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GEOTHERMAL INVESTIGATIONS IN IDAHO

Part2

An Evaluation of Thermal Water in
the Bruneau-Grand ViewArea,
Southwest Idaho

by ,
H.W. Young and R. L. Whitehead =~
with a section on '
A Reconnaissance Audio-Magnetotelluric Survey
by D. B. Hoover and C. L. Tippens

/ ABSTRACT

~ The Bruneau-Grand View area occupies about 1,100 square miles in southwest idaho
and is on the southern flank of the large depression (possibly a graben) in which lies the
western Snake River Plain. The igneous and sedimentary rocks in the area range in age
from Late Cretaceous to Holocene. They are transected by a prominent system of north-
west-trending faults. For discussion purposes, the aquifers in the area have been separated

“into two broad units: (1) the volcanic-rock aquifers, and (2) the overlying sedimentary-rock

aquifers. The Idavada Volcanics or underlying rock units probably constitute the reservoir
that contains thermal water. P

An audio-magne ic.syrvey indicates that a large conductive zone having appar-
ent resistivities approaching 2 ohm-metres underlies a part of the area at a relatively shallow
depth.

Chemical analysis of 94 water samples collected in 1973 show that the thermal waters
in the area are of a sodium bicarbonate type. Although dissolved-solids concentrations of
water ranged from 181 to 1,100 milligrams per litre (mg/1) in the volcanic-rock aquifers, they
were generally less than 500 mg/1. Measured chloride concentrations of water in the
volcanic-rock aquifers were less than 20 mg/1.

 Temperatures of water from wells and springs ranged from 9.5° to 83.0°C. Témpera—
tures of water from the volcanic-rock aquifers ranged from 40.0° to _83.0°C, whereas
temperatures of water from the sedimentary-rock aquifers seldom exceeded 35°C. Aquifer

" temperatures at depth, as estimated by silica and sodium-potassium-calcium geochemical

thermometers, probably do not exceed 150°C. However, a mixed-water geochemical
thermometer indicates that temperatures at depth may exceed 180°C.

The gas in water from the volcanic-rock aquifers is compdsed chiefly of atmospheric
oxygen and nitrogen. Methane gas (probably derived from organic material) was also found
in some water from the sedimentary-rock aquifers.




The thermal waters in the area are believed to be heated by deep circulation in a zone of
high geothermal gradient resulting from thinning of the earth’s crust.

INTRODUCTION

Twenty-five areas in Idaho, including the Bruneau-Grand View area, were
recommended for further geothermal investigation by Young and Mitchell (1973) in their
report describing a preliminary reconnaissance of ldaho’s thermal waters. These areas
were selected on the basis of their having estimated aquifer temperatures of 140°C or
higher, or of having the unique geologic conditions that favor the occurrence of a geothermal
anomaly.

The Bruneau-Grand View area was selected for further study because (1) the
geochemical data previously collected indicated that water temperatures as high as 190°C
occur at depth within a large part of this area, (2) the lithologic and structural data available
appeared to indicate that the geologic conditions especially favorable to the occurrence of a
geothermal anomaly were present, and (3) a significant amount of the water-quality,
well-log, and geophysical data needed to define further any geothermal anomaly present
could be readily collected. Accordingly, the U.S. Geological Survey, in cooperation with the
Idaho Department of Water Resources, initiated a study whose goal was to further evaluate
the potential of the Bruneau-Grand View area as a geothermal prospect.

The Bruneau-Grand View area comprises about 1,100 square miles in northern
Owyhee County, which is inthe southwestern part of the Snake River Plain (fig.1). The area
extends eastward from Oreana to Indian Cove (fig. 4), with the Snake River forming the
northern boundary of the area and the township line between T.9 S., and T. 10 S. forming
the southern boundary. ' =

_ The area has an arid to semiarid climate with cool winters and hot summers. Precipita-
tion averages less than 10 inches annually, and mean annual temperatures range from
10.5°to 13.0°C. (Mundorff, Crosthwaite, and Kilburn, 1964, p. 67).

Pufpose and Scope

" The purpose of this reportisto present (1) a description of the areal extent and chemical
“character of thermal water in the Bruneau-Grand View area: (2) estimates of water tempera-
ture at depth using geochemical thermometers; (3) a description of the geophysical data
available for the area; (4) a description of the surficial and subsurface geology utilizing
compilations of data from other reports and drillers’ logs of wells; and (5) a brief description
of the soUrce of the thermal water issuing from springs and wells.

Water samples from 87 wells and 7 springs were collected for standard chemical
analyses including the common ions and silica. Additional samples from the same wells
and springs were collected for analyses of the minor elements: mercury, lithium, boron, and
arsenic. Also, 15 gas samples were collected for analyses. These data were collected from
the majority of operating wells and flowing springs in the Bruneau-Grand View area and are
thought to be representative of most of the thermal and nonthermal ground water in the
area.

o’
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For all wells and springs sampled, water temperatures at depth were estimated using
the silica, the sodium-potassium-calcium, and the mixed-water geochemical thermometers.
Also, ratios of selected chemical constituents in the waters sampled were used to charac-
terize and thereby distinguish water from separate aquifers.

Geophysical data and studies of the Geological Survey were used as an aid to defining
the extent of the geothermal system in the Bruneau-Grand View area. Previous reports and
drillers’ logs were used to prepare a geologic map and geologic sections for the area as an
aid to describing the areal hydrology. The geologic data presented were modified from
reports by Malde, Powers, and Marshall (1963), Littleton and Crosthwaite (1957), Anderson
(1965), Ralston and Chapman (1969), and Ross and Forrester (1947). Correlation of the
geologic units shown in the different reports was made by utilizing information presented by
Ralston and Chapman (1969). ' :

A preliminary hydrologicran'arlysis was made to identify areas bf recharge to the
geothermal system and to describe a circulation pattern of the ground water.

 Previous Work

Reports by Stearns-(1922), Buwalda (1923), Piper (1924), Kirkham (1931a and
1931b), and Russell (1903) contain data on the geology and hydrology of the Bruneau-
Grand View area. Although these reports are of limited scope, they provide useful back-
ground information on the geology and hydrology of the Bruneau-Grand View area. Pakiser
(1968), Hill (1963), and Malde and Powers (1962) give general descriptions of the deep
subsurface structures of the area based on geophysical surveys. A map by Malde, Powers,
and Marshall (1963) presents detailed geology for the eastern halif of the Bruneau-Grand
View area A report by Littleton and Crosthwaite (1957) provided much of the generalized
geologic and hydrologic data presented in this report. Anderson (1965) mapped the geology
of the Oreana 15-minute quadrangle. A report by Ralston and Chapman (1969) contains
hydrologic and geologic data and a correlation of the geologic units reported in the above-
mentioned reports and maps. A State geologic map at a scale of 1:500,000, compiled by
Ross and Forrester (1947), supplied information for areas that lacked detailed geologic
mapping. S : L S : ‘
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Well- and Shr’ir\:g-Nuvhiber_ing System

The numbering system used by the Geological Survey in Idaho indicates the location of
wells or springs within the official rectangular subdivision of the public lands, with reference
to the Boise base line and meridian. The first two segments of the number designate the
township and range. The third segment gives the section number, followed by three letters
and a numeral, which indicate the quarter section, the 40-acre tract, the 10-acre tract, and
the serial number of the well within the tract, respectively. Quarter sections are lettered a, b,
¢, and d in counterclockwise order from the northeast quarter of each section (fig. 2). Within -
the quarter sections, 40-acre and 10-acre tracts are lettered in the same manner. Well

 6S-3E-2ccel is in the SWYaSWaSW1s, sec. 2, T. 6 S, R. 3 E., and was the first well

inventoried in that tract. Springs are designated by the letter “S” following the last numeral,
as in 8S-6E-3bdd1S.

MERIDIAN
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FIGURE 2. Diagramifshowirig fhe well- and ‘sypring'-numbering system.
(Using well 6S-3E-2ccc1.)




Factors For Converting English Units to
International System (SI) Units

The International System of Units is being adopted for use in reports prepared by
the U.S. Geological Survey. To assist readers of this report in understanding and
adapting to the new system, manyof the measurements reported herein are given in
both units. In addition, a graph (fig. 3) and the factors listed below are presented as an
aid to conversion from one system of units to another. Chemical data for concentra-
tions are given only in milligrams per litre (mg/1) or micrograms per litre (ug/1) because
these values are (within the range of values presented) numerically equal to equivalent
values expressed in parts per million, or parts per billion, respectively.

Multiply English units By To obtain Sl units
Length
inches (in) .......covevviiinnnnnnn 25.4 millimetres (mm)
.0254 metres (m)
feet (ft) .. ovir it i e .3048 metres (m)
miles(mi) .......... . 0. 1.609 kilometres {(km)
Area
ACTES + v vnsresonneeneensannnns 4047 square metres {m?2)
4047 hectares (ha)
square miles (mid .................. 2.590 square kilometres (km?2)
Flow
cubic feet per second (ft3/s) .......... 28.32 litres per second (l/s)
02832 cubic metres per second (m3/s)
gallons per minute (gal/min) - ......... .06309 litres per second {/s)
million gallons per day (Mgal/d) ....... .04381 cubic metres per second (m3/s)
GEOLOGY

The three principal subdivisions in the Bruneau-Grand View area are: (1) The Snake
River valley, wherein altitudes range from 2,300 to 3,800 feet. Generally, this subdivision,
which is underlain by sediments and basalt, consists of the valley of the Snake River and a
series of tributary intermittent stream channels that contain sedimentary rocks of fluviatile
origin; (2) the plateau area, wherein altitudes range from 3,000 to 7,000 feet. This area is
underlain by volcanic rocks and by sedimentary rocks of fluvial and lacustrine origin. At the
higher altitudes, the streams in this area have eroded deep channels into the volcanic rocks;
(3) the Owyhee uplift, a rugged, mountainous region in the southwestern part of the area.
The upliftis composed of an eroded core of metamorphic and granitic rocks and of younger
igneous and sedimentary rocks that are exposed at the surface. Altitudes on the uplift range
from 3,000 to 8,400 feet above mean sea level, with most of the higher altitudes occurring to
the west and southwest outside the study area.

The rocks in the Bruneau-Grand View area range in age from Late Cretaceous to
Holocene. Rocks of the Cenozoic Era have been subdivided into the following four major
groups by Malde, Powers, and Marshall (1963): (1) an unnamed sequence of rhyolitic and
related rocks, (2) the Idavada Volcanics, (3) the Idaho Group, and (4) the Snake River
Group. The descriptions of these units given in this report are based chiefly on those by
Malde, Powers, and Marshall (1963), and partly on those by Littleton and Crosthwaite
(1957), and Ralston and Chapman (1969). The areal distribution and relationship of these
units are shown in figures 4 and 5, respectively, and their geologic characteristics are given
in table 1.
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FIGURE 5. Idealized hydrogeologic section showing general relation of geologic units, recharge,
and ground-water movement. ! ‘
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TABLE1 ..

DESCRIPTION AND WATER-BEARINé CHA'RACTERISTICS OF‘GI;.;OLOGIC UNITS

Era

Period

Epoch

Rock unit

e Des'crimioni

Water-hearing characteristicsz

Cenozoit

Cenozoic

Cenozoic

Cenozoic

Cenozoic

Cenozoic

Quaternary

Quaternary

Quaternary

Quaternary

Quaternary

to
Tertiary

Quaternary

Holocene

Pleistocene

Pleistocene - ‘

Pieistocene .

Pleistocene
to
Pliocene

- Pleistocene -

Atlluvium and dune
sand (Qal, Qd}

Melon Grave! of the

_ Snake River Group {(Qm)

Crowsnest Gravel of
thé Snake River Grdup
{Qc)

Unnamed gravel of the
Snake River Group (Qg)

fdaho Group, undiffer-
entiated (QTiv) -

Black Mesa Gravel of
the 1daho Group (Qp)

S e g

Qal, a||uviurﬁ; Qd, dune sand. Includes clay,
silt, sand, and gravel. Chiefly fluvial and

~eolian deposits of Holocene age. The deposits

form hills, mounds, and crescent-shaped
dunes.

Cbnﬁists’ of boulders, cobbles, and pebbles in
a'matrix of basaltic sand. Boulders common-
ly 3 feet in diameter.

- Chiefly silicic volcanic pebbles but with

abundant quartz and porphyry cobbles -
in places. Gravels occupy terraces about
50 feet above the Snake River.’

Consists of pebble and cobble gravels that:

oi:cupy terraces along the Bruneau River.

Poorly to well-stratified fluvial and

. lacustrine deposits of unconsolidatéd to*:

consofidated gravel, sand, silt, and clay -
with layers of ash and intercalated basaltic
lava flows. In places exceeds 3,000 feet in -
thickness.. T

Consists of gravel and sand as much as 25
feet thick. Remnants of a widely preserved
pediment surface. Gravel is largely reworked

- from older gravels and is capped by a caliche

layer several feet thick.

Surficial deposits that are not permanently
saturated. Too limited in extent to be
important as aquifers. ~ -

Surficial deposits that are not permanently
saturated. Not important as aquifers.

Surficial deposits that are not perrianently
saturated. Not important as aquifers.

Surficial deposits that are not permanently
saturated. Not important as aquifers.

Yields to wells vary from very poor to
good depending upon unit penetrated.
Important as an aquifer. See descriptions
for individua! units below. o

3

Not important as an aquifer. In most places
the unit occurs ahove the water table,




TABLE 1. Description and water-bearing characteristics of geologic units. (co;ltinued) ‘

‘Period

Epoch

Rock unit

Description' o

'Water'-bearing'characteristicsz ‘

Cenozoic

Cenozoic

Cenozoic

Quaternary

Quaternary

Quaternary
and
Tertiary

Pleistocene

Pleistocene

Pleistocene
and
Pliocene

Bruneau Formation of
the Idaho Group {Qbs,
Qbb)

Tuana Gravel of the
Idaho Group (Qt)

Glenns Ferry Forma-
tion of the Idaho
Group (QTg)

Canyon fill of undeformed, unconsolidated
detrital material and interbedded basaltic
lava flows associated with marginal deposits
of gravel and basalt. Qbs, detritai material,
dominated by massive lakebeds of white-
weathering fine silt, clay, diatomite, and
minor amounts of silt and sand. Includes
beds of ironstained pebble and cobble
gravel; Qbb, basaltic lava flows; locally
stained brown and yellow. Exceeds 1,000
feet in thickness. Exposed in places along
the Bruneau and Snake Rivers.

Consists of pebble and cobble gravel inter-
bedded with layers of massive brown to
gray sand and silt. Includes both silicic
volcanic and bouldery quartzitic debris.
Capped by a caliche layer several feet
thick. Total thickness of the unit is about
200 feet.

Basin fill of poorly consolidated detrital
material and minor lava flows of olivine
basait. Includes fluvial and lacustrine
deposits characterized by abrupt lateral
facies change. Facies include: Massive silt
layers, evenly layered, thick, cemented
sand beds; thin beds of dark clay, olive

silt, and carbonaceous shale; ripplejmarked_ -

sand and silt; granitic sand and fine pebble
gravel; quartzitic cobble gravel; thin beds
of silicic volcanic ash; and thicker beds of

Yields water to wells stowly. Important as
an aquifer only to stock and domestic
wells owing to the fine-grained nature

of the sedimentary deposits. The basalt
unit generally lies above the water table

in thisarea.

“Not important as an aquifer. In most places

the unit occurs above the water table.

Yields water to wells. Generally the yield

is low but some wells produce as much as
3,600 gal./min, from sand zones. Important
as anaquifer, ' B




Ll

Cenozoic:

Cenozoic

Cenozoic

Cenozoic

Cenozoic .

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary - -

~ Pliocene

Pliocene

Pliocene
to
Miocene

Pliocene

“- Midcene(?)

[

Chalk Hills Forme-

tion of the ldaho
Group (T¢, Tch)

Banbury Basalt of the
Idaho Group (Th)

Silicic volcanic
rocks (Tsv)

Idavada Voltanics
(Tiv)

Rhyolitic rocks
ATy

. fragmental basaltic material. Maximum ex-
. posed thickness is about 2,000 feet, with

the lacustrine facies composing the great-
est volume,

Basin fill of consolidated, locally indurated,
clastic deposits, and minor basaltic lava flows.
Tc, lake and stream deposits and volcanic

ash in variegated sequences of white, pink,
brown, and gray beds; Tcb, lava flows of
olivine basalt about 25 feet thick. Maximum
exposed thickness is about 300 feet.

Lava flows of olivine basalt interbedded
locally with minor amounts of stream
and lake deposits. Flows mostly vesicular
and less than 15 feet thick. Includes some
basaltic pyroclastic material in vent areas.
Maximum thickness is about 1,000 feet.

Silicic volcanic rocks, undifferentiated.
Includes idavada Volcanics and rhyolitic
rocks.

Silicic latite; chiefly thick layers of devitri-
fied welded tuff, but includes some vitric
tuff and lava flows. Rhyolitic rocks occur
in minor amounts. Predominantly porphyri-
tic with phenocrysts of andesine, clinopyro-
xene, hyperstene, and magnetite, but with
no quartz, sanidine, hornblende, or biotite.
Overties older rhyolitic and related rocks,
Jocally exceeds 3,000 feet in thickness.

Fine-to coarse-grained extrusive rocks rich
in quartz and biotite. Locally cut by mineral-
ized fault zones. Several thousand feet are
expaosed in the Owyhee uplift.

Yields water slowly to wells. Important as
an aquifer only to domestic and stock wells.

Yields to wells range from very poor to ex-
cellent depending upon degree of alteration
present in area penetrated by the well. A
highly altered zone of this basaltic unit
tends to be a poor aquifer, whereas the
unaltered unit is a good aquifer.

Remarks for ldavada Velcanics and
rhyolitic rocks apply to this unit.

The highly jointed and fractured charac-
ter of these rocks make them a good
aquifer in the study area and large well
yields are obtained. It is believed that these
rocks serve to transmit recharge-water to
the area and thence upward to overlying
units.

Unknown; may be an ‘important aquifer.
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TABLE 1. Description and water-bearing characteristics of geologic units. (continued)

1

Era - Period Epoch Rock unit Uesi:r\ib’t:i_on v Water-beating ‘cha(agterisvtkicsz N
Mesozoic  Cretaceous - Intrusive rocks Intrusive granitic rocks of comparable age Unknown; may be an aquifer.
(Ki) and composition to the ldaho batholith.

Exposed in the southwesteyn i)art of the -
study area. Believed to form the base- -
ment complex.

TModified chiefly from Malde, Powers, and Marshall (1963); and in part from Littleton and Crosthwaite (]957).
2pmodified from Littleton and Crosthwaite (1957) and Ralston and Chapman (1969).

C




- - A study of the gravity and crustal structure in the western Snake River: Plain by Hill
(1963) suggests that this part of the plain is a graben in which basalt-filled fissures occur.
See geologic section H-H’ (fig. 6) and the regional gravity map (fig. 7a). On the north side of
the graben, high-angle faults occur in a nearly continuous zone along the margin of the
lowlands, as illustrated by the faults located northeast of Mountain Home (fig.7a). The
southern flank of the graben, which contains the Bruneau-Grand View area, is laced with a
system of northwest-trending faults (fig. 7a). This system of faults has been mapped only in’
the southeastern part of the study area (fig. 4). Faults in the remainder of the study area, if
present, are masked by the overlying unconsolidated sedimentary rocks. However, the
occurrence of a few warm- and hot-water springs suggests faulting in the underlying rocks at
these springs.

Drillers’ logs lend support to the existence of a northwest-trending system of semiparal-
lel faults in the area. Although some graben- and horst-type structures are present, most
faults have their downthrown side on the north towards the Snake River. The generalized
geologic sections (fig. 6), which were compiled from drillers’logs and other geologic informa-
tion, illustrate the fault system mentioned above. Sections B-B', D-E'D’, CE-E'D’, G-G', and
H-H’, which are alined generally north-south, show that some geologic formations, particu-
larly the Banbury Basalt and the Idavada Volcanics, may have been displaced downwards
towards the Snake River, possibly by as much as 200-300 feet in a mile. In some instances,
known faults (fig. 4) account for the differences in altitude of formations between wells. A
system of northwest-trending faults, such as shown in figure 4 by Malde, Powers, and
Marshall (1963), if present in the areas covered by the unconsolidated and poorly consoli-
dated sedimentary rocks, could account for the differences in altitude of the formations
shown in the north-trending geologic sections. Most known faults in the area trend to the
northwest and have dips that generally range from 50 to ‘80 degrees to the northeast
(Ralston and Chapman, 1969, p. 24). Littleton and Crosthwaite (1957, p. 168) found that
vertlcal movement along most of the faults ranges from a few feet to several hundred feet.

“Northeast-trending faults are also thought to be present in the study area (see geologlc
sections A-A’, CF-C’E, and CF-F’). No surface indications of these suspected faults were
noted in the field, and none are shown on the geologic map (fig. 4).

HYDROLOGY

Thermal ground water in the Bruneau Grand Vlew area occurs under arteS|an (con-
flned) ‘conditions in both the volcanic rocks and ‘the consolidated and unconsolidated
sedimentary rocks. The areal extent of these rock formations at the surface is shown in
figure 4, and their water-bearing characteristics are given in table 1. (See also fig. 5.) For
purposes of discussion in this report, the water-bearing units given in table 1 have been
grouped into two general-aquifer types: (1) the volcanic-rock aquifers, which include the.
Banbury Basalt, the Idavada Volcanics, and the rhyolitic and intrusive rocks; and (2) the
overlying sedlmentary-rock aqurfers whrch generally con3|st of unrts of the Idaho and
Snake Rrver Groups : Ry : : . ,

Because of |ts arid cllmate recharge to the aqurfers underlylng the Bruneau Grand
Vlew area probably has its source in precipitation (mostly winter snow) onto the plateau and’
the mountains to the south and southwest. Annual precipitation in the lowlands is less than




about 10 inches, whereas at the higher altitudes, annual precipitation generally attams
about 20 inches (Mundorff, Crosthwaite, and Kilburn, 1964). i

- Recharge tothe volcamc rock aquifers, excluding the Banbury Basalt, is belleved to be
from precipitation onto rocks cropping out at the higher altitudes. These rocks are quite
permeable in-many places, particularly where fractured by faults, and they readily accept:
water. Many small, intermittent stream channels, which seldom contain water, drain the
scant runoff from the mountains. The only perennial stream crossing the Bruneau-Grand
Vlew areais the Bruneau River. The lack of perennial streams in the area is an indication of
the ability of these units to accept water and to transmit it in the subsurface to lowland
aquifers.

- . Recharge to the sedimentary-rock aquifers and the Banbury Basalt is believed to be
chiefly by upward movement of water from the underlying volcanic-rock aquifers. In addi-
tion, percolation losses from the intermittent streams in the area may sporad|cally supply
small amounts of recharge to the sedtmentary-rock aquifers.

Possible Thermel Reservoir Rocks

- Generally, water temperatures measured at wells producing from the Idavada Vol-:
canics are significantly higher than temperatures measured at nearby wells producing from
the overlying sedimentary-rock aquifers (see table 2). From this, it can be obviously deduced
that the source of the hot water produced by wells in the Bruneau-Grand View area is the
Idavada Volcanics or some underlying rock units. The underlying rock units, as exposed in
outcrops, consist of rhyolitic rocks of Miocene(?) age that overlie the granites of Cretaceous
age, apparently the basement rock. Data indicative of the ability of either the rhyolite or the
granite to transmit and store significant quantities of water are lacking, and their potential as
a reservoir rock cannot at this time be assessed. Therefore, the Idavada Volcanics are
considered to be the only rocks in this area having the known capacity to act as a reservoir
for thermal water.

Idavada Volcanics

The Idavada Volcanics is exposed in the southern part of the study area and probably
underlies most of the Bruneau-Grand View area. It is considered to be the most important
aquifer in the area and an aquifer that generally yields large quantities of water to wells
(Littleton and Crosthwaite, 1957, p. 159). The Idavada Volcanics is also believed to act as
the prlnmpal conduit that provides recharge to the overlying aquifers.

Although the thickness of the Idavada Volcanics in the study area is not known, an
exposed section to the east is more than 3,000 feet thick (Malde and Powers; 1962, p.
1200). Penetration of these volcanic rocks by existing wells (based on drillers’ logs, table 2)
is usually limited to a few hundred feet. The yields of many wells open to the volcanic-rock
aquifers of the Bruneau-Grand View area range from poor to excellent (0.01 to 7.8 fi*/s).
Aquifer characteristics, such as transmissivity and storage coefficient,are not known for the
Idavada Volcanics in this area. Some drillers’ logs contain water-level and yield.data
collected during short-term pumping tests made after completion of some wells, butthe data
are too scant to use for estimating aquifer characteristics.
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TABLE 2
5 GEOHYDRQLOGIC DATA FOR SELECTED WELLS AND SPRINGS
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TABLE 2. Geohydrologic data for selected wells and springs. (continued)
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2,100 ‘
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—I/SOI'I‘\O water possibly from uncased sedimentary rock section.

2/ Well has probably caved.
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TABLE 2. Geohydrologic data for selected wells and springs. (continued)

= 5
B - ca .
g £ T woz [E2 |- -y ®
o = & R °oxX 9 |5g o . . o6 §
9 | & [5.| ¢ 58S (%: 1835 |.3 |85 | §o
5 g | 58| B 558 |gs |39 |48 |88 | B
Well or spring § -5 ‘3% :':" '§§° 5"5_'_ ‘55__ gE §-3 ‘3.‘&
identification [ £ 3 £z % EE2 |S85 | E25 | 525 |£5%| &7
number < = <% 8 Major aquifer Minor aquifer < E S|EcE | IR |FBL| g 32| 2% Remarks
6S-1E:32bbalS 4,150 Granitic 25.0
rocks
6S-3€- 2cbel 2550 3,050 . —495 106  Banbury Sedimentary 2515 1,993 522 430 92 62.0 Log;Flows
Basalt rocks of
Idaho Group
2ccel 2,570 1,940 630 160  Banbury Sedimentary 2,509 1,852 657 53.0 Log;Flows
Basalt rocks of
Idaho Group
4bccl 2,610 1,680 930 Banbury Sedimentary 48.0 Flows
Basalt(?) rocks of
1daho Group
Beacl 2670 3600 930 1,120 Idavada Banbury 2,640 2,202 438 668 -230 61.0 Log;Flows
Volcanics Basalt
9accl 2635 1,425 1,210 103  Banbury Sedimentary 2,608 1,260 1,348 39.0 Log
Basalt rocks of
1daho Group
11dad1 2580 1,400 1,180 300 Banbury Sedimentary 34.0
Basalt (7) rocks of
: idaho Group
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TABLE 2. Geohydrologic data for selected wells and springs. (continued)
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TABLE 2. Geohydrologic data for selected wells and springs. (continued)
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Rhyolitic Rocks

Rhyolitic rocks of Miocene(?) age are exposed in the southern part of the study area.
The areal extent and thickness of this unit are not known; however, more than several
thousand feet of the unit are exposed in the Owyhee uplift (Malde and Powers, 1962). It is
possible that these rocks underlie the Idavada Volcanics throughout the Bruneau-Grand
View area and that they could, therefore, constitute a reservoir for thermal water. However,
no known wells have penetrated this unit in the study area, and for this reason, its potential
as a source of thermal water is not known.

Granitic Ropks

Granitic rocks similar to those of the Idaho batholith are exposed in the Bruneau-Grand
View area. These rocks probably form the basement complex throughout this area, and,
- because granites are generally considered to be dense and relatively impermeable, they
may not contain significant quantities of thermal water. However, the similarity in water

quality of the thermal water in the Bruneau-Grand View area with that in the Idaho batholith

(see section on geochemical surveys) indicates that the water in the Bruneau-Grand View
area was in contact with the granitic rocks exposed in the mountainous recharge areato the
southwest and that it retained its acquired distinctive chemical quality as it moved into and
through overlying rock units. However, it is also possible that the upper part of the granite is
either deeply fractured or decomposed, thereby constituting a significant aquifer and
reservoir capable of both transmitting water long distances and of storing large quantities of
thermal water. At the present time, the absence of data descriptive of the granite underlying
the Bruneau-Grand View area precludes assessment of its potentlal as a reservoir for
geothermal water.

GEOPHYSICAL SURVEYS

Geophysical surveys, including gravity, aeromagnetic, audio-magnetotelluric, and
electrical-resistivity surveys, were made in the Bruneau-Grand View area prior to and in the
period 1973-74 by the U.S. Geological Survey:-Results from these surveys are used to help
interpret the geology of the area and to assess the extent and some of the characteristics of
the thermal anomaly in the area.

Included in this report are (1) a gravity map compiled by D. L. Peterson and D. R."

Mabey, (2) an aeromagnetic map compiled by the Geological Survey, and (3) the results
and interpretation of a reconnaissance audio-magnetotelluric survey by -D. B. Hoover and
C.L.Tippens. A report updating and summarizing all geophysical studies made in the
Bruneau-Grand View area, including the resistivity survey, is currently being prepared by
the Geological Survey.

Gravity and Aeromagnetic Survéys

The results of a gravity survey (fig. 7a) by Hill (1963) |nd|cates that there are three major
gravity anomalies in the western Snake River Plain, each of which is elongated to the
northwest. These anomalies. are believed to be caused by deeply buried basalt flows or
dikes.
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The largest gravity high is located about 10 miles northeast of Grand View and is
approximately 90 miles long and 25 miles wide (fig. 7a). The effect of this gravity feature on
the local gravity relief in the Bruneau-Grand View area (fig. 7b) is significant in that the sharp
decrease in gravity values to the southwest, which reflects the southwest flank of this gravity
high, would serve to overshadow such local gravity anomalies as may be present. The only
" local gravity features recognizable on fig. 7b are a low east of Hot Spring near the head of
Bruneau VaIIey, anda hrgh that trends southeast from the head of Little Valley. -

The lines of equal magnetic rntensny (fig. 8) resultrng from aeromagnetlc surveys
compiled by the Geological Survey were released to the open file in 1971. Although these
data are considered preliminary and have not been edited for conformance to Survey
- standards, they show a magnetic hrgh in the Bruneau-Grand View area that trends to the
northwest.

The gravity arid magnetic data are included in this‘ report to Iend further support to the
existence of northwest-trending subsurface structures (faults) as suggested by figure 6,
partrcularly along the south side of the Snake River in the Bruneau-Grand View area.

- Further rnterpretatlon of all gravrty and magnetic data for the Bruneau-Grand View area
will be made in the aforementloned forthcomrng geophysrca| report

i

Reconnarssance Audio-Magnetotelluric Survey

~ An AMT (audro-magnetotellunc) survey byD.B. Hoover andC L. Tlppens (app A) has
revealed a major northwest-trending conductive anomaly i in the Bruneau-Grand View area.
The center of this anomaly appears to be situated between Oreana and Grand View. The
low resistivities (22 ohm-metres or less) are associated with the highest temperature ground
waters (60 to 83°C) measured in the area (f|g 10). Within the conductive zone, apparent
resistivities approaching 2 ohm-metres are indicated at depth. Resistivities in this range
suggest a hot-water reservoir- wrth some alteratron of the reservorr rock by the hot water

(@pp-A) N e

- The conductrve anomaly has drstrnct boundaries on the west and south but those on
the north and east are not well defined. The data indicate that the low-resistivity zone dips
downward to the east and may extend eastward ata depth below the range of the current
AMT survey. i S

The Iarge area extent of the conductrve anomaly in the Bruneau-Grand Vlew area
suggests a broad heat source tor the thermal water ' IR .

GEOCHEMICAL SURVEYS

Elghty-seven wells and seven spnngs in the Bruneau Grand Vrew area were selected
for water-quality sampling. The sites (fig. 4) selected provide for areal representation of the
quality of the water in the aquifers supplying water to wells or springs, of measured
ground-water temperatures, and of estimated temperatures at depth. Results of standard

chemical analyses, plus boron, lithium, mercury, and arsenic, for the samples collected are
- given in table 3. Geohydrologic data for these wells, including altitudes, well depths, and
aquifer units, are given in table 2.
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FIGURE 8. Aeromagnetic map.
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TABLE 3
. CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS

{Chemical constituents in milligrams per litre except where noted.) .-

: k] @ H w | Hordnes . . Chemical constituents
3. = 2% ) = B BEp - -3 3 : in micrograms per litre
H 23 = =2 S= 182 F & | g E
o |28E . |28 £ e |E. |z lzo s218 |23 (98| o | B £.| 8% £o v

woorswis E25| =2 158| ~|E B |E 13 [22|EalE2 2ol [E |f: 5 2EIg (5 |ze|CE| eS| o|2Se | |5 |3
domiticstion |25 2| =22 [5g| 39 |2 |53/ 83| 2. (O (62|88 |ET|5-15|ES|8 | B2 |gelS |2 |83|5=| 88| _S|8¢8loE.|2=~]E3
wmber £S5 88 |82 B8 [SS|28| 32 | 2% |sZ |Se|as|de|Se|cC|fz|fe| 82 |88 s |2 |£8|a38| 88 |EE (28| 88| 52 (==

3S1E-35decl ~ 300 73/7/24 - 650 430 99 350 60 246 0 202 250 727 21 0.01 007 305 041 150 O 33 13 440 78 200 4 60- 30
45-1E-25cedt  ~  C73/7/24 001 120 25 29 310 23 952 0 781 55 25 6 02 .25 989 135 74 0 86 16 1420 73 300 4 1000 810 O
26abct 1,700 - 73/6/8 01 96 13 28 250 29 763 O 626 36 13 .6 .01 96 786 1.07 44 0 87 16 1160 73 270 14 780 740 06

29ccdt 3,040 . 73/6/5 33 83 12 0 100 8 69 51 142 39 12 12 0 .01 333 45 3 0 98 25 476 92 700 22 150 10
30bdv) 350 73723 - 57 33 32 79 31 129 0 18 10 27 3 01 .10 81 25 9 0 5 4 220 8% 165 20 20 10 0
34badt 2960 7379 - 91 10 0 9 ‘72 46 136 40 13 13 0 0 333 46 3 0 98 27 453 92 755 29 150 10 O
45-26:29dbct 1,000+ 73/7/27 02 100 21 69 3 24 1000 0 828 4531 30 - 1,020 133 81 0 87 16 1390 74 280 0 620 630 O
| 32bcel 2,708 -7 05 1O 58 .7 150 85 383 0 34 52 17 87 .70 .07 499 68 17 0 92 16 699 B8 430 5 1,000 260 .3
5S-1E- 3asb1 - 1,900 73/7/24 - 120 27- 13 260 2 787 0 .§45 22 18 50 -2 853 116 73 0 84 13 1230 78 320 10 800 J00 O
10bdd1 - 2,960 73/6/5 27 83 22 0 100 63 43 133 42 13 15 0 00 33 .46 6 0 97 19 514 937640 4 160 10 .3
21cbet 660 73/6/6 ¢ 81 77 130 100 J 57 50 130 4 13 15 05 02 317 .43 3 0 98 24 468 92 650 30 170 W0 2
Z4acd1 3120 737719 45 89 110 ‘100 13 82 33 132 41 14 15 78 001 344 47 3 0 98 26 463 93 64529 150 20 3
852 1bbel 1,800  73/7/3 .08 77 17 0 88 £ 4 53 13 7.1 16 15 36 0 288 39 4 0 8 18 423 98 435 1 1,100 10 0O
“2cdal 2,460 73/617 .02 - 89 39 20 250 22 675 0 554 34 25 64 01 06 742 101 33 0 90 19 14,100 - 365 4 1200 740 3
Shed! 2,000 73/6/5 17 110 52 1.1 150 67 223 75 308 .81 200 86 0 D4 4% 67 18 O 93 16 648 93 425 3 990 250 .3
13ade1 1,748 . 73/6/22 0v ™10 3. 26 260 28 767 0 629 32 30 .15 0. .10 828 113 43 0 8 17 1260 76 230 5 1200 830 O
55-3E-14cbb1 2,300 73/7/23 .14 81 24 0 9 8 66 42 124 W 18 23 0 05 302 A4 6 0 97 16 419 96 55 2 1,00 10 0
15cbal 1520 73/6/21 .01 130 22° 57 280 20: 886 O 727 54 36 13 0 - .17 95 129 80 O 86 4. 1260 73 150 5 1,100 1,100 .2
20ads1 2420 73U - 110 18 2 27 61 124 64 15 19 09 01 M3 43 3 0 98 21 396 96 600 1 70 0 0
200bb1 "~ 73/7/23 .0t M0 42 39 230- 19 703 O 577 67 30 536 .43 806 110 120 0 78 97 1330 72 270 2 790 730 O
22:d1 1,300 73/6/22 .01 140 19 34 250 18 683 O 560 40 38 -7 .02 .04 812 110 61 0 8 14 1280 73 250 § 1,200 950 O
250bb1 . 1,320 - 73/6/28 - .01 .98 30 87 200 16 528 -0 572 .55 28 -2 0 12 733 100 110 0 77 82 1120 72 180 2 800 940 ©
55-3E-26bcht 2970 7381 - 110 21 6. 10 17 2 6% 125 6 15 15 .01 W02 391 05 5 0 97 21 530 93 830 4 50 40 .3
26heb2 2870 73/6/8 -~ 100 15 .1 10 15 35 5 120 64 15 14 03 01 38 52 4 0 98 23 529 93 670 4 55 30 5
27bdd1 2900 73113 - 14 a8 89 63 39 124 12 17 W 250 279 38 4 0 97 18 403 94 600 4 830 0 .2
28hce - 2540 < 73/5/31 - — 98 8 0 9 13, 27 67134 98 15 21 O . 02 324 44 2 0 98 30 437 94 650 5 620 20 .1
35ccel 2,570 - 73/5/31 - ~ 100 220 W0 11, 54 49 126 72 16 15 .01 03 391 - 53 3 0'98 30 551 93 TS 7 560 40 27
5S4E-34ccht 356 73/7/20 - 94 85 78 83 12 227 0 186240 18 1770 03 654 89 240 58 41 23 845 83 270 5 130 40 0
SS-GE-33bbd1 . 250 - 73/1/31 . 40 86 66 170 69 425 0 34945 50 6 53 - 1,000 1.50 430 140 43 34 1650 72 22028 300 230 O
34dd1° 885. 73//31 - 87 . 29 .12 190 . 26 625 O 513 12 24 :© 6 33 -~ 69 94 120. 0 73 75 1000 75 250-10. 700 440.. 0
65-2W-14cba1S C 33 008 30 56 14 82 200 28 0 23 85 63 .23 06 8 .92 20 0 4 8 9 11 M0 1 v 0 2
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TABLE 3. Chemical analyses of water from selected wells and springs. (continued)

k] E] Hardness . mical constituents

= 3_ 3? .‘E_ g g‘f s gl o2 N i‘:‘:\imammlitn

IR . e |5 |5 Iz HHEI I AR

Wotl o spring | £ 5 3% % .=l S T 15 |1 |395 £ H R AR BE18 |3 [ze| 28| £S AL ArEERL
identification 333 2 55| 30| S5|bnf335| 2o |38 |£S153 (0| 2|5 |58 2% ég S | £ |83|%s gE 3 (E2 ;—5 25 | i3|iz
nificeton | 838 83 (23| 5% | 33|2%| 32| Sz |42 (38|39 (38 |&8|2c|E2|fx| A3 (2| 5w |5 (23| s8] 45 |38 |52|83j3s | 33|22
65-1E-32bbals 13M2 - 45 31 85 22 1.6 126 0 103 35 21 05 056 0.0t 235 032 130 24 27 08 344 72. 250 5 3 0 01
6S-3E- 2cbc! 3,050 73/5/31 - 99 2 0 120 28 8 52 157 45 18 17 .01 .02 399 54 3 D 98 30 599 91 620 2 850 40 O
Zccet 1,940 73/7/6 1.6 - 100 1.2 . 10 40 120 37 160 27 18 17 03 .01 3714 51 3 0 97 26 504 92 530 3 760 40 .1
dbec! 1,680  73/6/4 - 110 1.6 0 110 64 58 74 11 42 11 12 0 02 3% 54 4 0 95 24 634 94 480 2 440 20 2
Seacl 3,600 73/6/4 - 94 46 0 59 34 78 12 8 20 97 11 08 .01 253 34 11 0 8 76 320 86 610 23 150 W0 2
Sacc! 1,425 73/6/4 37 130 36 a4 97 81 157 25 170 42 11 81 0 06 404 55 9 0 91 14 516 88 336 2 420 80 .2
11dadl 1,800 73/7/25 - 120 56 .3 86 61 155 0 127 33 11 11 03 .12 35 .48 15 0 89 96 433 B89 340 0 400 S0 O -
6S4E-t4abct 1,905  73/5/30 3.3 140 50 .1 110 47 20 74 140 65 19 24 02 .08 452 61 13 0 93 13 583 94 540 30 540 0 4
18bcc1 455  73/6/27 23 44 58 46 38 47 220 0 180 58 92 .7 13 .0t 332 .45 1600 0 33 13 462 13 180 22 80 30 0
26hcel 1,750 73/6/26 .20 73 41 23 95 13 129 0 106 190 14 38 .23 03 497 68 10 6 62 39 702 73 200 3 130 80 O
35cdat 955 73/6/26 - 96 46 a1 41 89 9% 0 79 24 90 80 0 04 245 33 12 D 81 59 273 85 325 24 100 20 O
6S-5E-10ddd1 1,667 73/7/5 .01 78 26 .3 120 43 159 189 162 24 15 29 04 062 371 50 8 0 9 19 508 84 390 2 690 10 O
18cchl 2,960  73/6/26 — 120 39 .1 100 73 83 25 118 52 20 13 .13 03 388 53 10 0 92 14 520 76 270 20 540 40 0
6S-5E-200ab1 -  73/5/30 0.01 59 47 01 110 56 198 18 192 37 17 26 0 004 341 046 12 0 93 14 562 88 435 8 950 50 O
24bcal 1,095 73/6/25 .01 89 36 0 120 46 149 21 157 28 13 27 O 02 38 52 9 0 9 17 508 91 335 € 50 10 O
24ddb1 1,938 73/7/25 - 19 28 0 99 23 127 10 121 3% 11 25 0 05 327 44 7 0 9 16 418 90 325 20 38 10 0
29dcc1 1,560 73/7/5 .01 120 7.1 3 81 63 117 4 103 42 15 19 05 Q04 35 43 19 0 88 87 435 88 325 1 400 70 O
3Bccal 460 73719 - 73 38 33 54 86 166 0 136 66 11 69 .17 .02 344 47 10 0 50 23 462 9.1 220 18 100 40 O
6S-6E-12ced1 990 73/7/6 - 120 10 .5 180 15 433 0 404 36 19 59 30 .07 612 .83 27 0 89 15 843 82 370 1 1,100 220 .3
19ccd? 913 73/5/22 .01 88 30 0 93 31 94 19 109 38 1 26 .01 01 327 44 8 0 95 15 457 90 380 15 340 0 .2
19dbd1 1,002 73/7/18 - 84 23 0 94 9 87 24 111 28 10 2 02 - 314 43 6 0 9 17 421 92 420 25 340 10 0O
32bdd1 1,802  73/6/25 .06 87 31 a4 94 31 132 8 122 28 1 27 .01 .02 327 44 8 0 94 14 413 93 345 45 350 10 0
6S-7E- Tacbl 1,000+ 73/81 01 73 70 .6 260 80 614 0 504 34 62 440 - 73 .9 20 0 9 25 1240 80 410 0 150 230 0
1dbd1 1,050+ 73/8/1 - 02 72 81 12 250 82 5% 0 480 36 79 32 02 - 76 .9 25 0 94 22 1,170 80 .330 ¢ 1900 220 O
2cdd? 1,350 - 73/6/25 .01 75 58 5 210 76 524 0 431 28 56 76 .30 01 628 .85 17 0 9 22 951 80 345 1 1,700 20 0O
8bbal 365  73/7/26° - 8 26 17 240 31 530 0 435 250 7 7 01 04 831 127 140 0 75 9.0 1210 70 230 40 280 240 O
7S-3E- decdl 804 73/6/8 1.6 84 51 28 31 15 214 0 176 3 12 17 .02 346 47 140 0 28 10 437 74 340 80 S50 3
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7S-4E- taccl
3abd?

Sceal
10bdb1
11cbel
12bdd1
13bect
13dcd?

TS-4E-14abc?
150cd?
23cbb1
25adc? |

- 26hcbt
27beet

75-5E- Sdbel
Tabb1

8ccel

Sddd1

13aac1
13cbbt
16acd1
“19cccl
28acd1

7S-6E- Tazcl
9bad1

t6cdet
21dbed
22aad1
23cadt
26adal

27adb1
34dcb1S
35bbb1S

8S-1E-20ccats
8S-6E- 3bdd1S
98-2E-13cbc1S

1,800
1,142
1,040

1,145

1,500
1,105
1,060+

1,000

1,148
1,065
810
735
867
1,390

2,405
1,625
1,500
2,085

150
1,954
1,515

760
1,003

1,086
910
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760

1.410

1,300 .
1,000 -

400

73/5/21
13/6/28

" 73f8127

73/68/11
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13/5/21
73/1128
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13/6112
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13771110

\
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73/5/22

73/5/22

73/6/19
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Chemistry of Thermal Waters

The chemical composition of the sampled thermal waters in the Bruneau-Grand View
area shows that they are generally of a sodium bicarbonate type and are characterized by
low chloride and high bicarbonate concentrations and a nearly neutral pH (White, 1957, p.
1649).  Although most of the thermal waters in the area are classified as a sodium
bicarbonate type, certain marked differences in their chemical constituents serve to distin-
guish water in the sedimentary-rock aquifers of the Idaho Group(the Bruneau,Glenns Ferry,
and Chalk Hills Formations) from water in the volcanic-rock aquifers (the Banbury Basalt of
the Idaho Group and the Idavada Volcanics).

Thermal water from wells penetrating only the sedimentary-rock aquifers is high in
dissolved-solids concentration (greater than 600 mg/1), is nearly neutral in pH, and usually
contains fluoride concentrations of less than 2 mg/1. In striking contrast, water from wells
penetrating the volcanic-rock aquifers is low in dissolved-solids concentration (less than
500 mg/1), high in fluoride concentration (usually greater than 8 mg/1), and is alkaline (pH
greater than 8.5).

Chloride concentrations range from 2.7 to 79 mg/1 in the thermal waters sampled.
Chloride concentrations for water from the volcanic-rock aquifers were less than 20 mg/1
and only slightly higher for most water issuing from the sedimentary-rock aquifers. Gener-
ally, sulfate concentrations were much higher in water from the volcanic-rock aquifers than
in water from the sedimentary-rock aquifers. However, marked exceptions to this were
noted in a few samples from shallow wells that were near the Snake River.

The reason for the low chloride, high fluoride, and high sulfate concentrations in the
thermal water from the volcanic-rock aquifers is not understood. However, even though this
water has distinct characteristics, it is not unlike other thermal water found in Idaho. As
shown below, the chemical similarities of water from the volcanic-rock aquifers and thermal
water from the Idaho batholith (which also contains low chloride and high fluoride and
sulfate concentrations) is noteworthy (Young and Mitchell, 1973). This similarity indicates
that rocks similar in mineralogy to the granite of the Idaho batholith may lie at depth below
the Bruneau-Grand View area as proposed by Schoen (1972).

Volcanic-rock aquifers Idaho batholith
Sunbeam - Vulcan
well > well : Hot Springs Hot Springs

4S-1E-34bad1  5S-3E-26hchb1  11N-15E-19¢1S  14N-6E-11bdai$

Temperature (°C) 75.5 83.0 . 76.0 87.0
Silica (mg/1) 91 110 91 120
Calcium (mg/1) 1.0 2.1 1.5 : 1.8
Magnesium (mg/1) 0 0] 0 ' a
Sodium (mg/1) 99 110 85 94
Potassium (mg/1) .8 1.7 2.4 3
Sulfate (mg/1) 40 62 54 43
Chiloride (mg/1) 13 15 12 17
Fluoride (mg/1) 13 15 15 24
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Chemical Ratios

The ratios of certain chemical constituents can be useful in describing and evaluating
geothermal areas (White, 1970). One use of these ratios is to identify similar waters within a
geothermal area. The Cl/(HCOs + COs) (chloride/bicarbonate plus carbonate) ratio (Four-

nier and Truesdell, 1970), the CI/B (chloride/boron) ratio (Ellis, 1970) and the CI/F

(chloride/fluoride) ratio (Mahon, 1970) have been used successfully to distinguish water

‘discharging from different aquifers. The atomic and molar ratios of selected chemical

constituents from sampled wells and springs in the Bruneau-Grand View area are given in
table 4. The CI/(HCOs + COs), CI/B, and CI/F ratios are shown on figure 9.

Typically, the CI/(HCOs + COs) ratio is less than 0.1 for water from the sedimentary-
rock aquifers and greater than 0.1 for water from the volcanic-rock aquifers in the
Bruneau-Grand View area. Slight variations from these ratios are probably the result of
mixing of water from the two aquufers : -

The Cl/B ratios established for water from the sedimentary-rock and the volcanic-rock
aquifers are not as indicative of water from the respective aquifers as are the CI/(HCOs +
CO3) ratios. The CI/B ratio is generally less than 12 for.water from the sedimentary-rock
aquifers, whereas it ranges from less than 5 to greater than 20 for water from the volcanic-
rock aquifers. The lower values for water from the sedimentary-rock aquifers are due to the
higher boron concentrations generally found in this water. The CI/B ratio for water from the
volcanic-rock aquifers shows a marked decrease in value near the towns of Bruneau and
Grand View due to an increase in boron concentrations. ,

The CI/F ratios provide the most reliable chemical means of distinguishing between
water from the volcanic-rock and water from the sedimentary-rock aquifers. The CI/F ratio
for water from the volcanic-rock aquifers is generally less than 0.6, owing to the high fluoride
concentration of the water, whereas the ratio for water from the sedimentary-rock aquifers
usually exceeds 1. The highest concentration of fluoride (29 mg/1) was found in water from
awell, near the town of Bruneau, which is open to the volcanic-rock aquifer.

Ground-Water Temperatures LR
Owing to the natural increase of temperature downward in the earth‘s crust water in
deeper aquifers generally tends to be warmer than that from shallower aqutfers ‘As would
be expected, therefore, ground-water temperatures in the Bruneau-Grand View area in-
crease as wells penetrate deeper aquifers. Temperatures of water discharged from wells
and springs in the area ranged from 9.5° to 83.0°C (table 3 and fig. 10). Generally, the
temperature of the water obtained from the sedimentary-rock aquifers seldom, with a few
exceptions, exceeds 35°C, whereas temperatures of water from the volcamc-rock aquufers
ranged from 40.0° to 83 0°C

Because most wells in the area are not cased through much of thelr depth itis difficult
to calculate a thermal gradient for the area using existing wells. This is because the
temperature of water entering an open well bore at some selected intermediate depth will
differ significantly from the temperature of the water entering at or near the bottom of the
well. For this reason, the temperature of the water discharged from the well may not be

31




(A%

: TABLE 4 :
ESTIMATED AQUIFER TEMPERATURES AND CHEMICAL RATIOS FOR SELECTED SAMPLED WATERS
" Aquifer temperature from '
gwchcmi;a(logr)ermomnevs Atomic Ratias Malar Ratios
g 5_‘ b) Mixed water )
g § ié': method . . . é g .
3| E2 SE £ s sle £l g Iolsianla2ols
Wellorspring { s 8| L€ Temp. (Percent | 55 5| E|F Ble 2s._. 1§ 5._ Eie 313 21582 32 $9i=18Q 12 ==
identification (B¢ | £3 hot cold 3 £3| 3 £ 2lem | 2[E2 |5lEs| 5|2 b 3 3 1385 3|59 I|S(5Z 8@
number | SE| =% |s)sitica:| water | water | 23| SIE2 SlI83 | G538 |8l52] gl8a2 ls a8 5laidl8aa|EaS
3S-1E-35dact - 20.0 106 - - 56 992 0.379 1.724 1.96 39.2 50.2 352 275 0.680 0.266 .054 0.054 0.695
48-1€-26ccdl Q.01 30.0 148 - - 186 18.2 191 218 2.3 1.63 6.04 116 146 .059 .040 045 045 103
26abcel 01 21.0 135 - -~ 200 14.7 355 33.5 11.6 5.09 3.44 102 151 052 .026 .029 029 8.15
29ccdl 3.3 70.0 127 173 64 78 213 - 145 536 244 235 3020 314 .040 .026 A7 298 .695
30bdb1 - 16.5 108 - - 30 433 160 417 482 412 52.8 238 186 2.64 .389 036 . .036 610
34bad1 - 75,5 132 176 61 81 210 - 173 536 264 254 2990 311 037 .021 .188 an 134
4S-2E-29dbct - .02 28.0 137 - - 175 234 54 274 65.4 16.3 9.63 158 250 .050 .032 .053 .053 1.56
32bect .05 43.0 143 - - 160 30.0 199 451 1.05 6.19 12.8 174 70.6 .058 .023 .076 076 7.38
5S-1E- -3aab1t - 320 148 - - 192 15.2 079 16.8 19.3 6.87 5.03 112 153 .0723 .052 .039 .039 5.65
10bdd1 2.7 64.0 127,' 182 69 61 243 - 79.2 464 248 254 3020 294 .054 .053 198 .355 699
21cbel .81 65.0 123 169 66 72 243 - 134 464 233 254 3020 277 .04 .035 .207 392 .699
24acd? 4.5 64.5 131 189 70 96 131 - 158 500 285 131 1,510 314 .38~ .020 198 29 N
5S-2E- 1bbel .06 495 . 123 213 82 60 244 - 88.2 572 444 313 2,600 368 - .055 - .056 .260 .599 6.09
2cdat 02 36.5 131 - - 187 18.3 332 440 2.09 6.36. . 6.60 102 98.0 046 022 .064 064 166
Sbedl .17 425 143 - - 149 38.1 .349 50.3 1.25 6.16 15.7 181 M3 .05 036 116 154 558
13adal .01 23.0 143 - - 197 15.8 330 349 10.7 183 1.07 94.6 102 .050 026 .067 067 212
58-3E-14cbbl .14 585 126 196 14 62 193 - 66.1 419 4.99 352 2,750 38.9 0862 .055 .285 469 4.06
15cbat .01 150 153 - - m 23.8 421 222 14.8 9.99 6.41 76.8 120 .061 .038 070  .070 15.1
20adal - 60.0 143 242 79 73 206 150 135 423 5817 - - 51.3 .045 .062 .290 956 5.29
20bbbt .01 21.0 143 - - 169 20.6 153 9.55 323 11.6 8.04 95.1 137 .102 091 073 . 073 101
22gadl - .01 25.0 157 - - 170 23.6 295 229 29.1 2.28 7.83 794 980 .063 .042 .096 - .096 215
25bbbt - .01 180 122 - - 168 213 4718 1.6 75.0 10.7 5.83 64.2 118 093 087 091 091 1.5
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TABLE 4. Estimated aquifer temperatures and chemical ratios for selected sampled waters. (continued)
Aquifer temperature from
pochcmi?,l é:mmomotm Atomic Ratios Mofar Ratios
(3
Qo 3 ixed water o
;g 2 goa o thmthod - §
Well or spri Eg it T §§E g 5 g TERE- T E: sle [3¢ N Eég 'jégé-iga"
! . G B 3 ' '
ioemstinion | 3 5| 53 ot | | 3831 98¢ |938(2238! BEu 5 5 520|508 5 Ega d32lsdiziigsEg
number a8| Z% la)Sitica | water | water | 58 8 332 282 A82| 6lig| 583|658 555385 L 8lad &53551556'35
78-3E- 4acd1 1.6 34.0 134 - - 78 3.51 0.090 1.06 .21 215 . 28.2 187 182 0.837. 0.363 0.058 0.058 0.452
7S-4E- tacct 1.7 40.0 127 226 87 182 13.5 .048 13.4 A15 262 - - 249 180 133 .166 .1817 1.14
3abdt 3.7 42.0 134 250 88 194 10.6 .028 138 524 221 170 1,390 180 190 100 161 A70 982
Sceal 4.1 30.0 135 - - 85 6.12 .046 1.88 2.33 22.1 28.4 272 212 AT6 494 .097 097 151
10bdb1 1.1 315 137 - - 198 9.63 .023 14 490 239 168 1,420 201 .207 106 140 140 .809
ltcbect 4.4 36.0 137 - - 92 850 .03t 4.90 608 284 91.0 679 212 323 216 142 142 .100
12bdd? - 43.0 135 250 87 185 12.4 .023 12.7 517 256 - - 240 .188 10 .149 .149 1.12
13bcet 3.3 33.0 134 267 90 193 10.7 .045 1.7 A76 244 157 1,480 231 .200 125 .145 155 903
13dcd? 2.8 40.0 136 270 90 186 12.0 019 10.6 438 305 176 1,600 271 .202 .166 170 .194 1.07
7S-4E-14abc1 3.7 39.0 135 275 90 196 9.81 023 10.9 723 225 159 1,360 193 217 105 134 134 1.02
15acd1 5.9 33.0 137 - - 88 825  .057 3.64 3719 215 64.6 483 205 .363 272 139 139 414
23chbl 7.3 38.5 135 275 90 188 1.3 027 8.43 .589 217 169 86 175 .690
25adct 6.1 36.5 137 - - 93 6.64 024 6.41 393 280 215 755 98.0 379 .10t 175 175 .857
26bcb] 2.9 31.0 132 - - 94 9.22 .051 6.03 184 313 235 1,360 193 2 192 .200 .200 1.23
27bect 3.1 21.0 123 - - 87 10.2 134 5.01 1.14 388 274 1,390 197 3160 223 221 22 113
75-5E- 5dbct .05 32.0 122 248 92 175 17.6 031 250 623 174 186 1,900 174 a1 077 180 .188 447
7abbt 7.8 39.0 132 256 89 187 1.7 .039 10.5 541 332 192 1,540 267 .208 135 176 176 1.30
8ccel 1.8 40.0 132 244 88 183 13.6 .028 16.3 .453 258 - - 235 .160 AN 174 198 wm
9ddd1 2.0 40.0 131 246 88 90 12.5 069 1.26 438 458 178 1510 392 .252 215 165 182 1.13
13aac1 .18 250 133 - - 9 9.43 211 494 536 254 97.9 770 200 .302 274 A72 172 452
13cbb1 - 36.0 127 247 90 187 12.0 - 13.0 438 211 176 1,510 181 188 119 170 180 1.07
16acd1 - 39.5 132 250 89 180 14.7 026 138 328 332 192 1,600 293 An 24 79 119 m
19¢ccel” 2.6 36.5 134 - - 186 123 .01 12.5 491 305 215 1,660 235 183 RAL) 184 184 1,03
28acd1 2.5 34.0 134 - - 199 9.61 .060 109 463 264 - - 222 .20 .130 169 169 .894
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representative of temperature at the bottom of the well. However, if data are used for wells
that are cased from land surface to a depth of at least 60 percent of the well’s total depth, a
plot of well depth versus the temperature of the water produced from the well can be used to
calculate a thermal gradient of about 2°C per 100 feet of depth (fig. 11). This gradient is
somewhat lower than has been measured elsewhere in Idaho [3.3°C per 100 feet in Camas
Prairie (Walton, 1962, p. 90); 2.7°C per 100 feet in sedimentary rocks in Boise Valley (Nace
and others, 1957, p. 72)1. In considering this gradient, it should also be realized thatahigher
temperature gradient may occur at wells intersecting faults that act as conduits for a rapid
upward movement of hot water from depth, thereby effectively bypassing less warm water
at intermediate depths. Well 7S-6E-16cdc1, figure 11, may be an illustration of this in that a
thermal gradient calculated using this well is 6.3°C per 100 feet.

The depth to which a well must penetrate to yield water of a desired temperature can be
approximated using the thermal gradient for an area as follows:

Desired watertemperature = ..................... Cereeerereeieeaay ... 150°C
Thermalgradient = .......... .o i e 2° C per 100 feet
Average annual air temperature (which approximates the temperature
atadepthof100feet) = ... i e 10°C
Depthrequired= .............. ..., 100 (150° - 10°) + 100 = 7,100 feet
20

The calculated depth of 7,100 feet to obtain water of 150°C is based on the assumption
that water occurs at this depth in the quantities desired. At the present time, information on
the occurrence of water at depths of 7,000 feet or greater in the Bruneau-Grand View area is
not available.

Ground-water temperatures at some unknown depth can be calculated using
geochemical thermometers. In the Bruneau-Grand View area, ground-water temperatures
at depth were estimated using the silica (Fournier and Truesdell, 1970), and the sodium-
potassium-calcium geochemical thermometers (Fournier and Truesdell, 1973), and a new
technique (Fournier and Truesdell, 1974) - to be described in following pages - which
enables utilization of water samples containing a mixture of deep thermal water and shallow
cold water to calculate the temperature of the hot-water component and the percentage of
the cold water in the mixture.

The Silica Geochemical Thermometer

Estimated aquifer temperatures calculated using the silica thermometer for all sampled
thermal water in the Bruneau-Grand View area ranged from 92° to 157°C (table 4 and fig.
10). The temperatures given are based on the assumption that: (1) all the silica in the
sampled water was in equilibrium with quartz (rather than amorphous or other silica
species) in the thermal aquifer, (2) no dilution or enrichment takes place as the water
ascends to the surface, and (3) the water is cooled only by conduction as it moves to the land
surface (curve A, Fournier and Truesdell, 1970). However, because of the high silica
concentrations noted in the warm water issuing from the sedimentary-rock aquifers, the
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assumption of the silica content in the water belng in equilibrium with quartz in the
sedimentary-rock aquifers may be erroneous.

The sedimentary rocks were derived mainly from silica-rich volcanic rocks and, there-
fore, probably have an abundance of silicate minerals. Although the warm water moving
through the sedimentary rocks is nearly neutral in pH (as measured at the surface), the
possibility of its having dissolved silicate minerals and thereby containing amorphous silica
was considered. To test this possibility, several water samples containing high silica
- concentrations at relatively low temperatures were examined to see if the high silica content
was indeed in equilibrium with amorphous SiO2. Water from well 4S-1E-25ccd1 has a silica
concentration of 120 mg/1 and a temperature at the surface of 30.0°C. The solubility of
amorphous SiOz at 30.0°C is 128 mg/1, which is very close to the 120 mg/1 silica found in
the sample. Water from well 56S-3E-25bbb1 has a silica concentration of 98 mg/1 and a
temperature at the surface of 18.0°C. The solubility of amorphous SiO:z at 18.0°C is 102
mg/1. The difference between these two values is within the range of analytical error.
Several other samples from wells completed in the sedimentary-rock aquifers were tested
with amblguous results. In several samples, the low-temperature water contained silica
concentrations that were greater than what would be suspected under the assumption of
equnlubrnum with amorphous SiO2z. However, the close agreement in most cases between
the measured silica concentrations and the calculated silica concentrations, assuming
equilibrium with amorphous SiQz, indicate that silica concentrations in the water from the
sedimentary-rock aquifers are not in equilibrium with quartz. Therefore, the assumption of
the silica concentrations being in equilibrium with quartz is invalid, and the silica geochemi-
cal thermometer should not be used to estimate aquifer temperature at depth for water
ascending through the sedimentary-rock aquifers.

Several samples of highffemperature water from the volcanic-rock aquifers were

tested to see if their silica concentrations, at surface temperatures, were in equilibrium with
amorphous SiOz. In all cases, the silica concentrations in the samples were well below the
solubility of amorphous SiOz, indicating that the silica in this water probably is in equilibrium
with quartz. However, it should be recognized that some of this silica in these alkaline waters
may also have been derived from amorphous silica.

From the above discussion, it can be concluded that the temperatures estimated using

the silica geochemical thermometer may well be in error and should be considered as
tentative values only.

The Sodium-Potassium-Calcium Geochemical Thermometer

The molar concentrations of Na, K, and Ca are used in the Na-K-Ca (sodium--
potassium-calcium) geochemical thermometer to calculate aquifer temperatures. Esti- -

mated aquifer temperatures for all sampled thermal waters in the Bruneau-Grand View area
using this method ranged from 21° to 206°C (table 4 and fig. 10). This method assumes that
these constituents are in chemical equilibrium in the thermal aquifer and that no dilution or
enrichment takes place as the water ascends to the surface.

The higher values for dissolved solids in the thermal water from the sedimentary-rock

aquifers compared to the lower values for dissolved solids in the thermal water of the
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volcanic-rock aquifers suggest that the water from the sedimentary-rock aquifers is en-
riched by aquifer materials. These sedimentary rocks contain appreciable amounts of
volcanic ash and bentonitic clay (Littleton and Crosthwaite, 1957) that could provide large
amounts of sodium and potassium minerals and much smaller amounts of calcium and
magnesium minerals. The chemical quality of the warm water derived from the
sedimentary-rock aquifers suggests enrichment of sodium and potassium with a smaller
enrichment of calcium. This effectively reduces the sodium-to-potassium ratio and tends to
increase estimated aquifer temperatures. Similar interbedded sedimentary rocks in the
volcanic-rock aquifers ¢ould conceivably have the same effect on the composition of the
thermal water. : : .

The Mixed-Water Geochemlcal Thermometer
Many of the thermal waters appearlng atornear land surface are the result of mixing of

hot water from depth with cold water from upper zones. The original temperature of the hot
water and the percentage of cold water in the mixture can be estimated (Fournier and

‘Truesdell, 1974) from the temperature measured at the surface and the silica concentra-

tions of the mixture and the upper nonthermal waters. Fournier and Truesdell (1974)
suggest a simple test to determine ' if the thermal water sampled at the surface is of mixed
origin. According to them, temperatures estimated by the Na-K-Ca geochemical thermome-
ter that are within + 25.0°C of the water temperature measured at the surface usually
indicates chemical equilibrium and, thereby, that the sample represents an unmixed water.
However, estimated temperature differences of more than + 25.0°C indicate nonequmb-
rium conditions exnst and, therefore, the sample represents a mlxed water . ’

The mixed-water method was used in the_ Bruneau-Grand V|ew area not only for
estimating probable maximum temperatures of the hot-water component, but also as an aid
in evaluating, as discussed below, the silica concentration in the waters sampled. There-
fore, mixing models were constructed or attempted for all sampled thermal waters regard-
less of the relation of estimated Na-K-Ca temperatures to the water temperatures measured
at the surface. The computed temperatures and percentage of cold water are given in table
4, and these temperatures are plotted in figure 9. The computations made were based on
the following assumptions (model 1, Fournier and Truesdell, 1974): (1) water and newly
formed steam rise together; (2) silica concentrations are in equilibrium with quartz; and (3)
the temperature and silica concentrations of water from the sampled nonthermal spnngs
(table 3) are representative of the nonthermal water in their respective areas.

... Estimates of the temperature of the hot-water component and percentage of cold water
were obtained for 48 of the 91 sampled thermal wells and springs. Estimated maximum
temperatures of the hot-water components ranged from 150° to 275°C, and the percentage
of cold water ranged from 61 to 92 percent. However, it is believed that estimated tempera-
tures of above 220°C probably indicate that the water has been enriched by amorphous
SiOz, and that, therefore, some of the silica in the sampled water is not in equilibrium with
quartz. No temperature estimates could be obtained for samples from wells penetrating the
sedimentary-rock aquifers where it is believed the high silica content is due to amorphous

- SiO2. The results for the higher temperature water flowing from the volcanic-rock aquifers

are probably more sound as the snllca content of this water is probably in equrhbnum with

quartz..
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Credibility of Estimated Temperatures

The silica geochemical thermometer is probably the best indicator of temperature at
depth for selected water in the Bruneau-Grand View area. The silica concentrations ob-
served in samples from the shallow sedimentary-rock aquifers generally do not seem to be
in equilibrium with quartz; therefore, the silica geochemical thermometer should not be used
to indicate the temperature of this water. The water samples for which estimated mixed-
water temperatures exceed 220°C probably have been enriched by amorphous SiOz.
Therefore, the best estimates of temperatures at depth, using the silica geochemical
thermometer, are probably those for the higher temperature water (greater than 45.0°C),
which flows from the volcanic-rock aquifers where calculated temperatures by the mixed-
water method are less than 220°C.

The Na-K-Ca geochemical thermometer should not be used to estimate temperatures
at depth for water from the sedimentary-rock aquifers. The chemical composition of this
water had evidently been altered owing to the solution of the aquifer materials and, there-
fore, erroneously high temperatures were calculated. The estimated temperatures by the
Na-K-Ca method for the water from the volcanic-rock aquifers are probably much more
reliable than those for water from the sedimentary-rock aquifer, especially where these
temperatures have the support of the silica geochemical thermometer. :

The estimated subsurface temperatures in the Bruneau-Grand View area probably do
not exceed 150°C. This estimate is based on the silica concentrations of thermal water
believed to have been sampled from only the 'volcanic-rock aquifers. However, if this
sampled water is a mixture of a hot water from depth with cooler, shallower water, then silica
concentrations would also reflect the mixing, and subsurface temperatures may exceed
180°C.

Minor Elements

The water samples collected were analyzed for the following selected minor elements:
boron, lithium, mercury, and arsenic.' The concentrations of these minor elements in the
water samples collected are given in table 3. Although the measured concentrations for
these constituents in all waters sampled were low, notable differences in the boron and
lithium concentrations were measured in samples from both the sedimentary-rock aquifers
and volcanic-rock aquifers and, in some instances, from only the volcanic-rock aquifers.

The highest concentrations of boron (1,900 ug/1) and lithium(1,100 ug/1) were mea-
sured in water from the sedimentary-rock aquifers. The higher values probably reflect contri-
butions from evaporite beds within the sedlmentary rocks. ,

The boron concentrations in the volcanic-rock aquifers show a wide range in measured
values. Generally, the values ranged from less than 100 to 1,100 ug/1. The highest
concentrations of boron occurred in the vicinity of Bruneau and Grand View. The higher
concentrations of boron in the water near these towns may result from one or all of the
aforementioned causes if some mixing of water from the sedimentary-rock and volcanic-
rock aquifers has occurred, or if sedimentary deposits were interbedded in the volcanic
rocks. However, it is also possible that the boron was contributed to the thermal water by
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solution of the Idavada Volcanics, which had been enriched by residual magmatic fluids,
thus indicating a closer proximity to the source area of these volcanic rocks (Fairbridge,
1972, p. 88). '

The lithium concentrations in the water of the volcanic-rock aquifers are very low and
usually do not exceed 30 ug/1. Such low concentrations of lithium are usual in water from
basaltic rocks (Ellrs 1970)

Mercury and arsenic concentratuons in all the sampled thermal waters in the Bruneau-
Grand View area are low, and ranged from 0 to 4.3 ug/1 and O to 78 ug/1, respectively. No
pattern of occurrence and concentration for these minor elements was observed .However,
the highest values found for both were in water from the volcanic-rock aquifers.

Gas Analyses

Gas samples were collected from 15 wells near Grand View and in the Castle Creek and
Indian Cove areas. No gas was found in the water from other wells in the study area. The
samples were analyzed for specific gases by the gas chromatograph technique, and the
results are given in percentage by volume in table 5. The analysis technique yielded values
for the individual gases accurate within + 5 percent, although the sum of constituent
percentages for any one sample may have a larger deviation. Part of the discrepancy for
sums less than 100 percent probably results from the fact the samples usually were
saturated with water, whereas the gases used for standards in the ana|y3|s technique were
not.

The gases in the thermal water sampled consist prlmarlly of nitrogen, oxygen, and
~methane. In no sample did carbon dioxide exceed 1 percent, nor did hydrogen exceed 0.1
percent. As shown by the analyses, water from the sedimentary-rock aquifers contains large
volumes of methane, whereas water from five of the eight samples from the volcanic-rock
aquifers contains no methane. The small amounts of methane reported in the other three
analyses of water from the volcanic-rock aquifers indicate that some of the water in these
wells is, in fact, derived from the sedimentary-rock aquifers. The methane in water from the
sedimentary-rock aquifers probably results from decay of organic material in the sedimen-
tary deposits. The low values of carbon dioxide and hydrogen reported in the gas samples
from water of both aquifers suggest that, except for the methane, the gases in the water are
those that were contained in the meteoric water recharging the system. -

“The ratio of nitrogen to oxygen can be used to support further the idea that the gases in
the samples collected, excluding methane, were those in the original recharge water to the
system. Assuming the temperature of the water recharged to the volcanic-rock aquifers to
be 10.0°C, which is the measured temperature of selected cold springs in the area (see table
2), and assuming the nitrogen and oxygen in the air and water are in equilibrium, the ratio of
nitrogen to oxygen in the recharge water would be 1.96 (Hodgman and others, 1953, p.
1610). The potential loss of oxygen from the water due to oxidation of minerals in the aquifer
is much greater than the potential loss of nitrogen. This loss of oxygen would effectively
increase the ratio of nitrogen to oxygen. The nitrogen-oxygen ratios in the gas from the
volcanic-rock aquifers (table 5) are much higher than 1.96, thus indicating a loss of oxygen
from the water. The nitrogen-oxygen ratios in the gas from the water of the sedimentary-rock
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TABLE S

GAS ANALYSES FROM SELECTED WELLS

Percent by volume

5 3 g
Wellorcorina | S B s | |2 |8 g | Se | S5
- = @ — — K] 1
dentificston |55 | maior | Fx| Bx| £F | £9 | £ | QF | SF
number =2 auifer (S22 | =2 | 8L | £ | =28 | 2§ Sum
45-1E-26abc1 . 27.0 Sedimentary 53  14.2 28.8 <1 <01 373 1.96 96+
rocks of
ldaho Group
34bad1 75.5 Idavada 72 166 0 <1 <.1 4,34 1.96 89+
Volcanics .
4S-2E-29dbc1  28.0 Sedimentary 36  19.3 50 <1 <.l 1.87 1.96 105+
: rocks of
Idaho Group
32bcct  43.0 Sedimentary 38 @ 13.5 404 <1 <.1 281 196 92+
rocks of -
Idaho Group
5S-2E- 1bbc1 49.5 Banbury 67  18.2 0 <1 <.1 3.68 - 196 85+
Basalt{?) o ' :
5S-3E-20adal  60.0 Idavada 72 19 0 <1 <.t 377 1.96 91+
Volcanics ‘
20bbb1 27.0 Sedimentary 62 @ 24.2 16.4 <1 <.1 2.56 1.96 103+
rocks of
Idaho Group
26bcb2  67.0 Idavada 6 121 0 <1 <.1 6.28 1.96 88+
. Volcanics{?) ' o
27bdd1 60.0 ldavada . 70 128 5.5 <1 <.l 5.47 1.96 88+
Volcanics(?) .
28bcc1  65.0 ldavada 69 17.2 2 <1 <.l 4.01 1.96 88+
Volcanics .
6S-3E- 2cbc1  62.0 Banbury 67 1N5 5 <1 <.1 5.83 1.96 84+
Basalt : ‘
6S-5E-20aab1  43.5 Banbury 84 165 0 <1 <.1 509. ~ 196 101+
Basalt(?)
6S-7E- lacb1 41.0 Sedimentary 61  23.3 20.9 <1 <.1 2.62 1.96 105+
rocks of
Idaho Group .
1dbal 33.0 Sedimentary 38 16.4 35.4 <1 <.1 232 1.96 90+
rocks of
~ Idaho Group 7 ‘ :
2¢dd1  34.5 Sedimentary 38 17.6 46.3 <1 <.1 2.16 1.96 102+
rocks of ,
Idaho Group

1

Temperature of the water at land surface at time of sampling.

ANALYSES BY: Katherine L. Pering, U. S. Geological Survey
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aquifers are -much lower than the nitrogen-oxygen ratios in the gas from water of the
volcanic-rock aquifers; however, they are still higher than the same ratios in the gas from the .
suspected recharge water. The nitrogen-oxygen ratio in gas from the sedimentary-rock
aquifers probably reflects mixing of water by vertical percolatron from the volcanic-rock
aquifers. o : ;

Well and Sprmg Deposrts

Deposrtlon of minerals by thermal ground waters is noticeably absent in the Bruneau-
Grand View area. Some well casings and spring vents have a very thin coating of
carbonate-type minerals. Evaporite-type deposits are found on some well casings that are
exposed to the higher temperature water in the area. However, these types of deposits are
the result of evaporation rather than precipitation due to excessive mineral concentrations in
the water

Stearns(1922 p.7) reported thataspnng in Shooﬂy VaIIey (T 6S,R.3E,sec. 14) was
depositing large amounts of minerals. However, subsequent ground-water development of
the sedrmentary-rock aquifer in this area has caused this spring to cease flowing, and for
this reason, fresh samples of the minerals deposited could not be coliected. A sample of the'
old deposits was collected and analyzed for mineral content. The results show that the
spring deposits contain chiefly calcium carbonate (travertlne) with very small amounts of
quartz (less than 3 percent). RIEAN I , ;

The fack of mineral deposmon by thermal waters in the Bruneau-Grand Vrew area is
probably due to the Iow dlssolved sohds concentratron of these waters. -

SOURCE OF HEAT

- The sources of heat for the above-normal ground-water temperatures in the
Bruneau-Grand View area were first discussed by Piper (1924, p. 52). He gave three
possible explanations: (1) Expiring volcanism at depth beneath the area, (2) mechanical
heat generated by friction during recent earth movements, and (3) the upward migration of
water from depth where observed temperatures are normal. He concluded that the upward
migration of water from depth is the most probable source because: (1) observed volcanism
in the area is restricted to thin, relatively fast-cooling, surface flows; and (2) similar faulted
areas did not possess abnormally high ground-water temperatures. At the time of this
investigation, no additional data have been collected that suggest expiring volcanism at

depthorthe generatron of mechanlcal heat from major faultmg in the Bruneau-Grand View
area. - L R T e e o . ;

The Iarge areal extent of the conductrve anoma|y, as deflned by the AMT survey, and
the widespread occurrence of thermal waters in the Bruneau-Grand View area, suggest a
broad heat source. Therefore, the probable explanation of the above-normal ground-water
temperatures in the Bruneau-Grand View area is deep circulation of water in an area of
above-normal geothermal gradient.:Heating of the ground water to a temperature of 83°C
(maximum recorded water temperature at the surface) by a geothermal gradient of 2°C per
100 feet would require the circulation of water to a depth of about 3,750 feet. :
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Unpublished data by D. D. Blackwell (written commun., 1973) suggest that heat-flow
values of 2.4 heat-flow units or 2.4 x 10-¢ cal/cm?/sec and a gradient of 50°C per kilometre
(1.5°C per 100 feet) exist in the vicinity of Silver City, Idaho, whichis approximately 30 miles
west of Grand View. This gradient closely approximates that calculated (2°C per 100 feet)
for the Bruneau-Grand View area.

The relatively high geothermal gradient occurring in the Bruneau-Grand View area
probably is related to the thinning of the upper crust in the area of the Snake River Plain
noted by Pakiser (1963). Pakiser stated that these areas of thin upper crust and low-density
upper -mantle usually have had a- Cenozonc history of intense d|astroph|sm and silicic
volcamsm

SUMMARY

The rocks in the Bruneau-Grand View area range in age from Late Cretaceous to
Holocene. Rocks of the Cenozoic Era have been subdivided into four groups: (1) an
unnamed sequence of rhyolitic and related rocks, (2) the Idavada Volcanics, (3) the Idaho

Group;, and (4) the Snake River Group. For convenience, these rock units have been divided

into two major groups according to their hydrologic properties: (1) the volcanic-rock aquifers
that include the Idavada Volcanics, the Banbury Basalt of the ildaho Group, and undifferen-
tiated silicic volcanic rocks; (2) the sedimentary-rock aquifers, which mclude chiefly
sedimentary units of the Idaho and Snake River Groups.

Recharge to the volcanic-rock aquifer (except the Banbury Basalt) is thought to be
chiefly from precipitation in the higher altitudes to the south and southwest of the study area
where the rock units are exposed at the surface. Recharge to the sedimentary-rock aquifers
and the Banbury Basalt is believed to be mainly by the upward movement of water from the
underlying volcanic-rock aquifers.

The Idavada Volcanics or underlying rock units are believed to be the reservoir rocks
for the thermal water in the Bruneau-Grand View area.

A system of northwest-trending faults has probably fractured and displaced rocks
ranging in age from Pliocene to Pleistocene. Most of the faulting probably occurred in early
Pliocene time, with progressively diminishing movements through Pleistocene time. Gravity
and aeromagnetic surveys support the theory of a northwest-trending subsurface structure.

An AMT (audio-magnetotelluric) survey of the Bruneau-Grand View area has revealed
alarge conductive anomaly in the region between Oreana and Grand View. The areal extent
of this anomaly implies that a broad heat source is present. The low resistivities observed,
approaching 2 ohm-metres, imply a hot-water reservoir in which the reservoir rocks have
been altered.

Sampled thermal water in the Bruneau-Grand View area is generally of a sodium
bicarbonate type. In the study area, thermal water from the sedimentary-rock aquifers
generally contains dissolved-solids concentrations greater than 600 mg/1, is nearly neutral
in pH, and usually contains less than 2 mg/1 fluoride. Water from the volcanic-rock aquifers
generally contains less than 500 mg/1 dissolved solids, has pH values higher than 8.0, and
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has fluoride concentrations in excess of 8 mg/1. Chloride concentrations range from 2.7 to
79 mg/1 for all sampled water with the values from the volcanic-rock aquifers usually less
than 20 mg/1. Sulfate concentrations are much higher for water from the volcanic-rock
aquifers than for the water from the overlying sedimentary-rock aquifers. The chemistry of
the thermal water from the volcanic-rock aquifers is very similar to that of thermal water
flowing from the granitic rocks of the ldaho batholith.

"Ratios of concentratlons of selected chemical constituents are used to dlstlngwsh
water from the volcanic-rock and sedlmentary-rock aquifers. The chioride-fiuoride ratio is
probably the best indicator with ratios generally less than 0.6 for water from the volcanic-
rock aquifers and considerably greater than 0.6 for water from the sedlmentary-rock
aquifers. Chloride-boron ratios of the hotter water from volcanic-rock aquifers showed a
marked decrease near Bruneau and Grand View because of increased boron ‘concentra-
tions.

Measured ground-water temperatures at the surface in the Bruneau-Grand View area
range from 9.5° to 83.0°C with the higher temperatures (40° to 83°C) found in the water from
the volcanic-rock aquifers. Temperatures of the water from the sedimentary-rock aquifers
seldom exceed 35°C. The observed ground-water temperatures in the volcanic-rock aqui-

fers seem to be related to the depth to the aqunfers

Estimated aquifer temperaturesrange from 92°to 157°C as calculated by the use of the
silica geochemical thermometer and from 21° to 206°C using the Na-K-Ca geochemical
thermometer. Estimated maximum temperatures, which were calculated by the use of the
mixed-water geochemical thermometer, ‘range from 150° to 275°C with the cold-water
component ranging from 61 to 92 percent. Aquifer temperatures in the Bruneau-Grand View
area were estimated at and probably do not exceed 150°C, except where the sampled water
at the surface is of mixed origin; here, maximum temperatures at depth probably do not
exceed 220°C.

A geothermal gradient of 2°C per 100 feet was calculated for the Bruneau-Grand View
area using selected well data. Using this gradlent temperatures of 150°C could exist at a

depth of 7,100 feet.

The gas in samples collected from water in the Bruneau-Grand View area consists
primarily of nitrogen, oxygen, and methane. Methane was found primarily in samples from
the sedimentary-rock aquifers. Analysis of the gas in water from the volcanic-rock aquifers
indicates that the gas is essentially that contained in meteoric water recharging the system.

Mineral deposition at wells and springs in the Bruneau-Grand View area is noticeably
absent, largely because of the low dissolved-solids concentration in the water.

The source of heat for the deeply circulating thermal waters in the Bruneau-Grand View
area is believed to be an above-normal geothermal gradient. This above-normal gradient
could be related to a thinning of the earth’s upper crust in this area.
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FUTURE WORK

The collection of data for this investigation was designed to give a preliminary evalua-

-tion of the areal extent and character of the Bruneau-Grand View thermal anomaly. This

preliminary evaluation was based on geochemical sampling of thermal waters at the
surface, existing geologic and hydrologic data, and selected surface geophysical surveys.

The findings presented in this report could be refined if additional data were available.
Borehole geophysical logs for several existing deep wells could yield information about
lithology, temperature, and water-quality conditions in the subsurface. This additional data,
in conjunction with existing data, would make it possible to select a site for a deeptest hole.
Adeeptest hole (10,000 feet deep) in the area of the Bruneau- Grand View thermal anomaly
could contribute significant data descnptlve of:

The lithology of rocks at depth;

Temperatures of the thermal waters at depth;

Water levels and yield characteristics for the aquifers penetrated
The quality of the thermal waters penetrated

The heat-flow values.

Interpretation of data collected from a deep test hole should yield the information needed to

enable a definitive assessment of the potential of the Bruneau-Grand View area as a
prospective area for developing geothermal energy for power production.
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APPENDIX A

A Reconnaissance Audio-MagnetoteIIurié Survey
Bruneau-Grand View Area, Idaho

by
D. B. Hoover and C. L. Tippens
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A Reconnaissance Audio-Magnetotelluric Survey
- Bruneau-Grand View Area, Idaho

By D. B. Hoover and C. L. Tippens

INTRODUCTION

The AMT (audio-magnetotelluric) survey has
recently been used: by the U. S. Geological
Survey as. a reconnaissance technique for the
evaluation of potential geothermal areas. The
rationale for this is that, being an inductive
electromagnetic technique, it emphasizes con-
ductive bodies that commonly are associated
with the hot waters and alteration zones of
geothermal reservoirs. The de-emphasis of highly
resistive zones also makes it useful in looking
through highly resistive surficial material where
D.C. (direct current) resistivity techinques lose
definition. However, the de-emphasis of highly
resistive zones is also a disadvantage in that it
contributes to large errors in estimating depths
to conductive bodies.

In reconnaissance work, it is usually sufficient
to verify the existence of conductive anomalies,
measure their approximate values, and gain some
idea of their lateral extent. This can be rather
easily done with- AMT techniques for relatively
near-surface - conductors. The depth of
exploration is variable, depending on the
resistivity section, but typically ranges from 660
to 6,000 feet at 8 Hz (hertz).

BASIS FOR AMT METHOD

The magnetotelluric method is one of three
exploration techniques in which naturally
occurring electromagnetic fields are used. The
‘more  familiar telluricc and  AFMAG
(audio-frequency magnetics) methods are the
others, and all suffer from being dependent
upon: vagaries - in natural fields. In this

investigation, the frequency range employed was

from -8 to 18,600 Hz, and the technique is
accordingly called AMT (audio-magnetotelluric)
exploration. g

" Electromagnetic energy as it propagates into
the earth is attenuated, with the energy loss
dissipated as heat. The depth it penetrates into
e earth is a function of earth properties and

the frequency of the energy wave. ““Skin depth”
is a measure of this penetration and is defined as
the depth at which the current density has fallen
to 1/e of its surface value. This also is an
approximate measure of the depth of
exploration. The “skin depth” (&) is given by
equation (1) for a homogeneous earth.

8 = V2/wuo | ~ equation (1)
where —
§ = “skin depth” in metres

w = angular frequency in radians per second

4 = magnetic permeability in Henries per
metre SR

o = conductivity in ohm-metres

- For rocks that are not strongly magnetic,
- equation (1) reduces to:

6= 503 “/p/f metres equation (2)
where —
p = resistivity in ohm-metres

f

frequency in hertz

For 'example, if measurements were made
over a uniform 100-ohm-metre earth, the

resistivity would be measured from the surface

down to about 120 feet at 18,600 Hz and to
5,900 feet at 8 Hz. It is the bulk properties of
‘the rock, however, that are being measured in a
volume approximately ‘defined by radii 1 “‘skin
depth” long from the measuring point. Material
— and particularly low-resistivity material. — -
nearest to the measuring point contributes most
to the measurement. Where the “’skin depth” is
small, as at the highest frequencies, then a
smaller volume of material is being averaged.
Hence, at a .given site, a decrease in the
frequency being measured results in a resistivity.
‘measurement  representative = of a deeper
penetration into the earth and a greater lateral
extent. It is important to keep the latter concept
in mind when examining AMT data.
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A necessary assumption made in employing
the - AMT method is that the electromagnetic
energy (derived from lightning) propagates as
a plane wave essentially vertically into the earth.
The plane-wave assumption is valid if the energy
source is at least 4 ‘’skin depths” from the
measuring site. Only in the case of very local
lightning storms or artificial disturbances is this
assumption invalid. This audio-frequency energy
in the ELF (extra low frequency) and VLF (very
low frequency) band propagates for long
distances around the earth in the waveguide
formed by the earth and ionosphere.
Propagating in this waveguide mode, the fields
above the earth are approximately at grazing
incidence. Because of the large change in
impedance (index of refraction) at the earth-air

boundary, the energy is refracted . toward the
normal, and for practical purposes, the energy
propagates vertically. Associated with this
downward propagating wave are mutually
orthogonal, horizontal magnetic and electric
fields. In the case of a homogeneous or
horizontally homogeneous stratified earth, the
electric field in the earth is radial to the source
and the magnetic field is tangential to the
source. Under these conditions, the apparent
resistivity of the earth is a function of these
horizontal fields, and the frequency as given by
Cagniard (1953) is:

a = (1) (E2 )
P ((5—f; }m)) equation (3)
where—
pa = apparent resistivity in ohm-metres

f frequency in hertz

electric field in microvolts per metre
- magnetic field in gammas.

[

E.
H

Since the  “skin depth” and apparent
resistivity are both functions of frequency, the
variation of . resistivity with depth can be
determined - by measurements at the surface.
Thus, if the apparent resistivity is measured as a
function of frequency, a sounding is made much
as with a direct-current sounding array (Keller
“and Frischknecht, 1966); but without expanding
the electrode array.

‘58

In. the AMT range of frequencies, the.

' principal source of natural energy arises fro{l )

worldwide lightning storms with tropical regions
accounting for the preponderance of the energy.
Bleil (1964), Ward (1967), and Strangway and
others (1973) discuss in detail the temporal and
spacial variations of these signals. Briefly, the
main features of these variations affect the
method by restricting operations to good-signal
periods and by introducing scatter in the data.
Considering temporal variations, the energy is
weakest during winter months when storm
activity is reduced. Measurements have been
made as late as October, but energy is markedly
lower toward the end of the month. This
reduction in energy is particularly noticeable in
the higher frequencies. There is also a tendency
for the energy, particularly in the higher
frequencies, to increase in the afternoon as
thunderstorms approach the measuring site.

" Propagation in  the earth-ionosphere
waveguide produces spectral characteristics that
impose other restrictions on the method. In the
low-frequency range, waveguide resonances
produce energy peaks at discrete frequencies.
These are the Schumann resonances, with the
fundamental being about 8 Hz. Below this
frequency, the energy decreases rapidly to a
minimum around 1 Hz. In the midfrequencies,
the waveguide has a strong absorption band near
2,000 Hz, which severely limits data acquisition
in this range.

Since more than one major storm center can
be supplying energy during a given period, some
data scatter and nonrepeatability of data can be
observed where lateral inhomogeneities exist.
The response of two- and three-dimensional -
structures varies with the orientation of the
source fields and sensor-array orientation. Data

scatter is due to the varying source locations

present during a given recording period;
nonrepeatability is due to distinctly different
source locations between different recording
times. This precludes very precise analysis of the
data for a layered structure and clearly
emphasizes that the earth usually is not the
simple horizontally stratified model that is often
assumed. : :

Within the AMT frequency band, manmade
signals are also present. Most troublesome is th=




energy radiating from power lines at the
\/'damental and at many of the harmonics.
While in principle, these signals could be used if
the source was at least 4 “’skin depths’’ distance,
this criterion is difficult to meet except in
remote areas. The ‘‘skin depth’’ at 60 Hz for
100-ohm-metre material is 2,100 feet; therefore,
a minimum  distance would be 1.6 miles
separation from the nearest power line for this
~ situation and over 5 miles if the earth were
1,000-ohm-metre material. Thus, the large
amount of energy from power lines generally
constitutes only a difficult noise problem.

In the higher frequency range, VLF radio
stations are present and may be used as an
energy source. In this investigation, stations at
10,200 Hz and 18,600 Hz were used as a matter
of convenience. During the rare periods when

these stations are not transmitting, there is
sufficient natural energy for operations.

INTERPRETATION

Where horizontal layering can be assumed,
interpretation is similar to conventional
resistivity techniques such as curve matching.
The corresponding sounding curve can be
computed for any postulated layered structure,
so matches to theoretical sounding curves can be
made. The problem of intermediate

high-resistivity layers being masked, however, is

a serious limitation to accurate depth
interpretation. This is similar to a low-velocity
layer being masked in seismic refraction
" surveying and is discussed in more detail by
Strangway and others {1973) and Strangway and
Vozoff (1970). They point out  that an
intermediate high-resistivity layer must be two

to three times as thick as the upper layer to be

seen.

In mining and some geothermal exploration,

two- and three-dimensional structures are much

more prevalent than the simple layered case.

Methods of interpretation for this situation are
severely limited, and most often, simple
‘anomaly maps are used. This is the method used
in this investigation. Some theoretical solutions
for simple two-dimensional structures have been
presented by Strangway and others (1973),
Strangway and Vozoff (1970), Vozoff (1972),
Q Madden and Swift (1969). Limited

three-dimensional data are available from model
studies -of Frischknecht (1973). These studies
permit some generalizations that are useful when
examining AMT anomaly maps or sounding
curves.

For two-dimensional structures, the most
definitive measurements are made with the
electric-field-measuring arrays oriented parallel
and perpendicular to the strike of the structure.
In general, “’E-perpendicular’” measurements will
define the boundaries sharply, but will exhibit
overshoot in the measured values near the
boundary. This can result in measured apparent
resistivities both higher and lower than the
actual resistivities present in ‘the section.
Near-surface conductive layers, however, tend to
suppress the overshoot. In the case of
‘“’E-parallel’”’ measurements across a structure,
generally they will define the boundaries poorly,
but the values will vary smoothly without
overshoot near the boundaries:A—common
situation would be an area in which
approximately vertical, conductive fault zones
are present. In this case, if one were not within
the fault zone, the ‘‘E-parallel” measurements
would- be lower and “E-perpendicular”
measurements higher than the background
resistivities. If one were within the fault zone,
just the opposite would result.

In a broad sense, these same generalizations
apply . to three-dimensional . structures.
""E-perpendicular’’ measurements are much more
definitive of the boundary than the “’E-parallel”’
measurements. This implies that spherical bodies
will not give circular anomaly maps as is evident

- from Frischknecht’s data (1973). B

EQUIPMENT

AMT equipment is not yet available
commercially, so the equipment used was
designed and fabricated by the U.S. Geological
Survey. The equipment is similar to that
described by Strangway and others (1973),
except that a means of preserving phase
information was provided. A schematic diagram
of the instrumentation is shown in figure 12. To
measure the horizontal electric field, two -steel
stakes, generally 330 feet apart, are used as
electrodes. The signal is amplified and
prefiltered using R-C bandpass filters to prevent
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limiting of strong transients in the early stages.
\ Narrow-band, active-notch filters are used to

remove 60 and 180 Hz power-line signals, which

are very strong near power lines. The signals
‘then enter a universal active-filter connected in a
high-Q bandpass configuration. Approximately
constant Q is maintained at all filter settings,
with the 6 db bandwidth at 8 Hz being 0.3 Hz.
To define .a sounding .curve, nine selectable
frequencies spaced logarithmically throughout
the band are used, but selected so as to avoid the
midband harmonics of 60 Hz. At present, the
operating frequencies are 8, 26, 86, 270, 700,
2,000, 7,000, 10,200, and 18,600 Hz. The
_ output of the narrow-band filter is rectified,

integrated, and dlsplayed on ‘a strip-chart
recorder to show the envelope of the recelved

energy.
FIELD OPERATIONS

‘The strip-chart recorder °
selective filters- are operated ‘from a carryall
truck with power supplied by an inverter
connected to the truck battery. The coil and
common electrode of: the electric line are

located 100 fee,te,from ‘the truck to avoid.

- electrical noise generated by the truck. Signals
are transmitted to the truck through coaxial
cable ,

The electric line ‘is laid ‘out in either an -

east-west or a north-south direction, and the coil
placed at a right angle to the line. System gains
are adjusted to give 20 to 40 mm (millimetres)
chart deflection .of peak energy bursts on each
channel. The corresponding.
magnetic signals are measured for amplitude and
their ratio computed for a sufficient number of
signals to obtain a reliable average ratio.: The
apparent resistivity - is - then computed from a
knowledge of system gain and equation (3).

' Data are computed and plotted in the field
for all frequencres while recording is underway

to obtain-a sounding curve. The electric dipole -
and coil are then rotated - 90 degrees, and a_

second - sounding is made and plotted. This
permits the ‘operators to correct any obvious
errors and to check any data points that appear
aberrant. The_second soundmg also provides
information on lateral variations in conductivity
or anisotropy of the earth. '

&/

and hlgh—galn ‘

electric and

An induction pickup consisting of a
wire-wound ferrite core is used for the
horizontal magnetic-field sensor. To span the
broad range of frequencies, two separate coils
were required. One covers the range of 8 to 700

. Hz and the other 2,000 to 18,600 Hz. An

integral part .of each- sensor is ‘a low-noise
preamplifier that feeds the magnetic field signal
to a second channel essentially identical to that
described for recording the electric field. The
coil sensitivity is about 0.1 microvolt per

~ milligamma at 8 Hz.

. Phase information is preserved by means of a
phase-locked loop and synchronous detectors as
shown in the schematic diagram (fig. 12).
Because the usefulness of the phase information

.is still being evaluated, no further discussion is

presented here.

RESULTS

= 'Figure 13 shows the location of the 54

soundings obtained in the Bruneau-Grand View -

~area. These soundings cover an area of about
.1,240 square miles giving a broad reconnaissance
survey that - defines - the major conductive
~anomalies in this region, Because of the low
' station- density, there may be local conductive

anomalies - that are not adequately defined.

These- are considered of. minor importance in

comparison to the broad anomaly discovered

during this survey.

The deepest information was obtained at 8 ..
Hz, and a map of the apparent resistivity at this
frequency is shown in figure 14. Where different’
values of apparent resistivity were obtained for:
the north-south and east-west electrode
orientations, -an "average value ‘was used in
contouring the data. This was done in part to

~ reduce the number of maps and in the case of

8-Hz data because of the relatlvely few usable
S|gna|s at this frequency

Operatlons are made byiwo persons, one
recording observations and the other computing
resistivities. = Typical production is eight

,soundmgs or four stations per day. Most of the

time is spent waiting for a sufficient number of
strong signals to provide good statistics on the
ratio of E to H. Experience has shown that the
amount of strong 8-Hz signals is often
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FIGURE 13. Location of audio-magnetotelluric stations.
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insufficient to provide good statistics; strong
26-, 86-, and 270-Hz signals are always available;
700-Hz signals tend to be variable; 2,000-Hz

signals are virtually nonexistent; and 7,000-Hz

and greater signals are very good.

These data define a broad conductive
anomaly between Oreana and Grand View with
rather sharp boundaries, except to the east,
where the resistivity increases slowly east of
Grand View. This broad resistivity trough is
confined for the most part to the south side of
the Snake River where the principal outcrops are
fluvial and lacustrine deposits of late Tertiary
and Quaternary age.’ o

Near the mouth of Bruneau Canyon (near Hot
Spring), a south-trending resistivity low was
found. This is in an area of extensive hot-spring
activity and undoubtedly reflects the hot waters
and associated alteration in this region. The
relatively high resistivities that were measured
here suggest, however, that the zone of hot
water is not broad but is confined to relatively
narrow fracture zones along which the hot water
is rising.

The data at 26 Hz are presented in figures 15
and 16. Because data at this frequency are much
more reliable, two maps have been prepared, one
for each of the two sounding orientations, as an
aid in showing the effects of boundaries. These
maps show the same broad trough of low
resistivity along the south side of the Snake
River evident in the deeper looking 8-Hz data
(fig. 14). A number of features on these maps
can be correlated with the known geology. The
southern boundary of the trough is defined by a
rather steep resistivity gradient that corresponds
to a fault zone along which the northern block
has been downdropped (fig. 6, sec. G-G’). The
resistivity gradient is believed to define the zone
along which the block has been faulted. The
northern boundary is not as clearly defined;
however, the 100-ohm-metre apparent-resistivity
line on the north appears to define a major
resistivity contrast that may be the northern
boundary of a graben along the Snake River.

The minor conductive anomaly at the mouth
of Bruneau Canyon is again present, but only in
the data for the north-south orientation of the
electric line (fig. 15). This probably indicates a
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more north-south trend of faulting in the area.
The anomaly correlates well with the

~ north-south alinement of hot springs.

Limited information from drillers’ logs helps
to explain two other features on the 26-Hz
maps. South of Bruneau, the 100-ohm-metre
apparent-resistivity line (fig. 15) swings abruptly
to the north and then trends northeast, almost
closing the low-resistivity trough. In the region
between Bruneau Canyon and the northward
swing of the resistivity line, the Idavada
Volcanics is relatively shallow. Well information

“here indicates a depth of about 1,000 feet to the

top of the ldavada Volcanics. Overlying the
Idavada Volcanics is a relatively thin, 300-foot
cover of Banbury Basalt, and above this cover lie
sedimentary rocks of the ldaho Group. With
apparent * resistivities of a little over 100
ohm-metres, ‘“‘skin depth’’ here is over 3,000
feet at 26 Hz. Because of its high resistivity, the
Idavada Volcanics here and in its outcrop areas
probably does not represent a good geothermal
reservoir.

Farther east, the high resistivities are
associated with a thicker sequence of the
Banbury Basalt, which is presumably underlain
by the ldavada Volcanics.. This region, except
for the limited area of hot-spring activity at the
mouth of Bruneau Canyon, also has little
geothermal potential. If an extensive heat source
exists in Bruneau Canyon, it must be
considerably deeper than 3,000 feet.

In contrast, a very curious correlation is seen
in the vicinity of the major resistivity low. The
limited deep-well data (fig. 6, A-A’) shows a
topographic high on the top of the ldavada
Volcanics that corresponds closely with the low
shown on the north-south 26-Hz AMT map (fig.
15). Well data unfortunately do not identify a
northern boundary to the high delineated by a
dashed line in figures 15 and 16. The dashed line
is the approximate mean sea-level contour on
the top of the Idavada Volcanics. OQutside the
contour of mean sea level, the altitude of the
top of the Idavada Volcanics is about -200 feet;
inside the contour, the top is as high as +500
feet above mean sea level. The hottest wells are
around the periphery of the topographic high,
which can in part be explained by their greater
depth. The well data also show a thinning of the
Banbury Basalt over the high.
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FIGURE 16. Apparent resistivity map at 26 hertz, electric line east-west.
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Drillers’ logs show that the Banbury Basalt is

minor aquifer in this area and that the major
deep and hot aquifer is the uppermost part of
the ldavada Volcanics. The major resistivity
anomaly could thus be explained by the
near-surface, low-resistivity zone corresponding
to the topographic high on the Idavada
Volcanics. This, in part, is believed to contribute
to the anomaly at the lower frequencies;
however, the sounding data suggest that the top
of the conductive anomaly is well above the
Idavada Volcanics and is most likely above the
Banbury Basalt. Yet the well data show no
boundary higher than the Idavada Volcanics that
can be correlated well with the AMT data. There
is no satisfactory explanation for this
discrepancy and, unfortunately, no geophysical
well logs exist to aid in the interpretation.

The 26-Hz east-west data (fig. 16) show a
more elongate low displaced to the northwest of
the 26-Hz north-south low (fig. 15). These
differences are due to lateral variations, which
are strongly evident on many soundings along
the central axis of the resistivity low. Owing to
insufficient well data, it is not known if the
closed low in figure 16 also corresponds to a
topographic high on the Idavada Volcanics.

Figures 17 and 18 illustrate the effect of
lateral resistivity contrasts at two of the stations,
6 and 10 respectively. A sounding was made at
station 6 (fig. 17), which is at the head of Castle
Creek and just south of the principal surface
faulting. A thick, high-resistivity section is
present here with no evidence of a deep
conductive anomaly. The spread of resistivity
values at the lower frequencies is due to the
contrast in resistivity between the Idavada
Volcanics and the more conductive Tertiary and
Quaternary sedimentary rocks to the north.

The sounding at station 10 (fig. 18) is in the
center of the major low and shows nearly ‘an
order of magnitude difference in the two
sounding polarizations at the lower frequencies.
This is indicative of large and nearby lateral
resistivity contrasts. There is no direct evidence,
either in the AMT maps, the surface geology, or
in well data in the area, to suggest an

_explanation. In general, the soundings parallel to

the long axis of the resistivity low across the

whole area from Oreana to Bruneau Canyon .

[

illustrate this same sort of behavior. This trend
coincides on the southeast with an inferred fault
about 15 miles long cutting the mouth of
Bruneau Canyon. Along the extreme eastern end
of this inferred fault, several small, young,
volcanic cones are present (sec. 36, T. 7 S, R. 6
E, Malde, Powers, and Marshall, 1963). Hence,
the soundings along the midline of the graben
provide further evidence of the fault and suggest
its possible extension to the northwest.

Figures 19 and 20 show the 86-Hz AMT data
for north-south and east-west orientations,
respectively, of the telluric lines. These maps are
quite similar to the 26-Hz maps (fig. 15 and 16),
but in addition, show a minor closed low south
of C. J. Strike Reservoir. This low is not
apparent on the lower frequency maps, so it
must represent a relatively minor conductive
zone.

Figures 21, 22, 23, and 24 are maps at 270,
700, 7,000, and 18,600 Hz in order of increasing
frequency. A fairly abrupt change in the maps is
evident between the 270-Hz data (fig. 21),
which is similar to the lower frequency maps,
and the 700-Hz data (fig. 22). Typical apparent
resistivities here are around 100 ohm-metres,
which corresponds to ‘‘skin depths” between
660 and 980 feet in this frequency range.
Although the abrupt change indicates a principal
electrical interface, there is . insufficient
geological data to correlate this to a lithologic
boundary.

The 7,000-Hz map (fig. 23) reflects, in a
broad sense, the surficial geology. The Holocene
deposits have low resistivities, which are evident

-along Little Valley Creek. The older lacustrine
. deposits apparently have - slightly higher

resistivities, and the basalt and silicic volcanics
have apparent  resistivities . above 100
ohm-metres. A similar pattern is shown in the
18,600-Hz data (fig. 24) but is somewhat less
consistent because of local variations in soil
depth at the widely spaced sounding stations.
The correlation with surficial geology, in spite of
the low station density, is considered to be
good.

In _magnetotelluric work, pseudosections are
often used as interpretational aids. These most
often show the resistivity variations along a
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APPARENT RESISTIVITY, IN OHM-METRES

FIGURE 17. Apparent resistivities at station 6,
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FIGURE 19. Apparent resistivity map at 86 hertz, electric line north-south.
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FIGURE 21. Apparent resistivity map at 270 hertz.
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section as a function of frequency to give a
qualitative indication of lateral and depth
changes in resistivity, much as in induced
polarization sections. In this investigation, AMT
data are displayed in terms of *‘skin depth”
pseudosections, in which an apparent resistivity
is plotted vertically at the ‘skin depths”
calculated for each measured frequency. This is,
of course, another form of qualitative
presentation that does not purport to .indicate
the actual depth to electrical interfaces. It gives
an indication of the exploration depth and the
variations of exploration depth, which can be
very great in an area, something not shown by
the normal pseudosections.

. Figures 25 and 26 show two pseudosections
along line NW-SE (fig. 13) from the mouth of
‘Bruneau Canyon along the long axis of the

‘resistivity’ low to west of Oreana. Figure 25 -
shows the north-south orientation of the electric .

line and figure 26 shows the east-west
‘orientation, The sections clearly illustrate the
large range in exploration depth obtained by this
technique, as well as the limitation in depth in a
low-resistivity section.

The pseudosections (fig. 25 and 26) show the
principal resistivity anomaly extending close to
the surface with a steep boundary on the west
and a less steep boundary on the east. The AMT
data give no indication of the thickness of the
deep conductor. Other minor anomalies
‘occurring at station 14 and at the mouth of the
‘Bruneau Canyon are probably associated with
fault zones and perhaps with broader sources at
depths beyond the limit of the technique.

The principal resistivity low associated with
the steep gradients in the gravity and magnetic
field data (figs. 7 and 8} is perhaps indicative of
faulting along a northwest trend through the
region. However, there is no direct correlation
between the-principal AMT resistivity low and
either the gravity or the magnetic field data.
These latter data, and some additional
information are now being reevaluated (D. R.
Mabey, oral commun., 1973}, so synthesis of this
information would be premature at this time.

Extensive followup deep-resistivity investiga-
tions have recently been completed in this area,

‘76

and the data are currently being interpreted.
Preliminary results clearly support the AMT datz, |
(D.B. Jackson, oral commun., 1973).

CONCLUSIONS

This survey has revealed a major conductive
anomaly in the region between Oreana and
Grand View that is associated with thermal
waters having a temperature range of 60° to
830C as measured at land surface. The areal
extent of the anomaly implies that a broad
source of heat is present and that the thermal
waters are not restricted to a few narrow fault
zones, such as is implied in the Bruneau Canyon
region.

The low resistivities observed at station 10
(fig. 26) are approaching a layer resistivity of
about 2 ohm-metres, which implies a hot
thermal-water reservoir whose rocks have been
altered by the hot water. For example, 100°C
saline water with 1,000 mg/t (milligrams per
litre) salt concentration has a resistivity of about
2 ohm-metres (Keller and Frischknecht, 1966, p.
19), and the water analyses here are almost all
less than 1,000 mg/! dissolved solids (table 3).
Experience has shown that resistivities in the
range of 2 ohm-metres are typical of rocks in the
immediate vicinity of hot springs.

The limited data at present raises some serious
problems in correlation between lithologic and
electrical data in the region of the principal
anomaly.

Additional geophysical work is now being
interpreted, which, hopefully, will permit a
synthesis of the deeper information. Certainly,
recommendations for further work must be
delayed until these additional data are available.
There is, however, one piece of information that
would contribute significantly to analysis of the
electrical data. That is geophysical well-log
information. Some of the deep wells reportedly
have as much as 2,000 feet of open hole. A
well-designed logging program in several of the
deep wells would probably contribute
significantly to the understanding of subsurface
conditions.

-
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APPENDIX B

LOGS OF WELLS

The drillers’ logs of wells used to construct the geologic sections on figure 6 are given
on the following pages. The logs were obtained from files of the U. S. Geological Survey and
the Idaho Department of Water Resources. The terminology is that of the drillers and has
only been slightly modified to give some degree of uniformity. The assignment of geologic
units is based on the authors’ interpretation of the logs. -
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' LOGS OF WELLS : -

Thickness

Material . (feet)

Depth
(feet below
land surface)

4S-1E-29ccd1
(Casing: 16-inch steel 0 to 100 feet;
. 14-inch steel 87 to 517 feet; .
10-inch steel 1,410 to.3,040 feet)

TOPSOIl oot e e 21 0

Idaho Group, und/fferent/ated S
Shale,blue ........ e e e e ' 219 21
Shale,sandy,water ................ ... ...l e 360 - 240
Shale,blue ...ttt . 1,617 600

Banbury Basalt - ' : o
Basalt .......... i e e 701 2,217

Idavada Volcan/cs : : T
Rhyolite,water ................ R e e 122 2,918
Totaldepth ................ e S e 3,040

. 4S-1E-34bad1 . ‘
~ (Casing: 16-inch steel 0 to 1,030 feet;
10-inch steel 1,020 to 2,160 feet) -

Idaho Group, undlfferentlated : : 3
Clay, yellow ...... e PR, R AP 70 0
Shale,blue ......... e e e e e e vereeeses 2130 70
Sandstreak ..... Ce e N SRR e e e - 5 - 200
Shale,blue ...............coooiil B - 695 205
“Shale, blue, sticky .......... e ey e SR P 590 - 900
Shale, sticky .......... T e R 140 - 1,490 -
Shale, gray,hard .......... e e e e e we.. - 380 1,630
Shale, blue, soft ........ e e e e e e 110 1,980
Shale, white, chalky ~.............. e e e e e 30 2,090

BanburyBasalt R : T R
Rock,gray ............v.ooen. A 10 2,120
Shale, gray, rock layers ...... G e el e e © -390 2,130
Rock, red (cinders) ..-...... T R e e 10 2,520
Rock, black ...... e e e Leeeeo 140 2,530
Shale, gray ...... A PR N - 230 2,670 -

~ Idavada Volcanics : o : o JREEE

Rock, gray, soft .......... e e 80 2,900
Totaldepth ........ccviiiiiinnnnnnn. ST e S 2,980 -
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LOGS OF WELLS (Contd.)

Depth
- D Thickness (feet below
- .Material v (feet) land surface)
4S-2E-19acb1
(Casing: 14-inch steel 0 to 50 feet;
10%-inch steel 0 to 402 feet; .
6Y%a-inch steel 0 to 2,515 feet)”
Soil,sandy ... 4 0
Gravel,angular ............. [ e . 38 4
Idaho Group, undifferentiated _ )
Clay, brown, withsandstreaks ......................... 131 - 42
Clay,blue ... i e e e 237 173
Clay,blue,sandy .........coiiiiiiiiiiiiiniiiinnnnn. 5 410
Clay,blue ... ... 242 415
Shale,blue . ... ..o e 155 : 657
Shale,gray .........oiiiiiiiiii e 155 - 812
Clay,blue ... ..o e e it 699 967
Cinderbed, consolidated .................ccoviiiiin., -6 1,666
Cinders and shale, interbedded ............... P 13 1,672
Shale,gray ............... P S < 15 1,685
Cinder bed, consolidated .............. IR AN e 1 1,700
Shale,gray ... e 35 1,701
Cinderbed, consolidated ......................... P 4 1,736
Shale,gray ................ e 80 1,740
Cinderbed, consolidated ....................cooiiiitt. 2 1,820
Clay,blue ...... ..ot et eciiinenn 118 1,822
Shale,gray ..ot .. 345 1,940
Banbury Basalt

Basalt,black ............ ..o i _ 6 2,285
Shale, gray .. ..viii e et 61 . 2,291
Basalt,black ........ ... i 8 2,352
Shale,gray ..........coiiiiiiiiiiiiii i e 40 2,360
Basalt, black ..... S P 95 2,400
Shale,gray .....coiiiiiiiiii e 24 2495
Basalt, rhyolite, andshale ............... e e 43 2,519
Rhyolite ..................... P P T 33 . 2562
Shale, gray ......oiiiiiiiiii i i e i, 241 . 2,595
Rhyolite .......... e e e reeaae e, 9 2,836
Shale, Gray .....iii e e 1 2,845
Rhyolite ...ttt et 10 . 2,846
Shale,gray ........ e ieeeaaa P 4 2,856
Rhyolite ... i i e 26 2,860
Shale, gray .oeveiirit i e, 2 - 2,886
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LOGS OF WELLS (Cont'd.)

Depth
RS Thickness (feet below
‘Material : i (feet) land surface)
4S-2E-19acb1--Continued
Banbury Basalt (Cont'd.) o o
Rhyolite ......... e e 92 2,888
Sand, black, water .............iiiiiiiiiiiiei 26 2,980
Shale,red ............ il e 6 3,006
‘Ildavada Volcanics ' S B
Sand, black,water ................ RSO R 18 3,012
‘Basalt,black ............ oo i e 50 3,030
Totaldepth ............ PR e, P 3,080
. 5S-1E-10bdd1
(Casing: 12-Inch steel 0 to 80 feet;
1034-inch steel 0 to 1,150 feet;
10-inch steel 1,050 to 1,840 feet;
8%-Inch steel 1,840 to 2,120 feet)
TOpSOil . .vveeie i i e T 40 0
Idaho Group, undlfferentlated ‘ e ‘
Shale,blue,soft ...... ... ... i - 431 40
Sandstreak..................................;.'.....“ IR R 471
Shale "............. PO S e e e : 659 472
Rock (sedimentary) ......... Ceeiidn S 4 1,131
Shale with hard streaks ...... T DI e 1460 0 1,135
Shale with rockfloaters ............. S ..o B2 1,281
Rock, purple ...... e evees R PP P T v 82 - 1,343
Shale, gray,hard ...... e B 41 - 1,405
Shale,hard,softlayers U SR 103 1,446
Shale, hard, soft white layers ...........oc.oiiviviiinn 20 1,549
Rock, gray, hard, (sedimentary) ......... ....... S : 19 1,569
Shale,gray,hard ...........cccc i iiiiiieiii.., 63 - 1,588
Shale,blueandgray ............... N P T 40 1,651
~ Shale with hard streaks ...... R iewsise o 409 1,691
- BanburyBasalt -~ - - . S g o
Rock,white,hard ........... ... .80 liiii ... 5 2,100
Rock,gray ...........ooviv., SRS PR LR Y () 2,105
Basalt, black, water - . e e e e et - 65 2,175 -~
Shale, gray ....... e e R i, .. 820 2,240
Rock,gray,hard ..........c.ciiiiiiiiiiiiiiiia, RN 60 - 2,560
Rock,gray .........ccovvvniinnnnnnnn. e et 180 2,620
Shale,gray ....... S I e e 40 2,800
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LOGS OF WELLS (Cont'd.)

Depth
v Thickness (feet below
Material “.(feet) land surface)
5S-1E-10bdd1--Continued
Idavada Volcanics
Shalewithhardstreaks .................. e 26 2,840
Rock, gray, porous,water ....................0oiaa. 94 2,866
Totaldepth ....................... e 2,960
5S-1E-21cbet
(Casing: 8-inch steel 0 to 96 feet)
Sandandgravel ...................... [ 64 0
~ ldaho Group, undifferentiated
Shale,blue .....................olll i e 557 64
Banbury Basalt : .
Basalt .................... 000 [, e . 39 621
Totaldepth ...t e e e 660
5S-2E- 2cdat
(Casing: 8-inch steel 0 to 160 feet)
Notreported ..... e e e 60 0
Idaho Group, undifferentiated
Shale,blue .............. ... i 550 60.
Sandstreak,water ........... ... . it 2 610
Shale, blue, some rock floaters ........................ 591 612
Shale with sand streaks, water ......................... 307 1,203
Shale,gray .........c i 270 1,510
Banbury Basalt
Rock,gray ........ccoiiiiiiiiiii i e 30 1,780
Rock, gray, with blacklayers ........................... 480 1,810 -
Shale,gray .......ccoviiiiiii i e 2] 2,290
Idavada Volcanics ‘ v
Rock,gray .................... e e . 80 2,381
Totaldepth ........c.......... e AR e 2,461 .
5S-2E- 5bed1
Clay,yellow ................... e e 124 -0
Sand ............o00ee e e 3 124 -
Idaho Group, undifferentiated o , ,
Shale- ............ e e, e eeeneeaaa 1,321 127
Shale,hard ............ .. ... i 88 1,448 -
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LOGS OF WELLS (Cont'd.)

Depth
N Thickness (feet below
Material (feet) land surface)
5S-2E- 5bcd1--Continued
Idaho Group, und/fferentlated (Cont'd.) -
I 7 T 1 1,536
Sand, black ... e 1 1,537
Banbury Basalt ’ v
Lava - ...........c..... [ e 431 1,538
Cinders, shale, andlava ..... @ttt 27 1,969 -
Idavada Volcanics o R,
Rock,veryhard ......... ..ottt 13 1,996
Totaldepth ... ... e 2,009 -
5S8-2E-13adat :
(Casing: 6-inch steel 0 to 126 feet)
T T 20 0
Sand,red ......... . i e, - 40 20
Clay,yellow .......coiviiiiiiiiiiiiniienanss i 30 60
Idaho Group, undlfferentlated ' :
Gravel,dark .................. et e e e, 33 90
Shale, blue,sticky ..................... S S 12 123
Shale,blue .......ooooiiiiii 169 135
Rock, light-yellow,hard ................. e - 1 304
Shale, blue, sand lense at bottom withwater ............. 155 305
Shale, blue, sand lense at bottomwithwater ............. 18 460
Shale, blue, sand lense at bottomwithwater ............. 111 478
Shale, blue, sand lense at bottom withwater ............. 165 589
Shale, blue, sand lense at bottom withwater ....... e 8 - 754
Shale, blue, crevice atbottom ..................... I 211 762
Shale,blue ...... i e e e P 43 : 973
Shale,blue ................ e i R 84 1,016
Shale,blue ........ i v Eii i 50 1,100
Shale, blue ..... R AP - 24 - 1,150
" Shale,blie ... .. .cciiiiiin. e R 244 1,174 -
Shale, blue, rocklense atbottom ...........o.oueeeen... 17 1,418
Shale, blue, sand lense atbottom withwater ............. 42 1,435
Shale, blue, rock lense at bottom withwater .............. 12 1,477
Shale, blue,water .............. e i it 26 1,489
Rock,black, hard ........c.c.iiiiiiiiin it i i nees e 1,515
Shale,blue ................ reedeiiaieeais e, 219 - 1,621
Banbury Basalt - o - e T
Lava, black,hard .................... i i 8 21,740
Totaldepth ............ .. ... . oiil... i aa e ' P 1,748
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LOGS OF WELLS (Cont'd.)

88

Depth
: Thickness (feet below
Material (feet) land surface)
- '58-3E-20adatl
(Casing: 6-inch steel 0 to 1,620 feet)

Topsoilandsand ............ccciviiiiiieiiien e 25 -0
Gravel ... ... e 2 25
L] = A 5 27
Gravel ... .. i e e e e, 2 32

Idaho Group, undifferentiated
Claywithsandstringers .............ccioiiiiiiiinn.. 34 - 34
Gravel,water ...t it 11 68
Shale, blue, withgravel ............................... 33 79
Shale, blue, sand streak at bottom withwater ............ 428 112
Shale, blue, sand streak at bottomwithwater ............ 385 540
Shale,blue .......co i e 185 925
Shale, blue, withsandstreaks ......................... 90 1,110
Shalewithlavastreaks ................c oo, 70 1,200
LAV i e e e e 7 1,270
Pumice,purple ........... i e 19 1,277

Lava 2 1,296

Shalewithrockfloaters .................ccciiiiiiin... 107 1,298
Rock, gray,sedimentary .......... ...t 2 -1,405
Shale, gray ......cciiiiiiii i e e 18 - 1,407
Rock, gray, sedimentary ..................ccciiin.... 20 1,425
Basaltwithshale .............. ... ... i it 115 1,445

Banbury Basalt :
Basalt ... . 80 1,560
Shale,gray .........ccco i e 164 1,640
Basalt ......... ... e 1 1,804
Shale ... e e 58 1,805
Basall ... e e 4 1,863
Shale,purple ...t e 13 1,867
Shale,white-chalky ............ ... ... . il 10 1,880
Rock,water ..........ci i i i 14 1,890
Rock, gray,water .............ccciiiiiiiiiiii i 46 - 1,904
Shale,reddish-brown ............. ... ..., 54 1,950
Shale,gray ..........ciiiiii i i e 36 - 2,004
Shale, SOft ...ttt e e 9 12,040

Idavada Volcanics : S
Rock, gray .......coiiiiiiiii e 8 2,049
Shale, unusually hard, water ........................ . 83 2,057
Basalt; black, withlimestreaks ......................... 19 2,140
Sandstone, gray, withlimestreaks ..................... 221 2,159 -




LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
53-3E-20ada1-—Contmued
Idavada Volcanics (Cont'd.)
Shale, gray, veryhard ... 2 2,380
Shale ........................ P e 30 2,382
Rock, black, broken,water ................... ... ... 8 2412
Totaldepth ... e ‘ 2,420
_ 58—3E—26bcb1
(Casmg 14-inch steel 0-t0 1,970 feet)
Topsoil ..., P .2 ' 0
Gravel ... i e e e e, 17 2
Idaho Group, und/fferentlated GERCTE
Clay,yellow ......... .. il iiiiiiii it nanin 18 19
Gravel ......... PR eeas 39 37
Clay,blue .................... e e : 18 76
Shale,blue ...................... e, e 551 .94
Shale,brittle ........ ..o i e e -9 - 645
Sand ............ A i e e e e i e 1 654
Shale,withsand ...........c.cciiiiiiiiiiiiiiiieienn. 55 .- 6565
Shale,hard ................ ... e e e e 110 710
Shale, soft, sand streaks ............ e e e . 166 820
Sand ... PR TN A I AN P B 2 986
Shale,rockstreaks .............coiilon S 239 . . 988
Rock,loose ................ e ey e P 7 1227
Shale,rockstreaks .......co.iiviiviiiiiiiiiiinan. e 260 . 1,234
Rock;hard ........ e eiaae R I T S et U 4 1,260 .
“Shale .........oiiiiie PPN SR e e .. & 1264 -
Rock: ........ooiii PR e e e de i hale e weer e re e s o140 001,270
'Shale, gray,hard ......... . .. . i e 36 . -1284 -
Shale, purple ..... P e e 34 .. 1,320
Sandstone ....... T T oo 3800 1,354 .- -
Basalt, black ..... i eieaa. e e o120 1,392
Shale i i e i e e e , 85 - 1,404
Basalt, interbedded shale ..... e e E e vy Mo o8 o 1,489
Shale ,............ ... ..., i e e 20 20 1,492
Banbuty Basalt , R SR -
Basalt. .................... T N S «320 e 1,812
Shale ............ e et 10 - - 1,832
Basalt \........... S - 268 - 1,842
Shale ........... e e e e 140 2,110
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
.- -Material " (feet) land surface)
5S-3E-26bcb1--Continued
Banbury Basalt (Cont'd.) . . <
ROCK, SOt ..ot i it et i e 11 2,250
Rock,water ...................... et 19 - 2,261
Shale,hard .......... i i e e 10 2,280
Volcanicash,gray ..................... e 460 2,290
Idavada Volcanics »
Rock,gray,hard ....... ... . il 30 2,750
Shale,red .......cciiiiiiii it it i e i 10 2,780
Shale,gray ............ SR e e e e 90 2,790
Rock,red,water .........c..iiiiiiiiiiinieinnenennn. 90 2,880
Totaldepth ...t e 2,970
5S-3E-34add1
(Casing: 8-inch steel 0 to 85 feet)
Clay e e 25 0 -
Clay,yellow ...t it ciiannaans 45 25
Idaho Group, undifferentiated
Shale . e e i 1,420 70
Totaldepth ... 1,490
6S-3E-2cbc 1
(Casing: 12-inch steel 0 to 106 feet)
Gravelandclay ......... ..ottt 40 0
Idaho Group, undifferentiated
Shale,blue ........ ... .. i 882 40
Shale,gray,hard ............ ... ... i, 88 922 -
Shale, soft, withhardstreaks .......................... 630 1,010
Shale, gray (crumbling) ................... ... Ll 108 1,640
Rock,gray,hard .................... ... ... e 3 1,748
Shale, white, andlimestone  ........................... 19 1,751
Sandstone,hard ............. ... ... i 60 1,770 -
Sandstone,soft ........... ... 7 1,830
Sandstone, water (Sinches) ........................... 30 1,837
Clay,blue, sticky .......................... [ 54 1,867
Claywithhardshalelayers ...................cccouv... 49. 1,921
Sandstone withclaylayers ............................ 63 1,970
Banbury Basalt S
Basaltandcinders,black ...................ooiiii 13 .. 2,033
Basall ......oiiiii e 64 - 2,046
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LOGS OF WELLS (Cont'd.)

Depth
' Thickness (feet below
Material (feet) land surface)
6S-3E-2cbc1 --Continued -
Banbury Basalt (Cont'd.)
Basalt, hard ..........cciiii i i 10 2,110
Shale, hard, water (at2135) ....... s 25 2,120
Basalt, hard,rough ........... e e e 65 2,145
Basalt .....ovviiii i e 150 02,210
Shale-and cinders, black ........ S RO 7 2,225
Shale, withhardrocklayers ............c.coooviiinnnn. 228 2,232
Clay,red ... ..o ‘ 3 2,460
Idavada Volcanics ~ ' N '
Rock, gray (thyolite) ............coooiiiiiiii it 37 - 2,463
Pumice,gray .................. e e e 250 2,500
Shale,brownandgray ............coovviinn... e 190 - 2,750
Pumice, gray ...... i S e 130 2,940 -
Totaldepth ....... e e e e e 3,070
) ' 6S-3E-2ccc1 .
(Casing: 10-inch steel 0 to 160 feet)
TOPSOI o vv vt e e 8 0
Gravel ... e S 14 8
Clay, yellow ...... e eeeeeaaee AP 39 22
Idaho Group, und/fferentlated . N
Clay,blue ........ ..ot " 341 61
Sand, fine ........ FT e e e 2 402
Clay, blue,water ............... PR e, Veveahen - 496 - 404
Shale, blue and white ... ... .. e Veis it b e 360 © 900
Sandstreaks ......:....i..in.ns Ceiiaeiniiv e weeie 200 71,260
Shale‘.‘., ......... .......... T e 266 1,280
Rock,black .......:...cciiiiiniiiinnan cieens 34 1,546
Gravel, green, water ......... i eraens 2 - 1,580
Shalewithrocklayers ........... N U e 38 1,582
Sand(?), Water ........iiiiiiiiii i, 5 1,620
Shale, green and gray, with rock Iayers ...... v 121 1,625
Rock,gray,hard .................... e 5 1,746
Sandstone, soft layers, water “....... ... 00 ool a i 162 1,751
Banbury Basalt ' '
Rockbrokenwater 27 1,913
Totaldepth ....... I e hetieenian 1,940
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LOGS OF WELLS (Cont'd.)

&/
Depth '
v Thickness (feet below
- Material (feet) land surface)
6S-3E-11cccl
(Casing: 6-inch steel 0 to 32 feet)
S T | 9 0
Gravel, dark,hard ............... e e e 12 : 9
Clay,yellow,soft .......... ..o, 6 21
Idaho Group, undifferentiated , :
Shale, blue, hard, thinsandlayers ...................... 399 27
Sand, gray,water ........... e e e e 22 426
Sand, gray, interbedded shale,water ................... 284 448
Shale, blue, hard, thin sand layers,water ................ 346 732
Sand, black, soft,water .............. ... .. 00l 26 - 1,078
Shale,blue,hard ........ ... i 26 - 1,104
Sand, black andwhite,water ............. ... ... ..., 78 . - 1,130
Shale,blue,hard ........ ..., 137 1,208
Sand,green,hard ......... ... 30 1,345
Shale,green,hard .......... ... ... il 18 1,375
Sand,green,soft ....... . ... 30 1,393
Totaldepth ... ... i e 1,423
6S-3E-14bcci
(Casing: 6-inch steel 0 to 426 feet)
SOl L e 15 0]
Gravel ... e e 9 15
Idaho Group, undifferentiated
Clay, yellow,soft ........ ... ... 2 24
Shale,blue,soft ......... .. .. 228 26
Sand, gray, soft ........ e 154 254
Shale,blue,hard ............ ... i 582 408
Sand, black andblue,water ........................... 60 990
Sand, whitetodark,soft,water ..............couviiun.n. 70 1,050
Shale,blue,hard ......... .. ... ... .. 120 1,120
Sand,green,water ...........cc it 10 - 1,240
Totaldepth ... .. 1,250
6S-3E-23cdd1
(Casing: 14-inch steel 0 to 248 feet)
SOl e 20 0
Sand, gray ... 196 20 u
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. LOGS OF WELLS (Cont'd.)

. Depth
Thickness (feet below
.-Material s (feet) land surface)
6S-3E-23cdd1--Continued
Idaho Group, undifferentiated
Clay,blue .........ciiiiiiiiiiiiiiiiiiii i iiieniene e 26 216
Clayandsand ............ccciiiiiiiinninnnionn, 27 221
Clay,blue ........ ...t P : 122 . 248
Sand,water ...... ... e 3 370
Clay, blue ........ e P e 627 373
Sand,black .............. ...l P s 2 1,000
Clay, blue ...t i e - 148 1,002
Rock, blue and green, soft, water ....................... 20 1,150
Banbury Basalt
Rock, black, hard,water ............. ..o iiiiiii... 71 1,170
Totaldepth ........ i ararae s e , 1,241
6S-4E-14abci
(Casing: 16-inch steel 0 to 320 feet;
and 12-inch steel 0 to 1,600 feet)
Clay ........c.ccciiiiin. PP 10 0
Clay, brown ....... e e emee e s e s ae e asabe e e, 50 10
Clayandgravel ........... .. it iiiiannnnn. 25 60
Idaho Group, undifferentiated , . '
Clay,blue ... ... it 35 85
Clay,brown ... . i i e 15 120
Clay, blue, water (at 180 feet) ..... A 80 135
Sand,blueandblack ............ ..ol 10 215
Sand, blue and black, veryflne R A N 6 225
- Clay,blue ............. .00, e 19 231
Sand ... AR IR 10 250
Clay, blue, with blue sandstone R Rl KR RE 60 . 260
Clay, blue, with white soapstone Sl oo 188 320
Shale,blue ............. .00 00 LA 1e T 475
Clay,blue ............... e S 85 . 490
- Clay,blue,hard ................. i eievedairenen e e v 20 575 ..
Clay, blue,andsand ........ [ T NS R - . 595:
Clay, blue, trace of black FOCK . .visniensannnanansan . 35 650 . .
Shale,blue ....... FPLA R P e e 3 - .68
- Shale; blue, and sandstone, blue ..............couiianns . 180 o715
Shale,blue, sticky .......cociii ittt ittt .40 895 .
Shale,blue ................ S PO - 80 935 -
Sandstone ......... e edeeanen s 5 1015:
Shale,blue, Sticky ........ccoiiiiiiii ittt 225 1,020

93




LOGS OF WELLS (Cont'd.)

Depth
. Thickness (feet below
~Material ‘ (feet) land surface)
6S-4E-14abc1--Continued

Idaho Group, undifferentiated (Cont'd.) S
Clay,blue,sticky ......... ..., 245 1,245
Rock;black ............... S 20 1,490
Shale,blue ...t e e e 13 — 1,510
Shale,white ... 2 1,523
Clay, blue, sticky ................. e R 175 1,525
Clay,blue .......oovriiii i 20 1,700
Basalt,black ..........cccoiiiiiiiiiii e -8 1,720
Clay,blue ... ... e et 13 1,728

Banbury Basalt :
Rock,hard,water .............ccciiiiiiiiiiniinnns. 10 1,741
Rock, white andblack ........ R 14 1,751
Shale,blue,water ............. . it S 10 1,765
Rock,black ................ e P 20 1,775
Shale, blue,water .............. e, PR, 12 1,795
Sand; red ... e e 23 1,807

Idavada Volcanics ‘ :
Rhyolite, hard,water ...................ccoiiiiiiinan. 23 1,830
Shale,blue,water ......... ... ... 10 1,853
Rhyolite,water .......... ... i 35 1,863
Rhyolite, crevices,water ......... ... ... .o il 7 1,898
Totaldepth ... ... 1,905

6S-4E-35cda1
(Casing: 20-inch steel 0 to 26 feet;
18-inch steel 26 to 581 feet;
16-inch steel 491 to 892 feet;
perforated from 730 to 810 feet and

870 to 890 feet, 1,280 and 320 Y4-inch by 2-inch perforations respectlvely)

B ] oo | 57

Idaho Group, undifferentiated
Shale, Gray ..o ove i e 50 -
Shale,gray,water .......... ... ... i, 68
Sand,gray,water ............. ..l 3
Shale, gray .....ccooiviiiiiiiii it 46
Shale, brown ..... e e e 29
Shale, gray . ....oviii i e 22
Sand, gray,water ............c.ciiiiiiiiiiiiiiiee 5

04

0

57
107
175

178
224 -
253

275




LOGS OF WELLS (Cont'd.)

Depth
- Thickness (feet below
. Material (feet) land surface)
6S-4E-35cdai--Continued
Idaho Group, undifferentiated (Cont'd. ) 7
Shale,gray .......covviiiiiimiiiniiiins eeieeie.s o 80 280
Sandandclay,gray ..........ciiiiiiiiiiiiiiiiiiiiia 50 360
Shale,gray .......cooiiiiiiiiiiiiiiii i i 15 410
Sand,gray,water .. ...ttt 10 425
Shale, Qray o eeeiee s 88 435
Sand,gray,water ..........cciiiiiiiiiiiiiiie e 15 523 -
Shale,blue ......civii ittt i i e : 112 538 .
Shale, gray .....c.iiiiiiiiii i 65 650 i
Sand, black ........ceiiii i e 5 715
Shale,gray .......icooiiiiiiiiiiiiiiiiiannn S 27 720
Clay, tan ... ...oiiiiii it e e 8 747
Clay, gray .....ovieriiiiri ittt e 27 755
Shale,gray .......oeiiiiiiiiiiiiiii e 8 782
Sand, black, coarse,water ............. .o iiiiiiiiin, . 5 790
Shale,gray ......ciceiiiiiiiiiiiiiiiiiiiinn, PRI : .42 ..795
Clay,brown .......c.c.iiiiiiiiiiiinnnnnn. e 8 837
Shale,gray ........ A 110 . -845
Totaldepth ........ e, e e, : 955
68-4E-36ccc1 ,
(Casing: 14-inch steel 0 to 140 feet;
12- inch steel 405 to 920 feet;
10-inch steel 895 to 958 feet; R
8-inch steel 955 to 1,017 feet) L
Soil v e iieerraeiens 25 . . 0
Clay .. it e aaeiieas . 55 25
Idaho Group, undlfferentlated ’ a ' e
‘Shale, gray ..... e ue e e eees heneveernnes vee 40 .80,
Shale,soft .......cvciviiiiiiinna.. i .. 15 120
Clay, shale and silt, gray ....... 285 135
-Sand, gray, fine ..... e O R TN 420
Shale, clay and silt ... Ta T sLn 270 425
Clay,green ............coiiiiiiiiiiiniiii 20 695
Cinders,black ............... S A 15 715
Shale, gray, clay and S« B L 730
Sand, black, coarse, water -...... e 5 880
Clay,blue .................. A P 28 885
Gravel,water ................coviiiiiiinnn. e 4 913
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
6S-4E-36¢ccci--Continued
Idaho Group, undifferentiated (Cont'd.) ,
Clay,blue, sticky ...ttt it 98 917
Sand,water ...... ... . e 5 1,015
Shale, gray, andclay,black ................... .. ..., 85 1,020
Banbury Basalt :
Basalt,black .......... .. e 12 1,105
Clay, black,androck ........... ...ttt 8 1,117
Clay, red, andgravel,brown ........................... 16 1,125
Basalt ....... .. e 4 1,141
Clay,black ...t 10 1,145
Rock,brown ... ... . i i : 5 1,155
Shaleandclay .............. e 10 1,160
Basalt,black .......... .. .. i 30 1,170
Clay,brown ................ ... ... e 7 1,200
Basalt;black,hard ............. ... ... .. .. il 48 1,207
Clay,redandrock ..........c.coiiiiiiiiiiiiiiinnnnennnn 15 1,255
Rocksandclay ...........cciiiiiiiiiiiiiiiin., e 30 1,270
Clay,grayandshale ................ ... iiiiiiiina... 56 1,300
Rocks, brown, and tuff, red, water ............. e 6 1,356
Rock, brown and black, andclay ............. P 98 1,362
Basalt,hard .......... ... 10 1,460
Sand ....... ...l e e, 5 1,470
Rockandclay ............... PP e 250 1,475
Sand, Water ....... ... e -15 1,725
Rockandshale ..............cciiiiiiiiin .. 150 1,740
Sand,brown,water .............. .. ... 10 1,890
Basalt, black, broken,water .................. ... ... 15 1,900
Idavada Volcanics ‘
Rhyolite, latite,water ............... ... ... ... .. 85 1,915
Totaldepth ..o e e 2,000
6S-5E-10ddd1
(Casing; 6-inch steel 0 to 78 feet)
S0l e 10 -0
Idaho Group, undifferentiated o
Clay,yellow ..., 49 10
Shale,blue ............. ... . 496 - 59
Sandstone,gray ..............oiiiiiiiii i 20 - 555 -
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LOGS OF WELLS (Cont'd.)

Depth
' Thickness (feet below
- . Material - (feet) land surface)
6S-5E-10ddd1--Continued
Idaho Group, undlfferentlated (Contd.) -
Shale,blue ...... .0 . . e S 10 575
Sandstone,gray ... 40 . 585
Shale, blue ....... S S e 181 625
Rock,gray ........ e, PR e, 2 806
Shale, blue, some sand ................................ 97 808 .
Rock, whiteto cream-colored .......................... .4 905
Sand, gray,water ................. e e I 211 909
Shale,brown ..........cciiiniiieriiiininian., e 45 1,120
Sandstone, gray . ...t e e 15 1,165
Shale,brown ................. FE 477 1,180 .
Sandstone, gray,water ................ .. ..o ..., . 10 1,657 - .
Banbury Basalt o -
Rock,hard ... 1,667
Totaldepth .......covviniiiiiii 1,667
- 6S-5E-18ccbi o
(Casing: 12-inch steel 0 to 651 feet)
T0psoﬂ S e e ‘ 12 0
Idaho Group, undifferentiated ‘ ’ , '
Clay,yellow .......... .ot iiisne. 75 12
Clay,blue ..................... 374 _ - 87
S SaAN, WaLET ..ottt e e e e 1 481
Clay,blue .................... il il L 271 462
Shale, brownandgreen ...... S 172 733
Rock, black ....... R SRR EE SN R, 16 - 905
Sandstone, water ........... R S S 11 921
Shale,gray ...... P el PR D e ieeaies 119 932
Basalt ......... S T S R SR 2 ”1051,1"
Shale,gray ................ e RPN e 268 1,053
Sandstone ..... R S S B ' 11 1,321
Basalt ................. S i T AN . 57 1,332
Shale, gray, some rock ............ ol o 616 1,389
- Banbury Basalt - e i o ,
Shale,black ......:0 .. ... e e Weeenee. 15 12,005
Basalt, mineralized ........... R A, SO0 870 2,020
Shale andsandstone ............... Lo AR - 810 2,390
Rock,black ......ovvvrreniiiaiiannnnnn.. LS80 0 27000
Rock, caving . ...... U R S - B - 2,740
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LOGS OF WELLS (Cont'd.)

_ Depth
Thickness (feet below
Material : (feet) land surface)
6S-5E-18cbb1--Continued

Banbury Basalt (Cont'd.) : o . o
Basalt, interbedded withshale ......................... 34 2,746

Idavada Volcanics } . :
Rock -............ PR e e e, 129 2,780
Shaleandrock ................... e ... 51 2,909
Totaldepth ... .o - c - 2,960

6S-5E-24bcat
(Casing: 6-inch steel 0 to 76 feet)

ST R A 8 0
Gravel ............ e e e e e e 10 8

Idaho Group, undifferentiated ;
Clay, Yellow . .......oniriii i, 15 18
Shale,blue ........ ... i i 395 33
Sand,blue ....... ... 87 428
Shale, blue, stickyatbase .........................L. 106 515
Rock, gray,hard ......... ettt e e . 18 621
Rock, black, hard ....... e e, 18 639
Sandstone, black,water ........... ... ... . i, 1 657
Shale,blue ...........c. i 8 658
Rock,black,soft ........ ... ... i 12 666
Shale,blue ............ . e 2 678

Banbury Basalt
Rock, black, hard,water .............................. 42 680
Rock, black,soft ............ .. .. i 12 722
Shale,blue .......... ... i 98 734
Rock,black,hard ......... ... .. . . 8 832
Shale,blue ..........c.c i 205 - -840
Notreported ......... ... ..o, 50 1,045
Totaldepth ... ... 1,095

6S-5E-24caatl
(Casing: 6-inch steel 0 to 430 feet)

Soilandgravel ...l 30 0

Idaho Group, undifferentiated
Clay,yellow . ...ttt 6 30
Shale, .blue, soft, muddy crevice with water; _ \ , _

water rose to 30 feetofsurface ..................... 94 36
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LOGS OF WELLS (Cont'd.)

Depth
: Thickness (feet below
Material (feet) land surface)
GS-SE-24caa1--Continued
Idaho Group, undifferentiated (Cont’d )
Shale, blue, soft, muddy ............ ... el v 170 130
Sand, bluish,fine ............ ... ... i, _ 300 300
Shale, blue, with layers of sticky clay 2 to 10 feet thlck ..... - 180 600
Lava, black ...., P PR 1 780
Notreported ...............c..... R [ 136 781
Banbury Basalt _ o '
Lava,black .....ccciiiiiiii it i i 3 917
Sand, gray, water, wellflows1gpm ..................... 18 920
Lava, black ..... P fereesarnase AR 938
Shale,blue ...... .o i e 21 939
Sand, gray, muddywnth thin sandstone layers, water; ‘ . :
wellfflows15gpm ... 365 960
Total depth ....................... e e 1,325
6S-5E-24ddb1
(Casing: 8-inch steel 0 to 240 feet;
- 6-inch steel 0 to 1,400 feet)
Soil ... Ll A VSR S 10 0
Gravel, dark colored ....... e eehedd 18 10
Idaho Group, undifferentiated
Shale, blue, crevnceatbottom 212 28
Shale,blue ....................... e 60 240
Sand,gray ....... et e e i aeeee e eneanae e ... 300 300
Shale, blue, sand at bottom with water e waive T 340 600
Rock,black ...... ST S S 4 940
Shale,blue ..................... iveennee e enees , 16 944
Sand ....... ...l S et 140 960
BanburyBasaIt o S , e A
‘Rock,broken ............. R --300. 1,100
Rock, soft,broken ........... ettt sy 525 1,400_~
~ Idavada Volcanics - , , R _ SR
Rock,veryhard ................ e amen e ene e, 13 1,925
Totaldepth ...................... R L L H T IS S : 1,938
o * 6S-5E-29dcct :
(Casing: 4-inch steel 0 to 20 feet)
SOl e e, 10 0
Gravel,dark,hard ....................... e ... 4 10
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LOGS OF WELLS (Cont'd.)

o
Depth
Thickness (feet below
Material - (feed) land surface)
6S-5E-29dcc1--Continued
Idaho Group, undifferentiated : '
Clay,yellow ......coiiiiiiiiiii e 5 14
Shale, blue, some sand, water ................ I 935 - 19
Sand, gray, water . ...........iiiiiiiiii i 6 954
Shale,blue .......co i i e 150 960
Sand, gray ... e 10 1,110
Shale,blue ... : 40 - 1,120
Sand,gray .................... e et ¥ 3 1,160
Shale, blue, thinlayersofsand ......................... 235 1,163
Sand,white ...... i i it e 10 1,398
Sandandshale,blue .................. ... U . 11 1,408
Sand,white,water ......... ... . .. . i 32 1,419
Shale,blue ......coiiiii i i e 63 1,451
Sandstone, gray,water .............ciiiiiiiiiin, 46 1,514
Totaldepth ...........ci i i i 1,560
6S-6E-12ccd1
(Casing: 16-inch steel 0 to 5 feet;
12-inch steel 0 to 170 feet;
8-inch steel 0 to 915 feet;
well screen set from 920 to 980 feet)
Soil,sand,andsilt ................... P 5 0
Idaho Group, undifferentiated '
Clay, lightbrown ........ ... it 55 5
Clay,blue ....... .o . i 110 - 60
Shalg,blue ... 180 170
Shale, blue, withseepsofwater ........................ 100 350
Shale, blue, somesulphur ................ ... ... P 150 450
Shale,blue ...... ..ot e 340 600
Sandstone,water .......... ... i 50 940
Totaldepth . ... ..o 990
6S-6E-19ccd1 -
(Casing: 6-inch steel 0 to 277 feet)
£ T | O P 13 0
Gravel ... .. e e 8 13
g‘

100

1
H




LOGS OF WELLS (Cont'd.)

‘ Depth
= Thickness (feet below
- Material T (feet) land surface)
6S-6E-19ccd 1--Continued
Idaho Group, undifferentiated , A T
Clay, yellow ...... VIR et et e e 64 21
Shale;blue ......:......... P 425 o 85
Sandstone, gray ... i e .90 < 510"
Shale, blue, some sand and water at 820 feet -2 600
Banbury Basalt - . o ,
Rock,black ............... PPN 22 828
Shale;blue .................. P e 17 850
Rock, black, water .-............. P 13 . 867
Sandstone,gray . ...t e e i 33 880
Totatdepth ................... e e ‘913
6S-6E-19dbd1 -
(Casing: 6-inch steel 0 to 75 feet;
4-inch steel 0 to 229 feet)
Soil ..... AP e e b e e 19 0
Clay,yellow ......... RS R Liniaah L ddeediveniiew o 39 19
Gravelandsand .............. e e 16 58
Idaho Group, undifferentiated , o .
Chalk, yellow ...... PP e eiee i, 120. o 74
Shale,blue .......... ... i e e 486 194
Sand,blue ....... L et s i e . 28 680
Shale, brown, sandy ......... P e hasaasannataanan 42 708
Shale, blue,water ............. e e, : 57 750
Talc,blue ........ RO OnT e e 1 807 -
Shale,blue ....... S S S P 154 - 808
Rock,black,hard .............. .. i i, 3 .0 962
‘Shale, blue ....... Geeteneens Fasrasinirent e e ' 1 S 985
Rock, black, hard ..:...... T A 986
Shale,blue ................... 0. PR U . 4 977
... Banbury Basalt -~ PP v S S
Rock, black, hard .................. PRI L S 32 981
Talc, blue ..... TR PR SR E R St S 0 RTSCR SN EE PG o+ TR ok 1,013
" Rock,black,hard ........ .. cec i e i e -6 - - 1,014 - .
Shale,blue ..ottt e T 150200
Rock,black,hard i ...oiiiiiiiinie i iiiinninnnnnn. 2. 01,0810
Talc,blue .......... U, P A DU 10 *.1,033
‘Shale,blue ...... ... oo e A 5 1,043 .
Rock; black, hard ........... .. it i 5 1,048~
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LOGS OF WELLS (Cont'd.)

Qi
Depth .
TSR Thickness (feet below
.- Material (feet) land surface)
6S-6E-19dbd1--Continued -

Banbury Basalt (Cont'd.) ¥ '
Tale,blue ...... ... e 33 1,053
Rock,black,hard ...........cciiiiiiiiin . 7 1,086
Shale, blue ......: A 13 - 1,093
Rock,black,hard . ............. ... L e 1 - 1,106
Shale,blue ........ ..t i 57 - 1,107
Rock,black, hard ......... ...t 3 1,164 .
Sand,black .......... i 4 1,167
Sand, light ...... ... 10 1,171
Sandstone ...................... PP e 119 1,181
Talc,light ... o 1 1,300
Rock, light,hard ................ ... ... e 1 1,301
Sand, CaviNg .. ..irie i i i 10 1,302
Shale,sandy .............. ...l W eereeeeaanan PR 35 1,312
Totaldepth .................ouan. e e 1,347

6S-6E-32bdd1 :
(Casing: 8-inch steel 0 to 850 feet)
SOIl e e .. 9 0
Sandandsomegravel ........... ..ottt 78 9

Idaho Group, undifferentiated
Clay,blue ... 653 - 87
Rock,black ...ttt e 1 : 740
Clay,blue ....... ...ttt 199 741
Shale,blue ....... ... .. . 8 940
Clay, Brown . ...t i e 112 . 948

Banbury Basalt f
Lava,black ... i 6 1,060
Clay, brown, sandyinlowerpart ........................ 336 - - 1,066
Totaldepth . ... ..o - 1,402

‘ 6S-7E-16bbb1 :
(Oil and gas exploratory hole; plugged and abandoned)

Idaho Group, undifferentiated :
Shaleandclay .......... ...t 71 S0
Clay,sand,shale .....................cccciviiiinn... 266 <71
Shaleandclay ........c... i . 541 337
Shaleandsand ..............cciiiiiiiiiiiiiiiiiia. 1,092 ' . 878

o
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LOGS OF WELLS (Cont'd.)

- Material

Depth

Thickness (feet below
(feet) _land surface)

6S-7E-16bbb1--Continued
Idaho Group, undlfferentlated (Cont'd.)

145 1970 .

Shaleand rock [........... et

Shale ... e e 225 .- 2,115
Shaleandsand .......... e e 213 2,340 -
Shale, sand, and lime .......... P . 37 . 2,553
Shale ..... e s e e i e e e s e i i e e 37 2,590

Banbury Basalt 2, 550 feet) e .
Shale, lime, andlava ...... R O SR~ 2,627
Totaldepth ........ ..o o i i i i 2,653
65-8E-19bbb1

(Oiland gas eibioratory hole, plugged ahd abandoned)

85 - .0 |

Sand ... e .

Idaho Group, und/fferent/ated v S : VT :
Shale ............coo... Ceiaeae 10 ... 85
Gravel,sand,andshale ................coiiiininennnn. 30 : 95
Sandandshale ..........cc.ciiiiiiiiiii i, .90 125 -
Shale,blue ... 230 - 215
Shale ... e e e 170 7 245
Shale,blue ......... e e e aeee . 195 - 415
Shale ... e e 275 610
Shale with sand streaks ........ e e T e, et 2870 885
Sand,hard .............. P R e . 59 .- - 1,255
Shale ...t e s P .. .60 1,314
Shale and sand streaks ........ eeriaaes e waver 1060 21,3740
Sandandshale ............... w8000 21,480
Shale ......... S T et nan s i 270 -~ 1,510
Sandandshale ..................c e . 275 . 1,780
Shale ..........ccihiiiiiiiiii, b a e aa i aens. . 205 2,055 -
Shale, sand, andhme ............... . 205 . 2,260
Sandandshale ............. R T 82 2,465 .

. .Banbury Basalt . DRSO o
Sand and shale, lavastreaks ........ . 0000000 ... 78 2,547
Sand and lime, lavastreaks ... ... s vives nii 130 = 2,625
Sandandshale ............ .ol 44 2,755
Sand, shale, lime,andlava ... ool s e T 86 2,799

* Sand, lime, shale, andlava ...................0 000 82 2885
Sand,limeandshale "..........cocooiiins 780 0 2,087
Shaleandsand ................... e .. 48 3045
Sand,lava,andshale ....................i il 20 - 3,093 -
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LOGS OF WELLS (Cont'd.)

O
Depth
S ' , Thickness (feet below
.- Material c (feet) land surface)
6S-8E-19bbb1--Continued
Banbury Basalt (Cont'd.) o o
Lavaandshale ...........cccoviiiiiiiiiinii il 69 3,113
Black shale, hard, andlime ......... R 28 3,182
Idavada Volcanics :
Basalt ... e » 598 - 3,210
Totaldepth ....... ieeeiennaveas e et e e : 13,808
6S-8E-33ab1
(Casing: 14-inch steel 0 to 201.5 feet;
10-inch steel 192 to 400 feet;
‘8-inch steel 191 to 697 feet;
~ 6-inch steel 674 to 2,118 feet)
Idaho Group, undifferentiated - -
Siltstone, shale,silty ...t 410 0
Sandstone with basaltboulders ........................ 20 410
Siltstone, fine sandy,andsandstone .................... 180 430
Siltstoneandshale ........... ... . o il 330 - 610
Shalewithashfragments ....................... ..ot 270 - 940
Sandstone andsiltstone  ......... ... .. it 100 1,210
Siltyshaleandshale ..............ccooveiiiiennennnnn. 250 1,310
Siltstone and siltyshale .............. ... ... o il 660 1,560
Banbury Basalt o
Shale and siltstone with basalt flows and cinderbeds ... ... 537 - 2,220
Shale,siltyandhard ............ ... . il 187 2,757
Basalt ........ .. e 20 2,944
Shaleandsandyshale ............... .. coiiiiiiiit, 403 12,964
Cinder beds,siltstone, basalt layers shale, and sandstone
withthinflows ......... ... . i 138 3,367
Idavada Volcanics A
Basaltandcinderbeds ...............coiiiiiiiiiint 398 3,505
Rhyolite tuff and shale ...... P 97 3,903
Totaldepth ... 4,000
. 7S-4E-3abdt
(Casing: 16-inch steel 0 to 399;
14-inch steel 373 to 953 feet; ,
perforations '2-inch by 12-inch from 910 to 941 feet)
Topsoil-sandandgravel ...................cooian 3 0
Idaho Group, undifferentiated o
Clay, Drown . .....c.iiiii i e - 42. . 83
. -
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LOGS OF WELLS (Contd.)

Depth
L Thickness (feet below
' Material " (feet) land surface)
7S-4E-3abd1--Continued
Idaho Group, undifferentiated (Cont'd.)
Shale,gray ...t e 165 - 75
Sand,gray ........ e 55 - 230
Shale,gray,sandy ............. e 130 285
Shale, blue-gray ............... e e e 280 415
Sand, gray ... e e e 30 695
Clay,brown ..........ccoiiiiiiiiiii i v 115 725
Sandandgravel ............. ... il e e 45 840
Banbury Basalt T AT S
Basalt,black ........... ... i i 30 885
Lava, reddish-brown, cnndery, water ..... R R 20 915
Basalt,gray ............... ...l R T TPUPIP R Lo A8 935
Lava, reddish-brown, cmdery, water ............ Nesbrima 17 978
Basalt, black ..........c.cviiiiiiiiiiii e 10 995
Lava, reddish-brown, cnndery, water e ceaes 10 1,005
Basalt,gray ...........ccooiiiiiiiiii 30 1,015
Totaldepth......... e 1,045
. 7S-4E-5ccal .
(Casing: 20—|nch steel 0 to 292 feet) ,
Topsoﬂ .............................................. -1 0
Idaho Group, undlfferent/ated o S , :
Clay,hardpan ........cciiiiiiiiiiiiiiiiiiereneeennns 2 1
Clay,brown,sandy .........ccoiiiiiiiiiiiinniiennne, ‘ 142 <
Clay,grayandsand ...................... e © 27 - . 145 - -
Clay,gray, sticky .....coooviiiiiiiiiiiiiiiiiiiiian, 98 o172
Sand, gray . .....iiiiiiiie e e e e 20 2700
Shale,gray .......cceviiiiieinnennn, U 220 - 00290
Shale, gray,sandy .........icco0iiinin. e e Y {3 510 -
Sand, lightbrown ..................... O oo B8 ' 585
Clay,brown,sandy ..........cccoiriieieriiinennseens N 20 . 643
Shale,gray ...... O A 37 - 663
Shale, gray, andgravel- ....... A . P v 2500 700 .-
Shale, gray,sandy ................ PR PN - .35 - 725-.
Sand, brown, and grav'el .......................... SRR - 8 760 .
Shale,gray,sandy ..........cciiiiiiiiiiniiiiiieeaee, 52 .. 768
Shale, gray, sandy, and gravel ............ e P 42 -+ 820 .
Banbury Basalt . . SR
Lava,gray,hard .............. e 52 862
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LOGS OF WELLS (Cont'd.)

Depth
: Thickness (feet below
Material .~ (feet) land surface)
_ 7S-4E-5ccai--Continued
Banbury Basalt (Cont'd.)

Lava, grayand brown,loose ................ ...l 9 914
Lava,gray,hard ............ . oo il 69 923
Sand,brown ... .. 32 992
Shale,gray,andboulders ................ .ol 12 1,024
Lava,gray ....... e 4 1,036
Totaldepth ... 1,040

7S-4E-10bdb1
(Casing: 20-inch steel 0 to 24 feet;
16-inch steel 0 to 738 feet;
perforated from 537 to 568 feet and 616 to 737 feet
with 720 and 2,880 3/16-inch by 4-inch perforations, respectlvely)

Topsoilandpeagravel ........... ..ottt 2 0
Idaho Group, undifferentiated ‘
Shale,brown ... ... e e 66 2
Sand,black ......... . e e 10 68
Shale,blue ...... ... e 410 78
Shale,brown ................. et 12 488
Shale, brown, and pea gravel .......................... 28 500
Shale,brown ....... ... . . e e 68 528
Shale, brown, and peagravel .......................... 16 596
Sand,brown, coarse ...... ... i i 12 612
Shale,brown ... ... e 21 624
Sand,black,coarse ..........cciiiii i i i 12 645
Shale, brown, andpeagravel .......................... 27 657
Basalt,clay,brown .......... ... ... .. e 35 684
Banbury Basalt
Basalt, gray, and clay,red ........ 5 719 -
Basalt, gray, andclay,brown .......................... 21. 724
Basalt, gray,clay,blue .......... .. ... ... oLl 9 745
Basalt, gray, clay,brown ..., 18 754
Basalt, brown, andclay,red ........................... 11 772
Basalt,gray ....... e 33 - 783
Basalt, gray, and clay, brown,water .................... 22 - 816
Clay,blue . ... ... i it i it 10 =~ 838 :
Basalt; gray,andclayseam ................ ... .00 59 848
Clay,red . ... et 5 807
Basalt,gray,water .......... ... . . i 8 - 912
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LOGS OF WELLS (Cont'd.)
Depth
e Thickness (feet below
Material (feet) land surface)
7S-4E-10bdb1--Continued
Banbury Basalt (Cont'd.) - :
Basalt,gray ....... e e SR S 8 920
Basalt, reddish-brown,water .......................... - 4 928
Basalt,gray,water ~....... ... ... ..., 18 - 932 -
Basalt, reddish-brown, water .......................... ‘ 12 950
Basalt, gray,andclay,brown ............. e e , 8 962
Basalt, gray,andclay,blue ............................ 13 - 970
. Basalt,gray ....... N e e e e 15 983
Rhyolite,reddish-brown ............ et 28 .998
Basalt,gray ....... S 14 - 1,026 .
Clay,brown ................ e e, 30 .. 1,040 -
Sand, brown, andgravel e, e 28 1,070 -+
Cinders, dark-brown ............ @ttt et e .47 1,098
Totaldepth ............... PR PP e . 1,145
7S-4E-11cbet
(Casing: 20-inch steel 0 to 250 feet;
16-inch steel 520 to 720 feet) -
Topsoil ..., e e 7 0
Gravel ........... e e e e e 20 7
Idaho Group, undifferentiated : : =
Sand,yellow ........... i i e e T8 27
Clay, blue,sandy ................ RPN e . 90 105 -
Clay,blue-gray ................. e e e e 135 195 .
Shale, blue ...... . e RO e 115 #3830
Clay,black,sandy .................... Chaaanes SO : -5 445 . -
Clay,brown ........0...... TR 10 450 ..
Shale, blue ....... SRR PR A O e .35 - 460
Lavarock,black .................. i iieean e e e e 150 ;495
Shale,blue ........ e Tt een wler we e e B .20 © 510
Clay, yellow, streaks of gravel, water ................ e 173 630
- Banbury Basalt : . : - S
Basalt,black ....... A e e - —-52 T 708
Clay, red, andgravel ........ P R A S 10 - . 755
Basalt;black ...... e e e e e e G B0 768
Clay,red ......... e e e R DO 6 . © 815
Conglomerate, red and black. .......... ey Yeces o107 821
Clay,brown ....... ey e e e Veee. o183 L0928
Rock; black,water ......................... ST 124 941 -
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LOGS OF WELLS (Cont'd.)

Clay,darktan, soft,sandy ...................c..ocoonat. 25

108

Depth
. Thickness - (feet below
- Material - (feet) land surface)
7S-4E-11cbci-—-Continued
Idavada Volcanics -
Rhyolite,redandblack ............... ... ... ool 30 1,065
Rhyolite,red,water ...................... e 105 1,095
Rhyolite,black ........ .. .o e 120 1,200
- Rhyolite,brown ... .o - 20 1,320
Rhyolite, rusty-red .......... . . i 35 1,340
Rhyolite,black ............ccoi i 25 1,375
Rhyolite,red ... .o 10 1,400
Rhyolite, brown,water ................. . i, 45 1,410
Rhyolite,black ...................... e 15 1,455
Rhyolite, reddish-brown ............................... 10 1,470
Rhyolite, gray,water ......... ... ... ... i, 5 1,480 -
Rhyolite, reddish-brown ..................... e 15 1,485
Totaldepth .......... ... i, e 1,500
7S-4E-12bdd1 .
(Casing: 14-inch steel 0 to 675 feet)
T | P .. 16 0
Soilandsand ....... ... i i e 14 16
Idaho Group, undifferentiated
Shale,blue ... ... 15 30
SaNd ... e e 15 45
Shale;hard ....................... [P 83 60
Sand ... e e 27 143
Shale,sandy ........ ... e 210 170
Rock;(Basalt),black .............. ool 30 380
Sand,greenandbrown ............ . ciiiiiiiiiiiaa.. 41 410
Rock; (Basalt),black ..............c it 33 451
Shaleandsand,brown ............ ... ... .. 71 484
Gravelandsand .......... ...ttt 5 555
Clay,bentonite ........ ... .o 109 © 560 -
Banbury Basalt :
Basalt, blackanddarkgray ...................oiialn, 44 669
Tuff, red, tan, pink, clayey,ashy ............ P 17 713
Basalt, vesicular, blackanddarkgray ................... 20 730
Notreported ..........cciiiiiiiiiiiiiiiiiii 10 750
760 . -




LOGS OF WELLS (Cont'd.)

Rock,brownandred,water .............ic00iiennn. AR

Depth
’ Thickness (feet below
Material (feet) land surface)
7S-4E-12bdd1--Continued
Banbury Basalt (Cont'd.) . :
Basalt, gray, vesicular,hard .................... P 15 785
Basalt, black, hard,dense ..................... ... 10 800
Tuff,brown,tan ............... ... veciiviees.e 45 810
Basalt, black, hard,dense ..................c ol 23 855
Notreported ........cciiiiiiiiieliviiiniraniennnnann -2 878
Sand,tan,water .................. L S 40 880
Notreported ............ 0ccovieiviiiesnesyiovees o 40 920
Basalt, darkgray -.............. aeeeeeeeanreseaean e s 15 960
Clay; tuffaceous, tanand brown ..................... 13 976
Idavada Volcanics ~ < o
Bentonite, white ............. e 2 988
Obsidian,black .............ciiiiiiiiiiiiiiiia, . 70 990
Latite, tan, porphyritic . ...... e e e PR 45 1,060
Totaldepth ...............c.... ... R 1,105
: 7S-4E-13bcct
(Casing: 12-inch steeIOto192 feet) .
Soilandhardpan ...........c.oviiiviiiiiiiiiieeiiaia.. 4 0
Gravelandboulders .........ccovviiiviiivnniiininnnn. : 19 4
Idaho Group, und/fferent/ated ' « ~ :
Shale, blue,water ..........c..civeiiiiviiviviviaineans 167 23
Lava, black,soft .............ccociiiii 4 w0180
Lava,black, hard .........c..ciciviiiiiiniiiinion. o 86 0194 Y
Conglomerate ............0c.000iviiinann GG 210 280
Banbury Basalt - C e T R PR
Lava, black,veryhard .............ciciiiiiiiiiin 46 4980~
Rock, red, water ...........coiiviiviiviiiiiiiiiiiiin. 0 867 '-'536 -
Lava,black ...... - 62- 622 .-
Rock, reddish .........cccovviiiiiiiiniieiiii il 76 - 684
Idavada Volcanics S e R Gl
ROCk,pUrple ..... '.‘I...........;;..’.'.';;.;"..a;.'. ....... : 34 .- 760
Rock;brown ,....c....iviiiiiiann 42 -~ 794
Rock,pink ................. P 104 1836
Rock, purple ...... T SR T 51 - ~7940
Rock,red,water ............coiveiiiiveiininiiiiinns 32 go1 -~
18 1,023 -
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LOGS OF WELLS (Cont'd.)

110

Depth
Thickness (feet below
Material (feet) land surface)
7S-4E-13bcc1--Continued
Idavada Volcanics (Cont'd.)
Rock,redandcinders,water .......................... 19 1,041 -
Totaldepth ... ..o e ' 1,060
Well was later dnlled to an unreported depth :
7S-4E-13dcdi -
(Casing: 12-inch steel 0 to 194 feet)
£ T | P 18 -0
Bouldersandgravel ................. .. . il 8 18 .
Idaho Group, undifferentiated :
Clay,blue,sticky ...........coiiiiiiiiiiiii 165 26
Rockandlayersofclay ............cooverviiiinin.inn. 9 191
Clay, lighttantoyellow ...........cceiiuiineininnenn.. 10 200
Gravel, fine-grained,andsand ...................o.an 45 210
Basalt, dark graytoblack ...............coiiiiiiiiinn 13 255
Sand, olive drab, coarse-grained ..................o.tn 22 268
Notreported .............. e 25 290
Clay, lighttan,sandy ............coiiiiiiiiniinnnnenns 20 315
Clay, lighttan, veryfine,sand .................... ... 25 335
Clay, lighttantodarktan .................coiiiinat, 20 360
Notreported .......... ..o iiiiiiiiniiiiiiiiiiiaaaas 38 380
Sand, veryfine-grained ............... . oot 4 418
Banbury Basalt
Basalt, black ..... g 20 422
Ollvme basalt, dark greenish-brownandblack ............ 8 442 -
Sand, lighttanand black .............ceeveeeenernnnnnn 23 450
Basalt,redandbrown .......... ... ..o il 7 473,
Basalt and olivine basalt,black ......................... 55 480
Basalt and basalticgravel ................ PP 23 535
Olivine basalt, black to greenishshade .................. 10 . 558 - -
Basalt, black and brownish-black,dense ................ 52 - 568
Basalt t. .. i i e - 20 620 .
Sand, black and tan, ashy ............................. 85 640
Idavada Volcanics foe
Obsidian,black .................... e 7 725
Obsidian, black, partly crystallineglass .................. _ 39 1796
Latite, purple, porphyritic, vesicular ..................... 30 835




LOGS OF WELLS (Cont'd.)

L .
Depth
Thickness  (feet below
Material - (feet) land surface)
'7S-4E-13dcd1--Continued
.- Idavada Volcanics (Cont'd.) _ ; R
Latite, purple, porphyritic .................... freeaeeaas 35 . '865
Notreported ...........coiiiiiiiiiiiiiiiiian 100 900
Totaldepth ....................c...... e - 1,000
.7S-4E-14abct :
(Casmg 16-inch steel 0 to 223 feet) -
Soilandgravel ..................... s U e 5 o0
Gravel ......... e e 5. . -5
Gravelandclay .................... e e 5 . 10
- Idaho Group, undlfferentlated ' ‘ ‘ Ce
Clay,yellow ..........cocvvvvnunn.. e P, 20 15 -
Sand, black ...... eeal . B 35
Sand, black, water ........ s Ry BN 5 40
Sand, black, andclay .......iv..iviiiiiniiine e, 30 45
Sand, black ..... e e res e et iiitiiiiiiiiie.. 20 75
Clay, dark gray feseraseneaneeaear e it e aaaaaas 70 95
Shale,blue .................oiiii e, 160 . .. 165
Rock,black ...............c.ccociiiieiiiiiiiees 15 . ..325
Rock, rusty yellow ......... P - ) 340
Rock, slate-gray ................. . 25 400
Clay, rusty, androck,black ....................... ... - 60 - 426 -
Gravel, fine ...... et e 2 . 485
Gravelandclay ............ < < TRRERP - o |-
Clay,rusty ...... T 15 - . . 540
Clay, rusty,andsand ...........cooovvviiiiiiinnannnn. 5 ... . 555 .
Rock,black,andsand ......................000eel. 16 ~..560 -
. Banbury Basalt [ S e
Rock, black,water ......... ..., 25 . 575 .
Rock, blackand gray ..... T [ . 600
Clay,brown,androck ............cc.ciiviiiiieneeee. B0 610
Clay, red, and rock, Brown "....... ..o iieeenensvnnen. 5 - 615 -
ROCK, BIACK .+ .t vveetenteaeeees e aave e 65 . 620 -
Rock, black, and shale, red, water ...................... : 55 - 685
Rock,black ............... i, B .. 740
Rock, black, and shale,red ........................ «ee. - A5 . 745
Clay, rustybrown .............cociiiiiiiiii i, 5 . . .79
v B
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LOGS OF WELLS (Cont'd.)

‘112

" Depth
. Thickness (feet below
Material (feet) land surface)
7S-4E-14abc1--Continued
Idavada Volcanics ‘
Rock, gray,water ..............c.cooiiiiiiinninnnn. . 25 795
Rock, black, gray ~........... ..ol 35 820
Clay,red ... . i e e 20 855
Rock,gray .......ccoiuuniiii i i e 5 875
~ Rock, blackandgray ..........ccoiiiiiiiiiii i 10 880
Rock, black, gray,andred ............. ..o - 10 890
Rock, blackandgray .............. S 15 900
Rock,gray ..........c.iiiiiiiiiiviiiiniinnaaidiine 65 915
RocK, rusty gray ........ccoeeiiinninnnnnnnnannnn. 10 980
Cinders,purple ...... ... it 15 990
Rock, gray, water ............coiiiiiiiiiiiiiieaaa 10 1,005 .
Rock, gray andbrown ..............oieiiiiiininnann. 20 1,015
Rock,gray ........coiiiiiiiiiiii e 50 1,035
Rock, brown, water (at1,110) ............... ... .cco.o... 60 1,085
Totaldepth ....... ..o i 1,145
7S-4E-23cbb1
(Casing: 16-inch steel 0 to 326 feet) ,
Gravel ..o . 11 0
Idaho Group, undifferentiated - .
Clay,yellow ... i i i i 64 11
Gravel,fine ....... ... . 7 75
Shale,blue ......... ... 43 . 82
Rock,soft ...t e 2 125
Shale,blue ......... ... e 173 127
Clay, blue, stickyandsomerock ....................... 22 300 -
.~ Banbury Basalt / I
Rock; black, soft ..o 4 322
Rock,black,water ......... ...l 6 326
Rock,reddish ...........c.c.c i, 9 332
Rock, brown,water ............ ... o 23 341
Rock,red ... ... i ’ 9 364
Rock, purple,hard .................. e S 18 373
Rock,ted .........ciiiiiiiii i e i 21 391
Rock, purple,water ............ .. .. i, 23 412
Rock,red ..ot e 54 435
Rock, pink, andclay ................ il 26 489
Clay, red, andbrokenrock ................ e 40 515
Rock,red,andclay ............coiiniiiiiiiniiiiiin.. 23 555
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LOGS OF WELLS (Cont'd.)

Depth
. i Thickness (feet below
Material ~ (feet) land surface)
7S-4E-23cbb1--Continued
Banbury Basalt (Cont'd.) . ) T ,
Rock,red ......oooiiiiiiiiiiii i 22 578
Idavada Volcanlcs o -
Rock, black, and clay, water ..., , 65 . 600
Rock,red .....ooviiiiiil it i e - 45 . 665
Rock, purple ..o e 13 710 ..
Crevice, water ..... P e 3 723
Rock,purple .................. et 19 726
Rock, red, very abrasive, water ......... S . 65 745
Totaldepth ... - 810
7S-4E-27bcct :
(Casing: 20-inch steel 0 to 19 feet)
Sandandgravel .............. e e 19 Y
Idavada Volcanics ' ' B - '
Sandstone black,water ............c0ciiiiiiiininann. 179 19
Sandstone, black, with coarse whlte sand, water e 52 - 198
Rhyolite, black,water ................c o R 55 - 250
Rhyolite, dark brown ......... e e 48 305 .
Rhyolite, reddish-brown ...... ST e e ‘ 97 . 353
Rhyolite, dark brown ............ ST ... 28 450
Rhyolite, darkgray ............ e e e e .. 104 478
Rhyolite, gray N R el 23 582 .
- Rhyolite, gray, with reddish- brown strlpes e i ... 215 - 605" .
Rhyolite, reddish-brown . ..... S EE P P 20, . 820
Rhyolite, gray and reddish- brown ........ e A 20 840
Sand, gray, some brownclay ............. PR AR 55 _ . 860
Sand, gray, and clay, reddish-brown ................ .. 115 916
Clay, reddish-brown, and rock, gray ..... U aeaeaaien 15 1,030
Rhyolite, reddish- brown, some water S e e - 205 © 1,045
Totaldepth ... AN 1,250 |
- 7S-5E-5dbet
(Casing: 16-inch steel 0 to 140 feet;
12-inch steel 140 to 504 feet; .
two 8-inch steel casings are placed side by side
from 63010 1,120 feet and 650 to 1,300 feet) -
Idaho Group, undifferentiated o
Topsoil, shale,andsand ............ e P . 737 0
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LOGS OF WELLS (Cont'd.)

Vv‘
Depth
Thickness (feet below
Material " (feet) land surface)
75-5E-5dbc1--Continued
Idaho Group, undifferentiated (Cont'd.) v ,
Sand and shale streaks,water ......................... 38 737
Sand,water ......... . e 125 - 775
Shale and sand streaks, water ....... e 389 900
Banbury Basalt : '
Rock, black,water ........ ... ... . il 38 . 1,289
ClaY o e e 7 1,327
Shale ... e e 42 1,334
PUMICE .\ttt ettt et i ieeens 4 1,376
Rock,black ....... ... 25 1,380
Clay ... e 10 1,405
ROCK vttt ettt e 35 1,415
Shale ........... i, e e ' 65 1,450
Basalt, black, water ................coviiiiiiiininina.. 179 1,515
Cinders,red,water ........ ... ... i ittt 8 1,694
Basalt ........ . 22 1,702
Shale withrocklayers .........................ooill 18 1,724
Rock,broken ........ ... e 26 1,742
Shale withrock floaters;water ......................... 62 . 1,768
Rock,redandblack ...............cciiiiiiiiiiiininn. 74 1,830
Sandstone ............ . 206 1,904
Clay,red ... i e e 20 2,110
Sandstone ...... ... i e 40 2,130
Clay,red ...ttt e 8 2,170
Sandstone ......... ... 21 . 2,178
Shale, blue,andclay ..............coiiiiiiiiiiiinn. 41 2,199
SANG ettt 22 2,240
Shaleandclaylayers ................c.coiiiiiiiiins, 81 = 2262
Sand .......... e s 13 2,343
Clay,red ..o e e e 19 235
Rock,brown .......... .. .. i 30 2,375 .
Totaldepth ...t e e ‘ 2,405
~ 7S-5E-7abb1
(Casing: 20-inch steel 0 to 228 feet;
16-inch steel 228 to 632 feet) 5
Sandandgravel ........... e i, i5 0
Idaho Group, undifferentiated B
Sandstone andclay,blue .................. e vieenas 65 - 15
&/
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LOGS OF WELLS (Cont'd.)

) Depth
; . Thickness (feet below
Material o (feet) land surface)
7S-5E-7abb1--Continued
Idaho Group, undifferentiated (Cont'd.)
Clay,blue ..... ...t i, . 20 80
Sandstone,brown ............ ... 35 100
Shale, blue ..... R, e, 70 135
Clay,brown .......... .o, 15 205
Shale,blue ............ . i 23 220
Clay,brownandblue ................... .. ...l 19 243
Shale,blue ................. e, 113 262
Chertrock ......... e e, 41 375
ClaY e 21 416
Basaltandclay,mixed .............. ..., ' 18 437
Clay and streaks ofcindersand ........................ 60 455
Banbury Basalt '
Lava,black ............co i 8 515
Lava,black,hard ........... ... i i 33 523
Lava, blackandgreen,hard ........................... 6 556
Lava, black and green,veryhard ....................... 6 562
Lava,black ... e 10 568
Sandstone,brown ......... ... i 17 578
Lava, black, firm ........................ e e B 9 595
Lava,black,hard ........ ... . i i 28 604
Rhyolite ............... P et e, 993 632
Totaldepth ...t i e e e 1,625
The Idavada Volcanics were believed to have started
at about 1,000 feet below land surface.
7S-5E-9ddd1 _
(Casing: 20-inch steel 0 to 550 feet;
18-inch steel 984 to 1,034 feet;
14-inch steel 1,337 to 1,432 feet;
1234-inch steel 1,463 to 1,613 feet;
12-inch steel 1,587 to 1,624 feet;
8-inch steel 1,925 to 2,025 feet)
Topsoilandsand ............cooivviiiiiiiinen e .80 0
Idaho Group, undifferentiated e
Clay,blue,sandy ..........c.cciiiiiiiiiiinennnnnn 240 50
Clay,blue ... e - 40 290
Sand,yellow ............. . i e 5 330
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LOGS OF WELLS (Contd.)

-
Depth
Thickness (feet below
Material . (feet) land surface)
7S-5E-9ddd1--Continued

Idaho Group, undifferentiated (Cont'd.) ,
Clay.blue ...... ... . 10 335
Sand,yellow ...................... e 75 345
Clay,yellow ... ... i 2 420
Clay,yellowandblack ................ ... .. .oiii... 78 422
Sand ... S 20 500
Clay, yellowandblue ............. e 180 520
Clay,darkgray ..........ccoiiiiiiiiiii ... 77 ..700
Cinders,black .......... ... ... i i 18 777
Rock,black ........ ... i 9 795
Clay,yellowandblue ................coiiiniinninn... 59 804
Rock,black,hard ........... ... 47 863
Clay, yellow, sticky ....... ... ... 40 910
Clay ...... e e e e e 20 950
Clay, gravel, andsandinlayers ........................ 55 , 970
Clay .. e 20 1,025

Banbury Basalt
Rock,black ........ ... . i 380 1,045
Rock, black,softer .............. ... ... . ... e 25 1,425
Rock, black,harder ............. ... . il 50 1,450
Clay, sticky ..ot i 20 1,500
Clay, multicolored ................cciiiiiiiiiiiia, 120 1,520
Clay,blue ....... ... i i 100 1,640
Rock andclayinredand brownlayers .................. 105 1,740
Rock, black,soft ............. .. 45 1,845
Clay, multicolored withrock layers ...................... 90 1,890

Idavada Volcanics
Rock, purple, hard and fractured, water ................. 85 1,980
Totaldepth ......... o 2,065

- 7S-5E-13cbb1
(Casing: 20-inch steel 0 to 710 feet;
10-inch steel 1,070 to 1,180 feet;
8-inch steel 1,510 to 1,680 feet;
Yex3-inch perforations: 180-710 feet;
1,070 to 1,180 feet; 1,510 to 1,680 feet)

oMl 4 0

Idaho Group, undifferentiated
Sandstone,water ............. .., 127 4 ,

-
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LOGS OF WELLS (Cont'd.)

Depth
. Thickness (feet below
Material - (feet) land surface)
7S-5E-13cbb1-Continued
Idaho Group, undifferentiated (Cont'd.)
Sandstone, soft ...... ... i i e 49 131
Clay, yellow,chalkky .................c.iiii... e 470 180
Sand and some peagravel,water ...................... 40 650
Chalk .. e e 20 690
Clay,blue ......... et iii i 177 710
Banbury Basalt
Lava,black ......... .o i i 70 887
Lava,brown,soft ..........c.. il .. 2 957
Rock,red .......... ..ot e 70 . 9589
Lava,black ........................ e ieteieanneea, 111 1,029
Sand ... et e 40 1,140
Lava,black ............. 420 1,180
Rock,red ...............cccuil et . 10 1,600
Tuff, red, withsand and gravel ........ e 30 1,610.
Lava,black .................. oL S S 11 1,640
Tuff, red, with sand and gravel ............. e e 29 1,651
Rock,brownandred ............. ... ciiiiiiiiiienn.. 160 1,680
Rock;blackandred .............cciiiiiiiiiiii. 114 1,840
Totaldepth .........ccoiiiiiiiiiiiiii i, e 1,954
7S-5E-28acd1
(Casing: 16-inch steel 0 to 234 feet)

. ldaho Group, undifferentiated ‘ R ,
Chalk,rock ......coviiiiiiniviinnanen, e PR 110 -0
Sand,water ...............c.oiiiiiii e eeeeean, 126 - 110
Lava,black .......... .ol 8 ...236
Clay, gray, Sticky ........coviuiiniiiiiiiiiiiinnennnn.. 80 244
Lava,black .......... eereienareis s wrerian e : 9 324
Clay, sticky ...........ccoiunnt Fa e e e e 17 333
Gravel,cemented ...... R P VI I AP 7 350
Clay, sticky .............. e B " "33 357
Sand(?) .......... e SR L eiaeecenesaaas 12 390
Lava,black ....... e s siiaeies SRR .28 402
Clay, sticky ......... e e iame e B 47 430

~ Banbury Basalt _ , , :
Lava,black,hard ..ot ittt iaieienas 20 .- 477
Lava,red,hard ...................... et 26 - 497
Lava,black ................... e heaeeereieeenanaa. 227 523
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LOGS OF WELLS (Cont'd.)
Depth
Thickness (feet below
Material (feet) land surface)
7S-5E-28acd1--Continued
Idaho Group, undifferentiated (Cont'd.)
Lava,red ....... ., i 13 750
Red, sticky formation ............. ... .. oo 15 763
Black sandy formation ............... ... ol 28 778
Idavada Volcanics ,
Lava, black (volcanicglass) ..................... ...l 39 806
Rock, reddish-brown ........ ... 49 845
Rock,red ...t 2 894
Conglomerate, sand, clay, andwater ................... 94 896 .
Rock,black,hard ......... . ... i i 13 990
Totaldepth ......... ..o e 1,003
7S-6E-15bat
(Casing: 6-inch steel 0 to 65 feet)
SOOI 20 0
Gravel ... .. 44 20
Idaho Group, undifferentiated
Shale,blue,soft ......... ... .. ... 96 64
8and, gray . ... 15 160
Shale, blue,soft ........... ... . .. 552 175
Sand, gray, coarse,water .................oiiiininnnn. 13 727
Shale, blue,soft ....... ... ... . 110 740
Sand, gray, soft,water ............ ... ... ... 10 850
Shale,blue,hard ............ ... ... 17 860
Sand, gray, soft,water ................. ... ... ... ..., 8 877
Shale,blue,hard ............. ... ... . 17 885
‘Banbury Basalt
Rock (basalt), black, hard .................... ..., 8 902
Totaldepth ... 910
7S-6E-21dbct
(Casing: 10-inch steel 0 to 167 feet)
TOPSOIl .. 26 Q
Jdaho Group, undifferentiated
Sandstone ............. ... e, 59 - 26
Sand ... e 77 85
Clay,blue ....... ... i, 4 162
Banbury Basalt
Rockblack ........ e e e 5 166
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
7S-6E-21dbc1--Continued
Banbury Basalt (Cont'd.) ‘ .
Clay, blue, andbrokenrock ...................... ..., 19 171
Lava,black .. ..oviiiiii i i e it 50 190
Clay, blue, andbrokenrock ...................ocvit.... 40 240
Rock,brown,water ............. .. i, 11 280
Lava, black ...... e N 19 291
Rock,red,water .................c..olae feerree e, 15 310
Rock, red, and cinders, water ................... P 10 325
Lava,black ................. i, 20 335
Clay,red .. ... e 5 355
Sandstone,red .................... et - 35 360
Rock, sand, andblueclay .......................... . 20 395
Rock, black,andclay ........cccoiviiiiiiiiiiiiiin, 20 415
Rock,red,water .............oiiiiiiiiiiiiii 5 435 .
Rock, black,hard ............ N - 15 . - 440
Rock, black, veryhard ............... et 25 455
Rock,reddish,water/ ..................... e vasenenana 20 480
“Rock and cinders, red and brown,water ................ . 25 ~ 500
Rock,black ..........covveiiiininaann, e 22 525
Rock,red ........ccviiiiiiiiiiiiininnnn e _ 9 - 547
Rock, black, andclay ....... e e ereire i 9 ~ 556
Rock, black,hard ................ciiii, e ‘ 20 565
Rock,red .......cooiiiiiiiiiiiiiiiinnn, I 6 - 585
Rock,brown .............coiiiiiiii, cherenns , 6 - 591
Rock, brown andred, water ......... e, 8 . 597
Rock,black ............... PRI i s -6 605
Rock,red,water ..............cooiiiiiil, PR ces 9. 611
Rock,black ................ v eemesat i esria e 15 620
Rock, black, andclay ........... e, e . 11 . 635
Rock, red, andclay ............... R A 14 . 646
Rock, red, and cinders, water ...... P 13 660
- Conglomerate, black ........ e e e . 42 . 673
Rock,red, water ........... e e S 15 715
Rock, black, andciay ......... P e 22 730
Rock, red, andclay ........ Cereeeea [ 8 752
.Totaldepth ....... ceariae e e e 760
’ ’ - 75-6E-22aad1 .
(Casing: 14-Inch steel 0 to 400 feet) .
Soil ............ F 3 0
Gravel ..........cooiuiiinn e 58 3
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LOGS OF WELLS (Cont'd.)

Depth

Thickness (feet below
Material (feet) land surface)
7S-6E-22aad1--Continued
Idaho Group, undifferentiated
Sandstone ...... e e e 13 61
Gravel,fine ....... ... 2 74
Sandstone, Soft ... ... 17 76
Clay,sandy ..........coiiiiiiiiiiiiiiiiiiiiiiinanns 39 93
Clay,yellow ........ciiiiiiiinieiii i e 178 132
Shale,brown ....... ... i 4 310
Clay, whitish color, sticky .................coioiiiii, 80 314
Banbury Basalt

Rock,brownandred ............ccciiiiiiiiiiiiin, 5 394
Rock,red .....c.iiiiii et e 16 399
Rock,black ... e e 28 415
Rock, reddish-purple ............cccoiiiiiiiiiiiiin, 18 443
Rock,redandbrown,water ................ ... ool 74 461
Rock,red,water ...........coiiiiiiimieniinrininannns 20 535
Rock, purple,water ........ ..., 10 555
Rock,red,water ...........c.c i 10 565
Rock, brown,water .........cooiiiiiiiiiiiiinann, 5 575
Rock, purple,water ............. ... i, 5 580
Rock,red,hard ......... ... 10 585
Rock, purple ... e e 13 595
RoCK, red ..ot e i 52 608
Rock,black ... e 14 660
Sand, orange-red, someclay ..............ccoiiiiin. 26 674
Clay,brown,androck ............ccoiiiviiiiiiiat, 11 700
Rock, black,andclay ............ccooiiiiiiiiint 40 711
Rock,black ..o 15 751
Rock,red,water ............ccoiiiiiiiiniinnieninnnnn 4 766
Rock,black ........... . oo il 50 770
Rock,red ... e 20 820
Rock,brown ... i 15 840
Rock,red ..ot 15 855
Rock, brown ... ... e 30 870 -
Rock,red .....ccoiiiiiiiiiiiiii ittt e 40 200
Rock,black .......ccoiiiiiii i i i 25 940
Rock, black,andclay ................. e e 15 965
RocK,red .......iiii i ittt 20 980
Rock, purple .. ..o e 30 1,000
Rock,red ...t e 10 1,030
RoCK, brown ... s 10 1,040
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LOGS OF WELLS (Cont'd.)
Depth
Thickness (feet below
Material (feet) land surface)
7S-6E-22aad1 --Continued

Banbury Basalt (Cont'd.)
Rock,black,hard ................ et e, 30 1,050
Sandstone, brown,orcinders .............c ... 80 1,080
Sandstone, red, orcinders,water ...................... 180 1,160

Idavada Volcanics ‘
Rock,red,water ........cociiiiviiirnriernennrneenenns 30 1,340
Rock, purple,water ...........iiiiiiiiiiiiian, eeeas 40 1,370
Totaldepth ......... e eae et 1,410
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PUBLICATIONS LIST

IDAHO WATER RESOURCE BOARD

Publications

Planning Report No. One - Idaho Water Resources

Inventory, 1968 (one 600 page volume plus 50-map™
atlas)

Planning Report No. Two - Economic Base Study for
Water Requirements, 1969
Volume | - Employment-Populations-M & | Water
Volume I - Agriculture-Forestry-Mining

*Planning Report No. Three - Aquattc sze Water Needs,
1969

Planning Report No. Four - Recreational Water Needs
(study not published)

*Planning  Report No. Five - Agrzcultural Water Needs
1971

- Plannmg Report No. Six - EIectrtc Power Water Needs

1970

Planning Report No. Seven - Navzgatzon Water Needs
1970 :

SoiIs Surveys Reports - 15 ldaho Counties - Cassia, Twin
~Falls, Minidoka, Bingham, Butte, Bannock,
Bonneville, Canyon, Payette, Power, Caribou, Onelda,
Bear Lake, Franklm and Owyhee :

Potentzally Irrzgable Lands in Idaho-SonIs reports on
remaunmg 29 ldaho counties

Potenttally Imgable Lands in Idaho Summar:y Report
Number One, 1970 :

*First Biennial Report -7/1/67 to 6/30/69
Second Biennial Report 7/1/69 to 6/30/7 1
Third Bzenmal Report 7/1/71 to 6/30/73

Annual Report of the Idaho Water Resource Board -
Fiscal Year 1974 .

FYrst Annual Report Idaho Water Resource Board
Revolving Development Fund. July1 1969 October
31,1970

*Out of print

Second Annual Report |daho -Water Resource Board
Revolving Development Fund. July 1, 1970 through
September 30, 1971 '

Third Annual Report Idaho Water Resource Board
Revolving Development Fund. July 1, 1972 - June
30, 1973

*Fourth Annual Report tdaho Water Resource Board
Revolving Department Fund. July 1, 1973 - June 30,
1974 '

*Eamily Size Farms in Idaho, 1969

Interim State Water Plan, Preliminary Report, July 1972

*4 Survey of Public Attitudes and Opinions on Idaho’s

Water Resources, October 1972

*A Survey of Public Attitudes and Opinions on Idaho’s
Water Resources, December 1973 .

The Potential Impact and Assessment of Mitigation of
Swan Falls and Guffey Dams on the Snake River
Ecosystem, November.1972

Crane Falls PI‘O]eC’t Feasibility ‘Report, November 1972
Water The Hentage of Man January 1973

Summary of Public Informanon Meetmgs, Interim State
Water Plan, March 1973

Testz'mony, Cbmments, Suggestions and Recommenda-

" tions on Information and Concepts Contained in the
. Interim State Water Plan Prehmmary Report, June
1973 S

Comprehenszve Rural Water and Sewage Studzes - 25
. Idaho - Counties .- Adams, - *Bannock, Bear: Lake,
Bmgham *Blaine, -Boise, Bonnewlle Canyon,
*Caribou,. Cassia, Clark, Custer, Elmore,--Gem,

- Jefferson, Jerome, Lemhi, Lincoln, Madison, Onelda
.Owyhee Payette, Shoshone, Twin Falls, Washmgton

_Power Plant Sztmg and Water Needs for Future Power
Generation in Idaho, May 1974

Indtan Hills Pro;ect November 1974

Water Availability for In-Stream Flows, Snake River,
Swan Falls-Hells Canyon Dam, April 1974
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PUBLICATIONS LIST (Cont'd.)

. IDAHO WATER RESOURCE BOARD (cont’d.)
' " Maps .

rrigated and Potentially Irrigablc Lands in Idaho. Size
32" x 6507, 1970

Pamphlets and Brochures
Your Idaho Water Resource ‘Board {Brochure)

Loans for Water Resource Development - Information
Pamphlet No. 1

*The Marysville Project - \nformation Pamphlet No. 2

- Idaho’s Water Resources and the Future - Information
Pamphlet No. 3

Idaho’s Living Water - Information Pamphlet No. 4

IDAHO DEPARTMENT OF RECLAMATION

Water Information Bulletins

*No. 1~ Ground-Water Conditions in Idaho, 1966
*No. 2 Ground-Water Monitoring Network for
Southwestern Idaho
*No. 3 Ground-Water Development in Idaho, 1967
*No. 4 Ground-Water Resource of the Mountain Home
Area, Elmore County, Idaho
No. 5 Ground-Water Levels in Idaho, 1968
*No. 6 Record of North-Side Springs and Other Inflow
to the Snake River between Milner and King
Hill, Idaho, 1948-67
No. 7 Water Level Changes in the Mud Lake Area,
Idaho, 1958-68
No. 8 Water Resources of the Goose Creek-Rock
Creek Area, Idaho, Utah and Nevada
No. 9 Inflow to the Snake River between Milner and
King Hill, Idaho
No. 10 Ground-Water Development in Idaho, 1968
No. 11 ° Ground-Water Levels in Idaho, 1969
No. 12 Artificial Recharge to the Snake Plain Aquifer,
An Evaluation of Potential and Effect

No. 13 Hydrologic Reconnaissance of the Bear River

Basin in Southeastern Idaho :
No. 14 Ground-Water Resource of Northern Owyhee
County, Idaho

*Ou{ of print
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No. 15 Ground-Water Resource of Southern Ada and
Western Elmore Counties, Idaho

No. 16 A Reconnaissance of the Water Resources in
the Portneuf River Basin, Idaho

No. 17 Ground-Water Development in Idaho, 1969

The History of Development and Current Status of the
Carey Act in Idaho, March 1970 .

IDAHO DEPARTMENT OF
WATER ADMINISTRATION

Water Information Bulletins

No. 18 Ground-Water Levels in Idaho, 1970
No. 19 The Raft River Basin, Idaho-Utah as of 1966: A
- Reappraisal of the Water Resources and
. Effects of Ground-Water Development
No.20 Water Resources of the Blue Gulch Area -
Eastern Owyhee and Western Twin Falls
Counties, Idaho :
No. 21 Reasonable Pumping Lifts for Idaho
*No. 22 Water Resources of the Twin Falls Tract, Twin
. Falls County, Idaho
No. 23  Ground-Water Pumpage from the Snake Plain
Aquifer, Southeastern Idaho
*No. 24 Ground-Water Levels in Idaho, 1971
*No. 25  Water Resources of Western Oneida and
Southern Power Counties, Idaho
*No. 26 Some Effects of Land-Use Changes on the
Shallow Ground-Water System in the
Boise-Nampa Area, Idaho
*No. 27 Ground-Water Levels in Idaho, 1972
*No. 28 Water Resources of the Big Wood River-Silver
Creek Area, Blaine County, Idaho
No. 29 Ground-Water Development in Idaho, 1970-71
No. 30 Geothermal Investigations in Idaho, Part 1}
Geochemistry and Geologic Setting of
Selected Thermal Waters
Geothermal Investigations in Idaho, Part 2, An
Evaluation of Thermal Water in the
Bruneau-Grand View Area, Southwest Idaho
Geothermal Investigations in Idaho, Part 3, An
Evaluation of Thermal Water in the Weiser
Area, Idaho
*No. 31 A4 Reconnaissance of the Water Resources in
the Pahsimeroi River Basin, Idaho
No. 32 A Progress Report on Results of Test-Drilling
and Ground-Water Investigations of the
Snake Plain Aquifer, Southeastern Idaho,

Part 1 and 2 7
o'
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| PUBLICATIONS LIST (Cont'd.)

~

IDAHO DEPARTMENT OF WATER DEPARTMENT OF WATER RESOURCES
ADMINISTRATION (cont'd.) ‘ : '
: : Ground-Water Levels and Well Records for Current

*No.33 A Ground-Water Monitoring Network of Observation Wells in Idaho, 1922-73, Parts A, B and
Kootenai Flats, Northern Idaho C, September 1974
No. 34 An Estimate of Leakage from Blackfoot Res-
ervoir to Bear River Basin, Southeastern No. 39 Chemical and Physical Data for Disposal Wells,
Idaho Eastern Snake River Plain, Idaho

No. 35 Ground-Water Occurrence and Movement in the
Athol Area and the Northern Rathdrum Review of Boise River Food Control Management,

Prairie, Northern Idaho November 1974
No. 36 Water Resources of the Aberdeen-Springfield
' Area, Bingham and Power Counties, Idaho An Evaluation of Stream Channel Relocation, South
No. 37 The Availability of Water in the Little Lost Fork of the Coeur d’Alene River, December 1974
River Basin, Idaho

No. 38 A Progress Report on Results of- Test-Drilling
and Ground-Water Investigations of the
Snake Plain Aquifer, Southeastern Idaho,
Part 3

St.  Anthony Pilot Recharge Project, 1970-1974,
February: 1975

Snake . River Basin Study, Idaho-Wyoming, 1975

Biennial Report of the Department of Water Ad- {pamphlet) '

ministration - July 1,1972 - June 30, 1974 . :
Silver Creek, A, Water Resource Study in the Bellevue

“vout of print Triangle, March 1975 (pamphlet)
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INTERIOR PREPARED IN COOPERATION WITH THE

UNITED STATES DEPARTMENT OF THE
IDAHO DEPARTMENT OF WATER RESOURCES

GEOLOGICAL SURVEY
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FIGURE 7.--Gravity anomalies in (a) a part of the western Snake River Plain and in (b) the

Bruneau-Grand View area, southwest |daho.
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CHEMICAL RATIOS AND AQUIFERS--

CL Chloride

HCO3 Bicarbonate

CO3; Carbonate

F Fluoride

B Boron

(%) Undetermined ratio
V volcanic rock

S sedimentary rock

G granitic rock

»6 S

T7S

T9S

FIGURE 9-- Ratios of selected chemical constituents of water from sampled wells and springs
in the Bruneau-Grand View area, southwest ldaho.
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FIGURE |10.--Estimated aquifer temperatures and water temperatures at surface for sampled wells
and springs in the Bruneau-Grand View area, southwest |daho.
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