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SUMMARY AND CONCLUSIONS

Previous studies of groundwater geochemistry of the Bruneau-Grand
View area have been evaluated. Over 100 complete chemical analy-
ses of well and spring waters exist, plus 15 analyses of asso-
ciated gases, and 19 deuterium-oxygen isotope analyses.

Studies have documented the quartz and cation geothermometers and
have correlated chemical parameters with aquifer rock type, show-
ing that waters produced from sedimentary rocks of the Idaho Group
have higher chemical temperatures than waters from underlying
volcanic units (Banbury basalt, Idavada volcanics), due to effects
of rock composition.

The regional hydrologic model predicts flow at depth from south to
north. Recharge occurs in the Owyhee uplands to the south, into
volcanic rocks and underlying granites. The volcanic rocks dip
northwards toward the Snake River. Overlying sedimentary rocks
act as a hydrologic barrier, creating artesian conditions. The
sedimentary section thickens northwards, and the depth of wells
drilled into the volcanic rocks generally increases in that direc-
tion.

Surface temperatures of artesian afd pumped well waters are gener-
ally higher in the north. The hottest wells (83°-84°C), near
Grand VYiew, are generally the deepest. Their flow rates are high
enough for minimal conductive cooling during ascent from depth.
There is no evidence that the higher well temperatures in the
north indicate regicnally higher heat flow.

The area is divided into five parts: Castle Creek, Grand View,
Little Valley, the south end of Bruneau Valley, and the Owyhee
uplands. Little Valley is closest to the AMAX leaseholds, and has
been given the most attention. Chemical analyses have been
plotted on trilinear composition diagrams, and Na graphed versus
K, by geographic area, aquifer type, sample temperature, and che-
mical geothermometry.

Water composition is different in aquifers of different rocks and
from area to area. The most common volcanic water is Na-HCOj3,
with minor Ca and SO4. Sedimentary waters divide into a high
salinity Na-HCO3 type found in Grand View and Castle Creek, and a
lower-salinity mixed-cation HC03-S04 type from scattered locali-
ties in all areas.
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On trilinear composition diagrams, volcanic-aquifer waters of
Little Valley and the south end of Bruneau Valley occupy separate
elongated fields which in part overlap. Volcanic-aquifer waters
from Castle Creek and Grand View are similar and almost always
distinct from those of Little and Bruneau Valleys. Several deep
wells at the N end of Little Valley are distinct from those to the
south and very similar to the deepest, highest-temperature waters
in the Grand View area.

A composition trend in some Little Valley waters may be due to
mixing of waters from volcanic and sedimentary rocks, or may
illustrate evolution of the volcanic to the sedimentary type as
the deeper volcanic waters circulate upwards into and react with
overlying sedimentary rocks.

. Many waters intuitively seem likely to be mixtures of components of

different temperature and composition. This is suggested by the
high permeability of many volcanic rocks, the high flow rates of
wells and springs, artesian conditions, shallow temperature anom-
aljes, evidence for substantial recharge into fractured volcanic
rocks in the Owyhee uplands, and production of many wells from
more than one zone at depth. Despite this, however, graphical
treatment of data does not illustrate mixing trends other than
that of point 8.

The hottest waters of the region tend to have the lowest Ca and Mg
relative to Na and K, and higher SOg relative to HCO3. The hottest
waters also have the highest Na/K ratic, which is opposite of what
would be expected if temperature alone were controlling water com-
position. It seems more likely that the correlation of tempera-
ture and composition is due in part to a correlation with rock
composition.

Ca and Mg probably are controlied by temperature, whereas Na/K may
be mostly influenced by rock composition. Compositional data of
thermal waters do not indicate mixing. 1In particular, there is no
evidence for a deep, high-temperature component of anomalous che-
mical character.

U.S.G6.5. Circular 790 lists an estimated mean reservoir tempera-
ture of 107+6°C for the entire Bruneau-Grand View area, in light
of the chemical and sul fate-water oxygen-isotope geothermometers
and artesian well temperatures. Individual subareas may be sig-
nificantly hotter at depth.
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Silica geothermometry indicates 130°-140°C by conductive quartz
and 100°-110°C by chalcedony for Little Valley. In Grand View,
Castle Creek and northern Little Valley, silica yieids 137°-157°C
(conductive quartz) and 110°-133°C (chalcedony). Chalcedony tem-
peratures generally are preferred herein, because of abundant
glassy Si0» in Idavada volcanic rocks, and because of similarity
with cation temperatures in volcanic-rock aquifers.

Cation temperatures of waters from volcanic-rock aquifers exceed
100°C only in Littie Valley and Bruneau Valley. Little Valley
shows a bimodal distribution of 78°-92°C and 174°-198°C. This
split is spurious, due to the peculiar way in which the cation
geothermometer is calculated. A more reasonable cation tem-
perature estimate is 80°C-110°C, which corresponds well with
chalcedony temperatures 100°-110°C for the same waters.

Estimated temperatures for most deep volcanic waters of the Grand
View and Castle Creek areas correspond well with the maximum
observed well temperature (84°C), whereas the estimated tem-
peratures for Little Valley are notably higher than the maximum
observed well temperature (43°C). This may indicate conductive
cooling, mixing of deep and shallow waters, or anomalously high
geothermometry. Evidence is moot.

Deep waters from volcanic rocks &t the north end of the Little
Valley area {points 7 and 13) have believable chemical tempera-
tures higher than elsewhere regionally. Minimum temperature esti-
mates are 120°-130°C; temperatures of 150°-170°C are indicated,
but less certain. More work may be advised here.

A1l of these waters come from outside the AMAX leasehold. No
wells or deep springs are known in the leasehold which might be
sampled. Because the hydrologic model suggests that waters have
moved northward horizontally beneath the AMAX leasehold, the
conclusions herein probably provide a fairly reliable estimate of
conditions beneath the leasehold as well. However, local, unde-
tected anomalies may be present.

The Bruneau-Grand View data base probably is representative of
water chemistries at depth. Little new information would 1ikely
arise from additional sampling elsewhere than in northern Little
Valley, given the relatively iow temperatures indicated by chemi-
cal geothermometers.
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INTRODUCTION

In October 1980, Dr. Harry J. Olson of AMAX requested a review
of existing geochemical work in the Bruneau-Grand View area of Idaho,
to determine whether further geochemical exploration or data process-
ing would be valuable in evaluating AMAX's leaseholds in the area. A
preliminary review of existing data led me to recommend further pro-
cessing and interpretative studies. Results of this work are pre-
sented in this report.

Thermal waters of the Bruneau-Grand View area are only at
moderate temperatures. Generally, the highest temperatures are in the
north. The hottest well issues 83°C to 84°C water at the surface from
2,970 feet depth, near Grand Yiew. The hottest spring issues 45°C
water in the southern end of Bruneau Valley. Despite this, the region
as a whole is of interest because of the large area {about 11 townships)
within which thermal waters are known to exist in abundance. For the
purposes of this report, the Bruneau-Grand View area is considered to
encompass the entire region from Bruneau Valley in the east and south-
east, through Grand View, to and including Castle Creek KGRA in the
northwest (plate 1). '
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REVIEW OF EXISTING DATA AND INFORMATION

Data Base

A large number of chemical analyses of well and spring waters
are available for the Bruneau-Grand View area. Data reviewed for this
report are reproduced in Appendix 1. Sample locations appear on plate
1, which shows the locations of all waters for which there are analy-
ses of Ca, Mg, Na, K, HCO3, CO3, SO4, C1, F and Si02, plus pH. Also
shown are the locations of some additional wells from which no chemi-
cal data or only partial data are available; representation of these
is not compliete.

The U. S. Geological Survey collected and analyzed about 20
samples in the early 1950's (Littleton and Crosthwaite, 1957), a dozen
samples in 1972 (Young and Mitchell, 1973) and 94 samples in 1973
(Young and Whitehead, 1975)., Several partial analyses have been
pubi}shed by the Idaho Department of Reclamation (Ralston and Chapman,
1969).

The references above include hydrogeologic data such as water i
levels, well logs, stratigraphic correlations and discussions of the
major aquifers, flow patterns and regharge.

Analyses of gases from wells are included in Young and White-
head (1975), and 14 deuterium-oxygen isotope analyses are reported by
Rightmire and others (1975). Several sulfate-water oxygen-isotope
temperatures have been reported by Nehring and others (1979).

Groundwater in a missile silo well at T9S-RbE-4dad in the
Owyhee uplift has been sampled repeatedly by the U. S. Geological
Survey. Resulting analyses are available from survey files in Boise
and the computer file WATSTOR, and representative examples are in
Appendix I.

AMAX analyses of waters from the area comprise a set numbered

W10220 through Wi0228, collected in 1976 in the vicinity of Castle
Creek KGRA, west and north of Grand View. These exist as original

and field report forms and analyses, and are not listed in the
computer-based geothermal file. In contrast, the geothermal file does
include 92 of the 94 chemical analyses reported by Young and Whitehead
(1975), listed under file name Granview Idaho Recon 1977. The samples
have been assigned numbers W11461 through W11553, which duplicates
part of a sequence in the file named Nevada California Recon 1978.
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Data include thermal waters from both deep (to over 3,000 feet)
and shallow wells. Many of the wells are artesian. Thermal springs
and cool, shallow well waters also are represented, plus a few
examples of mountain spring waters in the Owyhee uplift, which are
believed to represent part of the recharge into the area's artesian
aquifer(s}.

Nearly all data are from areas to the north of the AMAX
leasholds along the base of the Owyhee uplift. There are no waters
from within the leaseholds {as shown on lease maps dated 2/12/79).
Topographic maps show no springs in the leaseholds, and judging from
topography there may be few or no wells. H. L. Whitehead, U. S.
Geological Survey, Boise, reports that the upland areas of T8S, R4 and
5E, are unpopulated, with no wells that he is aware of (telephone con-
versation, November 1980). He also indicated that the samples ko
reported in Young and Whitehead (1975) represent a high percentage of I
the deep wells in the region.

Several wells are as close as 1-1/2 miles north of the eastern o
AMAX leaseholds in T7 and 85, R4 and 5E, and 30 to 40 analyzed waters |
are from the area within about 6 miles to the north and northeast. ]
The chemistry of groundwaters beneath the leaseholds can be inferred 4
fairly reliably from these data, because regional groundwater flow is j [
believed to be from south to north. The leaseholds are traversed by i
several of the major north-dipping northwest-striking normal faults 4 |
along the edge of the Owyhee uplift, and they overlie several heat- ' (
flow anomalies. It is probable that the faults are conduits for .
upwelling thermal waters, which migrate northwards in velcanic rock
units from beneath the leasehold areas and are then tapped by the
sampled wells,

The westernmost leaseholds, in 76 and 7S, R2 and 3E, are
more distant from water sample points, with virtually no samples
within 3 miles, and very few within 6 miles. No closer springs are :
apparent on topographic maps. -

Interpretive Studies

AMAX in-house reports have inciuded IOM's by Frank Dellechaie
dated April 2, 1976, March 3, 1978 and April 6, 1978, and a section on
geochemistry in an IOM by John Deymonaz, February 7, 1978, which is
basically a summary of Young and Whitehead (1975).
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The April 2, 1976 memo considered 6 hot artesian well waters
sampled by Young and Whitehead (1975) from T4S, R1E, T4S, R2E and T5S,
R1E, in the vicinity of Castle Creek KGRA. It was concluded that 4 of
these were at equilibration below 100°C, but that two waters indicated
maximum temperatures of 150°-160°C or slightly higher. Thermal water
compositions were similar to those elsewhere in the Bruneau-Grand View
area, as well as to waters in the Idaho batholith. Circulation with
granitic rocks at depth was inferred. In summary, the Castle Creek
KGRA was not considered to be a prime prospect worthy of Targe capital
expenditure.

The March 3, 1978 memo illustrated that waters from certain
shaliow wells in the Bruneau-Grand View area have chemical tempera-
tures higher than those of deeper, hotter wells. This is due to
effects of aquifer rock composition, and is discussed below.
Dellechaie felt that chemical temperatures between 75° and 143°C pro-
vided by the deepest, hottest wells are realistic.

The April 6, 1978 memo included silica-enthalpy mixing calcula-
tions which are said to reflect equilibrium with chalcedony for 4
Grand View area waters. Minimum hot component temperatures are 203 to
238°C and the fraction cold water is about 90% in each case. It was
correctly pointed out that the quantitative significance of the mixing
calculations decreases rapidly as the cold water fraction increases,
but no other interpretation of the cadculations was presented.

Other reports have reached conclusions essentially equivalent
to Dellechaie's. Young and Whitehead (1975), for example, stated that
aquifer temperatures at depth, as estimated by silica and sodium-
potassium-calcium geochemical thermometers, probably do not exceed
150°C, but that a mixed-water silica thermometer indicates that tem-
peratures at depth may exceed 180°C.

Isotope studies by Rightmire and others (1975) have established
that recharge to the thermal aquifers is not entirely from within the
local surface-drainage area, but may come from higher elevations near
the Bruneau River to the southeast; and/or that the recharge occurred
at a time in the past when regional climate was cooler than at pre-
sent.

U.S.G.S. Circular 790 tabulatedan estimated mean reservoir
temperature of 107}6°C for the Bruneau-Grand View area, in light of
the chemical and isctope geothermometers and artesian well tempera-
tures. Data used include sulfate-water oxygen isotope temperatures of
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95°C to 130°C for several samples (Nehring and others, 1979). ' The
estimate is for the area as a whole, however, and for waters in the
aquifers feeding the deeper (to 3,000 feet) artesian wells. It
remains possible that these aquifers are fed by a deeper, hotter
source, and that individual localities may have significantly greater
upflow and therefore higher temperatures.
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NEW TREATMENT OF DATA

Objectives and Methods

In reviewing the existing data it became apparent that graphi-
cal treatment would be helpful in resolving uncertainties of water ori-
gin and circulation.

The basic hydrologic model of the Bruneau-Grand View area holds
that water in the deep volcanic aquifers originates as recharge in the
Oywhee uplift and flows down-gradient in north-dipping volcanic units
towards the Snake River. If this is true, then it is of interest to
know whether there are gradations in water composition from south to
north, and whether there are distinct relationships between water tem-
perature and composition. For example, do the moderate temperature
thermal waters of the Grand View area resemble the lower temperature
thermal waters of Little Valley?

The AMAX Teaseholds overlie a set of parallel normal faults
along the northern margin of the Owyhee uplift; heat-flow data indi-
cate that thermal upwelling occurs in association with these zones
(AMAX heat flow map, 2/7/78). Is there evidence to suggest that the
Tow-temperature thermal waters near the uplift are actually mixtures
of a high temperature component and cooler waters? Could the same
thermal component be related to the hot water tapped by wells near
Grand View? Finally, existing reviews of chemical geothermometry have
been 1imited to tabulation of calculated temperatures, and to silica
mixing models applied without consideration of other chemical parame-
ters. MWould insight into the geothermometry be aided by consideration
of bulk composition, ionic ratios, and geographic and geologic patterns?

The Bruneau-Grand View area herein is divided into four prin-
cipal subareas, although the boundaries between them are not well
defined. These are Castle Creek, Grand View, Little Valiey, and the
south end of Bruneau Valley (plate 1). The principal area of interest
is Little Valley, given its proximity to both the easternmost AMAX
leaseholds and the northern edge of the Owyhee uplift.

The south end of Bruneau Valley also is close to the eastern
leaseholds, but the northern half of Bruneau Yalley is not included
because of its greater distance and because of a desire to 1limit the
size of the study. The Grand View and Castle Creek areas are the clos-
est to the westernmost leaseholds. Waters in these areas have tempera-
tures higher than in Little Valley or Bruneau Valley. A fifth, smaller
group of samples comprises scattered localities in the Owyhee uplift.

-9-
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A1l complete chemical analyses from each geographic area were
processed to check for errors, using cation-anion balance, and to
calculate equivalent ratios between principal ions. Jonic imbalances
greater than *10% were found to be rare, and only one analyses was
discarded because of a large apparent error, probably in reported Na
(Young and Whitehead, 1975, sample 7S5-4E-25adcl). The analyses were
then plotted on trilinear composition diagrams by geographic group,
aquifer type and water temperature. Selected waters have been shown
on the dual basis of cation temperature in volcanic rock aquifers and
sulfate-water oxygen isotope temperature (figure 1, parts A-H).

Geographic Sub-Areas

Figures 1 and 2 show that there are distinctions in groundwater
composition from area to area on the basis of temperature and aquifer
type. The waters of most areas cluster into well-defined groups and
are generally of Na-HCO3 type with minor but notable Ca and S0g.
Scattered examples with high and dominant Ca amongst the cations and
sometimes also high SOs amongst the anions always prove to be waters
from Idaho Group sedimentary rocks or from these and the underlying
Banbury basalt.

Total salinity usually is 5 to 10 milliequivalents per liter,
but there is a group of much more satine Na-HCO3 waters from Castle
Creek and Grand View areas in the Idaho Group sediments. These are
notably lacking in SOg. S04 probably comes from sulfides in the
underlying volcanic rocks.

Waters in volcanic rocks of the Grand View and Castle Creek
areas generally have Na + K higher relative to Ca than waters of
Little Valley and Bruneau Valley south, and this correlates with the
higher observed water temperatures in the two northern areas. Many of
the Little Valley waters are distinguished from those of Bruneau Val-
ley by higher relative S04 and frequently by lower relative Mg. These
are probably effects of rock composition and are not caused by tem-
perature differences, in spite of the fact that observed temperatures K
of the Bruneau Valley waters generally are higher than those of Little j
Valley. :

Na/K ratios vary with aquifer type and geographic ara. Young
and Mitchell (1975) and Dellechaie (1976) noted higher concentrations
of Na in waters from Idaho Group sedimentary rocks than in those from
the underlying volcanic rocks, and also stated that Na/K ratios are .
Tower in the sedimentary agquifers. This is only partially true. The N

-10-




] G 00 - .

FIGURE |. Trilinear composite diagram showing
groundwaiers of the Bruneau-

Grand View area!

Part A -composite diagram

Koy
Gengrophic  subdivisions

- Littie Vaolley
-+ Grand VYiew
=] Bruneou Voiley, south end

4 Castie Creek

o Owyhee uplitt

'Data from Young ond Whitahead {1975},
Littieton ond Crosthwaolte [1957), AMAX files.

co T No+K  HCOy + GOy ¢l

GagrharmEx, inc, [28/




FIGURE . Trilinear composition diagram showing
groundwaters of the Brunegu-

Grand View areaq!
Part B - Littlie Valley area and
Cwyhee uplift

Key

Gepgrophic subdivisions

] fittia Vollay

[n} Cwyhee uplift

27818 | ocotion code, srampls. T.75. -RSE - Sec. I8
loniy selected samples coded)

A Totol salinvly, cations plus anigns, meg/!

ar—s Composition line used in solintty prejection
{tigure 3}

'Date from Young ond Whitehsad (1975),
Littiston ond Crosthwoite (1957), AWAX Tides,

Co Na+K HCD3<=COy o

GeothermEx, Inc., 188/




! : k b i—_——

FIGURE |. Trilinear composition diogram showing
groundwaters of the Bruneau- '
Grand View area!

Part C- Bruneou Valley, south end

Key

[+ Brunecu Vailey, south end

8 Locotion code, example: T.75 -~ R S5E.- Gec IB
{only selected somples codad)

L1 Total salinity, cations plus oniens, msg/l

'Dota from Young ond Whitehsoed (19T5),
Littlaton and Crosthwoits {1957}, AMAX filey,

TaRi2) y
Ar90-D 4

i

HCOy + CO3

Geolhermfx, lnc., (987




FIGURE |. Trilinear compoesition diagram showing
groundwaters of the Bruneaqu-

Grand View area!

Part D - Grand View ond Castle Creek
areas ‘

Key

AR

Geogrophic subdivisions
*aein

+ Grand View

a8 Costla Cresk
M | ocation code, stomple: T,7S-R5E - See. I8
{only selected sampley coded)

B Tatal salinity, cetions plus onions, meg/!

'Date trom Young ong Whiteheod (I1975),
Littleton ond Crosthwaite {1357), AMAX Higy.

B335, 5323,

i

GeothermEx, inc,, /981




FIGURE 1.

Trilinear composition diogram showing
groundwaters of the Brunegu-

Grand View area!

Part E - agquifer type®

Key

o ldoho group sedimentory rocke 2 Bonbury Boxald
+  Volconic rocks
0O Gronitic rocks

-~ Geographic subdivizion outline lfrom parts B-D)
LV = Little Volley
GV = Grond View
CC = Coslie Cresk

504 BV * Bruneou Volley, souih and

'Date trom Young ond Whilehead (1975),

Zerom Youhp ehd Whitsheod (1975} ond

Littiston and Crosihwaits (1957 bosed on
well loge, cosing records and geclogy

Co

NosK  HCDy * G0y cl

GeothermEx, Inc., 198/

Littleton and Crosthwoite {1957}, AMAX filer,



FIGURE 1. Trilinear composition diagram showing
groundwaters of the Bruneaou -
Grand View area!

Part F - water temperature (°C, ot surface)

T*C .~ Geogrophlc subdivisien outline
{trom paris B-D)

LY = Litile Voliey
GV = Grand View
CC = Cosfle Croek

BV = Brunsou Valley, scuth end

® ;oW - O
5]
Q
-
o
Q

‘Data from Young ond Whitehsad (1978}, Littleton and

504 .
Crosthwaite (19571, AMAX files.

-~

R -

i ye \ \.,_:,!::j!-;;;’}'“‘utih?‘ﬁ:%%

Y]
HCD; + 503 Cl

GectharmEx, inc., 1987
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lowest Na/K are indeed in sedimentary aquifers, but volcanic aquifer
ratios fall into two groups, with lower ratios in Little Valley and
Bruneau VYalley than in Grand View and Castle Creek. Na/K in Little
and Bruneau Yalleys are equivalent to Na/K in sedimentary aquifers,
whereas Na/K the Grand View-Castle Creek waters are consistently
higher.

Waters of Little Valley fall into three principal groups: (1)
scattered waters from Idaho Group sediments which have highly vari-
able compositions and salinities, (2) a trend of compositions from
volcanic aquifers in the southern end of the Valley {figure 1, line
A-B), and (3) a group in the northern end of the Valley area which
resembles several waters from Grand View.

Figure 3 shows a graphical treatment of the waters from volca-
nic aquifers in the southern part of the Valley. Waters adjacent to
Tine A-B have been projected first onto the line, then into a plane in
which salinity is plotted against composition. Triangle A-B-C defines
a plane which includes composition 1ine A-B of the trilinear com-
position diagram and point C, which is defined as zero salinity above

“the plane of the trilinear diagram. In a projection such as this, any
set of waters of varying salinity and composition which are mixtures
of two end members will define a straight line in the plane A-B-C.

Relationships between points in this projection are only
approximate, given that most of the waters do not lie exactly in
plane A-B-C, but instead have been projected onto it from either side
(above and below the page). Samples projected onto A-B-C from par-
ticularly far off are shown with the sample number in parentheses.
These are included to illustrate relative salinity, but cannot reli-
ably indicate mixing trends in this section.

Samples 745, 7415, 7427 and 7426* roughly define a line which
connects 745 near side A-C of the triangle with the main group of
Little Valley volcanic aguifer waters near side B-C. Water 745 is
reportedly from a sedimentary aquifer, and it appears that 7425, 7427,
7411 and 7426 may be mixtures of such a water with deeper water from
volcanic rocks. Surface temperatures of the well waters are roughly
consistent with this. The main group of Little Valley volcanic waters
is 32°-43°C, whereas the "mixed" waters are slightly cooler (27°-38°C).
This may alsc be explained as an evolution of the volcanic waters
towards a sedimentary type, as the deeper, hotter water circulates

*A11 sample number are abbreviations of the T-R-S location: 745 is a
water from T7S-R4E-Sec. 5.
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upwards into and reacts with sedimentary rocks under artesian con-
ditions. :

The mild temperatures of the Little Valley volcanic waters may
reflect either (a} mixing of a deep, high-temperature component with a
cool component of recharge, or (b) heating of recharge during rapid
circulation to only moderate depths. If mixing were occurring, this
would probably show up on figure 3, assuming that the high-temperature
component were anomalous in either composition or salinity with
respect to the recharge. There is no evidence for such mixing or for
the presence of such a component, although there is one anomalous
group of waters (6414, 6518, 6529) which will be discussed below.

The absence of evidence for mixing, coupled with the overall :
dilute Na-HCO3 character of the Little Valley thermal waters, suggests |
that their temperatures at depth are not greatly above those observed i
at the surface. This applies to the main group of waters, from the
south end of the valley in T7S, R4E.

AN ENIE 0 OEn 0 W0 B0 S e

Some thermal waters from the south end of Bruneau Valley have
compositions identical to those of Little Valley, whereas others fall
on a trend towards siightly higher levels of Mg and lower S04. There
is no trend in salinity or temperature which can be taken to indicate
mixing, and the observed range of compositions appears more likely
controlled by rock composition and reactions at low temperature than
thermal effects. As in Little Valley, evidence for a high-temperature
thermal component is lacking.

In the north of the Little Valley area there are four waters b
which are anomalous with respect to those in the rest of the Valley, ]
and which are very similar to several waters from the Grand View area.
These are 6414, 6518, 6529 and 755 (compare figure 1, parts B and D).
Water 6414 has the highest observed temperature (54°C) in the Little
Valley area. Table 1 1ists these waters along with the similar set
from Grand View, which is notable as including the highest temperature
wells of the entire Bruneau-Grand View region.

The aquifers are those indicated by Young and Whitehead (1975),
tabulated from well logs, casing history and geology. However, the
compositions of waters 6518 and 6529 strongly suggest that they are
actually from volcanic rocks. Data suggesting this include con-
centrations of Ca, F and C1 and the ratio C1/F as well as rela- ;
tionships shown on figure 1. i

Whereas the ionic ratios expressed by figure 1 are quite simi- ‘
lar for all of these waters, figure 2 shows that their Na/K ratios are

-12- i
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Table 1.

Comparison of selected Grand View and
Little Valley thermal well waters.

Surface Total Well

- Temperature, Salinity Depth, Producing aquifer(s)

Sample °C meq/1 feet major/minor

Grand View

5326bchbl 83 9.9 2,970 Idavada volcanics/Banbury
basalt

5326bch2 67 9.8 2,970 Idavada volcanics(?)/
Banbury basalt(?)

5335¢cccl 71.5 9.7 2,570 Idavada volcanics(?)/
Banbury basalt{?)

5323cc 84 10.5 ? unknown

Little Valley

6414abc 54 11.1 1,905 Tdavada volcanics/Banbury
basalt

6518cch 27 9.4 2,960 Banbury basalt/Idaho
Group

6529dcc 32.5 8.7 1,560 Idaho Group(?)

755dhce 32 6.5 2,405 Banbury basalt
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somewhat variable, primarily due to variations in K. The waters prob-
ably all come from the same or similar rock units, and they constitute
a coherent chemical anomaly; but it is uncertain if they represent a
significant thermal anomaly, given the fact that they are produced
from some of the deepest wells in the area. '

Using surface temperature based on an estimated mean annual air
temperature of 10°C, and well depth in the hottest wells, apparent
gradients are calculated to be about 4.3°-4.5°F/100 feet in the hotter,
deeper wells (5326, 5335, 6414). Discharge and production rates are
high enough to suggest minimal conductive cooling during ascent of the
well waters to the surface (c. 100 to over 1,000 gpm). However, there
is no certainty that waters enter only at well bottom. These apparent
gradients project to temperatures of over 450°F by 10,000 feet. There
is no assurance that conductive conditions continue to such depth.

Geothermometers

Chemical geothermowetry herein is limited mostly to data from
the volcanic rock aquifers of the area. Young and Mitchell (1975) and
Dellechaie (1976) previously pointed out that waters in the sedimen-
tary aquifers tend to have higher silica and cation temperatures than
the deeper volcanic waters and that this is an effect of rock com-
position and low-temperature reactions rather than equilibration at
high temperatures.

Figure 1, part G illustrates that cation temperatures of waters
from the volcanic rock aquifers exceed 100°C only in the Little Valiey
and Bruneau Valley areas.

Cation temperatures of the Little Valley volcanic waters have a
bimodal distribution, with one group at about 78°-92°C and another at
about 174°-198°C, and with very few exceptions in between. However,
there is no corresponding bimodal distribution of water compositions.
The split in cation temperatures is spurious, created by a shift to
1/3 for the value of factor beta, made when temperatures calculated
with beta = 4/3 exceed 100°C. The 100°C 1imit for use of beta = 4/3
is conventionally stated as a fixed rule, but it is actually an
approximation. Table 2 shows that temperatures of the higher tem-
perature group could as well be only 100°C to 110°C.

Given that most Little Valley volcanic waters have cation tem-

peratures of about 80°-110°C, is this a reliable estimate of tempera-
tures at depth?

-13-
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Table 2. Groundwaters from aquifers in volcanic rocks(l)
having cation temperatures above 100°C.

T°C Nakca(®)

Surface

() Sample Temperature, @ Beta= Beta= (3
Area No. °C vCa/Na 1/3 4/3 Flow, gpm
Gv 5328 65 1.06 105 103 F

LY 6414 54 2.34 142 107 1350(P)

LV 741 40 5.69 182 103 409-688

LY 743 42 6.01 194 110 NF

LV 7410 37.5 6.56 198 109 NF

LV 7412 43 5.96 185 104 1400

LV 7413b 39 6.33 193 107 1300

LY 7413d 40 6.39 186 102 812-1000

LV - 7414 39 6.85 196 106 1470(P)

LV 7423 38.5 6.86 188 100 3360-342(P)
LV 755 32 3.82 175 113 F

LY 757 39 6.57 199 110 2990-4000

LV 758 _ 40 5.07 183 109 400

LV 7516 39.5 « 5.6l 180 103 200

LY 7519 36.5 5.80 186 106 1170(P)

LV 7528 34 6.36 199 110 1300-1540(P)
BS 769 . 50 1.45 131 115 120

BS 863 39 5.53 182 105 130-160 (spring)
LV 6518 27 2.27 169 130 NF

LV 6529 32.5 3.52 161 106 F

(1)A1] samples represent wells, except for 863. Aquifers are in Idavada
volcanic rocks and/or Banbury basalt. Data from Young and Whitehead
(1975) and Young and others (1979).

(Z)GV = Grand View; LV = Little Valley; BS = Bruneau Valley, south end

(3)NF = not flowing, pump rate not available; F = flowing, rate not
available; P = pumped.

{4) Conductive quartz temperature = 122°-157°C, with all but 4 values in
range 132°-137°C.

—_
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The answer to this is uncertain. Figure 4 shows that dissolved
silica in Little Valley waters corresponds to chalcedony temperatures
of about 100°-110°C and to quartz temperatures of about 130°-140°C.

In this temperature range the chalcedony temperature is as likely as
quartz to be meaningful. Both the silica and cation temperatures may
be biased by rock composition or by a lack of chemical equilibration
due to very rapid circulation or low-temperature conditions. Silicic
volcanics in the section may be sources of anomalously high K and $i09
which can produce anomalously high temperature estimates.

Silica-temperature relationships among Little Valley waters do
not indicate mixing. As discussed above, there is limited evidence in
bulk composition data for mixing of volcanic and sedimentary aquifer
waters, but none for mixing of thermal and non-thermal volcanic waters.
These facts effectively discount application of silica mixing models
to the Little Valley waters.

The absence of evidence for mixing in the volcanic aquifers is
a bit surprising, given their high permeabilities and the abundant
evidence for recharge into volcanic rocks of the OQwyhee uplift close
to the south end of Little Valley. It has been stated that the entire
normal flow of Big Jacks Creek is absorbed by volcanic rocks in the
faulted zone along the north edge of the uplift (Littleton and Crosth-
waite, 1957). The effect of this recharge on heat flow in the area
has been well-defined by gradient drilling (AMAX heat flow map,
2/7/78). If this recharge is mixing<with warmer waters deeper in the
volcanics, homogenization must be complete before the waters are
tapped by valley wells. '

Even if the highest. temperatures are accepted (130°-140°C),
there is no clear evidence of significantly higher temperatures.

In the case of deep waters at the north end of Little Valley,
and at Grand View and Castle Creek, it is probable that the chemical
geothermometers are meaningful. Surface temperaturs are higher and
residence time at depths probably is longer.

Figure 4 shows that silica levels in the northern Little Valley
waters (6414, 6518, 6529, 755) tend to be higher than in the south.
Table 3 shows silica, cation and isotope geothermometers as applied to
the set of northern Little Valley and similar Grand View waters. In
northern Little Valley, minimum temperatures of at least 120°C and
possibly 130°C appear reasonable. The higher quartz and cation tem-
peratures of 150°-170°C are possible but less certain, particularly in
light of the sulfate-water oxygen-isotope temperature. MNote that the
cation temperatures are subject to interpretation as being either about
140°-175°C or about 110°C, according to the choice of beta (see above).

-14-
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Table 3. Chemical geothermometers of waters from the

north end of the Little Yalley area and related

Grand View waters.

Sulfate-water

Sample - 1°C 5107 ‘ T°C NakCa ~ oxygen isotope
No. T°C [TQTZ (WAL __AWOR | [Ka/Na__p=1/3 8473 | TC
5326bcbl 83 143 116 22 1.51 106 91 95
b326hch2 67 137 110 17 1.28 104 95 --
5335¢cccl 71.5 137 110 17 1.70 74 | 92 --
5323cc 84 143 116 22 1.09 105 101 --
LittTe Valley

64l4abc 54 157 133 35 2.34 142 107 103
6518cch 27 148 122 26 | 2.27 169 130 -
6529dcc  32.5 148 122 26 3.52 161 106 -
755dbc 32 122 93 3 3.82 175 113 --

QTZ
CHAL
AMOR

o

quartz, conductive
chalcedony
amorphous silica
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For the purposes of this discussion, a maximum of 150°-175°C is
selected as possibly realistic.

Gases

In their study of the Bruneau-Grand View area, Young and White-
head (1975) encountered 15 wells which issue gases in addition to water.
Samples of these were collected; analyses are reproduced in Appendix
1. The gases are uniformly No and Op, with 0% to 50% methane (CHg).

No CO» or Hp which would be of thermal origin have been detected. Those
wells that produce principally from Idaho Group sediments have 16% to
50% methane, whereas at most 5% issues from wells which produce prin-
cipally from the underlying volcanic units. The Ny and Op are doubt-
lessly atmospheric and, based on their solubilities in water at
10°-20°C, probably were present in meteoric recharge at a ratio of

about No/02 = 2.

Figure 5 shows Np/Op in the Bruneau-Grand View gases plotted
against the surface temperature of each well. There is a strong posi-
tive correlation, which can fully be evaluated only using data for
the change in solubility of each gas with temperature. These data are
not immediately available. To the extent that the correlation is not
due to solubility, it may be due to a loss of 02 in rock-water reac-
tions during increased residence time, or with rising temperature.

These gases were compared with analyses of similar gases from
hot springs in Nevada and Oregon sampled by Mariner and others (1975)
(figure 6). In Bruneau-Grand View, No + 0 is at least 50% by volume
of the total gases present, the rest being methane. In 16 Nevada-
Oregon gases N» + 0p is also at Teast 50%, the rest being methane and
C0p. Np/02 in the Nevada-Oregon gases is generally higher than at
Bruneau-Grand View, ranging from 3.3 to 98. Only 2 samples fall with-
in the lower range of the Bruneau-Grand View gases. This suggests
that the Bruneau-Grand View waters on the average either are less hot
at depth or have shorter residence times than the typical Nevada-
Oregon thermal waters. However, to qualify this statement it shouid
be noted that the lowest Np/0» of column A, figure 6 is Mickey Spring,
Oregon, which is boiling and has chemical temperatures of 170°-200°C.

-15-
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DISCUSSION

Only in northern Little Valley can temperatures of 150°-170°C
be supported by critical analysis of geothermometry, aquifer composi-
tion and other factors.

Elsehwere, maximum temperatures of 110°-120°C are suggested by
geothermometry, rock-water interactions and mixing considerations. In
some parts of the region, temperature at depth may not exceed the maxi-
mum found to date in deep wells (84°C at Grand View; 43°C in southern
Little Valley). No significant mixing trend is observed in any of
these areas.

Despite the lack of samples from the AMAX leasehold, there is
no reason to suspect significantly higher temperature at depth than
elsewhere. This is based on the regional hydrologic model, which pre-
dicts northward flow of recharge water across the leasehold at depth.
The sample Tocalities of Bruneau and Little Valley apparently inter-
cept water that in the past has traversed the AMAX leasehold at depth.
No evidence of conductive cooling during transit is seen.

Therefore, if additional geochemical surveys are to be con-
sidered, only the northern Little Valley area is recommended. Work
might include systemmatic resamplingcof known welils for major cation-
anion analysis; sampling for gases; sulfate-water oxygen-isotope
analyses; and possibly trace element or other isotope surveys. At
such time it would be useful to perform a rapid reconnaissance of the
AMAX property in search of sample-collection points.

Although very 1ittle evidence was seen of deeper, hotter sys-
tems, it remains possible that such systems exist either locally or
regionally, isolated and insulated by impermeable overburden. Such
systems, if they exist, might be at several thousand feet in depth,
not only beneath the Idavada volcanics (which are quite permeable) but
beneath the underlying rock unit. As such, temperature gradient data
would be of 1ittle value in evaluating it, unless gradients were ob-
tained in units beneath the Idavada volcanics. Similarly, the layered
sequence of electrically conductive and non-conductive rocks might
prove impenetrable to all geoelectrical techniques.

Thus, geochemistry casts a generally negative shadow over the
Bruneau-Grand View province, with the possible exception of northern
Little Valiey. The permissive interpretation of a hotter, deeper
system at depth does not lend itself easily to definitive exploration.
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Taprw 1.—Ohemical analyses of ariesian water in the Brunceu-Grand View area, Idaho
' {Ohemleal constituents in parts per wiillon. Analyses by U. 8. Geologleal Survey)
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-fddl ... .. (5 Ly S 92 52 g 87 7.0 15 |aaeaan 20 278 | 379 18 83 206
~18bel |[_...- da........ 92 8.4 K] 50 8.3 108 i ......] 18 204 LA I8 79 271
78-0E-Tasl ov. 24, 1953 90 5.8 2.1 78 ] 41 26 200 1 . 408 23 58 33t
Aug. 15,1922 g1 T.4 1.0 [y 56 34 22 282 . 383 23 7 S
~gbsl Nov, 23,1953 120 4.9 1.4 109 127 25 3l 370 , 5603 16 ™ 481
Aug. 98,1922 122 .4 L& 81 154 0 29 352 , 478 20 ) O
~Oha2 Nov, 23,1953 120 .4 1.4 o3| 2.9 ni . a0 271 . 368 12 93 449
~180d1 Nov. 23,1953 100 .9 55 17 . 20 222 302 patl B1 282
Aug. 13,1922 | 100 1.0 51 112 0 23 245 | .333 2 FC N I
21dB1 Mov, 23,1953 04 9 1.4 83 1 ..o 21 236 .321 25 :2 302
. Aug. 11,1922 104 .2 1,0 54 100 0 20 3871 .323 22 |5 T
~23eal Nov. 28,1053 116 2.1 58 122 3 21 261 [ .35 44 4 ETH
Aug. 11,1922 118 2.2 48 120 7.2| 21 258 1) 47 514 PR,
“9adel Nov, 23,1853 106 3.1 47 3 I 19 . 234 . 318 55 85 285
. c Aug. 11,1922 | 110 2.8 48 132 0 18 254 | .345 51 |1 PO,
=27aal | Nov. 23,1953 j+7117 [ 1.2 51 81 b G PO 17 237 | 3 28 78 287
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Ralston and Chapman (1969)

(Table 2)
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Young and Mitchell (1973)
(Table 2)
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Young and Whitehead (1973)

(Table 3)




TABLE 3
CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS

[Chemical constituents in milligrams per [i1re except where noted. )

E o < Chemical conztityents
= - v i .
= = = 2 _ = 2x - Inomvicragrams per litre
N 5E E s 2o s~ |&% 5 -
- - b= g &
B3 -5 [P 2 £ 1I.13 |zo . i=|5 | 3Elgs g -
Well or spring [ & E] ‘B - £ 5 A2 _|[=8 = -t = TN £ >
i g€ s |52 S 5 R IGaACI S e 2 52 |8 m 3 =
identification ] = ER =T 2= |30 €528 = Sols | 22 /82 c Yo
fumber [ & F g o =2 eX 15X 153G (3% ] zZjax| gf |58 = sz

35.1E-36dact 00 N~ o 430 3.9 350 6.0 248 0202 250 17 21 g6 0,07 305 041 150 0 33 L3 Mo 18 00 ¢ 60 1 g
45-1E-25c2d1 - 377724 901 120 25 29 310 28 852 0 7181 55 325 & 07 .25 989 135 74 . 0 86 18 1420 73 300 4 Loo0 24
2Babel 1,700 73f6/8 .01 56 13 28 250 29 763 0 626 36 13 2 (RS T A .1 .07 44 9 87 % nI60 73 210 1 B0 110 06
29ced) 3040 73/6/8 3 8 12 0 10 8 69 Bt 142 3@ 13 12 0 01 313 45 3 g 9 25 476 9.2 0.0 22 LRI 2
30bdi1 3|0 W - w7 13 32 1.9 KR 1 0 tws 10 7 300 a0 g 25 85 015 42200 83 165 79 w oo
Jdbad1 2960  7/7/0 - M 10 0 99 .8 7248 136 40 13 13 g 1] 139 Ag 3 0 % 27 453 8.2 755 7o 150 mooon
48-2E-29dbc1 1,000+ 7377127 03 e 21 69 330 2 100 0 828 45 1 a0 - 1,020 139 81 0 87 16 1390 74 780 g 620 &30 D
Ibect 2704 1313 05 110 5.8 15 85 383 2 34 52 17 87 10 .07 439 B8 47 0 92 g5 623 88 430 5 o000 2en 3
55-1E- 3aabl 1,900  73/7/74 - 120 27 1.3 260 25 787 0 645 7.2 18 L 22 853 L5 13 0 8¢ 13 g2 18 30 80 o
.10bdd? 2,860 73/6/5 27 83 220 7 B3 45 131 42 13 15 0 01 338 A6 5 0 87 15 514 93 sap 44 160 1N .
21ehed 660  73/6/6 .81 77 13 0 w0 g 57 80 130 42 13 0 -05 02 317 43 k) 0 98 2 168 92 650 M0 176 1 2
Zdacdl 3120 7347/ 45 83 110 100 1.3 82 3 132 4 18 JB B 34 47 1 0 %8 28 463 93 pd5 78 150 21 X
55-2E- 1bbcl 1,800 7379 oG 77 1.7 0 Bé B 46 59 3 71 16 18 J8 0 288 .39 ) 0 86 18 423 98 4%5 1 1100 10
Zvdal 2460 73/8/7 02 88 3.8 20 250 2 675 0 554 34 25 64 .01 05 742 .01 33 0 9% 13 1100 - 365 4 1200 7an i
Shed? 2009 73615 17 110 52 1.1 {50 87 223 15 308 81 2 B6 0 4 435 &1 18 0. 93 16 B4 831 425 3 938 3
[Badal  $748  73/5/22 01 110 13 26 760 28 167 0 629 32 30 15 0 10 828 L34 0 88 17 1250 75 230 5 1,200 &30 9
55-3E-Mchb1 2300  T1/7/13 .14 L3} 24 D 9N -8 66 42 1z 1w 18 23 g 05 302 At 6 0 9 18 1% 86 585 2 o g i
Pocbal 1,620 73/6/2¢ 01 130 22 57 280 20 885 D727 54 38 130 A7 950 129 g 0 8 14 1260 73 50 5 1,100 1,100 .z
20edal 2,420 73713 - 18 1.1 .1 B5 7 1 B 14 54 15 19 09 .m0 32 43 3 0 8 2 386 46 800 ¢ 780 0o
20bbb1 - WY .M o 42 39 230 13 703 0 817 57 M RN A3 808 110 120 078 9.1 1330 12 210 7 130 1100 0
22aad1 1,300 73f6/22 .01 140 19 34 3250 8 533 0 560 40 38 Jo.02 s g2 0 81 0 87 14 1280 13 7549 6 1200 9w g
255bb1 1320 7378728 01 98 Kl 8.7 200 16 528 G 572 55 20 A2 733 .00 110 0 on 82 1120 12 1o 2 BoG  9:n o
53-3E-26bch? 2970 73/6/7 - 110 21 0 1o 1.7 T BS 125 62 15 15 Ot 0 391 483 ] 0 31 2 510 931 830 4 610 4n 1
26bch2 2,970 73/8/8 - 100 1.5 10 1.5 ¥k 65 120 B4 15 3 030 3m0 52 1 o 38 21 528 83 610 4 550 an .5
2Thddd 2300 1357113 - 1.4 d0 o/ R 63 3 124 12 17 2 25 0 278 .38 4 0 97 18 403 34 500 4 B30 0 2
28becl 2,540 73/5/11 -~ 93 80 97 1.1 8 134 38 15 21 g 020 32 RL z 0 98 10 111 84 850 5 620 20 1
Ibece) 2,570 73/5/M - oo 22 0 100 Lt 59 49 128 2 15 15 41 .03 3 .53 3 0 388 30 851 93 ns o g 560  4n 27
55-4E-34cch1 356 I - o4 85 8 83 12 227 G 186 a0 18 70 .03 654 R: 1 T S €3 845 B3I 270 5 130 np a
55-5E-33bbd1 50 713/ - 40 86 86 170 63 4725 0 343 450 50 553 - LI1B0 150 490 14p 43 34 1850 72 220 B 300 0 o
34ddd1 B8S 1IN - g7 29 12 190 26 625 0 513 12 2 6 33 - 631 94 120 6 713 15 10 15 250 1p Wl A g
B5-2W-14chals 73/1f3 006 30 56 1.4 8.2 20 28 0 21 85 53 121 .08 88 g2 UL 8 M IR I A R 30 o ?

}




TABLE 3, Chemical analyses of water from selected wells and springs. (continued)

.3 t3 g g (o e | g Chomient ot uanis
- — = = = Jn: E - L] o 1cr Aty pn i
T H I : e (i1 oo AL PO A I R
Walt or spring ng '5'5 Eﬂ! “ £ 1 £ E Bg" ET" _§8 2. 'é 3 g ~§ %La‘ ;3 ilEE Ef;;] gL - 'E""- H c £ ¢
Wentlflcation | 2 B | 82 Jq 0 B8 G- B2 B |48 18|53 Egls e _|f0E | & % g8l 5¢ ji L REERE IR - .
umber (=35 8% |of| 5% |33 #£1 32| £2 |52 |58 3% (38 |88 i $z/48 ol |42 2|83 88 35 |R (22|88 58 | £ |iF
BS-1E-32bba1s 131712 - 45 37 85 22 1.6 126 a 103 35 21 0.5 0.56 0.01 235 032 136 24 27 0.8 kLE) 12 250 5 30 0 4.1
£8-3E- Zcbel 3,050 13/5/N - 89 1.2 ¢ 120 2.8 86 52 151 45 19 1" .01 62 399 .54 3 0 %3 30 599 9.1 R0 2 850 a0 n
Zocee) 1,940 THE L6 100 1.2 d 110 4.0 120 37 B0 27 18 17 L1 Ky 51 3 o a7 25 504 9.2 518 13 760 an 1
dbeel 1,580 13/6/4 - 110 1.6 0 110 6.4 58 14 1 42 11 12 G .02 395 .54 4 ¢ 95 24 534 34 480 2 440 A "
Scacl 3,600 T3/6/4 - 94 48 0 L1 3.4 8 12 84 26 37 1" 5 m 253 a4 0 89 1.6 320 86 B1.0 23 150 i0 1z
Jacel 1,425 384 37 130 3.6 1097 8.1 157 25 170 42 n 93 0 .05 404 5% ] Ja 9 14 518 88 390 2 az0 Bd 2
11dsd1 1,400 1311125 - 120 58 3 B6 B6.? 155 0 12733 Al 1t .03 12 350 4R 15 0 gy 96 433 89 340 1 400 50 ]
GS-4E-14abe1 1,905 73/5/30 3.3 140 50 RN 4.7 20 74 10 E5 ] 24 .02 .06 452 B 13 9 93 13 583 9.4 540 36 hag 0 4
IBbeed 455 7376121 2.3 44 58 46 38 41 220 G 180 &8 8.2 R .01 332 45 160 1 1.3 462 13 180 22 80 30 0
25bcel 1,750 73/6/26 .20 73 a1 2.3 95 13 129 0 106 190 14 19 23 .M 497 68 110 6 62 3.9 107 78 2200 3 138 90 i]
35cdal 955 13/6/26 — 0§ 4.6 d 47 8.9 26 Y 7% M 3.0 80 0 .04 245 3312 o 81 5.8 271 85 325 24 100 20 0
6S-5E-10ddd1 1,667 13/1/5 01 78 2.6 ot 43 159 19 162 24 15 2% 04 2 n .50 B 6 95 13 508 B4 330 2 690 10 b
18cch? 2,960 T3/6/28 - 120 3.9 1100 1.3 93 25 118 &2 20 13 A3 .01 38 8310 0 82 4 520 16 270 20 540 a0 i}
63-5E-20aah1 - 73/5/30 0.1 B9 47 01 e 56 198 18 192 7 n 24 0 0.04 KL 446 {2 0 383 14 562 88 435 8 950 50 0
24bcal 1,095 73/8/25 @1 B9 6 4 120 4.5 143 21 57 28 13 Fa 0 2 380 .52 g 0 83 17 509 51 335 8 570 10 0
24d4db1 1,928 1311125 - 19 28 0 93 23 127 10 121 3% 1% 25 [H 05 327 .44 7 0 96 16 418 50 325 20 380 [
29dce! 1,560 13/1{% 0t 120 I8 3 87 63 17 q 01 42 18 19 A5 e 358 49 19 0 &8 8.7 435 B8 325 ¢ 400 n Y
J5cea? 460 1317118 - 38 31 54 B.E 166 0 138 66 " 59 17 02 a4 47 110 0 50 2.3 462 8.1 220 18 100 40 0
BS-BE-12ccd? 990 137148 -~ 120 0 .5 180 1% 493 a 404 36 19 58 30 A7 &12 R 0 B9 15 f43 82 306 1,100 270 J
19ccdt 913 73/5/22 01 B3 0 0 Lk R 94 19 09 28 10 28 Pt A I 327 44 8 0 85 15 457 90 380 1% 240 0 .2
18dbd1 1,092 731118 - - 84 - 23 0 KL 1.9 87 24 11 28 19 25 .02 - 314 43 [ 0 98§ i? 421 9.2 420 2% 340 0 0
32bdd) 1,402 73/6/25 .08 87 31 A0 94 kA 132 8 122 218 1 27 .0y .02 iz7 A4 8 J 94 14 413 93 345 a5 350 10 a
65-7E- lachl 1,000+ 73/8/1 o7 73 1.0 625G 8.0 514 ¢ 504 34 B2 44 @ - 123 98 20 b 35 5 1,240 30 410 ¢ 1500 230 ]
1dbd1 1,050+ 737801 02 iz 8.1 12 250 , 8.2 585 Y 480 36 79 iz .02 - 116 87 25 0 94 22 1,170 80 330 0 1900 220 It}
2eddl 1,350 T3/8/25 01 7% 5.4 S 210 1.6 524 0 LX]| 28 55 T6 .30 0 E28 85 17 0 54 22 951 8.0 315 1,700 20 0
8tbal 368 13/1/26 - 87 26 17 240 KAl 530 0 435 250 17 J 08 M 931 1.27 140 0 75 3.0 1210 70 230 M 0 240 a
75-3E- 4acdt 804 73/6/8 18 94 51 28 N1 15 Fal) ] 176 36 721 o2 J48 A7 140 0 239 1.1 437 T4 3N 24 80 50 A




Na K

TS-4E- Tecct 1,800 73/5/21 47 B3 6.9

253 6.7 7 1 al n 86 87 19 D2 235 A2 18 9 8 56 218 g6 400 3 100 0 8
3abd? 1,142 73/6/28 1.7 o5 5.8 d 46 7.4 a8 B 81 20 87 83 a2 ov 24 3315 0 80 52 2 84 1290 13 20 1 o
Sccal 1,040 73/6/27 4.1 35 50 1.4 b4 15 154 ¢ 126 130 87 20 o1 .03 433 59 130 4 4 21437 17 300 9 120 = n
10bdb1 1148 73/8/41 1.1 59 1.2 g 47 8.3 108 0 87 B6 98¢ 28 04 257 B35 19 o7 41 84 85 375 17 nego o A
Tiebel 1,500  73/6/12 4.4 99 18 3 45 30 113 0 93 30 33 82 13 D3 278 38 A 0 6% 1 312 83 360 29 100 7o 2
12bdd) 1005 735720 — 95 1.0 .15 r.a §7 0 80 17 84 87 28 02 244 33 38 o . 52 293 81 130 13 140 0 .
T3brek 1,080+ 73726 33 95 73 248 1.8 a3 B 83 20 80 90 26 .05 247 348 U 48 283 90 394 19 me e o0
13dedt 1,000  73/5/30 78 97 87 153 15 80 11 B4 19 9w n 25 .m0 257 35 22 0 73 458 261 87 40D 4 90 10 A
15-4E-tdabe1 1,148 73/6/12 37 35 1.2 01 45 FA ] 0 .85 18 81 8D 12 04 245 33 8 J 85 46 215 85 390 12 "o o
15ecdt 1,085  73/8/12 69 100 23 g 48 99 113 ¢ 101 B4 99 11 B0 04 3 44 58 0 B0 2735 80 330 12 11010 1
23cbb1 810 736113 1.3 55 12 2 58 8.7 108 8 98 3 11 10 11 o0 296 A0 31 0 18 45 352 B4 5 - - - .
25ade1 735 73/5/24 51 100 6.8 .1 25&’\"\‘ 5.4 108 0 B 29 11 15 S8 04 250 3418 0 67 25 3B4 89 365 36 1260 10 A
26bchb1  gE7 731110 29 91 13 4 45 8.3 103 0 B4 22 a2 B2 B2 .05 75e J5 0 34 0 6% 34 300 82 310 15 LRt 1 B W
Tbeel 1,380 73/7/10 19 15 16 13 48 1108 0 89 8 14 66 13 06 258 36 45 0 54 300 292 8p 20 1s m 90 29
TS-5E- Gdbcl 2405 73/6/25 .05 75 14 d 8] 8.1 87 L] 78 48 95 Bz 0 L2 288 J: 1 B 0 88 81 332 90 3?0 3 LA LV
7abbl 1625 73/7/6 7.8 n 85 2 5 14 88 g % 8 9.7 85 .04 246 33 22 0 78 41T 219 g5 1m0 N w10 B
Scee? 1500 73/5/21 14 90 58 .1 55 6.9 81 n 85 19 9.3 1 25 .01 249 3415 o83 62 291 87 400 19 110 1 B
Sddd! 2,085  73/6/14 2.0 839 12 550 6.8 25 9 85 18 LN/ Jra 250 PRLIY] 0 73 3B 290 B6 400 14 B0 in 1
1324c1 150 737117 98 83 18 23 51 2.2 1 0 82 B0 10 1p A5 .04 A0 B4 0 83 30 361 84 250 45 120 20 I
13ebb1 1954 73/5/11 - 8 67 0 50 71 B8 5 919 80 11 A3 .04 204 Ja o 08 53 14 81 30 77 130 1 1
fbacdl  EE15 73/50 - g 8.7 B 6.5 101 0 87 0 98 16 25 .02 259 35 17 0 83 53 278 81 395 7 | 3
18¢ccct 760 73/7/23 18 95 1.7 A 55 1.6 103 d M oM 1 12 248 -~ 264 J6 20 0 83 54 302 g4 365 19 "o
28acd] 1,003 735724 25 g4 8.3 352 9.2 a7 0 B0 24 5 1z 257 350 22 U 48 287 85 340 1p [k n A
TS-6E- Taac! 1086  73/7/19  — 100 2.8 i 6.8 B 18 92 23 10 1w o183 269 3 1 0 89 88 310 9.7 50 30 He oo
Sbad1t 10 7378 - 100 1.6 2100 28 58 43 120 27 1 A 06 .04 338 AR 5 0 9% 139 461 34 505 78 2m R
18cdet 513 73614 - m 14 A4 48 5.1 99 3 8 18- 90 83 33 0 232 32 G BG 48 287 BS 425 17 ] .2
21dhet 80 T381e - g2 5.9 J 54 4.5 g1 7 86 19 9.9 12 28 0 239 33 1B 9 84 5.9 287 85 430 15 i ] 1
aad] 1810 73/5/22 535 85 16 1.5 40 83 124 0 102 15 &4 37 B0 01 24t 33 48 0 5 25 274 80 450 4 mo A
23cadl 1,300 13/5/22 - 150 12 1.1 53 12 18 0 103 a7 87 82 54 01 m2 a7 35 b 1 393 B3 440 15 e 0o
28adal 1,000  73/5/22 2.3 82 16 28 38 Bg 134 L D I I 86 11 65 072 240 33 sl 0 57 21 BB B0 30 7 L RA 1R 11
27adh1 400 73/6719 1.2 B4 12 1.1 43 6.2 129 g 106 17 85 54 59 03 749 34 35 9 n 36 287 92 830 18 B0 R
J4dchls 13/6119 10 a3 6.2 J 55 55 103 ] 94 18 88 BE 46 03 244 330 0 B3 58 288 94 410 26 10 t ?
35bbb1S LTI I 13 1.8 43 6.7 125 ¢ 103 15 BB a5 50 .02 247 .01 ag 0 &g 30 287 85 a0p 18 "o !
85-1E-20¢cals w0y 22 n 28 60 g 52 a 51 32 20 282 07 81 139 U1 K 1L | 95 2 20 i Bl
BS-BE- 3bdd15 375 1.0 87 6.5 5083 87T 113 5 101 15 21 60 &6 .06 248 31 19 0 B! 53 300 23 39.0 18 8 w9
38-2E-13chc1$ 342 00 39 4 23 N 2.1 | 0 58 85 63 3 .04 0B 120 JE 47 0 33 J U 12 o oo 40 0 3

Analyses by U. 5. Geological Survey

*analysis does not balance, error in Na suspected,




Young and Whitehead (1975)
(Table 5)




TABLE 5

GAS5 ANALYSES FROM SELECTED WELLS

—_— S

Fercent by volume

£ 3 g
E= = o S g = £
e i w5 = s 5~ = o Y ey
denttiomas | 5 2 2D 5B | 3% [ £5 | = | SF | €=
number = A aguifer =2 i g =2 S8 +I =3 =2 SumJ
45-1E-28abc]  27.0 Sedimentary b3 14.2 28.8 <1 <01 373 1.96 96+
rocks of
ldaho Group
34badl  75.5 Idavada 12 16.8 ] <1 <.1 4.34 1.95 88+
Voicanics
45-2E-29dbel  28.0 Sedimentary 36 19.3 50 <1 <.t 1.87 1.96 105+
rocks of
tdaho Group
32bcel  43.0 Sedimentary 38 13.5 40.4 <1 =.1 281 1.96 92+
rocks of
Idaho Group
95-2E- ibbcl  49.5 Banbury 67 18.2 0 <1 <.1 3.68 1.86 85+
Basalt(?) ,
55-3E-20adal  B0.0 ldavada 72 19 0 <1 <.1 3.77 198 91+
Volcanics
20bbbl  27.0 Sedimentary 2 24.2 16.4 <1 < .1 2.56 1.96 103+
racks of '
ldahoGroup
28bch? 7.0 Idavada 76 12.1 o - <1 <1 6.28 1.96 88+
Valcanics(?)
27bddt  BO.0 ldavada 70 12.8 5.5 <] <.1 h47 1.96 88+
Volcanics{?)
28bcel  B5.0  ldavada 69 17.2 2 <1 <.1 401 1.96 88+
Volcanics
68-3E- Zcbel 62.0 Banbury 67 115 5 <1 <.1 5.83 1.86 84+
Basalt
65-5E-20aab1  43.5 Banbury 84 16.5 0 <t <.1 5.09 1.86 101+
Basalt(?)
BS-7E- tacbl 41.0 Sedimentary 61 23.3 20.9 <1 <.1 2.62 1.95 105+
rocks of
tdzha Group
idpal  33.0 Sedimentary 38 16.4 35.4 <1 <.1 2.32 1.96 90+
rocks of
Idaho Group
2cadl 345 Sedimentary 38 17.6 46.3 <1 <.1 216 1.96 102+
rocks of
Idaho Group
_—

lTemperature of the water at land surface at time of sampiing,
ANALYSES BY: Katherine L. Pering, L. s, Geological Survey




Rightmire and others (1975)

(Table 3)
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AMAX file data - 1976

Samples W10220-W10228

Castle Creek and Grand View areas




AMAX~-DENVER ’
LAR PAGE / OF e

ANALYTICAL REPORT

DATE -—ﬁ/——/—/ﬁ— RE(}. N0, 40 6?8

anaryst L. M. JENSE_NjﬂF/e PROJECT 23
TYPE SampLES _GEOTHERMAL WATER REQUESTED BY ELLLZCHA o
0
Sample Lab No. Na K Ca } Mg Sample Lab No. Si07 B S0y Li
DM {DDM DDM _PDM bp. | ppMlppM
0 g lin 220 120 | 7\ L O |<a8] V1 yn220 73 | 2. A74 L./
42 27 /RD | /b | 3 <0512 2/ N 0.5 FE ikl
03 22 G0 | 09\ L] koS 22 76 (0.5 |4 k]
04 23 IZO | 3.8\ L2 (Lo 3 23 ¢ (Ol ./
05 24 2RI RV A ML CXIRE 24 B0 |\Kpa|#0 ./
06 257 120 68 10.9 <o 6] 36 25" B2 103 3R K.]
07 24 PR WAAVAE X B 24 73 | ep | F2 .
i 27 276 |06\ [/ (<o.5] 34 27 O Lo a|F0 L[
09 28 220 1 0.7 L/ $o.5) 59 28 &/ | a.AlZ2L
10 40
11 1
12 42
13 43
14 14
15 45
16 %
17 47
18 12
i9 49
20 50
21 51
22 52
23 53
24 541
3 55
26 56
28 58
29 39 L
30 60 ‘ A
|
METHODS: DIGESTION- SAMPLE WEIGHT- |
DETERMINATION- - 8i0, -, AA
REM.TRKS: Li - AA ‘
B - CARMINIC ACID 3
d
[
i
|
NOTE: M.IIL ORIGIN 1L TO COPIES T0:) 1E._DELLECHATIE A7 LAKESIDE OFFICE I
AMAX EXPLORATION, INC., BT ROWE T DENUER TAR ik

12620 W. CEDAR DRIVE,

P.O. POX C, DENVER, COLO., 80226 d. . C., JENSEN AT DENVER TAR . opee

—=> H. OLSON LAKESIDE OFFICE




<

AMAX - DENVER

LA
ANALYTICAL REPORT
pare L/ L L 76 REQ. NO. O TE N
anaysy CoM. JENSEN, G4 PROJECT H232 |
ryeE sipprps _CEOTHERMAL WATER REQUESTED RY _ LOLLLE C/Ap 5 ol
. l
F Cl | Heos|co §
Sample Lab No. (O30 Sample Lab No. Lo /70
LO(/' Jam Tt M 24248
01 | feip 220N -1c-2%0ne | f2 /Z) Y | HI Y 220 2 &7\ z°
n2 2/ |55-3E-2%swsw | / 7 PRI REE 2/ Z2-1.38 75
03 22l 7 28 (/21 8 |3 22 25| 4 | A
04 23 7 20 | /3 LIS |4y | 2.2 Zo L |85 1
05 G [ssterusbvel /8 | /4 |10 M3} 38 <4 |\ 20| 57| 722 "
06 2 |seswwenil JG (/3 (T2 {40 [ 3 257 Z aASY | 7& b
07 24 [se-2nene | 42 | 74 (77 o |37 YA 2/ |63 g
08 27 |ss-te-nudu| 20 [ /4 (72 [ 4] | # 27 Z/ 57 g8 R
0% 28 [s5-1E-2inwiw | 279 /‘_{"' (-3 H7 | 49 o2 F 2 5 T
10 ‘ 40 ‘
1| R \
12 ag Hoa [ 2 '
13 ()hd m'i 43
14 44
15 15
16 16
i 47 |
18 18 | [
19 19 |
20 50
21 51
22 52
23 _ 53
24 54
25 55
26 56
g a7 57
28 58
29 59
30 | 60
METHODS: DIGESTION- SAMPLE WEIGHT- Ili
' I‘
DETERMINATION-  F - SPECIFIC ION ELECTRODE Bl
Cl1 - MERCURIMETRIC TITRATION o
REMIRKS: P ELECTRON & 7/ |‘
| "
: .
//C’Os} ~ r7 AS  Ca g i
o | i
. 4
. - Iy
NOTYE: A1/10, ORIGIN. 1L, T0 cortgs 10 1. F+ DELLECHAIE o LARKESIDE OFFICE . o
AMAX EXPLORATION, INC,, . 2E.J. ROWE +7DENVER LAB
12620 W. CEDAR DRIVE, 3C.M. JENSEN ATDENVER LAB

P-O. BOX €, DENVER, €OLO., 80226 if. OLSON TAXESTOE OFFTCEr




AMAX GEOTHLRMAL GEQCHEMICAL SAMPLE FORM

Spring No. Sample No. X (&L ¢ 22 Date . Time j=2°7 i

it [ ,' . h . .‘,:

Name: R AL Location: Co._ s g1 State L I
N - " s . ! ﬂ__m

el Sec. 4~ T -  Ri =i : Km/mi. of A

i ————————a L.

Lat.: ‘ Long.: Sampler: ﬁw-i; a

. S ' . S, il

Flevation: R Quad. e Sy SN IRE | B N oo

f"'—h-*f_—‘-\ . 3 » . - . H
Sample Type: Spring (p), #ell (p); creek, river, soil, salt, sinter, travertine, i
gas, rock, snowr——" .

Description: B
. Vil
epor s El
Water Temp. °C I Discharge: 250 gpm/Lpm ﬂ
i
Ground Temp. °C Well Data: Depth K i
Air Temp. Bore ;i
o~ “
Odor - Pump Type ﬁ
Fluid Color ike-¥~ ~ Level of water in bore ”
Fluid Taste -EZ“ T Type of piping ?ﬁ
Bubbling e " Artesian Head 1.2 i
- S
Boiling T Rock Data: ! o
Vegetation = =& Type (surface)
Fluid issues from . ¢ _..€f.. Color
) i d i
At . Grain size w
) |
Megascopic Minerals ' ﬁ
Salt: Type £ : i ‘i
Quantity o
Coler Alteratiocn:
Form Rx Type (at depth)
' HG Y ri—
Sinter: Type =YQ1L{}ﬂ3 Water used for pid"fﬂ'fryf‘{L/x i
Quantity BT et Imnediate area used for: ;AAHF%ﬁﬁi ;
, £ G ' '
Color R A R i .
F ;?anxm~i?' Quality of sample: ¢Exc Good, Poor ;i
orm ' . : M L\__,’,/‘- 2 b} i ;

-

Probable cause of manifestation Awvedis i

Property owned by

Previcus and/cr Current Leases

Comments : K, Y SKETCHES »







AMAX GEQTHLPMAL GETOCHEMICAL SAMPLE FORM

Spring NHo. Sample No. X {7/ 127 Date /5 .&L0 Time b5<42—7é :f
Name : C;a; v MoAw? Location: Co. [ (yliee  State (%é? ﬁ

{p At Sec.3t T b R: L ; Km/mi. of I!_"""
Lat.: Long. : Sampler: 551;55564/£;g+; . %
Elevation: A5 ‘ Quad. Oneomne o ' &

Sample Type: Spring (p), creek, river, soil, salt, sinter, travertine, i
gas, rock, Snow. .

Description: i
Water Temp. °C 57 Discharge: S pm ||
Ground Temp. °C Well Data: Depth '&
Air Temp. Bore ‘ ?
Odor o Pump Type w
Fluid Color T Level of water in bore ' éI
Fluid Taste fxa¢1€ NCOo Type of piping : i
Bubbling Lren ) Artesian Head {2 :
Boiling 122‘ __ Rock Datar i
Vegetation e Type (surface)

Fluid iscues from S(eed mio 2  Color i

Ggain size . #

Megascopic Minerals

Salt: Type & | ‘

Quantity

Color Alteration:

Form Rx Type (at depth)

Sinter: Type C}}CEOQL Water used for

Quantitv Nan o Immediate area used for:

Coler ;“ mg

Form ‘&3%b¢rﬂ4£i Quality of sample: (E::}Z Good, Poor

Probable cause of manifestation &Ug@éf’ ?W
Property cwned by ' a
Previous and/or Current Leases i

>
Comments: fy I~ 75 SKETCIHES







AMAX GEOQTHERMAL CGIOCHEMICAL SAMPLE TORM

Spring No. Sample No. X { . /r 532 Date 3-5-74 Time (350 -

Name: S&C’QJ Lo U Location: Co.(UJﬁ%CL. State 4}F'

ot Sio See.dy TS&YS R /C ; Xm/mi.___ of j
Lat.: Long. : Sampler: ;3./{7 it

Elevation; Guad. {’?7? Gt o a4 (BL!’)/[ ) ||
e
Sample Type: Spring (p),éwell (é)k creek, river, soil,( alt, Sinter, travertine, !

gas, rock,

Description: |

Water Temp. °C é7q Discharge: éSF) gpi/Lpm h
Ground Temp. °C Well Data: Depth f %
Air Temp. EBore h
&= |
Odor E; Pump Type i
. N . I
Fluid Color ( Lreq— Level of water in bore L
Fluid Taste < - Type of piping W
Bubbling C Artesian Head
Boiling LO Rock Data:
Vegetation L Type (surface)
Fluid issues from ff?ZZ£7 Color
JaYS vy : Grain size

Megascopic Minerals it

Salt: Type & < ' -l
Quantity 1&
Color Altreration: I
Form " Rx Type (at depth) - F
Sinter: Type < Water used for ,ﬁfﬂﬂngz:2:;7t;_ ¥
Quantity , Immediate area used for: /5&424¥41¢1q; J
Color ) - %
Form Quality of sample: (ﬁjj), Good, Pcor H
Probable cause of manifestation (= ddd | L

Property owned by @W

Previous and/or Current Leases i

Comments: A SKETCIHES







AMAX GLOTHTREMAL GZOCHEMICTAL SAMPLE ToRM :
U
Spring No. Sample No. X A =t Date
Name : Voorre g e Mol Locaticn: Co./
"]
D Sec. ng TS5 R: b ; Km/mi .
f o
Lat. Leng. : Sampler: —
Elevation: Quad. fﬂ?f((ﬂ )
Sample Type: Spring {p){ well {(p)4 creek, river, soil, salt
gas, reock, snow.

Description:

S Q/;V?d/’i/a

Water Temp. °C Q“é Discharge: [ o
Grecund Temp. °C Well Data: Depth 22C
o

Air Temp. Bore AL

Odor & Pump Type Y et
Fiuid Color Level of water in bore

. 4

Fluid Taste (& Type cf piping S Eég;{

o
Artesian Head 65?{2d447

Bubbling o
Boiling (& Receck Datar
Vegetation @ Type (surface)

Fluid issues from S (ced /O R.Z
I

Color

anin size

Megascopic Minerals

Salt: Type ‘
Quantity
Color Alteration:
Form Rx Type {at depth)
Sinter-: Type Gfﬂlgg Water used for _ g scre. e
Quantitv _ Mi4satss— Immediate area used for:
Color (‘fzzftc_/

Sy . =,
Form Gauéﬂsﬂﬁ{;¢¢;> Quality of sample: <f?§;;,
Probable cause/;f manifestation C{gféﬂfi/
Property owned by dbefﬁij?fEﬁ5£l£Uijx(Z;qnzrﬂuf 452[? Ci
Previous and/or Current ieases

Ri Fe-r—

Comments:

SKI
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AMAY GEOTHERMAL GEOCEEMICAL SAMPLE TORM

Spring Ho. Sample No. X Coi e Date 7 Time
Name : ;(EUFWQMVA H.Blw 22 Locaticon: Co.@cduz, State ;;Z
. aJ
Sivll, e Sec.y THES Rijw Km/mi.
; d,J/
Lat.: Long. : Sampler: :f> iééi— L
Elevation: Quad. %D?KWéLﬁQ&Awa
</

Sample Type: Spring (p){ well (p)) creek, river, soil, salt;/éinter, travertine,

gas, rock, Fnow.

Description:

o
Water Temp. °C (DG- Discharge: =y %:%;Eprm
Ground Temp. °C Well Data: Depth i
Air Temp. Beore
Odor (8 Pump Type
Fluid Color (O Level of water in bore
Fluid Taste__ (0 Type of piping
Bubbling C Artesian Head
Beiling T Rock Data:
Vegetation Q¢TLA (;&Q(LQ# Type (surface)

Fluid issues fro E;Z:ékLﬁlLTﬁilz

Salt: Type (0

Color

anin size

Megascopic Minerals

£

Quantity

Color

Form

Sinter: Type _

Quantityv

Color

Alteration:

Rx Type (at depth)

Water used for O

Immediate area used for: ﬁ@ﬂ»ﬁ"ﬂ.{
: ~

Form

Probable cause of manifestation

Quality of sample: (::jjl Good, Poor

(1000

Property owned by

t e rsy fﬁ@

Previous and/or Current Leases

Comments:

SKETCHES
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AMAX GEOTHIR:

1AL GZOCHEMICAL

SAMPLE FTORM

Spring MNo.

Sample Na.

X Lu[ 07, 2-3 Date Time

Name: ffbV%é fféz’}aifT‘LUﬁlﬂ,

Ri f & ; ¥Xm/mi.

/é/lc

Location: Coif?hgg: Stateggf

Sampler:

imaz/m/

NE o ow Sec. 3¢ TYS
Lat,:
Elevation:

Quad. B‘J&‘ w K

Sample Type:

Description:

Spring {(p},

gas, rock,

creek, river, soil, salt, sinter, travertine,

Water Temp. °C 7 Discﬁarge: yae pm/Lpm
> &

Ground Temp. °C Well Data: Depth s

Air Temp. Bore

Odor < Pump Type

Fluid Color  © Level of water in bore

Fluid Taste @k{%z Type of piping

Bubbling s it o fe— Artesian Head

Boiling L Rock Data:

Vegetation it Type (surface) CQcﬁZ_

Fluid issues from

CTd o

ey

Salt: Type

C

Color

anin size

Megascopic Minerals

4

Quantity

Color

Form

Sinter'r: Type Gx’l@@%

Quantity

Ly ="

Cclor

w Auf)

Alteration:

Rx Type {(at depth)

Water used for _ < e dLbdoc

Immediate area used fOPLA$14q45¢;Z::;
‘ 74

Form (g7t £
/S

‘Probable cause of manifestation
Property owned by

Previous and/or Current Leases

Quality of sample: <§§;2, Good, Poor
(ede.

Comments:

Kz F5

SKETCHES
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AMAY GEOTHERMAL GEZOCHEMICAL SAMPLE TORM

Spring HNo. Sample No. X (1:?C7£i1_63 Date . Time

Name: g;f VE H P Location: CO.CMULL ] State,égﬁ;
LIV W E Sec. A8 T 4§ R: | E: ; Km/mi. of

Lat.. Long., : Sampler: f;;, c}@g{¢;4214ﬁ7

Elevation: PYAYEY, Quad. (nﬁi&WLﬂi‘_

Sample Type: Spring (p)( well (p)y creek, river, soil, salt, sinter, travertine,
oW,

gas, rock,

Description:
Water Temp. °C 'Qaﬁ

Ground Temp. °C

d

Discharge: 5 //gzh/me
. ) v
Well Data: Depth (' L

Air Temp.

Odor g B

Fluid Coler ¢

Fluid Taste -

Bubbling :

Boiling (9

#
Bore ;?é/
/

Pump Type '

Level of water in bore Aéi&&g
L

Artesian Bead {9~

Type of piping

Vegetation O

Fluid issues from (ﬁ?;}}%ﬁté;
77/

Salt: Type CD

Rock bata:
Type (surface) (i@%it,

Color

anin size

Megasecopic Minerals

£

Quantity
Color Alteration:
Form

Sinter; Type (E%L?E%;

Rx Type (at depth)

‘—-—ﬂ"/ k3
Water used for _/f»¢ufﬁz£%5ﬂf

4 -
Quantityv é?ﬂkkﬁdtf// Immediate area used for: /§2aqz;{fin4%
Color ﬁyéﬁjﬁ £/
Form s Quality of sample: (%%E?, Good, Poor

Ly 0AY

Probaktle causeyof manifestation

Property owned by ;7
S

-Previous and/or Current lLeases

]
o
T
o

Comments: SKETCHES







U. S. Geological Survey, Boise D

File Data

Analyses of well, 95-5E-4dadl

£




FORM NO. sife No, 755 -4 DADI

{DAHO DISTRICT
GEOLOGICAL SURVEY
lecorded by WATER RESOURCES DIVISION Date

SITE SCHEDULE

Check Ona ____._V‘/ English —— Matric Units
GENEAAL SITE DATA (D)

Site Vdent Na["hz,‘?;ol hZT/L/Jf_l 51/.516“‘?@{] RG Number Transaction [ T-T@ b M v tl
5 . 9

vdd. duiste, moddy, veritied

Site-Type 2= 1 < b H ! i P T @*]Rn(il:i:i:[_a'L @ U L M I'i R‘::':";z‘ 4= 1) S!:p_ 5 *(

collmcioe, aruin, wukhais, conmec1or, nwiips, Fond, mnnoI oF, Wall 1iald theck4d, uncheckad. location mal, minimat
wall acCyrann date

Pv pcl
Sl 5 D ST 0 P s oup J e oo R e Cact
‘ l j Lat-1Long
Latitude 8- 'Qo / Z * Longitude 10- ' // An:uroawﬁ ‘?[S F T Ml.]

wn ec dag woc, Buac, 10 sex, Min

Land
Local T " H
NTmb.rL.‘_z_'joquS_LEOISJ_E ﬂ:h!- SENESES oHET AFS;
" 14 AL} 1/a actien, townshig, ange, merid

ool KPR I sl [
14= [ | Scale

.’7 '5
Method of

| ; SN RN £t w

Altitude “ 6 a_'_L_l_L:I Meast [—E_[ racy

eltimeier, loeval, mup

] e EX
Scmnq F H ¥ L e ? s T v hd w !‘ Unit {OWDLC} 20

THlat. hilliog, sink, swamp, olithors, padimant, hillids, tarrace, undulsiing, valley , upiand
far deew

\Hn

dapressian, -lrnm dunes

channal .
Date of First p—— ——— e —
= - *
Conmouctiond| 71 / ,/,L;*I ;f|23[ E_ &6 M B M P R s T v w_ %X 2 I
ompenan month day Year e -nnd- drain, o - ic, hext, gbtiv- Mine, oil of, rechirgs, Fepruss, 1esy, unysed, with- wesia, dariroyed
e b ralsry. stioh, puy drywal,
Lmof l24-] & Y c o E ¥ H i t N P ] 5 T u Y 2z [*]
ater o ——e,
air tond.. boliling. commarcish. dewaier, powar, fire, domesuc, ittigation, madicinel, industrial, pubbc. rectaation, stock. Instiution, wnussd, daal, ether
supply
<)
Secumdary . Teciary Use (56 ] ] Deoenof +]oremot [ 75 71 source uc
Water Usa ES___[EI of Water Hole £5Q Wl -_J_J."- S'JSQ__L_l_]_] . Depth Dana L 22
i, * . Fen
Water Lavel Dotz Measured OL7 / } -5 / / 9 Souru® En
manth yoar

Method of Measurement | 14 'l A c E G H L M R 5 T v z F‘J

airline, aalibrated, ertvmated, prassore, calibrated, gpeophysical, ewnometer, reported, stesl, spctiic, calibrasd, ethor
mRiing PO Premura gigr  logs Upd  Ups  wleciiis Ups

Activily
oswn (70 € r o w8 v mn_ = 7 v x__z] SNk Ts

wy raceantly: Fuwing reecky, reewsity, Dhettusion povepie Tecenthy, pemeiry, nescky,  Foreign wuriocs vt oioar
flowing Howwg s eemmiy purrpad  pupiry  (mowrsly mats et

Tirwing s dreprael.
I el R AN LY

Source of R . ; Measuring | N
' Geghydrologic Dou® m Pump Lsed [_JiD__] Pant o 265
na manth day Toar

WNER IDENTIFICATION (1)

|R-158{*4 ' T'F\ o M]*} g:::::hipltsg#l { / 1 / 14 Ll*—l

add. daiete, modify Wonih Yoar

11} Fm{ 162~ P SR IO SO NN N S N It’ I':::c:lh .

Narve: L‘ni-lﬁt-i T S S N N T N WO |

OTHER SITE IDENTIFICATION NUMBERS {1}

FI_M_B_Blf_I {T }A oM Lj 'dEH‘L'E_D.#_L_J_L_L_L~L_l_.LL.J__1:] Awmuw

add_ deswts_modily

7 l -[
New Card Same R & Ideni[1gn#J_; [T N W T T W | 11*Jl\uiqﬂﬂ 191 N IS N | llllii'*"E

SITE WISIT DATA (1}
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UNT } STATES DEPARTMENT OF THE INTE R
- GEOLOGICAL SURVEY i
GROUND WATER ANALYSIS
Ul itg, C)LU
scation lioumtasn Hone Air Force Bagd taQe Idaho County th“ﬂfl
atitude 4% Lonolgth' 13P<4Dﬂ S5eq.No.

ate collected™

ey

~
0

1045 P

oint of coll.

’M‘J wntor reimn
L3

ource Deen vell No, 1 Local well ﬁo. =HORHSELY,

wner U.5.A.F, - otk Acro S}‘!ﬂCC! Wing Water use Daprostie !
epth (ft) - ~522 Cased to (ft) Diam. (in)} . Date drilled

.L. - GERy— Yield X5t WBF

reatment Hone ____ Appear. when coll._ __Cloax

ollected by _S8/8nt Uaters; T/Sct Cole  Remarks _Snampled after pumping 3 winutes

7S E8E Hdadl

HoYpi))SS188Df o

Specific conductance

(micromhes at 25° C) 402 pH 9.5 __Temp. (°F).__140 .
ppm epm ppm epm
yilica (5105) 78 Bicarbonate (HCOs) 53 0.95
Carbonate (COx) 37 1,23
Jalcium (Ca) .0 0.04 | Sulfate (S04) 27 .56
fagnesium (Mg) .1 .01 | Chloride (Cl) 12 L34
Sodium (Wa) 92 4.00 } Fluoride (F) 20 1.C5
otassium (K) 1.0 .03 Nitrate (NO=) .2 .GO
“C
Lo ¥
Nt\
fotal 4,00 Total 4,13
sols
~ ppm,.g ppm
SRR Dissolved solids:
\luminum (Al) = Residue on evap. at 180° C 304
ST Calculated 309
‘ron (Fe) 12
Hardness as CaCOs 2
langanese (Mn) -0 Noncarbonate 0
Color 5
Cntbon diogiyide (€C05) enleculated D
ab. No. FiRi 12343 Field No. Project
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UNITED S

TATES DEPARTMENT OF THE INTERIOR

26W
GEQLOG!CAL SURVEY . Dec 1953
WATER ANALYSIS )
HalYolxl)ss) S3D) G 4 dad] COWIBEY
_ocation At Mountain Home Aiy Force Base, Idaho County Elimm.h-af- ;
Source Deer well Depth {ft) <" Diam (in.)______
sased 1o (ft) Date drilled 1561 Point of coll, _Site A, at pump
__Owner USAT', Mt, lome AFD ce
freatment Use Dom. ,Alr Cond.
WBF Sand WL _._ 500" Yield _100 gem
femp (°F) Appear. when coli, __Clear
Sollected May 18, 1964 By Charles Freeman
Remarks
ppm epm Ppm epm
Silica (SiO2} 88 Bicarbonate (HCO3) 56 0.92
Aluminum (Al) Carbonate (COa) 38 1.27
Iron (Fe) 2.3
Manganege (bin) .0 Sulfate {SO4) 27 .50
Chiloride {Cl) 12 L34
_ Fluoride (F') 20 1.05
Calcium (Ca) 1.5 0.07
Magnesium (Mg) .0 .00 | Niirate (NOj3) .5 .01
Sodium (Na) 94 4,09 | °
Potassium (K) 1.1 .03
t ] |
]
Total 1 4,19 | Total 4,15
pPpm
Specdic conductance
o {(micromhos at 25° C) 407
Dissolved solids:
Calculated 312 pH 9.4
Residue on evaporation at 180°C 281
Color 5
Hardness as CaCOj A
Noncarbonate 0 Carbon dioxide (CO0g) cale. . .1 |

ab No p¥iy 10600 Field No.
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UNITED STATES DEPARTMENT OF THE INTERIOR

26W
GEOLOGICAL SURVEY Dec. 1953
WATER ANALYSIS e Lyuncs !
Ss-5£- Ztiad/ o
ation Mountain Home, Idaho (Missile Base Site A) . County __Owyhee
e Drilled Well = Depth () 227990~ Diam (in.)__ 10 _
ed to (f) 2,000 _ Date drilled 1959 Point of coll. __tissile Site &

Owner _ Mountain Home Air Force Base, Idaho

atment Use Domestic .- ' '
F Lava rock apd sand . WL. Yield 200 gpm pump - . |
wp {°F) Appear. when coll. Clear N
ected April 8, 1963 - 1000 hours By 5/Sgt, Cordell ki > :
1arks Field No. 6 . i‘/__) JOl2 S sripl Tl (7 s )
ppm epm ppm epm
ica (8i02) 83 ' Bicarbonate (HCO3) 56 0.92
uminum (Al) Carbonate (CO3) 38 1,27
s>n {Fe) 1,9
inganese (Mn) .0 Sulfate {SOa) ' 26 .54
Chloride (Cl) 13 .37
Fluoride (F) 20 1.05
1lcium (Ca) 1,0 0.05
ignesium (Mg) .0 .00 | Nitrate (NOjz) .2 .00
dium (Na) 22 4,00 . |
tassivm (K) 1,0 .03
|
tal ‘ 4,08 | Total 4.15 '
, - |
Al i-Ce c = i
ppm
Specific conductance
{micromhos at 25° C) 403
ssolved solids:
“alculated 304 pH 9.4
lesidue on evaporation at 180°C 303
Color 5
rdness as CaCOj; 2
Noncarbonate 0 Carbon Dioxide (COs) calc. ol

No. PNW 8793 Field No. Project



UNITED STATES DEPARTMENT OF THE INTERIOR 2cw

GEOLOGICAL SURVEY Dec. 1953
WATER ANALYS!S e
s g4 SE ‘{;{a(ﬁl Hayolr /1§ Sis
ion Bruneau, Tdaho (13 miles £5%.,) ;. {ounty _Owvhee W1 r
e Deep Well: well Ner—mid- S ve (Y Depth (177 Diam (in.)
I to (ft) Date driiled Point of coll. Cooling tower
— Owner USAF: Mt,. Home AFB
ment Use Condensing,Dom.
WL Yield 50 _gpm

v (°F) __85 Appear. when coll. Clear
ted reh 13, 1964 By Ray Lewis

Sample collected by mistake; may not” be representative.

irks
ppm epm ppm epm
ca (5i02) 81 Bicarbonate (HCO3) 65 1,07
minum (Al) Carbonate (CO3) 35 1,17 f
n (Fe) .33
Sulfate {504)
Chloride (C1) 13 .37
Fluoride {(F) 18 .95
cium {(Ca) 1.0 0.05
gnesium (Mg) .0 .00 | Nitrate (NOj)
jum (Na) 93 4. 26
assium (K)
| .
al 7 Total ‘
ppm
Specific conductance
(micromhos at 25° C) 415
solved solids:
alculoted pH 9—2
esidue on evapgration at 180°C 313 ]
: Color 5
“dness as CaCOj 2
ancarbonate ii

ol PNW 10191 Field No. Project




