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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-and pumped well waters are gener-
ally higher in the north. The hottest wells (83°-84°C)}, near
Grand View, 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 regionally higher heat flow.

The area is divided into five parts: Castle Creek, Grand View,
Little Yalley, 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-HCO3,
with minor Ca and SOg. Sedimentary waters divide into a high
salinity Na-HCO3 type found in Grand View and Castle Creek, and a
lower-salinity mixed-cation HCO3-S04 type from scattered Tocali-
ties in all areas.
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7. On trilinear composition diagrams, volcanic-aquifer waters of
Littie Valley and the south end of Bruneau Valley occupy separate
elongated fields which in part overlap. Volcanic-aguifer 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.

8. 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.

9. 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-
alies, evidence for substantial recharge into fractured volcanic
rocks in the Owyhee uplands, and production of many wells from
more than oné zone at depth. Despite this, however, graphical
treatment of data does not illustrate mixing trends other than
that of point 8.

JIII JIII JIII' Jili

10. The hottest waters of the region tend to have the lowest Ca and Mg
relative to Na and K, and higher S04 relative to HCO3. The hottest
waters also have the highest Na/K ratio, which is opposite of what
would be expected if temperature alone were controiling water com-
position. It seems more 1ike1y that the correlation of tempera-
ture and composition is due in part to a correlation with rock
composition.

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

12, U.S.G.S. Circular 790 lists an estimated mean reservoir tempera-
ture of 10746°C for the entire Bruneau-Grand View area, in 1ight
of the chemical and sulfate-water oxygen-isotope geothermometers
and artesian well temperatures. Individual subareas may be sig-
nificantly hotter at depth.
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13. 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 yields 137°-157°C
(conductive quartz) and 110°-133°C (chalcedony). Chalcedony tem-
peratures generally are preferred herein, because of abundant
glassy 5102 in Idavada volcanic rocks, and because of similarity
with cation temperatures in volcanic-rock aquifers.

14. Cation temperatures of waters from volcanic-rock aquifers exceed
100°C only in Little Valley and Bruneau Valley. Little Valley
shows & 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.

15. 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.

16. Deep waters from volcanic rocks “at 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.

17. 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.

18. The Bruneau-Grand View data base probably is representative of
water chemistries at depth. Little new information would likely
arise from additional sampling elsewhere than in northern Little
Valley, given the relatively low 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 View. 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 Targe 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, SOq, 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 complete.

The U, S. Geological Survey collected and anmalyzed 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
published by the Idaho Department of Reclamation (Ralston and Chapman,
1969).

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

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-R5E-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 1.

AMAX analyses of waters from the area comprise a set numbered

W10220 through W10228, 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 Tisted 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.




|

901 MENDOCINO AVE.

GeothermEx, Inc. BerkeLey, ca 94707

o

JIII gili Jlii
] : i

{(415) 527-9876

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
reported in Young and Whitehead (1975) represent a high percentage of
the deep wells in the region.

Several wells are as close as 1-1/2 miles north of the eastern
AMAX Teaseholds in T7 and 8S, 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
fairly reliably from these data, because regional groundwater flow is
believed to be from scuth to north. The leaseholds are traversed by
several of the major north-dipping northwest-striking normal faults
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 volcanic rock
units from beneath the leasehold areas and are then tapped by the
sampled wells.

The westernmost Teaseholds, in T6 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 included 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 Jchn Deymonaz, February 7, 1978, which 1is
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 large capital
expenditure. ‘

The March 3, 1978 memo illustrated that waters from certain
shallow 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 refiect 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 calculations 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.5.G6.S. Circular 790 tabulatedan estimated mean reservoir
temperature of 107}6°C for the Bruneau-Grand View area, in light of
the chemical and isotope 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 éxisting 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. 1If 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 Littie Valley?

The AMAX leaseholds 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). 1Is 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. Would insight into the geothermometry be aided by consideration
of bulk composition, jonic 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 Valley, 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 Valley is not included
because of its greater distance and because of a desire to limit 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 fons. Ionic 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 7$-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 S04 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 saline Na-HCO3 waters from Castle
Creek and Grand View areas in the Idaho Group sediments. These are
notably lacking in S04. 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 itemperatures in the two northern areas. Many of
the Little Valley waters are distinguished from those of Bruneau Val-
ley by higher relative SOg 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
of the Bruneau Valley waters generally are higher than those of Little
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 aquifers. This is only partially true. The

-10-
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towest Na/K are indeed in sedimentary aquifers, but volcanic agquifer
ratios fall into two groups, with lower ratios in Little Valley and
Bruneau Valley than in Grand View and Castle Creek. Na/K in Little
and Bruneau Valleys 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
line 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 line 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 aquifer 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 also 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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FIGURE 3. Salinity-composition projection from
Figure 1, Part B.
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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 cccurring, 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
ditute Na-HCO3 character of the Little Valley thermal waters, suggests
that their temperatures at depth are not greatly above those observed
at the surface. This applies to the main group of waters, from the
south end of the valley in T7S, R4E.

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 slightly higher levels of Mg and lower SOg. There
is no trend in salinity or temperature which can be taken to indicate
mixing, and the observed range of compositions appears more likely
controlied by rock composition and freactions at lTow 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
which are anomalous with respect to those in the rest of the Valley,"
and which are very similar tc 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
Valiey area. Table 1 lists 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 aguifers 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.

x Ex!

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-
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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 8.9 2,970 Idavada volcanics/Banbury
basalt

5326bcb2 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 Idavada volcanics/Banbury
basalt

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

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

755dbc 32 - 6.5 2,405 Banbury basalt

S
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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.

UYsing 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 geothermometry 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 aguifers tend to have higher silica and cation temperatures than
the deeper volcanic waters and that this is an effect of rock com-
position and Tow-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 Valley
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 Timit for use of beta = 4/3
1s 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.

A s sEsasx

T°¢ Nakca!t)
Surface _
(2) Sample Temperature, Beta=  Beta= (3)

Area No. °C VCa/Na 1/3 4/3 Flow, gpm
GV 5328 65 1.06 105 103 F

LV 6414 54 2.34 142 107 1350(P}

LV 741 40 5.69 182 103 409-688

LV 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

LV 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

LV 757 39 6.57 199 110 2990-4000

LV 758 40 5.07 183 109 400

LV 7516 39.5 5.61 180 103 200

LV 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)A11 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 anomalousty high K and Si0p
which can produce anomalously high temperature estimates.

Silica-temperature relationships among Littie 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 Owyhee 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). 1If this recharge is mixing with warmer waters deeper in the
volcanics, homogenization must be complete before the waters are
tapped by valley wells.

%III JIII %III

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 Valiey and similar Grand View waters. In
northern Little Valley, minimum temperatures of at Teast 120°C and
possibly 130°C appear reasonable. The higher guartz and cation tem-
peratures of 150°-170°C are possible but Tless certain, particularly in
l1ight of the sulfate-water oxygen-isotope temperature. Note 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 Valley area and related

Grand View waters.

Sulfate-water

Sample 1°C 5107 o T°C NaKCa oxygen isotope
No. T°C | Q17 CHAL AMOR| | /La/Na  8=1/3  p=4/3 ] T°C
5326bcbl 83 143 116 22 1.51 106 91 95
5326bch2 67 137 110 17 1.28 104 95 --
5335cccl  71.5 137 110 17 1.70 74 92 -
5323cc 84 143 116 22 1.09 106 101 -
Little Valiey
6414abc 54 157 133 35 2.34 142 107 103
6518ccb 27 148 122 26 2.27 169 130 -
6529decc  32.5 148 122 26 3.52 161 106 --
755dbc 32 122 93 3 3.82 175 113 --
QTZ = quartz, conductive
CHAL = chalcedony
AMOR = amorphous silica
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For the purposes of this discussion, & 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.
Sampies of these were collected; analyses are reproduced in Appendix
1. The gases are uniformly No and 0, with 0% to 50% methane (CHp).

No COo or Hy 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-
cipalily from the underlying volcanic units. The Ny and 0p 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 N2/0p = 2.

Figure 5 shows N»/02 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 Toss of 0p 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 + 0p is at least 50% by volume
of the total gases present, the rest being methane. 1In 16 Nevada-
Oregon gases No + 02 is also at least 50%, the rest being methane and
C02. N»/05 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 VYiew 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 should
be noted that the Towest Np/0s 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.

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 Tleasehold, 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 localities of Bruneau and Little Valley apparently inter-
cept water that in the past has traversed the AMAX leaseholid 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 resampling of known wells for major cation-
anien 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.

- Elsehwere, maximum temperatures of 110°-120°C are suggested by

- Although very little evidence was seen of deeper, hotter sys-
"""" tems, it remains possible that such systems exist either localily 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 little 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 Valley. The permissive interpretation of a hotter, deeper
system at depth does not lend itself easily to definitive exploration.
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%S—EE—ﬁbaZ Nov. 24,1953 59 50 |..__..| i8 1.8 75 282 1 .383 47 8 402 | 7
Ang, 11,1822 60 83 2021 2.0 75 328 . 448 51 ;B .
=7abi Nov, 23,1053 102 88 .08 8.7 1.2 52| 7.8 20 . 326 22 78 288 | 7.0
—abg |(Nov. 24 1o 78| T8 ..o 71| 48 &3 28] 310 a7l 75 20 | ©.B
Aug. 12,1922 73 80 B0 1.6 A 52 244 .332 21 B5 | .. .
~8bbi Nov, 24 1653 73 kN T.8 .8 58 216 | 204 21 86 274 1 1.3
-8ddl |..... do......-. w2 82 .02 5.2 T 57 7.0 278 .39 15 83 2001 7.8
—-18bed ... do.unam o 2 % .32 &4 .4 50 8.3 284 ¢ 400 18 0 271 | 8.3
TB—ﬁE.—'J’ 5 Nov, 24,1953 90 18 |- 58 2,1 78 208 . 408 23 23 337 | 9.4
b8 Aug. 15,1922 g1 Wi .08 7.4 1.0 i 252 1,383 23 7 [ S -
~9bal Nov, 23,1953 120 118 {....-. 4.0 1.4 10 370 . 503 18 4 451 | 6.1
Aug, 91923 | 122 L7 3 PR 5.4 1.6 91 352 | .47B 20 ) S S, .
-Bba? Nov, 23,1953 120 88| .04 2.4 1.4 g 2.8 71 . 368 i2 03 “p | 8.3
~18edl Nov, 23,1953 100 80 | aaes 10 .9 58 22 302 20 81 282 | 1.8
Aug, 13,1922 100 L) 04 | 10 1,0 51 245 .333 29 i SO, cem
“21dh1 Now, 23,1963 | 104 88 |iocna- .9 1.4 63 238 | .32l 28 34 302 | 8.3
) Aug, 11,1 104 "| M| 2 I.0 54 238 | .323 22 - 2 PR .-
—2%0al Nov. 23 1953 116 <L I 14 2.1 58 261 | ,355 44 T4 311 | 8.8
Aug. ll 1423 118 837 22118 2.2 48 256 | . 348 47 L T, I
~93del Nov. 23, (953 108 88 |areans 17 i1 47 234 . 318 55 85 280 1 8.3
viodel Nang 11,1822 | 110 R 16 2.8 5B 254 | . 345 LTS - RN,
=27aa1 | Nov. '23 1953 H71l? 7 00| 9.1 1.2 &1 8.1 237 | (322 28 (i} 871 T2




Ralston and Chapman (1969)
{Table 2)




TABLE

2

WATER QUALLITY ANALYSES

lons in Parts Per Millicn

Total Alkalinity | Hardness - -
) Dissolved as is Calehum Magnes. Iron § Hangan. | Sedium } Chloride| Sulfate Nitrate Phosphate Fluoride Ty & HCOy SAR
No. Locations Date pH Temp, Selids CaCO3 CaCly {a Mg Fe Mn Na Ci S04 NO3 POy F
OIN 4W 1Zuc) 1-74-68 8.4 104 280 152 52 8 8 c.02 6,05 10 4 14 2.4 0.08 1.50 189 0.6
2 15 3K 10bel 1-15-88  8,0L 64 258 120 188 56 12 0.05 £.30 32 4 58 0.1 0.04 0.72 146 3.2
3 1S 20 7eel 1-10-68  8.6L 114 330 156 - - “ .19 110 15 50 - 0.01 21.20 150 -
4 1S KW [Bdecl  3-19-68  8,4L a3 200 104 12 4 2 .23 - 65 5 43 .5 0,11 20,00 127 6.7
5 25 W 3bal 7-28-68 8.9 82 220 140 20 5 2 .08 0.05 75 3 35 .7 1.04 1.50 170 7.2
6 28 IW Zbcee 1. 7-50 - - 525 - 194 64 9 .04 - - 16 230 - - 0.5 - -
7028 W 27ded Hl- 7-50 - - 114 - 102 30 7 .04 - - 13 3] - - 1.1 - -
8 25 2W Iehal 47368 7.1 90 222 50 40 16 - 0.05 0.07 12 10 92 0.05 0.32 0,72 61 0.8
9 35 2% 36ddl 4-15-88  7.2L 55 148 58 B2 19 3 0.05 0.06 66 7 38 0.4 0.06 0.46 70 3.7
10 35 I 4dcl - 6-88 7.2 80 444 154 170 54 8 0,05 9.20 69 4 102 6.5 0.30 0.65 LE) 7.3
1138 LW 36ddal  4-25-88 7.4 70 174 64 86 33 1 0.05 0.09 62 10 37 1.6 0.04 0.01 18 1.9
12 45 LW 36aacl 4-2u-68 7.6 50 168 72 116 43 1 0.30 0,07 22 21 17 1.8 0.08 0.06 88 1.8
1345 1t 28bdl 31-19.68  7,6L &4 250 176 64 16 6 .23 - 63 5 115 10 0.10 .85 o215 3.4
1445 LE 30ub) 3-13-68 7.1 59 132 106 124 40 6 0.03 0.08 8 2 14 1.0 0.56 0,39 129 1.0
15 48 1L 3dubl 3- 1-68  8.6L 170 23§ 160 100 i85 10 0.0% 0.05 BS 6 47 .8 0.56 2.350 i85 4.2
16 45 2 4-26-68 7.6 58 398 108 244 69 17 0.20 0,20 110 15 152 1.0 0.14 1.65 131 8.7
17 45 2 19ac 4- §-63 10.0 178 320 - 3 1.0 ] .05 - 84 5.0 25 .2 - 9.2 - 20.0
18 55 1E 2lebi {-16-68 8.2 146 252 84 40 14 1 0.0% 0.06 36 5 24 0.9 0.06 1,70 102 2.5
1 55 1L 24ac! 4-25-68  B.8 150 250 82 40 3 B 0.05 0.02 14 15 39 1.2 0.04 1.69 155 1.0
20 55 2E 2aal  11-24-53 9.4 126 281 - 8 2.4 0.5 0.02 91 12 22 0.4 - 14.0 141 -
21 5% 2E 13adl  11-24-53  B.& g0 825 - 44 13 2.7 .22 - 278 12 1.5 .8 - 1.2 749 -
22 55 3E 28bcl 3-12-68 8.0 149 190 120 172 32 23 0.80 - 75 5 8 - 0.08 20.60 146 1,
23 68 3£ llec2 11-14-53 9.0 94 129 - 13 3.2 1.2 . - 98(a) 16 18 1.6 - 14 152 11.8
24 65 3E 13acl  11-24-53 75§ 64 334 - 158 56 4.7 - - 42 10 55 1.3 - .9 215 -
25 65 3L 34cd lo- 268 7.0 86 298 212 102 29 ¥ 0.08 0.z0 32 5 47 0.5 0.11 0.69 258 4.4
26 65 SE 24db1  11-73-53 8.3 77 356 - 15 4.4 .9 - - 104 (a) 13 35 5.6 - 12 185 11.8
27 65 SE 24ddl 11-23.53 7.9 94 21 - 11 3.6 .5 - B 100 12 18 2.9 - 24 141 13.1
28 65 5L I%del 11-23-33 7.8 94 136 - 13 4.8 .2 - - 97(a) 17 52 6 - 18 118 11.8
29 65 SE 36ddl 11-24-53 8.2 71 341 - 49 19 .5 - - 87{a) . 13 69 1.2 - 6.0 160 5.4
30 65 6% 13abe  I0-11-68 8.3 105 920 - 40 16 1 2.70 - 182 2 49 4.4 - 5.95 - 11,9
3178 4E dac JL-28-67 - - 219 - 1456 40 11 - - ) 6 90 .4 - - - 9.1
320075 4k 13041 11-23-83 7.5 92 764 - 16 6.0 .2 .01 - 54 9.0 30 .6 - 7.0 . 5.9
RS L TARE 1 1Y B S B B N 99 222 - 18 6.7 .3 - - 60(a) 11 22 .8 - 10 106 6.2
3 TA AL Sba? t.14-53 0 7.2 59 282 - 47 16 1.8 - - *75(a) 12 68 4.0 - 1.0 102 4.7
357 Fubl  11-13-33 .0 102 240 - 22 6.7 1.2 .06 - 52 5.0 20 .7 - 10 100 4.8
16 75 5B 7ab2  11-24-53 7.8 73 228 - 37 7.1 4.8 - - 53(a} 10 19 .8 - 6.0 100 3.7
37 75 SE ghbl  11-24-853 7.3 73 216 - 21 7.9 .3 - - 58(a} 10 23 1.2 - 8.0 105 5.5
18 7S SE Sddl  11-24-53 7.8 92 279 - 16 5.2 .7 .03 - 57 7.0 20 1.0 . 10 115 6.2
39 75 SE I8bcl  11-24-53  Be? 92 294 - 18 5.4 A .52 - 50 5.0 18 .8 - 9.0 108 5.2
40 78 6E Taal  11-24-53 9.4 50 209 - 23 5.6 2.1 - - 78(a) 12 26 .1 - 12 100 7.1
41 75 6L Sbal  11-23-53 9.1 120 370 - 16 4.0 1.4 - - 109(s) 12 3l .2 - 22 152 14,9
42 75 6k 9ba2  1i-23-53 - 9,2 120 271 - 12 2.4 1.4 04 - 160 10 30 .5 - 24 135 12.9
43 75 ok l6cdl  11-23-53 7.6 100 222 - 2% 10 .9 - - 55(z) 5.0 20 1.6 - 7.0 117 4.5
44 75 oL 21dbl §1-23-55 8.2 104 236 - 25 7.9 I - - 53(8) 10 21 -8 - 12 114 5.4
45 75 6L 23cal  11-23-53 8.6 118 261 - 44 14 2.1 M . - 11 21 1.6 - 7.0 130 3.8
dp 75 6F 23del  11-23-53 8.2 108 234 - 55 17 3.1 - - 48(a) 5.0 19 1.9 - 4.0 137 7.8
47 75 6E 27aal  11-23-83 7.2 117 237 - 28 9,1 1.2 - - 51 5.0 17 1.3 - 10 110 4.2
48 35 SE 4 4- 8-63 9.4 - 303 - 2 1.0 . 1.9 - 92 13 26 .2 - 20 - 25,3

(a) Sodium and Potassium




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 litre except where noted.)

3 . .E “ . Hardness . , Chemical tanstituents
K ;L:' %E - E"ﬁ % %E g E .§- L in micrograms per litre
+28 o |id £ E |3 |2 |ze . s2l8 | sg|esl |8 I Es

Wil or spring :ﬁ'ﬁ S8 58| = |E | E 2 SDIE_EQ =2 12 ITFIE 3 |2318 ¢ |ee EEl 25! _ (%=
identification |82 = =22 55 B | 5. |pElEg | E, |FoleS|ES|ElsiE_|Ey g 122 lgslg | d Y3l<c| 28 z B¢
mber (€25 S8 53|32 |J8 |52 A2 |82 |5x(Anizs|adn|Selan s2 8 S (2| s isE|sEl &5z |z
33-1E-35dac! 00 1324 ~ §EO 430 88 350 6.0 245 G 02 250 17 21 001 007 305 041 150 K] 1.3 440 78 200 24 60 10 0
48-1E-25¢cd1 - 73126 001 120 15 28 1 28 852 0 787 55 25 6 02 25 983 135 T4 -0 8 B 1420 13 10 4 1000 A0 0
Z6abcl 1,700 73/5/8 0% 9§ 13 2.8 50 9 TE3 0 525 36 i3 . 0y 16 788 1.07 44 0 87 16 1,160 13 270 14 1y M0 0%
2%ccd1 3,040 735/ 3.3 83 1.2 0 100 8 [3%] 51 142 13 12 12 90 .0 333 A5 3 0 93 25 415 %2 100 22 190 mn .
 30bdb1 150 1371723 - 57 33 3.2 1.9 3.1 128 0 s 10 2.7 FRc N+ IS 11 B 25 98 0 15 4220 B9 165 X0 i i g
34bad) 2,960 73/1/9 - 0 Lr 0 99 8 12 a5 136 40 i3 30 0 339 46 1 e 88 27 453 92 755 28 150 tH Y
*
45-2E-28dbe1 1,000+  73/7/27 02 100 21 6.9 330 24 1,010 0 828 45 30 - 1,020 133 81 6 87 16 1,390 14 w0 0 520 R3D i
I2becl 2,704 137179 05 110 5.8 1150 85 383 3 34 52 17 87 .70 .07 493 B8 17 g 92 16 698 88 430 5 1000 7281 J
55-1E- 3aabl 1,300 1371724 - 120 21 1.3 2580 29 187 0 B45 1.2 18 500 22 B53 116 71 G 84 13 1,230 8120 010 BOO jom 0
Cltbedt 2860 T3/6/5 2.7 83 22 0 100 7 63 49 133 42 13 6 9 0r 138 .48 & o o 19 514 9.3 640 a4 1561 10 3
Zizhet 660  73/6/8 A1 77 130 10 7 57 50 130 42 13 5 b5 02 347 A3 3 0 98 24 468 8.7 650 30 170 10 2
24acdl 3,120 73/7/9 45 83 vTo0 100 1.3 82 9~ 122 48 14 15 18 .0 344 A7 3 0 98 26 463 93 R4S 29 150 39 3
5S-2E- 1bhet 1,800  73/71/9 05 77 170 86 R 15 59 136 713 16 15 36 ¢ 188 .39 1 b 86 1B 473 98 495 3 1,100 it 0
Zedal 2,460 73/6/7 .02 89 99 20 50 22 675 0 551 34 25 54 01 .05 742 101 33 0 80 19 1,100 - 385 4 1,200 Ao ]
Sbedl 2,009  73/6/5 A7 110 5.2 1.1 150 B1 223 75 308 81 20 BE D .04 48§ .67 18 0 83 15 548 9.3 425 3 890 160 3
13adal 1,748 73/6/22 01 110 13 2.6 260 28 767 G 629 31 15 0 10 BZ8 .13 43 0 88 \ 1,260 16 230 % 1,200 R0 0§
55-3E-14chbt 2,300 T3 4 8 24 € 91 B 6§ 42 124 0 1 23 0 .05 3oz A1 6 0 57 16 11% 36 585 2 1,100 10 0
15eba) 1,620 13ei20 01 130 22 5.1 280 20 885 0 727 54 36 1.3 0 A7 950 1,28 RO 9 86 14 1,260 73 150 9§ 1,100 1,110 2
20adat 2,420 137113 - 110 1 85 g 27 61 124 64 15 18 03 o 313 43 3 J 38 21 395 9.6 600 1 180 0 G
20bbb? - I .01 0 42 19 230 19 . 703 0 577 671 3 .5 1.8 13 BO6 110 128 a 78 81 1330 20 2 0 710 0
220ad} 1,300 73/6/22 .01 140 19 3.4 250 18 583 0 560 4.0 38 g2 4 a2 11 61 0 87 14 1,280 73 50 6 £,200 250 0
25bbb1 1,320 73/6/28 .01 98 Jo B.7 200 16 528 0 5§72 55 28 20 420133 100 110 0 77 82 1,120 72 180 2 Bo0  nan 0
55.3E-26beb1 2,970 13/8/1 - 110 21 D 110 1.7 22 54 125 62 15 18 .62 38t 0.53 5 st 536 93 BID 4 5 ap |
26bch? 2,370 73/6/8 ~ 100 1.5 110 1.5 15 55 120 B4 15 14 03 0 3so .52 Ll 0 88 22 529 33 6l0 4 550 a0 5
27bdd1 2,900 73/7113 - 214 1 Bl 8 B3 kL] 124 12 1IT20 25 0 279 .38 4 0 97 18 403 94 G600 4 810 2
28bez1 2,540 1375101 - 98 80 87 1.3 27 67 174 498 5 21 0 .02 J24 A4 2 0 %8 30 437 94 GR350 & 620 20 R
I5cce! 2,670 1375431 - 100 22 1 106 11 54 49 126 72 16 15° 01 .03 n 53 1 0 98 30 551 33 "5 7 560 An 2.7
65-4E-J4cchl 356 13120 ~ 94 25 78 83 17 2 0 186 240 18 1.7 0 .G3 654 B9 240 583 41 2.3 B84s B3 21D S 130 140 0
55.5€-33hbd1 250 1311 — 4D 86 66 170 8.9 425 0 349 450 50 B 53 - 1,100 1.50 490 140 43 3.4 1650 1.2 2240 728 o0 230 0
34ddd1 B85 131 - 0 29 12 180 25 525 0 513 12 A £ 31— 691 94 120 g n 7.5 1100 15250 10 o0 440 0
£5-2W-14chals 73/7/3 0.08 30 BE 1.4 3.2 2.0 28 i} 23 8.5 83 A 023 .06 86 A2 20 0 42 .B 1 L2 I B R 30 o .2

)




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

—.i Yo E » Hardness . 4 CThamica! coastilpant
= £ 5% £ 2 2 - & 43 . in micrograms par litre
LTI Y ; R 9ls | %3 (di | 2 £.1%3 3
= 3 & & - i ©
Wall o7 spring Eéta "EE g'g - | E i £ E .Eg" .;‘ﬁ _§8 e ‘% 3 :‘f -E §§ gé g 'g 3 SE _‘.:’:_: - L c 3 9
idantificatlon | g 62 2 X e 88 G|l 53 g_ |40 [fo B8 (£ | (8| EQ 8| 22 g: i} - b I | Erifals i |5
umber | £5| A3 (A 58| J3 (42| §2 | 22 4% (30 |3a |42 8|2 8|48 33 |82 |8 2F RS L SREEREEAIFI N ERE L
6S-1E-32bbats 13/112 - 45 37 B5 22 1.6 125 a 183 3 2 05 056 0,07 235 032 130 2% 27 08 344 72 250 5 30 g 0.1
BS-3E- Zcbel 3,090  73/5/31 - 89 1.2 0 120 28 86 52 157 45 17 .01 .02 398 .54 3 0 8 30 599 5.1 620 2 856 40 0
Zeecc! 1,940 734156 18 100 1.2 done 4.0 120 37 180 27 18 17 A3 .0 374 51 ] 0 87 26 504 9.2 530 3 TR0 40 1
4bcc) 1,680  T1/6/4 - 110 1§ 0 {10 5.4 L1 B . R T A B F A B 12 0 02 398 .54 4 D 8 2 534 94 40 2 440 20 2z
Seacl 3,500 73/6/4 — 84 46 0 58 3.4 78 12 B4 20 3.7 1 08 o 253 g4 1 0 89 76 38  B6 610 23 1510 10 2
Baccl 1,425 13/6/4 37 130 356 1097 8.1 157 25 170 42 1 a1 9 b6 404 .55 8 0 91 4 516 88 380 2 420 B0 2
Ttdadl 1,400 73/1/25 — 120 5.6 .3 BB 6.1 155 0 121 1 11 1" 03 12 380 A8 1% 0 8y 96 433 8.9 340 0 400 to 0
8S-4E-14abct 1,905  T73/5/3¢ 13 140 5.0 110 47 0 74 140 65 13 24 02 .06 452 Bt 13 0 93 1 583 94 540 30 549 0 A4
1Bbeet 455 13/6/21 2.3 44 58 46 33 4.1 120 0 180 58 8.2 J 13 01 132 A5 160 g L3 4R2 13 180 22 80 30 0
25bect 1,750 73/6/26 .20 73 4] 23 85 13 129 g " 06 190 18 3.8 23 03 Ay .68 110 & &2 39 102 18 W00 3 130 390 0
35cdal 955  7i/8f26 -~ 9B 4.8 d 04 8.9 35 ] 79 24 9.0 80 0 .04 245 3312 ¢ 8 59 273 B5 325 24 100 20 D
8S-5E-10ddd1 1,567 13/1/8 .01 78 6 3120 431 158 13 ig2 24 15 29 04 02 I 50 8 0 95 19 508 84 390 7 530 100
18cch1 2960  73/6/2% - 110 358 1100 73 .93 25 1 52 20 1 A3 .03 - 388 531 0 92 14 520 e 270 20 540 40 0
55-5E-20aab1 - 73/5/30 0.0% 6% 47 0.1 110 5.6 198 18 192 3.7 17 pL| o 0.94 N 448 12 093 14 562 88 435 & 950 50 0
24bcal 1,085 73/6/25 0% B9 36 0 120 4,5 143 21 157 2§ 13 ha 0 A2 380 .52 9 0 8% 17 509 917 335 8 570 19 0
24ddb1 1,838 1341725 - 19 28 0 99 2.3 127 10 121 135 1 50 05 327 44 T 0 3% 16 418 9.0 325 20 3/ 100 0
2%dec] 1,560 73715 01120 .t 387 6.3 17 4 103 42 15 19 05 D4 358 A48 19 0 88 B.? 435 88 325 1 400 10 0
I5ccal 460 73118 ~- 13 kL] 13 54 B.§ 168 [\ 136 66 A1 69 17 .02 KLE) AT 110 0 50 2.3 462 91 220 18 10 40 ]
85-BE-12ccd | 530 1316 - 120 10 .6 180 15 483 0 404 36 1% 59 30 07 512 83 27 0 8% 15 843 872 o o1 1100 20 3
19¢cdt 913 7345722 .01 BB e 0 a3 31 2] k] 109 38 il 26 o kP 44 8 0 85 13 457 9.0 380 1% 340 4 2
19dbd1 1,092 T3/118 - B4 - 23 0 94 19 BT 2 111 28 {51 ) o0z - 314 43 [ 0 85 17 LE 92 420 25 40 100
32bdd1 1,402 73/6/25 .b§ 87 3 RE-1) 31 132 8 122 28 8! 27 0r o2 327 A4 8 1 94 14 413 83 345 45 350 1a Q
65-7E- lacbl 100+ 73/BN 01 713 7.0 5 260 80 &4 [t 504 34 B2 44 0 - 123 91 20 o 9s 25 1,240 BD 410 0 1500 230 ]
tdbd1 1,050+  73/8/1 02 72 8.1 1.2 250 , B2 585 0 480 35 719 32 .02 - 716 87 25 0 94 22 1170 BC 330 O 1800 220 0
2edd1 1,350 13/6/25 .01 75 5.8 5210 1.6 524 0 4A¥ 28 56 60000 M 528 85 17 0 94 22 951 8.0 35 1,760 20 0
8bbal 3EBS T8 - BT 26 17 240 31 530 0 435 250 17 J 01 4 K3 1,21 140 0 75 9.0 1210 70 230 40 280 240 0
75-3E- dacdl 504 736/8 1B 94 a1 28 A 15 214 0 176 36 21y o 02 346 47T 140 4 29 11 4317 T4 340 N B0 50 A3




ii!l ﬂiil dlil AEII Jill élll Jiii illl JIII Jii'
i i i i

78-4E- faccd 3,800 73/5/21 1.7 83 6.9

Jabdt 1,147 73/6/28 37 95 5.8
Scea? 1,040 VI/B/27 4% 98 50
tobdbl 1,145 73/8/11 Lt 99 12
Tebel 1,500 73/6/12 44 99 16
12pdd1 1108 7375/ - 86 1.0
[3becl 5,060+ 73/7126 3.3 95 13
13ded? 1,000 73/5/30 28 97 8.7

ez a7 8 12
36N 53 100 2

78-4E-14abc1 1,145
i5acdl 1,085

23chb1 4“0 TUENI 13 96 12
25adc) 735 73/6/24 61 00 68
26bckl 867 3710 28 81 13

27bcel 3,380 73/7/10 31 H 16

15-5E- Bdhel 2,405  73/8/15 06 7B 4.4
Tabbl §625 737/ T8 93 8.5
Beced 1,500 73/5/21 1.8 90 5.9

9ddd1 2,065 73/6114 20 89 12

13aac! 180 73717 18 93 18
13ehb1 1,954 73/6/21 ~ B3 6.7
16acd1 1,515  73/8/30 - 80 8.7
19¢ccct T80 T2 16 95 1.7
28acd? 1,003 73/5/24 25 94 8.1
78-6E- 7aacl 1,086 737119 - 100 28
9bad1 918 730/8 - 10 1.6
16cdel 513 736114 -~ B 14
21dbel 760 73/6/14 - B2 5.9

22aed1 1410 73/%/22 6.5 86 16

23cadl 3,300 73/5/22  ~ 100 12

26adal 1,000 73/5/22 23 a2 18

27adb1 400 73/6019 12 84 12

J4dch18 73/618 1.0 83 6.2

35bbh 15 1118 - B9 13
88-1E-20ccal$ 731 01 22 1
8S-6E- 3bdd1S 4510 87 5.5
95-2E-13cbelS e 38 14

Anatyies by U. 5, Geologlcal Survey

*analysis does not balance, error in Na suspected.

ESR IO

1)

1.1
2.8

1.1
1.8
2.8

2.9

Na

83
46
54
47
45
51
49
53

45
48
58
250 Al
45
a8

63
51
55
50
51
50
53
58
52

B1
100
49
54
40
53
36

48
55
43

5.0
53
11

K

6.7
74
15
8.3
50
1.0
1.8
1.5

7.8
9.4
8.7
6.4
8.3
1.3

E.1
14
5.9

9.7
T
6.5
1.8
9.2

6.8
2.8
5.1
4.8
6.3
7.2
6.9

6.2
5.5
6.7

5.7
2.1

13
B8
154
106
113
97
83
B0

104
123
108
108
103
109

87
95

85
100
86

101 -

103
97

i
59
89
3%
124
126
134

129
103
126

[i¥d
13
n

oo oo oo - o O O uma

o~
€O~ Lo D OO D B Do

=)

81
LA
128
87
93
89
83
84

a5
101
EE]
89
84
83

18
78
85
85

82

79
a7
84
80

a2
120
86
885
102
103
10

106
54
103

51
m
58

7
20
130
4
3
7
20
14

18
54
36
29
22
28

48

19
8

19
20
24
24

23
27
18 -
18
15
17
15

17
18
15

2
1%
9.5

8.6
8.7
8.7
2.6
9.3
8.4
890
9.0

8.1

1
13
12
14

8.5
9.8
9.3
9.0
10
9.0
9.8
n
9.5

0

10
3.0
9.0
8.4
g7
8.6

8.6
8.8
8.8

2.0
9.4
6.3

9.7
8.9
2.0
9.4
8.2
8.7
9.0
11

6.0

"

10

15
8.2
5.6

8.2

9.7
1
n
10
1"
16
12
e

10

4
8.9

12
3.7
8.2
il

5.4
8.5
4.5

24
A2
Ao
.26
1.3
.29
.2
25

1.2
.80

1.1
.58
82

19

.85
25
i
15
k)
26
24
23

0
.08
k]
28
.60
.54
.66

.59
Ag
.60

.62
.68
04

02
01
.03
04
.03
.02
.06
.02

.04
.04

.04
.05

il

02

G1

.04
04
.02

03

.03
.04

.01
.04
.02

.03
.03
.03

07
.06
.08

235
241
413
257
218
244
247
257

245
123
298
259
254
758

26!
248
249
250

204

34
258
264
257

k]
138
237
239
24
272
240

249
244
247

8
248
120

32
Rk
.59
.35
.38
a3
34
.35

A3
A4
.40
.34
35
35

]
33
34
34
A4
32
.35
.36
.35

a7
A6
32
.33
.33
37
33

34
33
.03

NE
.3
5

18
5
130
19
a1
18

22

18
58
K
18
34
45

n
22
15

54
17
17
20
22

20
15
43
35
51

35
17
40

38
18
47

oo O ooma o e o0 D@ oD Do o OO sec o

o s o e o ao

B
89
a
78
BS
21
79
78

B5
60
79
67
69
64

25
i
83

63
81
83
80
77

B89
$6
B0
B4
51
3
57

T}
83
56

25
81
33

5.4
5.2
Z.1
4,7
31
5.2
13
4.9

4.5
2.7
4.5
2.5
34
1.0

8.1
4.1
5.2
38
30
5.3
59
5.4
4.8

9.8
19
4.8
5.9
2.5
19
2.2

3.6

59
10

5.3

18
212
497
184
312
283
289
2681

275
359
352
64
300
292

332
273
291
290
361
284
278
09
297

31
451
287
287
274
321

288

87
188
287

100
300
130

8.6
8.4
7.7
8.5
8.3
8.7
9.0
8.7

8.5
8.0
LR
8.9
8.2
8.0

9.0
8.5
8.7
8.6
8.4
B3
8.7
8.4
8.5

9.7
9.4
8.5
8.5
8.0
B3
8.0

9.2
9.1
8.5

11
8.3
1.2

10.0
420
30.0
kIR
36.0
410
390
40.0

39.0
3.0
385
365
KRR
2710

320
.0
40.0
40.0
25.0
16.0
195
365
34.0

25.0
50.5
4.5
43.0
450
4.0
38.0

434
a0
40.0

9.5
33.0
1.0

17

17
20
13
19
14

12
12

38
15
15

30
78
17
16

13

18

26
19

)

107
120
120
[l
100
100
1an

90

1z
110

120
g
110

170
ElY
ki
60
120
120
20
110
110

140
210
1y
Hij
90
120
100

B0

110

20
80

1
50
10
0

1y
10

1y
i

10
10
"

19
1n

17
20
il
mn




Young and Whitehead ({1975)
{Table 5)
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GAS ANALYSES FROM SELECTED WELLS

TABLES

Percent by volume

£ - o a 5 i ET
Well or spring | T 5 = = - 8 = g v ~E
identification | £ § Major | Ex) Ex | £ | €S9 | swm | &E | RE
number Za aguifer =22 | ol == o2 == =3 == Sum
45-1k-26abct  27.0  Sedimentary 53 14.2 28.8 <1 <01 373 1.96 95+
rocks of
ldsho Group
34badl 75.5 ldavada 12 16.6 0 <1 4.34 1.96 B9+
Voicanics
45-2E-29dbc1 28,0 Sedimentary 36 19.3 50 <1 1.87 1.96 105+
rocks of
Idaho Group
32bcel  43.0  Sedimentary 38 13.5 40.4 <1 2.81 1.96 92+
rocks of
fdaho Group
b8-2E- ibbcl 49,5 Banbury 67 18.2 0 <] 3.68 1.86 8b+
Basalt(?}
5S-3E-20adal  60.0 ldavada 12 19 0 <1 3.77 1.96 91+
Volcanics
20bbbt  27.0 Sedimentary 62 242 16.4 <1 2.56 1.96 103+
racks of
tdaho Group
26bchb2  67.0 ldavada 16 12.1 D <1 6.28 1.96 88+
Voicanics(?)
27bdd1 600 idavada 70 12.8 5.5 <1 5.47 1.86 88+
Vaolcanics{?)
28bccl  B5.0 Idavada 69 11.2 2 <1 4.01 1.96 86+
Voicanics
BS-3E- 2cbel  62.0 Banbury 67 1156 5 <1 5.83 1.95 84+
Basalt
B5-5E-20aabl1  43.5 Banbury 84 . 1B.5 0 <1 5.09 1.96 101+
Basalt{7}
BS-7E- lacht 41.0 Sedimentary 61 23.3 20.9 <1 2.62 1.96 105+
raocks of
Idaho Group
1dbal  33.0 Sedimentary 38 16.4 354 <1 2.32 1.96 80+
rocks of
Idaho Group
2cddl 34.5 Sedimeatary 38 11.6 46.3 <1 2.16 1.96 102+
rocks of
Idaho Group

1
Temperature of the water at land surface at time of sampling.
ANALYSES BY: Katherine L. Pering, U. 5. Geological Survey
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Rightmire and others {1975)
(Table 3)
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File Ne. {

Washington
District

jrr Hhe Srenra o -
Greosl Fitw o

Table Beirsesope  ancdyscs oF weler frem sehitesl wolls and zprings
- ST "TJ:—?JT"TF'{_}'-'.-','—'ZZ"5,”"6‘:':-??’5'-‘?1—,:l' T VRS
LSt ar sprng §‘2 5 150 A 180 5:’(:::,
Jocatior 7 smow| T =g —— )
Frum de ~
MO NMTHERNMIAL -
¢S5 | 2K r¥ckelS|~123 | ~ib.H |*). 45 /
85 /e 20ccali-128 | 171 |To.z0 2
95 ZE p2cbeds| -129 {~16.5 |*+0,90 3
THER M AL]
¥ IE zécbed |~ 144 |-18.2 |70.95 5
34boal {~195 | <17.5 |¥/ 8O r's
ys 2E 32bec! | ~146 | =174 [+Z.05 '4
5 2E b [ | =144 | -17.0 14225 7
£S 28 frychtf| =192 |-17.6 |tz oo g
Zbbekl | —19e {175 |"2.00 2
_ - Azsbecd [-142 |- 126 [To.90 | se o
¢S | z€ Zece / | ~154 | =17.% |*2.80 /!
S & | pgabed | =14y | -7 |FLEY /2
(5 6E | )Zecdl | 199 | -18.1 [+ 110 /3
[Gecal } =156 | ~18.1 |+e.s5 /¥
(5 72 |zedd] | -135 | ~s.0]*2.25 /5
75 5 | 70dé/ | 128 |17 6 {to.sS /&
séacal | =125 | ~17.1 | *1. 00 Vs
75 & Ghoo! {~142 | -18.2| %0, 80 /8 -
&5 GE BLdd1S|—150 | -17. 1 [t2.95 /g ]




AMAX file data - 1976
Samples W10220-W10228

Castle Creek and Grand View areas




AMAX~DENVER

LAR : PAGE _/__ of 2=
ANALYTICAL REPORT ’

pATE —ﬁ/—‘é/& REQ. NO. GOS58
anaLyst _C. M. JENSENjﬁf—_ PROJIECT “*23

TYPE sAMPLES _ GROTHERMATL WATER REQUESTED Y S Ll Al &

Sample Lab No. Na K Ca ]Mg Sample Lab No. 5105 B S04 (L1
oM I PDM PPN _DPM DD M PPM{ PPMID

0l M0 220 /0| 0.7 L0 |<ast v win2a0 732 | g ALTH L/
02 2/ LRSSl [ 3 <087 30 2/ L0 0.5 T/
03 22 Po |09 LS kas) 22 76 0.5 4 ./
o4 23 /20| 3.8\ L2 (L25 5 23 76 \O-biF2. ]
as 24 /20 | /O | fF 1<05] 35 2 B0 | spalLD ./
66 257 100 | 8.8 0.9 <o 8] 36 25~ L 10328 L.{
67 24 o0 | 23142 gast a7 264 F3 lon|F2 ./
o8 27 270 |2kl [/ |<o.5] 57 27 PO Lo al#7 L./
09 28 120 1 0.7 £/ [s0.5] 5 28 &/ |0.Al22. ./
10 40

it 41

12 42

13 43

14 44

15 45

16 46

17 | 47

18 18

19 19

20 50

21 51

22 52

23 53

24 54

o5 55

26 56

a7 57

28 58

| 27 59

30 6l)

METHODS: DIGESTION- SAMPLE IWEIGHT-

DETERMINATION- Si_O2 -, AR
REMIDKS; Li - AA
B - CARMINIC ACID

NOTE: ar i oricin.it o coples To:) 1F. DEXIECHATE __ 47 _LAKESIDE OFFICE
AMAX EXPLORATION, INC,,

12620 W. CEDAR DRIVE, 7 2ELJLROWE T _ DENVER 1.ARB
P.O. EDX C, DENVER, COLO., 80226 3. C. JENSEN AT _DENVER LAR,,ororeg

—-—2 H. OLSON LAKESIDE OFFICE




|

L

. - | ‘ . | | : . v . =; | : : / | i .3 . .

.5 AMAX - DENVER PAGE 2 of 2
ANALYTICAL REPORT
DATE -ﬁ / L /76 REQ. NO. _LoIE
awaryst C.M. JENSEN, GAL PROJECT <23
rypE sampLes  CEOTHERMAL WATER REQUESTED BY _LLLE /AR /5~
Sample Lab No. F Cl HLO3 | 03 Sample Lab No. ’pﬁ’ (47 ('Q;'?
Loc - btk i Lot AN Pl% 28A0
ol Wehp220lys-ie2%sne | L2 | f0 1 sd 141 1 31 esp 220 73162 |£5
02 A5 | 27 | 4857 [ 46 1y [ 22 2/ Z2-138 | 783
03 22| 7 28 | /2.1y g U Y AN ARV i
04 23| 2 28 | A3 U5 1y e 23 AR AN -2
05 a4 [sserasubinel /8| /4 |10 |4 |38 24 F 20| S | 2
06 2 |4s-e-3vnenu] S 143 172 14 38 25T F Al | 7L
07 24 |ssE-2tnene | /2 | g 177 U |37 YA 7/ |63 s
05 27 S et 20 | /4 72 Y] |8 27 2/ 5w |28
09 28 |ss-t€2inwsw |20 | A5 | 6] [ ML 59 28 7 255 | T2
10 : 40
12 ne o +
13 f.}\'\d &y 43
T4 44
15 15
16 16
17 47
18 ' 18
19 49
20 50
7] 54
22 -‘)-2
23 53
24 ) 54
Py 55
26 _ 56
27 57
28 58
29 59
30 60
METHODS: DIGESTION- SAMPLE IWEIGHT-
DETERMINATION-  F - SPECIFIC ION ELECTRODE
Cl - MERCURIMETRIC TITRATION
REMARKS: Pl = ELECTRON & 7RI
/‘/5’623} —- 7 BAS Cacddy
ce '
NOTE: a1 ORIGINIL TO corres ro;y 1 £: DELLECHATE A LAKESIDE OFFICE
;ewle ExP(L:csRAHON, INC., : ;E.J. ROWE 17 DENVER LAB
2620 W. CEDAR DRIVE, : - )
P.O. BOX C, DENVER, COLO., 80226 SC.M, JENSEN ATDENVER LAS

H. OLSON TAC ;
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AMAY GEOTHERMAL GEOCHEMICAL SAMPLL FORM

Spring No.

Sample No. X Ly €3

Time /2270

) b
ity State  siof:

Date

Name: sl T g Frudl Location: Co.
i

- N >, — .
TR R Sec. x4 T - R: “-sa : Km/mi. of
e
Lat.: Long.: Sampler: e 7
. _ o j'f‘ ;'_ . .
Elevation: St Quad. e s SPONC IR T L

Sample Type:

Spring (pJ), QEEI;(;7} creek, river, soil, salt,

sinter, travertine,

gas, rock, snowr—""
Description:
Water Temp. °C Y Discharge: 2870 gpm/Lpm
Ground Temp. °C Well Data: Depth ke
Air Temp. Bore
~T
Odor ~ Pump Type

Fluid Colcr

Level of water in bore

Fluid Taste 3  ~¢ 8. Type of piping
Bubbling L Artesian Head e
Boiling e Rock Data: 4
Vegetation = =7} Type (surface)
Fiuid issues from | 'cé se.¢l.. Color
Yafn Y i si
Fust o e anln size
Megascopic Minerals
Salt: Type £ ’
Quantity
Color Alteration:
Form Rx Type (at depth)
Sinter: Type ?ﬁgﬁ\z Water used for .go--s-rF = K,
Quantity T o ] Immediate area used for: ;luw?ﬁﬁé?
Color Y ef il “-""ff{ ;:
Form A artpps Quality of sample: \EE‘S“ Good, Poor
: ' Ry
Probable cause of manifestation  Auwsidl,
Property owned by
Previous and/or Current Leases

Comments:

K, 7~

SKETCHES







AMAXY GEOTHERMAL GEOCHEMICAL SAMPLE FORM

Spring No.

Sample No. X LC’/(}‘Q;3‘7 Date

/3 e

Time A-=17-7(

Km/mi. of

. /
Location: Co. r!??!&ﬂ State (géf

o2 I i
Sampler: §3AgQ{244/é{i

Name: gb& [t Mg
{fﬁtﬁi Sec. 1T T X2  R: fg, .
Lat.: Long. :
Elevation: 250 guad. oo

Spring (p),

Sample Type:
. gas, rock, snow.

Description:
Water Temp. °C

57

Ground Temp. °C

creek, priver, soil, salt, sinter, travertine,

Discharge:

Well Data: Depth

Alr Temp.

Odor c

Fluid Color (&

Fluid Taste

&

Bore

Pump Type

Level of water in bore

Type of piping

Fluid issues fram %(Z{ / P> 2

Salt: Type &)

Quantity

Bubbling %%éq Artesian Head (g0
Boiling 57 Rock Data: ‘//
Vegetation un Type (surface)

Color

anin size

Megascopie Minerals

Color

Form

Sinter: Type 00-@”@’?1

Alteration:

Rx Type {(at depth)

Water used for

Precbable cause of manifestation

Quantityv Vg T Immediate area used for:
Color Wl
Yt -
Form ZaresA Quality of sample: (E::Di Good, Poor

(e sl

Property owned by

i)

Previous and/or Current lLeases

/I?/ S~ r5

Comments:

SKETCHES







AMAY GEOTHERMAL GLOCHEMICAL SAMPLE FORM

Spring No. Sample No. X CLf/C-ﬁfIQ Date 3-;?—76? Time [35C

Name : ch,w N LIaY, Locaticen: Co.[uj@qﬁL, State 4&?
Rw S Sec. 4/ 1‘£ﬁ§ R:/é? : Km/mi. of

Lat.: lLong. Sampler f) /{7

Flevation: Quad. //, ({,/L{"CJ(W /5/‘“1 >

Sample Type:

Description:

Water Temp. °C 67%

Ground Temp. °C

Spring (p),QWell (E)l creek, river, 5011,k€é1t,441nter, travertine,
gas, rock,’ .

Air Temp.

Odor S -

Fluid Color

Fiuid Taste <

Bubbling C

Boiling o

Discharge: S0 gpi/ Lpm
Well Data: Depth f

Beore

Pump Type

Level of water in bore

Type of piping'

Artesian Head

Rock Data:

Vegetation |1

Vel

Fluid issues from

Type (surface)

Color

fQL;Lé/' Grain size
4 Megascopic Minerals
Salt: Type & '
Quantity
Color Alteration:
“Form Rx Type {at depth)

Sinter: Type <

Quantityv

Water used for _/ <o 7 v o727

Immediate area used for: /2%2¢chfivzc7

r

Cplor

Form

Prcbable cause of manifestation

Property cwned by

Quality of sample: é{jj), Good, Poor
(= ddd

Previous and/or Current Leases

Comments:

/L0 e

SKETCHES







AMAY GEOTILEMAL

GEOCHEMICAL SANPLE TORM

&

Spring No. Sample No. X [ ¢ o 3 =f Date
Name ; Ve LG ?IQ{LW Lécation: Co.{
¥
LE e Sec. n TFES R Km/mi.
Lat.: Long. : Sampler:_igl
Elevation: Quad. ‘ﬁj?f((ﬁL;

Sample Type: Spring (p)

gas, rock, snow.

Description:
Water Temp. °C G”é

. ¢reek, river, soil, salt

S (7/7’24{’2

[ ¢t

Ground Temp. °C

Discharge:

Air Temp.

Well Data: Depth 2 2C
4

Odor ',

Bore Qé/ /

Pump Type 7

Fluid Color T

Level of water in bore

Fluid Taste &

Type of piping $ lecy

Bubbling o

—
Artesian Head Ca?%éwugzj

Beiling C;

Rock Data:

Vegetation ()

Type (surface)

Cclor

Fluid issues from S?Eaﬁ KA,R,QJ
I

anin gize

Megascopic Minerals

Salt: Type {

v

Quantity
Color Alteration:
Form Rx Type (at depth}

. Vo
Sinter: Type C?2M£Ij7

3

Quantity _ /137e9n8 477

Water used for . ¢ a,cre opr

Immediate area used for:

Color G ety

&S 2
Form Cogs u—»f/éu' =
/

Frobable cause of manifestation

Quality of sample: <f§§§;,

C¢/éﬂf§f

IR
Property owned by [ d gy f}zﬂgggb,iﬁ,éahngrﬂJf Lol Ce
7 <

Previcus and/cor Current Leases

K?E F:/é -7

Comments:

SKI







AMAY GEOTHERMAL GEOQCHEMICAL SAMPLE TORM

Spring Ho. Sample No. X (/222 Date 7 Tinme
Name: k}ngtj“pq H nto HZH0 Location: Co.( e, State ggé
, 7 .
Sivil, NE See.Qy THES R ; Km/mi. of
T 7 — y )
Lat.: Long. : Sampler: C_L—j) A)@ééﬂ—(_//—d—c—é
Elevation: Quad.

Sample Type:

gas, rock, Snow.
Description:
Water Temp. °C (DG

Spring (p),[wall {(p)i

Ground Temp. °C

7 / (-«Zf;q &pt
o

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

)

Air Temp.

Odor (8]

Fluid Color (O

Fluid Taste ()

Discharge: VL

| ( zep/Lom
Well Data: Depth i

Bore

Pump Type

Level of water in bere

Type of piping

,(,_ R
Fluid issues fro E;zzéiiﬁﬁ%7§u2

Salt: Type ()

4

Bubbling - Artesian Head

Boiling G Rock Data:

Vegefation i (L&j(]g Type (surface)
<

Color

anin size

Megascople Minerals

£ 778l

Property owned by

Quantity

Celor Alteration:

Form Rx Type {(at depth)

Sinter; Type _( Water used for O

Quantity Immediate area used for: ﬁh;7¢£12w¢€
' </

Color

Form Quality of sample: <::jil Good, Poor

Probable cause of manifestation {1)Qﬂ€

Previous and/or Current Leases

Comments:

SKETCHES







AMAX GEQTHLRMAL GZIOCHEHMICAL SAMPLE FORM

Spring No. Sample No. X {.: N7 24 Date Time /o

Name: ffvmg}j{;z')QﬁjatUQZKZ

Location: Cof}?hbg_ Stategkl

NE o w Sec. %Y Tg,éS R:jé7 ; Km/mi. of
— T
Lat.: Long. : Sampler: ié'KCLu4£a4gﬁiz¢c,
Elevation: Quad. £}7§i4i<LL~J

Sample Type: Spring (p),{well (p)

gas, rock,

Description:

SNow.

creek, river, seil, salt, sinter, travertine,

Water Temp. °C 20
Ground Temp. °C

Alr Temp.

Odor C

Fluid Color T

Fluid Taste R p.
T

Discharge: S EC 7§;E)me
: = NS
Well Data: Depth s

Bore

Pump Type

Level ©f water in bore

Type of piping

Bubbling Msprai— Artesian Head

Boiling LT Rock Data:

Vegetation it Type (surface) Cikﬂzl
}L;L) Color

Fluid issues from §:E£L£.91
!

J

Salt: Type &

anin size

Megascopic Minerals

Quantity

Color

Form

Sinter; Type CEQ_GQGﬁg

Quantity Pl lptgs—"

Color HJ/ﬁzg‘

Alteration:

Rx Type (at depth)

Water used for _ s+ rz2co ALZ€§;¥‘

Immediate area used for:,<;¢4443¢;;;44}

Form W A

Probable cause of manifestation

Property owned by

Quality of sample: <§g§2, Gocd, Poor

(ede.

Previous and/or Current Leases

SKETCHES

Comments: f?z f;}f







AMAX GEOTHERMAL GEZOCHEMICAL SAMPLE FORM

Spring No. Sample No. X (/oA Date _ Time

Name: SLC_ 26 pro Location: Co.Cmuhﬁxq State,£g¢‘
IV W e Sec. A% T S  R: | gl ; Km/mi. of

Lat.: Long.: Sampler: 5 /Q‘f/«é(‘qtf/

Elevation: :zéL¢(% Quad. (1[woaAJv;k

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

Description:

Water Temp. °C C;C? Discharge: £;€§3 <:E§§/me
Ground Temp. °C Well Data: Depth (W L
, ¥
Air Temp. Bore e
= /
Odor E; Pump Type £
Fluid Color (¢ Level of water in bore AéZaﬂﬁ
y
Fluid Taste QO Type of piping 535542[
" Bubbling C Artesian Head {0 —
Boiling ) ) Rock Data: /
Vegetation = O ‘ Type (surface) (&&L@,
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L/ ]
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Cotor __puell ) o

Form Lovtirred Quality of sample: (gi:?, Good, Poor
Probabie causeyof manifestation LL)QXE;

Property owned by J7
S

Previous and/or Current Leases

= a]
ra
T
=

Comments: SKETCHES







U. S. Geological Survey, Boise ID
File Data

Analyses of well, 9S-5E-4dadl




IDAHD DISTRICT
GEOLOGICAL SURVEY

Recorded by WATER RESOURCES DIiVISION Dote
SITE SCHEDULE

Check Ona Y_F_.u_‘/ Engluh e Mutric Units
GENERAL SITE DATA {0}

Site Ident No Wl“ﬁodlzi/llufl 5'1/1‘5‘;‘5‘;01/; RG Number Transaction [_T-_LC‘E) b ™ v L"_]
5 I

wdd, deiate, moddy, veritiad

Stetype | 27§ €D M ! Mo T @*Im.zfaz - © u t M_i¥) R’r:glﬂﬁéépu

cotlacior, drain, siakhows, connecior, mwhipie, pond, turnel ur, wel field chuthad, Unthached, location nat, minimat
well shah sccurata duta

Project

No. [ 5= I' IDl‘l7191HL/l/lbi ]*l Dmvic:[ H'i‘lel [‘_] St.u[ 1= E‘ |El‘l :‘;D'u;t:“‘ Oy HEES ﬂn
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UNI ) STATES DEPARTMENT OF THE INTE R
- GEOLOGICAL SURVEY
GROUND WATER ANALYSIS

Via L¥ b :
b SiteQ / ) OUJ ;,\LC_—
Location liortain Home Alr Force Base / State idaho County -darfiiei
Latitude i Longig‘ ’ 1;ﬁ5€ﬁb' Seq.No.
Date collected'—’—}\fnu 5,.1905 Point of coll, Taty wentor izmp
Source Decn tell No, 1 Local well No. =D88H5784 —
Owner U.S5.A.F., = 9th Acro Syace Ying Water use Nonegtie '
Depth (ft) ___ ~“£22 Cased to (ft).____ Diam. (in) _ Date drilled
W.L. L Yield 240U cpn WBF
Treatment fione Appear. when coll.__ Clear

Collected by _S/Snt tatoxws; T/Sct Cole Remarks _ 3nmpled after pumping 3 vinuten

15 85 Ydadl Hoyoi2f)S5155D] o

Specific conductance

(micromhos at 25° C) 492 pH __ 9.5 Temp. (°F)___140 -
ppm epm ppm epm
Silica (5105) 78 Bicarbonate (HCOs) 53 0,95
Carbonate (COs) 37 1.23
Calcium (Ca) .0 0.04 | Sulfate (S04) 27 .56
Magnesium (Mp) .1 .01 | Chloride (Cl) 12 .34
Sodium (Na) _ 92 4.00 | Fluoride (F) 20 1.05 |
Potassium (K) 1.0 .03 | Nitrate (NO=) . 2 .60 |
e P <
- i
Ne
Total 4.00 | Total 4.13
—%
~ PPML ¢ ppm
R Dissolved solids:
Aluminum (Al) . Residue on evap. at 180° C 304
] s Calculated 309
Iron (Fe) 12
Hardness as CaCOx ?
Manganese (Mn) .0 Noncarbonate 0
Color 5
Carbon dionide (€0.) caoleulated 0

Lab. Ne. FIily 12343 Field No. Project
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UNITED STATES DEPARTMENT OF THE INTERIOR oG
GEOLOGICAL SURVEY : -

\ Dec. 1953
WATER ANALYSIS i
Halol §5753D)  9:5E HdAdad| SOWYHE L
Location At Mountain Home Afir Force Base, Idaho County E‘__gmg:g i -
Source Deen vell Depth {f) - Diam (in.)

Cased to (f1) _ . Date grilled 1561 Point of coll, _Site A, at pump
___Owner USAT, Mt. llome AFE .~

Use Dom. ,Air Cond.

Treatment

WBF Sand WL __500' Yield _100 grm
o Appear. when coll. __Clear
Ezweit(eg) May 18, 1964 By Charles Freeman
Remarks
ppm epm ppm | epm
Silica (5102} 88 Bicarbonate (HCO3) 56 0.92
Aluminum (Al) Carbonate {COz) as 1.27
Iron (Fe) : 2.3
Manganege (Mn) o .0 Sulfate (SO4) 27 .56
Chloride {(C1) 12 T
_ Fluoride (F) 20 1.05
Calcium (Ca) 1.5 0.07 .
Magnesium (Mg) .0 .00 [ Nitrate (NOj3) .5 .01
Sodium (Na) 94 4,09 |
Potassium (K} 1.1 .C3
|
Total 4.19 Total ‘ 4,15
1
ppm
* Specific conductance i
o {micromhos at 25° C) 407 i
Dissolved solids: -
Calculated 312 pH 9.4
Residue on evaporation at 180°C 281
Color 5
Hardness as CaCQ; &
Noncarbonate Q ] Carbon dioxide (COE) cale. * -1
Lab No pMy 10600 Field No. Project



UN!TEIE) STATES DEPARTMENT OF THE INTERIOR 2GW
GEOLOGICAL SURVEY Dac. 1953

WATER ANALYSIS

) < - Lruvncuw
SS-SEqutad/ o
Location Mountain Home, Idaho (Missile Base Site A) .. County __Owyhee
Source Drilled Well — ~eund Drﬂa_th (fﬁ% Diam (in.)—_ 10
Cased to (ft) 2.000 _ Date drilled 1959 Point of coll. __Missile Site A

Owner _ Mountain Home Air Force Base, Idaho
Use Domestic . -

Treatment
WBF ______ Lava rock and sand . WL. Yield 200 gpm pump - .
Temp (°F) Appear. when coll. Clear o
Collected April B8, 1963 - 1000 hours By S/Sgt, Cordell o
Remarks Field No. 6 Yoo HEA [ i pl Tl /?‘L/ : )
ppm epm ppm epm
Silica {Si0O2) 83 ' Bicarbonate (HCQ3) 56 0.92
Aluminum {(Al) Carbonate (COg3) 38 1,27
Iron (Fe) 1.9
Manganese (Mn) .0 Sulfate (SO4) ' ' 26 .54
Chloride (C1) 13 .37
Fluoride (F) 20 1.05
Calcium (Ca) 1,0 0,05
Magnesium (Mg) .0 .00 | Nitrate (NOj) : .2 .00
Sodium {Na) 92 4,00
Potassium (K} 1,0 .03 |
| T J
- |
Total } 4.08 | Total 4.15
- Al il- = e
ppm
Specific conductance
{micromhos at 25° C) 403
Dissolved solids:
Colcuiated 304 pH 9.4
Residue on evaporation at 1B0°C 303
Color 5
Hardness as CaCOj; 2
Noncarbonate 0 Carbon Dioxide (C0s) czalc. ol

. Lab. No PNW 8793 Field No. Project



UNITED STATES DEPARTMENT OF THE INTERIOR

26w
GEOLOGICAL SURVEY bec. 1953
WATER ANALYSIS . . e
S ) 4sSE Y Aaudl H24012/I1S5
Location Bruneau, Idaho (13 miles &%) !éounty Owyhee w18
Source Deep Well: well Ner—edd S ve (3 Depth (fﬁfﬁ“"?ﬁﬁ- Diam (in.)

. . Cased to (ft)

Date driiled

Point of coll. Cooling tower

__ Owner USAF: Mt, Home AFB
Treatment Use Condensing,Dom.
WBF WL Yield 50 gpm
' Temp (°F) 82 _ Appear. when coll. Clear
_L’llar h 13, 1964 B Ray lewis
Collected Sample Ccollécted by mistake; may notybe representative.
Remarks ’
ppm epm ppm cpm
Silica (8i02) 81 Bicarbonate {HCO3) 65 1.07
Aluminum (Al) Carbonate (CO3) 35 1.17
Iron {Fe) .33
Sulfate (SO4)
Chloride (Cl) 13 .37
. Fluoride (F) 18 .95
Calcium (Ca) 1.0 0.05
Magnesium (Mg) .0 .00 Nitrate {NQO3)
 Sodium (Na) 98 4,26
_ Potassium (K)
Total . Total
| ppm
— Specific conductance
{micromhos at 25° C) 415
Dissolved solids:
Calculeted pH 902
- Residue on evaporation at 180°C 313
i Color ]
Hardness as CaCQO; 2
! Noncarbonate 0
Field No. Project

! Lab No PMWO10191

9
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOQOLOGICAL SURVEY

77| PLATE |
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@ o0
N : :
— . Sample location ma Bruneau—Grand View areaq.
) G P Py

57;/ J ! (Adapted from Young et al., 1979)
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Explanation

| . v / 5 i ettt | WP g :
| / " _ [l T S ' rt;. Je R 2E. 9,0 Well, spring from which complete chemical analysis is available. ' £w
i e -~ ?_ o .
i // /_,/,Jj | /' \ Y. g C::m "‘. | Jockous “.‘ ®,0 th 1 i [ i
iy ~ Castle Creek Arer ‘ ’:? chows § L . er wells, springs, no chemical data or partial data only, not a R
| |~ / 1 4, ] /) — | mar (L SX complete representation. Ll
¥ A7 7 - 7T
= - | - T he— £ -

&8 ( j/ S \ s el ~—— ~ ‘,é) Flowing well.

< | — - 1

+ l[ ¥ e === Boundary of geographic sub-

/ //ﬁsz y geographic sub-area (see text). BRUNEAU- 3 >0
I = Ao GRAND VIEW s —rais
) ‘ ez Boundary of AMAX s leasehold. : AREA e RIVER ok TELLO
Fi

5326 Sample number, selected samples only.

INDEX MAP OF IDAHO

\Faramans |
Raserve:r

I
5l
|
Lo l ;
o _
] »
©
| , o X RTE
I'l'".. ; 1 / - "J él g
¢ ! , ¥ / §l 1157as . ~
I & 4 | ‘ i ! ‘ v \":“\\‘\ a ¥ a—
| \_- —

1\

P o——

| s - F
| s / N
|/ 4 \
! d 4 L4 ,‘1/ ‘j
W, el
4 = h N
v | /_.__,_"_,\_;_\v__q / w
" i 4 .!‘/I' T " :
&/ \ | i
a I ¢ \ R / | -
l z AN / !
I & — o~ ; g 9 By
| .'6 c:,' § pesy |
| | 1 o \ ol
3 3
[ I [~ ® { \_1
I L ue 3 % 31
!— i P L5 4 ] |STANDARD \\ |
T ‘e
I . I Toy M ! . l":. ”,_:” é I
4 l
B 7= ,, |
| g N .
L G B e e - 8 L
b .
| T I
/ i
: l / — II "-
= ] . i N5 -
| ¢ § !
1 | T N e < ; Y Y |
| — s = = 4 : -
’ ‘ ' o, A /" —~7 Z ly B / ‘ N 8 |
S~— -~ | P4 j 1.8 T
| “ il Yanys. ;o HE had Bruneau Ii
| - ] ~ : ‘ . o 4 o —8. 1 ‘
" 1“\ >t ) ” } lis f & ey & i r . H Y SOU tb ‘
S I S = | # S, A~ . FE s YV L Y SN ,
} v , / f;" o4 L l,‘ ’ | : 1»‘-: —;
l ; P y. A (l" - i
/ e ! [0 ~ il I
® A € e 4 : AT 1 /6
| — s " Rough 'Mtn. i / ’ el /(r £ 5 Pt ' ) I
I o -~ z 7;‘? “M_w_—"'ﬂﬁh\_/ jﬁv rul 4
|/ P 3 i ‘Si Y -
t N3 % ’_J/"/!v/"' e o g
k‘ / b I o
I : e, 7 P “/\/ 1 7 V_/:>j :’ c\"-/ :
! H e & e | A (. i} s /
o | d /&f;\*ﬁw ,;_/ ' by i i ’ .
@ / =~ s
2 oy ; T i 7 2 ’ "
b / - =, vy (g J g B p
| i ?\\'\ oy é’j ‘_’45:> il OW Y H E E ] .-::*!» P2 e C 0 UN/T Y /"
e 7 H +— - : — "
;. iy i : L~ P y i &
I 1 ) %_) \, “‘\ it }JE S: o !/ {f 3 = ’ /
[ ) S -
| ] K ) P — vio o 7
~ s - A s I
l # N ¢ e : Y, = i Py £
e §\.\ : ;. o oS
I 3! L I N1 Ny I3 3 3 3% M= P £ T3
Z ¥ ‘ T \" PSS Y " s
I_ / i = | ) Q»\/ o 4
- 4 " £ < <
! 4 ~ ey 2, 3
: K _ . ., € \”f:/ fu,‘_.-—' / 1 :?“.‘ \:E
| /4 —_— % 7 A e Wy r4 s :,
2 e e pm e
[ =x ':7" i o 5 ‘\/f\-:—:,_?-' i N S (/" ‘d“"’x\qz
/ = A Y B e = 3
| o LA R
- o=t { % =T I
| ¥ o 1 e AN A o S0
% =y 1 = ] o > [l Y
| N F A - / 2 [
B § - ) y
: NS P 4 3 / AN
b | =~ \ a b5 R . ol 4!’): Ha 122 2
= R ! - b Hoo R
[ E = /! » Q:"\.:—. . i o - /j ’ L‘ 5
—_— J e . i ". ~ } L\‘ ,'ﬁ_‘a. : ‘\_, { \
¥ 7 - -
¥ 7 -
T - - i -
I j \ r ‘.‘:‘;« " E -
| : 3
s ~ & .,
| X = =
73
3 - 3 .l
o o
| i
T /
| / 0 , -
.t ) (=i ‘:"'a : & & ! s ' ,/ o , i ¢
@ | fF RN
Comgr = &
g2 = T b 7 = fN
| ) < ":" : ‘ ] \\
l_—_‘___-\dl—__-_...__—-__J.._-__.—__.———_._.__—..._——-—-._.1.—._—.-——-n—-——--—_———_hJ_—— b s i — -—. — - B
R.1W. R.IE. R2E R.3E. R4E RSE ' RGE TE
ne3cr Base modified from Idaho Department of Highways County maps 16" 15 eoo’ I19as



