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GEOTHERMAL INVESTIGATIONS IN IDAHO

Part 2

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

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 voicanic-rock aquifers, and (2) the overlying sedimentary-rock
aguifers. The Idavada Volcanics or underlying rock units probably constitute the reservoir
that contains thermal water.

An audio-magnetoteliuric survey 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 fo 1,100 milligrams per litre (mg/1) in the volcanic-rock aquifers, they
were generally less than 500 mg/1. Measured chioride concentrations of water in the
volcanic-rock aguifers were less than 20 mg/1.

Temperatures of water from wells and springs ranged from 9.5° to 83.0°C. Tempera-
tures of water from the volcanic-rock aqguifers 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 composed 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 Idaho’'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 180°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
ldaho 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 in the 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 8., 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. (Mundorfi, Crosthwaite, and Kilburn, 1964, p. 67).

Purpose and Scope

The purpose of this report is to 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 welis.

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.
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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 geothermai system in the Bruneau-Grand View area. Previous reports and
drillers’ logs were used to prepare a geologic map and geclogic 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 hydrologic analysis was made to identify areas of 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
(1963), 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 Marshail (1963) presents detaited geoiogy for the eastern half 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.
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Well- and Spring-Numbering System

The numbering system used by the Geological Survey in Idaho indicates the tocation 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 guarter sections, 40-acre and 10-acre tracts are lettered in the same manner. Well
63-3F-2ccel is in the SW1aSW1aSWYa, 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 85-6E-3bdd1S.
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FIGURE 2. Diagram showing the well- and spring-numbering system.
{Using well 6S-3E-2ccc1.)




Factors For Converting Engiish Units to
International System (S} 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, many of the measurements reporied 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 tc equivalent
values expressed in parts per million, or paris per billion, respectively.

Multiply English units By To chtain St uniis
Length
inches (in) ... . oo 25.4 milfimetres (mm)
0254 metres (m)
feet {F1) o o e 3048 metres (m}
miles (Mi) ..o e 1.608 kilometres (km)
Area
ACTBE v tr e et tar vaeas 4047 square metres (m2)
4047 hectares (ha)
sguare mites (M%) ... .o i 2.590 square kilometres (km?)
Fiow
cubic feet per second (ft¥/5) .......... 28.32 litres per second (l/s)
02832 cubic metres per second (m3/s}
gallons per minute (gal/min) .......... .06309 litres per second {l/s}
million gallons par day {Mgal/d) -...... .04381 cubic metres per secend (m3/s)
GECLOGY

The three principal subdivisions in the Brunsau-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 basalf, 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 uplift is 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 upliftrange
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 seguence 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
intable 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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TABLE 1

DESCRIPTION AND WATER-BEARING CHARACTERISTICS OF GEOLOGIC UNITS

Era

Period

Epach

Rock unit

Descri;}tiunl

Water-bearing c:harac‘ceristi(:s2

Cenozoic

Cenozoic

Cenozoic

Cenozoic

Cenozoic

Cenazaic

Quaternary

CQuaternary

Quaternary

Cuaternary

(uaternary
1o
Tertiary

Quaternary

Holocene

Pleistacene

Pleistocene

Pleistocene

Pleistocene
ta
Plincene

Pleistacene

Alluvium and dune
sand {Qal, Qd}

Melon Gravel of the
Snake River Group {Qm}

Crowsnast Gravel of
the Snake River Group
{Qc)

Unnamed gravel of the
Snake River Group (Qg)

taho Group, undiffer-
entiated {QTiu}

Black Mesa Gravel of
the {daho Greup (Qp}

(tal, atluvivm; Qd, dune sand. ineludes clay,
silt, sand, and gravel. GChiefly fluvial and
enlian deposits of Holocene age, The deposits
form hills, mounds, and crescent-shaped
dunes.

Consists of boulders, cobbiles, and pebbles in
a matrix of basattic sand. Boulders common-
ly 3 feet in diameter.

Chiefly silicic volcanic pebbles but with
abundant quartz and paorphyry cobbles
in places. Gravels occupy terraces about
50 feet abave the Snake River.

Cansists of pebble and cobble gravels that
occupy terraces glong the Bruneau River,

Poorly to well-stratified fluvial and
lacustrine deposits of unconsolidated to
consolidated gravel, sand, silt, and clay
with layers of ash and intercalated basaltic
lava flows. In places exceeds 3,000 feet in
thickness.

Consists of gravel and sand as much as 25
feet thick. Remnants of a widely preserved
pediment surface. Gravel is largely reworked
frem older gravels and is capped by a caliche
layer several feet thick,

Surficial deposits that are not permanently
saturated. Toe limited in extent to be
important as aguifers.

Surficial deposits that are not permanently
saturated. Not impartant as aguifers.

Surficial deposits that are net permanently
saturated. Not important as aquifers,

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

Yields to wells vary from very poar to
good depending upon unit pengtrated.
Important as an aquifer, See descriptions
tor individual units below,

Not important as an aguifer. In most placss
the unit occurs ahove the water table,




TABLE 1.

Description and water-bearing characteristics of geologic units. {continued)

Era

Period

Epoch

Rock unit

DESBI’ipﬁDI‘I‘E

Water-bearing {:harau:teristit:s2

Cenozoic

Cenozoic

Cenozoic

Quaternary

(tuaternary

Quaternary
and
Tertiary

Pleistocens

Pleistacene

Pleistocene
and
Pliocene

Bruneau Formation of
the Idaho Graup {Qbs,
Obhy

Tuana Gravel of the
Idaha Group {0t

Gienns Ferry Forma-
tion of the ldahe
Group {QOTq)

Canyon fill of undeformed, uncensolidated
detrital material and interbedded basaitic
lava flows associated with marginal deposits
of gravel and basait. Qbs, detrital material,
daminated hy massive lakebeds of white-
weathering fine silt, ciay, diatomite, and
minor amounts of silt and sand. Includes
beds of ironstained pebble and cobble
gravel; Obb, basaltic lava flows, locaily
stained brown and yellow, Exceeds 1,000
feet in thickness. Exposed in places along
the Bruneau and Snake Rivers.

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

Basin fill of poorty consolidated datrital
material and minor lava flows of alivine
hasalt. Includes fiuviat and lacustrine
deposits characterized by abrupt lateral
facies ehange. Facies include: Massive silt
layers, evenly layered, thick, cemented
sand beds; thin beds of dark clay, olive
silt, and carbonaceous shale; rippie-marked
sand and silt; granitie sand and fine pebbie
gravel; quartzitic cobble gravel; thin beds
of silicic voleanic ash; and thicker beds of

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

of the sedimentary deposits. The basait
unit generally lies above the water table
in this area,

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 an aquifer.




il

Cenozoic

Cenozaic

Cenozoic

Cenozoic

Cenozoic

Tertiary

Tertiary

Tertiary

Tertiary

Tertiary

Pliocens

Pliocene

Pliocene
to
Miocena

Pliocene

Miocene(?)

Chalk Hills Farma-
tion of the ldaho
Group (Tc, Teh)

Banbury Basalt of the
tdaho Group {Th}

Silicie volcanic
roeks {Tsv)

ldavada Volcanics
(Tiv)

Rhyolitic rocks
{Tv)

fragmental basaltic material. Maximum ex-
posed thickness is about 2,000 feet, with
the {acustrine facies composing the great-
est volume.

Basin fill of consolidated, Jocally indurated,

clastic deposits, and minor basaitic {ava flows.

Tc, lake and stream deposits and valcanic
ash in variegated sequences of white, pink,
brown, and gray beds; Tch, lava flows of
olivine hasalt about 25 feet thick. Maximum
exposed thickness is sbaut 300 feet.

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

Silicic volcanic rocks, undifferentiated.
Includes fdavada Voicanics and rhyagiitic
rocks.

Silicic latite; chiefty thick layers of devitri-
fied welded tuff, but includes some vitric
tuff and lava flows. Rhyolitic rocks ocour
in minor amounts. Predoaminantiy porphyri-
tic with phenocrysts of andesine, clinopyro-
xene, hyperstene, and magnetite, but with
no quartz, saniding, harnblende, or biotite.
Overlies older rhyuolitic and related rocks,
locally exceeds 3,000 feet in thickness,

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

Yields water siowly to wells. Important as
an aquifer only to domestic and stock weils,

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 hasaltic unit
tends to be a poor aguifer, whereas the
unaltered unit is a good aguifer.

Remarks for ldavada Voleanics and
rhyalitic rocks apply to this unit.

The highly jointed and fractured charac-
ter of these rocks make them a good
aguifer in the study area and iarge weli
yields are obtained. 1t is belisved that these
rocks serve to fransmit recharge-water to
the area and thence upward to overlying
units.

Unknown; may be an important aquifer.




TABLE 1. Description and water-bearing characteristics of geologic units. (continued}

Era Period Epoch Rock unit

Descriptio n1

Water-hearing [:hilral:teristi(:s2

Mesazoic  Cretaceous - Intrusive rocks
{Ki}

Intrusive granitic rocks of comparable age
arud compaosition to the ldaho bathalith.
Exposed in the southwestern part of the
study area. Believed to form the base-
ment complex.

1l\l{ndified chiefly from Malde, Powess, and Marshat| (1963); and in part from Littieton and Crosthwaite {1357).

zMndiﬂed from Littleton and Crosthwaite {1957} and Ralston and Chapman (1959).

tUnknown; may be an aquifer.



A study of the gravity and crustal structure in the western Snake River Plain by Hill
(1983) 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 fend support to the existence of a northwest-trending system of semiparal-
lel fauits in the area. Aithough 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'iogs and other geologic informa-
tion, illustrate the fault system mentioned above. Sections B-B', D-E'D’, C'E-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 aifitude of formations between wells. A
system of northwest-trending fauits, such as shown in figure 4 by Malde, Powers, and
Marshall {1863), 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-frending geologic sections. Most known faults in the area trend 1o 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
vertical 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 geologic
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 View area occurs under artesian {(con-
fined) 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 sedimentary-rock aguifers, which generally consist of units of the idaho and
Snake River Groups.

Because of its arid climate, recharge to the aquifers underlying the Bruneau-Grand

View 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

13




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

Recharge to the velcanic-rock aquifers, exctuding the Banbury Basalt, is believed to be
from precipitation onto rocks cropping out at the higher altitudes. These rocks are guite
permeabie in many places, particuiarly where fractured by faults, and they readily accept
water. Many smaill, intermittent stream channeis, which seidom contain water, drain the
scant runoff from the mountains. The only perennial stream crossing the Bruneau-Grand
View area is the Bruneau River. The lack of perennial sireams 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, percotation losses from the intermittent streams in the area may sporadically supply
small amounts of recharge to the sedimentary-rock aguifers.

Possible Thermal Beservoir Rocks

Generally, water temperatures measured at weils producing from the ldavada Vol-
canics are significantly higher than temperatures measured at nearby wells producing from
the overlying sedimentary-rock aguifers (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 indicalive 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.

ldavada Volcanics

The ldavada Volcanics is exposed in the southern part of the study area and probably
underlies most of the Bruneau-Grand View area. lt is considered to be the most important
aquifer in the area and an aquifer that generally vields large quantities of water to wells
{Littleton and Crosthwaite, 1957, p. 159). The Idavada Volcanics is also believed to act as
the principal 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 ft¥/s).
Aquifer characteristics, such as transmissivity and storage coefficient, are not known for the
ldavada 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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GECHYDROLOGIC DATA FOR SELECTED WELLS AND SPRINGS
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TABLE 2. Geohydrologic data for selected wells and springs. {continued)
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2,540

2,570

356

250

885

10

1,075

1,080

—485

—48h

-360

-70
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Banbury
Basalt{?)
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7.5
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1.0
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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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|davada
Volcanics

ldavada
Volcanics

{davada
Volcanics

tdavada
Valcanics

Idavada
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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 couid, 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 Rocks

Granitic rocks similar to those of the idaho batholith are exposed in the Bruneau-Grand
View area. These rocks probably form the basement compiex throughout this area, and,
because granites are generally considered to be dense and relatively impermeable, they
may not contain significant guantities 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 guality as it moved into and
through overlying rock units. However, it is also possibie 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 potential as a reservoir for
geothermal water.

GEOPHYSICAL SURVEYS

Geophysical surveys, including gravity, aeromagnetic, audio-magnetoteliuric, 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 {o 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 resuits
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 Surveys

The results of a gravity survey (fig. 7a) by Hill (1963) indicates 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 9C miles long and 25 miles wide (fig. 7a). The effect of thig 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 tc 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 Valley, and a high that trends southeast from the head of Little Valley.

The lines of equal magnetic intensity (fig. 8) resulting from aeromagnetic surveys
compiled by the Geological Survey were released {o the open file in 1971, Although these
data are considered prefiminary and have not been ediied for conformance to Survey
standards, they show a magnetic high in the Bruneau-Grand View area that trends to the
northwest.

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

Further interpretation of ali gravity and magnetic data for the Bruneau-Grand View area
will be made in the aforementioned forthcoming geophysical report,

Reconnaissance Audio-Magnetotelluric Survey

An AMT (audio-magnetotelluric) survey by D. B. Hoover and C. L. Tippens (app. A) has
revealed a major northwest-tranding conductive anomaty 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 {fig. 10). Within the conductive zone, apparent
resistivities approaching 2 ohm-metres are indicated at depth. Resistivities in this range
suggest a hot-water reservoir with some alieration of the reservoir rock by the hot water

(app. A).

The conductive anomaly has distinct 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 at a depth below the range of the current
AMT survey.

The large area extent of the conductive anomaly in the Bruneau-Grand View area
suggests a broad heat source for the thermal water.

GEOCHEMICAL SURVEYS

Eighty-seven wells and seven springs in the Bruneau-Grand View area were selected
for water-quality sampling. The sites (fig. 4) selected provide for areal representation of the
guality 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 aftitudes, well depths, and
aquifer units, are givenintable 2.
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TABLE 3

CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS

{Chemical constituents in milligrams per Htre except where notad.)

L2

z N E Hardnass J ‘ Chemical constitvents
= = = = g?’ ‘.“; j; z @ | g— é g in micrograms per litre
SR TR g e |E |z |zeo P ERES R EREE] £5 |
2% =2 1S3y 18 13 lgs '3 \2mEESle R 02 EhlE L EE BN g flee LR e _ S e %
= 5 £ 3 g o2 E_| 2 & s |2 HsR | ES|S = = BE |gawl w® SIEEIEE | 5% T |5 g s 2 | 8
$3e| £3 |B3l22 |33 5% 32 Eg |B2 22|28 |58 i2g|BlE 8| 25 EE| S | 5|25 88 L E|E5EnlEs 55 53
<5 S8 |53 159 89|52 A2 | T¥ o |E2|3s | A0 |52aLi52 85 58 58| 12 5‘:2[%: 52 %S |ERiGZ 2B Saois2
330 13/1/24 - B5Q 43.0 8.9 359 8.0 248 202 5.0 21 0.07 305 041 150 g 33 1.3 440 18 200 & 89 30
- 73/7/24 0.61 120 25 29 310 29 9527 181 55 B 25 989 135 14 g 86 16 1,420 73 300 3 1,000 B8l
1.700 73/6/8 .61 98 13 2.8 250 29 783 B26 3.6 16 788 1.07 44 g9 87 16 1,160 1.3 3740 14 780 140 i
3,040 T36A 0 33 83 1.2 0 Wik .8 63 142 38 i} 333 45 3 o 98 25 476 82 w0 22 158 10 ?
350 73/1/23 - &7 33 3.2 18 31 129 105 10 10 181 25 98 g 15 . 226 88 ip5 20 20 HY a
2,960 731118 - 9 6 0 99 8 72 136 40 338 4B 3 6 98 27 453 87 755 28 150 10 ]
1000+ 73/7/27 .02 100 21 689 330 24 1410 828 4.5 3 - 1,020 138 8 g 87 Hs 1,390 74 280 9§ 620 B3C g
2,704 13/119 05 110 h.3 AR 8.5 383 314 5.7 7 a7 499 68 17 g 92 16 699 a8 430 & 1,600 250 3
1,500 73/7/24 - 120 7 1.3 266 28 187 45 1.2 .5 27 853 116 73 o 23 13 1,230 7% 320 10 8§06 700 i]
2,969 RIS 33 22 0 180 g 63 133 42 .01 336 .46 & 4 87 13 514 9.3 640 44 160 10 3
660 731516 8177 3 0 180 d 57 130 42 02 317 43 3 0 98 24 468 9.2 650 30 170 10 .
320 1379 45 a3 10 100 1.3 82 132 41 01 344 47 3 (U ] 6 463 8.3 B4 29 150 20 3
1,800 734119 .08 77 1.7 8 86 6 46 136 71 288 .39 4 g 86 18 423 98 485 1t 1,100 1 ]
2,450 13/647 .02 89 9.8 20 250 22 675 554 34 06 742 81 33 g 40 19 1,100 - 365 4 1,206 740 3
2,009 73/6/5 A7 119 a2 11 150 6.7 223 308 8.1 .04 48§ .67 18 0 83 16 648 83 425 3 980 250 3
1,148 73/68/22 11 g 13 25 250 pi] 157 529 3.2 A6 B2B 113 a3 o 88 7 1,260 716 238 5 1,200 830 I
2,300 341423 4 81 24 0 &1 .B 66 124 10 .05 102 A1 G o 97 i6 418 98 5835 2 1,100 10 g
1,620 736/27 .01 130 2? 57 28C 20 885 727 54 A7 950 1.29 80 o 8B 14 1,260 i3 180 & 1,100 1,100 .2
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- 3723 1 g 42 39 230 18 103 577 6.7 13 808 1.10 120 ¢ 78 91 1,330 12 71n 2 80 730 9
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2,970 13/6/8 - 106 .5 o110 t.b 35 120 64 RH| 380 52 4 g 98 2 529 9.3 &0 14 550 30 5
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2,540 73/8/31 - 98 8 0 97 3 77 134 92 02 324 44 2 g 98 30 437 94 6540 5§ 520 20 A
2,570 7315/31 — 100 22 0 HE i1 54 126 72 02 3 53 3 2 9 30 ah1 9.3 b5 7 560 40 2.7
358 7317420 - 94 85 78 83 12 227 0 136 240 .03  g54 43 2490 41 23 845 82 200 5 136 40 ]
250 1341431 — 4D 86 66 170 6.9 428 ¢ 349 45) - 1,100 1.50 499 43 24 1,850 72 220 28 300 230 ]
885 1373 - ar 29 12 180 26 625 ¢ 513 12 - 831 84 120 73 1.5 1,100 75 250 10 00 440 9
73/7/3 006 30 56 14 8.2 2.0 28 0 23 85 .06 85 gz 20 44 9 o110 30 ¢ 2
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TABLE 3. Chemical analyses of water from selected wells and springs. {eontinued)
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4becl 1,680 13/6/4 - 130 6 0 110 8.4 58 74 17 42 1 12 4 47 396 b4 4 ¢ 8 24 534 34 4806 7 246 26
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15-4E- 1azcl
3ahdl

Sceal
$0bdbi
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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 aguifers (the Banbury Basalt of
the ldaho Group and the Idavada Volcanics).

Thermal water from wells penetrating only the sedimentary-rock aguifers is high in
dissolved-solids conceniration (greater than 800 mg/ 1), is nearly neutral in pH, and usually
contains fluoride concentrations of less than 2 mg/1. In striking contrast, water from welis
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).

Chioride concentrations range from 2.7 to 79 mg/1 in the thermal waters sampled.
Chiloride concentrations for water from the volcanic-rock aguifers were less than 20 mg/1
and only slightly higher for most water issuing from the sedimentary-rock aquifers. Gener-
ally, sulfate concentrations were ruch higher in water from the volcanic-rock aguifers 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 fow chioride, high fluoride, and high sulfate concerntrations 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 ldaho. As
shown below, the chemical similarities of water from the volcanic-rock aquifers and thermal
water from the Idaho batholith (which alsoc contains low chioride 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 bathoiith
Sunbeam Vulcan
well well Hot Springs Hot Springs
4S-1E-34bad1 5S-3E-26hcb1  1IN-15E-19¢1S  14N-6E-11hdalS
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
Chloride (mg/1) 13 15 12 17
Fluoride {mg/1) 13 15 15 24
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Chemical Ratios

The ratios of certainn 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 CI/(HCOs + COs) (chloride/bicarbonate plus carbonate) ratio (Four-
nier and Truesdell, 1970}, the CI/B (chloride/boron) ratio (Ellis, 1970) and the CI/F
{chioride/fluoride} ratio (Mahon, 1970) have been used successiully 1o 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 Cl/(HCQOs + CQOs), 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 aquifers.

The CI/B ratios established for water from the sedimentary-rock and the volcanic-rock
aguifers are not as indicative of water from the respective aguifers as are the Cl/(HCOs +
COs) 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 aguifers 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 fown of Bruneau, which is open to the volcanic-rock aquifer.

Ground-Water Temperatures

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 aquifers. 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 seidom, with a few
exceptions, exceads 35°C, whereas temperatures of water from the volcanic-rock aquifers
ranged from 40.0° to 83.0°C.

Because most wells in the area are not cased through much of their depth, it is difficuit
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
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TABLE 4
ESTIMATED AQUIFER TEMPERATURES AND CHEMICAL RATIOS FOR SELECTED SAMPLED WATERS

Aquifer temperatusz from

geochsmicatlutch}zrmometers Atcmic Batios Molar Ratios
o ; b} Mixed water &
Etg é"f metfmd £ £l 2 | e 5? 2
e & ] £ g 3 P - ! £ Bk PRI - T
. g Ze ) 2Ze] g2 EE,. | gE. == = 5|E glE _l¢g 3 .s:c | o §15‘§0§\§o By o
entitiomion | 25| 53 ot | | 822 2lB :Eg 328155 | §t= g!g;._z e t TS 232 3iigise _Fg_
numher S2| =% |alSilica:| water | water | 85| SIE=2 QSE &a52 | Glad | 883 | 855 (S8l52 | gles | € @ =3 § 8 in5ea 8BS
38-1E-35dact - 20.0 106 — - 56 992 0379 .74 1.96 39.2 50.2 352 275 0.688 0.268 054 0.054 0.695
45-1E-25ecdl  0.01 30.0 148 — - 186 18.2 (181 216 223 1.63 6.04 116 146 .05% 040 045 045 103
2Babct R 270 135 - - 200 "7 385 335 11.6 5.09 3.44 102 151 052 176 029 028 8.1%
29ccdl 3.3 70.0 127 172 64 78 213 - 145 538 244 235 3020 314 048 u26 At 239 B35
30bdpt - 16.5 108 — - 30 4.33 160 417 4.82 41.2 52.8 238 186 2.64 .389 {136 036 6810
34badi - 75.5 132 176 61 81 216 - 173 536 264 254 2.930 in 837 021 188 31 134
48-2E-29dbet .02 28.0 137 — o 175 234 541 274 6h.4 15.3 9.63 158 250 G50 032 .853 853 1.56
32bec? .05 43.0 143 - - 160 30.0 199 451 1.05 514 12.8 174 7.6 058 023 076 878 1.38
55-1E- 3aab! - 32.0 148 - - 192 15.2 878 i6.8 19.3 G.8Y 5.03 112 153 073 052 638 .038 5.65
10bddl 2.7 64.0 127 182 63 81 243 — 79.2 484 248 254 3,020 294 054 053 198 .355 693
Z21cbel 81 65.0 123 168 56 i? 243 - 134 464 233 254 3,020 277 041 035 207 392 .69%
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TABLE 4. Estimated aquifer temperatures and chemical ratios for selected sampled waters. (continued)
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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 alsc 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 758-6E-16cdc, figure 11, may be anillustration of this inthat a
thermai gradient calculated using this well is 6.3°C per 100 feet.

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

Desired watertemperature = ... .. .. 150°C
Thermalgradient = ... .. 2° C per 100 feet
Average annual air temperature (which approximates the temperature
atadepthof 100feet) = ... .. ... .. . . 10°C
Depthrequired = .......... ... ... it 100 (150° - 10°} + 100 = 7,100 feet
ST

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 geochericai thermometers (Fournier and Truesdell, 1973), and a new
technique (Fournier and Truesdeil, 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 ali 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 being in eguilibrium 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 coniaining high silica
concentrations at relatively low temperatures were examined 1o see if the high silica content
was indeed in equilibrium with amaorphous SiG:. Water from well 45-1E-25ccdt has a silica
concentration of 120 mg/t and a temperature at the surface of 30.0°C. The solubility of
amorphous Si0Oz2 at 30.0°C is 128 mg/1, which is very close 1o the 120 mg/1 silica found in
the sample. Water from well 88-3E-250bbb1 has a silica concentration of 98 mg/1 and a
temperature at the surface of 18.0°C. The solubility of amorphous Si02 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 ambiguous results. In several samples, the low-temperature water contained silica
concentrations that were greater than what would be suspected under the assumption of
equilibrium with amorphous 5i0z2. However, the close agreement in most cases between
the measured silica concentrations and the calculated silica concentrations, assuming
equilibrium with amorphous $i0z, indicate that silica concentrations in the water from the
sedimentary-rock aquifers are not in equilibrium with guariz. Thereiore, the assumption of
the silica concentrations being in equilibrium with quartz is invalid, and the silica gecchemi-
cal thermometer should not be used to estimate aquifer temperature at depth for water
ascending through the sedimertary-rock aquifers.

Several samples of high-temperature water from the volcanic-rock agquifers were
tested to see if their silica concentrations, at surface lemperaturas, were in equilibrium with
amorphous SiOe2. In all cases, the silica concenirations in the samples were well below the
solubility of amorphous SiOz, indicating that the silica in this water probably is in equilibriurn
with quartz. However, it should be recognized that some of this silica in these alkaline walers
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 calcuiate 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
aguifers compared to the lower values for dissclved solids in the thermal water of the
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voicanic-rock aguifers 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 poiasstum minerals and much smaller amounts of calcium and
magnesium minerais. The chemical guality of the warm water derived from the
sedimentary-rock aguifers 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 aguifers could conceivably have the same effect on the composition of the
thermal water.

The Mixed-Water Geochemical Thermomeler

Many of the thermal waters appearing at or near land surface are the result of mixing of
hot water frorm 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, 1874) from the temperature measured at the surface and the silica concentra-
tions of the mixiure 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 iemperature 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 nonequilib-
rium conditions exist and, therefore, the sample represents a mixed water.

The mixed-water method was used in the Bruneau-Grand View 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 modsls were constructed or attempted for all sampled thermal waters regard-
less of the relation of estimated Na-K-Ca ternperatures 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 plotled 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 fogether; (2) silica concentrations are in equilibrium with quartz; and (3)
the temperature and silica concentrations of water from the sampled nonthermal springs
(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 oblained 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 prebably indicate that the water has been entiched by amorphous
Si0z, and that, thersfore, 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 aguifers where it is believed the high silica content is due to amorphous
SiOz. The results for the higher temperature water flowing from the volcanic-rock aquifers
are probably more sound, as the silica content of this water is probably in equilibrium 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 araa. 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 thermomester should not be used
to indicate the temperature of this water. The water sampies for which estimated mixed-
water temperatures exceed 220°C probably have been enriched by amorphous SiOs.
Therefore, the best estimates of termperatures af depth, using the silica geochemical
thermometer, are probably those for the higher temperature waler (greater than 45.0°C),
which flows from the volcanic-rock aguifers where caiculated temperatures by the mixed-
water method are less than 220°C.

The Na-K-Ca geochemical thermometer should not be used to estimale temperatures
at depth for water from the sedimentary-rock agquifers. 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 aguifers are probably much more
reliable than those for water from the sedimentary-rock aguifer, especially where these
temperatures have the support of the silica geochemical thermometer.

The estimated subsuiface 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 & mixture of a hot water from depth with cooler, shallower water, then silica
concentrations would also refliect the mixing, and subsurface temperatures may excsed
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 iow, 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 concenirations 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 sedimentary rocks.

The boron concentrations in the volcanic-rock aguifers show a wide range in measured
values. Generally, the vaiues 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

40




soiution 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 aguifers are very low and
usually do not exceed 30 ug/1. Such low concentrations of fithium are usual in water from
basallic rocks (Ellis, 1970).

Mercury and arsenic concentrations in all the sampled thermal waters in the Bruneau-
Grand View area are low, and ranged from 0 t0 4.3 ug/1 and 0 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 aguifers.

(Gas Analyses

(zas samples were collectad from 15 wells near Grand View and in the Castie 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 parcentage by volume in table 5. The analysis technigue 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 analysis technigue were
not.

The gases in the thermal water sampled consist primarily of nitrogen, oxygen, and
methane. in no sample did carbon dgioxide 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
aguifers 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 aguifers. The methane in water from the
sedimentary-rock agquifers probably resuits 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
systemn. 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 tabie
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 waler. The nitrogen-oxygen ratios in the gas from the water of the sedimentary-rock
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TABLES
GAS ANALYSES FROM SELECTED WELLS

Percent by voiume ]
_ ] o
g | g
Wellor corine | S 2 s g |2 2 S| %, | 5%
ell or spring | T 3 ) = g 8= S = s = ®
identification | £ & Major B 5’&| tx | €9 | B 28 | &2
number 22 aruifer =2 ‘ DE’J =2 o2 == =5 == S
45-1E-26abct  27.0 Sedimentary 53 14.2 28.8 <1 <01 3.73 1.96 95+
rocks of
Idaho Group
34badl 755 Idavada 2 16.6 g <1 <.1 4.34 1.98 89+
Volcanics
45-2E-28dbel 28,0 Sedimentary 36 18.3 50 <1 <.1 1.87 1.96 106+
rocks of
ldaha Group
32bcel  43.0 Sedimentary 38 13.5 44.4 <] <,1 2.8t 1.98 92+
rocks of
idaho Group
£§-2E- 1bbel 48,5 Banbury 87 18.2 a0 <1 <.1 3.68 1.96 85+
Basait{?)
58-3E-20adal  50.0 Idavada 1z 19 f <1 < .1 3.77 1.96 91+
Vaolcanics
20bob1  27.0 Sedimentary 52 242 16.4 <1 <.l 258 1.96 103+
racks of
Idahe Group
26beh2 510 |dsvadz 75 12.1 0 <1 <. 1 6.28 1.96 88+
Volcanies(?)
27bdd1  60.0 ldavada 10 12.8 5.5 <} <.1 547 1.56 88+
Voicanies(?)
28bec?  B5.0  idavada 69 171.2 2 <1 <.] 401 1.96 88+
Volcanics
8S-3E- 2chei B62.G Banbury 67 15 5 <3 <.1 583 1.86 84+
Basait
65-bE-20asb1  43.5 Banbury 84 16.5 ] <1 <.} 5.09 1.96 101+
Basalt{?}
§S-7E- 1lech?  41.0 Sedimentary 61 233 20.9 <1 <.l 2.62 1.96 105+
rocks of
idaho Group
1dbel 330 Sedimentary 38 16.4 3h.4 <1 <.1 2.32 1.96 90+
rocks of
ldaho Group
2cdd?  34.5 Sedimentary 38 17.6 46.3 <1 <.1 2.16 1.86 102+
rocks of
Idaho Group

1"F"en‘rpera‘[ulrvs of the water at land surface at time of sampling.
ANALYSES BY: Katherine L. Pering, 4 S. Geological Survey

42




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 percolation from the volcanic-rock
aquifers.

Well and Spring Deposits

Denposition of minerals by thermai 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 w the higher femperatyre 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 that a spring in Shoofly Valley (T.6 S, R. 3 E, sec. 14), was
depositing large amounts of minerals. However, subsequent ground-water development of
the sedimentary-rock aguifer in this area has caused this spring to cease flowing, and for
this reason, fresh samples of the minerals deposited could not be collected. A sample of the
old deposits was collected and analyzed for mineral content. The results show that the
spring deposiis contain chiefly calcium carbonate (travertine) with very small amounts of
guartz {less than 3 percent).

The fack of mineral deposition by thermal waters in the Bruneau-Grand View area is
probably due to the low dissolved-solids concentration 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 voicanism
in the area is restricted to thin, relatively fast-cooling, surface flows; and (2) similar fauited
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
depth or the generation of mechanical heat from major faulting in the Bruneau-Grand View
area.

The large areal extent of the conductive anomaly, as defined 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 Brungau-Grand View area is deep circulation of water in an area of
above-normal geothermal gradient. Meating 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., 1873) suggest that heat-flow
values of 2.4 heat-fiow units or 2.4 x 108 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, which is 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 reiatively 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 Cenozoic hislory of intense diasirophism and silicic
volcanism.

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 aquiters
that include the Idavada Voicanics, the Banbury Basall of the ldaho Group, and undifferen-
tiated silicic volcanic rocks; (2} the sedimentary-rock aquifers, which inciude chiefly
sedimentary units of the Idaho and Snake River Groups.

Recharge to the volcanic-rock aquifer (except the Banbury Basalf) is thought to be
chiefly from precipitation in the higher altitudes 1o 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 Basait is believed io be mainly by the upward movement of water from the
underlying volcanic-rock aquifers.

The ldavada 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 faulis has probably fractured and displaced rocks
ranging in age from Pliocene to Pleistocens. Most of the fauiting 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 (audic-magnetoteliuric} 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 waler from the sedimentary-rock aguifers
generally contains dissolved-solids concentrations greaier than 600 mg/t, is nearly neutral
in pH, and usually contains less than 2 mg/1 flucride. Water from the volcanic-rock aguifers
generally contains less than 500 mg/1 dissolved seiids, has pH values higher than 8.0, and
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has fluoride concentrations in excess of 8 mg/1. Chioride 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 idano hatholith.

Ratios of concentrations of selected chemical constituents are used to distinguish
water from the volcanic-rock and sedimentary-rock aquifers. The chioride-fluoride 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 sedimentary-rock
aqguifers. Chioride-boron ratios of the hotter water from volcanic-rock aquifers showed a
marked decrease near Bruneau and Grand View because of increased boron concenira-
tions.

Measured ground-water temperatures at the surface in the Bruneau-Grand View area
range from 9.57 10 83.0°C with the higher temperatures (407 10 83°C) found in the water from
the volcanic-rock aguilers. Temperatures of the water from the sedimeniary-rock aquifers
seldom exceed 35°C. The observed ground-water temperatures in the volcanic-rock agui-
fers seern to he related to the depth to the aquifers.

Estimated aguifertemperatures range from 82710 157°C as calculated by the use of the
silica gecchemical thermometer and from 21° to 206°C using the Na-K-Ca geochemical
thermometer. Estimated maximum temperatures, which were caiculated by the use of the
mixed-water geochemical thermometer, ‘range from 150° fo 275°C with the coid-water
componentranging from 61 1o 92 percent. Aguiter temperatures in the Bruneau-Grand View
area were estimated atand probably do not exceed 150°C, except where the sampled water
at the surface is of mixed origin; here, maximum temperatures at depth probably de not
exceed 220°C,

A geothermal gradient of 2°C per 100 feet was calcuiated for the Bruneau-Grand View
area using selected well data. Using this gradieni, tamperatures of 150°C could exist at a
depth of 7,100 feet.

The gas in sampies collected from water in the Bruneau-Grand View area consists
primariy of nitrogen, oxygen, and methane. Methane was found primarily in samples from
the sedimentary-rock aguifers. Analysis of the gas in water from the volcanic-rock aquifers
indicalesthat 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 coliection 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
oreliminary 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 o select a site for a deeptest hole.
A deep test hole (10,000 feet deep) in the area of the Bruneau-Grand View thermai anomaly
couid contribute significant data descriptive 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 coliected 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-Magnetoteliuric 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-magnetotelturic) survey has
recently been used by the U. 5. Geological
Survey as a reconnaissance technique for the
evaluation of potential geothermal areas. The
rationale for this is that, being an inductive
electromagnetic technigue, it emphasizes con-
ductive bodies that commonly are associated
with the hot waiers and alteration zones of
geothermal reservoirs. The de-emphasis of highty
resistive zones also makes it useful in looking
through highly resistive surficial material where
D.C. (direct current) resistivity techingues lose
definition. However, the de-emphasis of highly
resistive zones is also a disadvantage in that it
contributes 1o 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 &t 8 Hz {hertz).

BASIS FOR AMT METHOD

The magnetotelluric method is one of three
exploration technigques in  which naturally
occurring electromagnetic fields are used. The
more familiar telluric  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 Mz, and the technique is
accordingly called AMT {audio-magnetotelluric)
exploration.

Electromagnetic energy as it propagates into
the earth is attenuated, with the energy loss
dissipated as heat. The depth it penetrates into
the 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
eqguation (1) for a homogeneous earth.

& = V2/wuo equation (1}

where —

5 = "skin depth™ in metres

w = angular frequency in radians per second

4 = magnetic permeability in Henries per
metre

g = conductivity in ohm-metres

For rocks that are not strongly magnetic,
equation (1) reduces to:
§ = 503 p/f metres

where —

equation (2)

p = resistivity in ohm-metres

f = frequency in hertz

For example, if measurements were made
over a uniform T100-chm-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-freguency energy
in the ELF (extra low frequency) and VLF {very
tow 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 Tield is tangential to the
source, Under these conditions, the apparent
resistivity of the earth is a function of these
harizontal fields, and the frequency as given by
Cagniard {1953) is:

pa = (1} (E?) .
(5%} (HZ) equation (3}
where —
pa = apparent resistivity in ohm-metres
f = frequency in hertz
E = electric field in migrovolts per metre
H = magnetic field in gammas.
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.
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In the AMT range of frequencies, the
principal source of natural energy arises from
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 ternporal 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 arcund 1 HMz. 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 the




energy radiating from power lines at the
fundamental 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
100-0hm-metre material is 2,100 feet; therefore,
a minimum distance would be 1.8 miles
separation from the nearest power line for this
situation and over b 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 technigues 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 proeblem  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 {1870). 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 simpie layersd 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-dimensiona! structures have been
presented by Strangway and others (1973},
Strangway and Vozoff {1970}, Vozoff (1972),
and Madden and Swift (18891, 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
houndary. 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 poorty,
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 bhe lower and “E-perpendicular”
measurgments 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).

EQUIPMENT

AMT equipment is not vyet 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 o prevent
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FIGURE 12. U.S. Geological Survey AMT (audio-magnetotelluric) system.
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limiting of strong transients in the early stages.
Narrow-band, active-notch filters are used to
remove 80 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 handwidth at 8 Hz being 0.3 Hz.
To define a sounding curve, nine selectable
frequencies spaced logarithmically throughout
the hand are used, but selected so as to avoid the
midband harmonics of 60 Hz. At present, the
operating frequencies are 8, 206, 86, 270, 700,
2,000, 7,000, 10,200, and 18,600 Hz. The
output of the narrow-band filter is rectified,
integrated, and displayed on a strip-chart
recorder io show the envelope of the received
energy.

FIELD OPERATIONS

The strip-chart recorder and high-gain
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 feet 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 electric and
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 frequencies while recording is underway
to obtain a sounding curve. The electri¢ dipole
and coil are then rotated 90 degrees, and a
second scunding is made and plotted. This
permits the operators to correct any obvious
errors and to check any data points that appear
aberrant. The second sounding also provides
information on lateral variations in conductivity
or anisotropy of the earth.

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
miiligamma 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 northsouth 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 relatively few usable
signals at this frequency,

Operations are made by two persons, one
recording observations and the other computing
resistivities.  Typical production is eight
soundings 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 £ to H. Experience has shown that the
amount of strong 8-Hz signals is often
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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 o the east,
where the resistivity increases stowly 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 ouicrops are
fluvial and lacustrine deposits of late Tertlary
and Quaternary age.

Near the mouth of Bruneau Canyon (near Hot
Spring), a south-trending resistivity low was
found. This is in an area of exiensive 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 te 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
soutthern boundary of the trough is defined by a
rather steep resistivity gradient that corresponds
to a fault zone along which the northern hlock
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 o 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, hut 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 afinement of hot springs.

Limited information from drillers’ logs helps
io exptain two other features on the 28-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-resistivicy trough. In the region
between Brunesu Canyon and the northward
swing of the resistivity line, the lIdavada
Yaolcanics is relatively shalow. Well information
here indicates a depth of about 1,000 feet to the
top of the ldavada Volcanics. Overlying the
Idavada Volcanics s a relatively thin, 300-foot
cover of Banbury Basalt, and above this cover lie
secimentary rocks of the idaho Group. With
apparent resistivities of a little over 100
ohm-meires, "skin depth” here is over 3,000
Teet at 26 Hz. Because of its high resistivity, the
idavada Volcanics here and in its outcrop areas
probably does not represent a good geothermal
reservolr.

Farther east, the high resistivities are
associated with a thicker sequenge 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 Canvon, 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 tow. The
Hmited deep-weli data (fig. 6, A-A") shows a
topographic high on the fop of the ldavada
Wolcanics that corresponds closely with the low
shown on the north-south 26-Hz AMT map (fig.
15}, Well data unfortunately do noet identify a
northern boundary to the high detineated by a
dashed tine in figures 15 and 18. The dashed line
is the approximate mean sea-level contour on
the top of the ldavada Yoloanics. Qutside the
contour of mean sea lavel, the altitude of the
top of the ldavada Volcanics is about -200 feet;
inside the contour, the fop 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.




59

W el

, Mountain Home
céﬁ.ii‘* :w%:;u? E e o E

LOCATION OF TOPOGRAPHIC
HIGH ON TOP OF THE
IDAVADA VOLCANICS | -
-« Approximately located. Refer
to flgure 6 section A- A' T

i

Elmpre f“mmw

RESIST
data are incomplete,
to indicate clﬁs

area of

lower apparent res:stw:ty "*’?

T
5.
A o
Bose fram .9 Geglogical Survay
EB00,000 scale maps 5 0 5 10 MILES
| R T O W I 1 )

FIGURE 15. Apparent resistivity map at 26 hertz, electric line north-south.




99

FIGURE 16. Apparent resistivity map at 26 hertz, electric line east-west.
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Drillers” logs show that the Banbury Basait is
a minor aquifer in this area and that the major
deep and hot aquifer is the uppermost part of
the Idavada Volcanics. The major resistivity
anomaly could thus be explained by the
near-surface, low-resistivity zone corresponding
to the 1topoagraphic high on the ldavada
Volcanics. This, in part, is believed 1o contribute
to the anomaly at the lower Trequencies;
however, the sounding data suggest that the top
of the conductive anomaly is well above the
ldavada Volcanics and is most likely above the
Banbury Basalt, Yet the well data show no
boundary higher than the ldavada 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 eiongate low disptaced to the northwest of
the 26-Hz north-south low (fig. 15). These
differences are due to fateral variations, which
are strongly evident on many soundings along
the central axis of the resistivity low. Owing to
insufficient weli data, it is not known if the
closed low in figure 16 also corresponds to a
topographic high on the ldavada 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
Ouaternary 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 geclogy, or
in well data in the area, to suggest an
explanation. In general, the soundings paratlel 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, voung,
voicanic cones are present (sec. 36, T. 7 S, BR. 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 teliuric 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
avident 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
glectrical 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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FIGURE 17. Apparent resistivities at station 6.
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FIGURE 19. Apparvent resistivity map at 86 hertz, electric line north-south.
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FIGURE 23. Apparent resisitivity map at 7,000 hertz.
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section as a function of frequency 1o give a
gualitative indication ot lateral and depth
changes i resistivity, much as in induced
polarization sections. in this investigation, AMT
data are displayed in terms of “skin depth”
pseudosections, i which an apparent resistivity
is piotted vertically at the “skin deopths”
caleulated for each measured frequency. Thisis
of course, another form of qualitative
presentation that does not purport to indicate
the actual depth ic electrical interfaces. It gives
an indication of the exploration depth and the
varigtions of exploration depih, 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 Canvon along the long axis of the
resistivity low to west of Oreana. Figure 25
shows the north-south orientation of the electric
fine  and figure 26 shows the east-west
orientation. The sections clearly illustrate the
targe range in exploration depth ohtained by this
techrigue, as well as the limitation in depth in a
low-resistivity section,

The pseudosections (fig. 25 and 28} show the
principal resistivity anomaly extending close to
the surface with a steep boundary on the weast
and a less steep boundary on the east. The AMT
data give no indication of the thickness of the
deen conductor.  Other  minor  anomalies
occurring at station 14 and at the mouth of the
Bruneau Canyon are probably associated with
fauit zones and perhaps with broader sources at
depths beyond the limit of the technigue.

The principal resistivity low assoclated with
the steep gradients in the gravity and magnetic
field data {figs. 7 and 8} s 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 fisld data.
These latter data, and some additional
information are now being reevaluated (5. R.
Mabey, oral commun., 1873}, so synthesis of this
information would be premature at this time.

Extensive followup deep-resistivity investiga-
tions have recently been completad in this area,
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and the data are currently being interoreted.
Preliminary results clearly support the AMTY data
(D8, Jackson, oral commun., 19730,

CONCLUSIONS

This survey has revealed a major conductive
anomaly in the region bebwesn Oreana and
Grand View that is associated with thermal
waters having & temperature range of B0% 1o
830C as measured at land surface. The areal
extent of the anomaly implies thet a broad
source of heat s present and that the thermal
waters are not resiricted o 8 Tew narrow Tault
zories, such as is implied in the Bruneau Canyon
region.

The low resistivities cobserved at station 10
{fig. 28} are approaching a2 laver registivity of
about 2 ohm-metres, which impiies a hot
thermal-water reservoir whose rocks have been
alterad by the hot water. For exa m; 100°C
satine water with 1,000 mg/! %ig?ame ner
litre] satt concentration has a res ES‘E vity {ﬂ" about
2 ohm-metres {Keller and Frischknechr, 18886, o
191, and the water analyses here are {E m.}sﬁ all
less than 1,000 mo/l dissoived solids {table 3}
Experience has shown that resistivities in the
range of 2 ohm-meires are typical of rocks in the
immediate vicinity of hot springs.

The lirntted data a1 present ralses some serious
pioblesm in correlation betweaen E%thaiog%a and
glectrical data in the region of the principal
anomaly.

Additional geophysical work iz now being
interpreted, which, hopefully, will ;}@m‘ii‘é’ S
synthesis of the ﬁpemf information. Certainly,
recommendations for further work must be
delayed untl these additional data are avaiiable
Thare is, howsaver, one piece of information that
would contribute significantly 1o analyvsis of the
electrical data. That s geophysical well-log
information. Bome of the deen wells reportedly
have as much as 2,000 feet of open hole. A
wetl-designed logging orograr in several of the
desp  wells  would probably  contribute
significantly to the understanding of subsurtace
conditions.
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FIGURE 26. Skin depth pseudosection, telluric line east-west.
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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

Depth
Thickness (feet helow
Material ({feet) 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)
............................................. 21 0
Idaho Group, undifferentiated
Shale,blue . ... ... . 219 21
Shale,sandy,water ...... .. ... ... 360 240
Shale,blue ... ... .. 1,617 600
Banbury Basalt
.............................................. 701 2,217
Idavada Volcanics
Rhyolite, water ... ... ... ... .. ... 122 2,918
Totaldepth ... ... . 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, undifferentiated
Clay,yellow ... ... . . 70 0
Shale,blue ... ... . 130 70
Sandstreak ... . 5 200
Shale,blue . ... . e 695 205
Shale,blue, sticky ...... ... ... . 590 900
Shale,sticky ... ... 140 1,480
Shale, gray, hard ........... ... 350 1,630
Shale, blue, soft ... ... e 110 1,980
Shale, white,chalky ........ ... ... ... ... .. 30 2,090
Banbury Basalt
ROCK, Qray ... e 10 2,120
Shale, gray, rocklayers ......... ... ... . o 390 2,130
Rock,red{cinders) ......... ... .. 10 2,520
Rock,black ...... ... ... . . . e 140 2,530
Shale, gray ... ..ot e 230 2,670
Idavada Volcanics
Rock, gray, soft . ... ... 80 2,900
Totaldepth ... .. .. . . 2,980
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LOGS OF WELLS (Cont'd.)

Thickness

Material

{feet)

Depth
(feet below
fand surface)

45-2E-19acb1
(Casing: 14-inch steel 0 to 50 feet;
10%4-inch steel 0 to 402 feet;
61a-inch steel 0 to 2,515 feet)

Soil, sandy ..
Gravel,angular ......... ... .
Idaho Group, undifferentiated
Clay, brown, with sandstreaks .........................
Clay, blue ... . e
Clay, biue,sandy . ..... ... .. . i
Clay,blue ... .. . .
Shale, blue ... .. .
Shale, gray ...
Clay, biue ... e
Cinderbed, consolidated ................. .. .. ool
Cinders and shaie, interbedded ......... ... ... ... ... ...
Shale, gray ... ...
Cinder bed, consolidated .. ... ... ... .. ... ... ... .. ...
Shale,gray ... .. ..
Cinder bed, consolidated ........... ... ... ..
Shale, gray .. ... .
Cinderbed, consolidated .......... ... ... ... ... .. ...
Clay,blue ... ... . . . . .
Shale,gray ... ..
Banbury Basalt
Basalt, black ... ..
Shaie,gray ............... e
Basalt, black ... . e
Shaile, gray ... .
Basalt, black .. . .
Shale, gray ...
Basalt, rhyclite,andshaie ... ... ... .. ... il
Rhyolite .. ..
Shale, gray . ...
Rhyolite ... o e
Shale, gray ...
Rhyolite ...
Shale,gray ........ P
Rhyolite .. ..
Shale, gray ...
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131
237

242
155
155
699

13
15

35

80

118
345

D

42
173
410
415
657
812
967

1,666
1,672
1,685
1,700
1,701
1,736
1,740
1,820
1,822
1,940

2,285
2,291
2,352
2,360
2,400
2,495
2,519
2,562
2,595
2,836
2,845
2,846
2,856
2,860
2,886




LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below

Material (feet) land surface)

4S5-2E-19acb1--Continued
Banbury Basalt (Cont'd.)

Rhyolite ... .. .. a2 2,888
Sand, black,water ........... . i i i e 26 2,980
Shale, red ... i e e 6 3,006
Idavada Volcanics
Sand, black, water ... 18 3,012
Basalt, black ...... ... i e 50 3,030
Totaldepth ... . e 3,080
55-1E-10bdd1

(Casing: 12-inch steel 0 to 80 feet;
10%-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)

TopsOl ..o e 40 0
Idaho Group, undifferentiated
Shale, blue,soft ... ... ... . 431 40
Sandstreak ... .. e 1 471
Shale .. .. s 659 472
Rock (sedimentary) ... 4 1,131
Shalewithhardstreaks .......... .. ..., 146 1,135
Shalewithrockfloaters .......... .. .o i, 62 1,281
Rock,purple ... . 62 1,343
Shale,gray,hard ....... ... ... ... .. .. 41 1,405
Shale, hard, softlayers .,........... . ... ... . ... 103 1,446
Shale, hard, softwhitelayers ............. . ... ... ..., 20 1,549
Rock, gray, hard, (sedimentary) .......... ... ..ot 19 1,569
Shale,gray, hard ........ ... ... . .. . . 63 1,588
Shale,blueandgray ........ ... .. . i, 40 1,651
Shale withhardstreaks ........... ... .. ... .. ... ... 409 1,691
Banbury Basalt
Rock,white, hard ... . ... . . . i 5 2,100
Rock, gray ....... ..o e 70 2,105
Basalt, black,water ......... ... .. ... ... 65 2,175
Shale,gray ....... oo 320 2,240
Rock,gray, hard ........ .. .. .. i, 60 2,560
ROCK, Gray .. ... e 180 2,620
Shale, gray .......coiiii i 40 2,800
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LOGS OF WELLS (Cont'd))

Depth
Thickness {feet beiow
Material {feet) land surface)
5S-1E-10bdd1--Continued
ldavada Yolcanics
Shalewithhardstreaks ... ... ... .. . ... .. ... ........ 26 2,840
Rock, gray, porous, walter . ................ . 94 2,866
Totaldepth ... . . 2,860
55-1E-21icbhet
(Casing: 8-inch steel 0 to 96 feet)
Sandandgravel ... . 64 G
idaho Group, undifferentiated
Shale, blue ... ... . 557 64
Banbury Basait
Basalt . .. 39 621
Totaldepth . ... 660
5S-2E- 2cdat
(Casing: 8-inch steel 0 to 160 feet)
Notreported .. ... .. 60 0
Idaho Group, undifferentiated
Shale,blue . ... ... .. . 550 60
Sandstreak, water ... .. . e 2 610
Shale, blue, somerock floaters  ........... .. ... ... ..... 591 612
Shale with sand streaks, water ........... ... .......... 307 1,203
Shale,gray ... 270 1,510
Banbury Basalt
ROCK, gray ... . o 30 1,780
Rock, gray, withblacklayers ... ... ... ... .. ... ...... 480 1,810
Shale,gray .. ... 91 2,290
Idavada Volcanics
ROCK, gray .. ..o 80 2,381
Totaidepth . . . 2,461
58-2E- 5bcdi
Clay,yellow ... .. . 124 0
Sand . 3 124
{daho Group, undifferentiated
Shale ... 1,321 127
Shale,hard ... . . e 88 1,448
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material {feet) land surface)
58-2E- 5bcd1--Continued
ldaho Group, undifferentiated {Cont'd.)

LaVa . 1 1,536
Sand, black ... ... 1 1,537

Banbury Basalt
lava ... .. ... .. .... J 431 1,538
Cinders, shale,andlava ... ... ... .. .. .. . .. ... .. .... 27 1,969

ldavada Volcanics
Rock,veryhard ... ... ... ... 13 1,896
Totaldepth .. ... .. 2,009

58-2E-13adat
(Casing: 6-inch steel 0 t0 126 feet)

S0l 20 0
Sand,red ... ... 40 20
Clay, yellow ... ... e 30 60

fdaho Group, undifferentiated
Gravel, dark ... 33 90
Shale,blue,sticky ........ ... . ... ... ...l 12 123
Shale, blue .. ... .. 169 135
Rock, light-yellow, hard ......... ... ... ... ... ... ..... 1 304
Shale, blue, sand lense at bottomwithwater ............. 155 305
Shale, blue, sand lense at bottom withwater ............. 18 460
Shale, blue, sand iense at bottomwithwater ............. 111 478
Shale, blue, sand lense at bottom withwater ............. 165 589
Shale, blue, sand lense at bottomwithwater ............. 8 754
Shale, blue, crevice atbottom .. ........ ... .. ... ... ... 211 762
Shale,blue ... ... 43 973
Shale,blue ... .. 84 1,016
Shale,blue ... .. 50 1,100
Shale,blue ... ... . 24 1,150
Shale,blue ... 244 1,174
Shale, blue, rocklenseatbottom ...... ... .. . ... ... ... 17 1,418
Shale, blue, sand lense at bottomwithwater ............. 42 1,435
Shale, blue, rock lense at bottomwithwater .............. 12 1,477
Shale,blue,water ... ... ... .. . .. 26 1,489
Rock, black, hard ... ... ... .. . . . .. . 3] 1,515
Shale,blue ... .. ... . . 219 1,521

Banbury Basalt
Lava, black, hard ... ... . 8 1,740
Totaldepth ... . e ' 1,748
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LOGS OF WELLS (Cont'd.)

Material

Thickness
{feet}

Depth
{feet below
land surface)

5S-3E-20adat

(Casing: 6-inch steel 0 to 1,620 feet)

Topsoilandsand ...............

Gravel ... ... ..
Clay ...
Gravel ............... .. ... ...

Idaho Group, undifferentiated

Clay with sand stringers .........

Gravel,water ....... ... .. ...,

Shale, blue, with gravel ... ..., ..

Shale, blue, sand streak at bottom withwater ............
Shale, biue, sand streak at bottom withwater ............

Shale,blue .....................
Shaie, blue, with sand streaks . ..
Shale with lavastreaks .........
Lava .. ... .
Pumice, purple ......... .......
Lava ... e
Shale withrock floaters ..........
Rock, gray, sedimentary .........

Shale,gray ...................
Hock, gray, sedimentary ........

Basaltwithshale ...............

Banbury Basalt

Basalt ........ ... .. ... ..
Shale,gray ............... ... ..
Basalt ........ ... .. ... ... ...,

Basalt ....... .. ... .. ... ...,
Shale,purple ...................
Shale, white-chalky .............
Rock,water ....................

Rock, gray, water ..............

Shale, reddish-brown ............
Shale,gray ...................
Shale,soft ....................

Idavada Volcanics
Rock,gray ....................

Shale, unusually hard, water ......
Basalt, black, with lime streaks .. ..

Sandstone, gray, with lime streaks
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11
33
428
385
185
90
70

19

107

18
20
115

80
164

58

13
10
14
46
54
36

83
19
221

25
27
32

34
68

79
112
540
925
1,110
1,200
1,270
1,277
1,296
1,298
1,405
1,407
1,425
1,445

1,560
1,640
1,804
1,805
1,863
1,867
1,880
1,880
1,904
1,950
2,004
2,040

2,049
2,057
2,140
2,159




LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (tfeet) land surface)
58-3E-20adai--Continued

Idavada Volcanics (Cont’d.)
Shale, gray,veryhard ... ... .. .. . ... ... e 2 2,380
Shale ....... ... .. .. ... ... e 30 2,382
Rock, black, broken,water . ........ .. ... ... .. .. 8 2,412
Totaldepth ... .. 2,420

5S-3E-26bchi
(Casing: 14-inch steel 0 to 1,970 feet)

TOPSOH .o 2 0
Gravel .« 17 2

Idaho Group, undifferentiated
Clay,yellow ... 1B 19
Gravel ... . e e 39 37
Clay,blue ... ... 18 76
Shale, blue ... . . 551 94
Shale,britlle ... . . 9 645
Sand . 1 654
Shale,withsand .................. e 55 655
Shale, hard ... .. . e 110 710
Shale, soft, sand streaks ......... .. ... i 166 820
= T T 2 986
Shale,rockstreaks ....... ... .. .. .. oo, 239 988
Rock, lo0se ... ... . e 7 1,227
Shale,rockstreaks . ... . . e 26 1,234
Rock, hard ... .. e 4 1,260
Shale ... .. 6 1,264
ROCK .. 14 1,270
Shale, gray, hard ... ... ... . ... 36 1,284
Shale,purple ... . . . . 34 1,320
Sandstone .. 38 1,354
Basalt,black ......... . 12 1,382
Shale 85 1,404
Basall, interbeddedshale ........ .. .. ... . .. .. . .. . ... 3 1,489
Shale ... 20 1,492

Banbury Basalt
Basalt ... . 320 1,512
Shale . 10 1,832
Basalt ... . 268 1,842
Shale .. 140 2,110
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LOGS OF WELLS (Cont'd.)

Depth
Thickness Heet below
Material {feet) land surface)
5S8-3E-26bcb1--Continued

Banbury Basalt (Cont'd.)
RocK, SOt .. e 11 2,250
ROCK, WalBr . 19 2,261
Shale, hard ... ... e 10 2,280
Volcanic ash, gray .. ... e 460 2,290

idavada Volcanics
Rock,gray, hard ... .. .. ... 30 2,750
Shale, red .. 10 2,780
Shale, gray ... .o e 90 2,790
Rock, red, Waler ... ... e 90 2,880
Totaldeptn ... e 2,970

5S-3E-34add1
(Casing: 8-inch steel 0 to 85 feet)

ClaY o 25 0
Clay, yellow ... ..o i 45 25

{daho Group, undifferentiated
SHAIE . e 1,420 70
Totaldepth .. ... o 1,490

6S-3E-2chc1
(Casing: 12-inch steel 0 to 106 feet)

Gravelandclay ........ ... 40 0

Idaho Group, undifferentiated
Shale, blue ... . . 882 40
Shale,gray,hard . ... . 88 922
Shale, soft, withhardstreaks .......................... 630 1,010
Shale, gray (crumbling} ... 108 1,640
Rock, gray, hard .. ... .. e 3 1,748
Shale, white, and limestone ... ... ... ... . ... ... . ... .. 19 1,751
Sandstone, hard ... .. e 60 1,770
Sandstone, soft ... .. 7 1,830
Sandstone, water(5inches) ........ ... .. ... ... ... ..... 30 1,837
Clay, blue,sticky ....... .. o 54 1,867
Claywithhardshalelayers ....... ... ... .. ... .. ... ... 49 1,921
Sandstone withclaylayers ...... ... .. ... .. ... .. ... ..., 63 1,970

Banbury Basalt
Basaltandcinders, black ......... ... . .. . .. .. . ... ... ... 13 2,033
Basalt . ... 64 2,046
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
6S-3E-2chc1 --Continued

Banbury Basalt (Cont'd.)
Basalt, hard ...... ... ... ... 10 2,110
Shale, hard, water (at2135) ... ... ... . .. ... ... ... 25 2,120
Basalt, hard, rough ... . ... . ... . . . 65 2,145
Basalt ... . 15 2,210
Shale andcinders, black ........ ... .. ... ... L 7 2,225
Shale, with hardrock layers ... ... ... ... ... . ... 228 2,232
Clay,red ... .. .. . 3 2,460

Idavada Volcanics
Rock, gray (rhyolite) ... ... . ... ... ... 37 2,463
PUMICE, OFraY ..o e e 250 2,500
Shale,brownandgray ........ ... . ... 190 2,750
PUMICE, Qray ..o 130 2,940
Totaldepth ... ... .. . .. 3,070

6S-3E-2ccct
(Casing: 10-inch steel 0 to 160 feet)

Topsoll ... 8 0
Gravel ... 14 8
Clay, yellow ... ... . 39 22

ldaho Group, undifferentiated
Clay,blue ... . . 341 61
Sand,fine .. ..., 2 402
Clay, blue,water . ......... ... ... ... . ... .. ... 496 404
Shale,blueandwhite ........... ... .. ... .. . . ... ... 360 800
Sandstreaks ... ... ... 20 1,260
Shale ... . 266 1,280
Rock black ... . . 34 1,546
Gravel, green,water . ... .. . .. .. . 2 1,580
Shalewithrockiayers ... ... ... .. ... . ... .. ... ..., 338 1,582
Sand(?),water ... 5 1,620
Shale, green and gray, withrock layers .................. 121 1,625
Rock, gray, hard ... ... ... ... ... .. . . .. ..., 5 1,746
Sandstone, softlayers, water .......................... 162 1,751

Banbury Basalt
Rock, broken,water .......... . .. ... ... .. 27 1,913
Totaldepth ... . 1,940
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material {feet) land surface)
6S-3E-t1ccel
(Casing: 6-inch steel 0 to 32 feet)
o] | 9 0
Gravel, dark, hard ... . . 12 9
Clay, yellow, soft ... ... ... . . B 21
Idaho Group, undifferentiated
Shale, blue, hard, thinsand layers ...................... 399 27
Sand, gray,water ... 22 4286
Sand, gray, interbedded shale,water ....... ... ... ... .. 284 448
Shale, blue, hard, thin sand layers, water ............. ... 346 732
Sand, black, soft, water ... .. ... ... . 26 1,078
Shale, blue, hard ... ... ... 26 1,104
Sand, black and white,water ........... ... ... . .. ... 78 1,130
Shale, blue, hard ... .. ... . . 137 1,208
Sand,green,hard ... ... 30 1,345
Shale,green, hard ... ... 18 1,375
Sand, green, soft ... . 30 1,383
Totaldepth ... .. .. . 1,423
6S-3E-14bcc
(Casing: 6-inch steel 0 to 426 feet)
SOl 15 0
Gravel .. 9 15
idaho Group, undifferentiated
Clay,yellow,soft ... ... . . ... . . . . 2 24
Shale, blue, soft .. ... . 228 26
Sand, gray, soft ... 154 254
Shale, blue, hard ... ... 582 408
Sand, blackandblue,water ........ . ... .. . . 60 990
Sand, whiteto dark, soft, water .. ....... ... ... ... . ..., 70 1,050
Shale, blue, hard ... .. ... ... . 120 1,120
Sand, green,water ... 10 1,240
Totaldepth ... . . . . . 1,250
6S-3E-23cdd1
(Casing: 14-inch steel 0 to 248 feet)
T 11 20 0
Sand, Gray ... 196 20
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LOGS OF WELLS (Cont'd.)

Depth
Thickness ({feet below

Material {feet) fand surface)

68-3E-23cddi--Continued

idaho Group, undifferentiated

Clay,blue ... 5 216
Clayandsand ........... . i 27 221
Clay,blue ... ... 122 248
SaNd, WaEr . i 3 370
Clay,blue ... ... e 627 373
Sand,black . ... . e 2 1,000
Clay,blue ... ... 148 1,002
Rock, blue and green, soft,water . .............. ... .. ... 20 1,150
Banbury Basalt
Rock, black, hard, water ....... ... ... .. ... ... .. ... 71 1,170
Totaldepth . ... . . e 1,241
6S-4E-14abct

(Casing: 16-inch steel 0 to 320 feet;
and 12-inch steel 0 to 1,600 feet)

Clay 10 0
Clay, brown ... 50 10
Clayandgravel ... . ... . 25 60
Idaho Group, undifferentiated
Clay,blue ... ... e 35 85
Clay,brown ... .. .. . . 15 120
Clay, blue, water (at 180feet) ............ ... ... ... .. 80 135
Sand, blueandblack ...... ... ... . 10 215
Sand, blue and black, veryfine ......... ... .. ... ... 6 225
Clay,blue ... . s 19 231
BaM e e 10 250
Clay, blue, withblue sandstone . ....................... 60 260
Clay, blue, with white soapstone  ....................... 155 320
Shale, blue ... . e 15 475
Clay,blue .. ... . 85 480
Clay,blue,hard ........ .. .. i 20 575
Clay,blue,andsand .............. ... . i, 55 595
Clay, blue, trace of blackrock .......................... 35 650
Shale, blue . ... . e 30 685
Shale, blue, and sandstone, blue ................ ... .. .. 180 715
Shale,blue, sticky . ... .. 40 895
Shale, blue .. ... e 80 935
Sandstone ......... .. e 5 1,015
Shale, blue, sticky .......... .. i 225 1,020
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet} land surface)
65-4E-14abc1--Continued

Idaho Group, undifferentiated (Cont'd.)
Clay, blue, sticky . ... ... ... .. 245 1,245
Rock, black .. .. 20 1,490
Shale, blue ... 13 - 1,510
Shale,white ... ... .. . e e 2 1,523
Clay,blue, sticky ... .. . 175 1,525
Clay,blue ... .. . . 20 1,700
Basalt,black ... . . e 8 1,720
Clay,blue ... .. . e 13 1,728

Banbury Basalt
Rock, hard, water ... ... ... . 10 1,741
Rock, whiteandblack .......... ... . . 14 1,751
Shale, blug, water ...... ... .. .. . . .. 10 1,765
Rock, black ... .. . 20 1,775
Shale, blue,water . ..., .. . . e 12 1,795
Sand,red ... 23 1,807

idavada Velcanics
Rhyolite, hard, water .. ... .. ... .. .. 23 1,830
Shale, blue,water ... ... .. .. . . 10 1,853
Rhyolite, water ... ... . . e 35 1,863
Rhyolite, crevices, water . ... ... ... ... .o i 7 1,898
Totaldepth ... e 1,905

65-4E-35cda1
(Casing: 20-inch steel 0 to 26 feet;
18-inch steel 26 t0 581 feet;
16-inch steel 491 to 892 feet;
perforated from 730 to 810 feet and
870 to 890 feet, 1,280 and 320 Ya-inch by 2-inch perforations respectively)

TOPSOil oo 57 0
Idaho Group, undifferentiated
Shale, gray . ... 50 57
Shale, gray, water ... .. i 68 107
Sand, gray, Water . ... ... 3 175
Shale, Gray ... 46 178
Shale, BroOWn .. . e 29 224
Shale, gray . ... o e e 22 253
Sand, gray,water ............ e 5 275
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Materiai (feet) land surface)
6S-4E-35cdal--Continued
Idaho Group, undifferentiated (Cont'd.)
Shale,gray . ... 80 280
Sandandclay, gray ......... 50 360
Shale, gray ... ... 15 410
Sand, gray, waler ... ... ... ... e 10 425
Shale,gray ... 88 435
Sand, gray,water ........... .. ... . 15 523
Shale,blue ..... ... ... .. .. 112 538
Shale,gray ... ... ... 65 650
Sand, blacK .o e e 5 715
Shale, gray ... ... 27 720
Clay, tan ... . 8 747
Clay, gray .. ..o 27 755
Shale, gray ... 8 782
Sand, black, coarse,water ... ... ...l 5 790
Shale, gray ... .. 42 795
Clay, brown ... 8 837
Shale, gray ... .. i 110 845
Totaldepth ... o 955
65-4E-36¢ccct
(Casing: 14-inch steel 0 to 140 feet:

12- inch steel 405 to 920 feet;

10-inch steel 895 to 958 feet;

8-inch steel 955 to0 1,017 feet)
SOl 25 0
Ay e 55 25

Idaho Group, undifferentiated

Shale, gray ... 40 80
Shale,soft ... .. 15 120
Clay,shaleandsilt,gray ........... ... ..o, 285 135
Sand, gray, fine ... ... 5 420
Shale,clayandsilt ....... ... .. .. ... . .. ... e, 270 425
Clay, green ... i i e 20 695
Cinders, black ... 15 715
Shale, gray,clayandsilt ... ... .. . .. ... ... ... .. 150 730
Sand, black, coarse,water ......... ... ... . 5 880
Clay. blue ... ... .. 28 885
Gravel, water . ... . . 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 ... .. i 98 917
Sand, waler ... e 5 . 1,015
Shale, gray, andclay,black ... ... ... L 85 1,020

Banbury Basalt
Basalt, black .. .. ... 12 1,105
Clay, black,androck ... ... ... . i 8 1,117
Clay, red,andgravef, brown ............c.oiiiriviinn... 16 1,125
Basall .. 4 1,141
Clay,black ... . . . e 10 1,145
ROCK, DroWn . 5 1,155
Shaleandclay ... ... . . . . . 10 1,160
Basalt, black ... ... . 30 1,170
Clay, brown ... 7 1,200
Basalt, black hard ... ... ... . 48 1,207
Ciay,redandrock ... ... . .. i 15 1,255
Rocksandclay ... ... . 30 1,270
Clay,grayandshale ......... ... ... . ... .. .. .......... 56 1,300
Rocks, brown, and tff red, water .. ... . .. L. g 1,356
Rock, brown and black, andclay ........... . ... ... ... 98 1,362
Basalt, hard . ... .. .. .. 10 1,460
Sand ... 5 1,470
Rockandclay ... . i e e 250 1,475
Sand, water ... -15 1,725
Rockandshale ........ ... i e 150 1,740
Sand, brown, water ... .. . ... e 10 1,890
Basalt, black, broken, water ......... ... ... ... L. 15 1,800

Idavada Volcanics
Rhyolite, latite, water ....... ... ... .. ... ... .. ... .. 85 1,915
Totaldepth ... .. . 2,000

6S-5E-10ddd1
(Casing: 6-inch steel 0 to 78 feet)

Soil 10 0

Idaho Group, undifferentiated
Clay,yellow ... .. 49 10
Shale,blue ... .. . . . 496 59
Sandstone, gray .. .. ... 20 555
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.LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material {feet) land surface)
6S-5E-10ddd1--Continued

{daho Group, undifferentiated {Cont'd.)
Shale, blue ... ... ... 10 575
Sandstone, gray ... 40 585
Shale,blue .. ... . 181 625
Rock, gray ... 2 806
Shale, blue, somesand ... ... 97 808
Rock, whiteto cream-colored ........... ... ... . ... 4 905
Sand, gray,water . ... ... e 211 909
Shale, brown ... . e 45 1,120
Sandstone, gray ... ... 15 1,165
Shale, brown ... .. . 477 1,180
Sandstone, gray, waler .......... ... . il 10 1,857

Banbury Basalt
Rock, hard ... .. . 1,667
Totaldepth ... ... 1,667

6S-5E-18cch1
(Casing: 12-inch steel 0 to 651 feet)

TOPSOIl o 12 0

Idaho Group, undifferentiated
Clay,yellow ... ... .. .. . 75 12
Clay,blue ... .. ... 374 87
Sand, water ... ... e 1 461
Clay,blue .. ... .. 271 462
Shale, brownandgreen ....... ... ... ... ... 172 733
Rock, black .. ... 16 905
Sandstone,water ........... ... . ... . . 11 921
Shale,gray ... ... . o e 119 8932
Basalt ....... . 2 1,051
Shale, gray ......... . 268 1,053
SaNndsStoNE ... 11 1,321
Basalt ... ... 57 1,332
Shale, gray,somerock ........ ... . 616 1,389

Banbury Basalt
Shale,black ... .. .. 15 2,005
Basalt, mineralized . ........ . .. .. .. . . 370 2,020
Shaleandsandstone ...t i 310 2,390
Rock,black ... ... 40 2,700
Rock,caving . ... 6 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.)
Basalt, interbedded withshale . ....... ... .. ............ 34 2,746

Idavada Volcanics
ROCK . 129 2,780
Shaleandrock ... . . e 51 2,809
Totaldepth ... ... . 2,960

65-5E-24bcat
{Casing: 6-inch steei 0 to 76 feet)

(o7 11 8 0
Gravel .. 10 8

Idaho Group, undifferentiated
Clay, yellow ... . 15 18
Shale, blie .. ... . . e e 385 33
Sand, blue . e e 87 428
Shale, blue, stickyatbase ........ ... ... ... o oo 106 515
Rock, gray, hard ... ... .. .. .. 18 621
Rock, black, hard .. ... .. . 18 639
Sandstone, black, water .. .. ... .. L 1 657
Shale, blue ... e 8 658
Rock, black, soft . ... . .. 12 666
Shale, blue ... . e 2 678

Banbury Basalt
Rock, black, hard, water . ... ... ... . . .. ... ... 42 680
Rock, black, soft ... ... . . . 12 722
Shale, blue ... . . . 98 734
Rock, black, hard ... ... . e 8 832
Shale, blue .. ... e 205 840
Notreparted ... ... . . . . e 50 1,045
Totatdepth ... o . 1,095

6S-5E-24caat
(Casing: 6-inch steei 0 to 430 feet)

Soilandgravel ... .. .. 30 0

Idaho Group, undifferentiated
Clay,yellow ... ... . . 6 30
Shale, biue, soft, muddy crevice with water;

waterroseto 30 feetofsurface ............. ... .. 94 36
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material {feet) land surface)
6S-5E-24caal--Continued

Idaho Group, undifferentiated (Cont'd.)
Shale, blue, soft, muddy ......... .. ... 170 130
Sand, bluish, fine .. ... . e 300 300
Shale, blue, with layers of sticky clay 2 to 10 feet thick ..... 180 600
Lava, black .. . 1 780
Notreported ... ... .. i 136 781

Banbury Basalt :
Lava, black ... o e 3 N7
Sand, gray, water, weliflowstgpm ............. ... 18 920
Lava, black .. ... . 1 938
Shale, blue ... e 21 939
Sand, gray, muddy with thin sandstone layers, water;

weliflows15gpm ... ... . 365 960
Totaldepth .. ... . 1,325

6S-5E-24ddb1
(Casing: 8-inch steel 0 to 240 feet;
6-inch steel 0 to 1,400 feet)

o | A 10 0
Gravel, darkcolored ...... ... .. e 18 10

Idaho Group, undifferentiated
Shale, blue, crevice atbottom ... ... ... ... 212 28
Shale,blue ... . e e 60 240
SaNd, GraY ..ot e 300 300
Shale, blue, sand at bottomwithwater .................. 340 600
Rock,black ... .. . . 4 940
Shale, DIUE .. .. . e 16 944
BaNd e 140 960

Banbury Basalt
Rock, broken ... .. e 300 1,100
Rock, soft, broken ... ... . e 525 1,400

fdavada Volcanics
Rock,veryhard ... ... ... .. . 13 1,925
Totaldepth ... . 1,938

65-5E-29dcc1
(Casing: 4-inch steel 0 to 20 feet)

S0l . 10 0
Gravel, dark, hard ... ... ... . 4 10
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material (feet) land surface)
6S-5E-29dcc1--Continued
Idaho Group, undifferentiated
Clay,yellow . ... ... ... . . 5 14
Shale, blue, somesand, water . ... ... ... . ... ... 935 19
Sand, gray,water ......... .. 6 954
Shale, Blue ... e e 150 960
SaANd, gray ..o 10 1,110
Shale, blue .. 40 1,120
SaN, QrAY - o o 3 1,160
Shaie, blue, thinfayersofsand .............. ... ... ... 235 1,163
Sand, White ... 10 1,398
Sandandshale,blue ... ... ... ... .. . i 11 1,408
Sand, white, water ... .. ... 32 1,419
Shale, blue .. ... . e 63 1,451
Sandstone, gray, water . ....... .o 46 1,514
Totaldepth ... 1,560
6S-6E-12ccdi
(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 820 to 980 feet)
Soil, sand, andsilt ... .. 5 0
Idaho Group, undifferentiated
Clay, lightbrown ... .. 55 5
Clay,blue ... . .. 110 60
Shale, blue . ... . 180 170
Shale, blue, withseepsofwater ........................ 100 350
Shale, blue, somesulphur ... ... ... o 150 450
Shale, DIUE . .. e e 340 600
Sandstone, water ... ... 50 940
Totaldepth ... .. 990
65-6E-19¢ccdi
(Casing: 6-inch steel 0 to 277 feet)
SOl e 13 0
Gravel e e 8 13
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LOGS OF WELLS (Cont'd.}

Depth
Thickness (feet below
Material (feet) land surface)
6S-6E-19ccd 1--Continued

Idaho Group, undifferentiated
Clay,yellow ... ... 64 21
Shale, blue .. . o 425 85
Sandstone, gray ........... oo S 90 510
Shale, blue, some sand and water at 820 feet ............ 228 600

Banbury Basalt
Rock, black ... .. 22 828
Shale,blie .. ... PPN 17 850
Rock, black, water ........... ... . .. 13 867
Sandstone, gray ... ... 33 880
Totaldepth ... .. 913
6S-6E-19dbd1
(Casing: 6-inch steel 0 to 75 feet;
4-inch steel 0 to 229 feet)

Soil ..., O PP 19 0
Clay,yellow .. ... .. . .. 39 19
Gravelandsand ............ ... .. 16 58

Idaho Group, undifferentiated
Chalik, vellow ... ... ... . i i 120 74
Shale,blue ... ... 486 194
Sand, blie ... e 28 680
Shale, brown,sandy ......... .. ... . . 42 708
Shale, blue,water ...... ... ... 57 750
Tale, blue .. e 1 807
Shale,blue ........... ... ... ... e 154 808
Rock,black,hard . ... ... 3 962
Shale, blue ... . 1 9656
Rock, black, hard ... .. 11 966
Shale, blue . ... e 4 977

Banbury Basalt

Rock, black, hard . ... .. 32 981
Talg, biUe . e e 1 1,013
Rock, black, hard ... . . o 1,014
Shale, blue ... . .. e e 11 1,020
Rock, black, hard . ... .o o e e e 2 1,031
Tale, blue . e 10 1,033
‘Shale,blue . ... . 5 1,043
Rock, black, hard ....... .. .. . . . 5 1,048
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LOGS OF WELLS (Cont'd.)

Bepth
Thickness (feet below
Material (feet) iand surface)
65-6E-19dbd1--Continued

Banbury Basalt (Cont'd.)
Taic, blue ... e 33 1,053
Rock, black, hard ... ... .. .. . .. . 7 1,086
Shale, blue ... . .. 13 1,093
Rock, black, hard ... .. .. 1 1,106
Shale ,blue ... .. . e 57 1,107
Rock, black, hard ... .. ... . . . .. 3 1,164
Sand, black ... .. 4 1,167
Sand, light .. ... . 10 1,171
S anNadstONe .. 119 1,181
Talc, light . .. 1 1,300
Rock, light, hard .. .. ... 1 1,301
Sand, Caving ..o 10 1,302
Shale,sandy ... ... ... . 35 1,312
Totaldepth ... ... o 1,347

6S-6E-32bdd1
{Casing: 8-inch steel 0 to 850 feet)

SOl 9 0
Sandandsomegravel ..... ... ... . L 78 9

Idaho Group, undifferentiated
Clay,blue .. .. . 653 87
Rock, black ... .. 1 740
Clay,blue .. .. . 199 741
Shale, blue ... .. . 8 940
Clay, brown ... e 112 948

Banbury Basalt
Lava, black ... . 5] 1,060
Clay, brown, sandy inlowerpart ........................ 336 1,066
Totaldepth . ... . . . . 1,402

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

Idaho Group, undifferentiated
Shaleandclay ......... . . 71 0
Clay,sand,shale ....... ... ... . ... . .. . .. i, 266 71
Shaleandclay ......... .. i 541 337
Shaleandsand ........ i 1,082 878
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material ({feet) land surface)
6S-7E-16bbb1--Continued

Idaho Group, undifferentiated (Cont'd.)
Shaleandrock ... 145 1,970
Shale .. e 225 2,115
Shaleand sand . ... e 213 2,340
Shale,sand,andlime ........ ... ... . ... . 37 2,553
Shale ... e 37 2,590

Banbury Basalt (2,550 feet)
Shaie, lime,andlava ... ... .. ... ... ... 26 2627
Totaldepth ... .. .. ... 2,653

6S-8E-19bbb1
(Oil and gas exploratory hole, plugged and abandoned)

SaNd L 85 0

Idaho Group, undifferentiated
Shale ... . 10 85
Gravel, sand,andshale ...... ... ... ... . ... . ... ... ... 30 95
Sandandshale ... ... .. . . 80 125
Shale, blue .. ... . 30 215
Shale 170 245
Shale,blue ... ... ... 195 415
Shale . 275 610
Shale withsandstreaks .................. e 370 885
Sand, hard ... . 59 1,255
Shale .. 60 1,314
Shaleandsandstreaks ........ ... ... ... . . .. 106 1,374
Sandandshale ....... ... .. .. 30 1,480
Shale ... 270 1,510
Sandandshale ...... ... . .. . . . 275 1,780
Shale ... 205 2,055
Shale,sand, andlime ..... .. ... . ... ... .. .. 205 2,260
Sandandshale ... ... . 82 2,465

Banbury Basalt
Sand and shale, lavastreaks . .......... ... .. .. ... ... 78 2,547
Sand andlime, lavastreaks ........ .. ... .. ... 130 2,625
Sandandshale ........... . . 44 2,755
Sand, shale, lime,andlava .......... ... ..o i 86 2,799
Sand, lime, shale,andlava ............ ... .. . ... 82 2,885
Sand,limeandshale ........ ... .. .. .. ... 78 2,967
Shaleandsang ........ ... ... . 48 3,045
Sand, lava,andshale ....... ... .. .. e 20 3,093
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material {feet) land surface)
65-8E-19bbb1--Continued
Banbury Basalf (Cont'd.)
Lavaandshale ... ... . . . . 69 3,113
Black shale, hard, andiime .......... ... ... .. ... .. .... 28 3,182
Idavada Volcanics
Basalt ... 5598 3,210
Totaldepth ... . . 3,808
6S-8E-33ab1
(Casing: 14-inch steel 0 to 201.5 feet;
10-inch steel 192 1o 400 feet;
8-inch steel 191 to 697 feet;
6-inch steel 674 to 2,118 feet)
Idaho Group, undifferentiated
Siltstone, shale, silty ........ ... .. ... . 410 0
Sandstone with basaitboulders ... ... ... ... ... 20 410
Siltstone, fine sandy, and sandstone ............. .. ... .. 180 430
Siltstone andshale ....... . ... . . .. 330 610
Shalewithashfragments ... .. ... ... ... ... ... ... 270 940
Sandstone andsiltstone .. ... o 100 1,210
Siltyshaleandshale ... ... ... ... ... .. ... ... ... 250 1,310
Siltstone and siltyshale . ....... ... . ... .. L 660 1,560
Banbury Basalt
Shale and siltsione with basalt flows and cinderbeds ... ... 537 2,220
Shale,siltyandhard ... ... ... . . ... 187 2,757
Basalt .. ... 20 2,944
Shaleandsandyshale ... ... ... .. ... .. ... ... ... ..., 403 2,964
Cinder beds,siltsione, basalt layers shale, and sandstone
withthinflows ... ... 138 3,367
Idavada Volcanics
Basaltandcinderbeds ... ... ... .. . . o i 398 3,505
Rhyolitetuffandshale ....... ... ... . ... .. .. .. g7 3,903
Totaidepth ... ... 4,000
75-4E-3abd1
(Casing: 16-inch steel 0 to 399;
14-inch steel 373 to 953 feet;
perforations Vz-inch by 12-inch from 910 to 941 feet)
Topsoit-sandandgravel ........ ... ... ... . 33 0
Idaho Group, undifferentiated
Clay,brown .. .. e 42 33
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material (feet) land surface)
7S-4E-3abd1--Continued

Idaho Group, undifferentiated (Cont'd.)
Shale, gray ... 155 75
SaANd, GraY . 55 230
Shale, gray, sandy .. .. ... . 130 285
Shale, blue-gray ......... .. e 280 415
Sand, Qray ... e 30 885
Clay, brown ... oo . 115 725
Sandandgravel .......... .. 45 840

Banbury Basalt
Basalt,black ... ... . . 30 885
Lava, reddish-brown, cindery, water .................... 20 915
Basalt, gray .. ... e 43 935
Lava, reddish-brown, cindery,water .................... 17 978
Basali, black ... .. ... 10 995
Lava, reddish-brown, cindery, water .................... 10 1,005
Basalt, gray ... .. .. 30 1,015
Totaldepth. . . o 1,045

7S-4E-5ccat
(Casing: 20-inch steel 0 to 292 feet)

TopSOH e 1 0

Idaho Group, undifferentiated
Clay, hardpan ... e 2 1
Clay, brown, sandy . ... .. 142 3
Clay,grayandsand ........ .. .. it 27 145
Clay, gray, sticky .. ... . 98 172
SaNd, graY . e 20 270
Shale, Oray .. 220 290
Shale, gray, sandy . ... e 75 510
Sand, lightbrown ... ... . 58 585
Clay,brown,sandy .......... ... ..o 20 643
Shale, gray ... e 37 663
Shale, gray,andgravel ........ ... ... ool 25 700
Shale, gray, sandy ............ i e 35 725
Sand, brown,andgravel .......... . i 8 760
Shale, gray, sandy ...... ... 52 768
Shale, gray, sandy, andgravel ... ...... .. .. ... ... 42 820

Banbury Basalt
Lava,gray.hard ............... N 52 862
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material (feet) iand surface)
75-4E-5ccal--Continued
Banbury Basalt (Cont'd.)

Lava, grayandbrown,loose ........... .. ... ... o 9 914
Lava, gray, hard ... ... . 69 923
Sand, DrOWN 32 992
Shale, gray, and boulders ... ... o o oo 12 1,024
LAV, QIaY e e 4 1,036
Totaldepth ... ... 1,040

75-4E-10hdb1
{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, respectively)

Topscilandpeagravel ....... .. ... L. 2 0
Idaho Group, undifferentiated
Shale, brown . ... e 66 2
Sand, black .. ... . . 10 58
Shale, blue ... . .. e 410 78
Shale, browWn ... e e 12 488
Shale, brown, andpeagravel ........ ... ... ... ... 28 500
Shale, brown ... 68 528
Shale, brown, andpeagravel ........ ... ... ... ... .. 16 596
Sand, brown, COAIrSe . ... . it e 12 612
Shale, Drown ... .. . 21 624
Sand, black, coarse ... 12 845
Shale, brown, andpeagravel ........ ... ... .. ..o 27 657
Basalt, clay, brown ... ... .. 35 684
Banbury Basait
Basali, gray,andclay,red ...... ... ... ... 5 719
Basalt, gray, andclay,brown .......... .. .. L. 21 724
Basalt,gray,clay,biue ........ ... .. ... L 9 745
Basalt, gray, clay, brown ... . ... . oL 18 754
Basalt, brown, andclay,red ...... ... .. ... .. .. ... 11 772
Basall, gray .. ... . .. 33 783
Basalt, gray, and clay, brown, water .......... ... ... ... 22 816
Clay,blue ... . 10 838
Basalt, gray, andclay seam ... ... . oo 59 848
Clay, red .. 5 907
Basalt, gray, water ... ... . . 8 912
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
75-4E-10bdb1--Continued

Banbury Basalt (Cont'd.)
Basall, gray ... ... 8 920
Basalt, reddish-brown, water ... ........ ... . ... ... 4 928
Basalt, gray, water ... . 18 932
Basalt, reddish-brown, water ... ... ... .. ... .. .. .. ..., 12 950
Basalt, gray,andclay, brown .. ... ... . o oL 8 962
Basalt, gray, andclay,blue ... ... .. ... ... 13 970
Basalt, gray . ... 15 983
Rhyolite,reddish-brown ... ... ... ... ... ... ... 28 098
Basalt, gray .. .. .. e 14 1,026
Clay, brown ... e 30 1,040
Sand, brown, andgravel ....... .. ... 28 1,070
Cinders, dark-brown . ... ... . . . . 47 1,098
Totaldepth ... .. . . e 1,145

75-4E-11cbcet
(Casing: 20-inch steel 0 to 250 feet;
16-inch steei 520 to 720 feet)

TOPSOI . 7 0
Gravel . 20 7

Idaho Group, undifferentiated
Sand, vellow ... . ... 78 27
Clay, blue, sandy ... ... i 90 105
Clay,blue-gray . ... ... . ... 135 195
Shale,blue ... o e 115 330
Clay,black,sandy ......... . ... ... .. ... . .. .. ... .. 5 445
Clay,brown ... ... ... . e 10 450
Shale, blue . .. ... . . e 35 460
Lavarock,black ...... ... .. .. . . 15 495
Shale, blue ... .. e e 20 510
Clay, yefiow, streaks of gravel, water .................... 173 530

Banbury Basalt
Basalt,black . ...... ... . . e, 52 703
Clay,red,andgravel ...... ... ... .. . i i, 10 755
Basalt,black ...... ... .. . .. 50 765
Clay, red .. e 6 815
Conglomerate,redandblack ........... ... ... ... ... 107 821
Clay, brown ... . e 13 928
Rock, black, water ... ... .. . . . e 124 941
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LOGS OF WELLS {Cont'd.)

Depth
Thickness {feet below
Material (feet) land surface}
7S-4E-11cbc1--Continued

Idavada Volcanics
Rhyolite,redandblack ....... .. ... ... .. ... ... ..... 30 1,065
Rhyolite, red, water .. ... ... . 105 1,005
Rhyolite, black .. ... .. 120 1,200
Rhyolite, brown ... . .. e 20 1,320
Rhyolite, rusty-red ...... ... ... ... . . ... ... 35 1,340
Rhyolite,black . ... .. .. .. . 25 1,375
Rhyolite,red .. ... . 10 1,400
RBhyolite, brown, water ... ... .. o o 45 1,410
Rhyolite, black . ... ... ... ... . . 15 1,455
Rhyolite, reddish-brown ... ... . ... .. ... ... ... 10 1,470
Rhyolite, gray, water ... ... .. ... .. ... . .. .. ... ... .. 5 1,480
Rhyoiite, reddish-brown ... ... ... ... ... .. ... ..., 15 1,485
Totaldepth ... . 1,500

75-4E-12bdd1
(Casing: 14-inch steel 0 to 675 feet)

SOl 16 0
Soilandsand .. ... ... 14 16

Idaho Group, undifferentiated
Shale, blue ... . 15 30
SaNd . 15 45
Shale,hard . ... . . .. 83 60
Sand .. 27 143
Shale,sandy . ...... ... . e e 210 170
Rock, (Basaltl,black ..... ... . ... .. . o 30 380
Sand,greenandbrown ....... ... e 41 410
Rock, (Basalt), black ... .. ... 33 451
Shale and sand, brown .. ... .. ... 71 484
Gravelandsand . ... ... ... 5 555
Clay,bentonite . ... ... . ... ... .. .. 109 560

Banbury Basait
Basalt, black anddarkgray ........ ... ... . ... .. 44 669
Tuff, red, tan, pink, clayey,ashy ......... ... ........... 17 713
Basalt, vesicular, blackanddarkgray ................... 20 730
Notreported ... ... . . e 10 750
Clay,darktan,soft,sandy ........ ... ... it 25 760
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) tand surface)
7S-4E-12bdd1--Continued

Banbury Basalt (Cont'd.)
Basalt, gray, vesicular,hard ... .. ... ... ... oL 15 785
Basalt, black, hard, dense ......... ... . .. i 10 800
Tuff, Brown, tan ... e e 45 810
Basalt, black, hard,dense ......... ... ... .. ... . ..., 23 855
Notreported ............ ... ....... e 2 878
Sand, [an, Waler ... 40 880
Notreported ... ... ... . ... .. .. il ‘ 40 920
Basalt, darkgray ...... ... .. 15 960
Clay, tuffaceous, tanandbrown ........................ 13 975

Idavada Volcanics
Bentonite,white ... ... ... . . . 2 988
Obsidian, black .. ... . 70 990
Latite, fan, porphyritic ... ... o o 45 1,060
Totaldepth .. .. .. 1,105

7S-4E-13bce
(Casing: 12-inch stee! 0 to 192 feet)

Soitandhardpan ...... ... .. . ... 4 0
Gravelandboulders . ... .. ... 19 4

Idaho Group, undifferentiated
Shale, blue, water . ... .. ... . . . . 167 23
Lava, black, soft ... ... ... . . 4 190
Lava, black, hard ................ e 86 194
Conglomerate ........ .. .. . 210 280

Banbury Basaft
Lava, black,veryhard .......... ... .. . . . i 46 490
Rock, red, water ........ . i e 86 536
Lava,black ... 62 622
Rock,reddish ... ... o 76 684

ldavada Volcanics
Rock, purple ... .. . e 34 760
Rock, brown ... ... . 42 794
Rock, pink ... 104 836
Rock, purple ... .. . 51 940
Rock, red, water ... ... . 32 991
Rock, brownandred,water ........................... 18 1,023
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material (feet) land surface)
7S-4E-13bcc1--Continued

Idavada Volcanics (Cont'd.)
Rock, red and cinders, water ... ... ... ... L. 19 1,041
Totaldepth ... .. 1,060

Well was later drilled to an unreported depth.

7S-4E-13dcd1
{Casing: 12-inch steel G to 194 feet)

Soil 18 0
Bouldersandgravel ....... ... ... ... ... .. . . 8 18

fdaho Group, undifferentiated
Clay, blue, sticky . ... ... o 165 26
Rock and layersofclay ... ... .. ... ... .. ... ... ..., 9 191
Clay, lighttantovellow ... ... ... .. ... . ... ... ... ... 10 200
Gravel, fine-grained, andsand ......................... 45 210
Basalt, dark graytoblack ....... ... . ... ... .. . ... 13 255
Sand, olive drab, coarse-gramed ...... ................. 22 268
Notreported ... .. .. . . 25 290
Clay, lighttan,sandy ........... . ... ... ... .. . ..., 20 315
Clay, lighttan, veryfine,sand .......................... 25 335
Clay, lightiantodarktan ....... ... ... ... ... ... .... 20 360
Notreported ... ... . ... . 38 380
Sand, very fine-grained .. ... ... o L oL 4 418

Banbury Basalt
Basalt,black ... ... ... . 20 422
Olivine basalt, dark greenish-brown andblack ............ 8 442
Sand, lighttanandblack .................. ... .. ...... 23 450
Basalt, redand brown ... ... .. L 7 473
Basalt and olivine basalt,black ... ... .................. 55 480
Basaltand basalticgravel ........ .. ... ... . ... . ... 23 535
Olivine basait, black o greenishshade .................. 10 558
Basalt, black and brownish-black, dense ................ 52 568
Basall ... e 20 620
Sand, blackandtan,ashy ........ .. ... ... . . . . . ... 85 640

Idavada Volcanics
Obsidian, black . ... .. o e 71 725
Obsidian, black, partlycrystallineglass .................. 39 796
Latite, purple, porphyritic, vesicular . .................... 30 835
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LOGS OF WELLS (Cont'd.)

Material

7S-4E-13dcd1--Continued

Idavada Volcanics (Cont'd.)
Latite, purple, porphyrific ........ .. ... ... oL

Notreported ....

Totaldepth ......

7S-4E-14abc1

(Casing: 16-inch steel 0 to 223 feet)

Soil and gravel ..
Gravel ..........

Gravel andclay ..

Idaho Group, undifferentiated

Clay, yellow .....
Sand, black .....

Sand, black, water

Sand, black,andclay ......... .. . .. i i

Sand, black .. ...

Clay, dark gray ..
Shale, blue ......

Rock, black .....

Rock, rusty yellow

Rock, slate-gray .

Clay, rusty,androck,black ............... ... .. ...

Gravel, fine .....
Gravelandclay ..
Clay, rusty ......

Clay, rusty,andsand ............ ... i
Rock, black, andsand ... ... .. . . i
Banbury Basalt

Rock, black, water

Rock, blackandgray ...... ... .. .. i i
Clay,brown,androck ........ ... ... .. ...
Clay,red,androck,brown ....... ... ... ... ... ...

Rock, black .....

Rock, black, and shale,red,water ......................

Rock, black .....

Rock, black, andshale,red ......... ... ... . i i,

Clay, rusty brown

Depth
Thickness (feet below

(feet) land surface)
35 865
100 800
1,000
5 0
5 5
5 10
20 15
5 35
5 40
30 45
20 75
70 95
160 165
15 325
60 340
25 400
60 425
20 485
35 505
15 540
5 555
15 560
25 575
10 600
5 610
5 615
65 620
55 685
5 740
45 745
5 790
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
75-4E-14abc1--Continued

Idavada Volcanics
Rock, gray, water ... .. .. ... ... 25 795
Rock, black, gray . ... ... . 35 820
Clay, red ... . 20 855
Rock, gray ..o 5 875
Rock, blackandgray .......... i i 10 880
Rock, black, gray,andred ... ... ... ... .ol 10 890
Rock, blackandgray ... ... . . 15 900
Rock, gray ... . e 65 915
Rock,rusty gray ... .. .. i 10 980
Cinders, purple ... 15 990
Rock, gray, water ... .. . .. 10 1,005
Rock, gray andbrown ... 20 1,015
Rock, gray ... .. 50 1,035
Rock, brown, water (at1,110) .......... ... ... ... .. ... 60 1,085
Totaldepth ... .. o e 1,145

7S-4E-23cbb1
(Casing: 16-inch steel 0 to 326 feet)

Gravel . 11 0

tdaho Group, undifferentiated
Clay, yellow ... .. 64 11
Gravel fine .. .. 7 75
Shale, blue .. .. . 43 82
ROCK, SOt .. e 2 125
Shale, blue . ... . e e 173 127
Clay, blue, stickyandsomerock ... ... ... ........... 22 300

Banbury Basalt
Rock, black,soft . ... .. . 4 322
Rock, black, water ......... ... i 6 326
Rock, reddish ... .. o e 9 332
Rock, brown, water ... ... . e 23 341
Rock,red ... ... ... . . 9 364
Rock, purple,hard .......... ... ... ... P 18 373
Rock, red ... . 21 391
Rock, purple, water ... ... . 23 412
Rock, red ... 54 435
Rock, pink, andclay ........ ... o i 26 488
Clay,red,andbrokenrock ............. ... ........... 40 515
Rock,red,andclay .......... ... i 23 555
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material {teet) land surface)
75-4E-23¢cbbi--Continued

Banbury Basalt (Cont'd.)
ROCK, red . o e 22 578

Idavada Volcanics
Rock, black, andclay,water .................. ......... 65 600
Rock, red . o 45 665
Rock,purple ... .. 13 710
Crevice, Waler ... ... e 3 723
Rock, purple ... .. 19 726
Rock, red, very abrasive,water ............ ... ..o 65 745
Totaldepth .. ... 810

7S-4E-27bccl
(Casing: 20-inch steel 0 to 19 feet)

Sandandgravel ... .. .. . 19 0

Idavada Volcanics
Sandstone, black, water .................. e 179 19
Sandstone, black, with coarse white sand, water .. ....... 52 198
Rhyolite, black, water .......... ... .. . . b5 250
Rhyolite, darkbrown ... ... .. . . 43 305
Rhyolite, reddish-brown ... ... ... o 97 353
Rhyolite, dark brown . ... .. 28 450
Rhyolite, dark gray .. ..... ...t 104 478
Rhyolite,gray . ... ..o 23 582
Rhyolite, gray, with reddish-brown stripes  ............... 215 805
Rhyolite, reddish-brown ... ... ... ... .. it 20 820
Rhyolite, gray and reddish-brown ......... ... ... . ... 20 840
Sand, gray, somebrownclay ........ ... . oo 55 860
Sand, gray, and clay, reddish-brown ............... ... .. 115 915
Clay, reddish-brown, androck,gray .................... 15 1,030
Rhyolite, reddish-brown, some water ................... 205 1,045
Totaldepth . ... . e 1,250

7S8-5E-5dbc1
{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 630 to 1,120 feet and 650 to 1,300 feet)

Idaho Group, undifferentiated

Topsoil, shale,andsand ......... ... ... i 737 0
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material (feet) land surface)
78-5E-5dbc1--Continued

Idaho Group, undifferentiated (Cont'd.)
Sand and shale streaks, water ... ... ... ... ... ... 38 737
Sand, water ... 125 775
Shale and sand streaks, water ... ... ... ... ... ... . ... 389 900

Banbury Basalt
Rock, black, water . ... ... . .. . . . 38 1,289
Clay 7 1,327
Shale 42 1,334
PUMICE .. . e e e 4 1,376
Rock, black ... ... . . 25 1,380
Clay 10 1,405
BROCK . 3b 1,415
Shale . e 65 1,450
Basalt, black, water .. ... ... . .. 179 1,515
Cinders, red, water .. ... .. . i 8 1,694
Basalt .. .. 22 1,702
Shale withrocklayers ... .. ... . ... . ... ool 18 1,724
Rock, broken .. ... . .. e 26 1,742
Shale withrock floaters,water .......... ... ... ... ..... 62 1,768
Rock, red and BIack ... oo 74 1,830
Sandstone ... . 206 1,904
Clay,red ... . 20 2,110
Sandstone ... 40 2,130
Clay,red .. .. 8 2,170
Sandstone ... e 21 2,178
Shale,blue,andclay ........ ... ... ... ... ... ... 41 2,199
SanNd . 22 2,240
Shaleandclaylayers .......... . o i, 81 2,262
AN . e e 13 2,343
Clay,red ... .. 19 2,356
Rock, brown ... e 30 2,375
Totaldepth ... .. 2,405

7S-5E-7abb1
(Casing: 20-inch steel 0 to 228 feet;
16-inch steel 228 to 632 feet)

Sandandgravel ... . .. 15 0

idaho Group, undifferentiated
Sandstone andclay, blue ... ... ... L. 65 15
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LOGS OF WELLS (Cont'd.)

Depth
Thickness (feet below
Material (feet) land surface)
75-5E-7abb1--Continued
Idaho Group, undifferentiated (Cont'd.)
Clay,blue ... .. 20 80
Sandstone, brown ... 35 100
Shale,blue ... ... ... . 70 135
Clay,brown ... ... ... .. 15 205
Shale, blue . ... . 23 220
Clay, brownandblue ... ... ... ... ... . il 19 243
Shale, blue ... .. .. . 113 262
Chertrock . ... 41 375
ClaY 21 416
Basaltandclay, mixed ....... ... ... .. .. .. ... . 18 437
Clay and streaks ofcindersand .............. ... ... ... 60 455
Banbury Basalt
Lava,black ... ... . 8 515
Lava, black, hard ... ... .. ... . . 33 523
Lava, black and green, hard . ...... .. ... ... ... ... ... 3] 556
Lava, blackandgreen,very hard ......... ........... ... 8 562
Lava, black ... ... 10 568
Sandstone, brown ... . 17 578
Lava, black, firm ... .. g 595
Lava, black, hard .......... . . . .. . 28 604
Rhyolite ...................... S 993 632
Totaldepth ... .. . 1,625
The Idavada Volcanics were believed to have started
at about 1,000 feet below fand surface.
7S5-5E-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 {0 1,613 feet;
12-inch steel 1,587 to 1,624 feet;
8-inch steel 1,925 to 2,025 feet)
Topsoilandsand . ... ... .. . . 50 0
Idaho Group, undifferentiated
Clay,blue,sandy ......... ... .. .. .. . . .. . . . ... 240 50
Clay,blue ... ... 40 290
Sand,yellow ... ... . . ... 5 330
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LOGS OF WELLS (Cont'd.)

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

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

Banbury Basalt
Rock, black ... . . o 380 1,045
Rock, black, softer ... .. . . . 25 1,425
Rock, black, harder ... ... . e 50 1,450
Clay, sticky ... 20 1,500
Clay, multicolored ... o 120 1,520
Clay,blue ... . o 100 1,640
Rock andclay inred and brownlayers ............... ... 105 1,740
Rock, black, soft ... ... .. . . . 45 1,845
Clay, multicolored with rock layers ...................... 30 1,890

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

75-5E-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;
Yx3-inch perforations: 180-710 feet;
1,070 to 1,180 feet; 1,510 to 1,680 feet)

SOOIl e e 4 0

Idaho Group, undifferentiated
Sandstone, water . ... ... 127 4
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {fect below
Material (feet) land surface)
7S-5E-13cbb1--Continued

Idaho Group, undifferentiated (Cont'd.)
Sandstone, soft .. ... ... 49 131
Clay,yellow,chalky ....... ... ... . i 470 180
Sand and some peagravel,water . ........ ..o ool 40 650
Chalk . e e 20 690
Clay,blue ... ... . 177 710

Banbury Basalt
Lava, black ... i e e e e 70 B87
Lava, brown,soft ... ... . o 2 957
Rock, red ... e e e 70 959
Lava, black ... ..o e 111 1,029
SEND . e 40 1,140
Lava, black .. e 420 1,180
Rock, red ... . e . 10 1,600
Tuff, red, withsandandgravel ................ ... ... ... 30 1,610
Lava, black ... o e 11 1,640
Tuff, red, withsand and gravel ......................... 29 1,651
Rock, brownandred ....... ... it 160 1,680
Rock, blackandred ... .. . i 114 1,840
Totaldepth ... .. .. . 1,954

75-bE-28acdi
(Casing: 16-inch steel 0 to 234 feet)

Idaho Group, undifferentiated
Chalk, roCk ... . e 110 0
Sand, water ... .. e e 126 110
Lava, black ... e 8 236
Clay, gray, sticky ... ... . 80 244
Lava,blfack ... ... ... . e 9 324
Clay, sticky ..o 17 333
Gravel,cemented ... ... i i i e e e 7 350
Clay, sticKY ... .o s 33 357
Sand (?) .. 12 380
Lava, black ... . i e 28 402
Clay, sticky . ... o 47 430

Banbury Basalt
Lava, black,hard ........ .. ... . i 20 477
Lava,red,hard ........ e 26 497
Lava, black ... e e e 287 523
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feat below
Material {feet) land surface)
75-5E-28acd1--Continued

Idaho Group, undifferentiated (Cont'd.)
Lava, 1ed . e 13 750
Red, sticky formation ........ ... .. .. oL 15 763
Black sandy formation . ....... .. ... oL 28 778

Idavada Volcanics
Lava, biack (volcanic giass) ... ... ... oL 39 806
Rock, reddish-brown ... ... . .. . . 49 845
RoOCK, 180 . . e 2 894
Conglomerate, sand, clay, andwater ................... 94 896
Rock, black, hard .. .. .. 13 990
Totaldepth ... . 1,003

7S-6E-15bat
(Casing: 6-inch steel 0 to 65 feet)

SOl 20 0
Gravel e 44 20

tdaho Group, undifferentiated
Shale, blue, soft ... ... .. 96 64
Sand, gray ... 15 160
Shate, blue, soft .. . 552 175
Sand, gray, coarse,water . ... 13 727
Shale, blue, soft .. .. 110 740
Sand, gray, soft,water ........ ... .. . 10 850
Shale, blue,hard ........ ... .. . . 17 860
Sand, gray, soft,water ... .. ... i e 8 877
Shale, blue hard . ... ... .. ... . . 17 885

Banbury Basalt
Pock (basalt), black, hard ........ ... ... .ol 8 802
Totaldepth . ... ... e 910

7S-6E-21dbct
(Casing: 10-inch steel 0 to 167 feet)

TopSOIt e 26 0

Idaho Group, undifferentiated
Sandstone ... ... 59 26
SaNd 77 85
Clay,blue ... . 4 162

Banbury Basalt
Rockblack ... .. i i s 5 166
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LOGS OF WELLS (Cont'd.)

Depth
Thickness {feet below
Material {feet) land surface)
75-6E-21dbc1--Continued
Banbury Basalt (Cont'd.)
Clay, blue,andbrokenrock ....................... .. ... 19 171
Lava, black ... ... 50 190
Clay, blue, andbrokenrock ............................ 40 240
Rock, brown,water .......... ... ... .. . ... .. .. ... 11 280
Lava, blacKk .. 19 291
Rock, red, water . ...... .. .. . . 15 310
Rock, red, andcinders,water .............. ... .. . ..... 10 325
Lava, black ... . 20 335
Clay,red .. .. 5 355
Sandstone,red ... 35 360
Rock, sand, andblueclay ............ ... ... ... ..... 20 395
Rock, black, andclay ....... ... ... i 20 415
Rock, red, water ... . e e 5 435
Rock, black, hard ... ... . . e 15 440
Rock, black,veryhard ........ ... . ... ...l 25 455
Rock, reddish, water .......... ... . . . 20 480
Rock and cinders, red and brown, water ................. 25 500
Rock, black ... ... . 22 525
RoCK, 180 .. .. e e 9 547
Rock, black, andclay ........ ... ... i 9 556
Rock, black, hard .. .. ... .. . e 20 565
Rock, red .. ... ... . e 6 585
Rock, Brown ... e e 6 591
Rock, brownandred, water . ......... . . ... . .. . ... . . ... 8 597
Rock, black ... . e 6 605
Rock,red, water ... ... .. . g 611
Rock,black . ... ... .. ... 15 620
Rock, black,andclay ........... ... ... ... ... 11 635
Rock,red,andclay ......... ... .. i 14 646
Rock, red, andcinders,water ................. e 13 660
Conglomerate, black ... ... ... ... e 42 673
Rock, red, water ... ... .. .. . . .. .. 15 715
Rock, black, andclay ........ ... ... ... . 22 730
Rock, red,andclay ........ ... .. 8 752
Totaldepth ... ... ... . . . . 760
7S-6E-22aad1
(Casing: 14-inch steel 0 to 400 feet)
LT T 3 0
Gravel ... e 58 3
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LOGS OF WELLS (Contd.)

Depth
Thickness (feet below
Material {feet) land surface}
75-6E~-22aad1--Continued
Idaho Group, undifferentiated
SaNdsStONe .. e 13 61
Gravel, fine ... e e 2 74
Sandstone, soft ... .. o 17 76
Clay, sandy .. ... 39 93
Clay, yellow ... 178 132
Shale, Brown ... . e 4 310
Clay, whitish color, sticky .............. ... ..., 80 314
Banbury Basalt

Rock, brownandred ....... ... ... ... . il 5 394
Rock, red ... 16 389
Rock, black ... . 28 415
Rock, reddish-purple ... ... 18 443
Rock, red and brown, water ....... ... ... ... ... .. 74 461
Rock, red, water ... ... e 20 535
Rock, purple, water ... .. .. ..o o 10 555
Rock, red,water ............... e 10 565
Rock, brown, water ... .. ... 5 575
Rock, purple,water ... .. o 5 580
Rock,red, hard ... .. . . e 10 585
Rock, purple ... .. 13 595
Rack, red ... e e 52 608
Rock, black ... 14 660
Sand, orange-red, someclay ........ ... ...l 26 674
Clay, brown,androck ... ... .. ... . . .. o it 11 700
Rock, black, andclay ... ... ... 40 711
Rock, black ... .. . e 15 751
Rock, red, Water ... ... .. . e 4 766
Rock, black ... 50 770
Rock, red .. ... e 20 820
Rock, brown ... e e 15 840
Rock,red ... .. e 15 855
ROCK, DrowWn ... e 30 870
Rock, red ... . e e e 40 900
ROk, BlaCK . ..o e 25 940
Rock, black, andclay .. ... .. .. 15 965
Rock,red ........ . . ... S 20 980
Rock,purple ... 30 1,000
ROCK, Ted .. e e 10 1,030
ROCK, BrOWn o e e 10 1,640
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LOGS OF WELLS (Cont'd.}

Depth
Thickness (feet below
Material {feet) fand surface)
75-6E-22aad1--Continued
Banbury Basalt (Cont'd.)
Rock, black, hard ........ ... . 30 1,050
Sandstone, brown,orcinders ........ .o ool 80 1,080
Sandstone, red, orcinders, water ......... ... ... ... ... 180 1,160
Idavada Volcanics

Rock, red, Water ... . i i e 30 1,340
Rock, purple, water ....... ... i 40 1,370
Totaldepth . ... . 1,410
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PUBLICATIONS LIST

IDAHO WATER RESOURCE BOARD

Publications

Planning Report No. One - [fdaho Water Resources
fnventory, 1968 {one 600 page volume plus 50-map”®
atlas)

Planning Report No. Two - ficonomic Base Study for
Water Requirements, 1969
Volume | - Employment-Populations-M & | Water
Voiume 11 - Agriculture-Forestry-Mining

*Planning Report No. Three - Aquatic Life Water Needs,
1969

Pltanning Report No. Four - Recreational Water Needs
{study not published)

*Planning Report No. Five - Agricultural Waier Needs,
1971

Planning Report No. Six - Electric Power Water Needs,
1970

Planning Report No. Seven - Navigation Water Needs,
1970

Sails Surveys Reports - 15 ldaho Counties - Cassia, Twin
Falls, Minidoka, Bingham, Butte, Bannock,
Bonneville, Canyon, Payette, Power, Caribou, Oneida,
Bear Lake, Franklin and Owyhee

Potentially Irrigable Lands in Idaho-Soils reports on
remaining 29 idaho counties

Potentially Irrigable Lands in Idaho Summary Report
Number One, 1970

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

Annual Report of the Ildaho Water Resource Board -
Fiscal Year 1974

First Annual Report Idaho Water Resource Board
Revolving Development Fund. July 11,1969 - October
31,1970

*0uzt of print

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

Third Annual Report ldaho Water Resource Board
Revolving Development Fund, July 1, 1872 - June
30, 1973

*Fourth Annual Report ldaho Water Resource Board
Revoiving Department Fund. July 1, 1973 - June 30,
1974

*Family Size Farms in Idaho, 1969

Interim State Water Plan, Preliminary Report, July 1972

*4 Survey af Public Attitudes and Opinions on Idaho’s
Water Resources, October 1972

*4A 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
Eeosysten, November 1972

Crane Fulls Project, Feasibility Report, November 1972
Water: The Heritage of Man, January 1973

Summary of Public Information Meetings, Interim State
Water Plan, March 1973

Testimony, Conunents, Suggestions and Recommenda-
tions on Information and Concepts Contained in the
Interim State Water Plan, Preliminary Report, June
1973

Comprehensive Rural Water and Sewage Studies - 25
ldaho Counties - Adams, *Bannock, Bear Lake,
Bingham, ™*Blaine, Boise, Bonneville, Canyon,
*Caribou, Cassia, Clark, Custer, Elmore, Gem,
Jefferson, Jerome, Lemhi, Lincoln, Madison, Oneida,
Owyhee, Payette, Shoshone, Twin Falls, Washington

Power Plant Siting and Water Needs for Future Power
Generation int Idaho, May 1974

Indian Hills Project, November 1974

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

IDAHO WATER RESQURCE BOARD {cont'd.)
Maps

Irrigated and Potentially Irvigable Lands in Idaho. Size
32" x BO", 1970
Pamphlets and Brochures
Your Idaho Warer Resource Board {Brochure)

Loaus for Water Resource Development - Information
Pamphlet No. 1

*The Marysville Project - Information Pamphiet No. 2

Idaho’s Water Resources and the Future - information

Pamphtet 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. B Ground-Water Levels in Idaho, 1968
*No. 68 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

*0Out of print
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No. 15 Ground-Water Resource of Southern Ada and
Westernr Elmore Cownties, Idaho

No. 16 4 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
Curey Act in Idaho, March 1970

IDAHO DEPARTMENT OF
WATER ADMINISTRATION

Water Information Bulletins

No. 18
No. 19

Ground-Water Levels in Idaho, 1970
The Raft River Basin, Idaho-Utah as of 1966: A
Reappraisal of the Water Resources and
. Effects of Ground-Water Development
Water Resources of the Rlue Gulch Area -
Fastern Owyhee and Western Twin Falls
Counties, Idaho

No, 20

No. 21 Reagsonable 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 Warer Resources of Western Oneida and

Southern Power Counties, Idaho
*No. 268 Some Effects of Land-Use Changes on the
Shallow Ground-Water System in the
Boise-Nampa Area, Ideho
Ground-Water Levels in Idaho, 1972
Water Resources of the Big Wood River-Silver
Creek Area, Blaine County, Idaho
Ground-Water Development in Idaho, 1970-71
Geothermal Investigations in Idaho, Part 17
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
Evgluation of Thermal Waier in the Weiser
Area, Idaho
A 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

*No. 27

No. 29
No. 30

*No. 31




PUBLICATIONS LIST (Cont’d.)

IDAHO DEPARTMENT OF WATER
ADMINISTRATION {cont’d.)

*No.33 A Ground-Water Monitoring Network of

Kootenai Flats, Northern Idaho

No. 34 An Estimate of Leakage from Blackfoor Res-
ervoir to Bear River Basin, Southeastern
Idaho

No. 35 Ground-Water Occurrence and Movement in the
Athol Area and the Northern Rarthdrum
Prairie, Northern Idaho

No. 36 Water Resources of the Aberdeen-Springfield
Areq, Bingham and Power Counties, Idaho

No. 37 The Availability of Water in the Little Lost
River Basin, Idaho

No. 38 A Progress Report on Results of Test-Driliing
and Ground-Water [nvestigations of the
Snake Plain Aquifer, Southeastern Idaho,
FPart 3

Biennial Report of the Department of Water Ad-
ministration - July 1, 1972 - June 30, 1974

*Out of print

DEPARTMENT OF WATER RESOURCES
Grownd-Water Levels and Well Records for Current
Observation Wells in Idaho, 1922-73, Parts A, B and
C, September 1974

No. 39 Chemical and Physical Data for Disposal Wells,
Eastern Snake River Plain, Idaho

Review of Boise River Food Control Management,
November 1974

An Evaluation of Stream Channel Relocation, South
Fork of the Coeur d’Alene River, December 1974

St Awnthony Pilot Recharge Project, 1970-1974,
February 19756

Snake River Basin Study, Idaho-Wyvoming, 1978
{pamphlet)

Silver Creek, A Water Resource Study in the Bellevue
Triangle, March 1975 {pamphiet}
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UNITED STATES DEPARTMENT OF THE INTERTOR PREPARED IN COOPERATION WITH THE
GEOLOGICAL SURVEY IDAHO DEPARTMENT OF WATER RESOURCES

Andnrion +
R &a] |

Sgeeara |
a3 p—

Ratsion | geaa view CORRELATION OF MAP UNITS DESCRIPTION OF MAP UNITS
= c":::;r | indion Cove
\‘\_\ Linsaton
=) i SURPICIAL DEPOSITS = Qal, alluvium; Gd, dune sand; = BANBURY BASALT - Lava flows of e tnter-
et % — Holocene mm Includes clay, silt, sand, and gravel, bedded locally with mino: LI
> lake deposits.
I A PR Rl SN MELON GRAVEL - Boulders, cobbles, and pabbles of basalt ; T T B .
oty and Powers b P ) Rmss in matrix of basaltic sand arranged in giant cross- s 718 CIC YOLCANIC HOCKS, UNDIFFERENTIATED - Consists of
. | (1963} ms beds. (Malde, Powers, and Marshall, 1963). AN silleic latite and blotite-ri
a4 ..:tni.’i 1 GRAVEL - (Qc, Crowsnest Gravel; occupies terraces above [T=7] IDAVADA VOLCANICS - Siliclc lat ¥ layes
! = — 4 R Snake River. e of devitrified welded tuff, alsc includes gome
2 — QUATERNARY i Qg, Unnamed gravel; occuples terraces above vitric tuff and lava Elows.
L preist Bruneéau River.
r . ; [15eas’ SLaLOsEHE RHYOLITIC BOCKS ~ Fine to coarse-grained extrusive rocks
r30 = i) . IDAHO GROUP, UNDIFFERENTIATED - Poorly to well rich in guartz and biotite.
Ip T g‘ sorted fluvial and lacustrine deposits ranging
o from clay to coarse gravel. Occurs as both INTRUSIVE ROCKS - Intrusive granitic rocks of comparable
INDEX TO GEOLOGIC MAPPING G consolidated and unconsclidated deposits with age and composition to Idaho batholith.
intercalated basalt flows and ash.
g
) Pleistocene BLACK MESA GRAVEL = Gravel and sand - gravel largely KNOWN FAULT--Bar and ball ‘on downthrown side.
o iR and = reworked from gravel of older formations.
| 5 ¥t Pliocene — =—— [NFERRED OR CONCEALED FAULT
[ M | POOCK] BRUNEAU FORMATION - Qbs, detrital material; Qbb,
¢ basaltic lava-flows; canyon fill of undeformed, — CONTACT
|/ | 4 L_Pliccene unconsolidated detrital material and intar- :
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FIGURE 4--Generalized geology, locations of sampled wells and springs, and lines of geologic sections
in the Bruneau-Grand View areaq, southwest ldaho.
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CF-F', and G-G' are shown in figure 4. Location of sec-
tion H-H' is shown in part in figure 4 and in whole in
figure 7a (regional gravity map).
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FIGURE 7a.--Regional gravity map.
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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 Idaho.





