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ABSTRACT

The study area in northern Owyhee County includes approximately 2,340
square miles of land in southwestern Idaho. The primary geographic features
are the Owyhee Mountains, Owyhee uplift, Snake River canyon and lowland area
between the mountains and the Snake River. Ground water is utilized as the
primary source of domestic and irrigation supplies over most of the area.

Four geologic formations are most important as aquifers in the study
area: Tertiary Silicic Volganics, Peison Creek Formation, Banbury Basalt and
Glenns Ferry Formation. Exposures of the Tertiary Silicic Volcanics and
older Tertiary Rhyolites in the Owyhee Mountains and uplift are the primary
source areas for recharge to the aquifers in the study area. The silicic
volcanics are also an important source of warm to hot, artesian water to wells
in several portions of the area. The Poison Creek Formation, a thick sedi-
mentary sequence is utilized to provide warm, artesian water for low-yield
domestic and irrigation wells in the western portion of the study area. The
Banbury Basalt is the most productive aguifer in the study area. Yields great-
er than 2,000 gpm have been derived from this unit at depths up to 3,000 feet
below land surface. The most extensive aquifer in the study area, the Glenns
Ferry Formation, is important primarily as a source of domestic and small
scale irrigation supplies. Warm water under artesian pressure is derived
from sand interbedded with clay.

The study area was delineated into seven hydrologic subareas. Wells in
the Walters Ferry subarea are utilized primarily for domestic purposes. Only
a few of the 15 irrigation wells in the area are presently being operated.
Wells flow at land surface elevations up to 2,400 feet in the subarea. Major

areas of water-level decline have not been noted.
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Well development in the Murphy subarea has been very limited. Most of
the wells supply water for domestic usage. Water-level declines are not
evident from the short record available.

Shallow water-table and deep, artesian aquifers have been utilized for
domestic and irrigation supplies in the Oreana subarea. Ten irrigation wells
derive hot {130-180°F) water from a deep, artesian aquifer, Twenty irrigation
and domestic wells obtain water from a shallower aquifer. Water declines up
to 100 feet during the period 1958 zo 1968 are evident in the deeper system.

Three aquifers provide water for irrigation and domestic wells in the
Grand View subarea: a deep, hot, artesian system, a shallow, warm, artesian
system and a shallow, coid, water-table system. The maximum elevation of the
piezometric surface in the first two systems is 2,750 and 2,630 feet respec-
tively. Water-level declines averaging 2 feet per year have been noted in
the artesian systems.

Seventy irrigation wells have been drilled in the Bruneau subarea, the
most intensively developed portion of the study area. Most of the wells obtain
warm (90-1009F) water from a deep, artesian aguifer. The maximum elevation of
the water surface is 2,700 feet. Water-level declines of one tc one and one-
half feet per year have been noted in the Little Valley area.

Only limited development of the resource has occurred in the Indian Cove
subarea. Domestic supplies are derived from a shallow water-table aquifer
and a deep, artesiasn aguifer. Declines in water levels have not been reported.

Recharge to the aguifers in the study area is from precipitation on the
Owyhee Mountains; discharge from the aguifers is believed to be through leak-
age to the overlying formations and land surface and through wells. The

Snake River is not believed to be hydraulically connected to the ground-water
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system from the C. J. Strike Dam downstream to the edge of the study area.
The quality of the ground water in much of the study area is only fair

for irrigation because of a salinity hazard. The ground water is alsc only

fair for domestic purposes because of an excessive fluoride content in por-

tions of the area.
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INTRODUCTION
Purpose

The ground-water resource of northern Owyhee County is utilized for do-
mestic and irrigation uses in an otherwise desert region., It is therefore
very important in the continuation of the present agricultural prosperity and
as a basis for future development. The State Reclamation Engineer has become
concerned about the extent to which development should be allowed in the
areas where the primary source of ground water is from deep, artesian aquifers.
Some declines in water levels have been cbserved in parts of the area as a
result of well development.

The purposes for this study may be stated as follows: 1) to aid the State
Reclamation Engineer in administering the present and future water rights
within the area, 2) to obtain a greater knowledge of the hydrology and geology
of the area in order to assist land owners in developing the resource, and 3)
to generally add to the knowledge of the water resources of the State of
Idaho.

Objectives

The objectives of the project were to determine the quantity, quality,
and occurrence of ground water in northern Owyhee County with special em-
phasis on the deep, hot, artesian ground water. The more specific objectives
were to: 1) determine the geologic control of the ground water in the area,

2) determine the areal extent and hydrologic characteristics of the aquifers,
3) determine the recharge and discharge characteristics of the aquifers, 4)
determine the quality and temperature of the ground water and its suitability
for domestic and irrigation usages, and 5) denote areas where special con-

sideration is needed in administering the use of the ground-water resource.



Location and Extent

The study avea included approximately 2,340 square miles located in the
northern portion of Owyhee County (fig. 1}. It is bounded on the north by the
Snake River, on the west by Sguaw Creek, on the east by the range line common
te Range 8 East and 9 East, and on the south by the surface water drainage
divide and by the township line common to Township 10 South and 11 South.

The field work, conducted during the period of December 1967 through
November 1968, included examining geologic formaticns and collecting well logs
and other well data. Four water-level recorders were operated during the
study. Ground-water samples from 18 locations were collected and chemically
analyzed.

Previous Investigations

The ground-water hydrology has not previously been investigated over a
large portion of northern Owyhee County (fig. 2). Littleton and Crosthwaite
{1957} studied the ground-water geology of the area from Grand View to Bruneau
with special emphasis on the artesian ground-water resource. Crosthwaite
{1963} studied the ground-water geclogy of the Sailor Creek area. 3Studies
of the ground-water geoclogy and hydrology have been completed in the Upper
Reynclds Creek watershed by McIntyre {19663 and Stephenson {(1965). Recent
studies of the geology of other portions of the study area have been completed
by Malde and Powers (1962}, Malde, Powers and Marshail (1963}, Anderson (1965},
and Asher {1968},

Well Numbering System

The well numbering system used in this study is the same as that used by

the U. 5. Geological Survey in Idazho. This system indicates the locations of

the wells within the official rectangular subdivisions of the public lands,
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with reference to the Boise Base Line and Meridian. The first two segments
of a number designate the township and range. The third segment gives the
section number, followed by two letters and a numeral, which indicate the
gquarter section, the forty-acre tract, and the serial number of the well with-
in the tract. Quarter sections are lettered a, b, ¢, and d in counterclock-
wise order, from the northeast quarter of each section {fig. 3). Within the
quarter sections, forty-acre tracts are lettered in the same manner. As an
example, well 35 IW 10zal is in the NEL4 of the NEY4 of the sec. 10, T. 3 §.,
R. 1 W., and is the first well designated in that tract.
Geographic Setting

The northern Owyhee County study area is approximately 94 miles long,
25 miles wide and parallels the Snake River (fig. 1}. The area consists of
four specific geographic features: the Owyhee Mountains, the Owyhee High-
land, the Snake River Canyon, and a lowland area between the mountains and
the Snake River. The Owyhee Mountains in the southwest portion of the study
area are moderate to high relief; mountain peaks rise abodve 8,000 feet in
elevation and canyons several hundred feet deep are common. The mountains
grade into an area of moderate relief in the southeastern part of the area.
This area, identified as the Cwyhee Highland, has not been subjected to such
intense deformation and erosion as the mountain range. Deep canyons are pres-
ent along some of the streams, but mountain pesks higher than 6,000 feet are
rare. The lowland area between the Owyhee Mountain front and the Snake River
is one of varied relief. Badland topography is prominent near the mountain
front. Remnants of a well-developed pediment surface are present at several
locations. The Snake River flows along the northern boundary of the study

area in a northwesterly direction. It lies in a deep lava canyon through two
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reaches of the river, and a broad valley through the remainder. The river
enters the study area in a broad valley in the vicinity of Hammett and is first
restricted to & canyon near Indian Cove. The river remains in the canyon to
the vicinity of Grand View, where it has cut a broad valley in the weakly re-
sistant sedimentary beds. It reenters a canyon at Jackass Butte and remains
there until it reaches the vicinity of Walters Butte. Here, the Snake River
has cut a valley several miles wide in the soft sediments. The river fiows
along the north wall of the valley where a resistant cap of basalt on the sedi-
ments has formed a cliff several hundred feet high. The river continues in

the valley northwesterly cut of the study area.

The main tributary to the Snake River in the study area is the Bruneau
River, which is perennial. All of the other streams are ephemeral in their
lower reaches and generally flow only during the spring months. Most of these
streams have incised deep canyons in the mountains and cut gullies in the low-
land area., ©Springs along the base of the mountains supply small quantities
of water to some of the streams, but the flow usually sinks into the ground
within a few hundred feet.

The climate of the study area ranges from arid in the lowlands to sub-
humid in the high mountains. The average monthly precipitation and temperature
for eight U. 5. Weather Bureau stations nearest the area are shown in table 1.
The estimated average precipitation for the lowiands portion of the study area
is 8.2 inches. Data from the station at Silver City and isohyetal map of the
Upper Reynolds Creek Basin for 1967 (Stephenson, pers. comm.) indicate an
average annual precipitation of approximately 15-20 inches for the Owvhee
Mountains. The Owyhee Highland receives approximately 10 inches of precipi-

tation per year as shown by the Grasmere and Triangle Ranch stations. The




Elevation

Years of
Record

Month

January
February
March
April
May
June
July
August
September
October
November
December
Total

Average

TABLE 1

AVERAGE MONTHLY PRECIPITATION AND TEMPERATURE

AT STATIONS NEAR THE NORTHERN OWYHEE STUDY AREA

Swan Falls Reynolds Triangle Ranch Grand View Bruneau Grasmere Glenns Ferry Silver City
2325 3950 5296 2400 2525 5126 2580 6280
31 30 6 6 5 5 29 32 6 6 13 13 44 37 16
Precip. Temp, Precip, Temp. Precip. Temp. Precip.  Temp. Precip, Temp . Precip, Temp. Precip., Temp, Precip,
{in.} {(OF} {in.} (oF} {in} (OF} {in.) {OF) {in} (OF} Gn.) (oF} {in) ("E} {in.)
.97 31.4 W81 28.1 1.27 20.5 .71 25.4 .91 31.3 .46 27.9 1.25 36.0 -
.80 38.0 .58 28.7 1.52 30.4 .58 35.4 .92 37.3 .76 31.6 .94 35.0 -
.58 44.7 41 36.8 .97 30.3 .91 43.0 L85 43.1 .36 35.4 1.02 43.0 -
.85 50.2 1.02 44.3 1.46 40.9 .70 52.7 1.13 52.4 .58 43.3 .75 52.9 -
.95 62,1 1.17 53.3 1.45 48,5 1.09 60.8 .92 59.0 <42 51.4 .90 60.9 -
1.28 68.7 z.1o 58,8 1.05 56.2 .83 67.9 1.20 64.3 1.47 60,2 .58 66.9 -
.24 80.1 1.75 68.3 .29 60.8 .16 76.5 L35 73.5 .33 62.2 .25 75.6 -
.08 77.4 .70 66.8 .42 62.6 <31 73.4 .18 71.7 .78 65.5 .14 72.4 -
42 67.3 .34 50.3 42 53.4 .33 63.5 .41 62.8 1.22 59.4 .25 63.2 -
.58 55.9 .78 49.3 71 43.1 .47 52.3 57 53.9 43 49.6 .55 53.3 -
.95 41.0 1.30 44.6 .96 37.4 .68 40.3 .84 4¢.0 1.35 37.7 1.05 40.2 -
.68 35.6 1.12 30.1 .42 29.3 .69 29.8 .62 34.6 .80 29.0 .99 33.4 -
§.80 10.48 10.95 7.26 8.50 %.63 8.68 23.14
54.2 47.9 42.7 51.6 52.0 47.7 52.3



precipitation in the lowlands is evenly distributed from November through
June with only a minor percentage falling the summer months. The Reynolds
Creek station has the greatest precipitation in June. The average tempera-
ture in the lowland varies from 51.0°F at Grand View to 54.2°F at Swan
Falls,

Vegetation in the area is typical of a semi-arid environment. Sagebrush,
rabbit brush, wheat grass, cheat grass, and many other varieties of low brush
and grasses inhabit the lowland area. The Owyhee Mountains exhibit a forest
type of vegetation which includes juniper, fir, mountain mahogany, snowbrush,
and mountain brome {Asher, 1968, p. 7). Nearly all of the crops in the study
area must be irrigated. Some dry land forage is grown along the mountain
front., Much of the lowlands adjacent to the Snake River is irrigated by river
water. Irrigation water is also diverted from the Bruneau River, Reynolds
Creek, and many small intermittent streams. The remainder of the crops grown
in the area are irrigated with ground water. Murphy, Oreana, Grand View, and
Bruneau are the only settlements in the study area.

GEOLOGY

The northern Owyhee County study area consists of three areas with
distinct geologic characteristics: (1) a rugged mountain range in the south-
western portion, (2} a rolling upland in the southeastern portion and (3} a
foothill and lowland area extending from the upland and mountainous areas
to the Snake River. The mountainous region is composed of a granitic core
overlain by younger igneous and sedimentary rocks. The rolling upland is
characterized by a mineralized rhyolitic core overlain by a sequence of rocks
similar to that of the mountainous region. The foothill and lowland area

consists of several poorly consclidated sedimentary format:ions interspersed



with thick sections of basaltic lava. The upland and mountainous regions are
important as source areas for recharge to the aquifers in the lowland area.
The foothill and lowland areas contain aquifers that have been developed for
irrigation and domestic usage in the study area.

Stratigraphy

Granitic Rocks

Granitic rocks similar to those present in the Idaho batholith are ex-
posed within the study area (fig. 4). The predominant outcrops are along
Upper Reynolds Creek road in T. 2 8., R. 3 W., and along the Murphy-Silver
City road in T. 3 S., R. 2 W. These igneous rocks of Cretaceous age are
believed to form much of the basement of the study area. This light gray
granite is generally unconformably overlain by the Tertiary Rhyolite, Tertiary
Silicic Volcanics and Poison (reek Formation and is the oldest unit exposed
in the area, Only very limited quantities of ground water may be obtained
from joints and fractures in the granitic rocks.

Tertiary Rhyolite

The Tertiary Rhyolite 1s part of a sequence of mineralized rocks widely
exposed in the Owyhee upland. These rocks are differentiated from younger
silicic volcanics because of their high degree of mineralization and rhyolitic
composition. The Tertiary Rhyolite is reddish-brown in color when weathered
and purplish gray when fresh. The formation is highly fractured and exhibits
crudely developed columnar jointing. It is Miocene in age and is unconform-
ably overlain by the Tertiary Silicic Volcanics. This unit is important to
the ground-water hydrology of the study area only as a source area for re-
charge to the aguifers in the lowland. No wells are reported to have been

developed in these rocks.
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{Inconsolidated sediments: Talus, windblown sand, stream alluviuem and
dunal deposits.

Gravel units: Gravels of both pedimen:t and stream terrace derivation.
Includes Tuana, Black Mesa, Sugar Bowl, Crowspest and Melon Gravels,
Lower to Upper Plelstocene in age.

Snake River Basalt: Basalr, fresh appearing flows 10-50 feet thick.

Pediment gravels: Heterogeneous deposits of silt, sand and gravel.
Generally capped with desert pavement.

Bruneau Fermation: Approximately 800 feet of gray clay, silt and sand
interbedded with basalt and tuff. 1Isoclated beach gravels.

Glenns Ferry Formation: Gray to pale yellow siit, sand and gravel.
Basal onlite sandstone or algal limestone 1is present in some arsas.

Chalk Hills Formation: Varlegaibed beds of siliceous volcanic ash, silt
and sand.

Banbury Basalt: Weathered basalt containing cavity £illings of zeolite
and opal.

Paison Greek Formation: Varilegatad green, vellow, brown and white clay,
silt aznd sand. Beds of consolidated sandstone present aear the base
of the formation. Gypsifsrous and bentoaite deposits are common.

Tertiary Silicic Velcanics: Red, gray asd lavender beds of welded ash
and tuff,

Tertiary Rhyolites: Mineralized rhyolite present in Guyhee uplands.
Contains biotite, quartz and other accessory minerals.

Reyno Basin Oroup: Basalf, latirve, tuff and arkosze sandstone present
in the Upper Reyuolds Oreek Basin.
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Reynoids Basin Seguence

The succession of rocks present in the Upper Reynolds Creek Basin is here-
in informally defined for this report as the Reynolds Basin sequence. This
sequence consists of basalt, latite, silicic tuff, rhyclite, arkosic sandstone,
and alluvium. These rocks form a unique series unlike that exposed anywhere
else in the study area. The individual units are complexly interbedded and in
places, highly faulted. The Upper Reynolds Creek watershed is a study area for
hydrologic research by the Agricultural Research Service. Completed work indi-
cates the area approximates a closed ground-water basin (G. Stephenson, pers.
comm.)}. The geclogy of the area is described in detall by McIntyre (1966).
Because of the detailed nature of McIntyre's investigation, no geologic inves-
tigation was conducted in the Upper Reynolds Creek watershed for this study.

Tertiary Silicic Volcanics

The Tertiary Silicic Volcanics exposed in the Owyhee Mountains (fig. 4)
are believed to be a major source area for recharge to the aquifers in the
lowland to the north. The highly jointed and fractured character of the rocks
allows vertical and horizontal movement of ground water, The silicic volcan~
ics erode to sheer cliffs and crags several hundred feet high in the Owyhee
Mountains and are exposed as rock knebs and in creek canyons in the eastern
portion of the area. The base of the unit is not exposed in the study area,
but its thickness is believed to exceed 2,000 feet. The most common rocks are
mottled gray to lavender welded ash flows. The rocks weather to a reddish-
brown color and exhibit well developed vertical and horizontal joints. Malde
and Powers (1962, p. 1201) included the silicic volcanic rocks along the mar-
gin of the Snake Plain in a unit named the Idavada Volcanics. They identified

these rocks as silicic latite and assigned them a stratigraphic poesition below

13



the Poison Creek Formation. However, the silicic volcanic rocks in north-
western Owyhee County differ both in composition (Mcintyre, 1966, p. 156} and
physical appearance from the Idavada Volcanics. It 13 believed that the si-
licic volcanics are in part interbedded with the Poison Creek Formation.
Several well logs indicate penetration of the silicic volcanics and an under-
lying material identified as the Poison Creek Formation.

Well development in the silicic volcanics has taken place primarily
in the Bruneau Valley and Little Valley areas. Deep wells in these areas
penetrate as much as 1,270 feet of the unit. Yields to wells in these areas
are 1,500 to 2,000 gpm (gallons per minute). Wells deriving water from
this formation in the western portion of the study area have much lower
yields.

Poison Creek Formation

The Poison Creek Formation {(fig. 4) consists of a thick sequence of clay,
silt, shale, volcanic ash, and sandstone. Malde and Powers (1962} described
exposures of the formation in Owyhee County; Anderson (18965} described the
Brown Creek Formation, which is stratigraphically eguivalent to the Poison
Creek Formation in the Oreana 15 Minute Quadrangle {fig. 5}. The formation
is best preserved in T. 5 S., R, 1 E., west of Castle Creek, whers approxi-
mately 250 feet is exposed, and in T, 2 S., R. 3 W., east of the road to the
Upper Reynolds Creek Basin, where over 400 feet is exposed. The total thick-
ness of the formation within the study area iz unknown, but well IN 3W 17cc
penetrates 700 feet of the unit without reaching the base. The formation is
composed primarily of bentonitlc silt and poorly consolidated shale. These
sediments are variegated yellow, brown, green and gray in color. Outcrops

enerally exhibit puffy 'moncorn’ weatherin tyvpical of bentonitic materials.
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Malde & Powers (1962}
Formations

Melon Gravel
Snake River Basalt

Crowsnest Gravel
Sugar Bowl Gravel

Black Mesa Gravel
Bruneau Formation
Tuana Gravel

Glenns Ferry Formation

Chaik Hills Formation

Banbury Basalt

Poison Creek Formation

Idavada Volcanics

Undifferentiated Rocks

Unconformity

Granitic Rocks

Anderson {1965)
Formations

Snake River Basalt

Hart Creek Fanglomerate*

Upper member, Jackass Butte

Formation, Montini Formation,

Otter Basalt

Lower member, Jackass Butte
Formation, Oreana Formation

Upper member and Sinker
Creek Basalt member,
Brown Creek Formation

Lower membher
Brown Creek Formation

Tertiary Silicic Volcanics*

*Correlation, tentative or doubtful

Littleton & Crosthwaite (1957)

Formations

Snake River Basalt

Pediment Gravel*®

Tdahe Formation

Idaho Formation
Basalt of Pliocene(?) age
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FIGURE 5. Equivalent Geologic Formations present in northern Owyhee County




The volcanic ash within the formation forms thin, gray-white interbeds in the
$ilt and shale, These beds are generally not continuous for more than a few
hundred vards. The sandstone segment of the formation is best exposed in

the western portion of the study area. It consists of numerous beds of impure
arkose to subarkose sandstone. The rock is gray to brown when fresh and
weathers to reddish-brown and vellow. Bedding 1s generally thin and cross
bedding is common. Most of the sandstone appears to be well cemented, which
would decrease permeability. However, many of these sandstone beds have well-
developed horizontal and vertical jointing and are highly fractured due to
minor subsidence and faulting. The jointing and fracturing might resulit in a
moderate permeability.

The Poison Creek Formation is uncenformably overlaln by several forma-
tions within the study area. The Banbury Basalt overlies and Iinterfingers
with the formation throughout the southwestern portion of the study area.
Near Murphy and Sinker Creek it is overlain by the Hart Creek Fanglomerate
{Anderson, 1965, p. 127}, Northwest of Sinker Creek along the Snake River,
the formation is overlain by the Glenns Ferry Formation.

The age of the unit has been estimated from various fossil assemblages
present within the formation and in overlying formations. Malde and Powers
{1962, p. 1203} and Anderson (1965, p. 43} suggest a Lower to Middie Pliocene
age for this unit.

The fine-grained nature and the high bentonite content of most of the
Poison Creek Formation restricts the yield to wells in the study area. Many
wells have penetrated the formation, but rarely yield more than 200-300 gpm.
A usable supply of ground water is present only in the sand and fractured

sandstone beds. Water present in the formation is generally warm and under

16



artesian pressure.

Banbury Basalt

The Banbury Basalt and equivalent units are exposed throughout the study
area (fig. 4). These units have been described by several authors (fig. 5).
Littleton and Crosthwaite (1957, p. 161-162) described "Basalt of Pliocene (?)
age' which is believed to be equivalent to the Banbury Basalt. Anderson (1965,
p. 43-51} described the Sinker Creek basalt member of the Brown Creek Forma-
tion which he believes is similar to the Banbury Basalt. The largest areal
exposure of the Banbury Basalt is on the Bruneau plateau southwest of the
village of Bruneau. Other notable outcrops of basalt equivalent to the Banbury
are in Sinker Creek Canyon, T. 3 $., R, 1 W. and near Murphy in T. 2 5., R. 2 W.
The thickness of the formation within the study area has been reported as
650 feet south of Hot Spring (Piper, 1924} and 319 feet at well 78 4E 12bdl
(Littleton and Crosthwaite, 1957, p. 162). Well 25 ZW 36bcl near Murphy pene-
trated 750 feet of basalt that is believed to be equivalent to the Banbury.

It appears that the Banbury Basalt within the study area was in part deposit-
ed contemporaneously with the Poison Creek Formation. Well logs from various
jocalities indicate large amounts of interbedded basalt, clay, and sand.
Pillow basalts present in the Sinker Creek Canyon indicate subaqueous depo-
sition for part of the formation.

The Banbury Basalt is black to gray-black in color when fresh and weathers
to a reddish-brown. Lenticular interbeds of orange-~brown tuff are present in
many outcrops. The formation exhibits two major phases of weathering: a rel-
atively fresh appearing phase and a highly altered phase. The most common in
the westexn portion of the study area is the highly altered phase. Many of

the outcrops are merely piles of basaltic rubble and sand. Because of the high
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degree of alteration and cavity f£illing, this portion of the formation is a
poor aguifer. Wells penetrating the basalt in the western portion of the study
area generally have low yields.

The second phase of the Banbury Basalt, prominent in the eastern portion
of the study area, has not been subjected to such intense alteration. This
basalt is black, dense, and generally vesicular. Olivine 1s present as small
rounded crystals and exhibits only minor alteration. Both well-developed col-
umnar and platy horizontal jointings are present. These jointings coupled with
the vesicular nature of the rock and cinder zones along contacts of individual
flows provide openings for ground-water flow in this portion of the study area.
Wells in Little Valley in T. 7 5., R. 5 E., yield as much as 3,800 gpm from
this phase of the basalt.

The Banbury Basalt lies upon eroded and faulted Tertiary Silicic Volcan-
ics in the eastern portion of the study area and generally upon the lower
part of the Poison Creek Formation in the central and western portions. Where
interbedding has taken place, the formation may be overlain by the upper part
of the Poison Creek Formation. The Glenns Ferry Formation and the Hart Creek
Fanglomerate overlie the Banbury in the central portion of the area; the Chalk
Hills, Bruneau, and Glenns Ferry formations overlie it to the east. The age
of Banbury Basalt has been detérmined from fossil assemblages to be Middle
Pliocene (Malde and Powers, 1962, p. 1204-1205}.

Chalk Hilis Formation

The Chalk Hills Formation is exposed in the eastern portion of the study
grea. Malde and Powers {1962, p. 1205} describe the formation as consisting
of silt, sand, and large amounts of siliceous volcanic ash. The rocks are

white, brown, pink, and gray in color, resembling the Poison Creek Formation

18



in appearance. Several welis have been drilled in the unit near the upper

end of Little Valley. The drillers' logs show 350 to 470 feet of sand and
clay, with some gravel, overlying the Banbury Basalt. Yield to wells from the
formation is low. The Chalk Hills Formation overlies the silicic velcanic
rocks in the southwestern portion of the outcrop area and the Banbury Basalt
elsewhere, It has been dated as Middle Pliocene in age on the basis of fossil
evidence (Malde and Powers, 1662, p. 1205},

Glenns Ferry Formation

The Glenns Ferry Formation is exposed nearly the full length of the study
area. Most of the outcrops are confined to a narrow strip along the Snake
River. At least three environments are reflected by the sediments in the
formation: fluviatile, lacustrine, and flood plain. These environments are
each characterized by particular sediment types and size. The fluviatile or
stream environment is indicated by sand, silt, and gravel present in fairly
thin beds. Cross-bedding and other indications of running water may be ob-
served in outcrops of the formation. Channel gravels are present at several
scattered locations throughout the study area. The lacustrine or lake envi-
ronment is reflected by deposits of fine sand, silt, and clay in massive
beds. Cross-bedding is absent and much of this portion of the unit appears
structureless., Some of these lake beds have a high bentonite content which
is indicated by a puffy "popcorn’ weathered surface. The flood plain envi-
ronment is not extensive in the study area. It consists of thin dark beds
of sand, silt, and clay with some organic matter present. This unit 1is
younger and topographically higher than the other two units.

Near Oreana, beds of o0litic sandstone are present, forming reddish-brown

ledges over 150 feet in height. This oSlite is believed to have formed where
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hot springs entersd an ancient cold lake. A thick bed of algsl limestone oc-
cupies a similar stratigraphic position in T. 8 5., R. 6 E., near Indian
Bathtub, a hot spring. Both of these units are believed to be basal members
of the Glenns Ferry Formation.

The total thickness of the Glenns Ferry Formation in the study area is
unknown. Near Guffey Butte the formation 1s more than 975 feet thick; near
Bruneau it is more than 740 feet thick. The formation unconformably overlies
the Banbury Basalt and the Poison Creek Formation in the western and central
portions of the study area. Near Bruneau and Grand View, the formation over-
lies the Chalk Hills Formation.

The Glenns Ferry Formation is an important aquifer in the study area.
Most of the domestic wells and a few irrigation wells adjacent to the Snake
River derive water from this unit. The yield to wells is generally low.
However, several wells near Oreana reportedly yield as much as 3,600 gpm
from the sand beds in the formation.

The age of the Glenns Ferry Formation has been designated as Late Plio-
cene or Early Pleistocens on the basis of fossil evidence gathered by Anderson
(1565) and Malde and Powers (1962).

Brunesu Formation

Qutcrops of the Bruneau Formation are exposed from the eastern boundary
of the study area fto the vicinity of Guffey Butte (fig. 4). The unit con-
sists of approximately 800 feet of clay, silt, and sand, and a maximum of more
than 1,000 feet of basalt [Malde and Powers, 1962, p. 1210). The base of the
formation is at approximately 2,450 feet elevation in the vicinity of Bruneau
and grades to about 2,700 feet elevation at Hagerman {Malde and Powers, 1962,

p. 1210). The sedimentary material in the formation consists of light gray
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to tan clay and silt with some fine sand. Bedding is generally massive with
individual beds often more than 50 feet thick. The sediments of the Bruneau
Formation are usually of such a fine grained nature that yields to wells are
low. Ground water occurs only in sufficient supply for domestic and stock use.

The basalt of the Bruneau Formation is generally dark gray to black, con-
tains abundant olivine crystals and is quite vesicular. Columnar jointing is
well developed throughout most basalt flows. The basalt was emplaced as a
series of canyon filling flows originating from a chain of vents rcoughly paral-
lel to the Snske River. This basalt is more than 1,000 feet thick at Sinker
Creek Butte, a dissected vent {Malde and Powers, 1962, p. 1210)}. Thick beds
of water~-laid, orange-brown tuff are present between the basalt flows in the
Sinker Creek-Murphy area. The Bruneau Basalt has not been observed at any lo-
cation in the study area west of Guffey Butte. This member of the Bruneau
Formation generally lies above the ground-water system. The Bruneau Formation
overiies both the Glenns Ferry and the Chalk Hills formations. Fossils iden-
tified by D, W. Taylor (Malde and Powers, 1962, p. 1211} suggest a Middie
Pleistocene age for the Bruneau Formation.

The Brunesu Formation is not important as a major aquifer in most parts
of the study area. Small scale irrigation, stock and domestic wells derive
water from the formation in several areas, but the yield to wells is generally
low. The only wells that have high yields from the formation are located in
sec, 15 and 22, T. 3 5., R. I W.

Hart Creek Fanglomerate

The Hart Creek Fanglomerate was described by Anderson (1965, p. 147-157)
in the Oreana 157 Quadrangle. It is exposed over an extremely large area and

has been interpreted as being a dissected bajada or depositional plain. It
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has a maximum exposed thickness of 240 feet (Anderson, 1965, p. 148), The for-
mation is composed of silt, sand, and coarse gravel derived from the Owyhee
Mountains. The Hart Creek Fanglomerate unconformably overlies several major
formations within the study area. These include the Tertiary Silicic Volcanics,
the Poison Creek Formation, the (Glenns Ferry Formation, the Bruneau Formation,
and the Snake River Basalt. The unit has been assigned a post-Middie Pleisto-
cene age on the basis of fossil evidence (Anderson, 1965, p. 153). Occasional
small springs are present at the base of the Hart Creek Fanglomerate. The unit,
however, is above the general ground-water system within the study area, and

is pot an important source of water,

Snake River Basalt

The Snake River Basalt is herein considered to include all basalt young-
er than the Middle Pleistocene within the study area. Outcrops of the basalt
are present in the north central portion of the study area near the mouths of
Sinker and Rabbit creeks (fig. 4). Sinker and Fossil buttes are capped by the
formation. The rock is dark gray to black, plagioclase-olivine basalt. The
Snake River Basalt overlies basalt of Middle Pleistocene age in the study area.
Northeast of Murphy the basalt unconformably overlies sediments of the Glenns
Ferry Formation. Although the unit appears to be very permeable, it is above
the general ground-water system.

Gravel Units

The study area contains five major gravel units; the Tuana Gravel, the
Black Mesa Gravel, the Sugar Bowl Gravel, the Crowsnest Gravel, and the Melon
Gravel. These gravel units range from Lower to Upper Plelstocene in age
and occur in widely scattered outcrops. Two of the units, the Tuana Gravel

and the Black Mesa Gravel, appear to be remnants of pediment deposits (Malde
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and Powers, 1962, p. 1209-1212). Two others, the Sugar Bowl Gravel and the

Crowsnest Gravel, are remnants of river terraces (Malde and Powers, 1962, p.
1213-1215) which reflect various stages of entrenchment of the Snake River.

The fifth, the Melon Gravel, is a grayel deposit emplaced by a catastrophic

flood. The gravel units all appear to be very permeable. However, they oc-
cur above the regional water table, and are not considered important socurces
- of ground water.

Recent Deposits

Recent deposits in the study area consist of alluvium, talus, and wind-
blown sediments. The type of sediment is directly related to the underlying
bedreck. Alluvium is present along the Snake River and the tributary streams
as flood plain deposits. Most of the tributary streams have flood plains
composed primarily of coarse sand and gravel. Talus slopes are present along
the Owyhee Mountain front and the basalt cliffs near the Snake River. Wind-
blown sediments occur in areas underlain by the fine grained sedimentary
formations. The most prominent areas of deposition are the Rye Patch north
of Oreana and the Sinker Creek flat northeast of Murphy. Much of the rest of
the area is covered by thinner deposits of this material. Dunal sand is pres-
ent in T. 6 S., R. 6 E. These sand dunes are over 400 feet in height and are
confined to a relatively small area. A small guantity of ground water is
present in the sand, but the material is not considered an important aquifer.

Geologic Structure

The study area is located on the south side of the massive structural
feature known as the Snake Plain downwarp. This downwarp is expressed struc-
turally by the gentle (2-3%) northward dip of the younger sedimentary beds and

a narrow fault belt along the mountain front (fig. 4). Many of these faults
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are avenues for ground-water movement; the gently sicping sedimentary beds
have given rise to widespread artesian conditions. The faults present in the
study area are northwest trending and usually dip from 50 to 80° to the north-
east. Movement along the faults has been both lateral and vertical with the
north side of the fauit generally being the downthrown block. Vertical move-
ment along the fault zones has varied from a few feet to several hundred feet
{Littieton and Crosthwaite, 1957, p. 169). The geologic map of the study area
(fig. 4) shows some of the faults present along the mountain front. Fault
contrel of ground water is especially evident in the Castle Creek area (fig.
6). Several faults intersect in an area which was once a location of hot
springs. Two wells drilled in the vicinity of the intersection of these
faults produced hot, artesian water believed to be forced upward in the fault
zone. The Hot Spring fault south of Bruneau is another example of fault con-
trol of ground water. Hot springs occur along the fault trace, and hot water
is believed to be introduced upward through the fault to the artesian aquifer
system in Bruneau Valley. This fault cuts the volcanic rocks at depth and

as much as 400 feet of displacement has occurred (Littleton and Crosthwaite,
1857, p. 168). Faults present along the mountain front near Hardtrigger,
Squaw, and Wilson creeks are believed to provide avenues for the introduc-
tion of hot ground water to the aquifers near Givens Hot Springs and Walters
Ferry.

Other structural features in the area are associated with volcanic erup-
tion. Basalt dikes are present at several locations, primsrily north and
west of Murphy. Several volcanic necks are present along the Snake River.

No evidence has been found to indicate that these volcanic structures have

a significant effect on ground-water movement within the study area.
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Cenozolc Geologic History

During the Late Miocene and Early Pliocene, large volumes of silicic
volcanic rocks were extruded on a highly eroded topography along the axis of
the Owvhee Mountains. During the late stage of eruption, intense tensional
stresses caused major faulting along the present Owyhee Mountain front. Depo-
sition of a thick seguence of clay, silt, and sand began in an extensive,
shallow lacustrine environment in the western portion of the study area.
Silicic eruption continued sporadically resulting in some interbedding. Sub-
sidence and faulting continued along northwest trend lines. Basalt was
extruded from widely separated vents during the Middle Pliocene., Large vol-
umes of the basalt were deposited on the silicic wvolcanics southeast of
Bruneau. Vents near Sinker Creek and Rabbit Creek erupted into the shallow
lakes and ponds and became interbedded with the sedimentary sequence being
formed. Erosion during Upper Pliocene time created a hummocky topography.
Encroachment of a large lake began during the uppermost Pliocene. Granitic
silt and sand, volcanic ash, and basaltic sand were deposited in the lake
which extended from east of Hagerman to beyond the western border of Idsho.
After several thousand feet of these sediments had accumulated, erosion
again began. Deep canyons and gullies were cut into the soft sediments. Ba-
salt erupted from a series of vents roughly parallel to the present course of
the Snake River filling many of the canyons and gullies and damming the Snake
River at several logations. Fine grained sediments filled many of the small
lakes that were formed., A vent at the mouth of Sinker Creek was buried by
these sediments. As deposition slowed, the Snake River began cutting its chan-
nel to its present level. A large pediment formed along the Owyhee Mountain

front and many older geclogic features were exhumed. Another short volcanic
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episode occurred at this time, primarily north of the study area. The lava
extruded was very fluid and covered much of the area north of the Snake River
adjacent to the study area. Recent deposition in the area consists of talus
slope deposits, terrace gravel and alluvium along streams and accumulation
of thin deposits of windblown sand and silt in the flatter areas. Flood
plains are presently being formed along the Snake River and a few of the
larger tributary streams.
HYDROLOGY
Delineation of Hydrologic Subareas

The study area was divided into eight subareas to facilitate the discus-
sion of the hydrology. The delineation of the subareas was based on variations
in ground-water hydrology and the pattern and type of well development. The
Owyhee Mountains subarea includes the southern half of the study area and is
essentially devoid of well development. The primary geographic features of.
the subarea are the Owyhee Mountains and Owyhee Highland. (See fig. 7 for sub-
area boundaries.)} The Upper Reynolds Creek subarea includes the southern
portion of the Reynolds Creek Basin. This area was delineated as a subarea
because it is believed to be a closed ground-water basin. The subarea has been
designated as the Northwest Hydrology Research Watershed by the Agricultural
Research Service, U. S. Department of Agriculture. Considerable research into
the ground-water characteristics of this ares has been accomplished by the
A.R.8. The Walters Ferry subarea includes the ground-water development along
the south bank of the Snake River from Squaw Creek to Guffey Butte in the west-
ern portion of the study area. The Murphy subarea includes a large, relatively
undeveloped area in the west central portion of the study area. Wells have

been drilled in scattered locations for domestic and irrigation uses, but a
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major development of the resource has not occurred. The ground-water develop-
ment in and near the Castle Creek valley is included in the Oreana subarea.
Water-level decline and well interference have been noted in both the shallow
and deep aquifers in this area. The Grand View subarea includes the Shoofly
Creek valley and the area along the Snake River near Grand View. Both shallow
and deep aquifers have also been developed in this area. The most intensively
developed areas of ground-water irrigation are included in the Bruneau sub-
area. This subarea, in the eastern portion of the study area, includes Little
and Bruneau valleys. A deep aquifer has been extensively developed by irri-
gation wells, many of which flow under artesian pressure. The Indian Cove
subarea includes the remaining portion of the eastern part of the study area.
The ground-water development in this area has been primarily domestic and
stock wells.

The ground-water hydrology of the above mentioned subareas is discussed
in detail in the following sections. Particular emphasis is placed on the
description of the aquifers, discussion of the present well development and
its effect upon the resource, direction and the characteristics of ground-
water flow and water quality.

Owyvhee Mountains Subarea

The Owyhee Mountains subarea is important primarily as a recharge area
for the aquifers underlying the lowlands to the north. The boundaries of
the subarea are the range line common to R. 8 and 9 E. on the east, Sguaw
Creek on the west, the drainage divide and the township line common te T. 10
and 11 S. on the south, and the approximate mountain or upland front on the
north (fig. 7). Climatalcgical data presented in table 1 indicate an average

annual precipitation rate of about 15 inches for the subarea.
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The surface runoff from the Cwyhee Mountains subarea is divided intc many
ephemeral streams. The only perennial stream in the subarea, the Bruneau
River, derives most of its flow from the Jarbidge Mountains to the south. The
ephemeral streams of importance include: Squaw Creek, Reynolds Creek, Sinker
Creek, Castle Creek, Jacks Creek and Wickahoney Creek. Wickshoney Creek and
Bruneau River are the only streams gaged in the study area. Wickahoney Creek
flows only after periods of excess precipitation or snowmelt. The average dis-
charge for 12 years of record is 2.2 cfs (cubic feet per second). The Bruneau
River is gaged at Hot Spring where it leaves its deep canyon and enters the
lowland. This stream had an average discharge of 377 cfs during the 29 year
period of record. GSmall channels in the subarea carry flood discharge after
periods of precipitation.

Water is recharged to the ground-water system in the Owyhee Mountains
subarea through joints, faults and other structural features in the rocks.

Two formations, the Tertiary Rhyolite and Tertiary Silicic Volcanics, are
believed to be most effective in transmitting recharge water to the ground-
water system. Both of these formaticns are highly fractured in most of the
outcreop areas. Recharge is believed to occur both areally and locally wherve
stream channels cross areas of intense fracturing, These rocks outcrop over
approximately 40-50 per cent of the Owyhee Mountains and nearly all of the
Owyhee uplift. The potential for areal recharge is therefore high. Littleten
and Crosthwaite (1957, p. 172) state that the entire normal flow of Jacks and
Wickahoney creeks is absorbed by the rocks in a faulted complex along Jacks
Creek. Quantitative assessments of the amount of water recharged in the Owyhee

subarea have not been determined.
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Ground-water development is limited in the Owyhee Mountains subarea.
Several stock wells have been drilled at high elevations, but yield only small
quantities of water  Intensive ground-water development is not expected in
the subarea.

Upper Reynolds Creek Subarea

Ground water 1s used i1n the Upper Reynolds Creek subarea almost exclusive-
ly for domestic purposes. Most of the wells are less than 50 feet in depth
and obtain water from channel alluvium. Several irrigation wells have been
drilled to a maximum depth of 1,000 feet in the subarea. These wells are pres-
ently unused. The transmissibility values obtained by Stephenson (1965, p.
458) indicate that most of the aquifers in the subarea would support only low
production wells (transmissibility values of less than 50 galicns/day/foot).
Problems of well interference, water-level declines, or decreases in well
yields, have not been reported in the subarea. The present well development
has not appreciably altered the ground-water resource.

Walters Ferry Subarea

The ground-water resource in the Walters Ferry subarea is important pri-
marily as a source for domestic water supplies. Although a few irrigation
wells are in production, most of the water used for irrigation is diverted
from the Snake River or Reynolds Creek. Most wells that have been drilled in
the area generally obtain only small to moderate supplies of water.

Ground water in the Walters Ferry subarea is believed to be derived pri-
marily from precipitation in the Owyhee Mountains. The water, recharged to the
ground-water system in the mountains, flows northward toward the Snake River.

Four geologic formations that may be important as aquifers in the Walters

Ferry subarea are the Tertiary Silicic Volcanics, Poison Creek Formation,
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Banbury Basalt, and Glenns Ferry Formation. Tertiary Silicic Volcanics are
encountered in several deep wells near the mountain front. Only small quanti-
ties of water have been obtained because, in most cases, the drillers stopped
shortly after encountering what is believed to be the formation. The evalua-
tion of the Tertiary Silicic Volcanics as an aquifer in this area thus cannot
be completed at this time because of the absence of sufficient data.

The Poison Creek Formation is the most widespread aquifer in the subarea.
The deeper wells that tap this formation encounter warm to hot water under
artesian pressure. Thick beds of clay and silt provide the aquiclude or cap-
ping layer that confines the artesian aguifer. The water is generally derived
from sand or sandstone beds. Because the horizontal permeability is much
greater than the vertical permeability, water encountered in different sand
zones often has different temperatures and artesian pressures. The yields to
wells from this formation are generally low to moderate.

The Banbury Basalt is an important aquifer only in isolated locations in
the Walters Ferry subarea. The formation is limited in areal extent and also
varies widely in permeability. Most of the drillers' logs indicate that only
small quantities of water were derived from this formation.

Wells near the Snake River which penetrate the Glenns Ferry Formation
yield warm to hot water under artesian pressure. The domestic and small irri-
gation wells that derive water from this unit generally have only low to
moderate yields.

Wells in the Walters Ferry subarea are used for both domestic and irriga-
tion water supplies. Unused flowing wells are also present in the area (fig.
8). In many cases, the domestic éupplies are from two- to four-inch diameter

flowing wells drilled prior to 1930. The warm (80-100°F) ground water is used
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in several cases for heat as well as consumption. The depths of most of these
wells are unknown. Newsr domestic wells have been drilled in several loca-
tions. Most of these wells are less than 200 feet deep and have low vields.

Approximately 15 irrigation wells have been driiled in the Walters Ferry
subarea (fig. 8}. These wells supply irrigation water for lands higher than
the surface water distribution system. They vary in depth from 155 to 2,860
feet. The yields of mos? of the wells are low with only a few presently being
operated.

Many small diameter weils drilled pricr to 1930 are allowed to fiow un-
controlled and waste water in the Walters Ferry subarea. These wells were
drilled in the sediments of the Glenns Feryy and Poison Creek formations until
the small votary drill rigs were stopped by a hard layer. All of these wells:
are thus believed to derive their water from the zediments of the two upper
formations. The water from these welis range in temperature from 70 to 135°9F.

It is believed that the temperature of the water 1s dependent on the depth

it

of the well and the formatiocns encountered. The total flow of all of the wells
of this type represent a significant porition of the total ground-water dis-
charge in the subarea. The locations of the weils of this type visited during
the study are shown on figure 8

The elevation of the water surface in non-flowing wells in the Walters
Ferry subarea 1s alsc presented in figure 8, along with the land surface eleva-
tions gt wells that flow under artesian pressure. Wells flow at land surface
up to elevations of 2,350 feet in the western portion of the subarea, 2,300
feet in the central portion, and & maximum of 2,400 feet in the eastern portion
of the area. A variation in artesian pressure is evident in wells of different

depths. The data showing elevation of water surface indicate ground-water flow
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is from the mountains northward toward the river. Sufficient data are not
available, however, to determine the gradient and configuration of the ground-
water surface.

Most of the Walters Ferry subarea has not undergone a major ground-water
deciine as a result of well development. Records of water level fluctuations
are available on several wells in the subarea. A 2,860 foot well (IN 4W 13cald
and a 1,540 foot well (1S 3W 24bdl} were monitored during the investigational
period. This record is presented in figure 9 along with a short water level
record on three wells monitored by the U. S. Geological Survey. None of the
hydrographs indicate a significant change in water levels. The decline noted
in the hydrograph of well IN 4W 13cal is the result of pumping an irrigation
well approximately 1,000 feet from the observation well. The relatively flat
and constant siope of the recovery curve is an indication of the slow rate of
recharge to the area.

Although not documented by water-level record, one portion of the subarea
has undergone a water-level decline in the magnitude of 20 to 30 feet. The
area of decline includes wells in sec. 16-17, 20-21, and 28-25, T. 1 N., R. 3 W.
A well in sec. 20, T. I N., R, 3 W. had a reported depth-to-water of 74 feet
in 1%62 and a measured depth-to-water of 48 feet in 1868. A well in sec. 29,
T. 1 N., R. 3 W., that had flowed since it was drilled in 1903, stopped flowing
in 1961i. The spring supplying the Givens Hot Springs Resort in sec. 21., T.

1 N., R. 3 W., has reportedly declined in discharge in the last five years. De-
tails on the rate or pattern of water-level decline in this area are not avail-
able. Several wells in sec. 34, T. 1 5., R. Z W. have been the subject of a

court decree. These wells were drilied in a small area and mutual interference

occurred. This interference, however, is a local problem and not a case of
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regional water-level decline.

The gquality of the ground water in the Walters Ferry subarea is generally
good. The dissolved solids content ranges from 200-330 ppm (parts per million),
The water is primarily of sodium or calcium bicarbonate type with several
analyses very high in fluorides.

Murphy Subarea

The ground-water resource has been developed for irrigation and domestic
supplies at only scattered locations in the Murphy subarea. Less than 25 wells
are located in the area. Most of these are used for demestic supplies and
yield only small quantities of water. The source of ground water in the Murphy
subarea is believed to be precipitation on the Owyhee Mountains. The quantity
of ground-water recharge originating within the subarea from lccal precipita-
tion or irrigation return flow is believed to be small.

Four geclogic formations are important as aquifers in the Murphy subarea:
Poison Creek Formation, Banbury Basalt, Glenns Ferry Formation, and Bruneau
Basalt. None of the wells in the area encounter the silicic volcanics. Wells
penetrating both of the Banbury Basalt and the Poison Creek formations derive
most of their water from the basalt, One well derives water from a sandstone
lense in the Poison Creek Formation. Several wells which penetrate thick
sections of Glenns Ferry Formation near the Snake River yield only small quan-
tities of warm (70-90°F) water under low artesian pressure. Wells in the
Sinker Creek valley in sec. 15 and 22, T. 3 S., R. 1 W., penetrate and derive
water from Bruneau age basalt.

The well development has been limited in the Murphy subarea. The only
large tract of irrigated land is supplied by water pumped from the Snake River.

The location of wells in the Murphy subarea are shown in figure 10. Most of
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the irrigation wells presently in use are in the Sinker Creek valley. The
yields from these wells vary from 200 to 1,400 gpm with the higher yields being
ohtained from the wells in sec. 15 and 22, T. 3 8., R. 1 W. The elevation of
the water surface for wells in the Murphy subarea is presented in figure 10.
Sufficient-data are available to make only a very general interpretation of
ground-water flow. The data indicate flow from the mountains toward the river.

Water-level records have been obtained for three wells in the Murphy sub-
area. An unused irrigation well {28 2W 3£6bdl) was monitored continuocusly
during 1968 (fig. 11). The decline shown in the hydrograph is believed to be
primarily the result of operation of an irrigation well in the same section.
Although the irrigation well was turned off for the season in September, sig-
nificant water-level recovery did not begin in the observation well until
middle November. This lag in recovery is believed to be an indication that
the aguifer in that area is limited in areal extent and has a low rate of re-
charge. Water levels in wells 3S 1W 8cbcl and 45 2ZW llabal, monitored by the
U. §. Geological Survey, changed only 2 feet and 0 feet réspectively from the
spring of 1967 to the spring of 1968. Water-ievel decline or well interference
have not been reported in the area.

The temperature of the ground water in the Murphy subarea ranges from 70
to 90°F. The quality of the ground water ranges from poor from the sediments
to good from basalt.

Oreana Subarea

The Oreana subarea includes the ground-water development near Oreana and
that in and near the Castle (reek valley (fig. 7). Two major aquifer systems
are important in the subarea. (1) A number of irrigation and domestic wells

near Oreana derive water from a series of shallow sand beds in the Glenns
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Ferry Formation. (2) Hot (130-180%F) ground water under high artesian pres-
sure is bbt&ined by a number of wells in the Castle Creek valley from the
Banbury Basalt and the Poison Creek Formation.

The ground water in the Oreana subarea is believed to be derived primar-
ily from precipitation on the Owyhee Mountains. Although some recharge reaches
the shallow aguifer from local precipitation and irrigation, the total gquantity
is believed to be small.

The four geclogic formations that may be important as aguifers in the
Oreana subarea are, from youngest to oldest; the Glenns Ferry Formation, Poison
Creek Formation, Banbury Basalt, and Tertiary Silicic Volcanics. A seguence
of coarse grained sediments are present in the Glenns Ferry Formation near
Oreana at depths of 200-300 feet below land surface. The lateral extent of
these coarse grained sediments is inferred in figure 12 from the surface out-
crops and the drillers' log data. A number of irrigation and domestic wells
obtain water from this aguifer near Oreana. The formation is also utilized as
an aquifer in the Castle Creek valley by both shallow welis (less than 50 feet)
and c¢ld Z- to 4-inch diameter flowing wells. The deeper wells derive small
guantities of warm (7OFLGOOF] water under artesian pressure.

The Poison Creek Formation is generally a poor scurce of water in the
Oreana subarez. Some of the old Z- to 4-inch wells which penetrate the Glenns
Ferry Formation alsc penetrate the Poison Creek Formation. These wells yield
only small gquantities of warm water under artesian pressure. A portion of the
hot, artesian water encountered in the deep wells in the Oreana subarea may be
derived from the Poison CUreek Formation.

The Banbury Basalt is important as the source of hot {130-180°F), artesian

water in the Oreana subarea. This formation is encountered by most of the deep
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wells 1n the area.

The silicic volcanics are penetraved by several wells in the Oreans sub-
area. The data from these wells do not indicate that a significant guantity
of water is derived from the formation. The importance of the silicic volcan-
ics as an aquifEr in this area cannot be determined at this time because of a
lack of datsa.

The well development in the Oreana subarea may be divided into the fol-
lowing three categories on the basis of use and source of the water: hot,
artesian wells, pumped irrigation and domestic wells, and unused flowing wells
{(fig. 13). Ten wells, ranging in depth from 660 to 3,100 feet, have intercept-
ed hot (130-180°F) ground water under high artesian pressure. All of the wells
flowed under artesian pressure when drilled. Discharges greater than 7.5 cfs
were reported. The hot, artesian water is obtained at depths over 2,500 feet
in the northern portion of the Oreana subarea, but at only 600 feet in sec, Z1
and 29, T. 5 8., R. 1 E. The difference in the depth to the artesian aguifer
is believed to be the result of vertical displacement aiong a northwest trend-
ing fault or faults. These same faults are believed to provide avenues for
the upward movement of the hot water. A former hot spring area near (Castle
Creek in sec¢c. 29, T. 5 8., R. 1 E. 1z the location of the intersection of two
of these faults (fig. 6. The artesian pressure in wells indicate an original
plezometric surface near 2,800 feet elevation.

Approximately 20 irrigation and domestic wells are equipped with pumps
in the subarea. Most of these wells were drilled near Oreana and derive water
from the coarse sand beds in the Glenns Ferry Formation. The wells vary in
vield from a few gallons per minute to 1,900 gpm. The depth to water in all of

the wells is less than 200 feet with most less than 100 feet. The temperature
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of the water derived from thess weils ranged from 55 to 70YF.

in the subzrea are the unussed small diameter

The third fyp: of ws
flowing wells dritled prior to 1830, Although construction data are not
available on theze welis. they are assumed to have been driiled entively in
sediments. Most of thess wells filow at land surface at temperatures of 70-
1060°F, Several shaliow wells {less than 50 feet) have been drivied in the
Castle Creek valley for domeztic purposes  Tw> 1rrigation supplies have been
developed by ex<avating large hoies approximately 20-30 feet deep and pumping
the ground water that coliects. The pits are probably obtalning water from
stream atluviun connected directly or indizertty with Castie Crsek

The elevation of the water surface 1n welis in the Oreana subarea is
presented 1n figure .3 Conigsurs of water-ieyel elevation are presented in

the vicinity of Oresna. The contours inditate ground water flow from the

pag

west to the east with a gradisn: of approx.matesy 60 Feel per mils.  The move~
ment of ground warer cannwt be trated farsther to the northeast becsuse of the

lack of well development. ©Some interierence between wsils and a seasuvnal de-

41

cline in water leveis have been repcsted near Oreana The zhort hydrograph

record available on well 45 1E 30bbi {fi1g. i4; dues nol indicaie a

i

sgnifi-
cant yearly decline in waier leveis in the arvea

Two elevation:s are nored on figure 13 for wells tapping the hot, artesian
ground-warter system. The upcer Jaiuss noted are the original levels of arte-
sian pressure when the ws.ls were drslied.  The lower values are the fall,

1968 levels. The original head value of the first well (55 1E Zich) tapping

ot

the hot water system was 2,827 fseor The original lsvels on all but one of
the remainder of the wells was in the range of 2,790 feet to 2,825 feetr, in-

dicating that the piezomerric surface was originally very flat or near 2,820
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feet elevation. The well in sec. 19, T. 4 §., R, 2 E. had an original water
level elevation of 2,737 feet. The head difference indicates that this well
either penetrates a different aquifer system, or another aguifer system in
addition to the one common to the other hot wells. The range in temperature
in the wells from 136 to 178°F is probably the result of mixing of colder
water with the hot water either in the well or in the aquifer.

The water levels in the hot, artesian aguifer system began declining as
soon as wells were drilled and began to withdraw water. Details of the rate
of decline are scarce with only scattered data available (fig. 15). At least
100 feet of water level decline has occurred in well 5S 1E 29aa from 1958 to
1968. The pattern of this decline is only documented for the pericd 1967-69,
Declines of 80 and 90 feet can be noted in other wells. The levels in the
two wells in sec. 24, T. 5 8., R. 1 E. have not apparently undergone the same
rate of decline as the remainder of the wells in the agquifer. The increase in
the rate of recovery in the wells that can be noted in January 1969 is the re-
sult of the closure of a formerly uncontrolled flowing well (485 1E 34bal).
This well formerly flowed over 7.5 cfs throughout the year. Some of the de-
cline, suffered in the hot, artesian system, is expected to be reversed by the
closure of this well. The artesian pressure in the aquifer, however, will
not return to its original level with the closure of the single off season
waste of ground water. The recharge-discharge relationship was in equilibrium
prior to the driliing of wells in the area. The natural discharge at that
time included spring flow, evapotranspiration by plants near the springs and
leakage into overlying aguifer systems because of the leaky characteristics of
the overlying confining lavers., The well development in the area has caused

a decline in piezometric pressure and has decreased and thus captured a portion
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FIGURE 15. Hydrographs of wells 4S 1E 34abi, 55 1E 21ch, 58 1E 2%aa and
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of this natural discharge. A quantitative assessment of the total recharge
to the hot, artesian system cannot be completed until the leakage to other
aquifers is determined. This determination is beyond the scope of this re-
port.

The quality of ground water in the Castle Creek subarea is generally
good. The total dissolved solids varies from 250 ppm in the hot, artesian sys-
tem to 150 ppm in the aquifer near Oreana, The water is predominately a
sodium and calcium bicarbonate type. Concentrations of 1-3 ppm fluorides are
present in the hot ground water.

Grand View Subarea

The ground-water resource in the Grand View subarea has been developed for
domestic supplies along the Snake River and for domestic and irrigation sup-
plies in the valley regions south of the river. Three major aquifer systems
are important in the Grand View subarea: a hot, artesian system in the Tertiary
Silicic Volcanics and the Banbury Basalt, a warm, artesian aquifer system in
the sediments of the Idaho Formation and a cold, water-table aguifer system in
the alluvium and an upper portion of the Idaho Formation.

Ground water in the deep aquifers in the Grand View subarea is believed
to be derived primarily from precipitation on the Owyhee Mountains and uplift.
The Tertiary Rhyolite and silicic volcanics are belleved to transmit the water
from the mountainous regions to the subarea. Most of the recharge to the
overlying Banbury Basalt and Idsho Formation is from leakage upward from the
silicic volcanics. Some water is recharged to the ground-water system from
the streams flowing over highly fractured outcrops of the Banbury Basalt.
Recharge to the shallow aquifer near the Snake River is more directly from

precipitation, seepage from canals, irrigation and sewage effluent.
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Four geologic formations that may be important as aguifers in the Grand
View subarea are the Tertiary Silicic Volcanics, Banbury Basalt, Idaho Forma-
tion, and alluvium. The silicic volcanics are encountered by several wells in
the area at depths from 2,000 to 3,000 feet. The drillers' logs from most of
the wells indicate that water was obtained from the formation. The yields ob-
tained from the silicic volcanics cannot be determined because these wells
also obtain water from the overlying formations. The importance of the forma-
tion as an aguifer in this area thus cannot be assessed at this time,

The Banbury Basalt is the most important aguifer within the Grand View
subarea. This formation is encountered in wells at depths ranging from 600 to
2,000 feet below land surface. Irrigation wells tapping the Banbury Basalt
yield up te 2,500 gpm when pumped and 750 gpm by artesian fiow. The tempera-
ture of water obtained from the formation ranges from 125 to 150°F, The
permeability of the basalt varies widely in the subarea. Very dense flows
within the formation can act as confining layers.

Most of the wells in the Grand View subarea derive a portion of their
water from the Idaho Formation. The wells that derive water from only the
Idzho Formation generally have low yields and lower artesian pressure than
those wells penetrating the underiying Banbury Basalt. Trrigation wells de-
rive up to 750 gpm from the formation; water temperature is generally within
the 70-100°F range.,

The third aquifer system important in the Grand View subarea is the allu-
vium found along the major stream channels. Many wells less than 50 feet in
depth obtain domestic supplies from the alluvium and the upper portion of the
Idaho Formation near Grand View. In most cases, they intercept water in the

alluvium that does not percolate downward because of the general low vertical
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permegbility of the Idaho Formation. The yields obtained from the shallow
aquifer are sufficient for domestic and small irrigation uses.

The well development in the (Grand View subarea may be divided into three
major categories on the basis of scurce and use: shallow domestic, irrigation,
and unused flowing wells {(fig. 16). Most of those near the Snake River in the
Grand View subarea are less than 50 feet deep and are used for domestic purposes.
Many wells near the the town of Grand View have a potential water quality prob-
lem., The same sand and gravel layers are used for both sewage disposal and
water supply. The present system of individual water supplies should be aban-
doned in favor of a single deeper scurce of ground water.

Approximately 20 irrigation wells are belng operated in the Grand View sub-
area (fig. 16). Most of these are located several miles south of the Snake
River at higher elevations than the surface-water distribution system. The
depth of the wells vary from 100 feet to 3,600 feet. Approximately half of
the wells were drilled deep enough to intercept the hot (125 to 150°F), artesian
ground-water system. Several yield up to 2,500 gpm. A number of shallow irri-
gation wells obtaln lesser quantities of water at temperatures ranging from 80
to 125%F. The maximum reported yield of the shallow wells is 750 gpm.

Many small diameter flowing wells were drilled in the subarea prior to
1930. Most of these wells derive small quantities cof water from the Idaho
Formation. The wells generally flow uncontrolled at temperatures from 80 to
100°F. These wells should be capped or plugged to prevent waste from the
artesian aquifer system.

The elevation of the water surface in wells in the Grand View subarea
is presented in figure 16. The maximum elevation at which wells flow in the

subarea is 2,750 feet. The wells intercepting the Banbury Basalt and silicic
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volcanics have a higher water level elevation than wells tapping the Idaho
Formation. The maximum elevation at which wells obtaining water from the Idaho
Formation will fleow is 2,630 feet. Different water levels are encountered

with depth in both the Idaho Formation and Banbury Basalt. Many wells obtain
water from both formations and thus have water levels that do mot correspond

to either. The direction of ground-water flow is believed to be northward in
the subarea.

Declines in water levels have been reported in the Grand View subarea from
wells which obtain water from both the Idaho Formation and the Banbury Basalt,
Water-level declines and well interference have been reported in two wells,
1,800 and 3,600 feet deep in sec. 4 and 5, T. 6 S., R. 3 E. A 1,340-foot well
(6S 3E 1l4bcb) has undergone 2 feet of water-level decline per year since 1562
{fig. 17). This well obtains water from the Idaho Formation. Several wells
less than 500 feet in depth have reported water-level declines in the same sec-
tion. The decline in water levels indicates that the present ground-water
discharge through wells and natural discharge points in the area has exceeded
the natural ground-water recharge. A significant portion of the present dis-
charge 1s wasted through numerous old flowing wells and improperly cased
artesian iyrigation wells. Since the total discharge in the area is not be-
lieved to be large, the conserxvation of ground water presently wasted could
result in a major change in the pattern of water-level decline.

The guality of ground water in the Grand View subarea varies with the depth
of the wells. The deeper wells which obtain water from the Banbury Basalt and
silicic volcanics have a sodium-bicarbonate type of water. The shallower water
from the Glenns Ferry Formation is of calcium-bicarbonate type. The total dis-

solved solids content of the wells sampled in the subarea range from 190 ppm
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to 334 ppn.
Bruneau Subarea

The Bruneau subarea includes the most intensively developed areas of
ground-water irrigation in the study area. Ground water in the Bruneau sub-
area is believed to be derived primarily from recharge in the Owyhee Mountains
and Owyhee uplift. Precipitation within the subarea is not believed to be an
important source of recharge to the deep aquifers.

Three geologic formations are important as aquifers in the Bruneau sub-
area: Tertiary Silicic Volcanics, Banbury Basalt and Glemns Ferry Formation.
The silicic volcanics are encountered in a number of wells in the southern
portions of Bruneau and Little valleys. A number of wells with yields exceed-
ing 2,000 gpm derive a major portion of the water from the silicic volcanics.
The aquifer is most important in the southern portion of Little Valley.

The Banbury Basalt is the most important aguifer in the subarea. Many
of the wells in Little Valley and in the southern portion of Bruneau Valley
derive their water from the basalt alone or in combination with the silicic
volcanics. The water obtained 1s warm (99—1000¥) and is under artesian pres-
sure. The artesian pressure varies with the depth of the well and the pene-
tration of the aquifers. Yields to pumped wells average 2,000 to 3,000 gpm in
the Little Valley area. Well 7S5 5E 7ab discharges over 3,000 gpm under arte-
sian pressure.

The Glenns Ferry Formation is more productive as an aquifer in the Bruneau
subarea than in most portions of the study area. The characteristically fine
grained formation includes some sand beds in Little Valley that yield moderate
supplies of water. The temperature of water derived from this formation varies

from 60-95”F. The water is under artesian pressure, and rises to a maximum
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elevation of 2,650 feet.

The well development in the Bruneau subarea can be divided into three
major categories on the basis of use: drrigation, domestic and unused flowing
wells., Approximately 40 large irrigation wells have been drilled in the Little
Valley area (fig. 18). Thirty of these have been drilled since 1954, the end
of data collection period for the Littleton and Crosthwaite (1957) study of
the Brunegu-Grand View area. The wells vary in depth from 700 to 2,100 feet
and obtain water primarily from the Banbury Basalt and silicic volcanics. Most
of the wells drilled since 1954 are above 2,700 feet elevation and are pumped.
Approximately 30 irrigation wells have been drilled in the Bruneau Valley por-
tion of the subarea; only 10 of which have been drilled since 1954. The yields
from wells in the Bruneau Valley are generally lower than those in Little Val-
ley. The reported discharges for irrigation wells in Bruneau Valley range
from 100 to 2,500 gpm; the depths range from 300 to 1,800 feet.

A number of domestic wells have been drilled in the Bruneau subarea.

Most of these wells are less than 500 feet in depth and obtain water from the
Glenns Ferry Formation. Enough water for domestic purposes can be normally
obtained by intersecting one or more sand strata.

Small diameter flowing wells drilled pricr to 1930 constitute the third
classification of wells in the Bruneau subarea. A large number of wells of
this type were drilled to obtain water from the artesian aquifer systems (fig.
18}. The wells generally discharge small guantities of warm (90-1200?) water
continuously with only limited stock watering and irrigation use. More than
70 small diameter flowing wells were located in 1954 during a well inventory
conducted in the Littie Valley area by the Department of Reclamation. A large

number of these types of wells are aisc known to exist in the Bruneau Valley.
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These wells collectively represent a significant discharge from the aguifer
system and should be plugged to preserve the ground-waler resource.

The elevation of the water surface in wells in the Bruneau subarea is
presented in figure 18. The land surface elevation of wells that flow under
artesian pressure are also presented in the figure. The values indicate 2
general ground-water gradient from the south to the north. Different water-
level elevations are found with depth. The limited data on water-level eleva-
tions indicate that lower levels are found in Little Valley and Bruneau Valley
than in the surrvounding areas. This would indicate that these areas are the
locations of ground-water discharge.

Water-level declines have been noted in the Little Valley portion of the
Bruneau subarea. The hydrograph from well 75 5E 19ccc indicates a steady de-
cline in water levels frem 1953 to the present (fig. 18). The decline averaged
1-foot per year to 1966 and 1.5 feet per vear from 1966 to the present. A
second well, 75 5E 18bcl, had an average decline of l1-foot per year for the
period 1945-1966, Long term vecords of water levels on two wells in the
Bruneau Valley did not show any significaent declines or rises (fig. 19).

The hydrograph deta indicate that the sum of artificial and natural discharge
has not exceeded the recharge to the aguifer systems in Bruneau Valley, but
has exceeded the recharge in Little Valley.

The ground water in the Bruneau subarea is of sodium-bicarbonate type.
The total dissclved solids range from 200 to 400 ppm. The water is generally
not hard, but does have excessive concentrations of fluorides,

Indian Cove Subarea
The indian Cove subarea includes the ground-water development along

the south bank of the Snake River in the eastern edge of the study area. The
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ground-water resource in the subarea is important primarily as a source of
domestic and stock watering supplies. No major irrigation supplies are de-
rived from ground water in the area.

The deep ground water in the Indian Cove subarea is believed to be
derived primarily from recharge in the Owyhee uplift. Precipitation and irri-
gation return flow is believed to supply some recharge to the shallow ground-
water aguifer in sec. I and 4, T. 6 S., R. 7 E. The total quantity of water
derived from this source is unknown.

Four geologic formations may be important as aquifers in the Indian Cove
subarea: Tertiary Silicic Volcanics, Banbury Basalt, Glenns Ferry Formation
and Recent alluvium. Silicic volcanics were encountered in only one well
in the subarea at a depth of approximately 4,000 feet. The well, 65 8E 28cd,
derives water from the Glenns Ferry Formation and Banbury Basalt in addition
to the silicic volcanics. The data are not available to determine the poten-
tial of the silicic volcanics as an aquifer in this area. Deep wells in the
northern portion of the subarea encounter the Banbury Basalt at depths greater
than 2,000 feet. Wells derive water from this formation only in this portion
of the area. The wells yield only small quantities of water and are not an
accurate representation of the potential production from the aquifer. The
Glenns Ferry Formation is intercepted by many wells in the Indian Cove sub-
area. Most of these wells yield only small quantities of water. Well 6S 6F
1l2cc penetrated more than 800 feet of the formation and yielded only 30 gpm.

The Recent alluvium aiong the Snake River is an important aquifer in the
Indian Cove subarea. Most of the domestic wells in the area near the river
are shallow and obtain water from this material and the upper portion of the

Glenns Ferry Formation. Yields to wells are generally low.
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Most of the well development in the Indian Cove subarea is for domestic
usage., The wells are generally less than 200 feet in depth. Wells have been
drilled in excess of 4,000 feet in the subarea but produce only small quanti-
ties of water.

Two shallow wells, 68 6E llbaa and 65 7E 3ddc, have been operated as
observation wells by the U. S, Geoclogical Survey. The short record cobtained
from these wells does not indicate that any water-level decline has cccurred.

The quality of ground water in the Indian Cove subarea varies with the
geologic formation from which it is obtained. The well at the Bruneau Dunes
State Park in sec. 12, T. 6 3., R. 6 E. obtains water from the Glenns Ferry
Formation with a dissolved solids content of 920 ppm. The quality of water
from the other formaticns in the Indian Cove subarea has not been determined.

Interrelationship of Subareas

The subareas described previously are, with the exception of one area,
hydrologically interrelated. The Upper Reynolds Creek subarea, described
only briefly, 1s considered to be a closed ground-water basin. The configura-
tion of the granitic rock is believed to effectively prevent any ground-water
outflow from the basin,

One of the most continucus aquifers in the study area is the hot, artesian
system encountered in the Walters Ferry, Oreana, Grand View and Bruneau sub-
areas. The extent to which well development in one subarea will affect another
is dependent on the distance betwsen wells and the continuity and hydrologic
characteristics of the aguifer system. The continuity and hydrologic charac-
teristics of the aquifer between the Oreana and Grand View subareas is unknown,
The present development has not resulted in mutual interference between wells

in different subareas. Although well development is now occurring in the area
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between the groups of wells in the Grand View and Bruneau subareas, the degree
of hydrologic interconnection and possible mutual interference is unknown.

The present knowledge of the aquifer does not suggest that a ground-water bar-
rier or significant change in aquifer material would be present between these
areas.

The shallower aquifer systems in the Glenns Ferry Formation are hydro-
logically connected to the deeper aquifers. Although the vertical permeability
of the sediments is generally very low, a lowering of water level in the deep-
er aquifers will have an affect on the upper system.

The detailed hydrologic relationships between aquifers in northern Owyhee
County camnot be determined at this time because of an absence of data in many
portions of the area. For present administrative uses, however, the subarea
boundaries noted in this report can be assumed to be effective hydrologic bound-
aries.

Recharge-Discharge Characteristics

Ground-water flow in the study area is believed to be from the Owyhee
Mountains toward the Snake River. An important question which must be answered
with respect to the ground-water resource invelves the total quantity of water
that flows in the system. Essentially all of the recharge to the artesian
aquifer systems in the study srea occurs in the Owyhee Mountains and uplands,
The ground water flows through the volcanic rocks which make up much of the
mountzin mass to the lowland arveas. Recharge to the overlving formations is
geccomplished by leaskage upward. Some deep circulation and heating of ground
water in the volcanic rocks takes place as is evidenced by the thermal quali-
ties of almost all of the ground water in the study area. The vertical

variation in artesian pressure, water temperature and water quality in the
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formations overlying the silicic volcanic rocks is the result of the varia-
tions in upward leakage of water from the underlying materials and the high
ratio of horizontal to vertical permeability. The artesian pressure in the
aquifer system is great enough to cause deep wells to flow at land surface at
almost all locations near the Snake River. One hundred pounds per square inch
(psi) artesian pressures have been noted at several locations.

The discharge characteristics of the aquifers appear to be the primary
factors controlling the total quantity of water flowing in the system. Several
possible avenues for discharge from the aquifers exist in the study area. The
aquifers may (1) discharge ground water to the Snake River, (2) continue under
the river and discharge in some unknown manner north of the river, and (3) dis-
charge by leakage to the overlying formations and to land surface.

The aquifers are not believed to discharge to the Snake River from the
€., J. Strike Dam site downstream in the study area. This reach of the river
is underlain almost exclusively by the sediments of the Glenns Ferry Formation,
The vertical permeability of this formation is known to be low. Several wells
drilled near the river provide data that indicate the river is not directly
connected to the ground-water system. The drillers! logs from wells 4S 2E 6ca
and 35 1E 35dac indicate that blue shale or clay (Glenns Ferry Formation) was
encountered below the soil level to the bottom of the wells. The first water
was encountered during drilling approximately 200 feet below the level of the
river. The water levels rose in the wells to approximately 10 to 20 feet
above river level. Well 55 4E 34chi near €. J. Strike Dam penetrated nearly
5400 feet of the Glenns Ferry Formation before encountering a significant
guantity of ground water. The reach of the Snake River from C. J. Strike Dam

to the western edge of the study area was traversed by boat to locate any
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spring discharge into the river. Electrical conductivity and water temperature
were checked approximately every mile. No significant springs nor change in
the temperature or electrical conductivity of the river water were noted. It
is concluded from these data that the Snake River is not hydraulically con-
nected to the ground-water system in this reach of the river. Because of the
flooding of C. J. Strike Reservoir, data are not available above the danm.

Since the sediments of the Glenns Ferry Formation are generally coarser in

‘the Bruneau subarea than further downstream, a greater possibility for sig-
nificant interconnection between the river and the ground-water system exists
in the reach above the dan.

The second possibility mentioned for discharge from the aquifer systems
in the study area, flow under the river to the north, cannot be resolved at
this time. Sufficient data are not availabie in a major portion of the area
north of the river to determine the extent of the aguifers.

The most logical explanation for discharge from the aquifer systems in
northern Owyhee County 1s leakage to the overlying aquifers and eventual dis-
charge by wells and evapotranspiration. Even though the vertical permesbility
of the sedimentary formations is low, a large area is availiable for upward
leakage. This mechanism for discharge from the aquifer system suggests, how-
ever, that the total quantity of water moving in the aquifer system is not
great. Before wells were developed, a portion of the discharge probably oc-
curred from springs located near the mountain front where the sedimentary
formations are relatively thin. The initial well development decreased or
stopped this "overflow discharge.' An example of this phenomenon is the hot
spring connected to the artesian aquifer system in the Oreana subarea. The

apparent gradient or slope of the water surface in the study area is thus
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primarily the effect of discharge from the aquifer system as a result of well

development. A quantitative assessment of the annual yield or guantity of

water recharged to the aquifer system was not made during the investigation.
Ground-Water Quality

Water quality analyses are presented in table 2 for 48 wells and springs
in the northern Owyhee County study area. Eighteen samples were collected
and analyzed for this study. Twenty-four samples were collected and analyzed
in 1953 for the study performed by Littleton and Crosthwaite (1957) in the
Bruneau-Grand View area. The remainder of the samples were analyzed either
by the U. 8. Geological Survey or by the State Health Department at various
miscellaneous sites. The data presented in table 2 include the pH and tem-
perature of the water, the total dissolved solids, alkalinity (CaCst and
hardness (CaCOz), the cations and anions in parts per million (ppm) and the
sodium-adsorption ratio {SAR). The accuracy is considered good for the older
analyses but only fair for the 1968 analyses because of the imbalance of total
anions and cations. Possible sources of error are the omission of silica in
the analyses and the calculation of bicarbonate from the alkalinity data.

The data presented in table 2 indicate that the water is predominately
of sodium-bicarbonate type. Calcium is generally the second major cation and
sulfate the second major anion. The other significant anion in the analyses
is fluoride.

The variations in ground-water quality in the study area are shown graph-
ically in figure 20 by "pattern' diagrams at the locations of the wells (Hem,
1959, p. 124). These diagrams show the chemical constituents of the water
in equivalents per million {epm) by a pattern plot of 3 cations and 3 anions.

The quality of water in the Little Valley and Bruneau Valley areas is more
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TABLE

2

WATER QUALITY ANALYSES

Ions in Parts Per Million

Total Alkalinity | Hardness

Dissolved as as Calcium Magnes. iron | Mangan. | 5odium | Chloride| Sulfate Nitrate Phosphate Fluoride 0y & HCOg SAF
Ne Locations Hate pH Temyp, Salids Laliy Cal0z Ca Mg Fo Hn Na 1 504 NGy 204 ¥
1IN 4W 1Zael  1-24-68  &.4 104 280 152 52 g 8 0.02  0.05 10 4 14 2.4 £.08 180 183 0.¢
215 3¢ 10bel 4-25-68  £.0L 48 258 120 188 56 12 .05 0.30 32 4 58 8.1 6.04 0.72 146 3.
315 2W 7eel 3.19-68 &.6L 114 130 156 - - - .18 - 110 16 50 - 0.01 22,20 190
4 1S 2W 18dccl 3-15-68 8.4 83 200 104 12 4 2 .33 - 66 5 43 .5 0.1 20.00 127 6.0
525 ZW  3hal 2.28-68 8,9 82 220 140 28 5 2 08 D.05 75 3 35 7 1.04 1.50 170 7.
6 28 W Z6coce  b- 750 -« - 525 - 198 64 9 .04 - - 16 230 - - 0.5 -
728 AW 27ded  11- 7-50 - - 314 - 102 30 7 .04 - - 13 51 - - 1.1 -
8 25 2W 36bal 4.28-68 7.1 30 222 50 30 16 - 0.05 .07 12 16 52 6.05 0,352 0.72 61 0.t
9 35 2W 36dd] 4.35-68 7,3l 55 148 58 82 19 3 .05 0.08 a6 7 38 0.4 0,06 0.46 70 30
1038 W 4del 2~ 6-68 7.2 &0 444 154 170 54 8 0.05  0.20 &8 4 w2 6.5 0.30 0.65 88 7.:
11 38 1W 36ddal  4.25-68 7.4 70 174 64 86 33 1 0.65  0.09 62 10 37 1.6 0.04 0,01 78 2.¢
1245 IW 3beacl  4-26-68 7.6 60 168 72 116 45 1 0,30 0,07 22 21 17 1.8 0.08 04.06 88 2.4
13 4% ik 28bdl 3-19-68 7.6l 64 258 176 &4 16 6 L33 - 63 s 115 b4 0.10 .85 215 3.t
B4 45 1E 30bbl 3-13-68 7.1 59 132 106 124 40 6 0.85  0.08 8 2 14 1.0 0.56 6. 38 129 1.t
15 45 1F 3abl 3 i-68  8.6L 170 235 168 108 i5 10 0.9  0.05 85 6 47 .8 0.56 2.30 195 4.5
1645 2E 4.26-68 7.6 58 398 108 244 68 17 0.20  0.20 110 15 152 1.0 0.14 1.65 131 9.0
1745 28 19ac 4- 8-63 10,0 178 320 - 3 1.0 .2 Nil - 84 5.0 25 .2 - 8.2 - 0.4
18 58 1E Zlchl 4-30-88 9.2 146 252 84 40 14 1 0.09 0,05 36 5 24 0.9 0.96 1.70 192 2.t
19 55 1B Zducl 4-25-68 8.8 150 258 82 40 3 8 0.05 0.02 14 15 39 .2 0,04 1.60 155 1.t
20 5% 2 2aal  11-24-53 4.4 126 251 - 8 2.4 0.5 0.02 - 91 i2 22 0.4 - 14.0 141
I 58 2C 13adl  11-24-53 8,8 80 815 - 44 13 2,7 22 - 278 12 1.9 .8 - 1.2 743
22 5% 3E 28bel 3-19-68 8.0 148 184 120 172 32 23 0.80 - 75 5 § - 0.08 20.69 146 7.1
23 65 3E 1lee2  11-24-53 9.0 b4 329 - 13 3.2 1.2 - - G8{a) 16 19 1.6 - 14 152 1i.d
24 65 3L 13xcl 11-24-53 7.5 64 334 - 159 56 4.7 - - 42 10 65 1.3 - 9 215 -
5 65 3E 3ded 10- 268 7.0 86 298 212 102 28 7 0.08 0,20 32 5 47 0.5 0011 9.69 258 4.
26 11-23-53 8.3 77 356 . 15 4.4 .9 - 104 (a) 13 35 3.6 - 12 185 1.
27 11-23-53 7,9 94 321 - it 3.6 .5 - - 100 12 38 2.9 24 141 13.
28 11-23-53 7.8 94 336 13 4.8 .2 - - 97{a) 17 52 6 - 18 118 11
28 36ddl 11-24-53 8.2 71 341 - 49 19 .5 - - 87(a} 13 49 2.2 - 6.0 160 5.
K L3abe 10-11-68 8.3 105 920 - 40 16 1 2,70 - 182 2 49 4.4 - 5.95 - 1.t
3178 4B 3ac 11-28-67 - - 219 - 146 40 11 - - B0 6 90 N - - - 9.
32075 4 §3bdl 11-23-53 7.5 92 264 - 16 6.0 .2 .61 - 54 9.0 30 6 - 7.0 - 5.
3375 AE Fadel  11-23-53 8.0 99 222 - 18 6.7 .3 - - 60{a) i1 22 ] - 190 106 6.0
34 75 5L Shaz  11.24.53 7.2 38 282 - 47 16 1.8 - - 75(a) 12 68 4.0 - 7.0 102 4.
3575 58 7abl 131-23-53 7.0 2 240 22 6.7 1.2 .86 - 52 5.0 20 7 - 10 100 4.1
36 7S 5E Jabl  1l-24-33 7.8 73 228 - 37 7.1 4.8 - - 53{a) ] 39 N - 6.0 100 3.
37 7% SE 8bbi 11.24-53 7.3 73 216 21 7.9 .3 - - 58{a) 10 23 1.2 - 8.0 105 5.4
3875 Bddl LE-24-53 7.8 92 279 - 16 5.2 7 .63 - 57 7.8 20 1.0 - 10 115 6.0
3% 75 5E 1Bbcl  11-24-83 8,2 92 294 - 18 6.4 .4 32 - 30 8.0 18 .8 - 9.0 108 5.:
a7 Teal  1i-24-53 9.4 g0 299 - 23 5.6 2.1 - - 78¢a) 12 26 .1 - 12 100 7.
41 75 BE Wbal 11-2%-53 9.1 120 370 - 16 4.0 1.4 - - 108(a) 12 31 .2 - 22 152 11.¢
42 75 6E 9bal  11-23-53 8,2 120 271 - 12 2.4 1.4 04 - 100 10 39 .5 - 24 135 12.8
4% 7% ok ibedl  11-23-53 0 7.6 100 222 - 29 10 .8 - - 55{a) 4.0 26 1.6 - 7.0 117 L
a3 75 &6 21dbl  11-23-55 8.7 104 236 - 2 7.9 1.4 - . 63(5) 16 21 .8 - 17 5.
45 78 6L 23¢al 11-23-53 8.6 115 261 139 5
E 3eal 3-5 . : 2 44 14 2.1 - - - 1 21 1.6 - 7.0 130 3.8
46 78 6 23del  11-23-53% 8,2 105 234 - 55 17 3.1 - - 48{z 5.0 g . - :
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consistent than that found in the remainder of the area. The water is of
sodium-bicarbonate type with a lesser amount of sulfate. The percentages of
calcium and magnesium are very small. Lesser amounts of sodium and bicar-
bonate are found in Little Valley and Upper Brumeau Valley than in Lower
Bruneau Valley. These changes may be related to the Hot Spring fault and

the change in thickness of the sediments of the Idaho Formation (Littleton

and Crosthwaite, 1957)., The same chemical characteristics are common to the
deep wells south and west of Grand View in the Grand View subarea. Further to
the west in the Oreana subarea, several of the hot, artesian wells obtain water
with similar chemical characteristics. Three wells near Walters Ferry in the
Walters Ferry subarea also had similar chemical characteristics.

A large percentage of wells sampled in the western portion of the study
area had water quality characteristics different from the pattern described
above. Wells penetrating the Glenns Ferry Formation south of Grand View and
near Oreana had a calcium-bicarbonate type water. The predominance of calecium
may be the result of concentrations of calcium in evaporite deposits associ-
ated with the Glenns Ferry Formation. Several wells closer to the river in
the Oreana subarea have similar characteristics except that sodium is the
major cation. More base exchange of sodium for calcium and magnesium probably
has occurred by this point. The wells near the Snake River also had a greater
concentration of sulfate, which also may be associated with the Glenns Ferry
Formation. Calcium-bicarbonate fype water is characteristic of the well in
the extreme western portion of the study area. This well obtains water from
the Poison Creek Formation.

The previous discussion indicates that sodium is the predominant cation

and bicarbonate the primary anion of ground water in the study area. Contours
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of the concentrations of sodium in epm are presented in figure 21. The con-
centrations of sodium in the ground water generally increase from the south to
the north, the direction of ground-water flow. This pattern is expected be-
cause of two factors: sodium is leached from the rock material by the ground
water, and sodium replaces either calcium or magnesium in the water by base
exchange. The lowest concentrations of sodium would thus be expected nearest
the mountain front. The bicarbonate concentrations are generally lower near
the mountain front and increase towards the river. The area of lowest bicar-
bonate concentration is in the Bruneau subarea south of the Hot Spring fault.
The bicarbonate concentration is important as it is needed in the replacement
of calcium and magnesium by sodium. The concentration of calcium is general-
ly higher in the cold water agquifers in the subarea. This pattern might be
explained by the increased rate of base exchange of sodium for calcium with in-
creased temperature. The pattern of fluoride concentryations are presented in
figure 22, The general areas of high concentrations may be assoclated with
the silicic volcanic rocks and the movement of warm water from this formation,
The c¢oncentrations of fluoride shown are some of the highest in the nation.
The concentrations of the total dissolved solids are presented areally in fig-
ure 23. Most of the valueés are below 400 ppm. The samples obtained from the
sand aquifer of the Glenns Ferry Formation near Oreana have concentrations of
total dissolved solids less than 200 ppm.

Two of the characteristics that are most important in determining the
quality of water for irrigation purposes are total dissclved solids and rel-
ative proportion of sodium to other cations. All but one of the samples
obtained in northern Owyhee County have lower levels of total dissolved solids

than the recommended maximum {(Richards and others, 1954, p. 70). Thus, from
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this criteria, the ground water in the study area is acceptable for irrigation
purposes.

The suitability of ground water for irrigation purposes depends in part
upon the characteristics of the soil to which it is applied. The sodium-
adsorption ratic (SAR) is an empirical relationship relating to the adsorption
of sodium by the soil to which it is being added (Richards and others, p. 72).
The alkali hazard involved in the use of water for irrigation is determined by
both the absclute and relative concentrations of the cations. If the pro-
portion of soudium is high, the alkali hazard is high. If calcium and magnesium
predominate, the alkali hszard is low (Richards and others, 1954, p. 22). A
ratio of these ions is useful as an index of the sodium hazard of the water.
The SAR is defined as follows in epm:

4

Na

4 o g
SAR = (Ca + Mg /2

Irrigation waters may be classified using the SAR value and either electrical

copductivity or total dissolved solids. Since electrical conductivity values
were not obtained in the data collected durinp 1968, total dissolved solids
are used on the ordinate of the graph. The diagram for the classifications of
irrigation waters, presented by Richards and others (1954, p. 80}, is present-
ed for the study area in figure 24. A ratio of total dissolved solids to
electrical conductivity of 0.64 {an average suggested by Richards and cthers,
1954, p. 80) was used to derive the diagram.

Sixty-nine per cent of the wells sampled in northern Owyhee County had
a low sodium or alkali hazard. Twenty-two per cent of the samples had medium

sodium hazard; six samples had high to very high sodium hazard. Most of the
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wells sampled had a medium salinity hazard. These classifications are based
on an average soil with respect to texture, infiltration, drainage, and other
factors. Medium salinity water can be used if a moderate amount of leaching
occurs. The medium and high sodium water can only be effectively used in
coarse grained soils with good permeability. Many of the soils in the study
area are fine grained and only limited leaching occurs. Care should be taken
in areas where ground water with a high sodium content is used for irrigation
to prevent alkali accumulation,

Thirty-five of the wells sampled in the Owyhee County study area do not
meet the U. $. Public Health Service drinking water standards (1962) because
of an excess of fluoride. Almost all of the wells sampled in the study area
meet these standards with respect to total dissolved solids (500 ppm) and
concentration of iron, sulfate, chloride, and nitrate.

WATER RIGHTS

The Department of Reclamation has on file 253 permits cor licenses for the
withdrawal of ground water within the study area. These indicate a potential
discharge of 1,049 cfs for domestic uses and the irrigation of 58,500 acres.
The distribution of ground-water filings by section are shown in figure 25.

The largest grouping of ground-water filings is in the Bruneau subarea.
A potential discharge of 300 cfs exists in a 29 square mile area in western
Little Valley. Filings are also grouped in the Shoofly Creek valley, Castle
Creek-Oreana area and in the western portion of the study area,

Ne restriction on ground-water filings is presently in force in the
northern Owyhee County study area. New lands are being opened in areas where
a ground-water potential exists. Twenty-five applications to divert ground

water were approved in 1967 and forty-four in 1968 in the northern Owyhee
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County study area {(Ralston, 1968 and 1569).
SUMMARY AND CONCLUSIONS

The occurrences of ground water vary widely in the study area. The
Tertiary Silicic Volcanics are believed to be important as aquifers only in
the Bruneau and Little Valley areas. Although wells have encountered the for-
mation in other portions of the study area, data are insufficient to determine
its true importance as an aquifer. More permeable zones within this formation
may hold a large potential for future well development. The Poison {reek For-
mation is important as an agquifer only in the western half of the study area.
The yields are generally low from this formation. The Banbury Basalt is very
important as an aguifer in the Bruneau, Little, Shoofly and Castle Creek
valleys. Further to the west, the formation is encountered only at scattered
lecations. The formation may be very permeable or relatively impermeable
depending upon the number of open joints and fractures in the rock. The
Glenns Ferry Formation is the most widespread aguifer in the study area. The
formation generally has a low permeability but supplies enough water for do-
mestic and small irrigation usage. OSand beds in the Glenns Ferry Formation
near Oreana provide pood aguifers and yield sufficient quantities of water
for irrigation purposes. The Recent alluvium along the Snake River is import-
ant as an aquifer at several locations in the study area. Shallow wells near

Grand View and Indian Cove derive domestic supplies from this material.

Almost all of the ground water in the study area is derived from pre-
cipitation on the Owyhee Mountains and uplift. Heating of a portion of the
ground water occurs at great depths, and causes most of the ground water
in the study area to be thermal. The primary mechanism for discharge from

the aquifer system in the Tertiary Silicic Volcanics and Banbury Basalt is

81




believed to be seepage upward into the overlying formations. The Snake River
is not believed to be hydraulically connected to the general aguifer system
from the C. J. Strike Dam downstream to the edge of the study area. The total
recharge to the aquifers is thus believed to be limited in quantity.
Significant declines in water levels are occurring in three portions of
the study area: Little Valley in the Bruneau subarea, Shoofly Valley in the
Grand View subarea and Castle Creek valley in the Oreana subarea. Well hydro-
graphs indicate that the water level is lowering at the rate of one to one and
one-half feet per year in the aguifers in the Banbury Basalt and silicic volcan-
ics in Little Valley. Declines at a similar rate have occurred in the aguifer
in the Banbury Basalt in Shoofly Valley. The water levels in wells tapping the
hot, artesian aquifer in the Banbury Basalt and Poison Creek Formation in the
Castle Creek valley have lowered approximately 90 feet since 1959. The details
of the decline are not known although 12 feet of change was noted in a well
from spring, 1967 to spring, 1968. Some decline in water levels may also
be occurring in the western portion of the study area along the Snake River.
The water levels in the above mentioned areas are dropping because the
total discharge from the aquifer system is exceeding the total recharge. The
total discharge is made up of the natural discharge from the aquifer system
and the artificial discharge by wells. The discharge from wells causes a
lowering of water levels and thus a decrease in natural discharge. If well
development is initiated and maintained at a level below the recharge rate to
the aquifer system, the water levels will decline only to the point where the
recovered natural discharge is equal to the well discharge and then tend to
stabilize. However, if the well discharge exceeds the recharge, the water

levels will continue to lower and not stabilize. The relative magnitudes of
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recharge and well discharge in the areas of decline in northern Owyhee County
were not determined as part of this study. One remedial measure that should
be undertaken in these areas is to conserve the water by plugging or capping
all the unused wells and turning off the flowing wells during the nonirriga-
tion season.

The ground-water quality in much of Owyhee County is only fair for irri-
gation because of a medium salinity hazard. Such water can only be used on
lands where a moderate amount of leaching occurs. The soils in the study area
are generally fine grained, limiting the amount of leaching. The ground-water
quality is also only fair for domestic uses in some areas because of high
fluoride contents.

RECOMMENDATTONS

Pending further study, all of the northern Owyhee County study area
should remain open for future ground-water development. Several areas have
undergone water-level decline, however, and should be studied for possible

critical designation at a later date. The Little Valley area in the Bruneau

subarea should be studied first. This study should include a water budget
for the estimated limits of the aquifer system to provide gquantitative infor-
mation for water rights administration. The areas of decline in the Shoofly
and Castle Creek valleys should subsequently be studied in a similar manner.
An intensive program of water conservation should be initiated in the
study area. This program should include both education and enforcement. The
primary objectives of this program should be the plugging or capping of uncon-
trolled and improperly cased artesian wells and the enforcement of irrigation

seasons and usages of appropriated quantities.
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