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ABSTRACT

Variations of deuterium and oxygen-18 concentrations in therrnalrground waters and
local nonthermal springs have been used to aid in describing the source of recharge in the
Bruneau-Grand View and Weiser areas, southwest Idaho. ‘

Isotope and geochemical data for the Bruneau-Grand View area suggest that recharge
to the area may not be entirely from sources within -the local- surface-dralnage area, but
possibly from the areas of higher altitude of the Bruneau River drainage to the southeast; or
that the hot water that wells and springs are dlschargmg is water that was recharged at a
time when the regional climate was much colder than the present climate. Recharge to the
Weiser area is probably from areas of higher altitude to the north and northeast of the local
drainage area. However, “local” precipitation does influence both the chemlcal and isotopic
compositions of the waters in each area. :

“INTRODUCTION

The Bruneau-Grand View and Weiser areas (fig. 1) were recommended for geothermal
investigation by Young and Mitchell (1973). Subsequently, studies of the ‘geothermal
potential of those areas were made by the U. S. Geological Survey in cooperatron with the
Idaho Department of Water Resources (Young and Whltehead 1975 and 1975b)

In conjunctuon with the above studies, water samples were collected for analyses of D
“(deuterium) and 80 (oxygen-18),-which, it was believed, could aid in understanding the
hydrology of the two areas. Isotope analyses were- incomplete at the time of publication of
the above reports. -This report contains the isotope and. related ‘chemical- data for the

Bruneau-Grand VleW and We|ser areas and summarizes the analyses of those data

The isotope data presented in this report are sparse and do not represent the entire
gro’und-water flow system of each area, and, therefore, must be considered to be of a
reconnaissance. level. . Additional -isotope samples might provide further clues to.help in
describing the ground-water flow system of each area.
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Conversion Factors

The International System of Units (S!) is being adopted for use in reports prepared by
the U. S. Geological Survey. To assist readers of this report in understanding and adapting to
the new system, feet and inches are given in both units. To convert feet to metres, multiply
ft (feet) by 0.3048 to obtain m (metres); and multiply in (inches) by 25.4 to obtain mm
(millimetres). To convert acres to square kilometres, multiply acres by 4.047 x 103 to
obtain km2 (square kilometres). Chemical data for concentrations are given only in mg/!
(milligrams per litre) or ng/l {micrograms per litre) because these values (within the range of
values presented) are numerically equal to equivalent values expressed in parts per miilion,
or parts per billion, respectively. The followmg table shows the relation between °C
(Celsius) and °F (Fahrenhe:t)“ T ,,

| TEMPERATURE—~CONVERSION TABLE -
oc oF °c___oF —_oc °F oc oF

7.0 44.6 17 62.6 . 27 80.6 : - 60 122
8.0 46.4 18 64.4 - 28 824 - 55 131
9.0 48.2 19 66.2 29 84.2 60 140
10 50.0 20 —-680 - - 30 - 86.0 65 149
1 51.8 21 69.8 32 89.6 70 168
12 53.6 22 71.6 34 93.2 75 167
13 65.4 23 734 36 96.8 80 176
14 57.2 24 75.2 38 100 85 185
16 59.0 : 25 77.0 40 104 ... 9 194

16 60.8 26 78.8 46 - 113 - . 95 203

Well- and Spring Numbering System

The numbering system used by the Geological Survey in Idaho indicates the location of
wells or springs within the official rectangular subdivision of the public lands, with reference
to the Boise base line and meridian. The first two segments of the number designate the
township and range. The third segment gives the section number, followed by three letters
and a numeral, which indicate the quarter section, the 40-acre (0. 16 km2) tract, the 10-acre
(0.04 km?2) tract, and the serial number of the well within the tract, respectively. Quarter
sections are lettered a, b, ¢, and d in counterclockwise order from the northeast quarter of
each section (fig. 2). Within the quarter sections, 40-acre (0.16 km2?) and 10-acre (0.04
km?2) tracts are lettered in the same manner. Well 6S-3E-2ccc1 is in the SW%SW%SWY, sec.
2, T.6 S, R.3E,, and was the first well inventoried in that tract. Springs are designated by
the letter "S" followmg the last numeral ‘asin 85-6E-3bdd 1S.
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1SOTOPE ANALYSES

Isotope analysis of ground water can yield valuable information about its source, age,
and environment. Isotopes, which are atomic species of the same chemical element, can be
classified as stable or unstable (radioactive). Stable isotopes are those which-do not undergo
radioactive decay, whereas unstable isotopes are radloactlve and decay by known sequences
to stable isotopes of elements of lower atomic mass. :

Hydrogen and oxygen each have naturally occurring stable isotopes. Stable hydrogen
exists as hydrogen, H, and deuterium, D or 2H. Oxygen exists as three stable isotopes,
160, 170, and 180. A water molecule may be composed of any combination of these stable
isotopes pIus tritium, 3H, which is a short half-life, (about 12.5 years) radioactive hydrogen
isotope. SMOW (Standard Mean Ocean Water) is composed of 99.726 percent H,1€0, 0.200
percent H, 1280, 0.042 percent H,170, and 0.031 percent HD160. All the other. posslble
isotope combinations compose the remaining 0.001 percent (Craig, 1961a).

Stable isotopic variations are usu'ally'expressed in delta units (5) defined as

Rsample - Rstandard x 1.000

' Rstandard
where,

& = reporting unit in /oo (parts per mil),

Rsample = ratio of isotopic concentration (180/160, D/H, for example) of the sample,
and

Rstandard = ratio of isotopic eoncentration of the standard (in this report, SMOW)

Reported values of D and 180 are consndered accurate wothln ranges of +1.5 °/oo and
iO 1 9/o00, respectively.

As water evaporates from the ocean, moves through the atmosphere, and condenses to
form precipitation,- the percentage of each isotopic species (molecule) changes due to
fractionation {a process similar to that employed in refining petroleum). Because of slightly
different physucal properties, each species evaporates, condenses, or freezes at a different
rate for a given temperature and pressure. ‘The result of: this differential evaporation,
condensation, or freezing is that isotopic composition of precipitation differs from_that of
the water body from which it originated. In addition to the simple processes of evaporation,
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condensation, and freezing, such factors as number of times reevaporation occurs (related to
distance from source), temperature and pressure at which the various processes occur
(related to altitude and latitude of source), intensity of the storm in which precipitation
falls, and amount of particulate matter in the air can also affect the resultant isotopic
composition of the precipitation. Despite all the various factors involved, the mean isotopic
composition of precipitation in a given area will have an identifiable character representative
of the environmental conditions of that area, and hence, serves as an identifier for the local
meteoric water.

Worldwide analyses of precipitation have established that a relation exists between 6 D
and §180. When 8D is plotted against 8180, -almost all analyses of precipitation cluster
about a line (the meteoric line) defined by 5D = 8 5180 + 10 /oo (Craig, 1961b). See
figure 6 for plot of meteoric line. While the slope of eight is usually consistent for meteoric
waters the mtercept may vary sugnlflcantly, dependmg on “local” preclpltatlon conditions.

BT o “
ER

nen Exceptlons to thls relatnon are generally due to such factors as precnpltatnon orngmatmg

from sources other- than the .ocean. In closed basins, for.example,; precipitation originating
from lakes or inland seas that have different isotopic composition than ocean water may not
plot on the meteoric line.

After entenng the ground-Water system “water usually conserves ifs orlgmal meteonc
lsotoplc composmon “However, “several factors that can cause ‘the 5§D or & 180
ooncentratnons of ground waters to differ from “local” meteoric water mclude ( 1) recharge
to the aquufer from areas of a differing altitude and [atitude; (2) recharge from a body of
surface ‘water that has been partially evaporated {3) recharge that occurred at an earlier
time when local or worldwide climate was different; (4) mixing with other sources of water,
such as brines or magmatic water; and (6) interaction with aquifer materials. . =

These factors all have a definite, predictable effect on a 8 D-5 180 plot. If only one of
these factors affects the isotopic composition of the ground water, the reason for variation
may be evident. However, it is probable that several factors contribute to the total isotopic
composition of a ground-water sample. When possible, chemical and hydrologic data should
be combined with isotopic data to permit the most complete mterpretatnon of the system of
interest.

A brief descnptlon of how each of the above factors could affect the D and 180
content may be helpful: (1) if recharge occurs from a nonlocal source, the D and 180 values
for ground water will plot.on.or near the meteoric line but will be. displaced upslope or
downslope from the local meteoric water; {2) ground water recharged from a water body
~ where evaporation has occurred may be enriched in D and 180 and will plot to the right of
the meteoric line; (3) ground water that was recharged at some earlier time (the Plelstocene
ice ages, for example) will have 5D and 5180 values quite different from present- -day
meteoric water, for known examples of paleowater or fossil water often are depleted in both
D and 180 (Gat, 1971); (4) mixing with other sources of water might be expected if plots
of ground-water samples have a definite trend toward someé point off the meteoric line. By
comparing the chemlstry of the ground water and the body of water with which it is
suspected -to be mixing, a clue to the degree of mixing may be found; (5) interaction with.

the aquifer material-may result in enrichment of 180 with little ehange occurringinthe D -

content. The ‘degree ‘of ‘interaction (and, therefore, the degree -of 180 enrichment) is
dependent on the isotope difference between the recharge water and the rock materials, the

. S



ratio of the amount of water to the amount of rock, and the length of time the water is in
contact with the rock. Porosity of the aquifer directly affects the interaction. This process is
grgeg;l)y increased at high temperatures and is frequently observed in geothermal areas (Craig,

A plot ofi, ,8D, against- 5180 for ground-water samples can thus yield valuable
information about the ground-water system. |f the data do not plot near data from known
local meteoric sources, such as shallow wells or nonthermal springs, one or more of the
above factors ‘may have caused the discrepancy. Analysis of the variation together with
other data may reveal the source suggest the age, or aid in. explalmng the hlstory of
movement of the sample L

Deutenum and 18O composmons have: been used to study components of the
hydrologic cycle by: Friedman and others (1964), Dansgaard (1964), Friedman and Smith
(1970), and others. Gat (1971) discussed the.application of stable isotope techniques to
studies of regional ground-water systems ‘Deuterium has been used as a tracer in
determining regional ground-water flow ln southern Nevada by Wmograd and Friedman
(1972). : PR
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e “QRVUNEAU;GRANQ VIEW AREA

The Bruneau- Grand Vlew area is in the western Snake River Plain of somhwestem
Idaho. Figure 3 shows the three principal physical subdivisions of the area: (1) the Snake
River valley, rangmg in altitude from about 2,300 to 3,000 ft (700 to 900 m); (2) the
plateau area, ranging in altitude from about 3, 000 to 7,000 ft (900 to 2,130 m); and (3)
part of the Owyhee l.lpllft ln whlch altitudes range from about 3,000 to 8,400 ft (900 to
2,560 m). g

The general llthology of thls area (flg 4) is as follows: granitic rocks of Cretaceous age
rhyolitic rocks of Miocene(?) age, Idavada Volcanics (silicic volcanic rocks of Pliocene age),
and the Idaho-Group of Pliocene and Pleistocene age. The Idaho Group contains chiefly
sedimentary rocks of lacustrlne and . fluvral origin, but also includes some interbedded
basaltic volcanic rocks, -one ~of which is the Banbury Basalt. Deposlts of alluvium of
Pleistocene and Holocene age cover the older rocks at many’ places in the lowlands and
valleys. ‘ ; ,

The aquifers have been classrfled into tvvo groups by Young and Whitehead (19753)'
(1) the volcanic-rock aquifers, whlch include the older rhyolites, Idavada Volcanics, and the
Banbury Basalt; and (2) the sednmentary-rock -aquifers, composed primarily of the
sedimentary rocks of the ldaho Group (Refer to table l fora descrlptlon of each unit.)

The- cllmate of the areais semuarld ‘with’ preclpltatlon averaging- less than 10 in (254
mm} per year in the Snake River valley Some areas to the south and southwest recewe:
preclpltatlon of up to 30 in (760 mm) per year. COmpanson of this area with areastothe
north, alsoin the Snake River surface-water drainage basin, where annual precipitation is
commonly above 30 in (760 mm), shows the potential recharge on the southern side of the
valley to be mmor (Mundorff Crosthwalte and K|lburn 1964) - 5 S

Recharge to the two prmcupal aqunfer systems in the Bruneau-Grand View area |s_
believed to be from the same source, but by different means. Precipitation, chiefly in the
form of snow, on the higher altitudes to the south and southwest provndes recharge to both’
aquifers. However :recharge to the sedlmentary-rock aqunfers is. chlefly from vertlcal
movements of water from the underlying volcan |c~rock aqu:fers S

The Snake River Plain is generally belleved to be a faulted graben in whlch many faults‘
‘and fractures permit waters to migrate across stratigraphic boundaries {fig. 4). In addition to
natural mixing of waters, many wells are open to both the volcanic- and sédimentary-rock -
aquifers, making sampling of any one particular aquifer extremely difficult and the
interpretation of the data derived from such wells questionable. :



1]

FIGURE 4. ldealized hydrogeologic section showing general relation of geologic units, ‘‘local’’ recharge, and inferred pattern of
ground-water movement in the Bruneau-Grand View area.
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TABLE 1

DESCRIPTION AND WATER—BEARING CHARACTERISTICS OF GEOLOGIC UNITS IN THE BRUNEAU—-GRAND VIEW AREA‘I

1 Modified from Young and Whitehead, 19752. v
2 Modified chiefly from Maide, Powers, and Marshell { 1963) and In part from Littleton and Crosthwnlte (1957)
3 Modified from Littleton and Crosthwaite (1957) and Ralston and Chapmen (1969).

composition to the Idaho batholith. Exposed in

. the southwestern part of the study area.-
Believed to form the basement complex

Py

ERA ' " PERIOD EPocH " ROCK UNIT DESCRIPTION2 WATER—BEARING CHARACTER|STICS3
Cenozolc‘ . Quaternary. . Holocene Alluvium and dune Includes clay, siit, sand, and gravel. Chiefly Surﬂcial deposm thet are not permanently
b : . sand - fluvial and eolian deposits of Holocene age. The © ' saturated. Too ' limited in éxtent to be
deposits . form  hills, mounds, end important as aquifers.
g crescent-shaped dunes. . . N - Gy
Cenozoic. Quatemary Pleistocene Ideho Group, Poorly to well-stratified fluviel and lacustrine Yields to wells vary from.very poor to good
o and" " end undifferentiated deposits * of  unconsclidated to consolidated depending upon’ unit penetrated. Important as
Tertiary. Pliocene gravel, sand, silt, and clay with layers of ash and on aquifer. See descriptlons for indwnduul units
" : i ‘intercalated basaltic - 1ava® flows. “In places ' below. '
- ‘ ) exceeds 3,000 feet in thickness. . . v s
Cenozoic Tertiary . Pliocene Banbury Basalt Lava flows of olivine basalt interbedded locally Yields t0 wells range from very poor to
R PR RO * of the - with- minor amounts of stream “and "lake - - excellent depending upon degrée of alteration
N |daho Group deposits. Flows mostly vesicular and less than _ present in area penetrated by the well. A highly
’ ) 15 feet thick. Includes some basaltic pyrociastic altered zone of this basaitic unit tends to be a
material in vent aress. Maximum thickness is .. poor aquifer, whereas the unaltered unit is a
ebout 1 000 feot good aqulfer.
Cenozoic Tertiary Pliocene Silicic volcanic Slliclc vo!cemc rocks, undiffefentmed Includes . . Remarks for, !davade Volcanics and rhvolitic
: o ’ and rocks \davada Voleanics and rhyolitic rocks. racks apply to this unit.
" Miocene
Cenozoic. Tertiary .. . Pliocene Idavada Volcanics  Silicic latite; chiefly thick layers of devitrified The highly jointed and fractured cheracter of
R v welded tuff, but includes some vitric tuff and these rocks make them a good’aquifer in the
lava flows. Rhyolitic rocks occur in minor study area and large well yields are obtained. It
amounts.. Predominantly ... porphyritic . with . is believed that these rocks serve to transmit
phenocrysts of andesine, clinopyroxene, recharge-water to the area thence upward to
. hyperstene, and magnetite, but with no quartz, oveflying unm
: = [ sanidine, hornblende, or biotite.'Overlies older = - [
thyolitic and related rocks, locelly exceeds .
3,000 feet in thickness.”
‘Cenozolc - Tertiary - Miocene(?) - Rhyolitic rocks Fine- to coarse-grained extrusive rocks rich in * ™ Unknown; may be an important aquifer.
- quartz snd biotite Locally cut by mineralized
fault zones, Several thousand feet are exposed ] o
. mtheOwyheeupllft : ol HE
\ l PEAL . : . o i
Mesozoic : i ‘ lnt’rusiye’ rocks, Intrusive granltlc rocks of comparable age and, . lilnkn_own; may be an aquifer. -

<
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S o o TABLE 2 .
. . ‘ . . CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS IN THE BRUNEAU—GRAND VIEW AREA
e . - ' (Chemical constituents in milligrams per litre sxcept where noted.)

UL
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Geochemistry of the Bruneau-Grand View Area Ground Waters

A total of 19 springs and wells were sampled in the Bruneau-Grand View area (fig. 3) in
an attempt to determine the isotopic and geochemical relations of the waters. Three
nonthermal springs were sampled near the topographic drainage boundary of the study area
to determine the isotopic composition of local meteoric water. The isotopic composition of
the nonthermal springs is assumed to be representative of the precipitation in the assumed
principal recharge area.

The 19 wells and springs were sampled for isotopic analysis at the same time that a
larger sampling was conducted (Young and Whitehead, 1975a). The chemical analyses for
these wells and springs are shown in table 2.

The data, plotted on a trilinear dlagram (f|g 5), show that water from two of the three
nonthermal springs .is -calcium bicarbonate type -water. The third nonthermal spring
discharges a calcium sodium bicarbonate water. The remainder of the water samples are
sodium bicarbonate type water, Two distinct groupings of the sodium bicarbonate water are
shown in figure 5. Samples 4, 6,13, and 15 are clustered in the extreme sodium bicarbonate
region, whereas the remainder of the samples contain higher percentages of chloride and
sulfate. Available lithologic mformation suggests that samples 4, 6, 13, and 15 were
obtained principally from sedlmentary-rock aquifers. The bicarbonate concentrations in
these samples are higher, and the surface temperatures are Iower than those in the remaining
samples. ,

v A

Isotopic Geochemrstry of the Bruneau-Grand Vlew Area Ground Waters

Comparison of the |sotop|c composutlon of the Bruneau Grand View water and other
major geothermal systems of the world is shown in figure 6."As illustrated in figure 6, waters
of these known major geothermal systems are dominantly meteoric in origin, with 5D values
similar to those of the “local” recharge water but with 180 values significantly enriched
relative to the local recharge water. This enrichment probably results from isotope-exchange
reactions with aquifer materials. However the thermal water in‘the Bruneau-Grand View
area apparently differs sxgmfncantly from ‘nonthermal waters .in both the 5D and 5180
values. The Bruneau-Grand View ‘area is relatively large compared to other geotherrnal
systems, which ‘might account for the variation. However, the significant depletion of 5D
and - the apparent-. deplet:on in 8180 is not: conslstent wnth tsotope exchange and suggests
that other factors may be mvolved Y Y .

The range of GD values for the Bruneau-Grand V|ew ‘thermal waters is from ~135 to
~156 Of/oo (table 3 and fig. 7). The range of 5180 values with one exception, (sampte 15,
5180 = -15.0}, is from™-17.0 to -18.2 ©/00. The majority of the'samples cluster in a region
‘bounded by 8D values between -142 and -146 %/o0o, and & 180 values between -17.0 and
-18.2 ©/oo. Samples 11, 14, and 19, which, on the basis of well construction, hydrology,
and geologic data, appear to have derived water from the Banbury Basalt, are the samples
most dep[eted in D, with 5D ranging from -150 to -156 °/oo

The majority of the Bruneau-Grand View waters fall near or slightly to the right of the
nonthermal samples, which are themselves slightly to the right of the worldwide meteoric
~line (fig. 7). A line with a slope of 8 through the average of the nonthermal springs has an
intercept of 3 ©/oo. This deviation from the worldwide precipitation line for the nonthermal
samples indicates the possibility of slight evaporation prior.to recharge, which may be

13
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TABLE 3

ISOTOPE ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS
IN THE BRUNEAU—-GRAND VIEW AREA

- .Well or spring TR
location 8D 5180 A0 Reference
number SMOW SMOwW : S number |
NONTHERMAL
6S-2W-14cba1S -133 -164 +1.45 1
8S-1E-20cca1S -128 -17.1 +0.20 2
9S-2E-13cbc1S -129 -16.5 +0.90 3
THERMAL
4S-1E-26abct -144 -18.2 +0.95 4
o 34bad1 -145 -17.5 +1.80 5
4S-2E-32bcct -146 -174 +2.05 6
5S-2E-1bbc1 -144 -17.0 +2.25 7
5S-3E-14cbb1 -142 -17.6 +2.00 8
26bcb1 -146 -17.5 +2.00 9
28bcec1 -142 -17.6 +0.90 10
6S-3E-2ccc1 -164 -17.6 +2.80 1
6S-4E-14abc1 -144 -17.6 +1.65 12
6S-6E-12ccd1 -144 -18.1 +1.10 13
19ced1 -166 -18.1 +2.55 14
6S-7E-2cdd t -135 -16.0 +3.25 15
7S-5E-73abb1 -135 -17.6 +0.55 16
: 16acd1 -135 -17.1 +1.00 17
7S-6E-9bad1 -142 -18.2 +0.80 18
-150 -17.1 +2.95 19

8S-6E-3bdd 1S

Analyses by: U, S, Geological Survey
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expected in arid or semiarid regions such as this. Examination of figure 7 shows possible
oxygen-isotope exchange in the thermal water due to elevated temperatures. The 180
shifts range from -0.40 (sample 16) to +2.25 ©/oo (sample 15) from the “local”
precipitation line with the equation D = 8 5180 + 3 O/0o0. Assuming that the waters have
been exposed to the same aquifer materials, oxygen-isotope ‘shifts suggest that samples 11,
14, 15, and 19 have been exposed to the highest-subsurface ‘temperatures. The 6180
deviation of those samples from the meteoric waterline ranges from 1.60 to 2.5 9/oo0.

The position of the “local” precipitation samples m relatlon to the majority of the
thermal ground-water samples as shown on figure 7. suggest that the thermal ground water
was not wholly derived from current “local” precipitation within the local topographic
drainage of the study area from which the samples were_collected- «{fig. 3). The isotopic
values of most of the sampled thermal water exhibit sngmflcant ‘depletion in D and an
apparent depletion in 180 relative to recent “local’ precipitation indicating that the water
fell as precipitation in an environment that was different from the current local one. This
different environment could represent recharge from the hlgher -altitude of the Bruneau
River drainage area southeast of the study area, or at some previous time when the climate
was significantly colder than the present-day climate.

Regardless of the recharge source, hydrologic data shown in figure 8 indicate that in
parts of the area, water levels in some wells show a steady decline since 1953. The
downward trend ‘probably results from pumping ground water for irrigation at a faster rate
than it can be replaced. Seasonal fluctuations in the hydrographs (fig. 8) representing local
recharge do occur. These seasonal fluctuations indicate that local surface-water drainage
does contribute some water to the aquifers in the Bruneau-Grand View area.

The declining water levels and the “nonlocal” nature of water samples collected
suggests that current recharge is not sufficient to replace ground water extracted by wells in
the areas affected by the declining water levels. Together with the isotope data, the
declining water levels strongly suggest thatfecharge to the system may have occurred over a
considerable timespan. Present-day extractlons may be water that accumulated over along
period of time. A . PR :
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. WEISER AREA
The We»serj area is in the extreme norfhwEStern p;&“o’f’ ‘“the Snake anér Plain in
southwestern Idaho (fig. 9). It is at the southern end of a system of northwest-trending
eroded antlchnes The system of antlclmes dips towards the Plain and terminates abruptly at
the northern margm of the Plam at an altitude of about 2, 200 ft (670 m)

Two separate areas were studued 1n the Weiser area' the Welser Hot Sprlngs subarea to
the west and the Crane Creek subarea to the east (fig. 9), The Weiser Hot Sprmgssubarea is
along the northern margm of the Snake Rwer Plam and the Crane Creek subarea is along
the crest of an anuclme ER T F RN cd g Rt Lo o

-

S

In success:on, the hthology of the Welser area conslsts of voIcamc and mterbedded
sedimentary rocks of Permian and Triassic age:and granitic rocks of Cretaceous: ‘age, which
underlie volcanic rocks of the Columbia River Basalt Group of Miocene and Pliocene age.
The Columbia River Basalt Group dccurs both below and above sedimentary rocks of the
Payette Formation. Sedimentary rocks of the Idaho Group of Pliocene and Pleistocene age

overlie the Columbia River Basalt Group and Payette Formation. Alluvium and colluvium of
Pleistocene and Holocene age generally overlie the older rocks in the lowlands and valleys.
Refer to table 4 for a description of each water-bearlng unit.

Prempltatlon in the mountainous regtons to the north and northeast of the area (fig. ©)
is believed to furnish recharge to the area’s aquifers. The Columbia River Basalt Group is
believed to transmrt water from the catchment areas to the Iowlands ,

Geochemlstry of the Weiser Area Ground Waters

Five springs and one well were selected for isotopic analyses in the We:ser area (fig. 9)
to" determine the |sotop|c and chemical relations of the ground waters The chemncal
ana|yses of these springs and the well are given in table 5. :

- Two nonthermal springs were sampled {samples 20 and 21) asin the Bruneau Grand View
area, to provude background information for precipitation in the local area. The temperature of
these springs was 13.5 and 15.0°C, respectively: The dissolved solids for both’ “springs is
approxumate ly 200 mg/I, with s:hca concentrations of approximately 50 mg/l “

A trilinear diagram (fig. 10) illustrates the chemistry of the thermal and nonthermal
waters. The nonthermal water in the Weiser Hot Springs subarea (sample 20) is calcium
sodium bicarbonate water, and sample 21 from the Crane Creek 'subarea is calcium
bicarbonate water. The thermal waters from both subareas are grouped in the sodium sulfate
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TABLE 4

DESCRIPTION AND WATER—-BEARING CHARACTERISTICS OF GEOLOGIC UNITS iN THE WEISER AREA, IDAHO'

ROCK UNIT

DESCRIPTION

WATER-BEARING CHARACTERISTICS

ERA - PERIOD EPOCH
Cenozolc " Qusternary Holocene
; : and
Pleistocene
Cenozoic Quaternary Pleistocene
and and
Tertiary Pliocene
’ Cenozoic ‘ ‘Tertiéw : Pllo‘cone'
B ! . and
Miocene
Cenozoic Tertiary . Pliocene(?)
. - and
Miocens
Mesozoic Pre—’i’erﬂarv
-and o

- Paleozoic

1 Modified from Young and Whitehead, 1975b.

Aluvium and
Colluvium

{daho Group,
undifferentiated

Columbia River
Basalt Group

Payette Formation

Pre-Tertiary Rocks
undiffergntiated

Clay, silt, sand, and gravel; chiefly fluviatile
deposits. Includes some landslide materials.
Thickness is vanablo .

Fluviatile and fake deposm of clay, siit, sand
and gravel, compacted to poorly consolidated,
poorly to well stratified. Contains beds of ash -

and intercalated basaltic lava flows. Excoeds :

1,600 feet in thickness in the Weiser Rwar
Valley . near Weiser. Exceeds 4,000 feot near:’

Ontario, Oregon about 16 miles south of Wclser ‘

(Kirkham, 1931a).

Flood-type basalt, light- to dark-gray, demo, .

crude columnar jointing at places; folded and.

fauited; may  Include some andesitic and
rhyolitic rock types. The Payette Formation'is _

sandwiched between units of this basalt at
places, which is a characteristic feature

ditinpuishing the Paystte Formation from

sediments of the idaho Group, Thickness of the
upper “basalt unit exceeds 1,000 feet in the

canyon of Crane Creek just east of the study -

area, other measured thicknesses rangs from
445 to 680 feet at places in and near the study
area (Klrkham, 1931a).

Compacted beds of clay, silt, sand and volcanic
ash,. intercalsted in the Columbia River Basalt.
Group. Thickness of this unit is about 1 000
foet (Anderson, 1941),

Pefmian and younger igneous rocks, Ihcludes
some well indurated sedimentary rocks’ of the
Seven, Devils Volcanics that have' been faulted
and foldod, and includes some granitic rocks of
the Idsha batholith, Totel thickness of the
volcanic rocks is not known, but it éxceeds

10,000 feet (Kirkham, 1931b). Thlckness of

the granitic rocks is unknown,

Yields adequate supplies of water to domestic
and stock wells. important locally as an aquifer.

Hydraulic  conductivity highly  variable.

‘Generally contains confined water, yields to
“wells rangs from few gallons per minute to
- saveral hundred galions per minute. Important

as an aquifer.

*Unknown in Welser area; but generally yields
- are highly variable in aress where wells are
- producing from this aquifer.

+ Unknown, but possibly could be an aquifer in
, places.

Generally very low in hydraulic conductivity.
Not important as an aquifer in this area,
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chloride region of the diagram. However, the dissolved solids of the Crane Creek samples
(23, 24, and 25) are double that of the Weiser Hot Springs sample (22). The silica
concentration in the thermal waters ranges from 130 to 180 mg/I.

Samples were collected from two vents of the Crane Creek hot springs complex. The
surface temperature at the time of sampling for these two samples differed by 15°C (77°C
for sample 24 and 92°C for sample 23). For all practical purposes, the remainder of the
chemistry, with the exception of pH, nitrite and nitrate, and phosphorus, is identical.

I'sti‘tapic'Ge’ochehis’ti'yNOf the Wéisér Area Ground Waters

“The isotopic - composition of the thermal water in the Weiser area (fig. 11) s
significantly different from the “local”. precipitation (nonthermal springs). The 6 180 ranges
from -12.3 (sample 25) to -14.6 O/00 (sample 24, table 6). The 5D for these springs and well
ranges from -138 (sample 25) to -150 ©/oo (sample 23). The “local” precipitation (samples
21 and 20) have 5§ 180 values of -15.1 and-16.1 ©/00 and 8 D values of -120 and -128 9/00,
respectively. Figure 11 shows a line through samples 20 and 21 which has a slope of 8 and
an intercept of +0.8: D =85 180 + 0.8 /00. Such a trend could be expected for recharging
waters in a semiarid region. The thermal waters are depleted in D by more than 10. 9/00, but
ennched in 180 as much as +2. 85 °/oo relative to nonthermal waters in the area. ‘

The oxygen : shlft Can be accounted for by |sotope exchange between water and the
aquifer material at elevated temperatures, but the depletion of D must be explained by

another method. Since, in most natural aquifer systems, it is difficult to find a source of
hydrogen to exchange with the hydrogen in the water, it must-be assumed that the .

deutéri’um content of the samples is approximately equal to that of the recharging water.

] | ~.  TABLE® ,
ISOTOPE ANALYSES OF WATER FROM SELECTED. SPRINGS AND WELLS ;
; "IN THE WEISER AREA " |
Spring or well ' L
_ ilocation .. oo oD T 81%0 . Algo Reference
. number T SMOW - SMOwW - o number ©
..o .. . NONTHERMAL B |
12NTW2Aaad1S T T 8 T T e #1156 . 20 -
12N-4W-34abb1S = -120 g -151; #1521
e THERMAL L T S
 1IN-6W-10ccal  ~ -149 134 | +6.50 22
1IN-3W-7Tbdb1S -150 144 565 23 .
Tcbb1S -142 .46 +4.35 24

. 10N-3W-9cce1S -3 123 +6.25 25

Analyses by: *U. S. Geological Survey. -
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Therefore, the deuterium deplétion ‘relative to “local” precipitation indicates either a
nonlocal source of recharge--from higher altitude and/or colder climate, or recharge at some
tlme in the past under a colder reguonal cllmate

Assummg that the waters have been exposed to the same aquifer materlal we can
‘postulate on the basis of the oxygen-isotope data, that sample 22 has been exposed to the
highest temperatures, followed closely by sample 25 Samples 23 and 24 show a much less
pronounced shift.-1t is impossible to attempt quantitative determinations on the basis of the
-oxygen shifts, as the hydrology, and therefore the aqulfer material are at present poorly
knowni,

.,}s—f::r AN

. SUMMARY AND COMPARISON OF lSOTOPlC GEOCHEMISTRY
.OF BRUNEAU—GRAND VIEW AND WEISER £ AREA GROUND WATERS s

Companson of the hlgh-altutude nonthermal spring- samples from the mountalns
:surrounding the Bruneau-Grand: View area with the ground waters beneath the Snake River
Plain in this region show that the deep ground waters are more depleted in deuterium than
the nonthermal-high-altitude springs.” This indicates that the recharge water had‘a ‘colder
source from either {1) an area of higher altitude southeast of the local region. in the Bruneau
River ‘drainage; "or--{2) the: prevalence of ‘a2 colder regional climate at some time.in the
inot-too-distant past. A similar comparison involving the waters in the Weiser area yields the
same conclusions. Recharge to the Weiser area hot springs system is possibly from areas of
hlgher altltude and colder temperatures to the north and northeast of the study area.

As the deuterlum contents of the waters from the two areas are W|th|n the same range,
|t seems that the systems were recharged with similar waters. If the rock type and the
effective porosity (surface area) of the aquifers for the two areas are similar, then it appears
on the basis of ‘the oxygen-shift, that the Weiser area waters have attalned much hlgher
subsurface temperatures than the waters of the Bruneau Grand Vlew area. fome

i

0Onrthe basns of the |sotop|c analyses conducted on these waters, current precnpltatlon
“on the adjacent.uplarids is not the.only contributor to the thermal ground waters in either
area. There is, however, evrdence that current:- precrprtatlon does mﬂuence both the chemical -
and |sotop|c composmon of these waters . R D .
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N thermal ground waters and Yocal- nonthermal sprin

- from sources within the local surface-drainage area,

«‘northeast of the local drainage area.
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‘SOUTHWEST IDAHQ :

By C. T. Rightmire, g, W. Young, and R. 1., Whiteheagd

Variations of deuterium and oxygen-18 concentrations in

prings have been

used .to aid in describing the source of recharge in the

Bruneau-Grand View and Weiser areas, southwest Idaho.

area suggest that recharge to ‘the area may not be entirely

but
from the areas. of higher altitude of the Bruneau
River drainage to the southeast,

possibly

or that the hot- water that

T 'wells and springs are discharging is water that was re-

- charged at a time when the regional climate was much colder
3_'~than the present climate.

Recharge to the Weiser area is

probably from areas of higher altitude to the north and

However,""local"

VPrecipitation does influence both the chemical and 1sotopic _f

'f;,icomPOSitions of the waters in each area.
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:{the analyses of those data.
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INTRODUCTION

2he Bruneau-Grand View‘and Weiser areas (fig. 1) were

'"recommended'for geothermal investigation by Young and

h{MitChell (1973). Subsequently, studies of the géotherﬁal'

potential of those areas were made by the U. S. Geological

Survey in cooperation with the Idaho Department of Water

' Resources (Young and Whitehead, 1975 and 1975b).

In conjunotion with the above studies, water samples
were collected for analyses of D (deuterium) and 1'0 (oxy-'
gen-18), which, 1t was believed, could aid in understanding

the,hydrology of the two areas. Isotope analyses were

1ncomplete at the time of publication of the above reports.

- This report contains the isotope and related chemical data

- for the Bruneau-Grand View and Weiser areas and summarizes

| The isotope data presented in this report are sparse

and do_not represent the entire ground-water flow system-of-

‘each area, and, therefore, mist be considered to be of a

reconnaissance level. Additiona1~isotope Samplesvmight

’provide further clues to’help 1n describing the ground-water

,flow system of each area.



Figure l.--Index map showing location of the

‘Bruneau-Grand View and

Weiser geothermal areas.
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Conversion Factors

' The International System of Units (SI) is being adopted

- for use in reports prepared.by tﬁe U.S. Geological Survey.

'To assist readers of this reportlin understandiug and adapt-
ing to the new system, feet and inches are glven in both
unlts. To convert feet to metres, multlply ft (feet) by

0.3048 to obtaln m (metres); ; and multlply in (1nches) by

- 25.4 to obtain mm (mllllmetres). To convert acres to square

kilometres, multlply acres by 4.047 x 10"3 to obtaln km2
(square krlometres). Chemical data for concentratlons are
giveu only in mg/l (m1111grams per litre) or ug/1 (mlcro-‘

grams per 11tre) because these values (within the range of

values presented) are numerlcally equal to equlvalent values

'expressed in parts per mlllion, or parts per blllion, re-
spectlvely. The follow;ng table shows the relation between

°C (Celsius) and °F (Fahrenhelt).

‘TEMPERATURE-CONVERSION TABLE

¢ op ," °c j°s - °C. °F ¢ oF

7.0  44.6 - 17 " .62.6 27 80.6 . S0 122
8.0 46.4 18 64.4 . 28  82.4 55 131
9.0 48.2 . 19 - 66.2 29 84.2 - 60 140
10 ° 50.0 . 20 68,0 30 86.0 . 65 149
. 11" - s1.8 21  69.8 32 89.6 70 158 -
12 53,6 22 - 71.6.. . 34 93,2 75 - 167
.13 . 55,4 .23 . 73.4 . 36 . 96.8 - ~ 80 . 176
.. 14 57,2 - - 24 _ 75.2 .38 1000 85 185
.35 . $9,0 . 25.- -77.0 - - 40 104 . . 90 ° 194

16  60.8 . 26 . 78.8 45 113 . 95 . 203

10
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Well- and Spring~Numbering System

The numberirng system used by the Geological Survey in

Idaho indicates,the location'of wells or springs within'the

cfficial rectangular subdivision of the public lands, with
reference to the B01se base line and meridian. The first

two segments of the number de51gnate the townshlp and range.

" The thlrd segment glves the section number, followed by

three letters and a numeral, whlch 1ndlcate the ‘quarter

sectlon, the 40-acre (0. 16 km2) tract, the 10-acre (0.04

b kmz) ‘tract, and the serial number of the well w1th1n the

tract, respectlvely. Quarter sections are_lettered a, b, ¢,

vand da in counterclockwise order from the northeast éuarter

of - each sectlon (flg.VZ) Within the quarter sectlons, 40-

acre (0 16 kmz) and 10-acre (0 04 kmz) tracts are lettered

‘in the same manner. Well 68-3E-2ccc1 is in the swkswkswk,
.sec._2, T. 6 S., R. 3 E., and was the first well inventorled
'in that tract. 8pr1ngs are designated by the letter "S"
follow;ng the last numeral, as in 8sS- 6E-3bddls.

11
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- ISOTOPE ANALYSES

Isotope analysxs of ground water can yield valuable:

informatlon about its source, age, and environment. Iso-

'topes, whlch are atomic species of the same chemical ele-

ment, can be classified as ‘stable or unstable (radiocactive) .
Steble;isotopes are those;which do not uhdergo radioactive
decay, whereas.uhstable isotopes are redioactive’and decay
by known Sequences‘to stable_isotopes of elements of lower
atoﬁic.mass. |

Hydrogen and oxygen each have naturally occurring

stable iSotopes; Stable hydrogen'exists as hydrogen,"H,
v.and deuterlum, Dvor 2H. Oxygen exists as. three stable |
'.'isotopes,t?‘c, ‘70, and 180._ A water molecule may be com-v
irposed of any comblnation of these stable isotopes plus
h'tritium, 3H, whlch is a short half—llfe, (about 12.5 years)

radioactive hydrogenvisotope. SMOW-(Standard Mean Ocean

Water) is composed of 99.726 percent H,!%0, 0'200 percent'
'H “0, 0. 042 percent H 2170, and 0. 031 percent HD“O All
the other posszble isotope combinatlons compose the re-

~ maining 0.001 percent (Craig, 196la).




Stable isotopic variations are usually expressed in

;delfa‘units,(G) defined as

R

T sampie - Rstandara
§ = - —Ix 1,000
: Rstandard o
where,
& = reportlng unit in o/oo (parts per mil),
R

sample - = ratio of isotoplc concentration (‘°o/“o
D/H, for example) of the sample, and

Rstandard = ratio of isotoplc concentrat1on of the
standard. (1n th1s report, SMOW) .
Reported'values of D and"°0 ere considered accurate |

within ranges of $1.5 o/oo and $0.1 o/oco, respectively.

'léglj'A ,a | .

. R
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As water evaporates from the ocean, moves through the

atmosphere, and éofidenses to form precipitation, the per-

‘centage of each isotopic species (molecule) changes due to

fractionation (a process similar to that employed ‘in re-
fining petroleum). Because of slightly different phy51ca1

properties, each specles evaporates, condenses, or freezes

-at a dlfferent rate for a given temperature and pressure.

The result of thls dlfferentlal evaporation, ccndensatlon,

or freezrng is that isotopic comp051tlon of preciprtation

‘ differs from that of the water body from.whlch 1t origin-

ated. 1In addition to the simple processes of evaporation,

condensation, and freezing,'such factors as number of times

” reevaporation occurs (related to distance from source),
ftemperature and pressure at which the varlous processes

'occur (related to altitude and 1at1tude of source), in-

tensity of the storm in which precipltation falls, and

:i‘_amount of partxculate matter in the a1r can also affect the

i dresultant 1sotop1c composrtion of the prec1pitation. De—
J;spite all the. varlous factors involved, the mean isotopic
,“composztion of precipltation in a glven area will have an
;jidentiflable character representatlve of the envzronmental

.u.rconditions of that .area, and, hence, serves ‘as- an identlfler,

'_for the 1oca1 meteoric water.,”r

e e e wade s mwme e e meascme immem st o e e B a Y 8 o w dmee s e D AR e L — et e | waes s

Ve s R SH Y PN, G ey T 0L 4 .. i Al
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'meteoric 11ne.-‘

Worldw1de analyses of prec;pitation have established

"that a relation exists between 8D and 6“0. When 6D 1s
'plotted against 6“0, almost all analyses of- precxpitation

vcluster about a line (the meteoric line) defined’ by

§D = 86“0 + 10 o/o0

(Craig. 1961b) See figure 6 for plot of meteoric line.

" While the slope of eight is usually consistent for meteoric

' waters, the 1ntercept may vary 51gn1ficantly, depending on

“local" pre01pitation conditions. _ o -
Exceptions to this relation are generally ‘due to such

factors as precipitation originating from sources other than

the ocean. .In closed ba31ns, for example, precipitation

originating from lakes or~in1and-seas that have different

4isotopic compos;tion than ocean water may not plot on the

e L




After entering the ground;water system} water usually

conserves its original meteoric lSOtOplc composition.

‘However, ' several factors that can cause the éD or §'%0 con-

centratlons of ground waters to. differ from "local" meteoric
water include: (1) récharge to the aquifer from areas of a

differing altitude and latitude; (2) recharge from a body of

surface water that has*been partially‘evaporated- (3) re-

.charge that occurred at an earller time when local or world-

wzde cllmate was different- (4) mixing w1th other sources of

‘water, such as brlnes or magmatlc water; and (5) 1nteraction

e ot s Skt e e o - :

with aqulfer materlals.

AN

These factors all have a deflnlte, predlctable effect

.on a 6D-6‘°0 plot. If only ‘one of these factors affects the
risotOpic comp051tion of the ground water, the reason for

;variation may he evident However, it is probable that

several factors,contribute to the total 1sotop1c compo51tion

of a'ground-water sample.‘ Whenﬂpossible, chemical and

.hydrologic data should be comblned with isotopic data to

permlt the most complete interpretatlon of the system of

'interest.

17 N . A ‘e .-
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A brief description of how each of the above factors

could affect the D and 1'0'content may~be helpful-' (1) if

}recharge occurs from a nonlocal source, the D and 1¢p values
for ground water will plot on or near the meteoric line but

"will be displaced upslope or downslope from the local

meteoric water; (2)iground»water recharged from a water body
wvhere evaporation has occurred may be enriched in D and 10

and will plot to the right of the meteoric line;- (3) ground

_water'that was recharged at some earlier time (the Pleis-.

.. tocene ice ages, for example) will have 6D and §1%0 values

quite,different from present-day meteoric water, for known

:examples of paleowater or fossil water often are depleted in

both D and 1€0 (Gat,71971)§ (4) mixing with other sources of

water might.he expected'if plots-of ground-water'sampies

: have-a definite'trend»tonard sbmé*poiht off the meteoric

line. By comparing the chemistry of the ground water and

3_the body of water with which it is suspected to be mixing, a

clue to the degree of mixing may be found; (5) interaction
with the aquifer material may result in enrichment of 180

w1th little change occurring in the D content.‘ The degree

:'of 1nteraction (and therefore the degree of 1eo enrichment)
'ffis dependent on the isotoPe difference between the recharge ?‘
.=~xwater and the rock materials, the ratio of the amount of
3l?water to the amount of rock, and the length of time the

}3;water is in contact with the rock. Poroszty of the aquifer

,“
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directly affects the 1nteraction. Tﬁis process is greetly.
increased at high temperatures and is frequently observed in
."geothermal areas (Craig, 1963). |

A plot of 6D against 5“0 for ground-water samples can
thus.yield valuable information about the ground-water
system. If the‘data do not plot near data from known local |
meteoric sources, suchias shallow;wells or nonthermal
,springs,*oneaor more of the’ebove factors may have caused
-'the'discrepancy. Analysis of the veriatioh together with
_other data may reveal.the source, suggest the age; or aid in
expleihing the history of movement of the sample.

| Deuterium and 1ao comp051tions have been used to study |
components of the hydrologic cycle by Friedman and others'
(1964), Dansgaard (1964), Friedman and Smith (1970), and i
others,‘ Gat (1971) discussed the - application of stable
‘iSOtope techniques to-studies of regional ground-water
systems. Deuterium has been used as a tracer in determining
regional ground-water flow in southern Nevada by Winograd

’and Friedman (1972).

19
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BRUNEAU-GRAND VIEW AREA

The Bruneau-Grand View area is in the western Snake

‘River Plaln of southwestern Idaho. Figure 3 shows the three

"principal physical subdivisions of ‘the area: (1) the Snake

River valley, ranging in altitude from about 2,300 to 3,000
£t (700 to 900 m); (2) the plateau area, ranging in altitude
from about 3,000 to 7,000 ft (900 to 2,130 m); and (3) part
of the Owyhee uplift,'in which altitudes.range from about
3,000 to 8,400 £t (900 to 2,560 m). . |

The general lithology of this area (flg. 4) is as

‘,follows~ granitic rocks of Cretaceous age, rhyolltic rocks-

of- Miocene(?) age, Idavada Volcanlcs (5111cic volcanic rocks
of Pllocene age), and the Idaho Group of Pllocene and -

Pleistocene age. The Idaho Group contains chiefly sedi-

;mentary rocks -of lacustrine and fluvial origln, but also

includes some 1nterbedded basaltic volcanzc rocks, one of
which is the Banbury Basalt. Deposits of alluvium of Pleis-

tocene and"Holocene age cover the.older rocks at many places

-4in the lowlands and valleys.

The aqulfers have been classzfled 1nto two groups by

-Young and Whitehead (1975a)- (1) the volcanlc-rock aqui-
' fers, which include the older rhyolites, Idavada Volcanics, -
_ifand the Banbury Basalt, and (2) the sedimentary—rcck aqui-
',ffers, composed prlmarily of the sedimentary rocks of the )

"3IdahoAGroup. (Refer to table 1 for a descriptzon of each

unit.)i

- 20
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The climate of the area is semiarid, with precipitation

averaging less than 10 in (254 mm) per year in the Snake

River valley. Some areas to the south and southwest receive

precipitationiof'up to 30 in (760 mm) per year. 'Comparison

of this‘area‘with areas to the north, also in the Snake

River surface-water drainage basin, where annual preci-

. pitation'is commonly above 30 in (760 mm), shows the po-

tential recharge on the southern side of the valley to be

minor (Mundorff, Crosthwaite, and Kilburn, 1964).

Recharge to the two principal aqulfer systems in the

. Bruneau-Grand View area is be11eved to be from the same

source, but by different means._ Precipitation, chiefly in

the form of snow, on the higher altitudes to the south and

d southwest provxdes recharge to both aquifers. However,
_frecharge to the sedimentary~rock aquifers is chiefly from
Vvertical movement of water from the underlying volcanic—rock

. aquifers.

" The Snake River Plain is generally believed to be a

,'faulted graben in which ! many faults and fractures permit

waters to: migrate across stratigraphic boundaries (fig. 4).

';;”In addition to natural mixing of waters, many wells are open
“to both the volcanic— and sedimentary-rock aquifers, making
S sampling of any one particular aquifer extremely difficult.

“'and the interpretation of the data derived from such wellspi

questionable.

22 o,
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Table i.»bea‘etiption and vgt'et-:bearing characteristics of geologic units, in the Brunoaw-Cramd Yiew neea, -

S : ‘ TeoaT : '
. Bra® " P““’d . 2P_°°h, o 1}““ L Descriptionl . Water-bearing characteristice?
. e . . .
Cenozola . Q"“‘“‘f’ 301002“ . Mluﬂm md dunn ST e ;' Surfiecial deposits that are not .
) el -l U sand Vo - Includes clay, silt, aand, and - permanently saturated. Too .
B T . - . M graveld., Chiefly fluvial and . 1imited in extent to be ilpotmt
c P .t e . seowe ealfian deposits of llolocens age, -, as aquifers..
e L . ‘" "*The deposits forn hills, mounds, * . L. .
IR ' R * « and crescent-shaped dunes. . .
Cenozo’!c »’Qoatemaq ‘rleutoeem " Ydahe Group, ?oon/ to wen-s:rncifted nuvxal . Yields to wells vary from very . .
SN ‘and . ¢ and undifferentiated and lacustrine deposits of poor to good depending upon .
el Tertiery - Pliocene - (1ch . .unconsolidated to consolidated - unit penetrated. Important 2
" e LN N T « = 7' o gravel, sand, silt, and clay an aquifer, See descriptiens
VAL, T TPLIE DRI . with:layers of ash and inter- . for individual units ‘below,
T M oy * . | calated basaltic lava flows. : ot
.r < ' o ) In placea excecds 3,000 feet
- e e . RS ln tblclman.' TN k
" Conosofe Tertiory Pliocena | - Banbury anale A l.uva flows of olivine bnult mter- Yields to wells range froa very
. e e ., of the Idlho I+ beddéd lecally with minor amounts ' = puor to excellemt dupendling upon .
'.‘ BTN : . Gtoup o e - of strcam and lake deposits. . degtee of alteration present in
. X D) . T N * Flows mostly vcslcular and lees _ ~ ‘arca penctrated by the well. A
‘ W Wl .+ than 15 feet thick.’ Includes highly altered zone of this .
ot . . O ° ‘some hanaltie pyroclastic matere basaltiec unit tends to be a poor
Pl TR ’ 24t fal 4n vent areas. Haximum " aquifer, whercas the unalteied
e v : se w7t o thickness is about 1,000 feet.- unit 4s a good aquifer.
R L - . . .'v "f ) ' .- . Pdosmln, Volonms .I,.&t\-—i‘l'
! iCenozole Tertiary Pliocena . ' stlicic volccnie . 8ilicie voleanie rocks, undiffere | Renatka for Tiv and T apply to
T e ahd mko . » entiated. Includes Idavada ' this unlt. _ L
. . ,.', moceng . K . e Voleanics and thyolftiec rockss < .
Clﬂo:ou ‘rlrehry Puoeeno Idwoda vdcanies " ‘Biltete latite; chiefly thick laycrl "nu highly jointed and fractured
N LT e taye, o wrs tetes o of devitrificd welded tuff, but - character of these rocks make
'_ Y . "v:- N B B ! includés some vitric tuff and lava  them a good aquifet in the study .
. 5, . . o . . he et flovs, Rhyolitic xocks occur in . ‘areca and large, yields ate
. e . .t * ¢ ¢ iuw.,+ . minor amounts. Predoolnantly obtained. It is belicved that
. ' - e . . e . " porphyeritic with phenocrysts of these rocks serve to transait
. o0t . . andesins, clinopyroxene, hyper- rechiarge-vater to the area and dhines,
. ’ o e o stene, and magnetite, but with no to overlying unice,
. A o . . e O *, quartz, sanidine, hornblende, or . o.
R R e biotite. Overlies older rhyo= e .
e . RS ¢ .+ litie and related rocks, locally .
A : . exceeds 3,000 foot in thickness, *
. ceno:ole Tertiary. - _Hlecenu(t) Rhyolicte rocks Pinc-~ to coatse-arnlned extrusive Unknwu: uay de an lnpormc oo
¢ RN ' « N N . “ %o rocks rich in quartz and biotite. - aquifer, . .l
. . ' .. ' Loeally cut by mineralized foule - : o .
‘. o e ' zones., Several thousand feet an .o . t ., .
T . L AR "+ exposcd tn the Owyhce uplife.. ’ R . o
Mesozole Cretaceous - Tatrusive rocks xntrusive granitic rocks of coms " . Unknown; way be an aquifer, '."-'
. .. . . : A e . - parable age and composition teo ) .
. : ‘. the Idahe batholith. Exposed in . et e
S . ' : “ the southwestern part of the = ces A .
. ’ i study area. * ‘

Balieved to form .
the dasenent eonplax. L

. ..
t

o Fred From )’m, ov.l hhpﬁ'wd 199759,

O Ntrlala N M B 83a. Thasamn and Mawahall lxor.:n: .nd in part from utthton and Croattwatte (1957). °
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_Geochemistry of the Bruneau-Grand View Area Ground Waters

A total of 19 springs and wells were sampled in the .

‘Bruneau-Grand View area,(fig 3) ih an attempt to determine

. thé isotoéic and geochemical relat;ons of the waters. Three
'qonthefmal sprihgs were sampled near the topographic drain-
_agé;poundary of the study area to_determine the isotopic

~ composition of local meteoric water. The isotopic com-

position of the nonthermal springs is assumed to be repre-

VséntatiVe of the pfeéipitation in the assumed principal

- recharge area..

The 19 wells and springs were sampled for isotopic

analysis at the same time that a larger sampling was con-

“ducted (Ydung and,ﬁhitehead; 1975a). The chemical analyses

"for?fhése,weils-and sptings are shqwh‘in table 2.

- 28
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‘the :émainder‘of the Samplesﬁcont&inﬁhighe:Hpercentagqgwpf*

e e cmeenme e ge e - e rmm e dbms e w8 meew meeeee e .- S - am—— o

The data, plotted on a trilinear diagram (fig. 5), show

that water from two of the three nonthermal springs is

‘calcium bicarbonate type water. The third nonthermal spring

discharges a calcium sodium bicarbonate water. The re-

[}

mainder of the water samples are sodium bicarbonate type

watei.‘ Two distinct groupingsfof.the sodium bicarbonate
water are shown in.figure_s.‘ Samples 4, 6, 13, and 15 are

clustered in the extreme sodium bicarbonate region, whereas

- chloride and sulfaté.r:Available lithologic information

suggests that sampleé 4, 6, 13,‘and 15 were obtained prin-

~cipally from sedimentary-rock aquifers. The bicarbonate

cohéehtrations'in these samples'aré higher, and the surface

temperatures are lower‘than'thosefin the remaining samples.

27



12 Reference number -~ )

-
R RREID
)
. .
»e b
e
. Wt
et R
. e
! o
LI 4
.
R .
. .
. .
.
B .




-

Isotopic Geochemistry of the Bruneau~Grand View Area

- Ground Waters

Comparison of the isotopic composition of the Bruneauf

Grand View water'and_other major geothermal systems of the

. worlg is'shown'in figure 6. As’illustrated in figure 6,

waters of these known major geothermal systems are dom-

1nantly meteoric in origin, with éD values similar to those

:  of the "local“ recharge water but w1th 180 values signifi-
cantly enriched relative to the local recharge water. This

- enrichment probably results fron isotope-exchange reactions

with aquifer materials. However, the thermal water in the

-Bruneau-Grand View area apparently differs 51gn1f1cantly

from nonthermal waters in both the GD and §t%0 values. The

| Bruneau—Grand View area is relatively large,. compared to

other geothermal systems, which might account for the varia-”

tion.- However, the significant depletion of GD and the

- apparent depletion in 6‘”0 is not consistent with 1sotope

exchange and suggests that other factors may be 1nvolved.

The ‘range of 6D values for the Bruneau-Grand View ther-

'mal waters is from -135 to —156 o/oo (table ‘3 and fig. 7).

. The range of 6“0 values W1th one exception,v(sample,ls, o

;6‘”0 = ~=15. 0; is from -17 0 to —18 2 o/oo. The majority of
"fsi:the samples cluster in a region bounded by 6D values be-

fftween -142 and -146 o/oo, and 6‘”0 values between '17 0

and -18 2 o/oo.; Samples 11, 14, and 19, which, on the basis
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of well construction,nhydrology, and geologic data,. appear

'samples most depleted in. D, with 6D ranging from —150 to

or slightly to the right of the nonthermal samples, which
~are themselves slightly to the right of the worldw1de meteor-

b .ic line (fig. 7). A line Wlth a slope of 8 through the

e to 2. 25 o/oo. ”'v 1_ﬁ;_ ,;':,‘ . jr’j, 'ﬁ.‘ - .j' o

+

to have derived water from the Banbury Basalt, are the

—156 o/oo.

The majority Of the Bruneau-Grand View waters fall near

~ average of the nonthermal springs has an 1ntercept of 3

‘- of/oo. This dev1ation_from the worldwrde precipitation line

for the'nonthermal samples indicates the possibility of
slight evaporation prior to recharge, which may be expected
in arid or semiarid regions such as this, Examination of

figure 7 shows possible oxygen-isotope exchange in the

‘thermal water due to elevated temperatures.- The 6“0 shifts

range from -0 40 (sample 16) to +2. 25 o/oo (sample 15) from

: the-“local" prec1p1tation line with the equation D =

8 6‘”0 + 3 o/oo. Assuming that the waters have been exposed

to the same aquifer materials, oxygen-isotope shifts suggest

| that samples 11, 14, 15, and 19 have been exposed to the o
fhighest subsurface temperatures. Thefﬁ“oideviation of

;:those samples from ‘the meteoric waterline ranges from 1.60
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The position of the "local" precipitation samples in
relation to the méjority of the thermal ground-water samples

as shown on figure 7 suggest that the thermal gréund'wafer

- was not wholly'derived'from-currént "local" precipitation

withih the local topographic drainage of the study area from
which thé sampleé were collected (fig. 3). The isotopic
values of most of the sampled thermal water exhibit sig-

nificant depletion in D and'an apparent depletion in !¢0

relative to recent "local" precipitation indicating-that-the— -

:. water fell as precipitation in ah environment that was

différent'from the éurrenthlocai one, This different

.environment,éould represent recharge from the higher al-

titude of the Bruneau River drainage area'soﬁtheast of the

study area, or at SOme’previous'timeﬁwhen;the‘climate was

'-‘Significant1y~¢olde: than'thefpresentéday ciimate.~

34,
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Regardless of the recharge source, hydrologic data

shown in figure 8 indicate -that in parts of the area, water

levels in some wells show a-steady'decline since 1953. The
downward ‘trend probably results from pumping grouhd water '
.. for irrigation at a faster rate than‘it can be replaced.

 Seasonal fluctuations in the hydrographs (fig; 8) represent-

1ng local recharge do occur. These seasonal fluctuations .

1ndicate that local surface-water drainage does contrlbute

' 'some water to the agulfers in the Bruneau—Grand View area.,’

The declinlnggwater levels and the "nonlocal® nature
of‘water samples.collected suggests that current recharge is
not sufficient'to replace ground;water extracted by wells in
the. areas affected by the. declining waterllevels.- Together
thh the isotope data, the declinlng water 1evels strongly .

suggest that recharge to the system may have occurred over

;a considerable tlmespan. Present-day extractlons may be

e water that accumulated over a long period of time.
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BELOW (~)'LAND SURFACE

S Figure 8.--Hydrographs for wells 68-3E-14bcb1 and 7S-5E-19ccc1 , f .
l ~in the Bruneau-Grand View area. o
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WEISER AREA .
‘The Weiser area is in the extreme northwestern part of
the Snake River Plaih in southwestern Idaho (fig. 9). It is
at the southern end of a system of northwest-trehding

eroded anticlines. The system of anticlines dips tbwards 

. the Plain and terminates abruptly at the nprthern margin of

the Plain at an altitude of about 2,200 £t (670 m).

Two separate areas were studied in the Weiser area:

'The7WeiSer Hot Springs subarea to the west and the Crane

*iCreek»éubarea'to‘the east (fig. 9). - The Weiser Hot Springs

subafga is along the northern margih of the Snake River

' Plain, and the.Ciane Creek subarea, is along the crest of an

‘anticline. - . | ;

,,,,,,,
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EXPLANATION
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In succession, the lithology of the Weiser area con-

sists of volcanzc and interbedded sedimentary rocks of

.Permlan and Triassic age and granitic rocks of Cretaceous

age, which underlle volcanic rocks of the Columbia River
BaSa;t Group of Miocene and Pliocene age. The Columbia

River Basalt Group occurs both below\and above sedimentary

" rocks of the PaYette Formation. Sedlmentary rocks of the

Idaho Group of Pliocene and Plelstocene age overlle the

Columbia River Basalt Group and” Payette Formation. Alluv1um
. and colluv1um of Pleistocene and Holocene age generally ‘

-overlle the older rocks in the lowlands and valleys. Refer

to table 4 for a descriptlon of each water-bearing unit.

Prec1pitatzon 1n the mountainous regions to the north

‘and northeast of the area (flg. 9) is belleved to furnlsh

recharge to the area s aquifers. The COlumbla River ‘Basalt

Group is believed to transmit water from the catchment areas

»to the lowlands.
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. Table 4.— = DESCRIPTION AND WATER-BEARING CHARACTERISTICS OF GEOLOGIC UNITS IN THE WEISER AREA, IDAHO

. PERIOD

EPOCH

ROCK UNIT "

DESCRIPTION

WATER-BEARING CHARACTERISTICS

ERA
Cenorofe Quatemary . - Holocene  Alluvium snd Clay, silt, sand, and gravel; chiefly fluvistile: Yields adequate supplies of water to domestic
' o and Coltuvium deposits,  Includes some landstide materials, and stock wells. Important locally as an aquifer,
* - Plefstocene ' ’n\icknesshvariable. ’ . : -
T Qusternaty Pleistocene » , Fluvhtﬂe and Iake deposits of clay. silt, sand, Hydraulic  conductivity highly - variable,
Cenozole L ¢ 'andm-’ . and .ﬂ’;’}?ﬂmﬁ'&d and gravel, compacted to poorly consolidated, Generally contains confined water, yields to
' Tertlary . - Pliocene L pootly to well stratified. Contains beds of ash wells range from a few gallons per minute to
K . ’ and intercalated basaltic lava flows, Exceeds several hundred gallons per minute, Important
1,500 feet in thickness in the Weiser River as an aquifer,
Valley near Welser. Exceeds 4,000 feet near
- Ontario, Oregon about 16 miles aouth of Weiset
(Kirkham, 1931a). ) ,
Cenozo " Tertls o RCASE .., " Flood-fype basait, ﬂght- to dark-gray, dense; Unknown in Weiser ares; but generally yields
. e T 17 nlmm Columbia River: 'Bmll crude columnar joinling at places; folded and are highly variable in areas where wells are
' Miocene ‘Group” - | faulted; may include some andesitic and producing from this aqnifer.
. "% .. | thyolitic rock types. The Payette Formation is .
L . sandwiched between units of this basalt at
places, which is & characteristic feature : .
. * distinguishing. the Payette Formation from - .
- sediments of the Idaho Group. Thicknéss of the . : ;
. upper basalt unit exceeds 1,000 feet in the - )
_canyon of Cranc Creck just east of the study - " .
. , area, other measurcd thicknesses range from t .
. “ 445 to 630 feet at places in and near the ﬂudy
. . area (Kitkham, 19312). .
enozole T Plioce Payme Formndon Compacted beds of clay, silt, sand, and volc’anlc Unknown, but posslbly eo\ﬂd be an :qulfet in
c JTentmy vl hpinforgiated -y ms. the Columbla  plces.
' Miocens RiverGfoup. Thickness of this unit is about
e . 1,000 feet (Anderson, 1941). , . )
Mesozolc Pre-Tertiary Pro-Tertiary Rocks. Permian and younger igneous rocks, includes - Generally very low in hydraulic conductivity,
and , nndin‘eremlated some well indurated sedimentary rocks of the Not important as an aquifer in this ares,
~ Paleozoic - Seven Devils Volcanics that have been faulted ' R )

" volcanid S,
- feet (K

and folded, and includes some granitic rocks of
the ldaho Eathomh. Total thickness of the

{i"iot known, but it exceeds 10,000
ham, 1931b). Thickness of the
granitic rocks is unknown,

- .

MediFiid Eeom Young and wiittheed 19753
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- Geochemistry of the Weiser Area Ground Waters

Five springs and one well were selected for isotopic
analyses in the Weiser area (fig. 9) to determine the
isotopic and chemical relations of the ground waters. “The

chemical analyses of these springs and the well are. given in

table 5.

_ Two nonthermal springs were sampled (samples 20 and 21)

as in the Bruneau-Grand View area, to’ prov1de background

'information for precipitation in the 1oca1 area. The temp-

~ erature of these springs was 13 S and 15. 0° C, respectively.

The dissolved solids for both springs is approximately 200

mg/l, with silica concentrations of approximately 50 mg/1.

A trilinear diagram (fig. lO) illustrates the chemistry

'of the thermal and nonthermal waters. The nonthermal water

: iin the Weiser Hot Springs subarea (sample 20) is calcxum

sodium bicarbonate water, and sample 21 from the Crane Creek
subarea is calcium bicarbonate water. The thermal waters

from both subareas are grouped in the sodium sulfate chlor-

: ;_ide‘region of the'diagram. However,‘the dissolved solids of
. the Crane Creek samples (23, 24, and 25) are double that of |
'xbfthe Weiser Hot Springs sample (22). The silica concentration

' - 4n the:thermaIZWaters‘ranges_from 130,t0_180 mg/l,
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Saméles\were collected fr&m two vents of the Crane
Creek hot springs complex.: The surface temperature at the
time of sampling for these two sampies differed by 15° C
(77° C for sample 24fand 92° C for sampie 23). For all
ptactib&l pﬁrposes,rthe remainder of the chemistry, with the
exbeption ofrpH,;nitrite and pitrate, and phosphorous, is

_ ihentiéal.
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Isotopie Geochemistry of the Weiser Area Ground Waters

: ]
The 1sotopic composition of the thermal water in the

' Welser area (fig. 11) is. 51gn1ficantly dlfferent from the
"local"” precipltation (nonthermal springs). The §!%0 ranges
from ~12.3 (sample 25) to -14.6 o/oo (sample 24, .table 6).
The 6D for these springs and well ranges from -138 (sample

25) to -150 o/oo (sample 23). The "local" precipitation

(samples 21 and 20) have §'®0 values of -15.1 and -16.1 o/oo

and 6D values of -120 and ~128 o/oo, respectively. Figure
:'ll shows a 11ne through samples 20 and 21 whlch has a slope
of 8 and an intercept of +0.8: D = 8 §'*0 + 0.8 o/oo0.
‘Such a trend.could‘be expected for-recharging waters in a
semiarid region., The thermal waters are depleted in D by

: more ‘than 10 o/oo, but enrlched in 180 as much as +2. 85 o/00

“4relat1ve to nonthermal waters in the area.
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The‘oxygen shift can be accounted for by isotope ‘ex-
change between water and the aquifer material at elevated"
temperatures, but the dgpletibn,of D must be eﬁplaihed‘by
another method. 'Since; iﬁ.mbst'natural aquifer syéteﬁs,
it ig diffiéuit to find a source of hydrogen to exchange
-with the hydrogen in the water, it must be assumed that the
déuterium‘contentfof ;he samples is approximately quai'to
that of the reéﬁaxgihg water. Therefore, thé}deuterium
depletion relative tof"local"‘precipiﬁation indicates either
a nonlocal source of rechargee-fiom higher>a1titude and/or
bpldér climate,'or récharge,at some timevin the past under é,
.colder regipnal climéte. |

-Assﬁming'fﬁat theFWatérs have been exposed to the same
aquifgrfmaterial,”welcan_pdstulaté ph the basis of the
.oxygen-isotope data,vyhat Sémple.zzlhas;been exposed to the
higheé£ temperéﬁures, followed closely by sample 25. lﬁamples
é3-and 24 shoﬁ a'muéhl;éss éfonouncéd shift. It is impos-
#ible.té atiempt quantitative detérminatibns on the basis of
the oxygen shifts, és,the'hYdrology;-and, thereforé, the

aquifér matérial,’are at présent poorly known.
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SUMMARY AND COMPARISON OF ISOTOPIC GEOCHEMISTRY

OF BRUNEAU-GRAND VIEW AND WEISER AREA GROUND WATERS

Cemparison of the high-altitude nonthermal spring
samples from the hountains surroanding the Bruneau-Grand
View area“with the ground waters beneath the Snake River
Plain in this region show that the‘deep ground waters are
more depleted in deuterium than the nonthermal high-altitude
* - springs. This ;ndicates that the recharge water had a
colder seurce from eitherv(l) an area of highervaltitude
SOutheast,of the local regionlin the Biuneau River drainage,
or'(é) the prevalence'ef a colder fegional,climate at some
tlme in the not-to-dlstant past. A similar'comparison in-
| volvxng the waters 1n the Welser area ylelds the same con-
c1u51ons, Rechatge to the,We;ser area hot springs system is
" possibly from areas of higher altitude and colder tempera-
tures te the north and northeast of the study area. |

| 'As the deuterium contents ofhthe waters from the two
areas are within the same range,'it seems thatrthe systems
vere recharged with similar waters. If the rock type and
the effective'porosityr(surface area) of the aquifers-forl
'the two areas ‘are similar, then it appears on the ba51s of
',“the oxygen Shlft, that the Wezser area waters have attained

‘*amuch higher subsurface temperatures than the waters of the,

'fABruneau-Grand V1ew area. |
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’

On the basis of the isotopic anélyses conducted on
tﬁese wateré, current precipitatidn on the adjécent uplanas
is not the only contributor to the thermal grbund waters in
”éitﬁef.areé. There is,.howevgr, evidénce that current
precipitation does influence both the chemical and isotopic

composition of these waters.
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