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Water Resources and Potential Effects of
Ground-Water Development in Maggie,
Marys, and Susie Creek Basins,

Elko and Eureka Counties, Nevada

By Russell W. Plume

Abstract

The Maggie, Marys, and Susie Creek Basins
(combined area, about 630 square miles) are tribu-
taries of the Humboldt River in north-eastern
Nevada. The basins are along part of the Carlin
trend, an area of large, low-grade gold deposits. In
the Maggie Creek Basin, pumping of ground water
at the Gold Quarry mine, including dewatering of
the open pit, is expected to affect ground-water
levels, streamflow, and the flow of Carlin spring,
which is the water supply for the town of Carlin,
Nevada.

Bedrock forms two structural basins in the
Maggie Creek study area. One underlies the topo-
graphic basin of upper Maggie Creek, and contains
as much as 7,000-8,000 feet of basin-fill deposits.
The other structural basin underlies the topo-
graphic basins of lower Maggie Creek and adja-
cent parts of Marys Creek and Susie Creek Basins,
and contains as much as 4,000 feet of the deposits.
The principal aquifers in the study area are in
basin-fill deposits.

A combination of geologic, hydrologic, and
geochemical evidence supports the following con-
clusions regarding ground-water flow and stream-
aquifer relations in the study area: (1) Ground
water flows from recharge areas in the Tuscarora
and Independence Mountains and unnamed hills
northeast of Maggie Creek canyon toward upper
Maggie Creek, and discharges as evapotranspira-

tion and as inflow to the stream channel; (2) bed-
rock of Schroeder Mountain is sufficiently
permeable that small amounts of ground water
flow from the upper Maggie Creek Basin to the
lower basin; (3) ground water in the combined
area of the lower Maggie Creek Basin and adjacent
parts of the Marys and Susie Creek Basins flows
south and southeast to the main discharge area
along the Humboldt River; (4) a large part of
ground-water recharge in the lower Maggie Creek
Basin comes from infiltration of streamflow along
lower Maggie Creek; and (5) volcanic rocks inter-
bedded with basin-fill deposits function as a
permeable drain through which streamflow losses
from lower Maggie Creek flow southward into
Marys Creek Basin and discharge at Carlin spring.

The only source of water to the combined
area of the Maggie, Marys, and Susie Creek Basins
is an estimated 420,000 acre-feet per year of pre-
cipitation (there is no evidence of ground-water
underflow from basins adjacent to the study area).
Streamflow runoff from the three basins, which
includes ground-water discharge to stream chan-
nels, is an estimated 38,000 acre-feet per year. The
remaining 380,000 acre-feet per year is believed to
be consumed as evapotranspiration of soil mois-
ture and ground water. Ground-water recharge to
the three basins, which comes from infiltration of
precipitation, is an estimated 25,000 acre-feet per
year. Ground water is discharged as evapotranspi-
ration (11,000 acre-feet per year) and as spring-
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flow and inflows to the Humboldt River channel
(7,000 acre-feet per year), for a total of 18,000
acre-feet per year. The estimate of recharge
exceeds the estimate of discharge by 7,000 acre-
feet per year. Reasons for this imbalance may be
that the estimate of annual precipitation is too high
or that the estimated percentage of precipitation
that becomes recharge is too high. However, the
estimates of discharge also could be too low.

Water levels in the study area have declined
as a result of a prolonged drought and pumping at
Gold Quarry mine. The effects of the drought are
most apparent along stream flood plains. Near
Gold Quarry mine, water levels have declined
5-10 feet at most wells and 41 feet at a well in
carbonate rocks on the west side of Schroeder
Mountain. Future water-level declines may be
mostly in the immediate vicinity of Schroeder
Mountain if the hydraulic connection between
bedrock of the mountain and adjacent basin-fill
deposits proves to be poor. If the hydraulic con-
nection is better than presently thought, water-
level declines may extend to basin-fill deposits
east and west of Schroeder Mountain. Widespread
water-level declines would affect the flow of upper
Maggie Creek because ground-water discharge
to the stream channel would be reduced or
eliminated.

When pumping of ground water ceases at
Gold Quarry mine, lower Maggie Creek east of
Schroeder Mountain may flow only during the
snowmelt runoff. Most of the baseflow of the
stream could be captured where water levels
decline as a result of mine dewatering. This reduc-
tion of streamflow and of recharge to the under-
lying aquifer eventually could affect the flow of
Carlin spring. The hydrologic effects of dewater-
ing the mine might be reduced by impounding
streamflow in the Maggie Creek canyon after
mining cease. Impounded water could be used as
a recharge source for the area where ground-water
levels decline and to maintain flow in lower Mag-
gie Creek—a recharge source for Carlin spring.
However, impoundment of streamflow would be
unlikely if it affected downstream water rights.

INTRODUCTION

Background

Development of low-grade gold deposits at
Schroeder Mountain in the Maggie Creek Basin, about
8 mi northwest of Carlin, Nev. (fig. 1), began in the late
1970’s at the Maggie Creck mine (Ekburg and others,
1991, p. 630). By 1986, this mine and adjacent parts of
the mountain were included in the Gold Quarry mine,
which is one of the largest gold mines in North Amer-
ica (Ekburg and others, 1991, p. 628 and 630). Annual
ground-water pumpage for processing gold ore and
other mining-related activities increased from 790
acre-ft in 1985 to 6,000 acre-ft in 1990. Dewatering of
the Gold Quarry mine began in 1993, when the pit floor
was extended below the water table. Initial pumping
rates were 5,000-10,000 acre-ft/yr and will increase to
a rate of about 70,000 acre-ft/yr in the late stages of
dewatering. Mining is expected to continue until the
year 2001 (C.J. Zimmerman, Newmont Gold Co., writ-
ten and oral commun, 1992).

Pumping of such large volumes of ground water
has caused concern regarding potential effects on the
water resources of the area. Specific concerns include:

(1) Reductions of discharge at Carlin spring*, the
main water supply for Carlin;

(2) increased infiltration of streamflow from
Maggie Creek and the Humboldt River to underlying
aquifers, which could affect downstream water uses;

(3) uncertainty regarding the long-term response

of ground water in aquifers in the area.

In response to the concerns listed above, the

U.S. Geological Survey, in cooperation with the
Nevada Division of Water Resources, began a study of
the Maggie Creek area in August 1988. The study was
made to improve understanding of water resources in
the Maggie, Marys, and Susie Creek Basins (fig. 1).
The study had five specific objectives:

(1) Define the hydrogeologic framework of the
lower Maggie Creek area, including hydro-
logic characteristics, boundaries, and possible
interactions of the several hydrogeologic
units;

*This spring has never been formally named. It is locally
referred to as railroad spring, city spring, and Carlin spring. In this
report, it is referred to as Carlin spring.
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These methods for interpreting aquifer tests are
based on several simplifying assumptions (L.ohman,
1972, p. 15): (1) The aquifer is homogeneous and
isotropic, (2) the ground-water body has infinite areal
extent compared to the effects of the pumping well,
(3) the screened interval of the pumping well pene-
trates the entire saturated thickness of the aquifer,

(4) the diameter of the well is infinitesimal, and

(5) water removed from storage is released instanta-
neously with decline in head. If conditions during the
test violate one or more of the assumptions, interpreta-
tions based on the test could either be invalid or at least
would need to be qualified. The only assumption
known to be consistently violated by the tests is that of
the well fully penetrating the aquifer. Thus, transmis-
sivities determined from test results represent only a
tested interval of aquifer and not its full thickness. In
addition, the assumptions that the aquifers are homoge-
neous and isotropic and that water is released instanta-
neously from storage may not be entirely valid. Some
of the test results may have been affected by leaky con-
fining beds, delayed releases from storage, and flow
through fractured rock.

Water-level trends before pumping, barometric
effects, and influences of nearby pumping wells usually
are recorded as part of a properly designed and exe-
cuted aquifer test. Although information of this type
was not provided, the potential effects of each can be
inferred. First, water-level trends before pumping and
barometric effects during pumping probably would not
have caused water-level changes of more than a few
tenths of a foot during the tests. In contrast, water-level
declines recorded during pumping ranged from 2.5 ft
to about 325 ft. Any corrections for water-level trends
before pumping or for barometric effects during pump-
ing probably would not change the interpretations used
to determine aquifer properties. Second, none of the
tests are known to have been affected by nearby
pumping wells.

Geophysical Data -

Gravity and aeromagnetic data collected previ-
ously were used to develop a generalized understand-
ing of the relations of the different hydrogeologic units
at depth. These hydrogeologic units are described in a
subsequent section of this report. Gravity data can be

used to distinguish rocks or deposits of relatively low
density, such as basin-fill deposits, from denser units
such as those that make up bedrock. Aeromagnetic
data can be used to distinguish rocks having high
contents of magnetic minerals, from typically less
magnetic rocks.

Gravity and aeromagnetic data were evaluated for
this study using two methods. First, the data were qual-
itatively evaluated by visual examination of maps
showing the gravity and magnetic fields in the study
area. Highs and lows in the gravity and magnetic fields
are referred to as anomalies. They provide information
on the subsurface distribution of hydrogeologic units.

Second, the gravity and aeromagnetic data were
used with a computer program (Webring, 1985) to
develop two cross-sectional models. The models con-
sist of several contiguous bodies, each representing one
or more hydrogeologic units. The geometry and values
of density and magnetic susceptibility for each body
were repeatedly changed during the process of model
development. After one or more changes were made,
the program was used to calculate the gravity and mag-
netic profiles from the overall model. The calculated
profiles were then compared to the corresponding mea-
sured profiles. This process continued until a satisfac-
tory fit of calculated and measured profiles was
achieved. An exact fit of calculated and measured pro-
files was never obtained because of the uncertainties
involved in the process.

Geologic models developed using the methods
described above can be constrained by knowledge of
the geologic setting, such as thickness of hydrogeo-
logic units, density and magnetic susceptibility of
units, and by the measured profiles being used to guide
the process. However, neither of the models used was
very well constrained because density and magnetic
susceptibility have not been measured, and the thick-
ness of basin fill has been defined at only two wells,
both in the lower Maggie Creek Basin. Surficial geol-
ogy was used to constrain the models at and near land
surface. Simultaneous use of gravity and magnetic
data provided an additional constraint because the two
provide contrasting information. However, neither of
the models present unique configurations. Similar fits
of calculated and measured profiles could be achieved
by changing model geometries and physical properties.
In spite of these limitations, both models are consid-
ered reasonable conceptualizations of the subsurface
relations of bedrock and basin-fill deposits.
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Streamfiow

At the beginning of the study, streamflow was
being recorded at two gaging stations on the Humboldt
River, near Carlin and at Palisade. Periods of record at
these two stations are water year 1944 to present and
water year 1903 to present, respectively. Another
gaging station, on Maggie Creek near its mouth, was
operated from water year 1914 to 1924. No other
streamflow data were available for the study area.
Consequently, the first priority was to begin making
miscellaneous streamflow measurements at selected
sites. Measurements began in August 1988 at eight
sites along lower Maggie Creek and in November 1988
at six sites along the Humboldt River. Additional sites
were subsequently established along the river, on
Marys Creek below Carlin spring, and on Susie Creek
near its mouth. Streamflow measurements were made
intermittently at these sites through October 1991. The
measurements were made to (1) identify suitable sites
for installation of recording stream gages, (2) quantify
baseflow conditions of the streams, and (3) quantify
gains or losses of streamflow over short reaches of
Maggie Creek and the Humboldt River.

On the basis of the miscellaneous streamflow
measurements, sites for three continuously recording
stream gaging stations were selected in summer 1989.
The gages were installed and operation began in the fall
of 1989. Two of the gages were installed along Maggie
Creek to measure streamflow entering the lower Mag-
gie Creek Basin and to measure changes in streamflow
in the reach of the stream next to Gold Quarry mine.
The third gage was installed on Marys Creek to mea-
sure its discharge below Carlin spring.

Observation-Well Network

A network of wells for measuring water levels in
the study area was established early in the fall of 1988.
This network was expanded as additional wells were
located and as additional observation wells were
installed as part of the study. Three observation wells
were installed by Newmont Gold Co. Two are near the
drainage divides between Maggie and Susie Creeks
and between Maggie and Marys Creeks. The third well
is between lower Maggie Creek and Carlin spring.
Seven other shallow observation wells were installed
by the U.S. Geological Survey along Maggie Creek to
monitor water levels near the stream. At the end of the

study, the network included a total of more than 60
wells. Water levels at these wells were measured twice
each year from late 1988 to late 1990.

Water Quality

Defining the chemical character of ground water
and surface water was important for two reasons. First,
such data can be used as a basis for evaluating future
changes in water quality. Second, inferred ground-
water flow paths, recharge sources, and ground-water
ages could be evaluated using these data. Ground
water at 13 wells and 4 springs was sampled for major
dissolved constituents, dissolved trace elements, dis-
solved nutrients, dissolved organic carbon, total and
dissolved cyanide, tritium, deuterium, and oxygen-18.
A radon sample was collected at Carlin spring only. At
all of the sites, temperature, pH, specific conductance,
alkalinity, and dissolved oxygen were measured in the
field using appropriate instruments. Alkalinity was
determined by incremental titration with sulfuric acid
of known concentration (Wood, 1976, p. 15-18).

Ground water at an additional well and three
springs, and surface water at six sites, were sampled
only for chloride, iodide, bromide, deuterium, and
oxygen-18. At these sites, only temperature and
specific conductance were measured in the field.

Samples for laboratory analysis were collected as
follows. Water for major- and trace-constituent analy-
ses was filtered through a 0.45-)im membrane filter and
collected in polyethylene bottles. Samples for cation
and trace-constituent analyses were acidified to a pH of
less than 3.0 with pure nitric acid (Wood, 1976, p. 7-9).
Samples for nutrient analyses were collected in opaque
polyethylene bottles, preserved with mercuric chloride,
and kept at 4°C until the analyses were made (U.S.
Geological Survey, 1990, p. 3-3). Dissolved organic
carbon samples were filtered through a stainless-steel
filter using a 0.45—Wm silver membrane filter and col-
lected in glass bottles that had been baked at 350°C.
These samples were kept at 4°C from the time of col-
lection to analysis (Wershaw and others, 1987, p. 7-8).
Dissolved-cyanide samples were filtered through a
0.45—um membrane filter and collected in polyethyl-
ene bottles. Total-cyanide samples were unfiltered and
were also collected in polyethylene bottles. Both total-
and dissolved-cyanide samples were preserved with
sodium hydroxide to a pH of at least 12.0 and kept at
4°C until the analyses were made (U.S. Geological
Survey, 1990, p. 3-3). Tritium samples were unfiltered
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water collected in glass bottles. The radon sample was
collected in a liquid-scintillation vial containing min-
eral oil. All of the samples described above were ana-
lyzed using standard methods (U.S. Geological Survey,
1990, p. 5-5 to 5-22) at the U.S. Geological Survey lab-
oratory in Arvada, Colo.

Deuterium and oxygen-18 samples were unfil-
tered water collected in glass bottles. Samples were
analyzed using standard methods (U.S. Geological
Survey, 1990, p. 5-9 and 5-14) at U.S. Geological
Survey laboratories in Reston, Va., and Menlo Park,
Calif,
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PHYSICAL SETTING
Geography

The study area consists of the drainage basins of
Maggie, Marys, and Susie CreeksT, all of which are
tributaries of the Humboldt River (figs. 1 and 2). The
three-basin area is about 630 mi? in Elko and Eureka
Counties and is along the Carlin trend, a structurally
controlled, northwest-trending alignment of low-grade
gold deposits (Knutsen and Wilson, 1990). Gold
Quarry mine, the only active gold mine in the study
area, is in the Maggie Creek Basin, about 8 mi north-
west of the town of Carlin (figs. 1 and 2). The 1990
population of Carlin was 2,220 (U.S. Bureau of the
Census, 1992); however, several thousand people, most
of whom live in Elko, are employed along the Carlin
trend at Gold Quarry mine and at other mines outside
the study area (fig. 1).

Maggie Creek Basin is the largest of the three
basins, covering an area of nearly 400 mi?. It consists
of an upper basin and a lower basin. Upper Maggie
Creek Basin trends north-northeast and is bounded on
the west by the Tuscarora Mountains. The northern
part of the basin is bounded on the east by the Indepen-
dence Mountains. The southern part is bounded on the
east by an upland consisting of unnamed hills south-
west of the Independence Mountains and by Schroeder
Mountain (figs. 1 and 2). This upland is informally
referred to as the Schroeder Mountain uplift (C.J.
Zimmerman, Newmont Gold Co., oral commun.,
1994). Altitudes are 5,200-5,700 ft above sea level
along basin lowlands, 5,950 ft at Schroeder Mountain,

"The three basins of the study area consist of all, or parts of,
three hydrographic areas defined by Rush (1968). The Maggie
Creek hydrographic area consists only of the Maggie Creek Basin.
The Marys Creek hydrographic area consists of the Marys Creek
Basin and a small area between the southern basin boundary and
the Humboldt River. The Susie Creek hydrographic area consists
of the Susie Creek Basin and a small watershed to the east called
the Dry Susie Creek Basin.
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and 8,786 ft at Beaver Peak in the Tuscarora Moun-
tains. Maggie Creek flows south-southwest for about
25 mi and then turns to the southeast in a canyon that
cuts between Schroeder Mountain and the unnamed
hills. This canyon is informally referred to in this
report as the Maggie Creek canyon.

The boundary between upper and lower Maggie
Creek Basins 1s the topographic divide formed by the
Schroeder Mountain uplift (fig. 2). Maggie Creek
flows to the southeast through the canyon and across
semiconsolidated sediments for about 10 mi to the
Humboldt River. Lower Maggie Creek Basin is sepa-
rated from Susie Creek Basin to the east and northeast
and from Marys Creek Basin to the south by low,
poorly defined topographic divides.

Susie Creek Basin covers an area of about 180
mi?. This basin is oriented north-south and is about 25
mi long and 3-10 mi wide. The basin is bounded on the
east by the Adobe Range and on the west by the Inde-
pendence Mountains, the unnamed hills, and the topo-
graphic divide with the lower Maggie Creek Basin.
Altitudes range from 4,900 to 5,900 ft along the flood
plain of the stream to more than 7,000 ft in the Adobe
Range and more than 8,000 ft in the Independence
Mountains.

The Marys Creek Basin covers about 46 mi? and
is bounded to the west by Marys Mountain. The basin
is oriented east-west and is about 10 mi long and 7-8 mi
wide. Altitudes range from 4,900 ft where Marys
Creek enters the flood plain of the Humboldt River to
7,699 ft at Marys Mountain. Carlin spring, the princi-
pal water supply for the town of Carlin, is in the lower
part of the basin (fig. 2).

Reference to the "lower Maggie Creek area" is
made throughout much of this report. For the purpose
of this study, this area is defined as consisting of the
basins of lower Maggie Creek, southern parts of Susie
Creek and upper Maggie Creek, and the entire basin of
Marys Creek (fig. 2). The entire three-basin area
(fig. 1) is referred to as the study area.

Climate

An understanding of the water resources of the
study area begins with an analysis of climate because
the source of all water in the area—streamflow and
ground water—is precipitation, which falls as rain or
snow. The study area spans two climate zones in north-
ern Nevada: mid-latitude steppe and subhumid conti-

nental (Houghton and others, 1975, p. 3). The mid-
latitude steppe zone has a semiarid climate. Summers
in this zone are warm to hot and winters are cold;
annual precipitation, as rain and snow, is 6-7 in.
(Houghton and others, p. 69). The subhumid continen-
tal zone has cool to mild summers and cold winters.
Annual precipitation in this zone, mostly as snow, is as
much as 25 in. (Houghton and others, p. 71). The
boundary between the two zones in northern Nevada
(Houghton and others, p. 3) is at an altitude of about
6,000 ft.

The seasonal distribution of precipitation in
northern Nevada depends largely on the westerly
winds. These winds come out of the west and north-
west during the winter and bring moisture as low-
pressure air masses, which are the principal source of
precipitation. These types of storms bring rain and
snow to lowland areas and snow to the higher areas.
The annual, high-altitude snowpack is the principal
source of runoff and ground-water recharge in the
study area. In addition, the low-altitude snowpack,
which varies from year to year, is important because
it can affect baseflow of streams.

During the summer, the westerly winds can
bring warm, moist air from the Gulfs of Mexico and
California and the tropical Pacific Ocean (Houghton
and others, 1975, p. 10). Summer storms can be sudden
and intense and produce large amounts of precipitation,
mostly as rain; however, precipitation from summer
storms does not constitute a large part of the annual
total because such storms typically affect only small
areas.

Several approaches have been used to define the
distribution of precipitation in Nevada as a means of
estimating potential ground-water recharge for a basin.
An early approach was to subdivide the basin into pre-
cipitation zones based on the State precipitation map
and to estimate potential recharge as a percentage of
total precipitation in each zone (Maxey and Jameson,
1948, p. 40, and Eakin and others, 1951, p. 26-27).
More recently, attempts have been made in southern
and central Nevada to statistically define relations
between precipitation and altitude on the basis of data
from widely scattered weather stations (Quiring, 1965).
However, these approaches are area specific because of
the effect of latitude on winter storm tracks (see
Houghton and others, 19785, p. 8-19, for a discussion of
storm tracks).
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Table 2. Summary of hydrogeologic units and their properties in lower Maggie Creek area, northeastern Nevada

[Abbreviations: ft, feet; gal/min, gallons per minute. Data sources: Regnier, 1960; Roberts and others, 1967; Coats, 1987; and Ettner, 1989]

Devonian to Cambrian

Hanson Creek Forma-
tions, Eureka Quartz-
ite, Pogonip Group,
and Hamburg
Dolomite

may be as much as
7,000 ft.

. Lithology end

Hydroge.ologlc Rock-stret.lgrsphlc Thickness water-bearing
unit unit
properties
Basin-fill deposits
Flood-plain Flood-plain Few tens of feet along Sorted to poorly sorted clay, silt, sand,
deposits deposits small streams to per- gravel, and boulders. Contain shallow
haps hundreds of feet water-table aquifers.
E. along Humboldt River.
S Alluvial-fan Alluvial-fan Zero at basin margins to Unsorted to poorly sorted clay, silt, sand,
g deposits deposits hundreds of feet. gravel, and boulders. Upper parts of
unit in unsaturated zone. Where satu-
rated, permeability may range through
several orders of magnitude because
unit is so heterogeneous.
Carlin Carlin 8,000 ft in upper Maggic Interbedded sediments and volcanic rocks
formation formation Creek, 2,000-4,000 ftin deposited in lakes and streams.
E of Regnier of Regnier lower Maggie Creek, Includes siltstone, sandstone, conglom-
5 (1960) (1960) and less than 1,000 ft erate, ash, tuff, and lavas. Unit yields
= beneath Humboldt water to wells at rates of less than 100
River flood plain. gal/min to more than 1,000 gal/min.
Bedrock
Intrusive Quartz porphyry in -- Unit believed to be poorly permeable.
g igneous Independence Moun- May be capable of yielding small quan-
5 rocks tains and diorite at tities of water to wells near fault zones.
= Marys Mountain
Volcanic Palisade Canyon Rhyo-  200-500 ft Mostly flows with lesser amounts of tuff.
rocks lite southwest of Discharge of Carlin spring closely asso-
2 Carlin, basaltic andes- ciated with volcanic rocks. Irrigation
8 ite interbedded with wells finished partly in volcanic rocks
E Carlin formation near lower Maggie Creek yield as much
= along lower Maggic as 2,000 gal/min.
8 Creek, latite at Marys
g Mountain and Inde-
B pendence Mountains,
& and Frenchie Creek
Rhyolite at Marys
Mountain.

.'% g Clastic Includes Woodruff 1,600 ft Chert, mudstone, shale, and calcareous
g8 sedimentary Formation, Slaven siltstone. Water-bearing properties
€935 | rocks Chert, and Vinini unknown.
5ES Formation

Carbonate Rodeo Creek unit of Exposed parts of unit Unit structurally overlain by clastic sedi-
rocks Ettner (1989), 2,600-3,200 ft thick. mentary rocks along Roberts Mountains
Popovich, Roberts Total thickness includ- thrust. Consists of limestone, dolomite,
Mountains, and ing unexposed parts quartzite, sandstone, siltstone, and mud-

stone. Unit can be very permeable
where fractured along fault zones; also
can be poorly permeable where less
fractured. Yields from wells completed
along or near fault zones as much as
3,000-4,000 gal/min.
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Bedrock

Carbonate Rocks and Clastic Sedimentary Rocks

Carbonate rocks and clastic sedimentary rocks,
both of Paleozoic age, are the oldest hydrogeologic
units in the study area. The two units are described
together because of their association during deposition
several hundred million years ago and because of their
present structural relations.

The continental margin of western North America
was in what is now the eastern Great Basin from late
Precambrian time through early Mesozoic time
(Stewart, 1980, p. 14-60). During part of this period,
marine sedimentary rocks were deposited along a shal-
low continental shelf and in a deeper ocean basin on the
adjacent continental slope and rise. Carbonate rocks
accumulated on the continental shelf and clastic sedi-
mentary rocks in the deeper basin. During Devonian
and Early Mississippian time, the clastic sedimentary
rocks were emplaced over the carbonate rocks along a
thrust fault referred to as the Roberts Mountains thrust
fault.

The carbonate rocks are exposed in relatively
small areas called windows where structural uplift and
subsequent erosion have removed the overlying clastic
sedimentary rocks. Such exposures are in the Tusca-
rora Mountains, Independence Mountains, Schroeder
Mountain, and at small areas at Marys Mountain and in
the unnamed hills (fig. 5). Carbonate rocks are
believed to underlie the entire area at differing depths.

The unit of carbonate rocks consists mostly of
limestone and dolomite but includes minor amounts of
sandstone and shale. Exposed parts of the unit range in
age from Cambrian to Devonian and include the Ham-
burg Dolomite, Pogonip Group, Eureka Quartzite,
Hanson Creek Formation, Roberts Mountains Forma-
tion, and Popovich Formation (Roberts and others,
1967, pl. 3) and the Rodeo Creek unit of Ettner (1989,
p. 60-70). The combined stratigraphic thickness of
these rock units is 2,600-3,200 ft (Stratigraphic Com-
mittee of the Eastern Nevada Geological Society, 1973;
Ettner, 1989, p. 66). An additional 4,000 ft of mostly
limestone and dolomite underlies the Hamburg Dolo-
mite in the northern Independence Mountains 40-60 mi
north of the study area and in the Roberts Mountains
about 60 mi to the south (Stratigraphic Committee of
the Eastern Nevada Geological Society, 1973). Thus,

the total stratigraphic thickness of the carbonate rocks
in the study area, including unexposed parts, could be
as much as 7,000 ft.

Analysis of an aquifer test made at a well pene-
trating carbonate rocks along a fault zone on the east
side of Schroeder Mountain produced an estimated
transmissivity of 300,000 ft?/d and hydraulic conduc-
tivity of 400 ft/d (well 52, figs. 5 and 6 and table 3).
The geologic setting suggests that the rocks yielding
water to the well are highly fractured. Consequently,
the assumption that the aquifer is homogeneous and
isotropic may not be valid (see section in Introduction
titled "Data Collection and Analysis"). Areas of high
transmissivity and hydraulic conductivity in carbonate
rocks at Schroeder Mountain and other parts of the
lower Maggie Creek area are believed to be mostly
along fault zones. Less fractured carbonate rocks in
areas between fault zones are less permeable.

Clastic sedimentary rocks are of Ordovician,
Silurian, and Devonian age (fig. 5 and table 2). These
rocks consist of shale, siliceous shale, and chert of the
Vinini Formation in the Tuscarora Mountains (Roberts
and others, 1967, pl. 3); claystone, shale, mudstone,
siltstone, sandy limestone, and chert at Marys Moun-
tain (Smith and Ketner, 1975, p. 12, 17-18, and 27); and
chert, shale, and limestone at Schroeder Mountain and
the unnamed hills (Evans and Cress, 1972). In early
studies (Roberts and others, 1967, pl. 1), the Roberts
Mountains thrust fault was mapped as structurally sep-
arating the Roberts Mountains Formation (carbonate
rocks) from the overlying Vinini Formation (clastic
sedimentary rocks). The position of the thrust fault is
now thought to be the top of the Rodeo Creek unit of
Ettner (1989, p. 66).

Clastic sedimentary rocks underlie much of the
study area (fig. 5). Rocks of this hydrogeologic unit
were penetrated at a depth of about 820 ft in a geother-
mal well drilled at Carlin High School (William E.
Nork, Inc., 1985, p. 8). Similar rocks were penetrated
in an observation well at Gold Quarry mine (well 13,
fig. 5 and table 13) at a depth of about 835 ft. Accord-
ing to the driller's log, the geothermal well penetrates
chert, thin-bedded shale and siltstone, and limestone of
the Vinini Formation at depths of 820-924 ft. The well
is perforated in its lower 74 ft. Results of an aquifer test
at this well 2produced an estimated transmissivity of
about 90 ft“/d and hydraulic conductivity of about
1 ft/d (William E. Nork, Inc., 1985, p. 12).
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DEPTH BELOW STATIC WATER LEVEL, IN FEET

VALUE OF RESIDUAL-DRAWDOWN TERM (UNITLESS; PLOTTING SYMBOL?)
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TIME SINCE PUMPING STARTED, IN MINUTES (PLOTTING SYMBOL*)

EXPLANATION

Points on drawdown curve are plotted from values of depth below static water lavel at time, 1, after pumping started
(lower X axis). First two limbs of curve show rising water levels, probably bacause pumping rates at beginning of first
and sacond pumping pariods exceed avarage rata for each period.

Points on recovery curve ara plotted from values of depth below static water level and residual-drawdown term (upper

X axis).

,1(AQ1/Q4) + tz(AQQIQ,‘) + ts(AoalQ,,) + t4(AQ4/Q4)
tl

where t,, 4, 4, and t, = elapsed times at end of first, sacond, third, and fourth pumping periods, in minutes; Q, = pumping

rate at end of fourth pumping period, In gaiions per minute; AQ,, AQ,, AQ,, and AQ, = changes In pumping rate, In galions
per minute, for each perlod; and t' = time since pumping stopped, in minutes.

Residual-drawdown term =

For computation of transmissivity (T), Q= Q,and As' is change in depth below static water level, in feet, during water-level
recovery over one iogarithmic cycle of X axis. Anaiytical method used from Harrill (1970, p. 212-213), Data source:
Newmont Gold Company, Cariin, Nev. (written commun., 1989).

Figure 6. Analysis of water-level recovery at production well 52 in lower Maggie Creek area,
northeastern Nevada, after step-drawdown aquifer test (see figure 5 for well location and table 13
for well data).
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Table 3. Summary of aquifer-test results in lower Maggie Creek area, northeastern Nevada

[Abbreviations: S, step-drawdown test with no observation well; O, step-drawdown test with observation well; C, constant-discharge test with observation

well; --, not available or not applicable]

Hydrogeologlc e Hydrauiic
Pumped Date of ng:e unit P;::::::?d Observaition .I;';::::;::'rve':’y conductivity Storage
weli! test yielding well (feet per coefficient
test water (feet) per day) day)
52 6/1-3/88 S Carbonate rocks 803 - 300,000 400 --
(figure 6)
13a 3/5-7/84 C Basin-fill deposits 410 13 870 2.1 0.0011
(figure 7)
13a 4/30/84 S Basin-fill deposits 410 -- 780 1.9 -
(figure 8)
13a 5/1-4/84 O  Basin-fill deposits 410 13 1,100 2.7 .0019
(figure 9) 0 14 3,000 7.3 .0019
41 6/22-23/88 S Basin-fill deposits 575 -- 2,700 47 --
(figure 10) @) 42 2,500 4.3 .0019
0 42a 3,600 6.3 2
43 6/24-25/88 S Basin-fill deposits - -- 1,500 -- --

(figure 11)

! Figure 5; table 13.

2 Value computed from test results (0.000094) is physically unrealistic.

Volcanic Rocks

Volcanic rocks in the lower Maggie Creek area
span two separate periods of geologic time (table 2).
The Frenchie Creek Rhyolite of Jurassic age is exposed
on the south flank of Marys Mountain above the Hum-
boldt River. These rocks consist of rhyolite flows, ash-
flow tuffs, and volcanic wackes (Roberts and others,
1967, p. 45). Younger volcanic rocks are of late
Eocene or early Oligocene to late Miocene age. These
rocks include flows and tuffs of latite and andesite in
the Independence Mountains (Coats, 1987, pl. 1) and
flows of the Palisade Canyon Rhyolite interbedded
with basin-fill deposits at Marys Mountain and in
southern parts of the Marys Creek Basin (Regnier,
1960, p. 1198; Smith and Ketner, 1976, p. 39).

Flows of basaltic andesite are exposed as low
bluffs over a small area east of Maggie Creek about
5 mi north of Carlin (fig. 5). These rocks are much
more extensive in the subsurface and consist of two
separate bodies, which slope gently southward beneath
lower Maggie Creek and Marys Creek Basins

(T.V. Weis, Newmont Exploration, Limited, written
commun., 1990). The southern extent of these volcanic
rocks underlies the orifice of Carlin spring.

intrusive Igheous Rocks

Intrusive igneous rocks of late Eocene or early
Oligocene age are exposed in the Independence Moun-
tains and at the south end of the Tuscarora Mountains.
Those in the Independence Mountains consist of quartz
porphyry (Coats, 1987, pl. 1) and in the Tuscarora
Mountains consist of diorite and granodiorite (Roberts
and others, 1967, p. 54). In both mountain ranges,
these rocks have intruded carbonate and clastic sedi-
mentary rocks (fig. 5). Intrusive rocks can be suffi-
ciently fractured to yield small quantities of water to
wells; however, these types of rocks generally impede
the movement of ground water. No wells in the study
area are known to have been finished in intrusive rocks.
Thus, the capacity of these rocks to yield water to wells
has not been quantified in the study area.
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Basin-Fill Deposits

Basin-fill deposits occupy structural basins as
deep as 7,000-8,000 ft in parts of the lower Maggie
Creek area (see section titled "Subsurface Relations of
Units"). These deposits contain some of the principal
aquifers in the area and are the main source of ground
water except for a few high-yield wells completed in
carbonate rocks.

Cariin Formation of Ragnier (1960)

Deposits of Miocene and Pliocene age along the
Humboldt River in northeastern Nevada were named
the Humboldt Formation (King, 1878, p. 434-443;
Sharp, 1939). Similar deposits in the Carlin area and
Pine Valley, south of the lower Maggie Creek area,
later were named the Carlin formation (Regnier, 1960,
p. 1198-1199). In an attempt to clarify discrepancies
between the different names, Smith and Kettner
(1976, p. 32-39) described the Humboldt Formation
(restricted) on the basis of a reference section along
Huntington Creek about 20 mi southeast of Carlin.
They also mapped and described the Humboldt Forma-
tion (restricted) in the south part of the area shown
in figure 5. Their Humboldt Formation (restricted)
includes the Carlin formation of Regnier (1960). In
spite of this attempt to clarify the nomenclature for the
Miocene stratigraphy of the area, usage of the name
Carlin formation has continued. Thus, the name is also
used in this report.

The Carlin formation of Regnier (1960) was
named for tuffaceous sediments exposed about 5 mi
west of Carlin and 2 mi east of Carlin along Susie
Creek (Regnier, 1960, p. 1198-1199). The section west
of Carlin is 625 ft thick. The lower 214 ft consists of
lake deposits of volcanic ash and tuff interbedded with
diatomite and limestone. This part of the section is
overlain by 400 ft of siltstone, sandstone, and conglom-
erate (Regnier, 1960, p. 1200). The section along Susie
Creek consists of 176 ft of lake deposits overlain by
325 ft of sandstone and conglomerate for a measured
thickness of 501 ft (Regnier, 1960, p. 1200-1201).
Neither section was believed to be complete.

Logs for two wells drilled in the lower Maggie
Creek area include detailed descriptions of the Carlin
formation of Regnier (1960). The geothermal well at
Carlin High School (see section titled "Carbonate rocks
and Clastic Sedimentary Rocks") penetrated about 680
ft of tuffaceous sandstone, siltstone, tuff, ash, clay, and
limestone of the Carlin formation (William E. Nork,
Inc., 1985, p. 8). According to the driller’s log, the
Carlin formation of Regnier (1960) rests on chert,
shale, and siltstone of the Vinini Formation at a depth
of 820 ft and is overlain by about 140 ft of clay, sandy
clay, and gravel. An observation well near Gold
Quarry mine (well 13, fig. 5 and table 13) penetrated
about 840 ft of claystone, siltstone, sandstone, and con-
glomerate of the Carlin formation of Regnier (1960).
At this well, the Carlin formation of Regnier (1960)
overlies argillite and quartzite (clastic sedimentary
rocks) and is overlain by about 10 ft of silty sand and
gravel.

Estimates of the hydraulic properties of the Carlin
formation are based on five aquifer tests made at three
wells (figs. 7-11 and table 3). Estimated transmissivity
ranges from 780 to 3,600 ft2/d; mean and median
values are both 2,000 ft%d. Hydraulic conductivity
ranges from 2 to 7 ft/d; mean and median values are 4
ft/d. Estimated storage coefficient ranges from 0.0011
to 0.0019; mean and median values are 0.0017 and
0.0019, respectively.

Analysis of water-level drawdowns during two
aquifer tests (figs. 7 and 9 and table 3) indicates that the
basin-fill aquifer near production well 13a is uncon-
fined. For a constant-discharge test, the drawdown
curve at observation well 13 (fig. 7) matches a delayed-
yield type curve (Lohman, 1972, p. 36-40 and pl. 8)
where drawdowns late in the test are less than those that
would be predicted for a confined aquifer. For a subse-
quent step-drawdown test, the drawdown curves for
observation wells 13 and 14 (fig. 9) deviate late in the
test, from the middle, linear part of the curve. Storage
coefficients (0.0011, 0.0019, and 0.0019, table 3) indi-
cate that compression of the aquifer and expansion of
ground water were the sources for pumped water dur-
ing most of each test. However, the source of pumped
water late in each test also was drainage from aquifer
pore space, which resulted in a decrease in the rate of
drawdown. Test results probably would have produced
storage values more representative of specific yield had
the tests continued for several more days.
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EXPLANATION

Water-levei drawdown curve matches a delayed-yisid type curve where /B = 0.1 (Lohman, 1972, pl. 8). At match point,
vaiues for 4 Tt/r25, and 4n Ts/Q were determined from the type curve (Lohman, 1972, pi. 8), and values for s and t were
determined from the graph shown. Variable names: 7, transmissivity, in feet squared per day; S, storage coefficient early
in pumping; Q, discharge rate of pumping weli, in cubic feet per day; s, depth below static water level, In feet, at observation
wali; ¢, time, In days, since pumping started; and s, distance, in feet, from observation well to pumped well. Analyticai method
used was for delayed yield from storage in unconfined aquifer during early part of pumping (Lohman, 1972, p. 36-40). Data
source: Newmont Gold Company, Cariin, Nev. (written commun., 1989).

Figure 7. Analysis of water-level drawdown recorded at observation well 13, in lower Maggie Creek
area, northeastern Nevada, during constant-discharge aquifer test at production well 13a (see figure 5
for well locations and table 13 for well data).
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EXPLANATION

Points on drawdown curve are piotted from values of depth below static water level at time, t, after pumping started
(lower X axis).

Points on recovery curve are plotted from values of depth below static water level and residual-drawdown term (upper
X axis).
f (AQ,/Q;) + 12(A02/05) + ta(Aoale) + t4(AQ4/Q,5) + IS(AQSIQS)
Residual-drawdown term = T 1
where 1y, b, t;, t,, and t; = elapsed times at end of first, second, third, fourth, and fifth pumping periods, in minutes; Q; =
pumping rate at end of fifth pumping period, In galions per minute; AQ,, AQ,, AQ,, AQ,,and AQ; = changes in pumping
rate, in galions per minute, for each period; and t' = time since pumping stopped, in minutes.

For computation of transmissivity (T), Q= Q; and As' is change in depth below static water level, in feet, during water-ievel
recovery over one logarithmic cycie of X axis. Analyticai method used from Harrill (1970, p. 212-213). Data source:
Newmont Gold Company, Cariin, Nev. (written commun., 1989).

Figure 8. Analysis of water-level recovery at production well 13a, in lower Maggie Creek area,
northeastern Nevada, after step-drawdown aquifer test (see figure 5 for well location and table 13 for
well data).
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EXPLANATION

Values for specific drawdown (Y axls) and weighted logarithmic mean of r2/t (X axis) were computed as foliows: Specific
drawdown is ratio of water-level drawdown, s, to sum of all increments of pumping, Q, up to time water levei was measured.
Woelghted logarithmic mean of r 2/t first involves calculation of ratio of square of r, distance of observation weli to pumping
well, in fest, to ¢, time, In seconds, when water level was measured. Products of each pumping increment, In cubic feet per
second, and logarithm of each corresponding ratio are then summed. Sum is then divided by sum of all prior pumping
Increments to obtain value for welghted logarithmic mean of r2/t.

For computation of transmissivity (T) and storage coefficient (S), A(s/Q) = change in specific drawdown, in feet per cubic
foot per second, over one logarithmic cycle of X axis and (r?/t), = weighted logarithmic mean on straight-iine part of graph,
in feset squared per second, when s/Q = 0. Analytical method used from Cooper and Jacob (1946). Data source: Newmont
Gold Company, Catlin, Nev. (written commun., 1989).

Figure 9. Analysis of water-level drawdown at observation wells 13 and 14, in lower Maggie Creek area,
northeastern Nevada, during step-drawdown aquifer test at production well 13a (see figure 5 for well loca-
tions and table 13 for well data).
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EXPLANATION

Points on drawdown curve are piotted from vaiues of depth below static water ievel at time, £, after pumping started (lower
X axis).

Polnts on recovery curve are plotted from values of depth below static water level and residual-drawdown term (upper
X axis).
L BQ/Q) | (80/Q) , , (AQ/Q)
Residual-drawdown term = - " :
where t,, t,, and t, = elapsed times at end of first, second, and third pumping periods, in minutes; Q, = pumping rate at end
of third pumping period, In galions per minute; AQ,, AQ,, and AQ, = changes in pumping rate, in galions per minute, for each
period; and t' = time since pumping stopped, in minutes. '

For computation of transmissivity (7}, @ = Q; and As' is change in depth beiow static water isvei, in feet, during water-level
recovery over one logarithmic cycie of X axis. Analytical method used from Harrill (1970, p. 212-213). Data source:
Newmont Gold Company, Carlin, Nev. (written commun., 1989).

Figure 10. Analysis of step-drawdown aquifer test at production well 41 and observation wells 42 and 42a,
in lower Maggie Creek area, northeastern Nevada. A, Water-level recovery at well 41; B, Water-level draw-
down at observation wells 42 and 42a (see figure 5 for well locations and tabie 13 for well data).
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EXPLANATION

Values for specific drawdown (Y axis) and weighted logarithmic mean of r 2/t (X axis) were computed as follows: Specific
drawdown is ratio of water-level drawdown, s, to sum of all increments of pumping, Q, up to time water level was measured.
Weighted logarithmic mean of r2/t first involves calculation of ratio of square of r, distance of observation well to pumping
weli, in feet, to ¢ time, in seconds, when water level was measured. Products of each pumping increment, in cubic feet per
second, and logarithm of each corresponding ratio are then summed. Sum is then divided by sum of all prior pumping
increments to obtain value for weighted logarithmic mean of r2/t,

For computation of transmissivity (T) and storage coefficient (S), A(s/Q} = change in specific drawdown, in feet per cubic
foot per second, over one iogarithmic ¢ycle of X axis and (r2/t), = weighted logarithmic mean on straight-line part of graph,

in feet squared per second, when s/Q = 0. Analytical method used from Cooper and Jacob (1946). Data source: Newmont
Gold Company, Carlin, Nev. (written commun., 1989),

Figure 10. Continued.
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EXPLANATION

Points on drawdown curve are plotted from values of depth below static water level at time, {, after pumping started (lower
X axis).

Points on recovery curve are piotted from values of depth below static water level and residual-drawdown term (upper
X axis).
. f (AQ/Q,) + tz(Aozloa) + ta(Aoaloa)
Residuai-drawdown tem = pr »
where 1y, &, and & = elapsed times at end of first, second, and third pumping periods, in minutes; Qa= pumping rate at end
of third pumping period, in galions per minute; AQy, AQ,, and AQ, = changes in pumping rate, in galions per minute, for each
period; and t' = time since pumping stopped, in minutes.

For computation of transmissivity (T), Q= Q and As' is change in depth beiow static water level, in feet, during water-level
recovery over one logarithmic cycie of X axis. Anaiytical method used from Harriil (1970, p. 212-213). Data source:
Newmont Gold Company, Cariin, Nev. (written commun., 1989),

Figure 11. Analysis of water-level recovery at well 43, in lower Maggie Creek area, northeastern Nevada,
after step-drawdown aquifer test (see figure 5 for well location and table 13 for well data).
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Aiiuviai-Fan Deposits

The Carlin formation of Regnier (1960) is over-
lain by alluvial-fan deposits along the east side of the
Tuscarora Mountains (fig. 5). Similar deposits proba-
bly occur along other basin margins in the study area,
but may not have been mapped either because of
limited extent and thickness or perhaps because they
are difficult to distinguish from the Carlin formation.
Alluvial-fan deposits consist of unsorted to poorly
sorted mixtures, which range in size from clay to boul-
ders. Where present in the study area, these deposits
are probably above the saturated zone and, thus, may
not be important sources of ground water. Where they
are saturated, however, the hydraulic properties of
alluvial-fan deposits probably range through several
orders of magnitude because they are so heteroge-
neous.

Fiood-Piain Deposits

The flood plains of the Humboldt River, Maggie
Creek (and its larger tributaries), Marys Creek, and
Susie Creek are underlain by poorly to well-sorted
deposits, which range in size from clay to gravel.

The deposits commonly consist of beds of fine-grained
material (clay and silt) interbedded with intervals

of coarse-grained material (sand and gravel). The
deposits can range in thickness from a few tens of feet
or less along the smaller streams to perhaps 100 ft or
more along the Humboldt River. West of the study
area, flood-plain deposits along the Humboldt River are
several hundred feet thick (Bredehoeft, 1963, p. 27 and
46). In addition, these deposits are relatively perme-
able. Estimated transmissivity ranges from 5,000 to
50,000 ft?/d, and hydraulic conductivity ranges from
16 to 1,100 ft/d (Bredehoeft, 1963, p. 46).

Subsurface Relations of Units

Two types of geophysical data—gravity and
aeromagnetic—were used to develop a generalized
understanding of the relations of hydrogeologic units
at depth in the lower Maggie Creek area. Techniques
used to interpret these data are described in the "Data
Collection and Analysis" section of this report.

The gravity map for the lower Maggie Creek area
(fig. 12) has several anomalies related to the distribu-
tion of hydrogeologic units. The source body for the
prominent gravity low in the upper Maggie Creek
Basin is a thick section of basin-fill deposits, which is
bounded on the east and west by denser bedrock of the
Schroeder Mountain uplift and of the Independence

and Tuscarora Mountains. A broad gravity high is cen-
tered over Marys Mountain, and extends to the north-
east along the axis of the Schroeder Mountain uplift
and Independence Mountains. The source for this high
is uplifted bedrock. The source body for the poorly
defined gravity low in lower Maggie and Marys Creek
Basins and adjacent parts of the Susie Creek Basin also
is a section of basin-fill deposits. Two small gravity
highs in the southern and eastern parts of the Marys
Creek Basin indicate that bedrock is relatively shallow
in these parts of the basin.

Two types of magnetic anomalies are evident on
the aeromagnetic map of the lower Maggie Creek area
(fig. 13). One type, mostly in the southwest part of the
area, is of short wavelength, low amplitude, and irreg-
ular shape. Source bodies for these anomalies are vol-
canic rocks on Marys Mountain. These anomalies are
superimposed on, and partly obscure, a much broader
anomaly. This broader anomaly extends from the
southern part of Marys Mountain to the southern Tus-
carora Mountains and from the west side of the lower
Maggie Creek area to the west side of Marys Mountain.
The source for this anomaly has been interpreted to be
a large body of intrusive igneous rocks (Mabey, 1976,
p.44). The source for the smaller magnetic anomaly in
the Independence Mountains also is a body of intrusive
rocks, that is partly exposed nearby (figs. S and 13).

Subsurface relations between bedrock and basin-
fill deposits in the lower Maggie Creek area are illus-
trated by the two generalized geologic sections in fig-
ures 14 and 15. The two sections were developed using
a geophysical modeling process described in an earlier
section (see "Data Collection and Analysis"). The cal-
culated and measured gravity and magnetic profiles
that accompany each geologic section were used to
guide the process of model development. Section A-A'
consists of two segments. The northwestern segment is
perpendicular to the axis of upper Maggie Creek Basin
and extends southeast from the Tuscarora Mountains to
the unnamed hills northeast of Schroeder Mountain
(fig. 5). The southern segment extends south-southeast
across lower Maggie and Marys Creek Basins from the
unnamed hills to the Humboldt River west of Carlin
(fig. 5). The location and orientation of both segments
were chosen to coincide, as closely as possible, with
directions of ground-water flow. Section B-B' is ori-
ented northeastward; it extends from near the foot of
Marys Mountain across lower Maggie and Susie Creek
Basins, and ends in the Adobe Range east of Susie
Creek (fig. 5).
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Ground water in the upper Maggie Creek Basin
flows southeast from recharge areas in the Tuscarora
Mountains and westward from the recharge areas in the
unnamed hills northeast of the Maggie Creek canyon
(fig. 22). A broad ground-water divide coincides with
the topographic divide of the unnamed hills.

Southwest of the Maggie Creek canyon, ground
water flows from upper Maggie Creek Basin, through
Schroeder Mountain, to lower Maggie Creek Basin
(fig. 22). The recharge area for this ground water is in
the southern Tuscarora Mountains at the extreme
southern end of the upper Maggie Creek Basin.

Ground water flows upward in the vicinity of the
Maggie Creek flood plain north of Schroeder Moun-
tain. Heads measured at three flowing wells (sites 41,
42, and 43; table 13 and fig. 22) are 4-9 ft above land
surface. In addition, two of the wells are adjacent to
each other and extend to depths of 120 and 575 ft,
respectively. The head in the deep well was 0.6 ft
above the head in the shallow well in March 1989.
(Water levels at these wells were not used to construct
contours, because the heads may not represent shallow
conditions.)

The net effect of the Schroeder Mountain uplift
(Schroeder Mountain southwest of the Maggie Creek
canyon and the unnamed hills northeast of the canyon)
seems to be that it partly impedes ground-water move-
ment between the upper and lower Maggie Creek
Basins. This conclusion is based on the following evi-
dence. First, water-level contours and ground-water
flow lines indicate that ground water moves away from
the topographic divide of the unnamed hills (fig. 22).
Second, heads at the three flowing wells, which are
completed to different depths, indicate an upward gra-
dient for ground-water flow in the area adjacent to the
west side of the unnamed hills. The heads indicate that
an upward gradient extends from depths of at least
1,000 ft to as shallow as 160 ft. Third, the minimum
baseflow of Maggie Creek adjacent to the west side of
the unnamed hills is an estimated 5 ft3/s. This baseflow
is thought to be sustained by ground-water discharge to
the stream channel resulting from the upward move-
ment of ground water. Water-level contours and
ground-water flow lines indicate that bedrock of the
unnamed hills functions as a barrier to ground-water
flow between the upper and lower Maggie Creek
Basins. In contrast, contours and flow lines indicate
that ground water flows from southern parts of the
upper Maggie Creek Basin through permeable bedrock
of Schroeder Mountain to the lower basin.

In the lower Maggie Creek Basin and adjacent
parts of Marys and Susie Creek Basins, ground water
flows toward production wells near Gold Quarry mine
and toward discharge areas at Carlin spring and along
the Humboldt River (fig. 22). The ground water flows
east and southeast from recharge areas on Marys
Mountain, southeast from Schroeder Mountain, and
south from the unnamed hills northeast of Maggie
Creek canyon. Topographic divides between the three
basins do not function as ground-water divides.

A trough in the potentiometric surface extends
northward from Carlin spring near the Humboldt River
toward Maggie Creek and then northwestward to
Schroeder Mountain (fig. 22). This appears to be a
single feature; however, hydrologic evidence suggests
that the trough is the result of two unrelated phenom-
ena. The northwest-trending part of the trough is the
result of pumpage from production wells at Gold
Quarry mine (fig. 22).

The 5,000-ft contour defines this part of the
trough where four production wells pump from basin-
fill deposits (fig. 22). The 5,050-ft contour also defines
the trough farther west along the southeast side of
Schroeder Mountain where two production wells pump
from carbonate rocks. The shape of these two contours
probably would be similar to the 4,925- and 4,950-ft
contours if water levels had not declined as a result of
the pumping.

The southern part of the trough is broader and
partly coincides with shallow volcanic rocks interbed-
ded with basin-fill deposits (see section titled "Hydro-
geologic Units"). Horizontal gradients are relatively
steep southeast of the unnamed hills and west of Marys
Mountain. However, gradients are not nearly as steep
in areas underlain by volcanic rocks. This flattening of
the gradient, the broader trough in the potentiometric
surface, and the convergence of ground-water flow
lines towards Carlin spring (fig. 22) all indicate that the
volcanic rocks function as a permeable drain for
ground-water flow. Ground-water flow lines also indi-
cate that pumping at Gold Quarry mine is intercepting
ground water that otherwise would be flowing to Carlin
spring (fig. 22).

Streamflow data presented previously in this
report indicate that the reach of Maggie Creek in the
lower basin loses flow and is dry during the summer
and early fall. When this reach of the stream is dry, an
unsaturated zone as deep as 30-40 ft develops between
the stream channel and the underlying aquifer. During
periods of streamflow, especially during snowmelt
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runoff, ground water is recharged by infiltration of
streamflow, which creates a saturated zone that con-
nects the stream channel with the underlying aquifer.
When flow ceases, however, this mound of recharge
under the channel] gradually subsides until the next
period of streamflow provides another pulse of
recharge.

Water levels measured at well 11 (fig. 22 and
table 13) during the study provide some of the best evi-
dence for the effects of recharge from Maggie Creek on
water levels in the lower basin. This well is about 200
ft southwest of the stream channel of Maggie Creek.
Water levels were measured at this well from October
1988 to November 1991. During this period, some
of the shallowest water levels (20-28 ft below land
surface) were measured in the spring, when runoff was
providing recharge to the aquifer. In contrast, the
deepest water levels during that period (26-61 ft) were
measured in the fall, after unusually dry winters. The
shallowest water level ever measured at well 11 (less
than 7 ft below land surface) was on April 30, 1982
(table 13). Total runoff of the Humboldt River at the
Carlin gaging station was well above the average
during that year (Frisbie and others, 1983, p. 158).
Correspondingly high flows of Maggie Creek may
have produced sufficient recharge to cause such
shallow depth to water at the well.

Recharge

Ground-water recharge in the Maggie, Marys,
and Susie Creek Basins comes from infiltration of rain
and snowmelt and from infiltration of streamflow, most
notably along lower Maggie Creek. Hydrologic evi-
dence indicates that underflow of ground water from
basins adjacent to the study area is negligible.

The method used to make estimates of ground-
water recharge by infiltration of precipitation in the
Great Basin is empirical. The method is based on
estimated precipitation at different altitudes and on the
assumption that only a fraction of total precipitation at
a given altitude eventually infiltrates below the soil
zone to become recharge*. The method was first
developed and used in southern Nevada (Maxey and
Jameson, 1948, p. 107-109). The approach was to

This method of estimating recharge includes (1) infiltration
of precipitation and (2) infiltration of streamflow near mountain
fronts. However, infiltration of stream<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>