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ABSTRACT

Increased utilization of the geothermal resource in the Twin
Falls — Banbury area of southern Idaho has resulted in noticeable
declines in the artesian head of the system. In order to deter-
mine the nature of the declines, a network of wells was identi-
fied for monitoring shut-in pressures and temperatures. In addi-
tion, a compilation of data and reconnaissance of the areal geo-
logy was undertaken 1in order to better understand the geoclogic
framework and its relationship to the occurrence of the thermal
waters in the system,

The geothermal resource of the Twin Falls - Banbury system
is characterized by temperatures between 30° and 70°C (86° to
158°F) and shut-in well pressures of 14 to 250 psi. The thermal
water occurs in rhyolitic ash-flow tuffs and lava flows of the
Tertiary Idavada Volcanic Group. Permeability of the reservoir
rocks results from tectonic and cooling fractures, intergranular
porosity o©f the non-welded tuffs and voids left between succes-
sive flows. The system is recharged by rain and snow falling on
the Cassia Mountains to the south. Northward dipping volcanic
strata channel the water toward the center of the Snake River
Plain and into northwest trending structure zones which cross the
area from Hollister to Banbury Hot Springs. The heat source is
thought to be the regionally high heat flow supplemented in parts
of the system by deep circulation in structure zones.

The results of the monitoring indicate that while water
temperatures have remained constant, the system shows a gradual
overall decline in artesian pressure superimposed on fluctuations
caused by seasonal use of the system. Well testing and the simi-
larity of hydrographs resulting from well monitoring throughout
the area suggest that there are no major hydrolegic barriers to
thermal water movement in the system and that wells are affected

by increases and decreases in utilization of nearby wells.
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INTRODUCTION

The low to moderate geothermal resource base of the Snake
River Plain, 1Idaho is extensive. Estimates of mean reservoir
18 J have been made by Mabey (1983) and
energy offset of over 26 MW thermal were made by Bloomquist and

energy of over 455 x 10

others (1985}. The hydrothermal resources range in temperature
from 30 to 70° C (86 to 158°F) and well depths range between 80
and 3000 feet. Most flowing wells have high yields (2000 gpm)
and shut-in pressures (250 psi). The focus of this report is the
geothermal resources of southern Idaho’s Twin Falls County,
Figure 1.

Artifacts found in the wvicinity of Banbury and other hot
springs in Twin Falls County are evidence that thermal waters
were known and used by Indians and early settlers. 1In 1938, a
1154 foot well was drilled by the City of Twin Falls (T10S, R17E,
Sec 14 SESWSW) that encountered the geothermal resource. The
well continues to be used for irrigation. Further development
did not ensue until the early 1970's when concern for energy was
heightened. Drilling continued until the early 1980's when pro-
jects for low-head hydro-power production, space heating, irriga-
tion and aquaculture were developed. The increased demands on
the resource have resulted in noticeable declines in pressure in
existing artesian wells. These declines have caused concern
among the resource owners, and in some cases have led to
litigation.

In the study area, there are more than seventy-five thermal
wells. For the convenience of discussion and ease of reference,
the wells have been assigned an arbitrary number. The locationsg
of selected wells referred to in this study are shown on Figure 1
and driller’'s 1logs for these wells and others are found in
Appendix A.



FIGURE 1.

Index Map - Showing Study Area (Inside Hachures),
Surrounding Region and Selected Wells
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Purpose and Approach

This study was initiated to provide baseline resource data
for the thermal system in Twin Falls County and to develop a
model that would describe the relationship between the geothermal
resource and the regional geologic framework. Methods selected
to complete the objectives were: 1) compile data for existing
wells; 2) analyze well logs for thermal water levels and sub-
surface geology; 3) compile and interpret geologic mapping in
relation to regional stratigraphy and structural controls of the
system and possible recharge areas; 4) establish a monitoring
network using existing thermal wells to record pressure and tem-
perature measurements on a reqular basis; and 5) collect samples
of the suspected rhyolite reservoir rock for geochemical analysis

and comparison.

Previous Work

Geologic Studies

Geologic mapping within the study area has been limited to
reconnaissance studies. For the southern part of Twin Falls
County, virtually no published geologic maps exist at a scale of
legss than 1:250,000. Also, the nature and stratigraphy of the
Idavada rhyolites exposed throughout the area are largely

unknown.

The early geologic work in the Snake River Plain included
reconnaissance level studies of geology by King (1878), Lindgren
(1898), Russell (1902), Schrader (1912), and Buwalda {(1924).
Stearns and others (1938) published a report on eastern Snake
River Plain geology and groundwater resources that included
descriptions of the basalts of the lava plains and the Tertiary
volcanic rocks at Shoshone Falls. Stearns, in a later publica-
tion (1955}, described the mud flow associated with the Shoshone
Falls volcanic rocks. Youngquist and Haegele (1956) published a



report and very general geoclogic map of the Cassia Mountains.
Malde and Powers (1962) studied and defined the stratigraphic
framework for the western Snake River Plain and developed much of
the stratigraphic terminology and nomenclature currently in use.
As part of their reconnaissance of the western Snake River Plain,
Malde and others {1963) included much of the western portion of
the study area on a geologic map at a scale of 1:125,000. Malde
and Powers (1972) published a more detailed geologic map of a
part of the previously mapped area, which included the Banbury
Hot Springs area, at a scale of 1:48,000. Covington (1976),
published a 1:24,000 scale geologic map which focused on geologic
hazards along the Snake River Canyon in the Twin Falls area.
Stratigraphic relations of Paleozoic and Mesozoic marine sedimen-—
tary rocks in the Cassia Mountains were presented by Mytton and
others (1983). A study and morphometric analysis of basalt vol-
cances in the southern and western portion of the study area was
conducted by Jenks in 1984.

Geothermal Studies

The geothermal resources of the Banbury and Artesian City
areas were first described by Stearns, and others (1938). Young
and Mitchell (1973) sampled hot springs and wells in Twin Falls
County as part of a statewide reconnaissance of geologic setting
and <chemical characteristics of thermal waters. Lewis and Young
in 1980 and 1987 (in press) investigated hydrologic conditions of
thermal waters in the Banbury and Twin Falls area using geophys-
ical studies and water chemistry. The geothermal resources in
the Artesian City area were studied by Struhsacker and others
(1983).




Climate

The climate of the area is characterized by hot, dry summers
{>32°C(90°F)}] and cold winters [<7°C(20°F)]}. The mean annual
temperature at Twin Falls 1is 9°C(49°F) (U.S. Department of
Commerce, 1973). Mean annual precipitation ranges from 9.5
inches at Twin Falls (U.S. Department of Commerce, 1973) to over
40 inches (Wilson and Carstens, 1975) in the mountainous areas to
the south. The majority of the precipitation falls as rain or
snow during the winter,

Physiography

The Twin Falls - Banbury Study Area is within the Snake
River Plain subdivision of the Columbia Plateaus physiographic
province (Fenneman, 1946). The Snake River Plain is an arcuate
structural and topographic depression extending across southern
Idaho from Weiser on the west to Yellowstone National Park on the
east. Recent workers have further subdivided the plain as con-
sisting of a western graben, eastern downwarp, and central tran-
sition zone (Mabey, 1982). The Twin Falls - Banbury Study Area

lies within the transition zone between the eastern and western

subdivisions. Topography of the plain is subdued and includes
extensive lava plains and numerous constructional veolcanic
features including basaltic cinder cones and broad shield
volcanoes. Elevations of the Snake River Plain range from 2,000

feet on the west to 5,000 feet near the eastern end.

The area in and around Twin Falls County, like much of the
eastern Snake River Plain, is characterized by a gently rolling
lava plain from which rise scattered shield volcanoes such as
Hansen, Stricker, Hub, Sonnichsen and Flat Top Buttes (see Plate
1). These volcanic shields generally rise from 150 to 400 feet
above the surrounding plain (Jenks, 1984). Many of the younger

Pleistocene 1lavas on the north side of the Snake River Canyon




still preserve features such as pressure ridges and aa and
pahoehoe lava surfaces. On the south side of the river the lavas
are earlier Pleistocene and Pliocene and most original features
have been removed by erosion or obscured by loess (Covington,
1976).

Within the study area the plain extends south from the Snake
River approximately 15 miles to the Cassia Mountains (locally
known as the South Hills or Rock Creek Hills). The Cassia Moun-
tains are a broad domal uplift that rise from a base elevation of
4200 feet at the point where Rock Creek enters the plain to a
maximum of over 8000 feet at Monument Peak. The uplift contains
a core of Paleozoic marine sedimentary rocks that are unconform-
ably mantled by a sequence of outwardly dipping Tertiary ash-flow
tuffs. The dome is deeply dissected by numerous drainages.

The southwest and western portion of the Twin Falls -
Banbury Study Area is a gently rolling lava plain broken by low
shield volcanoes. In addition, these areas are transected by a
series of low (50 to 100 foot) northwest trending fault scarps
and low elongate shield-like ridges formed by basaltic fissure
eruptions.

The Snake River is the primary drainage for the study area.
Through the Twin Falls reach, the river has incised a nearly
vertical walled canyon 500 to 600 feet deep and 1475 to 4900 feet
in width. Important tributaries within the study area include
Rock Creek and Salmon Falls Creek. Rock Creek is the primary
drainage of the Cassia Mountains where it has carved a canyon in
excess ©of 1450 feet deep. Numerous other less dramatic but
deeply incised drainages 1issue from the Cassia Mountains in a
radial pattern. Between the Cassia Mountains and the Snake
River, Rock <Creek Canyon is relatively shallow (30 to 50 feet)
but steep walled. The canyon of Salmon Falls Creek, which
borders the study area on the west, is deeply incised with depths

in excess of 500 feet, The remaining drainage for the area




consists of a series of shallow drainageways that have developed
along fault scarps and in the creases between lava flows and
gshield volcanoes.

GEQOLOGIC FRAMEWORK

Rocks exposed in the Snake River Plain are predominantly the
products of bimodal basalt-rhyolite volcanism during the past 12
million vyears (Leeman, 1982). These volcanics were erupted onto
a region of probable low relief which was underlain by folded and
faulted pre-Cenozoic sedimentary, volcanic, and plutonic rocks
(Armstrong, 1978). Inception of volcanism in any one area of the
plain was characterized by voluminous explosive eruptions of
rhyolitic ash which resulted in extensive sheets of welded tuff.
These were followed by extrusions of rhyolite lavas with some
minor intercalated basalts. The final phase of volcanism for an
area was the eruption of basalt lavas. Based on radiometric
dating (Armstrong, 1975; Armstrong and others, 1975; Armstrong
and others, 1980; Honjo and others, 1986}, volcanism has pro-
gressed along the axis of the eastern plain from the Owyhee
Plateau area on the southwest to Yellowstone on the northeast.
Recent evidence, including measurements of flow directions in
welded tuffs along the margin of the plain (DeTar and Street,
unpub. data; Leeman, unpub. data) and additional radiometric
dating (Honjo and others, 1986}, points to the probability that
this general progression was interrupted by regressions or coeval

activity at more than one eruptive center.




Stratigraphy

General Statement

The oldest rocks in the study area are Paleozoic and Meso-
zoic marine sediments that form the core of the Cassia Mountains
on the southern margin of the Snake River Plain (Rember and
Bennett, 1979; Mytton and others, 1983). Tertiary rhyolitic vol-
canic rocks of the Idavada group mantle the pre-Cenczoic sedi-
ments in the Cassia Mountains and underlie most of the Snake
River basalts. Tertiary rhyclites comprise the known basement
rock within the Snake River Plain portion of the study area and
are the reservoir rocks for the Twin Falls - Banbury geothermal
system. The Tertiary rhyolite is overlain by 500-700 feet of
Tertiary and Quaternary basalts. Lacustrine and fluvial sedimen-
tary rocks of the Glenns Ferry and Bruneau formations are inter-
bedded with and overlie the bhasalts in the western portion of the
study area {(Malde and Powers, 1962). The following description
of the major rock units focuses on rocks of the Idavada Volcanic
Group because of their relationship to the Twin Falls - Banbury
geothermal system. Descriptions of the other rock units are more
generalized and are included to provide a more complete picture
of the stratigraphic framework of the study area.

Pre-Cenozoic Rocks (MPz)

Paleozoic and Mesozoic sedimentary rocks are exposed both on
the northern and southern margins of the eastern Snake River
Plain and probably formed a continuous terrain across the area
prior to the inception of the Miocene rhyolite volcanism
{Armstrong, 1978). Within the study area, the pre-Cenozoic sedi-
ments are exposed 1in the core of the Cassia Mountain uplift.

Based on these exposures the pre-volcanic topography was probably




a gently rolling to mountainous upland (Struhsacker and others,
1983}, Numerous pre-Tertiary episodes of tectonic deformation
have resulted in the sediments being folded and thrust faulted.

The wunits in the Cassia Mountains consist of limestone,
dolomitic limestone, siltstone, quartzite, and chert. The lime-
stones and dolomitic limestones range from light to dark gray and
fine to medium grained and occur in thick massive beds several to
several tens of feet thick. Chert occurs as thin interbeds, as
major members of formations, and as nodules and pods up to
several feet across within limestone units. Siltstones show a
wide range of colors including reddish brown, yellow, and gray,
and commonly occur as a series of thin laminar beds. Quartzites
are buff, reddish and gray-green, fine to medium grained and
massively bedded.

Tertiary Idavada Volcanic Group

The oldest volcanic rocks in the study area have been mapped
as part of the Tertiary Idavada Volcanic Group (Rember and
Bennett, 1979; Malde and Powers, 1962). The Idavada Group is a
loosely defined aggregation of predominately rhyolitic welded
ash-flow tuffs with subordinate amounts of rhyolite lava and
intercalated tuffaceous lacustrine sediments (Malde and Powers,
1962). Rocks of the Idavada Group are exposed in the study area
within the Snake River Canyon near the City of Twin Falls, in the
Cassia Mountains 10 to 15 miles to the south, and in wvarious
stretches of Salmon Falls Creek to the west. Idavada rocks have
also been mapped in areas along the northern margin of the Snake
River Plain {Malde and others, 1963). While rocks of the Idavada
group are clearly related genetically, they probably represent
numerous as yet undifferentiated episodes of volcanism ranging in
age from 12 million years to as young as 6 million years (B.

Bonnichsen, perscnal communication}.




Idavada Ash-Flow Tuffs in the Cassia Mountains (Tiwv)

Unconformably overlying the Paleozoic and Mesozoic sediments
in the Cassia Mountains are a sequence of welded vitric and
vitric~crystal rhyolite ash-flow tuff sheets of Miocene age (J.
W. Mytton and others, unpub. geologic map). The sequence con-
sists of seven or more distinct cocling units, most of which are
separated by variable amounts of poorly consolidated airfall,
water-lain, and non-welded ash-flow tuff (DeTar and Street,
unpublished data). Thicknesses of the welded tuffs range from 156
feet to over 200 feet. The densely welded units are distinctly
zoned, consisting, in ascending order, of: (1) gray bedded surge
deposits; (2} gray to black basal vitrophyre; (3) brown, reddish-
brown, red and purple massive to platy thick densely welded cen-
tral 1lithoidal zones; and (4) an upper lithoidal zone containing
abundant primary flow marks and secondary flow folds. Thin gray
to black vitrophyre also occurs irregularly at the tops of some
units, Phenocryst assemblages and percentages are variable from
unit o wunit but are generally dominated by plagioclase with
minor amounts of pyroxene, quartz, and opaque oxides (probably

magnetite and ilmenite) {(DeTar and Street, unpub. data).

A generalized stratigraphic section for the Cassia Mountains
sequence is presented as Appendix B and is based on a reconnais-
sance level investigation of exposures along Goat Springs Creek
(T135, R17E, Sec 17) and Dry Gulch (T12S, R18E, Sec 2 & 3).

Older Rhyolite (Not Exposed)

211 of the wells 1in the Snake River Plain portion of the
study area that have been drilled deep enough to completely pene-
trate the Cenozoic basalts encounter Idavada rhyolite. Data for
these rhyolites are generally meager, consisting primarily of
well cuttings, driller's logs, and discussions with drillers. The

descriptions in this report are based primarily on information
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from . wells. Direct correlation of these units with the welded
tuff sequence of the Cassia Mountains is not possible because of
the extensive basalt cover between the wells and the mountains,
the possibility of intervening subsurface structures between the
two areas, and the lack of detailed stratigraphic information for
the subsurface units in the study area.

Cuttings from the USGS test well at Filer were examined for
this study. The cuttings were sand to pebble size making it
impossible to determine the large scale features of the rocks.
However, it was possible to identify vitric and lithoidal phases
of rhyolitic composition. Constituents include abundant glass
shards and clear glassy feldspar. Glass shards are cuspate and
platy and commonly show bubble wall structure. - Other constit-
uents include black and brown 0.0l inch rounded obsidian frag-
ments which are similar to the "apache tears” that commonly occur
in perlitic vitrophyres of the Idavada welded tuffs in the Cassia
Mountains. Fragments in some intervals, both crystals and glass,
are partially to completely coated with a white chalky encrusta-
tion. Also noted in the cuttings were minor amounts (less than
1%) of pumice fragments and masses of glass shards welded
together.

Lacustrine Sediments

Wells drilled in the Filer (No. 8, Figure 1) and the City of
Twin Falls area (No.'s 11, 12, 13, 14 and 15) encounter a 50 to
100 foot section of white to tan tuffaceous probable lacustrine
siltstone and clay-stone overlying the Idavada rhyolites.
Cuttings from the USGS test well contain abundant calcareous
ocolites or coated grain sands similar to exposed Tertiary and
Quaternary lacustrine sediments in the western Snake River Plain
(Swirydczuk and others, 1979; W. Burnham, personal communica-
tion). The ooclites or coated sand grains make up approximately
20 to 40 percent of the sample.

11




The lower part of the lacustrine section as encountered in
the USGS test well is a white sugary, vitreous, highly silicified
unit containing scattered 0.02 to 0.03 inch masses of opaque
oxides, some of which have a halo of limonite. Because the
samples were limited 1in quality and guantity, little else is
known about this unit.

Subsurface Alteration and Mineralization

In the subsurface rhyolite and lacustrine sediments
described above, evidence of alteration and mineralization was
noted including the white chalky encrustation, fragments and
coatings of opal and chalcedony occurring within rhyolite, and
magnetite within a probable silicified sedimentary unit. The
opal, <chalcedony, magnetite, and silicification are the products
of hydrothermal activity. However, based on the existing samples
it is not possible to determine whether the occurrences are
related to the present thermal system or to hydrothermal activity
associated with volcanism. The‘white chalky encrustation may

represent paleo-episodes of duricrust formation.

Shoshone Falls Rhyolite

A silicic volcanic wunit of Idavada affinity is exposed in
the Snake River Canyon from the Canyon Springs Golf Course (T9S,
R17E, Sec 33 NW) to approximately 1/2 mile west of Twin Falls dam
(T10S, R1BE, Sec 4) and is identified as a single rhyolite lava
flow. The rock 1is 1light to dark gray on fresh surfaces and
weathers to a dark reddish brown. Fracturing occurs throughout
the unit. Zones of sheeted or platy fractures are conmmon.
Sheets or plates within the zones are generally from 0.5 to 2

inches thick and the zones may be quite extensive covering
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several hundreds of square feet., Columnar jointing isn’t pro-
nounced, but strong vertical fractures are abundant. The bottom
of the flow is not exposed but well drilling has shown the flow
to be as much as 600 feet thick.

Microscopic examination, as reported by Stearns and others,
(1938), and confirmed in this study, has revealed no definitive
criteria on which to distinguish this unit as a lava or tuff.
Bonnichsen (1982 a & b) has found that many of the tuffs and
lavas of the 1Idavada group are petrographically indistinguish-
able. Phenocrysts in the porphyritic rock are predominately
plagioclase with minor amounts of pyroxene and opagque oxides.
The plagioclases are milky white in hand specimen and are up to
0.2 inch in length. The pyroxenes and oxides are commonly
closely associated and phenocryst aggregates of plagioclase,
pyroxene and oxides, are common but widely scattered. Bonnichsen
(1982b), notes that phenocryst aggregates in general tend to be
more abundant in lava flow rocks than in welded tuffs, but more
detailed statistical analysis will be needed to establish the
greater abundance of the aggregates in this unit.

These rocks have been classified (Stearns, 1955; Stearns and
others, 1938) as an andesite lava flow. Classification of this
unit as a lava flow was based on the abundance of glass near the
top of the wunit, the abundant vesicles, and the common flow
structures. However, all of these characteristics can also be
found in the ash-flow tuffs of the Idavada group in areas north
and south of the Snake River Plain. Further evidence suggesting
that this wunit is a lava flow rather than an ash-flow tuff, is
the lobate morphology, irregular upper surface of the unit, the
irregular distribution of vitrophyre and breccia zones within the
unit, the lack of typical ash-flow tuff zonation, and the lack of

the characteristic ash-flow tuff tabular aerial distribution.
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While Stearns’ classification of this unit as a lava flow
can be supported, it is believed his classification of the rock
as andesite is incorrect within the context of current classifi-
cation schemes. Based on the phenocryst assemblage, which is
typical of 1Idavada group rocks, and geochemical analyses (see
Appendix C, samples SF1 and SF2Z) these rocks should be classified
as rhyolite or silicic latite genetically related to the Idavada

group.

Tertiary and Quaternary Basalts (Tb, QTb and Qb)

A sequence of Tertiary and Quaternary basalt lava flows
overlies the Tertiary rhyolites. The oldest of these basalts
includes the type Banbury Basalt of Stearns and others, (1938)
which has yielded radiometric ages of 4.4 to 4.9 million years
and possibly as old as 6.2 million years, (Armstrong, 1975,
contains a good discussion of Banbury Basalt and its various ages
and correlations}. Near the type locality (Stearns and others,
1938}, Banbury Basalt lies wunconformably on Idavada rhyolitic
rocks (Malde and Powers, 1962}. While contact between Banbury
and Idavada rocks is not exposed in the Snake River Canyon near
the City of Twin Falls, Banbury Basalt is believed to overlie
Idavada volcanics over much of the area to the west. However,
where the Shoshone Falls rhyolite is exposed in the Snake River
Canyon it is not overlain by Banbury Basalt but rather by younger
basalts of Glenns Ferry {Plio-Pleistocene) and Snake River
(Pleistocene-Bolocene) age (Covington, 1976}). Therefore, the
Shoshone Falls rhyolite marks the eastern 1limit of Tertiary
basalt flows in this area. Banbury Basalt is also exposed in the
uplands of the Snake River Plain in the southwest part of the
study area and within the Salmon Falls Creek Canyon {Malde and
others, 1963).
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Banbury Basalt within the study area consists of a series of
thin olivine basalt flows which are locally interbedded with
minor stream and lake sediments (Malde and Powers, 1972). The
basalts are gray to dark gray to gray-green, both dense and vesi-
cular, fine to coarse grained and diktytaxitic (Malde and others,
1963}). These older basalts generally are altered. Phenocrysts
include amber to brown clivine crystals and clusters of plagio-
clase 0.01 inch in diameter and laths of plagioclase averaging
0.08 inch in length.

A series of similar appearing, but younger and unaltered
basalts, overlie Banbury Basalt in the City of Twin Falls area.
These basalts include units assigned to the Glenns Ferry Forma-
tion (Malde and others, 1962 and 1963) in the western part of the
study area and the younger Snake River Group (Malde and others,
1962; Covington, 1976) of lava flows which were erupted from
vents north, south and northeast of Twin Falls. These basalts
represent the surface units at the City of Twin Falls and are
well exposed along the canyon wall of the Snake River and Rock
Creek.

Geochemistry of Idavada Rhyolites

In order to establish baseline geochemistry for the known
and related geothermal reservoir rocks of the area, nineteen
samples of ash-flow tuff, airfall tuff and rhyolite lava were
analyzed for major element compositions. Of these, nine samples
were analyzed for the following trace elements: Sr, Ba, Co, Cu
Pb, Zn, Sb, Li, Be, Fr, La, Ce, and F. The variable compositions
of the rocks £fall within a range comparable to other rhyolitic
rocks of the Idavada Volcanic Group (Bonnichsen, 1982a and b;
Bonnichsen and Citron, 1982; Ekren and others, 1982; Leeman,
1982}, A discussion of analytical techniques and the results of

the analyses are presented in Appendix C.
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Tectonics and Structure

Mabey (1982) states that "...the Snake River Plain remains
one of the 1least wunderstood geologic structures in the United
States. It has been described as a depression, downwarp, graben,
rift, and lateral rift." The plain is clearly related to, and
the partial result of the propagation of, bimodal basalt-rhyolite
volcanism from southwest to northeast across southern Idaho.
Mabey (1982) divides the plain into three subdivisions; an
eastern, western, and central segment. The western Snake River
Plain graben 1is clearly expressed topographically and is dis-
tinctly bounded by normal faults along its southwest and north-
east margins. The eastern Snake River Plain, Mabey concludes, is
"likely a downwarp containing a complex of calderas."” Ekren and
others (1984} considered the eastern Snake River Plain to be part
of a tectonic-structural trend extending from the Idaho-Oregon-
Nevada border area to Yellowstone ©National Park and possibly
beyond. Within the central segment, graben bounding structures
of the western Snake River Plain, but not the pronounced topo-
graphic expression, are superimposed on the eastern Snake River
Plain trend. The Twin Falls - Banbury Study Area is located
within this central segment.

Not only is the gross structure of the Snake River Plain
poorly understood, but the local structures within the plain are
similarly enigmatic. Basement and subsurface structures are
probably complex because of the complex geologic and volcanic
history of the area. However, these structures are difficult to
completely delineate because they are covered by Cenozoic
basalts.

Structural features characteristic of both the eastern and
western Snake River Plain occur within the study area. Idavada
volcanic strata along the southern margin of the plain, within

the study area, dip into the plain and disappear beneath basalt
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without any clear evidence of down-faulting. A review of the
depth at which the top of Idavada rocks is encountered in wells
south of the City of Twin Falls demonstrates that this trend
continues beneath the basalt cover (Street and DeTar, unpub.
data). This is consistent with interpretation of the eastern

Snake River Plain as a downwarp.

Western Snake River Plain structures are represented within
the southwest part of the study area by a series of northwest
trending small displacement (<100 ft.) normal faults and small
scale grabens that fan out from the Salmon Falls Creek area
across the Bruneau Desert to merge with the fault zone on the
southwest margin of the western plain at the base of the Owyhee
Mountains (see Figure 2 and Plate 1}). These northwest-trending
fault zones are characteristic of the structural style within the
western part of the study area. The northwest trending faults of
the Bruneau Desert and Salmon Falls Creek area form a broad zone
of normal faulting which appears to be related to Basin and Range
extension. This zone crosses the southwest portion of the study
area from Hollister to Buhl and is sub-parallel to rift zones
normal to the eastern plain.' The rift zones are also thought to
be related to Basin and Range extension, (Kuntz, 1977).

The northeastern most trend of the Bruneau Desert - Salmon
Falls Creek zone 1is here informally designated the Buhl-Berger
Structure Zone (BBSZ). This N 35° W trending structure zone
traverses the area from southeast of Buhl to southeast of
Hollister, and is delineated based on the occurrence and trend of
fault scarps and associated basaltic eruption fissures, and
aligned vents (see Plate 1).

The principal fault scarps within the BBSZ are recognized in
the field and on topographic maps as somewhat rounded northwest
trending linear ridges which are steepest on the northeast side
and slope gradually away to the west indicating a northeast side

down sense of movement. There are two primary scarps within the
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zone, one, 50 to 75 feet high, extending from the southeast
corner of Buhl to about Berger (Plate 1) and the second, 150 to
175 feet high, from Clover to just north of Hollister (Malde and
others, 1963).

Basaltic fissure eruptions are associated with both of the
fault scarp segments, evidence that the BBSZ is probably a deep
seated structure. Southeast of Hollister, three aligned basaltic
shield volcanoces lie on trend with the BBSZ and appear to repre-
sent an extension of the zone. The zone cannot be traced with
any certainty into the Cassia Mountains. A graben which forms
the Shoshone Basin {(Figure 1) is a possible southeast extension
of the zone, but this interpretation is complicated by a possible
east-northeast trending structural zone that has been identified
trending across the northern margin of the Monument Hills and
intoc a =zone of concentrated and possibly faulted basaltic vents
including Salmon Falls Butte (Figure 1), (Covington, U.S.
Geological Survey, unpublished mapping; Bonnichsen & Jéﬁks, Idaho
Geological Survey, personal communications). This east-northeast
trending zone may offset structures in the Cassia Mountains and
Monument Hills (Figure 1} from those in the plain and it appears
to at least mark a change in structural style and trend.

On the northwest the BBSZ can be traced to a zone of north-
west trending faults mapped by Malde and others, (1963) through
the Banbury Hot Springs - Melon Valley area. The BBSZ and the
extension mapped by Malde and others, {1963) coincide with a
major bend in the Snake River and the sense of movement (down to
the northeast) 1is appropriate for fault control of this deflec-

tion of the river.
In some areas of the Snake River Plain alignment of basaltic

cinder cones and/or shields can be used to delineate structures
such as the BBSZ. Probably most basalt volcanoes in the Snake
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River Plain are related to deep seated fractures. However,
basaltic vents in the area northeast of the BBSZ area show no
clear pattern of alignment.

The stratigraphy of the study area is summarized in Figure
3. Structurally, the aréa is complex with a dominant northwest-
trend. The stratigraphy and structures both play important roles
in wunderstanding the nature and occurrence of the geothermal
resource. The following hydrogeology sections discuss the
relationship between the geothermal resource and the geologic
framework.

HYDROLOGY OF THERMAL SYSTEMS

Aquifer Characteristics

The geothermal aquifer of the Twin Falls - Banbury area is a
confined artesian system with shut-in pressures ranging from 14
to 250 psi depending upon the elevation of the well. Based upon
the drillers’ logs, well cuttings and chemistry of thermal water,
it 1is apparent that the system is contained in the Idavada vol-
canics with the upper units acting as the confining 1ayer; Per-
meability of the volcanic rocks is the result of structural frac-
tures related to tectonic movements, sheeted cooling joints and
fractures developed during emplacement, intergranular porosity of
the non-welded ash flows and air fall tuffs, and voids left
between successive flows,

Where Idavada pyroclastic rocks are exposed, they are com-
posed of a heterogeneocus assemblage of rocks. 1In heterogeneous
rocks, it is difficult to accurately calculate transmissivity and
storativity values without long-term flow tests. The following
section describes the data obtained from the only long-term flow
test on the aquifer near Twin Falls.
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Aquifer Testing

A 1000 hour (41.7 days) aguifer test was conducted by CH,M
Hill (unpub. report, 1982) for the developer of the well in 798,
R17E, Sec 33 NWNWNW (Well No. 10) from July 22 to September 2,
1982. During the test, the well-head pressure was maintained at
150 psi which was the pressure that was to be used for produc-
tion. Periodic measurements of the flow indicated that it
remained relatively constant at 2,920 GPM throughout the test.

During the test, shut-in pressures were recorded on the
wells in T10S8, R17E, Sec 4 {(Wells No.’s 11 and 12). At the end
of the test, pressures were recorded in the two monitoring wells
and the test well for 46 days to determine the rate of recovery.
Nearly complete recovery to original static heads was noted in
all three wells.

Based on this test, the transmissivity (permeability) and
storativity (volume of water taken into or released from storage)
were calculated for both recovery and drawdown and are as

follows:
Transmigsivity
Well Data Type (GPD/FT} Storativity
95 17E 33 #10 Recovery 74,300 -
1058 17 4 $#12 Recovery 46,400 - 4
Drawdown 45,200 5.8 x 10~
105 17 4 #11 Recovery 58,600 - 4
Drawdown 44,600 6.2 x 10
From this test and subsequent time drawdown analyses, CH,M

Hill concluded that no hydrologic boundaries exist between the
wells and that the development of the well would affect the water
levels in nearby thermal wells.
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Water Chemistry

Detailed analyses of thermal water chemistry were not con-
ducted during this study. Previous analyses have shown that the
thermal water in the study area is low in Ca, Mg and high in Si,
HCO, and F in comparison to other geothermal waters in the state
with different aquifer rock types {Young and Mitchell, 1973).

It has been determined that the Idavada ash flow tuffs are
high in Sioz, F and low in Ca and Mg (Appendix C). It is appa-
rent from this that the chemistry of the thermal water reflects

"the geochemistry of the flowpath and Idavada host rock.

Monitoring of Thermal Wells

A monitoring network of five wells in the Banbury Hot
Springs area was established in the fall of 1983. A similar
network of four wells was established for the Twin Falls area in
the spring of 1984. A standard method was employed to determine
pressure and temperature measurements. The procedure included
completely shutting in each well for ten minutes and at the end
of this time recording pressure and temperatures. Record was
also kept of other information, such as how many valves were

opened or comments made by the owner regarding well performance.

The locations of the monitoring wells and other wells dis-
cussed in this section are shown in Figure 1. Frequency of
measurements and pertinent well information for both the moni-
tored wells and other wells discussed in the text are found in
Table 1. The results of the monitoring effort are illustrated by
hydrographs (Figures 4 through 12). Temperatures remained con-
stant during the monitoring.
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WELL
NO.

e~ Oy i B e N

fod ped fed ped el e
LB W N PO

88
85
95
95
95
9s
98
95
95
93
108
108
108
108
108

TABLE 1. WELL INFORMATION AND FREQUENCY OF MEASUREMENTS

ELEVA-
LOCATION TION

14E 30 NESWSE 2897
14E 33 SWNWSE 2907
14E 04 NUNWNW 2959
14E 09 NESESW 2996
14E 14 NWSENW 3146
14E 14 NENESW 3200
15E 12 SWSWNE 3064
16E 20 NESESE 3530
17E 29 NWSWSE 3154
17E 33 NWNWNW 3174
17E 04 SWNWNE 3662
17E 04 SWSENE 3668
17E 10 RWSENW 3717
17E 14 SWSESE 3786
18E 06 NWNWNW 3585

FLUID
TEMP.
°C/°F

68°/154°
47°/117°
41°/106°
32°/90°
34°/93°

42°/108°

37°/99°
37°/99°
37°/99°

DEPTH

7607
800"
700°
850"
906
13007
14207
12477
7437
7507
143537
1191
1700
1154
13007

*FRE-
QUENCY

= o xR X o=

Frequency of Measurements (M=monthly, W+weekly)
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PRESENT USE

Heating

Greenhouse Heating
Space Heating
Tropical Fish
Irrigation

Catfish Propogation
Irrigation
USGS-Observation Vell
Cat Fish Propogation
Low-Head Power Gen.
Campus Space Heating
Campus Space Heating
Space Heating
Irrigation

Domestic Space Heating
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Seasonal fluctuations are shown in the hydrographs of wells
No.'s 1, 3, and 4 (Figures 4, 6 and 7 respectively). Typically,
demand is the greatest during the winter months and recovery
occurs in the late summer, early fall. The sharp decline in the
months of January and February of 1985 reflects the harsh winter

which resulted in increased usage of the geothermal resource.

Well No. 2 (Figure 5) was not used until April, 1984. The
record from November, 1983, until that date reflects a shut-in
period. The sharp drop in the fall of 1985 represented the time
when the owner was testing the system for use in an additional
greenhouse. The effect of a new geothermal domestic well drilled
in October of 1985 is shown as a depression. From April to the
end of June in 1986, the use of the monitored well was expanded
to dirrigation and domestic consumption because the cold water
supply to the area was under repair. This can be seen as a break

in the slope of the seasonal recovery.

Well No. 5 (Figure 8) is primarily used for irrigation,
hence the deep declines during the summer months. From July te
December, 1986, an increase in pressure is shown. This increase
was caused by the shut-in of four wells in the adjacent area
{T95, R14E, Sec 14, all 4 wells are shown as No. 6 on Figure 1)
that used approximately 4300 gpm from 1983 until late fall, early
winter of 19885, Two of the wells were opened and have been
utilized since January, 1987 for fish propagation. This subse-
gquent wusage 1is shown by the decline of the water level in the

monitored well.

The hydrograph of well No. 7 (Figure 9) is erratic. The
well is 1420 feet deep and is cased to 621 feet in poorly consol-
idated sediments or ash layers. These units continue below the
casing where they have the tendency to cave, thus clogging the
well. The well was cleaned out during June and July, 1986.
Additional casing was not added, therefore the clay continues to

clog the well. The well has not been utilized over a continuous
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period of time. When the well was flowing freely, the 10 minute
shut-in pressures were low, as compared to when the well was
completely shut-in over a period of time, the pressures were
high. This is evident in the reading of June, 1985. At that
time, the pressure had increased to the point where water was
leaking from the bolts on the well head. Most of the time the
well is either opened completely or is running a small amount;

rarely is it completely shut in.

During September, 1984, well No. 10 was opened and used for
power production. The well produces at a constant rate of 2470
GPM, and has rarely been shut-in for more than a few hours. When
production for the power project commenced the response in wells
11 and 12 was immediate as indicated in Figures 10 and 11. The
decline continued until the end of the 1984 heating season.
Fluid pressure recovery did not return to pre-production levels.
Well 13 was drilled and completed in August, 1984 and was pumped
at 280 GPM starting October 1, 1985. Both events show effects on
the other two wells. Well 13 was included in the monitoring
network in November, 1984 (Figure 12). A pump test was performed
in June, 1985, and is shown on the hydrograph. Water levels
during the fall and winter months reflect pumping levels. 1In all
three hydrographs, a dramatic increase in shut-in pressure is
evident in July, 1986. At that time, well 9 was rehabilitated
with an attendant reduction in leakage.

Well 9 had been flowing for several years at 1500 GPM at the
surface and was believed to flow a considerable amount in the
subsurface. When drilled in 1970, the flow was estimated to be
2750 GPM and the shut-in pressure was 212 psi. The well was 730
feet deep, completed in rhyeolite and was cased to 518 feet in
"gray shale and sandstone". There were 300 perforations from 220
to 230 feet and 200 perforations between 460 and 485 feet. The
16 inch steel casing was welded to an 8 inch steel casing at 222
feet, When the well was shut-in during June, 1986, the sound of

running water was heard, the well remained warm to the touch, and
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no response was recorded in wells 11 and 12. All of the above
were indications that the well was leaking in the subsurface. It
was thought that over the years the pressurized water had eroded
the formations arcund the bottom of the casing and at the perfo-
rated intervals. In addition, perforations cut where the 8"
casing was welded to the 16 inch casing may have resulted in
partial failure of that joint. Cement was pumped into the well
to seal the eroded intervals. The well was then redrilled to 743
feet. Casing was set to 640 feet and was pressure-grouted. As
soon as the well was controlled at depth, the thermal wells in
the vicinity immediately responded. The responses can be seen in
the hydrographs of wells 11, 12 and 13 (Figures 10, 11 and 12).

Another well, No. 15, was drilled and completed in December,
1986 and the effects of development are shown in the hydrographs
of wells 11, 12 and 13 (Figures 10, 11 and 12}. Present usage is
less than 10 GPM from this new well. Thus this well has an

ingignificant effect on the overall system.

Annual Discharge

To determine the annual discharge from the thermal aquifer,
water rights files and field exam reports were reviewed to deter-
mine the maximum permitted usage. Based on discussions with well
owners pertaining to seasonal and daily consumption, adjustments
were made to the maximum permitted amount. Current annual with-
drawal of the aquifer within the Twin Falls - Banbury Study Area
was estimated to be 23,600 acre feet per year, (4,364 acre feet
for the immediate Twin Falls vicinity and 19,326 for the Banbury

area). .
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PRELIMINARY CONCEPTUAL MODEL OF THE THERMAL SYSTEM

In general, it appears that there are two main directions of
flow movement converging in the Twin Falls area: from south to
north and from east to west (Young, 1987, personal communica-
tion). From the Rock Creek area water follows a generally west~
northwest flow path and from the Rogerson area flow is generally
to the north. Both flow components encounter the Buhl - Berger

Structure Zone in a poorly defined zone southeast of Buhl,

Permeability of the 1Idavada, both along the flow path and
within regervoir rocks, results from fractures related to tec-
tonic movement, sheeted Jjoints and cooling fractures developed
during emplacement, intergranular porosity of the non-welded ash
flows and air fall tuffs, and voids left between successive
flows. Fractures in the BBSZ facilitate the deep circulation of
and heating of the water by the regionally high temperature gra-
dient. The heated water is then pushed to the surface in the
Banbury area to the northwest by the continued inflow of colder

mere dense water from the southeast.

It is the authors’ opinion based on well testing, similarity
of monitoring results, responses to changes in discharge and
water chemistry that there appear to be no barriers to thermal
water movement within or between the Twin Falls and Banbury por-
tions of the system. While the Twin Falls and Banbury portions
of the system are hydrologically connected the source of the heat
component at Twin Falls is not clear. The study area is within a
zone o©of regionally high heat flow which extends from northern
Nevada to Yellowstone National Park. Heat flow over the zone is
generally about 2.5 Heat Flow Units (HFU) (Brott, 1976; Smith,
1980Q0). Lewis and Young (1987, in press) determined heat flow
values within the study area to be between 2.2 and 2.5 HFU based
on data from thermal gradients derived from bottom hole tempera-
ture evaluations. The thermal anomaly over the region is be-

lieved to be related to the Cordilleran Thermal Tectonic Anomaly
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of Eaton and others (1976) and local thinning of the crust re-
lated to Basin and Range extension (Mabey, 1983, p. 13). Heat
could be conducted through the aquifer from the Banbury area at a
greater rate than the inflow of colder water from the southeast.
There could alsc be inflow of thermal water from other systems
from the east and northeast, Figure 13.
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SUMMARY AND RECOMMENDATIONS FOR FURTHER STUDIES

The geothermal resource in the Twin Falls - Banbury area is
characterized by temperatures between 30°C and 70°C (86°F to
158°F) and 1is confined to the Tertiary Idavada rhyolitic rocks.
The probable recharge area is the Cassia Mountains where water
could circulate to depths via the regional dip of volcanic strata
and structure zones and be heated by the regional thermal

gradient.

Increased utilization for heating, irrigation, low-head
hydro-power production and fish propagation has led to substan-
tial declines in water levels. Monitoring of the aguifer has
shown that temperatures remained constant while water levels are
still declining. and have not reached equilibrium. The seasonal
fluctuations indicate response to the decrease in discharge, not
necessarily to recharge. The monitoring also demonstrated that
the aquifer responds rapidly to the development and usage of new
wells or to the repair and shut-in of existing wells, thus indi-
cating good hydraulic interconnection within the Banbury and Twin
Falls portions of the system.

This study was initiated to provide baseline data and to
develop a preliminary geclogic model of the thermal systen.
During the course of this investigation, several topics for

further study were identified:

1. Continued monitoring of the water levels and temper-
atures of the Twin Falls - Banbury system to expand
understanding of the nature and magnitude of declines;

2. Additional chemical analyses of thermal waters to
determine if changes have occurred over time as a
result of withdrawals.

3. Comparison of regional thermal water chemistries to

determine if there are relationships between the Twin
Falls - Banbury and adjacent systems.
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Regicnal and detailed geologic mapping to: further
define the Buhl - Berger Structure Zone, determine if
other structures exist that may be related to thermal
systems and determine if there are other geologic
relationships or boundaries between the Twin Falls -
Banbury and neighboring systems.

Selected geophysical studies to determine structures at
depth and extent of thermal system.
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APPENDIX A

DRILLER'S LOGS




LOGS OF WELLS

Depth
Thickness (feet below
Material {feet) land surface)
T 85, R 14E, Sec. 30, NESENW

(Casing: 8-inch steel 1 to 204 feet})

Elevation: 2906

Water - Y/N

Quaternary Alluvium

Brown Clay and Gravel............
Heavy Gravel and Brown Clay......

Banbury Basalt

Grey Basalt....... oot iiiinnnnnnn
Grey Clay. . eeereeneaeesineaanans
Brown Clay....oiceeersvnsssnnanes
Grey Basalt..........ciiainn.
Red Clay. .o vrnasoonnasnsans
Grey Basalt...viieeeenennessannans
Brown Basalf.....ceo0vvennenneans
Grey Basalb...... it innnaann
Green Shale w/Grey Basalt........
Green Shale w/Grey Clav..........
Grey Basalf....iitinernesnnsannns

Idavada Undifferentiated

Grey Shale (major field).........

Total Depth. .. ...ttt rninnnnannns

- oo

.- v e

“ .o

R Y

* e s

LR

* e oa.
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0
3

65
91
95
108
138
147 Y
179
191
226
245
363 Y

475 Y

480




LOGS OF WELLS

Depth
Thickness (feet below
Material {feet) land surface)
T 85, R 14E, Sec. 30, NENWSE
(Casing: B8-inch steel 1 to 80 feet;
6-inch steel 1 to 501 feet)
Elevation: 2902 Water - Y/N
Quaternary Alluvium
Brown Sandy Clay.....eeeveerenenennns 12 0
Gravel....iie it iinniiensranssnnnnanns 4 12 Y
Gravel and Clay....c.cutinnennnvsnnnes 16 16 Y
Gravel..... bt eeseetens et aaesaneennas 23 32 Y
Banbury Basalt
Grey Basalbt..... .ot iiininennnnaennas 9 55
Brown Scoria and Clay....coo0vvuuunn. 2 64
Black Basalt....... e e resaset s 19 66
Brown Basalt...........iiitieinnnnen, 3 B85
Grey Basalt....iieeertnenannarsanneas 9 88
Brown Clay...eeeuiieeeinnanonasnssnnns 5 97
Brown Basalt w/Thin Layers of
Sticky Clay... vt enneanenns 40 102
Grey Basalt....iviiiteinnnenanannnnns 31 142
Grey Basalt (Very Hard).............. 17 173
Red Clay w/Thin Layers of Clay....... 7 190
Grey Clay...ee e i tasiessnonaannneas 8 197
Grey Basalt w/Thin Layers of
Grey Clay....evivninerininnnnans 22 205
Brown Basalt............. ..., 20 227
Grey Basalt.....oiiiiiiiniinnnnnnnnn 11 247
Grey Basalt (Very Hard)...iiveeuwuonan 10 258
Grey Basalt w/Green Clay Seams,...... 19 268 Y
Small Flow, 2 GPM at 268
Grey Clay and Sand.....vuieeviencnnn.. 8 287
Coarse Sand and Layers of Shale,..... 47 295
Flow Increased to 5 GPM
Grey-Brown Clay.......cceeiinnnnrnnnns 23 342
Green Clay....o.oeeiieeinnnnnnasnsasnnss 25 365
Tan Clay..i.eiesiieeieeaneennnnennens 11 390
Grey Clay...vieeriisssneeernaaanannas 8 401
Tan Clay...ciiiiinennneerirnnanonnans 11 409
Grey Clay..evineeenssseencnaaaconasas 22 420
Tan Clay...c.ieerrieensenstaaaasnnanan 4 442
Grey Clay.ueieeeeeeneneetesnsnnnnnans 9 446
Flow picks up to 30 GPM Then
Dwindles to 5 GPM
Light Grey Clay....o o iiiennnnnnnnnn 60 455
Grey Clay.ei e iieiesnneenssnnnnnns 32 515
Grey Sand Stone.....evviiveerncanaaans 31 547
Grey Brown Sand Stone................ 12 578
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Idavada Undifferentiated

Black Igneous ROCK.....voiinuronannn 22 580
Grey-Brown Igneous Rock.............. 21 612
Black Igneous ROCK......vciiiisnvoann 67 633

Total Depth...... ... ... .. ceceen. 700
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LOGS OF WELLS

Depth
Thickness {(feet below
Material {feet) land surface)
T 85, R 14E, Sec. 30, NWNWSE
(Casing: 12-inch steel 0 to 35 feet;
8-inch steel 1 to 145 feet)

Elevation: 2900 Water -Y/N

Quaternary Alluvium
Top Soll. . ittt i ie i tnsaanennannaas 15 0
Medium Hard Rock and Gravel.......... 10 15
Clay and ROCK. ... iiv i nnnnns 60 25

Banbury Basalt
Medium Hard Black Rock.....eevvevuann 25 85
Clay and Black Rock.....c.iveiinenns 10 110
Rock and Clay MixX,....coirieennaannanns 60 120
Hard Sclid Lava...ciiesroeereassananas 35 180
Clay and Water Strips...cciveeeeeanns 220 215
Clay and Rock MiX....covvvrienninnnns 5 435

Idavada Undifferentiated
Hard Black RoCKk.. ... it eiiiennnnanan 10 440

Total Pepth.....cccvrecceanaa.. 450
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LOGS OF WELLS

Depth
Thickness (feet below
Material (feet) land surface)

T 85, R 14E, Sec. 32,
(Casing: Not on File)

Elevation: 2950

SWSENE

Water - Y/N

Quaternary Alluvium

Brown Sandy Clay......viiiiiiseinns
Boulders......i it irannanass
Grey Sand...... ..ttt nenannnn-
Boulders, Cobble Stones & Gravel...
BouldersS.. oo eeeeessennssssnansana
Brown Clay.....eevseeeneeansnanannn
Grey Clay & Gravel.....iiiiveneunns
Gravel. ..t erertvssanannreanscaanans
Brown Clay and Gravel..............

Banbury Basalt

Grey Basalt.....iiviieiiiivnsncnnnns
Brown Clay...cessecsssesrscsscnanns
Grey Basalt...... oo iveietsnsanannas
Brown Clay..ceeeioersssonsasscannns
Grey Basalt...........iiiiinan..
Brown Basalt.......ioiiviiinnnaans
Red Clay..eeeeeeeeneennnnnnnnssonns

Grey Basalt.... ..ttt nnnnensccaas
Grey Basalt.........iiiriinnnnnnns
Grey Clay & Basalt... .o innnan
Grey Clay.veeserenosssosnancsssonaas
Grey Basalt...vveiveesennencveerannns
Dark Grey Clay..eeeeecnsensenansssa
Grey Shale w/Layers of Sand........
Grey-Black Basalt........civvienans
Dark-Grey Clay.veveveseronnoennanes
Black Basalt.....uieiinienennnnnnn
Sticky Clay... ... eiiniesscanisena
Grey Shale Clay & ROCKkS.i v eensann
Green Clay.....cciveiinecnennnnnnns
Basalt... oottt rersnssenaannnnan
Grey Clay & Shale......vvveeesncsss

Idavada Undifferentiated

Black Rhyolite..... vt iinnnnnenns
Grey Sand Stone.........cccotinne.n.
Grey-Brown Rhyolite.......icvvuvves

Brown-Grey Sandstone Shale & Rocks

Grey-Green Shale, Rock & Clay.

Main Flow
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30
35
46 Y
52
58
64
76

85
103
108
113
119
157
161
169
185
210
214
225
241
284
292
300 Y
312
360
375
390
407
426
428 Y

440
471
511

545 Y




Grey Rhyolite...
Grey Clay.......

---------------------

---------------------

Light Grey Rhyolite w/Layers
of Green Shale......c.iiiiiennnnn
Light Grey Rhyolite w/Layers

Shale......
Grey Clay Sticky

---------------------

-------------------

Light Grey Rhyolite........iinei....

Total Depth

---------------------
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24
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623
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LOGS OF WELLS

Material

Thickness
{feet)

Depth
(feet below
land surface)

T 85, R 14E, Sec. 32, SENENE

{Casing: 12-inch steel 0 to 49 feet;
8-inch steel 1.5 to 447 feet;
6-inch steel 400 to 815 feet)

Elevation: 2906

Water — Y/N

Quaternary Alluvium

== o U P 5
Sand & Clay..eeeeinneieeeranancccnass 43

Banbury Basalt
Black Basalt.....ioiiiniiernenncnaans 78
Sandstone. .. .. ittt s e s 24
SanAStOne. s st eeettserneacsanneranns 40
Sand, Lots of Water.....coiiveeennnn. 10
(Sandstone) Layer of Sand............ 120
Band. .. veciiancesnonaasnssenanes 72°... 6
Sandstone....iveeiinncntacannan 74° ... 54
Sandstone. ...t rrrerssannnes go°... 20
Sand. .. .ottt cnst et s cacanaans 74°. .. 11
ROCK . it ittt ittt ittt it snanennanes 11
SandstOnNe. s iv it inrteesenaanssan 74°... 13
Clay.ereseannsooassssenssanness 74°... 12
Banbury Basalt................. 69°, .. 33
Clay & Basalt....i ottt ennnnnrsnnnns 10
Sandstone . ittt erttiennan 69°... 30
Sand. . ittt i it e et e i e g2° 10
Sandstone......ciiiieeniannnas 93° 105
SaAnd. ittt ittt it a e 104-°, .. 2
Grey Shale. ..ottt ciiienennnnnanns 3
Sandstone. . ... ittt it ittt e e 30

Idavada Undifferentiated
Black or Dark Grey Rhyolite.......... 8
Grey Shale...ciiiiiiiiieiriarenannnans 4
ESF- Do Lo - o o o -3 18
Grey Shale.....c.iiiiieeiinnnnnnnnnas 42
Black Rhyolite..... ..o 4
Grey Shale.. ...t einnaneenannnsna 14
Sandstone. ...t it e i 30
Black Rhyolite. ... it ieennnnnnn 70
Green-Blue Shale....cieiiuuenn 108°... 30
Grey Shale..... .ottt eeieannnaana 40
Grey-Black Rhyolite.......... e 15
Grey Shale.....cvtieererinnecsaananns 2
Grey-Black Rhyolite.........c....0... 7
Grey-White Shale...... i, 4
Dark Grey Shale w/Some of

Lighter Grey......... i, 62
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0

5
48
126
150
190
200
320
326
380
400
411
422
435
447
480
490
520
530
635
637
640

670
678
682
700
742
746
760
790
860
890
930
945
947
954

958
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Grey-Green Shale.........
Grey Rhyolite w/Layers of
Grey Shale & Clay........
Grey Rhyolite w/Grey Clay
Grey Shale.,..............
Grey Rhyolite w/Layers of
Grey Shale..............

Grey Shale.

Clay...osus

------------

Grey Shale w/White Soft Clay.........
Grey Shale. .. .ttt nannnn
Grey/Green Shale.......civvivinnnn.n
Grey Shale w/Clay Layers.............
Grey Shale w/Thin Clay Layers........

Total Depth.....ccoaeiian..
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10
50

15
20
30
30

38

20
80

1,020
1,030
1,080
1,085
1,100
1,120
1,150
1,180
1,182
1,220
1,280
1,300
1,380




LOGS OF WELLS

Material

Thickn
(fee

ess
t)

Depth
(feet bhelow
land surface)

T 85,
(Casing:

R 14E, Sec. 30,

NENESW

16-inch steel 1 to 23 feet;
12-inch steel 1 to 47 feet;
6-inch steel 1 to 444 feet)

Water-¥Y/N

Elevation: 2940

Quaternary Alluvium
Tan Clay.uueeieeeeotoseoaneanaeanennnsa 15 v
Dark Grey Clay...vceeevecnnnnne Ceeeas 9 15
bark Grey Clay w/ Z...4¢4000c.. e 30 24

Tertiary Basalt
Black Basalt (Hard).....viiieevunnenn 20 54
Grey Shale.......cviiiitinniencnennns 6 74
Red-Brown Clay...cieieseenenaeecenneesa 6 80
Black Basalt.......iieiiirnnnnennnnnn 18 86
Red-Brown Silty Clay.....iiuiiaenennns 7 104
Red & Black Cinders.....covieeenunnenn. 11 111
Grey Clay...vieenitetneanensannsssnnas 84 122
Red Clay w/Rock Layers.....eceeeeee.. 16 206
Grey Basalt w/ClaY.ceeeeerieennenenena 18 222
Grey Basalt (Hard).....viviennenoannenn 18 240
Grey-Brown Clay.....oeuiiiinnnnnnennns 8 258
Grey~Brown Basalt...........cceeeue.n 6 266
Grey Basalt......iveviiiininnnencnnsn 24 272
Grey Shale........oiiiiiiiiieannrnnns 11 296
Grey Basalt......ciiiiiiiiinenncnanns 2 307
Grey Shale w/Stick Clay......cvveeu.n. 17 309
Light Tan Shale..... .t rennnnennn 11 326
Grey Clay & Shale......civvnnnen.,. 27 337
Dark Grey Basalt.......iiiiriiriennnnnn 3 364
Grey Green Shale............ ...t 18 367
Grey Shale....... it innninennnnn 7 385
Green Shale..... . vviiiiiinnnnnnennnns 7 392
Grey Clay. .. i iie e inerienenenannennn 33 399
Tan Clay...seeeeneeeeonosnsnancnsnnna 9 432
Grey-Green Clay w/Rock Layers........ 9 441
Grey-Green Shale w/Rock Layers....... 12 4590

Idavada Undifferentiated
Grey Rhyolite....... ... 7 462
Grey Shale w/Rock Layer.......eeeuu.. 15 469
Black Rhyolite.... v iiniineinnnennnns 40 484
Grey Clay...iwee i iiniiinreeanenncacanas 4 524
Grey Shale w/Rock Layers............. 37 528
Black Rhyolite......coiiiiiiiiinnnsnnn 22 565
Grey Shale w/Clay Layers............. 13 587
Decomposed Brown Rhyolite............ 10 600

(Major Flow)

Total Depth.......ciiiiiiaaann. 610

Appendix A-9

Ko R

KR




LOGS OF WELLS

Material

Thickness
(feet)

Depth
(feet below
land surface)

T 85, R 14E, Sec. 32, NENWSE
(Casing: 10-inch steel 1 to 299 feet)

Elevation: 2931

Water - ¥Y/N

Quaternary Alluvium

Brown Sandy Clay...eevveneeinnnnncen- 6
Boulders & Gravel..... .ot iinunnnnnan 61
Boulders. . .o iiennetennnnnnnnnnenas 16
Brown Clay.....cciicnneneeniinnnnnnan 2
Tertiary Basalt
Grey Basalt (Hard).......o.ivvivunnn. 48
Grey Basalt...iieiieienooonnennnannens 5
Red Clay..oeeiiieisneotnnonnnennnness 6
Grey Basalt w/Clay Layers............ 16
Grey Basalt (Hard)................... 32
Browinl Clay...eeeeeeeanerronaenanssans 11
Grey-Green Clay or Shale............. 14
Black Basalt.....oiuiiiimnnnnnacennnn 26
Grey Clay, Shale & Basalt............ 8
Grey Basalt...coveennenoeonnareannnes . 16
Grey Brown Shale..................... 11
Black Basalt w/Shale Layers.......... 5
Gravel.. ...ttt e 10
Idavada Undifferentiated
Green Shale & Clay....cvieenneeennnns 22
Grey Rhyolite.... vt inneininnnnnann 21
Grey Rhyolite & Shale Layered........ 27
Grey-Brown Rhyolite.................. 46
Grey Rhyolite.....oiiii it 4
Grey Rhyolite {(at 435" Small Flow)... 105
Light Shale w/Rhyolite Layered....... )
Grey Rhyolite...ieseenenneriiinenenns 59
Grey Rhyolite w/Clay Layers.......... 30
Grey Rhyolite.... .. iieneniennenennnn 26
Grey Rhyolite w/Clay Lavers.......... 13
Green Shale w/Layers of Rhyolite..... 12
Brown Clay (Sticky).................. 6
Black-Brown Rhyolite................. 16
Grey Rhyolite....veirenivnnnnnneaann. 11
Grey Rhyolite w/Green Shale.......... 23
Black Rhyolite........c i nnnnn 35
Green CindersS....vees st rtennnnanenonns 4
Black Rhyolite....vvivmnrieeenennnns 15
Grey Rhyolite.......iiiiiiiiiinannnns 5
Grey Rhyolite.......coviiininiinennann 4
Brown Rhyolite...........c.. ..., 24
Grey Rhyolite.....ivieiiiiiiiinnenn 26
Grey-Brown Rhyolite.................. 16
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0
6
67
83

85
133
138
144
160
192
203
217
243
251
267
278
283

293
315
336
363
409
413
518
523
582
612
638
651
663
669
685
696
719
754
758
773
778
782
806
832
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Grey Rhyolite..... ettt aat e 178

Black Rhyolite w/clay seams.......... 13

Grey Clay.oueeeeeraesannsssaaronnnessns 5

Black Rhyeolite.... ..., 8

Brown Clay (Sticky).....ciiivinnnnnn 14

Grey Rhyolite w/Layers Sticky Clay... 9

Grey Rhyolife. . it nnsanrannnnanas 5
Total Depth.....c.c i
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1,026
1,039
1,044
1,052
1,066
1,075
1,080




LOGS OF WELLS

Thickness

Material

(feet)

Depth
{feet below
land surface}

T 85, R 14E, Sec.

32, NWNWSE

{Casing: 12-inch steel 1 to 39 feet;
8-inch steel 2 to 591 feet)

Elevation: 2875

Water - Y/N

Quaternary Alluvium

oooooooooooooooooooooooooooooooo

Banbury Basalt

Red Lava, (16" to 3B% ). ueeeeecenceans

Grey
Lava
Grey
Grey
Blue
Grey
Blue
Grey

Clay.eeennensnaesnnnsanans 86°...
Lava (12" to 5917 ) .. e eenrecss
Idavada Undifferentiated

Broken Grey Rhyolite.......... 110°...

Hard
Hard

Red-Brown Rhyolite..............
Grey Rhyolite........cciviui...

Broken Grey Rhyolite.......... 120°...

Hard
Soft

Grey Rhyolite................ ...
Grey Rhyolite........ciiuiinnnnn

Broken Grey Rhyolite.......... 140°...

Total Depth..... ...

67
124

127
167
12
35

35
64
183
25

93
15
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22
26

34
101
225 Y
231
358
525 Y
537
572 Y
589

624 Y

626

690

873 Y

8717

902

995 Y
1,010




.OGS OF WELLS

Material

Thickness

(feet)

Depth
(feet below
land surface)

T 85, R 14E, Sec.
(Casing: 6—-inch steel 1 to 361 feet)

Elevation: 2900

33, NWNENW

Water - Y/N

Quaternary Alluvium

O 31
Gravel.....veerernaarosanesaneassnanaes 2
O I g2
L= -1+ L 15
Banbury Basalt
Black Basalt....ueeeeeeeneesoncncennna 33
Clay.eeeesereeesioecennannnannnassnes 47
Sand. ...ttt it nseasasassnanna 25
O - 1 55
Black Basalt.....oiirtiiinnonnnennnenn 35
Conglomerate . i iiiieeianceeeanenans 4
Black Basalt (Medium to Hard)........ 36
Black Basalt (Very Hard)............. 100
Blue Clay...vviineerrnnneansannnncnnn 117
Blue Shale.....votitieenrnennrsnannes 86
Broken Blue Shale.........ivesniunnn. 12
Blue Clay....couvernrnrinnnronenanncsns 145
Blue Shale (Hard).....uououeeeunuenenes 120
Blue Clay..uoeviiiiieinnctsncanconnnnas 214
Blue Shale.......ciuininnenennnnnnnes 53
Blue Clay..veveneieeneanseonansansnnns 40
Idavada Undifferentiated
Reddish Brown Rhyolite............... 33
Total Depth.....cviiriniainnnnan
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31
33

125

140 Y
173
220 Y
225
280
315
319
355
455
572
658
670 ¥
815
935
1,149
1,202

1,242 Y
1,275




LOGS OF WELLS
Depth
Thickness (feet below
Material {feet) land surface)

T 85, R 1l4E,
i10-inch
B-inch
6—-inch

{Casing:

Sec. 33, NWNWSW

steel 1 to 199 feet;

steel 148.5 to 497.5 feet;
steel liner 494 to 694 feet;

Liner is perforated:
40 perforations - 497 to 505 feet
32 perforations - 674 to 682 feet)

Elevation: 2918

Water - Y/N

Quaternary Alluvium

Sandy Clay.eeeserinvrrsnenrenannns
Clay w/Light Grey Sand..........
Sand w/Clay...ciierernnnssnnssas
Brown Sand w/Small Gravel.......
Boulders w/8and. ...t evenns
Grey Clay..oeee e ieneannnnns

Banbury Basalt

Black Basalt {(Hard).......cieun
Basalt, Broken w/Clay......c....
Basalt, Broken w/Clay...........
Basalt, Broken w/Clay...........
Black Basalt (Hard)...viovveunnn
Grey Clay..eveenenesonnsonnsnasnas
Brown Clay...cueereennnenaaanons

Black Basalt, Fractured w/Clay

Tan Clay....ouoiiiiieinineeenennns
Blue~Grey Clay..vooevseveneasnnns
Blue Shale (First Artesian Flow)

Blue Shale.....cocriiinninerennn
Black Basalt (Hard).....ueuvuun.
Blue Shale......... e ian..
Black Basalt (Hard)....veeeveenn
Brown Shale...... i nennan
Basalt, Broken w/Clay...........
TAN Clay..eeeeoneseaneasanesasna
Green Clay....veevenunnennnnnnans
Green Shale.....cov et nenneennnns
Grey Clay..cviie e neeeraeanannn

Idavada Undifferentiated

Black & Green Rhyolite..........
Light Brown Shale...............
Dark Green Shale................
Light Grey Clay...cue e runnnns
Green Clay....veiiiinnnenninanss
Shale & Green Clay.......vvvuu..
Grey Shale..... .t nnnnnnns
Green Shale......c.iiviiinnnnnn

..... 13 0
..... 11 13
..... 19 24
..... 5 43
..... 4 48
..... 67 52
..... 3 119
..... 17 122
..... 5 139
..... 20 144
..... 2 164
..... 2 166
..... 10 168
..... 2 178
..... 9 180
..... 3 189
..... 7 192

{Above Flows Grouted 0Off)
..... 3 199
..... i 202
..... 10 203
..... 8 213
..... 2 221
..... i2 223
..... 5 235
..... 11 240
..... i3 251
..... 17 264
..... 4 281
..... 4 285
..... 11 289
..... 30 300
..... 4 330
..... 37 334
..... 13 371
..... 18 384
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Grey Shale........ . 24

Brown Clay. .. .ot eeieeneisctoancasens 14
Brown Basalt....... ... 4
Shale & Green Clay.... .o ieeeeannnenn. 8
Blue Shale...... ...t insnnnnnnss 24
Grey Shale. .. ... iiienaneaeans 12
Dark Blue Shale....itiivienrrnesnsnns 14
Black Basalt..... ..ot encienn 8
Red-Brown Rhyolite.......ciiiiviirnnn 9
Black Rhyolite....... ... 3
Brown Rhyolite........ ... ... ... 5
Black Rhyolite.......iiiiiiiiivnnnn 9
Sandstone.. ...ttt anses 4
Black Rhyolite..... .. inaaas 7
Decomposed Rhyolite, Alternating

Hard & Soft LAyerS...ceeeesecsss 111
Black Rhyolite (Hard).......evuieuan 3
Grey Clay..iiveeeesetoonertosonsananaas 2
Rhyolite (Very Hard)........ci.ouonu.... 31

Total Pepth... ... eenrnnnns
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402
426
440
444
452
476
488
502
510
519
522
527
536
540

547
658
661
663
694




LOGS OF WELLS
Depth
Thickness {feet below
Material (feet) land surface)
T 85, R 14E, Sec. 33, SENWSW
(Casing: 12-inch steel 1 to 119 feet;
B-inch steel 1.5 to 278 feet;
6—inch steel 185 to 470 feet)

Elevation: 2907 Water - Y/N

Quaternary Alluvium
Brown Clay.i.ssesesansiosnsnnssnnncess 8 0
Brown Sand.....eeeerecccrecscvsssanns 27 8 Y

Tertiary Basalt
Grey Basalt.... vttt innnnes 13 35
Grey-Brown Clay.....cceeviannrensnnns 19 48
Grey Basalt......viiieeiimnennrrennnns 5 67
Brown Clay....cioitiieiiiiiennneraannes 20 72
Grey Basalt.....iiiiieniinannecnannns 45 92
Brown Basalt...... ..o ievrnennnneeans 5 137
Grey Basalt......iiiiiiiiiiienrennsnen 26 142
Dark Brown Clay....c.eveeeeninsnssanas 7 168
Grey Basalbt..... ..ttt iineenranns 34 175
Brown Clay & Brown Basalt............ 4 209
Brown Basalt.....oeieevnnneorarnnnens 6 213
Brown Basalt.....ieseeriuiiencnnncnnsss 34 219
Green Clay. ... veeensessaconnsnennnsns 4 253
Tan Clay w/Thin Layers of Basalt..... 13 257
Tan Clay w/Shale Layers.............. 36 270
Hard Grey Shale.....cu.iiiiiieinnnns 21 306 Y
Grey-Brown Clay w/Shale in Layers.... 25 327 b4
Grey-Brown Shale w/Clay

in 1' to 27 LayersS.....cceesanans 26 352
Grey CLlay..eeeeeeeeneeanessennananans 31 378
Light Tan Clay..ccvieseeneesocansssas 1 409
Dark Green Shale....... ... 4 416
Light Green Clay....cciiiitiiinannnnaan 21 420
Grey-Brown Shale.........ccviiiaaa.s 9 441
Grey Shale... ...ttt innnennnn 20 450
Dark Grey Shale.......iiiiiiiiiiens 17 470
Light Grey Shale........ i, 20 487

Idavada Undifferentiated
Black Rhyolite..... .. i inennnnn 3 507 Y
Brown Rhyolite..........ciiiiia. 46 510 4
Black Rhyolite... ...t iannsnn 22 556 Y
Grey Shale...... ittt ennnns 6 578 Y
Black Rhyolite... ... iiinninnans 48 584 Y
Black Rhyolite w/Thin Layers of

Sticky Clay...ccviieiniiiiennnnns 50 632 Y
Brown Rhyolite..... i iiiniiniennnns 61 682 Y
Grey-Brown Rhyolite.................. 57 743 Y

Total Depth. ... ... i 800
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LOGS OF WELLS

Depth
Thickness {feet below
Material (feet) land surface)

T 85, R 14E, Sec. 33, NWNWSW
(Casing: B8-inch steel 1 to 259 feet)
6~inch steel 171 to 482 feet)

Elevation: 2912 Water — Y/N
Quaternary Alluvium

Brown Sandy Clay.......ieiiiineennnns 33 0

Brown Clay...c.eeeiiesiiinnsssnaaaanan 3 33

Brown Sandy Clay....cciiiriereaananns 20 36

Gravel & Sandy Clay....coveevvennanse 17 56 Y

Grey Sand.......c.icireitsscsoccaanaana 39 73 Y

Gravel & Boulders. ... ... eennnnnnn 30 112 Y

Grey Sandy Clay..seiiseeneeonncnnnnnns 3 142 Y
Banbury Basalt

Grey Basalt....voiiiriiinneinenannnnns 3 145

Gravel.. vttt iiinneranaaannnas 8 148

Brown Clay....ouoiiiiisineeennnnaaaanas 5 156

Gravel & Clay...iiiieennneenoneaannann 25 161

Grey Basalt....... it iiiereennnnanns 42 186

Brown Basalt & Clay.....ouvvivveanannn 11 228

Grey Basalt w/Clay.....iriennnnnnnans 3 239

Grey Basalt.... .o iineennencsnocnnnn 29 242

Grey Shale. ...ttt nnenneaaaaaanas 14 271

Brown Clay...ueeeeeiesenasnansnosanann 16 285

Grey-Green Shale & Clay...vovvicennn. 57 301 Y

Green Shale w/Sand & Gravel.......... 21 358

Gravel..ii.ee ettt nterennencnannnanas 5 379

Green Shale....... ..t inneennnns 9 384

Green Clay...iieeeeiein i iasessnennnss 24 393

Grey Clay. ... ciiniennrnnennenenonnnnnss 31 417

Dark Grey Shale.....cer i vrennnannnssa 6 448

Grey Clay. e ettt tnennsannnnnnnnes 16 454

Grey Shale...... ..ttt iareescennens 48 470

Shale & Sand in Thin Layers.......... 11 518 Y
Idavada Undifferentiated

Black Rhyolite....... .. 53 529

Grey Shale. ... ..ttt esnnnsraneneess 5 582

Brown Rhyolite.. ... ... i reesnnnnn 53 587

Grey Shale.. ...t nenteannnnnens 14 640

Black Rhyolite. ... vt iiiiennnnennnn 14 654 Y

Black Rhyolite.... .ot ennnnans 19 668 Y

Brown Rhyolite........... e 13 687 Y
Total Depth...... ... ... 700
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LOGS OF WELLS

Material

Depth
Thickness (feet below
{feet) land surface)

T 95, R 14E, Sec. 4, NWNWNW

{Casing: 8-inch steel 0 to 95 feet;

Elevation: 2959

6—inch steel 1 to 215 feet)

Water - ¥Y/N

Tertiary Basalt

Sand & Dirt.... .ot iieneenssssssnnans 35
Decomposed Lava (Medium-Hard)........ 30
Clay & Gravel (Water 2)....vevsnveess 75
Idavada Undifferentiated
Black Rock (Hard)....ovveeerronennnas 110
Black Rock (Medium-Hard)}....:eoeeaeen i00
Grey Rhyolite (Hard}.....ovveveneuans 75
Broken Spot.....ciieiiiinnnennsnnenns
Grey Rhyolite (Hard). ... nneranns 155
Broken Rhyolite.......ciiienenennsann 5
Black Rock (Hard) w/Clay SeamsS....... 55
Black Rock (Hard)....oeeeeeonenenaans 260
Total Depth.......ccceeinaaaan..
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35
65 Y

140
250
350 Y

425
580 Y
585
640
900




LOGS OF WELLS

Depth
Thickness {feet below
Material {feet) land surface)
T 98, R 14E, Sec. 4, NESESW
(Casing: 8-inch steel 1 to 41 feet;
6~inch steel 1 to 380 feet)

Elevation: 2996 Water ~ ¥/N

Tertiary Basalts
Dirt & ROCK. e ettt ittt it ieaaaanns 6 0
Brown Basalt.......iouiiieennneeanaann 14 6
Grey Basalf....vineestnnnannnasananas 10 20
Black Basalt & Clay...vveeensencnnans 5 90
Black Basalt...... .t rrinneeenenns 25 g5
Brown Clay......cieieiiitnernnnonnsns 11 120
Grey Silt.. e reeriersneenneneannnas 42 131

Undifferentiated Idavada Volcanics
Grey Shale (Hard)....siiininnnninnnee 2 173
Grey Sandy Clay...cccciiunnnnsronnsns 50 175
Grey Clay.eeevrneeeenossonssnsononaans 23 225 Y
Grey Shale (Hard)......oiiiinieeennnns 3 248
Grey Clay.. e eeuiieetneennncannsns 19 251
Grey Shale..... .ttt nananss 110 270
Brown Shale.....ivieierrierenrenesannes 27 380
Grey Shale....veiiiinieennneeiaceannnas 91 407
Black Rhyolite...covuriinerrineennnnnn 104 498 Y
Grey Rhyolite.. .. innennannn. 248 602

Total Depth. ... .. i eieennnes 850 Y
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LOGS OF WELLS

i

Depth
Thickness {feet below
Material {feet) land surface)
T 95, R 15E, Sec. 12, SWNESW
(Casing: 8-inch steel 2 to 110 feet;
6—-inch steel 30 to 621 feet)

Elevation: 3065 Water - Y/N

Tertiary Basalts
TOP SO0il...ieennntiocacaeeaesseneannnns 3 0
Boulders & Gravel. ... s eananennas 7 3
GreY LAVa...seeseaeosesaeneraonannnns 123 10
Brown Clay.....uoeeeiiuiiiceasannsanans 8 133
Blue Clay.iieieneenrsensassasranssnnsnn 19 141 Y
Brown Sandstone.....c.oceieeeeeneeennes 44 i60 Y

Idavada Pyroclastics
Red LAVA. ittt vosnssasssesssossanasenns 4 204 Y
Black LAVaA...iieieesneoesnsssssaseena 60 208 Y
Brown Lava & Red Ash.......ccivsuan.. i1 268 Y
Black LAV ..ceaaennnerensssnasasananes 49 279 Y
Grey Sand & Blue Clay... .o iinsscs 39 328 Y
Black LavVa. ..e.eeereeensoasosnsnsssssss 39 367 Y
Reddish Brown Lava Ash............... 14 4086 Y
Black LAVA. .4 seenneaneeaneaessanannns 50 420 Y
Brown LAVaA..cicocssossssosasassacscnns 130 470 Y
Reddish Brown Lava Ash........ccvvvu 50 600 Y
Sandstone & Clay....veevnennnnnnsans 50 650 Y
Grey Lava (Hard)....... it ieeennenn 50 700 Y
Blue Clay..seeseeienesaeesensascnssnns 19 750 Y
Grey LavVa...osoeoeeasaoeanaonesancssans 15 760 Y
Soft Blue Clay...vueieiieininencsaans 203 835 Y
Hard RoCK. ..o vseeenunssarancscnsasa 37 1,038 Y
Broken ROCK. ... iiieii st tennnnnacsnnas 45 1,075 Y
Clay . e e esescenseesaeaaanseeanenennns 155 1,120 Y
O 9 1,275 Y
Hard Black Rock. ... ..t iiinnnas 16 1,284 Y
Black Rock, Layers, Broken........... 120 1,300 Y

Total Depth 1,420
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LOGS OF WELLS

Thickness

Material

{feet)

Depth
(feet below
land surface)

T 98, R 17E, Sec.

29, NWNWSE

{Casing: 6-inch steel 0 to 640 feet)

Well has been reconstructed.

Elevation: 3154

Water - ¥Y/N

Tertiary Basalts
Brown Sand.....cceseueessssaconasases
Tan Sandy Clay.....iivieeniinnenanns
Boulders in Gravel.......ivvieennsnnn
Loose Basalt.....ooiiiionnnnnnnnnnaas
Basalt Boulders.......ciiiiiinennsnn.
Cinders & Clay..veeeevronasesansacaans
Basalt Boulders.....iiiiieeerennaonns
Cinders & Clay.ueeeennssvaseonsosaaaans
Basalt Boulders......vcvuiveenenanaans
Basalt (Soft)..... i imminennannn
Grey Basalt.... i iieeiiieanrannonneaan
Brown Basalt.......c.iiiiiiiiiinnnna..
Grey Basalt..... ..t iiennnnann
Brown Clay & ROCK..... i nneeans
Brown Basalt......... ..
Grey Basalt.......iiiiiiiiinnnnnnnan
Brown Clay w/ROCK.. ..o nnnnaan
Grey Basalt... it iiiiveseenaann
Brown Clay....cciiievintrencnnscannaans
Grey Basalt..... ... oot innenennnn
Grey Clay w/ROCK .. vevitennrtnnennnnns
Grey Basalt.......i oo imeaancnnn
Brown Basalt.......iiiiininneennnnnn.
Grey Basalt......ioiioneinnonnsannnnans
Grey Clay..e. e einiertrassnsonsncannss
Grey Basalt...... it rioeannnnns

Lake Sediments
Tan Clay...cceeineeeeireeennensaeeeans
Grey Sandy Clay w/Layered Shale......
Grey Sand....iviiiinntartasssossansnaans

Idavada Pyroclastics
Tan Shale.. ..t iiininennnnanannn
Grey Shale & Sandstone............ .
Conscolidated Black Shale or Rock({?)..
Grey Shale.. ...ttt iiininnnnn
Brown Rhyolite w/Layers of ?2.........
Green Rhyolite (Soft)................
Green Rhyolite (Hard)}................
Brown Rhyolite (Very Hard)...........
Pink Rhyolite (Very Hard)............
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13
39
51
53
60
70
81
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124
148
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219
253
273
312
321
361
382
388
396
434
444

459
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480
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630
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Black & Pink Rhyolite (More Water)... 2 700
Black & Pink Rhyolite (More Water 3 702
125 to 175 GPM) . vinnenennnenn. 5 705
Pink & Black Rhyolite................ 15 710
Brown & Pink Rhyolite................ 18 725
Total Depth. ... ...t eennnn 743
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LOGS OF WELLS

Depth
Thickness (feet below
Material {feet) land surface)
T 95, R 178, Sec. 32, NESESE

(Casing: 12-inch steel 1 to 71 feet;
8-inch steel 2 to 493 feet)

Elevation: 3637

Water - Y/N

Quaternary/Tertiary Basalts

Top SOLll..... et iieiaeaannn
Lava Boulders........oceeeraeennn
Grey Lava..i.vuiveeoeeesoessansnnes
Cements (7). Gravel....evvvennones
Grey LavVa..seesssseecsassnsasssans
Brown Sandy Clay...cvvvverecuanns
Grey LAVaA...evsssseesscanssnnssas
Lava Cinders & Gravel.......vcvn.
Brown Lava Cinders.....ceeeeessss
Brown Lava Cinders & Clay........
Grey Lava {(Hard).......ccuvenvenn
Brown Clay..ssesessasnsscsasnnnsss
Grey LavVa....cceieroroasanaananns
Reddish Brown Lava......ceuveuseasn
Brown Sandy Clay w/Gravel........
Tan Sticky Clay... .o niniiecinnnas
Grey Lava (2) .. renennnnsnnnneas
Brown Sandy Clay....ssesasss0ss4.
Grey LaVa...c.oeeeeeaceeeceancaarsans
Brown Sandy Clay....veeeeeuncssan
Blue Sticky Clay....cceeeveunessan
Grey Lava (Hard)......cvveveeenan.
Reddish Brown Clay...............
Brown Clay..eeseeriasnrsansorannsna
Grey Sandy Clay. ..ot iinnriennas
Brown Sandy Clay....eeeeveoconsens

Idavada Pyroclastics

Grey Rhyolite (Hard).......cvvu.n
Reddish Brown {(2)....ccieneerrenn
Grey Rhyolite (Very Hard)........
Black Rhyolite (Hard)......ouevuun
Rhyolite (Slightly Softer).......
Brown Lava & Clay...ieuvrancansss
Black Rhyolite (Hard}......ccvvvvnnns
Decomposed LavVa....ceeeeneeccoenonens
Broken Black Rhyolite (Hard).........
Sandstone. ... coiivnreressansnas
Sandstone (Very Soft)...ccveveeeennn.
Sandstone, Brown Shale......coriv.ceene
Black LAva...cieeeersrrcersncnnsansons
Black Rhyolite (Very Hard}.......
Rhyolite (Slighter Softer).......
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23
11

12
22

40
40

20
49
24
39
20
17
37
63
39
75

48
29
29

63
14
30
15
15
20
20
20
80
12

53
33
i0
30

10
33
46
55
59
71 Y
93
100
140
180
186
206
255
279
318
338
355
392
455 Y
494
569
577
625
654

683
746
760
790
805
820
840
860
880
960
972
974
1,027
1,060
1,070




Softer Form Again.......iciiiveesnnans
Black Rhyolite (Very Hard)...........
Red '& Black Rhyolite.................
Red & Black Rhyolite (Broken}........
Medium-Hard Strips of Soft Broken

Rhyolite...
Soft White Shale
Rhyolite, Broken

---------------------

ooooooooooooooooooooo

({Medium-Hard).......

Red Rhyolite, Broken (Soft)..........
Red Rhyolite, Broken (Hard)..........

Total Depth
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15

40
20
10

40

1,100
1,107
1,115
1,150

1,165
1,205
1,225
1,235
1,240
1,280




LOGS OF WELLS

Depth
Thickness (feet below
Material (feet) land surface)
T 95, R 17E, Sec. 33, NWNWNW
(Casing: 24-inch steel 1 to 26 feet;
l6~inch steel 1 to 128 feet;
12-inch steel 1 to 261 feet;
8-inch steel 1 to 592 feet)
Elevation: 3174 Water - Y/N
Bonneville Flood Deposits
Sand & Dirt...ivuienneencenannsoeeans B 0
Grey Lava Bopulders & Sand............ 18 8
Grey Lava Boulders & Sand......co00.. 30 26
Grey Rhyolite Boulders & Cinder Mix.. 23 56
Tertiary Basalts
Grey Basalt (Hard).....oeeitieeeaanans 7 79
Grey Rhyolite & Cinders (Soft}....... 30 86 Y
Grey Lava & Some Clay....usesvonrnnaes 7 116 Y
Blue Clay & Lava {(Some Caving)....... 17 i23
Grey Lava (Hard).....ooieieinnnnnnnnns 17 140
Grey & Brown Clay/Grey Rhyolite...... 10 157
Grey Rhyolite w/Layers of Clay....... 36 167
Grey Rhyolite & Clay...uvevesaenassan 23 203
Grey Basalt (Hard)..eiieeinneesnnnnan 34 226
Grey Basalt (vVery Hard).....coeeeennn 14 260
Brown Basalt (Hard).......... 0 .viunn. 6 274
Black Basalt (Hard).......iveueennn. 32 280
Broken Basalt (Crevice).............. 2 312
Black Basalt — Some Brown............ 1 314
Black Basalt - Big or Broken
Boulders.......coiiiniinenncanns 14. 315
Grey Basalt (Very Hard) Andesite?.... 47, 329.5
Black Basalt (Andesite?), Broken..... 12 377
Black Basalt? Andesite?.............. 5 389
Black Basalt, Broken................. 19 394
Grey Basalt (Very Hard).....veiiennnn 25 413
Broken Basalt (Softer}) - Trace of
Cold Flowing Water........c0vun. 14 438
Solid Basalt...... i nnnnnnn 8 452
Lake Sediments
Layers of Sandstone & Clays ~ Some
Warmer Wabter. ..o e v nennneannns g2 460 Y
Layers of Clay & Rock - Water
Increasing - About 150 GPM Temp.
Increase from 80° to 92° F. 40 552 Y
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Idavada Pyroclastics
Broken Rhyolite w/Shale Layers - Water
" Increased about 600 GPM
Temp. 99°%. ..ttt rnnnonnasssnnns 78
Broken Rhyolite w/Shale Layers -Big
Increases in Water Temp.,
Increased 102°-103°............. 80
Total Depth
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LOGS OF WELLS

Depth
Thickness (feet below
Material {feet) land surface)

T 108, R 13E, Sec. 20, NESENE
{Casing: 20-inch steel 0 to 25 feet;
l6-inch steel 0 to 100 feet;
12-inch steel 1 to 255 feet)

Elevation: 3428 Water - Y/N

Idavada Pyroclastics
Boulders......iiiinniniineeneenrannnan 25 0 Y
Brown Rhyolite........iiviiiiinnnnnnn. 37 25
Red Clay.uiueceeeneroeeeuonncnnennnennn 26 62
Loose ROCK....iiiiiininininiiinnnannn, 12 88 Y
Brown Rhyolite.......iiiiiininnnnnnnn 48 100
Locse Rock & Clay.veieiieenrenennnennnn 107 ' 148
Brown Rhyolite.........iviunnrnnnn. 145 255
Grey Rhyolite (Hard).....ooeiuwunonen.. 62 400
Brown Rhyolite......iiiiiiiininnnnnn. 18 462 Y
Grey Rhyolite....iiiiiiiinniniinnnn. 178 480
Blue Clay (Sticky)..cuvininriieinnnnnns 37 658
Brown Rhyolite.....icuiieernnnnnenns 35 695 Y
Brown & Grey Loose Rhyolite.......... 120 730 Y
Grey Rhyolite.... ... i iiinnnnnn.. 70 850
Red Rhyolite (Loose)...........cuun... 55 920 Y
Grey Rhyolite (Hard)................. 65 975
Grey Brown (LOOSEe ) .. ve s e oneenannsena 45 1,040 Y
Red Brown (LoOOSe) s i i e eeennennen. 20 1,085 Y
Grey Rhyolite (Hard).......vvieinnnn. 135 1,105
T o T - 27 1,240 Y
Hard Rhyolite.....ioiiiiinennnnnennn. 88 1,267
Rhyolite (Broken).......uiiiieinnnnnn 35 1,355 Y
Rhyolite (Hard)..u.'eveveeeennnnnnnn. 70 1,390

Total Depth....... ... ... ... ... 1,460
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LOGS OF WELLS

Depth
Thickness {feet below
Material {feet} land surface)
T 105, R 17E, Sec. 4, NESESW
{(Casing: 16-inch steel 1 to 367 feet;
l2—-inch steel 2 to 1611 feet;
Elevation: 3668 Water - Y/N

Brown Clay

Quaternary Basalts

Black Basalt......

Brown Silt

---------------------------

-------------------

---------------------------

Black Basalb. ... ..t iineneennnnnns

Brown Silt

Brown Clay

Black Basalt......

Grey

Basalt

Brown Basalt......

Grey

Basalt

.......

Brown Basalt......
Grey Basalt (Very Hard).......oove...

Brown Clay

Grey

Brown Clay

Basalt

ooooooo

---------------------------

-------------------

---------------------------

-------------------

ooooooooooooooooooo

-------------------

---------------------------

-------------------

---------------------------

Gravel & Brown Clay......cuorenunnnn.
Clay. .ot initiranesnssssssns
Brown Clay w/Some Gravel.............

Grey

Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey
Grey

Brown Clay

Brown Clay

Basalt

-------

-------------------

-------------------

O

Basalt
Basalt
Basalt
Basalt
Basalt
Basalt

{Hard)

-------------------

w/Clay Layers.....ocuuun.
(Very Hard).vvuoevevennnnn
w/Clay Seams......c.ccu...

(Bard)

-------------------

O

Basalt
Basalt

ooooooo

...................

-------------------

---------------------------

Shoshone Falls Rhyolite
Grey Andesite (Very Hard}............
Grey Andesite {(Very Hard)............

---------------------------

Grey Basalt w/Clay Layers............
Clay.oo i iiiiiinasssnananssansns

Grey

Brown Clay & Rocks

-------------------
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0
9
20
24 Y
35
43 Y
47
79
82
103
120
153
162
187
227
232
235
244
283
305
335
338
343
417
425
433
445
495
563
570
583
585
595
610
625

633
663
678
687
698
705




Grey
. Grey
Grey
Grey
Grey
Grey
Grey
Clay
Grey
Grey
Grey
Grey
Grey

O

Clay..cr it iiiiisenaraannnsnssss

Clay.eeeeeeannannanaeesssnssanss
Clay {(Hard). ... .ot innnennnnns
ROCK et it it it i et e ettt s asaasnses
Clay (Hard) .. .iessosanesscnannss
Andesite (Very Hard)........ous

Sticky Clay...eeei i it sonnannes

Grey

Andesite (Very Hard)............
Lake Sediments

Brown Clay.. ... viiveceertssanneronssnonns
Tan Clay..s oo eeeneesoacaanencsnnaseas
Brown Sand.......ccceseuecencaansnnans

Grey—
Dark
Dark
Grey
Grey
Grey
Clay

Brown Sand.....cceeoaneuns. aae
Grey Sand w/Some Clay Seams .....
Grey Sand w/SOMe 2.....:cc0sss0.
ROCK. . ettt iiennrnsaamannnnssnan

& Sand (First Flow).............
Idavada Pyroclastics

Brown Rhyolite....... it
Broken Brown Rhyolite & Sand.........
Brown Rhyolite.. ... ... i ianennn
{1215 was end of major ?)

Red-Brown Rhyolite........ ..
Grey—-Brown Rhyolite............... ...

Grey
Grey

Rhyolite....cvevennneiinnnnnnnnn
Rhyolite...... ... ... i

({Reduced hole to 8" at 17607}

Grey

Rhyolite... .o iniinrinennnnnns

Brown Rhyolite.........ciieiviiiennnnn

Grey

Grey-

Rhyolite..... ... nnennns
Brown Rhyolite............. . ...

Brown Rhyolite... ... mnnnsennss

Grey

Rhyolite.. ...,

Brown Rhyolite..........ciiiiiiiannn

Grey

Andesite. ...ttt ineneraraennaa

Olivine. v e eeeeeeeeneeencaseesssases

Grey

Andesite...vieitineaareercnaanne

Light Brown Andesite............ ...
Light Brown Rhyolite Crevised........

Total Depth..... ..o
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733
750
785
860
870
901
903
907
956
963
978
981
992
1,011
1,012

1,020
1,030
1,045
1,050
1,070
1,085
1,105
1,107
1,110
1,123

1,125
1,155
1,170

1,215
1,550
1,655
1,740

1,800
1,820
1,837
1,882
1,907
1,928
1,962
2,053
2,096
2,105
2,121
2,187
2,220

W




LOGS OF WELLS

Depth
Thickness {feet below
Material {feet) land surface)
T 108, R 17E, Sec. 4, SENWSW
(Casing: 1l6-inch steel 1 to 512 feet;

12-inch steel
10-inch steel
8~inch steel

1184 to
1293 to
(Perforations: 16 rows per foot 1293
12 rows per foot 1333
8 rows per foot 1353
Size of perforations:

1 to 1248 feet;

1345 feet;
1453)

to
to
to

1/4"

1333;
1353;
1453;
x 311)

Elevation: 3662 Water — Y/N
Quaternary and Tertiary Basalt
Brown Clay. ... iiinasscsnansnsnnnns 15 0
Clay & Broken Rock....coecviineeennn. 7 15 Y
Grey Basalt.... ..ot iiiinrteneneannnn 23 22 Y
Brown Clay....eiveressnsaenersssnnnnnn 4 45
Grey Basalt...... i innnnnnnaann. 14 49
O 13 63
Grey Basalt....... oo, g 76
Clayeneeeeeeeeieeaasiunnsaasssssnannas 13 85
Grey-Brown Basalf........cetneicnennnn 32 98 Y
Grey Basalt......ciiiriiiiiiiinnnnnes 34 130
Brown Basalt......ovrrvirrenncccanann 17 164
Grey Basalti.......iiiiiiiiiieinannennns 37 181
- I o 2 218
Grey Basalt......iiiiiiiiiinennraans 21 220
Brown Sandy Clay w/Gravel............ 137 241
Soft Brown Conglomerate.............. 8 378
Grey Basalt.....eieeeeesueaeoannoonas 30 386
Brown Clay......ciiinuiiienrrsonnnnnnns 32 416
Grey Clay..oeies et ieeassrocanacsnsnas 14 448
BEOWN Clay.eeveeseeeersenencesnnansnas 37 462
Grey Clay..u.eeeieeariieeanansnsannanns 9 499
Grey Basalt (Hard)..... .o eerneenns 27 508
Brown Clay....ciesecissnasnssssnsnean 8 535
Brown Sandy Clay.......ciiiiiinnnnnnas 97 543
Grey Sandy Clay.....iiiviiananecannan 28 640
Grey Sandy Clay...ieevennennnnnanannn 46 668
Grey Sandy Clay...eevvviininennrecnann '8 714
Grey Basalt.....i oottt nnnesnnnns 26 722
Reddish Brown Clay......cveiusecannnn 8 748
Grey Basalt........iiiiiiinneinnsenn 22 756
Brown Basalt w/Layers of Sticky Clay. 5 778
Brown Clay....ierirensacenennasasases 5 783
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Grey Basalt (Hard).....oviinnnnnnanas 65 788

Brown Basalt...... ... e .. 5 853
Grey Basalt....iiiiiiiiiinsesnssaanas 38 858
Grey Clay {(Sticky).. .o nnann. 16 896
: Tertiary Basalt
Grey Basalt (Very Hard)....cecuuuunon. 76 912
Grey Clay.seeeeesrsaasnaannnnsensrannsns 2 988
Grey Basalt.....viiiiiiiinennnnnannns 5 990
Grey Clay {(Sticky)..iiieieinnenrnnnnn 28 995
Grey Basalt....iiiiiinesennsnnescanns 5 1,023
Clay & Shale w/Fine Gravel........... 34 1,028
Black Basalt.... .ttt nnnnenansanen 8. 1,062
Brown Clay (Sticky).i.iiiiieieniiiensns 12 1,070
Grey Clay & Shale (Sticky)........... 8 1,082
Grey Brown Shale. ...t iiineninnnnas 21 1,090
Grey Basalt......o.iiiiiiicnensssnnanas 2 1,111
Grey Clay..ierssseintsesseeesscinsnsas 1 1,113
Grey Basalt.....iceeeeresessnsareanns 8 1,114
Grey Clay & Rock Layered.........cu.. 22 1,122
Black Basalt.....iiieeeneennencenaaas 13 1,144
Grey Clay & Shale.....oievineeenraans 19 1,157
Grey Basalt......iiiiiiireiinnnnnnann 5 1,176
Grey Shale.....ii et eresnsanasnnnana 5 1,181
Grey Basalt w/Thin Clay Layers....... 12 1,186
Grey Basalt....ceeiennnnrannncsnsnnnns 4 1,198
Grey Basalt w/Thin Clay Layers....... 7 1,202
Brown Clay.cieeiieeeensassnsnansnnnaa 6 1,209
Grey-Brown Basalt........citieinnnsn. 15 1,215
Grey Basalt (Hard)....eoivennearanaas 3 1,230
Grey-Brown Basalt........iieeeeenon.. 15 1,233
Lake Sediments
Grey Andesite (Very Hard)............ 19 1,248
Brown Shale (Caved In}).....eveveuneen. 48 1,267
Brown S5hale. ... eeroensesnasnanenans 6 1,315
Layers of Sand, Shale & Clay......... 14 1,321
Light Brown Clay....ucviiienennnnnnnn 15 1,335
Brown Rhyolite Chips & Clay.......... 7 1,350
Idavada Pyroclastics .
Red-Brown Rhyolite................... 123 1,357

{Broken 1408-1455)
1455 on Broken, Creviced and Caving

Formation

Total Pepth....ciireriennnnenns 1,480
Main Flow - 1422¢ to 1455¢
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LOGS OF WELLS

Depth
Thickness {feet below
Material {feet) land surface)

T 10S, R 17E, Sec. 5, NENESE
{Casing: l2-inch steel 1 to 18 feet;
B-inch steel 2 to 1091 feet;
6—inch steel 1080 to 1200 feet)

Elevation: 3647

Water - Y/N

Quaternary and Tertiary Basalts
Top SOLil. . v i i iiininicannnsvanannns
Hard Pal.....cvivicneoenensnsnsannnns
Grey Lava (16" to 197 )....iiviinennns
Brown Ash.......iiiiiiiiinriinnaanaas

Brown Lava (54%) . ...0eerneeennnnanas
Red Lava....eeeeeteeeoneenanceaananaans

Grey Lava (54d°%) .. iiiiiiiiiineonnannena
Brown Sandy Clay & Gravel............
Grey Lava (54°% ) . it iiiiit e aneennnes
Brown Clay (55°%) ...ttt iinireceannnas
Blue Clay...ueeieeenaeneacerosansonns
Grey Lava & Rock......... ... 0 .v.tan
White Clay.....viiveternenranaannnnnn
Brown Sandstone........ciiemnnenenas
Grey Lava...:cerseeenscscncnncansases
Brown Sandstone........couivieeaneann
Grey Lava (Very Hard)....eveeeeeeoaas
Lake Sediments
Brown Clay....oeuieinienennnnannnnnns
Blue Clay Shale....veiiveninnueecnnnn
Idavada Pyroclastics
Black Rhyolite (63%). ...t vnnnnns
Black Lava (Softer)...... oo iueennn
Black Lava (Hard) (63°)......ierrnnns
Decomposed Lava or Rhyolite..........
Brown & Red Sandstone, Broken
Rhyolite (85°%)...ctieieiinnnnanns
Red Rhyolite (12" to 1091')..........
Broken Red Rhyolite (90°)............
Red Rhyolite.....iiiiiiiinnnnenannn.
Red Rhyolite Sand (90°)....... ...
Broken Red Rhyolite.........cvveuennn
Red Rhyolite (8" teo 1200")...........
Broken Rhyolite (91°9)............. ...

13
12

i8

84
14
32
68
124
26
23
105
13

104
12
55

10
14

166

63
74

10
35

27
15
15
69
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0
3
ie6
28
33
51
56 Y
140
154
186
254
378
404
427
532
545
548
554
658 Y
670

725
735

749
915
938
1,001

1,075 Y
1,085
1,120 Y
1,123
1,150 Y
1,165
1,180 Y
1,249 b4




Broken Red Rhyolite........ivivvenan.

Solid Red Rhyolite.........cvivuinnn

Broken Red Rhyolite.........ciieviuess

Solid Red Rhyolite...................
Total Depth......cciiiiiiiaaa..

Started Flowing 20 GPM at 1,075’

Main Flow From 1180" to 1,252¢
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48
70

68

1,252
1,300
1,305
1,375
1,382
1,450




LOGS OF WELLS

Depth
Thickness (feet below
Material {feet) land surface)
T 105, R 17E, Sec. 10, NWSENW
(Casing: 16-inch steel 1 to 23 feet;
12-inch steel 2 to 900 feet)

Elevation: 3717 Water - Y/N

Quaternary Basalt
TOp S8C11l. .0 sieseenssasasoenasnsnsa 12 ¢
GreY LavVa...iceiisenevnatosssssnssnns 36 12
Lava Ash. ...ttt iresneannsnnnnnns 5 48
Grey LAVa. . ceteearonanaasnsssnsansan 77 53
Red LaAVA.uwiiieroneossessssssvasnsens 7 130
Browrn LaVa. .. .acecersssssananenannnas 8 137
Red Lava.....oeeieennrnnonnssns eeeees 5 165
GLeY LAVA. .:ucecanoncnenesssssssnnsss 68 170
Brown LavVa...seeessccssassansssnennnss 20 238
Brown LaVa.....cceeieeeasannnnnnnnnas 5 258

Shoshone Falls Rhyolilte
Brown Rhyolite.......iiiiiiiiiiennnnn 11 263
Grey Rhyolite.. ... ... innns 41 274
Grey Rhyolite........ovviiiin.. 123 315
Softer Grey Rhyolite (More Water).... 20 438
Red & Grey Broken Rhyolite - Water... 13 458
Red & Grey Broken Rhyolite - Lots

of Water. ..ot inieenennans 47 471
Brown Rhyolite.....ioiuivianvsscraans 10 518
Broken Grey Rhyolite - Water......... .3 528
Hard Grey Rhyolite................... 26 531
Broken Softer Red Rhyolite........... 26 557
Solid Grey Rhyolite.......... .. 4 583
Grey Rhyolite (Very Hard)............ 19 587
Broken Brown Rhyolite - Water........ 6 606
So0lid Grey Rhyolite...... i 13 612
Broken Grey Rhyolite - More Water.... 13 625
Grey Rhyolite (Hard).........0oco.... 60 638
Grey Shale (Some Black Rock) -

More Water....... .t venevensnas 16 698
Black Rhyolite, Broken - Water....... 83 714

Lake Sediments
Broken Brown Rock............ ..., 6 797
Brown Clay....ceeeeeniessnennsvroansa 6 803
Green Clay & Shale. ... i ieinnnnenes 33 809

Idavada Pyroclastics
Broken Black Rock....... ... 28 842
Soft Red Rhyolite........ccvivvnvrnnn 9 870
Medium Black Rock.......covvinnnnn. 31 879
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Hard
Soft
Hard
soft
Grey

Grey

Black ROCK. .+ "W v ereeeceenonaaans
Brown ROCK. .t e it et eteeenneaens
Black ROCK .. eneeroennnnncens

Decomposed Rhyolite - Hit
Bl Water......coiiiiiiiannnenns
Decomposed Rhyolite.............

Red Rhyolite..... .. i iiiniinnnnnenns
Broken Red Rhyolite - 89°............
Solid Brown Rhyolite........c.viu....
Red Rhyolite....ciieeennnracnccaannans
Broken Green & Pink Rhyolite -

Some Waker.. .o et e e enonnnnsensesa

50lid Brown Rhyolite.................

Grey

Rhyolite.....vviiiiiiiiiiinnnnne
Total Depth.. ... iirinnnnnnn.
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16

59
64

30
36
125
38
124

85
195

810
926
932
991

1,055
1,085
1,121
1,246
1,284
1,408

1,416
1,420
1,505
1,700




LOGS OF WELLS

Thickness
(feet)

Material

Depth
{feet below
land surface)

T 105, R 17E, Sec. 14,
{Casing: 6-inch steel 1 to 580 feet)

Elevation: 3786

SESWSW

Water - Y/N

Quaternary Basalt

ccccccccccccccccccccccccccccccccc
---------------------------------
----------------------------------

---------------------------------

(HAard ) v i v it et et neerannsonneanns

(HAard) oo vttt aeeneennssocsassnnen

---------------------------------
---------------------------------
---------------------------------

---------------------------------

Piller Falls Mud Flow

Boulders — Small Flow......ooeeieuenas

---------------------------------

Reaming well from 6 1/4 to 8 1/4

Lava

1< 215 o « 1) T,

Crevice & TalC.. oot ieinranneenenns

Lava
Clay

{Hard) — More Water.............

---------------------------------

---------------------------------

.................................

---------------------------------

---------------------------------

---------------------------------

Red Lava — More Water...veeevesonooens
BlacCKk LAV . . vt eeeeetetnoeennnonnsas

---------------------------------

.................................
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10

37

10
12

14

11
16

12
50
14
60

28
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0
10
12
49
51
61
73
77
91
94

105
121
124
136
141
191
205

265
293

310
402
403
412
416
418
420
422
458
460
475
478
500
510
578
582
588
600
605
627
629




----------------------------------

(HAard ) v v v e v it ittt e esvcncancances

---------------------------------

---------------------------------

(Hard) ..o ittt iiir e et ie it tneaaaas
(Hard) - Reaming Out wWall.......
(HACA) v v e v eeveneeevnsannnnanssns
{Hard) - More Water....u.eeeeeea.
L= 2= of « 1 T
Lake Bed

Limestone. . i it eereenrecaaaaassnns
Quartz Crystals... ...t nnnnaannana
Shale. . ..ii ittt raaserevenarssosaansaa

Lake

Bed. ... v einennerennncnnacanssa
Idavada Pyroclastics

Red Granite..... ... ittt innnsnsaaas
Sandstone - Water Strong............
Sandstone ~ Water Strong............

Total Pepth..c.i it ieiinninaaas
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638
641
648
651
672
678
687
710
738
739
760
830
930
935

980
1,025
1,031
1,055

1,085
1,131
1,135
1,154




LOGS OF WELLS

Thickness

Material

(feet)

Depth
{feet below
land surface)

T 108, R 1BE, Sec. 6, NWNWNW
{Casing: 10-inch steel 1 1/2 to 6 1/2 feet;

8-inch steel 1 to 149 feet;

6—inch steel

Elevation: 3585

to 1173 feet)

Water - Y/N

Quaternary Basalts
Brown Clay... ...t inenceseerannsenasas
Quaternary Basalt (Hansen Butte).....
Light Clay...cieceisseeaansecaecsannnn
Brown Basalt.....oieranennas Ge e
Grey Basalt.... ..ottt isassanns
Brown Clay...eeeesneacecaacnnnaanansan
Red-Brown Basalt..........ccieveannn
Grey Basalt.......ooiiiinniinnnnnnnn,
Grey Silty Clay and Gravel...........
Brown Basalt....... . iiiiiiiinnnns
Basalt (Slightly Green)..............
Gravel, Silt & Sand.....ceveeeeonsases

Shoshone Falls Rhyolite
Decomposed Rhyolite.......... ...
Brown Rhyolite. . e ienivannnnnnnnsas
Grey—-Brown Rhyolite.......cciiuvuucea.
Grey Rhyolite........ it
Grey-Brown Rhyolite..........cce0unns
Brown Rhyolite....... . i
Grey Rhyolite. ... i iiiiiiiiinnenns
Dark Sand........iiiieereeervscanncnns
Black Rock (Soft & Shiny)............

Lake Sediments
Rock and Clay in LayersS......eeueuseen
Brown Clay.....oeeeeeeeeeeennenannnnns

Idavada Pyroclastics
Brown Rhyolite.....vivennnenaraceann.
Brown Clay....iueeiveessannasasaanens
Grey Rhyolite......... ..o,
Red-Brown Clay...coeueeeerrereransoens
Black Rhyolite......civueererinnnnsnn
Red-Brown Clay..eeeessenenseeccaaanns
Brown Rhyolite......iiiiiinninneennnn
Tan and Green Shale......civvveuuunas
Andesite (Very Hard).....vvvivnnnnann
Black Rhyolite & Grey Clay in Layers.
Brown Clay {(Stickyl....ceeeeeeiiian
Andesite & Grey Clay Layered

(Very Hard)}..ioe oo v ennnnnanannns
Grey Clay & Shale...... ...
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0

1
30
36
50
64
66
72
110
125
130
135

150
167
369
385
445
465
492
503
507

518
537

546
550
553
598
602
626
631
635
656
745
779

783
880




Andesite & Grey Clay Layered

(Very Hard)
Brown Clay......

---------------------

---------------------

Andesite (Very Hard)...vroevnnneronnn

Brown Clay......
Grey Rhyolite...

ooooooooooooooooooooo

---------------------

Grey Clay (Sticky)..ceviiiinininnnans

Grey Rock & Clay
Brown Clay......
Grey Rhyolite...
Brown Clay......
Tan Clay........

SEAMS . i i et e e

---------------------
---------------------
ooooooooooooooooooooo

ooooooooooooooooooooo

Greenish-Grey Shale & Clay....ccausa.

Black Rhyolite..

ooooooooooooooooooooo

Clay & Sand LayerIS.u..eceesesanannsoans

Black Rhyolite..

ooooooooooooooooooooo

1st Flow, Very Small............
Black Rhyolite w/Thin Layers of

Grey Shale.

---------------------

Grey-Black Rhyolite......iviivvennnsn

Total Depth
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22
35
31

39

15
72
13
18
22

45
65

893
915
920
955
958
989
995
1,034
1,040
1,043
1,050
1,065
1,137
1,150
1,168
1,180

1,190
1,235
1,300




LOGS OF WELLS

Depth
Thickness {feet below
Material (feet)_ land surface)

T 105, R 19E, Sec. 1, SESESE
(Casing: 8-inch steel 0 to 47 feet;
6—inch steel 0 to 1460 feet;
5-inch steel 13 to 1925 feet;
3-inch steel 1900 to 2160 feet
Perforations: 50 - 1400 to 1925 feet;
150 - 2100 to 2160 feet)

Elevation: 3952 Water - Y/N
Quaternary Basalt
Brown Clay....iuiteneacaersonssaannnns 42 it
Grey Basalt.....iieiiinennrenansannns i0 42
GreY SCOKi@..iciioeeaasnarsnansannnns 31 52
Grey Basalt....iiieeeeinnniennnnnnnns 32 83
Grey SCOCi8.. .. eiireinenasnasacanaens 21 115
Brown CindersS...vveerassnsnnssssssansans 34 136
Caving ROCK. ... ittt snssennsnsanss i0 170
Grey Basalt...... ittt nnnrsnsoanenns 20 180
Black Basalt...... .. ittt teennnenennns 30 200
Brown SCOCLi1@.esueretnsssanneanasaannas 20 230
Grey SCOFi8..:cicioanacansnsnnssacannnas is8 250
Grey Basalt (Hard).......iieivievvans 6 268
Grey SCOLia...iiininnnnasersonnsasnansns 23 274 Y
Grey Basalt......cvnrinrenocnnnnnnnas 11 297 Y
Grey SCOTLla....uiuirerennnnccannnnenas 66 308 Y
Grey Basalt........ .. iinnnns 6 374 Y
Grey SCOCla..scisrnessransncnssaannanas 23 380 Y
Grey Basalt & Clay. ... inannnns 12 403 Y
Brown Basalt.........iiiiiiinnnnnns 50 415 Y
Grey Basalt.....oveeivrennnansoansnnas 17 465 Y
Brown Clay... oot iinninnsonnoeassonns 4 482
Brown Basalt....... ittt rinnennnns 36 486
Brown Clay...veuriiinnnneennnannnnnes 3 522
Brown 8COfid...ciiiiininiiiniiannnnns 3 525
Brown Basalt w/Clay LayersS......eeu.. 13 528
Brown Clay...iveiiressosernnnenanenans 8 541
Brown Basalt..... .ottt nnnnnsn 18 549
Brown Clay w/Layers of Basalt........ 7 567
Brown Basalt....iiiieenerronnsnnnanns 31 574
Grey-Brown Basalt............ ... 36 605
Red Clay & Brown Basalt.............. 23 641 Y
Grey-Brown Basalt.....c oo innennns 16 664
Grey Basalt....uvtiiinennonnsnensnnan 63 6860
Grey Sand. .. ... ...t iiereaaas 4 743
Grey Basalt......iiiiiiinintennnnanns 17 747
Brown Basalt.......oiiiinenninnnnns 13 764
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Idavada Pyroclastics
Grey-Brown Rhyolite.......... .00
Brown Rhyolite.......iiiiiinennnnnnn
Grey Rhyolite..... ... i,
Black Rhyolite..... ... i iiiieiinnnnnnn
Brown Shale....... ...t iiiinenennnan
Brown Rhyolite............ .o,
Brown Clay....usveeeeseesesnncnnnness
Brown Rhyolite....... ... . i
Grey Rhyolite.....iiiiiinninnnneecenns
Andesite (Very Hard).....ovieeernnnnn
Red Clay..eeeeeeeneesossnensenenonnna
Grey Rhyolite.... ...,
Brown Clay.....etieeieienmnnannnasaans
Grey Rhyolite......oiviiiiinrnnnnnennn
Brown Clay.ceei it enenaanannanesnnas
Grey Clay & Rhyolite...iiiiiinninnnn
Grey Rhyolite......iiviiriennnrnennnn
Grey Clay.. v veeireseinnaacencncnaenns
Grey Rhyolite...... ...t innnnnnn
Grey Clay & Shale...ciiiiiiiinnenaann
Grey Rhyolite......oiiiiiiiiininninnns
Grey Clay (Sticky)..ieiieeeiiieennnnnn
Grey Sand. ... it ieneeeeesensnnnasana
Dark Grey Clay (Sticky)...evereeenansn
Grey Sandy Clay....ciieiiienncnnnannn
Tan Clay (Sticky)....ciiviiiiinnannn
Grey Clay (Sticky).ee i nnnnnnn
Andesite (Very Hard)...civevieeaunnnnn
Brown Clay (Sticky)........ .o,
Sandy Clay......ciineiiiiinnnennannens
Red-Brown Sandy Clay....veuieweuenannn
Grey Clay (Sticky)..eeriineninnnarnnnn
Grey Shale. ... iireeereitssssnnannsnes
Grey Shale (Sticky)..... i iiennnn.
Grey Clay (Sticky)..ciiiieniinieacnnn.
Grey Sandy Clay......oniunveenaaanenn
Grey Shale......iit it iiniinnnnnnnns
Grey Clay & Shale......iiivieeennnn..
Black Rhyolite..... ity
3 S O -
Grey Shale & Clay Layered.......co...
Grey Rhyolilte...... v iiiiiiinnnnnnnn
Grey Shale...... .. it innianns
Grey Rhyolite....... i nnnnnns
Grey Clay (SticKky).eveeeeeniinnennnnns
Light Grey Pumice Clay.....iovuuveunn.
Light Green Pumice Clay....cceeuvunn.
Light Grey Clay (Sticky)..vevuvnnen..
Grey Shale (Caving).....euieeeeeeaan..
Dark Grey Clay w/Thin Shale Layers...
Grey Shale..... ...t innnnnn
Dark Grey Clay w/Thin Layers of Shale
Light Blue-Grey Clay.....ooueeuucennan

Appendix A-41

27
92
215
11
11

et
MO W] WO

115

10
22
75
39

21
33

777

804

896
1,111
1,122
1,133
1,142
1,145
1,152
1,165
1,174
1,176
1,183
1,202
1,214
1,217
1,231
1,233
1,275
1,286
1,302
1,361
1,368
1,373
1,413
1,440
1,446
1,460
1,529
1,533
1,538
1,555
1,575
1,579
1,590
1,595
1,600
1,618
1,628
1,670
1,685
1,700
1,705
1,715
1,720
1,835
1,843
1,853
1,875
1,950
1,989
1,991
2,012

Y?




Dark Grey Clay..
Dark Grey Shale.
Light Grey Clay.
Light Grey Sand.

......................

---------------------

Grey Shale w/Alternating Layers of

Green Sand.

---------------------

Grey-Green Rock (Rock is fine grained
and Very Hard)}. ..o evennennn. ‘..

Total Depth

Appendix A-42

12

49

37

2,045
2,057
2,063
2,112

2,119

2,156
2,160




LOG5 OF WELLS

Material

Thickness
(feet)

Depth
(feet below
land surface)

T 145, R 15E, Sec. 16, SESWSE
(Casing: 8-inch steel 2 to 143 feet)

Elevation: 4931

Water - Y/N

Tertiary Basalts

TOp SOil. ...ttt ittt iteeaannnnnenanan 5
Grey Lava....eeeeeeenessssanncnnsanns 22
Red-Brown Sandy Clay...ueeeceeeeeseaan 32
GreY LAVaA.....eeesaeessssccennnnnnnns 56
Red-Brown Lava Ash & Cinders......... 48
Brown Clay & Gravel......v'vurnnnennn 12
Brown Sandy Clay..eeeeeeieeencannnnens 45
Black Lava Cinders........veivennnnn. 32
Black Lava (Hard).....cvcvinnerenuennn 11
Idavada Pyroclastics
Brown Rhyolite.....oiiininenennnnnnnns 147
Broken Brown Rhyolite......civiennnnn 65
Red Cinders & TalC...ieeeieeennennens 33
Grey Rhyolite...... i iiinnnnnnnnnn. 7
Broken Red Rhyolite........c0vvtruunn. 43
Hard Red Rhyolite........cooivvunn.. 17
Broken Red Rhyolite...........o...... 57
Brown Clay...eeeiiinnieienenncennnnas 12
Broken Brown Rhyolite & Grey Clay.... 112
Solid Red Rhyolite........ccuuiinn... 109
Solid Grey Rhyolite.. ... iiininnnnnnn 51
Tan Clay....viiiiiiiinneneasaocacnsans 24
Broken Red Rhyolite & Clay........... 60
Hard Red Rhyolite.. ... ... ennnn.. 22
Red Clay..oveeieneieioeaaanenenennnnss 56
Hard Red Rhyolite............cevuiuu.. 95
Broken Red Rhyolite..........ccevuu.. 19
Black Lava...v.ciiiiiiiineenenannennn 8
Red Lava AsSh.... ittt rnnnnnnnn, 15
Brown Clay & LAVa..ve.eneeeeearnonnns 32
Black Sandy Clay....cveirrurennnnnennn 6
Brown Rhyolite........ . ciitiuinnn.. 152
Grey Rhyolite....... o0, 45
Red Rhyolite.... it ininninnenns 30
R B 11
Crevise and Broken Rock........vun... 10
Hard Rock. ..o iiiiiiti i iiiniennenann 49
Total Depth.........cieennann.

Appendix A-43

0

5
27
59
115
163
235
280
312

323
470
535
568
575
618
635
692
704
816
925
976

1,000

1,060

1,082

1,138

1,233

1,252

1,260

1,275

1,307

1,313 s

1,465

1,510

1,540

1,551

1,561

1,610




APPENDIX B

GENERALIZED STRATIGRAPHIC SECTION
FOR THE

CASSIA MOUNTAINS
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APPENDIX B
Generalized Stratigraphic Section for thée Cassia Mountains

Units identified as CM-5 through CM-11 each includes a densely welded rhyoclitic ash-flow
tuff and the underlying non-welded pyroclastics.

All geochemistry samples were taken from densely
welded units.

MPz - Pre-Cenczoic marine sedimentary rocks.




APPENDIX C

CHEMICAL ANALYSIS OF IDAVADA PYROCLASTICS
AND THE SHOSHONE FALLS RHYOLITE

TECHNIQUES AND RESULTS




CHEMICAL ANALYSES TABLES

Samples CM10-1, CM10-2, CM9-1, CM9-2, CM1l-3, CMll-2,
CM11-1, CM10-4 and CM10-3 were analyzed at the University of Utah
Research Institute Earth Science Laboratory. The samples were
crushed and split in a tungsten carbide shatterbox, pulverized to
-200 mesh. The samples were then fused with lithium borate
followed by the appropriate dilutions. Major elements, except
silica were then analyzed by Inductively Coupled Spectrometry.
Silica and the trace elements were analyzed by inductively
coupled plasma spectrometry.

Samples CM8-1, CM8-2, CMB-3, CMB-4, CM8-5, CM7, CM5, SF1,
SF2 and WCl were analyzed at Rice University Department of
Geoleogy and Geophysics. The samples were crushed and prepared
for analysis in the form of lithium metaborate fusion followed by
appropriate dilutions. Six of the samples were prepared in
duplicate. Major element concentrations were analyzed using
Inductively Coupled Spectrometry.




cM 11-3 cM 11-2 cM 11-1 CcM 10-4 CM 10-3

% oxide-
SiO2 70.70 73.05 66.80 65.87 73.41
A1203 13.00 12.24 14.87 11.83 11.71
TiO2 0.53 0.49 0.63 0.61 0.47
Fe as Fezo3 4.24 3.96 4.86 4.23 3.21
MnoO 0.08 0.07 6.10 0.07 0.05
Cao . 1.61 1.19 1.87 4.74 1.06
MgO 0.32 0.29 0.97 0.50 0.24
K20 5.27 2.91 3.88 4.10 4.00
Nazo 3.18 3.32 2.11 2.86 2.61
P205 _0.08 0.08 0.61 0.11 0.06
Total 99.01 97.60 96.70 94.92 96.82
LOI 1.48 .44 2.87 3.00 1.62
Ba (% oxide) 0.14 0.14 ¢.11 0.12 0.14
Sr 103. 95. 149. 143, 68.
Co . 34, 12. 7. 8. 13.
Cu 6. 10. 24, 10. 6.
Pb 11. 14. 20. 11. 18.
Zn 105. 93. 103. 105. 15,
Shb L30. L30. 33. L30. 31.
Li 20. 9. 34. 12, 16.
Be 3. 3. 4, 2. 3.
Zr 545. 462, 470, 312. 480,
La 98. 91, 92. 87. 93,
Ce 173. 160. 163. 143. 167.
F 670. 90. 540, 340. 310.

Minor elements in parts per million.




% oxide

Sio2

A1203

TiO2

Fe as Fezo

MnoO

CaO

MgO

K20

Nazo

P205
Total

Lor1

3

CM 8-5 CcM 8-4 CM 8-3 CM 8-2 cM 8-1
73.70 74.62 73.76 71.81 73.21
11.84 11.64 11.90 12.71 12.21

0.31 0.30 0.28 0.64 0.49
2.42 2.46 2.23 4.56 2.93
0.04 0.02 0.02 0.07 0.03
0.59 0.46 0.27 1.70 0.68
0.13 0.07 0.06 0.49 0.17
5.66 5.28 5.34 4.38 5.91
2.72 3.23 3.07 3.28 2.10
0.07 0.07 0.05 0.15 0.10
97.48 88.15 96.98 99.79 97.83
2.55 0.41 0.37 0.56 3.01




% oxide-

SlO2
A1203
TiO
Fe as Fezo3
Mno

Total
LOI

Ba (%
Sr
Co
Cu
Bb
Zn
Sb
Li

oxide)

Ee
Zr
La
Ce
F

CM 10-2 CM 10-1 CM 9-2 CM 9-1
72.30 72.41 71.40 68.80
11.39 11.67 12.20 12.63

0.51 0.48 0.47 0.56
3.20 3.25 4.03 4.73
0.05 0.05 0.07 0.08
1.28 1.10 1.38 1.87
0.42 0.24 0.27 0.39
4,79 5.32 3.35 4.95
2.33 2.69 3.02 2.96
0.03 0.06 0.08 0.11
96.30 97.27 96.27 97.08
2.62 1.50 1.70 1.28
0.12 0.14 0.13 0.14
88. 68. 82. 112.
33. 41. 11. 32.
6. 6. 6. 7.
15. 18. 18. L10.
65. 93. 93. 103.
L30. L30. 33. L30.
17. i6. 18, 9.
3. 3. 3. 3.
436. 481. 567. 554,
81. g2. 95. 94.
141. 164. 167. 163.
210. 310. 540. 120,

Minor elements in parts per million.




%2 oxide

S5iQ
TiO
Fe as Fe203
Mno
Cal
MgO
K,O
Nazo
PZOS
Total

LOI

cM 7 CM 5 SF 1 SF 2 we 1
£65.21 71.93 71.54 68.65 74.72
13.04 12.02 13.72 13.48 12.35

0.77 0.43 0.69 0.69 0.36
5.34 3.57 4.66 4.69 2.95
0.08 0.04 0.07 0.07 0.05
2.45 0.87 i.82 1.98 0.61
0.74 0.20 0.72 0.67 0.17
4.77 5.54 4.71 4,93 4.92
2.88 2.44 3.53 3.17 3.39
0.22 0.08 0.18 0.16 0.06
95,50 97.12 101.64 98.49 99.58
1.87 2.95 .36 1.75 .26




T n
e

\ } ) .
‘ | PLA -
5 . . . Cotrelation of Map Uoitse

Qa i ) ‘
\'\ Qb e .a .m Holocens &
" + Pleistocene T’l Pleislocene & Quaternary

b
\.. - — é! . ) Pliocana
o %\ GENERALIZED GEOLOGIC MAP OF THE TWIN FALLS- ‘
N ~-y ) BANBURY GEOTHERMAL AREA AND VICINITY, TWIN FALLS, s o %ﬁ

(> ¢ JEROME. AND GOODING COUNTIES, IDAHO e o TEEN
\.—-—'-"/
\‘-’-‘\ | Miocene

LI . N

>Terliarv

P . . .
. Mesozaic &
~ . . Sl -
. Palsazoic

- 3
ats N ‘;‘yﬂj . BUHL ) I P PSR .

Description of Map Unita

. ! - Qs - Cuaternary Sedimentary Rotks — Holocene and Pliestoceze gravels, sends,

. . ailts and ¢laya. Includes Melon Gravel along the Smake River in the
western part of the area snd Snake River deposits in the east. Alaso
inciudes large areas of stredm and lake deposits along the northern
wargin of the Cassia Moualains.

' KIMBERLY - - b -~ Quaternary Olivine Basalt lave Fiows - 'Yacludes flows from Esnsen Ruite

K_L‘-" N A ‘ aud flows of Suake River Sroup Basslt from pumerous vent aress sorih of
\ \ f"’ the Soa¥e River Canyon. #any flows show youag conatructiconal features

Ob. Y Ea X such as as snd paboehor fava surfeces and pressure ridges. .

QTh N -
~ \ - -~ QTs - Lover Pliocene to Upper Pielatocene Continental Sedimentary Uuics -

P - N
-~ . UL Lanysiy Qs — Tacludes stream and lake redimentn priserily of the Glennd Ferry
A TN AN // Formation. Composed of gravel, sand, silt, clay and fntevbedded
. 2 N . . voleanic ash beda.
" STRICE(R A . .
AN By H GTb - lLower Fliocene to Upper ¥lieatocene Olivine Ramalt Lava Fiows ~ Includes
= A5 . ! MURTAUGH flove from Hub Butte and other vents fn the southwestern and western
/N \-, LAKE part of the area. Some unite within the CGleans Ferry Foroasticn are
{ncluded. Cenetructional festures generally retoved by eroslon or

- { [ . : ohscured by icesa.
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P - e — U \ th - lower Miocene o Upper Fliocene Banbury Basalt - Conalsts of lava flows
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- H /‘\\"_ \:‘_.. T and distomite in msssive lake deposits.
E. . Taf - Rhyolite Lava Flow of Shosnone Falls - Porphyritic light gray
W devitrified single lava flow, <Contsios zones of pheeted or platy
y .

fractures. -Columnst Jeinting 1sn‘t proovounced but atrong veriical
frecturas ste sbundant. Phonactyeta are aredominantly plagioelase with
mincr smounts af pyroeens and opaque oxides.

Tiv - Welded Ash-Flow Tuff Sheety of the Idavads Voleanle Group -
Predomfnsntly densely weldsd uaits deparated by alrfall, water-lafo and
son~weided ash—flow tuff, Densely welded unite are typlcally roned froa

-
7~ . bake to top: bedded bame wurge clastics, basal vitrophere, thick
) ! - : L manaive central devitrificd lithoidal zose, sad 2 thin upper 1ithoidal
~by - :
o~ A o - . - vaper phawe rone showing promineat Flow structures and scattered
! A CASS{A MO ’ MPZR b _ witrophere. . .
- ' NTAINS ~— . L .
\\‘ N MFr - Meaozole sod Paleczolc Marlar Sediaentary Rocks of the Cagwias Mouatains
\\ - Includes limestone, dolonitic lisestope, sfltatene, chert, and
‘ quartzite, Formations foclude Iover frissic Dlawosdy, lower Permian
\f Phosphoria and Grandeur Toupue of the Park City and several other
‘ tocally delineated Permi & {ble Otdoviclan units
- elineated Permian and posaible Ovdovician u .
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i
| v,
] 3
! .
d MPz - ¥ K P
Fnad Y /-' Fault - dashed whers Inferred or approxlmaiely Tocated;
. dotted wherr conceated; bar and ball on downthrowm
. Scale {.dn0000 0 . side
0 5 i " . 20 B1atutn Mitag ’// Geotopic contact {all contacts are generalized)
— -
5
R —. > i I 25 §17 B mtens s I
-7 - TH—— ) — — - ——— _\ = Basaltic vent
R RS
5
:fﬁujj:lr Flasure ceuptlon vent
-






