collected 
during the August 25 and October 1, 2008, following USGS 
field methods (U.S. Geological Survey, 2007) and analyzed at 
the USGS Reston Stable Isotope Laboratory. The lab reports 
uncertainties of 2‰ (permil) for the deuterium measurements.

The concentrations of the stable, non-radioactive isotopes 
of hydrogen and oxygen in water may be used to evaluate 
the sources, movement, and mixing of water masses. Water 
molecules contain deuterium (2H) and oxygen-18 (18O) 
in various concentrations, which are not changed by most 
geochemical reactions and are affected only by evaporation 
and reactions with rocks in geothermal systems. Deuterium 
concentration is expressed relative to hydrogen-1 (2H/1H) and 
reported as delta deuterium (δD) relative to Vienna Standard 
Mean Ocean Water in parts per thousand (permil; Fritz and 
Fontes, 1980). Evaporation produces water that is heavier 
(less negative) in δD than the original water. Streamflow of the 
Carson River is the source of the “heaviest” water in the study 
area, with a deuterium concentration generally reported to 
range from -108 to -103 permil (Thomas and Lawrence, 1994, 
p. 15). The deuterium concentrations in groundwater samples 
distant from the river are more negative (the water is lighter), 
and range from -121 to -115 permil. 

Variations in the deuterium concentration of stream water 
between measurement sites are consistent with the measured 
gains and losses in streamflow and variations in specific 
conductance. The deuterium concentration changes from less 
negative to more negative where groundwater with a more 
negative deuterium concentration seeps into the river channel 
between the sampling sites (fig. 16). Carson River streamflow 
sampled from site 3 (fig. 15) in the Riverview subbasin on 
October 1, 2009, had a deuterium concentration of -84 permil, 
significantly less negative than in groundwater adjacent to the 
river. Seepage of isotopically more negative groundwater into 
the river channel likely caused the deuterium concentration 
of streamflow to become more negative in the Moundhouse 
and Carson Plains subbasins between measurement site 3 
(-84 permil) and site 8 (average of -107 permil). Downstream 
from site 8 in the Bull Canyon subbasin, the deuterium 
concentration of the streamflow becomes less negative, likely 
the result of evaporation of streamflow between the sites. 
Inflow of groundwater to the river channel between sites 8 
and 12 is not likely because the deuterium concentration of 
groundwater near the river generally is more negative than the 
streamflow, ranging from -105 to -113 permil. 

Comparison of water-level fluctuations in monitoring 
wells installed near the Carson River and measured by Lyon 
County personnel (fig. 17) with variations in flow of the 
Carson River provide additional insight into groundwater 
and surface-water interactions in the Carson Plains subbasin. 
Water levels in wells close to the Carson River change quickly 

in response to changes in flow of the river recorded at the 
gaging station at Dayton (fig. 18A). Water levels at most 
wells show sharp peaks during spring runoff, coincident 
with the peak in river flow, and steep declines during early 
summer as river flow decreases. The coincident peaks indicate 
water lost to infiltration through the channel of the Carson 
River quickly recharges the adjacent aquifer. Water lost to 
infiltration through the beds of irrigation ditches and beneath 
irrigated fields (green areas in fig. 17) likely also contributes 
to groundwater recharge. Groundwater levels begin to rise in 
late autumn when flow of the river increases from near zero 
flow at the end of the irrigation season. Water-level rises in 
late autumn also may be caused by a decrease in groundwater 
pumping and a decrease in groundwater discharge to 
evapotranspiration that takes place in late autumn each year. 
Small variations in streamflow during winter months also 
cause peaks and declines in water levels at most wells. The 
variations show a close link between the surface-water and 
groundwater systems in the Carson Plains subbasin. 

Water levels at wells 3 and 4 show differences in their 
response to pumping from a nearby municipal supply well 
(fig. 18A). Wells 3 and 4 are about 100 ft east of a municipal 
supply well adjacent to the Carson River. Well 4 is a deep well 
screened from 145 to 165 ft below land surface, similar to 
the supply well, which is screened from 100 to 190 ft below 
land surface. Water levels in well 4 show declines during peak 
river flow when the municipal well begins pumping, and large 
water-level fluctuations when the well pump is turned on and 
off during summer months. Well 3 is a shallow well screened 
from 5 to 15 ft below land surface that shows water-level 
peaks during spring runoff and only minor fluctuations when 
the supply well is turned on and off. When the supply well 
is not pumping, water levels at the two wells show similar 
variations, and the deeper water level at well 4 shows a 
downward vertical gradient. Driller’s logs for the municipal 
supply well and monitoring well 4 describe sandy clay and 
silty clay layers from 120 to 130 ft below land surface that 
likely dampens the response of the water level in well 3 to 
pumping at the municipal well.

Water lost to infiltration through the channel of the 
Carson River appears to affect water levels at least 1 mi from 
the river. Water levels in wells more distant from the Carson 
River show relatively broad spring peaks that lag behind 
the peak in spring runoff by about 1 month (wells 8, 9, and 
10; fig. 18B). Water lost to infiltration through the beds of 
irrigation ditches also may contribute to recharge in areas 
away from the river channel when diversion rates increase as 
the river stage increases during spring months (fig. 17). The 
water-level rise at well 8 from October 2008 to June 2009 
may, in part, be caused by recharge from the nearby mountain 
block from winter precipitation, as suggested by the greater 
amplitude of water-level rise in that well than seen at wells 9 
and 10. Water-level peaks at wells 6 and 7 generally coincide 
more closely with the peaks during spring runoff or with 
smaller streamflow peaks during the winter.
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Figure 18. Variations in groundwater levels compared with variations in streamflow of the Carson River 
at Dayton for (A) wells close to the Carson River, and (B) wells distant from the Carson River, middle 
Carson River basin, Nevada.
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Water levels in wells near Lahontan Reservoir show 
losses of stored water to infiltration beneath the reservoir 
during periods of high reservoir stage, and groundwater 
seepage to the reservoir during periods of low stage. Water-
level fluctuations in two wells (wells 1 and 2) screened in 
basin-fill sediments west of the reservoir vary with the altitude 
of daily mean reservoir stage, and in 2005 lagged behind 
peak reservoir stage by about 6 weeks (fig. 19; well locations 
on fig. 14D). However, the lag time is very approximate 
because the water levels were measured about monthly. Water 
levels in well 3 (fig. 19), screened in a mixture of basin-fill 
sediments and broken rock on the eastern side of the reservoir 
also lagged behind peak reservoir stage by about 6.5 weeks 
in 2009. This lag time is considered accurate because water 
levels at the well were recorded hourly. At peak reservoir 

levels, there is a vertical gradient from the surface water stored 
in the reservoir to aquifers surrounding the reservoir, and the 
gradient between wells 1 and 2 is westward. During periods 
of low reservoir stage and the entire year in 2008, the gradient 
is from the aquifers toward the reservoir and the gradient 
between wells 1 and 2 is eastward. In late October and early 
November 2008, groundwater seepage on the western side of 
Lahontan Reservoir was observed near Silver Springs filling 
the thalweg of the Carson River channel at a time when the 
channel of the Carson River upstream from the reservoir had 
been dry for several weeks (fig. 20A). Seepage took place by 
a combination of diffuse flow from a continuous seepage face 
(fig. 20B) and more concentrated flow producing individual 
seepage channels (fig. 20C). 

tac11-4170_fig 19
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Figure 19. Variations in groundwater levels compared to variations of the stage of Lahontan Reservoir, 
middle Carson River basin, Nevada. Well locations shown in figure 14D.
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Figure 20. (A) Groundwater seepage east of Silver Springs, Nev, filling the thalweg of the 
Carson River channel on the floor of Lahontan Reservoir, looking west with Churchill Butte in the 
background, (B) diffuse seepage through a continuous seepage face, and (C) concentrated flow in 
an individual seepage channel, middle Carson River basin, Nevada. Photographs taken by author 
Oct. 29–Nov. 4, 2008. 

Figure 20.—Continued

tac11-4170_fig 20a

Photograph taken by author, October 29, 2008, looking southwest

A

tac11-4170_fig 20b

Seepage channel

Seepage face

Photograph taken by author November 4, 2008, looking south

B
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Figure 20.—Continued

tac11-4170_fig 20c

Photograph taken by author November 4, 2008, looking east.

Seepage channel

C
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Summary and Conclusions
Changes in land use and water use and increasing 

development of water resources in the Carson River basin 
may affect flow of the river and, in turn, affect downstream 
water users dependent on sustained river flows to Lahontan 
Reservoir. To address these concerns, the U.S. Geological 
Survey, in cooperation with the Bureau of Reclamation, began 
a study in 2008 to evaluate groundwater flow in the Carson 
River basin between Carson Valley and Lahontan Dam, called 
the middle Carson River basin in this report. This report 
describes the geologic framework and hydrogeologic setting 
of the middle Carson River basin and presents information 
from which a numerical model of the groundwater and 
surface-water flow systems is currently being developed.

The middle Carson River basin includes the hydrographic 
areas of Eagle, Dayton, and Churchill Valleys upstream of 
Lahontan Dam. Data also were collected for this study in 
the western part of the Carson Desert hydrographic area, 
which encompasses Lahontan Valley. The Dayton Valley 
hydrographic area is divided into five subbasins; Riverview, 
Moundhouse, Carson Plains, Bull Canyon, and Stagecoach. 

Hydrogeologic units in the middle Carson River basin 
were developed by grouping geologic units mapped at a scale 
of 1:100,000 into units assumed to have similar hydrologic 
characteristics. Consolidated rocks were grouped into granitic 
and metamorphic hydrogeologic units of pre-Cenozoic age 
that underlie the Tertiary and Quaternary hydrogeologic units 
in the valleys. Consolidated volcanic rocks were grouped into 
ash-flow tuffs, andesitic, basaltic and rhyolitic, and semi-
consolidated sedimentary hydrogeologic units of Tertiary age. 
Various types of unconsolidated sediments of Quaternary 
age were grouped into a basin-fill hydrogeologic unit. 
Unconsolidated sediments described as thin veneers overlying 
other hydrogeologic units, and eolian sand deposits were 
distinguished from the basin-fill hydrogeologic unit. 

The hydrogeologic units of consolidated rocks are much 
less permeable to groundwater flow than the basin-fill unit. 
However, numerous domestic wells have been installed in 
Tertiary volcanic rocks near the periphery of the Stagecoach 
subbasin and in Churchill Valley. Similarly, the Tertiary 
sedimentary hydrogeologic unit is likely also less permeable 
than the basin-fill unit, but domestic wells have been 
installed that likely pump water from the unit. The basin-fill 
hydrogeologic unit overlies the other hydrogeologic units and 
forms the principal aquifers in the study area.

The basin-fill hydrogeologic unit comprises 
unconsolidated sediments deposited by streams forming 
alluvial fans surrounding the valleys, fluvial sediments 
deposited by the Carson River and other streams, and lake 
sediments deposited during high stands of ancient Lake 
Lahontan. Sediments deposited by ancient Lake Lahontan 
are present in the basin-fill hydrogeologic unit from the 
Moundhouse subbasin eastward to Lahontan Valley. Lake 

Lahontan covered much of northwestern Nevada at various 
times during the Pleistocene epoch and its level fluctuated 
in response to changing glacial climates. As the levels of 
ancient Lake Lahontan rose and fell, the deposition of deltaic 
sediments at the mouth of the Carson River moved upstream 
and downstream, and the deposition of beach sand and gravel, 
deep-lake silt and clay, and eolian sand moved laterally across 
the valley floors, creating a complex mixture of Quaternary 
sediments within the basin-fill hydrogeologic unit.

Lithologic descriptions from driller’s logs show that 
coarse gravel and cobble layers are more than 300 ft thick 
and as deep as 600 ft below land surface in the Carson Plains 
subbasin. Thick clay layers also are found in the Carson 
Plains subbasin, sometimes in close proximity to wells having 
thick coarse gravel layers. Thick layers of coarse gravel and 
cobbles are found in the northern part of the Stagecoach 
subbasin, whereas thick clay layers are present in Churchill 
and Lahontan Valleys.

The thickness of the combined section of Tertiary 
volcanic and sedimentary rocks and Quaternary basin-fill 
deposits was previously estimated for northern Nevada using 
gravity data. In the study area, the estimated thickness of 
Tertiary and Quaternary rocks and sediments ranges from 
zero where pre-Cenozoic rocks are exposed to greater than 
10,000 ft in the Bull Canyon subbasin, and greater than 
6,000 ft thick on the western side of Churchill Butte and 
beneath the Desert Mountains. The thickness of Quaternary 
basin-fill sediments was estimated using existing gravity data 
measured at 640 stations and gravity measurements made for 
the study at an additional 95 stations, along with lithologic 
descriptions from driller’s logs for deep wells that did and did 
not penetrate consolidated rocks. 

The resulting estimates of the thickness of unconsolidated 
basin-fill sediments generally are less than estimates in 
previous studies. In Carson Plains, basin-fill sediments are 
thickest, greater than 1,000 ft, about 4 mi northeast of Dayton. 
In the Stagecoach subbasin, basin-fill sediments are thickest 
greater than 800 ft, beneath the western part of the subbasin, 
and are greater than 600 ft thick beneath the northeastern 
part of the subbasin. In Churchill Valley, basin-fill sediments 
are thickest, greater than 1,000 ft, about 5 mi west of Silver 
Springs, and greater than 800 ft thick beneath the Carson 
River in the southern part of the valley. Basin-fill thickness 
is estimated to exceed 1,300 ft near the intersections of 
U.S. Highway 95 and U.S. Highway 50 in Lahontan Valley. 
Sediments, likely of Tertiary age, underlie consolidated rocks 
at several locations near the valley margins and may underlie 
unconsolidated basin-fill sediments at many locations in 
the study area, but are difficult to distinguish using gravity 
data. For this reason, estimates of the thickness of basin-fill 
sediments made for this study are considered to be minimum 
values representing the most permeable parts of the basin fill 
sediments.
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Estimates of the hydraulic conductivity of basin-fill 
sediments and consolidated rocks were made on the basis of 
analyses of slug test data collected at 30 monitoring wells 
in Dayton and Churchill Valleys. The slug test data indicate 
potential ranges of hydraulic conductivity in the various types 
of geologic materials; greater than 10 ft/d to more than100 ft/d 
for fluvial sediments near the flood plain, less than 10 ft/d 
for basin-fill sediments outside the flood plain, and less than 
1 ft/d for consolidated rocks. The estimates of hydraulic 
conductivity are likely representative of the upper 50 ft of 
saturated basin-fill sediments

 Single-well aquifer test data from 16 wells in Dayton 
Valley were analyzed to estimate the transmissivity of the 
entire thickness of basin-fill sediments. The estimates of 
transmissivity approached or exceeded 30,000 ft2/d near the 
Carson River flood plain in the Riverview and Carson Plains 
subbasins, and a value of 90,000 ft2/d was simulated in a 
numerical flow model on the basis of data from a multiple-
well aquifer test. The model simulation indicated that 
permeable gravel and cobble zones (described in lithologic 
logs for nearby wells) at depths greater than 400 ft supplied 
water to the pumping well.

The distribution of transmissivity in Eagle, Dayton, 
Churchill, and western Lahontan Valleys was estimated 
using a log-based regression between specific capacity and 
transmissivity calculated from the 16 tests and information 
on well-yield and drawdown reported in about 400 driller’s 
logs. The resulting distribution of transmissivity shows 
values exceeding 20,000 ft2/d generally are near the Carson 
River in Dayton, Churchill, and western Lahontan Valley. 
Transmissivity values greater than 20,000 ft2/d are found 
north of Misfits Flat in the Stagecoach subbasin and values 
greater than 10,000 ft2/d are found throughout the western 
part of Churchill Valley. The transmissivity estimates in the 
Stagecoach subbasin are somewhat greater than previous 
model-derived estimates, whereas the transmissivity estimates 
in Eagle Valley agree well with those determined previously. 

The distribution of specific yield of previously mapped 
geologic units in the middle Carson River basin was estimated 
on the basis of their lithologic descriptions, and on values 
reported in the literature for units with similar lithology. 
The specific yield of consolidated rocks was estimated to be 
the lowest, ranging from less than 1 to 2 percent, with the 
exception of basaltic rocks which may have a specific yield as 
great as 15 percent where highly fractured and vesicular. The 
specific yield of sedimentary deposits was estimated to range 
from 1 to 40 percent, depending on grain size and sorting. 
The fine-grained semi-consolidated Tertiary sediments were 
assigned a range from 1 to 15 percent, alluvial fan sediments 
were assigned a range from 10 to 30 percent, lake deposits 
were assigned a range from 20 to 40 percent, and fluvial 
deposits were assigned a range from 30 to 40 percent.

Water-level measurements were made in April 2009 at 
about 300 wells, including 10 wells installed for this study, 
to develop updated contours of water-level altitude for each 
valley and to evaluate long-term water-level changes and 
regional groundwater-flow directions. Water levels from new 
wells on the topographic divide between the Carson Plains 
and Stagecoach subbasins show a distinct groundwater divide 
between the subbasins. Water levels from new wells on the 
northeastern side of the Stagecoach subbasin indicate flow 
northeastward into Churchill Valley, where previous studies 
reported a groundwater divide in 1971. Water levels have 
declined as much as 70 ft since 1964 in the northwestern part 
of Eagle Valley, about 10 ft since 1995 in a small area east of 
Dayton in the Carson Plains subbasin, about 5 ft since 1982 
over much of the valley floor in the Stagecoach subbasin, 
about 10 ft since 1982 in the western and northeastern parts 
of the Stagecoach subbasin, and about 5 ft since 1982 in the 
northwestern part of Churchill Valley. The declines are likely 
the result of pumping for municipal or agricultural use. 

Groundwater-flow directions are uncertain beneath parts 
of the boundary of Churchill Valley. A comparison of the 
altitude of the top of pre-Cenozoic rocks with water-level 
altitudes was used to evaluate the potential for groundwater 
flow beneath the boundaries of Churchill Valley, assuming 
the rocks are relatively impermeable to groundwater flow. 
Relatively thick sections of saturated Tertiary rocks and 
sediments overlying the pre-Cenozoic rocks are present 
beneath the eastern part of the Desert Mountains, south of 
the Dead Camel Mountains, and beneath the northern part 
of Adrian Valley through which groundwater flow may take 
place. North of Lahontan Reservoir, beneath the Dead Camel 
Mountains, and beneath the southern part of Adrian Valley, 
the altitudes of pre-Cenozoic rocks are similar to or slightly 
less than water-level altitudes, indicating that interbasin 
groundwater flow does not take place or is small. 

Data collected for this study from 2007 to 2009 on 
groundwater and surface-water interactions in the middle 
Carson River basin include streamflow measurements and 
surface-water quality samples at 13 sites along the Carson 
River in Dayton and Churchill Valleys, and measurements of 
groundwater levels in 10 wells in the Carson Plains subbasin 
and 3 wells in Churchill Valley. The water-level data were 
compared to variations in stage of the Carson River and 
Lahontan Reservoir. Differences in streamflow calculated 
from the measurements and variations in water quality indicate 
a loss of streamflow in the Riverview subbasin, streamflow 
gains in the Moundhouse subbasin and in the eastern part of 
the Carson Plains subbasin, and streamflow losses in the Bull 
Canyon subbasin. 

Variations in groundwater levels and stream and 
reservoir stage in the Carson Plains subbasin and Churchill 
Valley indicate a close link between the surface-water and 
groundwater systems. In Carson Plains, water levels in 
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monitoring wells close to the Carson River fluctuate quickly 
in response to changes in flow of the Carson River. Water 
levels in wells more distant from the Carson River show broad 
springtime peaks that lag behind the peak in spring runoff by 
about 1 month, indicating streamflow lost to infiltration affects 
water levels at least 1 mi from the river. The fluctuations 
in groundwater levels caused by variations in stream stage 
indicate streamflow lost to infiltration through the channel of 
the Carson River, the beds of irrigation ditches, and beneath 
irrigated fields is a source of groundwater recharge. Near 
the Carson River, fluctuations in groundwater levels show 
the response to pumping from a municipal supply well is 
damped in the shallow part of the aquifer by silt and clay 
layers from 120 to 130 ft below land surface. In Churchill 
Valley, water levels in wells near Lahontan Reservoir show 
losses to infiltration beneath the reservoir during periods of 
high reservoir stage, and groundwater seepage to the reservoir 
during periods of low stage.
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Appendix A.  Location of Selected Wells Encountering Bedrock and Deep Wells 
Not Encountering Bedrock

Table A1. Location of selected wells encountering bedrock and deep wells not encountering bedrock.  

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Water strata: X indicates 
yes; N indicates no; ? indicates uncertain. Abbreviations: na, log not available; ne, not encountered; ft, foot; –, not applicable]

Nevada  
log No.

Decimal  
latitude     

Decimal 
longitude

Depth to  
bedrock

(feet below  
land surface)

Bottom  of 
bedrock 

(feet below  
land surface)

Total depth 
drilled

(feet below 
land surface)

Water  
strata

Bedrock description

Wells where bedrock was encountered

na 39.505471 118.953214 11,300 ne 2,400 ? Sandstone and siltstone
328 39.286389 119.411083 178 ne 315 ? Lava
6554 39.34637 119.4359 329 ne 387 ? Rock, conglomerate
7142 39.283804 119.466003 44 ne 310 X Gray volcanics 
8613 39.2622 119.57806 1287 ne 330 N Granite
8812 39.357415 119.396279 1234 ne 320 N Bed rock
10351 39.11399 119.75662 243 ne 247 N Hard, solid granite
10763 39.197689 119.679622 186 ne 257 X Volcanic rock
14080 39.445749 119.045994 1320 ne 552 X Volcanic, broken rock
14081 39.4379 119.10251 1315 ne 600 N Broken volcanic rock
14082 39.43722 119.06515 168 ne 75 X Broken volcanic rock
15576 39.3347 119.39307 7 135 378 N Rock
15790 39.221857 119.607397 196 ne 500 ? Solid brown rock
18657 39.232691 119.569895 150 ne 175 ? Hard rock
19307 39.223245 119.657955 122 ne 220 X Gray rock
19526 39.163117 119.706514 316 ne 325 N Hard gray rock
19893 39.289528 119.268889 1105 ne 110 N Solid rock
20749 39.190189 119.706568 410 ne 435 ? Very hard rock
22990 39.244914 119.547395 1575 ne 575 N Solid rock
23466 39.233524 119.601286 40 ne 430 X Soft rock, fractured at 360 ft
25073 39.187966 119.698234 291 ne 460 X Volcanic black rock
28071 39.182411 119.707401 693 ne 1250 ? Hard rock
30478 39.161021 119.710734 225 ne 255 X Pink rock
30627 39.184633 119.70879 450 ne 585 ? Granite and green clay
34732 39.325748 119.443503 283 ne 355 X Fractured rock
35070 39.176178 119.788461 203 ne 480 X Fractured granite
35508 39.172036 119.716919 405 ne 480 X Bedrock
42207 39.37625 119.30053 395 ne 500 X Decomposed rock
44109 39.386694 119.322638 250 ne 345 X Fractured volcanic rock
46043 39.184632 119.804072 215 ne 232 ? Increasingly hard granite
46045 39.174909 119.80296 297 ne 337 N Metamorphic rock
46048 39.161854 119.797682 250 ne 255 X Metamorphic rock
46050 39.16352 119.799627 164 ne 175 X Metamorphic rock
46052 39.18602 119.80296 50 ne 107 X Metamorphic rock
46302 39.42583 119.28167 1356 ne 375 X Black, broken shale
49278 39.31305 119.5525 211 ne 370 X Andesite, with cracks at 340 ft
51944 39.145187 119.774903 155 ne 241 X Metamorphic rock with clay-filled fractures
51950 39.144076 119.775181 59 ne 179 X Metamorphic rock with clay-filled fractures
51956 39.208244 119.738237 37 ne 302 X Black and red basalt
61252 -119.48944 -39.3025 1210 0 300 ? Altered granite
62043 39.45389 119.08875 300 ne 320 X Bedrock
68664 39.1527 119.723936 547 ne 649 ? Fractured rock
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Nevada  
log No.

Decimal  
latitude     

Decimal 
longitude

Depth to  
bedrock

(feet below  
land surface)

Bottom  of 
bedrock 

(feet below  
land surface)

Total depth 
drilled

(feet below 
land surface)

Water  
strata

Bedrock description

Wells where bedrock was encountered—Continued

69729 39.34784 119.43961 1229 ne 309 X Granite, with cracks at 289 ft
74739 39.434722 119.034722 1365 ne 395 X Bedrock
79709 39.42083 119.04666 1300 ne 320 X Black rock
84996 39.26337 119.515 1285 ne 340 X Decomposed lava rock
86098 39.38753 119.32086 302 ne 350 X Fractured rock
86135 39.44002 119.17458 212 351 360 X Brown sandstone, fractured volcanic at 302 ft
87915 39.36814 119.40822 206 ne 413 X Bedrock, volcanic
88346 39.360944 119.20825 114 ne 160 X Black rock, fractured at 68 ft
88348 39.346 119.249 9 267 300 N Black rock
89483 39.37511 119.25353 185 ne 400 X Black fractured rock
89501 39.25978 119.51403 1220 ne 267 X Black, red, green, white rock
90568 39.216667 119.595528 122 262 300 X Rock
92036 39.37467 119.245028 1250 ne 430 X Hard black rock, fratured at 350 ft
92045 39.33089 119.23106 140 ne 150 X Lava bed
92046 39.32964 119.23114 170 ne 130 X Lava bed
92854 39.362722 119.245028 175 ne 280 X Bed rock, fractured at 240 ft
93658 39.39265 119.38103 115 175 580 ? Rock
95816 39.34198 119.46089 1180 ne 220 X Bedrock
96190 39.359028 119.199556 135 ne 200 X Bedrock
98091 39.332028 119.238694 176 ne 340 X Bedrock, fractured
99379 39.43147 119.23267 14 ne 320 X Loose fractured rock
100037 39.34919 119.20947 135 ne 200 X Red volcanic rock
100046 39.34925 119.444889 200 ne 273 X Rock
101357 39.33114 119.24039 65 ne 340 X Reddish rock, broken at 160 ft
103177 39.230353 119.565689 380 ne 420 N Red volcanic  
103845 39.376944 119.32333 1200 400 515 N Lava rock shelf
106227 39.16636 119.70706 187 ne 200 N Dacite porphyry
106603 39.32454 119.48306 155 ne 178 X Fractured volcanic rock

Table A1. Location of selected wells encountering bedrock and deep wells not encountering bedrock.—Continued

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Water strata: X indicates 
yes; N indicates no, ? indicates uncertain. Abbreviations: na, log not available; ne, not encountered; ft, foot; –, not applicable]
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Table A1. Location of selected wells encountering bedrock and deep wells not encountering bedrock.—Continued

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Water strata: X indicates 
yes; N indicates no, ? indicates uncertain. Abbreviations: na, log not available; ne, not encountered; ft, foot; –, not applicable]

Nevada  
log No.

Decimal  
latitude     

Decimal 
longitude

Well depth
(feet below  

land surface)

Deep wells where bedrock was not encountered

5336 39.259636 119.550173 300
6085 39.29755 119.50565 500
6643 39.29203 119.51654 504
7314 39.26864 119.52773 600
10114 39.273248 119.518227 373
10144 39.2659 119.571387 222
13135 39.358804 119.391279 272
14078 39.377194 119.192833 380
22883 39.24066 119.57426 405
36083 39.37 119.37501 760
36859 39.332415 119.436003 822
42761 39.364 119.19597 179
44978 39.34294 119.18422 279
47257 39.36236 119.18686 179
48435 39.2385 119.56413 483
63880 39.23726 119.56785 503
64862 39.37836 119.306583 455
67706 39.34981 119.22319 180

Nevada  
log No.

Decimal  
latitude     

Decimal 
longitude

Well depth
(feet below  

land surface)

Deep wells where bedrock was not encountered— Continued

70678 39.37392 119.20342 181
71150 39.38056 119.30525 415
78328 39.36122 119.23178 200
79579 39.37028 119.21983 190
82728 39.415167 119.26814 480
89470 39.36892 119.19331 220
93663 39.28957 119.52764 460
95425 39.35064 119.23394 190
95906 39.34375 119.196111 260
96431 39.34175 119.455527 260
98085 39.36767 119.23208 240
98419 39.34039 119.23153 220
101068 39.34542 119.156194 275
101427 39.355 119.23047 240
102964 39.34439 119.44833 258
109427 39.37268 119.35155 300
109429 39.37772 119.34234 462
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Appendix B.  Location of Selected Wells Logs Describing Gravel and Cobble, and 
Clay Layers Greater than 50 Feet Thick, Layer Depths, and Thicknesses

Table B1. Location of selected well logs describing gravel and cobble, and clay layers greater than 50 feet thick, layer depths, and 
thicknesses.  

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Abbreviation: ft, foot]

Nevada  
log No.

Decimal
latitude     

Decimal 
longitude

Land surface 
altitude

(ft)

Depth to top
(feet below 

land surface)

Depth to 
bottom  

(feet below 
land surface)

Thickness
(ft)

Lithologic description

Gravel and cobble layers

3436 39.24288016 119.563071 4,370 85 204 119 Sand and cobbles
5336 39.259636 119.550173 4,357 52 300 248 Gravel
6085 39.30026662 119.5025944 4,309 150 205 55 Gravel
6085 39.30026662 119.5025944 4,309 276 500 224 Gravel, thin clay zones
6087 39.29307456 119.5259442 4,339 80 178 98 Coarse gravel
6087 39.29307456 119.5259442 4,339 228 460 232 Gravel, thin clay zones
6088 39.28945395 119.5259749 4,330 50 100 50 Gravel
6643 39.29203 119.51654 4,303 271 504 233 Gravel, thin clay zones
7314 39.26864 119.52773 4,353 250 600 350 Gravel, cobblestones
8818 39.35896299 119.3959183 4,293 65 234 169 Gravel
12180 39.2968158 119.5493739 4,388 50 110 60 Gravel and boulders
13657 39.23193819 119.5677717 4,450 0 75 75 Gravel and boulders
14078 39.37682912 119.1903465 4,170 325 380 55 Gravel
20891 39.32920761 119.4516269 4,289 180 230 50 Gravel
21642 39.39168243 119.2848754 4,339 220 280 60 Cobbles and sand
21642 39.39168243 119.2848754 4,339 0 120 120 Cobbles
22990 39.24648948 119.5490253 4,367 134 250 116 Cobbles and sand
22980 39.24648948 119.5490253 4,367 312 575 263 Cobbles, sand, cemented zones
22980 39.24648948 119.5490253 4,367 404 505 101 Sand and cobbles
22991 39.25691301 119.5636047 4,308 0 62 62 Sand and cobbles
32168 39.23192381 119.572334 4,442 0 50 50 Gravel, boulders, and sand
36109 39.47256829 118.9899772 4,112 150 300 150 Gravel
40847 39.37009892 119.3682293 4,341 90 145 55 Gravel
42045 39.37379299 119.3775516 4,341 50 75 25 Gravel and boulders
44028 39.31123119 119.5585842 4,554 0 250 250 Cobbles and cemented gravel
44158 39.3880697 119.3220163 4,521 0 120 120 Cobbles and boulders
46824 39.34771531 119.456098 4,446 245 300 55 Gravel
48435 39.23923735 119.5630771 4,392 0 200 200 Gravel and cobbles, minor clay
50408 39.23557957 119.5677704 4,420 0 65 65 Cobbles and gravel
63021 39.37744522 119.3822398 4,378 0 50 50 Gravel and boulders
63880 39.23557957 119.5677704 4,420 4 150 146 Cobbles and gravel
63880 39.23557957 119.5677704 4,420 318 503 185 Gravel and sand
70785 39.33670945 119.4284017 4,361 0 183 183 Sand, gravel, and boulders
73815 39.37370082 119.3961132 4,342 260 314 54 Gravel
76352 39.38446174 119.3079605 4,442 375 470 95 Gravel
78362 39.37744748 119.3821293 4,378 58 239 181 Gravel
78362 39.37744748 119.3821293 4,378 251 320 69 Gravel
82712 39.36418539 119.1662177 4,170 15 71 56 Gravel and sand
82723 39.31542887 119.2432004 4,209 147 240 93 Gravel and sand
84087 39.38416038 119.2094737 4,180 0 80 80 Sand and cobbles
84092 39.3408608 119.3866402 4,257 0 160 160 Sand and cobbles
84092 39.3408608 119.3866402 4,257 170 260 90 Cobbles
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Nevada  
log No.

Decimal
latitude     

Decimal 
longitude

Land surface 
altitude

(ft)

Depth to top
(feet below 

land surface)

Depth to 
bottom  

(feet below 
land surface)

Thickness
(ft)

Lithologic description

Gravel and cobble layers—Continued

84996 39.26070785 119.5119402 4,416 50 135 85 Cobbles
84996 39.26070785 119.5119402 4,416 180 240 60 Cobbles
90586 39.21707932 119.5958636 4,462 0 122 122 Sand and cobbles
92085 39.26775864 119.5119278 4,379 89 163 74 Gravel
92085 39.26775864 119.5119278 4,379 215 300 85 Gravel
92854 39.36604619 119.242976 4,228 0 110 110 Gravel and boulders
93663 39.28957 119.52764 4,338 360 460 100 Gravel and cobbles
95452 39.35509438 119.4514665 4,472 0 68 68 Cobbles and boulders
95489 39.34032316 119.4422698 4,326 0 82 82 Cobbles and boulders
95489 39.34032316 119.4422698 4,326 164 219 55 Gravel and sand
96127 39.30812903 119.233735 4,212 180 240 60 Gravel
97060 39.37335688 119.242919 4,208 100 170 70 Gravel
99379 39.42419303 119.2330539 4,396 0 145 145 Cobbles
99471 39.37000525 119.4101202 4,362 0 96 96 Sand, cobbles, and gravel

Clay layers

2544 39.32672032 119.1510007 4,164.196 0 94 94 Clay
3436 39.24288016 119.563071 4,370.453 300 360 60 Clay
6553 39.33300866 119.4377056 4,291.738 475 595 120 Clay
6643 39.29661416 119.5165738 4,328.586 120 171 51 Clay
8230 39.31533331 119.3869055 4,292.3 30 80 50 Clay
9206 39.21346362 119.6099243 4,386.444 20 70 50 Clay
11777 39.307856 119.1912753 4,175.111 219 297 78 Clay
11985 39.24641261 119.5725246 4,344.605 215 350 135 Clay
14079 39.36453383 119.1523005 4,157 25 115 90 Clay
14080 39.44425507 119.0453819 4,176.25 95 155 60 Clay
14081 39.4475933 119.0267437 4,196.711 25 200 175 Clay
14081 39.43696235 119.1014682 4,167.577 135 315 180 Clay
14081 39.43696235 119.1014682 4,167.577 455 550 95 Clay
20046 39.43510776 119.2045806 4,329.213 0 90 90 Clay
20347 39.40234484 119.2141056 4,178.375 35 102 67 Clay
20930 39.30483756 119.3869996 4,290.87 60 135 75 Clay
23906 39.45853178 119.0452394 4,108.757 180 294 114 Clay
27907 39.36259771 119.4192872 4,431.171 192 266 74 Clay
32168 39.23192381 119.572334 4,441.985 160 290 130 Clay
32566 39.4336864 119.139209 4,305.844 220 297 77 Clay
38570 39.40625404 119.2661259 4,286.057 314 434 120 Clay
44977 39.34410542 119.1864751 4,195.781 176 230 54 Clay
46639 39.42223508 119.0503139 4,303.516 46 280 234 Clay
49278 39.31114088 119.5212038 4,365.837 7 86 79 Clay
49278 39.31114088 119.5212038 4,365.837 132 211 79 Clay
61241 39.26654392 119.0977708 4,169.803 0 290 290 Clay
63028 39.39891847 119.2847418 4,344.933 190 251 61 Clay
63028 39.39891847 119.2847418 4,344.933 302 390 88 Clay
63871 39.38107245 119.3822452 4,418.184 96 216 120 Clay
69725 39.31473863 119.5072189 4,370.736 18 79 61 Clay
73815 39.37370082 119.3961132 4,342.334 148 210 62 Clay

Table B1. Location of selected well logs describing gravel and cobble, and clay layers greater than 50 feet thick, layer depths, and 
thicknesses.—Continued

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Abbreviation: ft, foot]
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Clay layers—Continued

74730 39.42638445 119.1344911 4,346.625 37 346 309 Clay
76352 39.38446174 119.3079605 4,441.901 4 365 361 Clay
78353 39.40615894 119.2472583 4,228.894 221 282 61 Clay
79709 39.42594403 119.0501366 4,255.622 100 300 200 Clay
84087 39.38416038 119.2094737 4,179.983 80 265 185 Clay
86087 39.30816461 119.2100253 4,220.982 30 85 55 Clay
86087 39.30816461 119.2100253 4,220.982 140 190 50 Clay
86135 39.44155951 119.176724 4,287.287 57 212 155 Clay
87938 39.40078986 119.129682 4,293.438 130 210 80 Clay
92985 39.42594207 119.0502477 4,255.622 28 315 287 Clay
92085 39.26775864 119.5119278 4,378.868 300 450 150 Clay
92985 39.42594207 119.0502477 4,255.622 520 610 90 Clay
95796 39.34433008 119.2052695 4,202.444 86 156 70 Clay
96127 39.30812903 119.233735 4,211.844 100 160 60 Clay
99135 39.27502538 119.5637427 4,347.678 6 105 99 Clay

Table B1. Location of selected well logs describing gravel and cobble, and clay layers greater than 50 feet thick, layer depths, and 
thicknesses.—Continued

[Decimal latitude and longitude: North American Datum of 1983. Land surface altitude: North American Vertical Datum of 1988. Abbreviation: ft, foot]
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