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SUMMARY AND CONCLUSIONS 

1. 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. 

2. 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. 

3. 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 • 

4. 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 • 

5. 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. 

6. Water composition is different in aquifers of different rocks and 
from area to area. The most common volcanic water is Na-HC03, 
with minor Ca and S04. Sedimentary waters divide into a high 
salinity Na-HC03 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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7. 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 theN 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 one zone at depth. Despite this, however, graphical 
treatment of data does not illustrate mixing trends other than 
that of point 8. 

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 HC03. The hottest 
waters also have the highest Na/K ratio, 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 • 

11. Ca and Mg probably are cantrall ed 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 l07+6°C for the entire Bruneau-Grand View area, in light 
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 SiOz 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 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 . 

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°-l30°C; temperatures of 150°-l70°C are indicated, 
but less certain. More work may be advised here. 

17. All 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 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, HC03, C03, S04, Cl, 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 camp 1 ete. 

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 
published by the Idaho Department of Reclamation (Ralston and Chapman, 
1969). 

The references above include 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 I. 

AMAX analyses of waters from the area comprise a set numbered 
Wl0220 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 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 
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 leaseholds 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 south 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 
s amp 1 ed we 11 s • 

The westernmost leaseholds, 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 10M'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 C,reek 
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 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 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.S.G.S. Circular 790 tabulatedan estimated mean reservoir 
temperature of 1072n°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 

-7-



II 
II 

901 MENDOCINO AVE . 
GeothermEx, Inc. sERKELEY,cA.947o7 . r-~------------------~----~---­

(415) 527·9876 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
II 

• 
II 
II 
IJ 

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 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). Is there evidence to suggest that the 
low-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 limited 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, 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 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. 
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All 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. 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 7S-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 volca~ic 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-HC03 type with minor but notable Ca and 504. 
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 sa~ine Na-HC03 waters from Castle 
Creek and Grand View areas in the Idaho Group sediments. These are 
notably lacking in S04. 504 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 504 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 
lower in the sedimentary aquifers. This is only partially true. The 
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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 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 

*All 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 avera 11 
dilute Na-HC03 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 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 teactions 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_ 
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 Band D). 
Water 6414 has the highest observed temperature (54"C) in the Little 
Valley 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 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 Cl and the ratio Cl/F as well as rela­
tionships shown on figure 1. 

Whereas the ionic ratios expressed by figure 1 are quite Slml­
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) oc meg/1 feet major/minor 

83 9.9 2,970 Idavada 
basalt 

volcanics/Banbury 

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

71.5 9.7 2,570 Idavada volcanics(?)/ 
Banbury basalt(?) 

84 10.5 ? unknown 

Little Valley 

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

6518ccb 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 
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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 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 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 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 limit 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( 1) 
having cation temperatures above 100°C • 

PC NaKCa ( 4) 
Surface 

Area( 2) 
Sample Temperature, Beta= Beta= 

gpm(3) No • oc ICa/Na l /3 4/3 Flow, 

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 llO 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 l13 F 
LV 757 39 6.57 199 llO 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 l170(P) 
LV 7528 34 6.36 199 llO 1300-1540(P) 
BS 769 50 1.45 131 l15 120 
BS 863 39 5.53 182 105 130-160 
LV 6518 27 2.27 169 130 NF 
LV 6529 32.5 3.52 161 106 F 

(1)All 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). 

(2)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 • 

(spring) 
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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 Si02 
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 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). 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. 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) • 
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Table 3. Chemical geothermometers of waters from the 
north end of the Little Valley area and related 

Grand View waters • 

PC Si02 PC NaKCa Sulfate-water 
Sample oxygen isotope 

No. PC QTZ CHAL AMOR I I rCa/Na s-1/3 S"4/3 I Toe 

Grand View 

5326bcb1 83 143 

5326bcb2 67 137 

5335ccc1 71.5 137 

5323cc 84 143 

Little Valley 

6414abc 54 157 

6518ccb 27 148 

6529dcc 32.5 148 

755dbc 32 122 

QTZ = quartz, conductive 
CHAL = chalcedony 
AMOR = amorphous silica 

116 

110 

110 

116 

133 

122 

122 

93 

22 1.51 106 91 95 

17 1.28 104 95 

17 1.70 74 92 

22 1.09 105 101 

35 2.34 142 107 103 

26 2.27 169 130 

26 3.52 161 106 

3 3.82 175 113 
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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 Nz and Oz, with 0% to 50% methane (CH4) • 
No COz or Hz 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 Nz and Oz 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 Nz/Oz = 2. 

Figure 5 shows N2/0z 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, N2 + 02 is at least 50% by volume 
of the total gases present, the rest being methane. In 16 Nevada­
Oregon gases N2 + 02 is also at least 50%, the rest being methane and 
C02. N2/02 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 should 
be noted that the lowest N2/02 of column A, figure 6 is Mickey Spring, 
Oregon, which is boiling and has chemical temperatures of 170°-200°C. 
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FIGURE 5. N2;o2 versus temperature in gases 

from the Bruneau-Guard View area wells.** 
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DISCUSSION 

Only in northern Little Valley can temperatures of 150°-l70°C 
be supported by critical analysis of geothermometry, aquifer composi­
tion and other factors • 

Elsehwere, maximum temperatures of ll0°-l20°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 localities 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 resampling of known wells for major cation­
ani on 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 little 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 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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Littleton and Crosthwaite (1957) 

(Table 1) 



I • •••••••••••••••••• 

Woll Da.tS or 
No. collection 

~e-:rE-2aa.1 Nov: 24,1953 
-l3a.dl ..••• do •••••••• 

68-3E-llcc2 ••••• do .••••••• 
-13acl ...•• do .••••••. 

68-.51!:-z.tdbl {Nov. 23, Hlti3 
Aug. IIi, 1922 

·-.Uddl Nov. 23,1953 

.-29dcl {Nov. 24, 19ti3 
Aug. 1,11m 

,-36ddl {Nov. 24,1953 
Aug. 111, 1922 

7S-iE-12bdl Nov. 23,1953 

124dcl rov. 23, 1953 
Aug. 7,11122 

?s-o:E-11ba.2 Nov. 24,1953 
Aug. 1,1922 

-7abl Nov, 23,1953 
-7ab2 {Nov. 24, 1953 

Aug. 2,11122 
-8bb1 Nov. 24, 1953 
-9ddl ••.•• do ...•••.. 
-18bcl ••... do ..••.... 

78--6E-7asi rov. "· "" Aug. lti,1922 
-9bal Nov. 23, Hl53 

Aug. 9, 1922 
-9bs2 Nov. 23,1953 
... J6odl rov. 23, 1853 Aug. 11,1922 

'"2ldb1 Nov. 23, Hl63 
Aug. 11,1922 

--I rov. "· 1853 Aug. 11,1922 

--23dcl Nov. 23,19113 
Aug. 11,11m 

-27M1 Nov. 23,1953 .. 

TABLE 1.-0kemicaZ analyses of artesian tvater in the Bruneau-Grand View area, Idaho 
[Chemical constituents In plU't! per mllllon. Analyse! by U, 8. OeologicoJ Survey] 

Dissolved 
solids 

Tern- M,... Po· Car-

"''" Slllca Iron Cal· no· Sodl- '"'" 'Blear- bon· Sul· Ohio- Fluo- Nl· Bo-
ature (BIOJ) (Fe) clum slum urn slum bonate ,,, late ride ride trate <on Partg Tom 
("F) (Ca) (Mg) (Na) (K) (HOOa) (CO a) (S01) (01) (F) (NO,) (B) P" "" mil· acre-rt 

Jlon 
-------------------------

126 81 o. 02 2.4 0.' " 1.0 H>l 37 22 12 14.0 0. 4 o."' 201 0. 395 
80 " .22 13 2. 7 278 28 710 39 1.0 12 1.2 • 8 .76 825 1. 121 
ll4 110 ------ 3. 2 1.2 " 128 " " 16 11 1. 6 "" . 447 .. 10 .00 56 4.7 "I 6.3 216 ------- 65 10 •• 1.3 .05 334 • 454 
77 00 ...... ... . ' lOI '" . ...... 35 13 12 3. 6 ······ 356 ... 84 

" 87 ,10 6. 0 1.6 106 185 0 32 12 "if"" ""iii"" 370 . til5 

" 77 ,00 3.6 • 5 . 100 I 3.1 141 """"""" 38 12 .28 321 . 436 

" 103 """""" I. 8 • 2 " 118 ······· 52 17 18 • 6 ------ 336 . 457 
00 " .10 13 . . ' " 140 0 73 15 ------ 375 • 010 
71 82 --···- " ·' 87 160 ------- " 13 6.0 2. 2 ------ 341 . 4113 
71 71 .05 ~-0 •• 75 161 0 113 13 343 .166 

" " .01 • 2 541 10 106 ------- 30 8. 0 7.0 . 6 ··:i5" 251 . 358 

" " ------ 6. 7 • 3 60 102 ------- 22 11 10 .8 ·····- 222 . 302 

" 
., .16 8. 8 1.6 52 102 0 16 " ------ ------- 245 .333 

" " ------ 16 l.8 75 123 ------- 68 12 7.0 I. 0 ------ 282 • 383 
00 113 .20 21 2. 0 75 132 0 82 11 ··:oi· 328 . 445 

102 88 .06 6. 7 1.2 521 7.6 100 ------- 20 8. 0 10 . 7 '" . 326 
73 78 ------ 7.1 I. 8 53 100 ------- " 10 6. 0 • 8 ------ 228 .310 
73 80 .60 7. 6 .I 52 100 0 31 10 "Ti-- ------ 244 .332 
73 70 ·····- 7. 8 • 3 58 105 ------- 23 10 8.0 216 .291 ., 82 .02 5. 2 • 7 !JI 7.0 115 ------- 20 7. 0 10 l.O .12 278 . 379 ., 00 .32 6. 4 .I &3 108 ------- 18 8.0 8.0 .8 .08 2ll4 . 100 
00 116 ------ '· 6 

2. I 78 " 41 " 12 12 .1 ...... "" . 106 

" " .08 7. I l.O " 56 34 22 11 -····· 282 . 383 
120 118 -····· 4. 0 1.4 100 127 25 31 12 22 . 2 ······ 370 . 503 
122 84 ...... 6. 4 l.6 " 1M 0 " lO "2i""" ··:iii" 352 '478 
120 89 .04 2. I 1.4 100 1 2.' 111 21 30 lO .5 271 .368 
100 80 ------ lO . 8 55 117 ------- 20 8.0 7. 0 1.6 ...... m .302 
100 71 .05 10 1.0 " 112 0 23 8.0 ------ . ' ...... 245 .333 
lot "' ...... 7 •• 1.1 63 114 ------- 21 10 12 • 8 ·····- 236 . 321 
106 71 .1>1 7.' 1.0 54 100 0 20 13 ------ 238 . 323 
115 .. ------ " 2.1 58 122 8 21 11 7. 0 1. 6 ...... 261 . 355 
116 88 .22 " 2. 2 48 120 7.' 21 8. 0 ...... ----··· 256 .3<8 
105 8<J ...... 11 3. I 47 137 ------- "· 8. 0 •. 0 1.9 ...... 234 . 318 
110 " ·····- 16 2. 6 48 132 0 " 8. 0 ...... ·" 254 . 345 

7117 75 .00 8.1 l.2 "I 6. I 110 ···---- 17 8. 0 10 1.3 .21 237 .:m 

Specific 
conduct-

Hard- Per- """' "'" omt (in ml- pH 

" 
,,. crombos 

CaC01 dlum ,, 
25QO) 

------- -
8 95 395 8. I .. 88 1, 200 8. 8 

13 ll4 418 8. 0 

'" 35 11!5 7. 5 
15 " 505 " 22 " -----·---- ----
11 " 455 7 .• 
13 " 425 7. 8 
36 85 .......... ----., ,. 100 ., 
" 70 ---------- ----16 80 "" 7. 5 
18 88 271 8. 0 

" "' ---------- ----
" 78 102 7.2 
61 73 ---------- ----22 78 ""' 7. 0 
37 75 200 7. 8 
21 85 ---------- .... 
21 86 271 7. 3 
16 83 200 7. 6 
18 71l 271 8. 2 
23 88 337 8. I 
23 87 ---------- .... 
16 " 161 8. 1 
7Jl " ---------- ----12 83 118 •. 2 ,. 81 282 7. 6 

" 7V ·-·-····-- -·-· 
25 84 ., 8.' 
22 84 ·········· ···-.. 71 311 8. 6 
17 " ---------- ---· 

" 65 286 8. 2 
51 57 -------·· .... 
28 76 287 7.' 
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Ralston and Chapman (1969) 

(Table 2) 



••• •••••••••••••••• 
No, Location5 

lN 4W 12~<::1 

15 JW lObel 
IS 211' 7cd 
IS 2W l8Jccl 
ZS 211' 3llal 

25 211' 2bccc 
25 2W 27Jui 
25 2\'1 36bd1 
35 2W 36JJ l 

10 35 lW 4Jcl 

II 35 1\'1 36JJal 
12 45 Ill' 36aJcl 
13 45 H: 28bdl 
14 45 IE JOI>bl 
15 45 ~~ 3bbl 

H> 45 2E 
17 45 2l 19~~ 

18 55 IE 2lclll 
19 55 lL 24.:tcl 
20 55 2E lJJ\ 

21 55 2E l3aJl 
21 55 3E 28bc I 
B 65 3E llccl 
24 65 3E 13acl 
25 65 3E 34cJ 

26 65 SE 24Jlll 
27 65 SE 24Jdi 
28 65 SE 29dcl 
29 65 SE 36Jdl 
30 65 6E 13abc 

JJ 75 4l 3JC 
02 ~s 4L J~bJI 

.l c 4L 2~-k I 
J-1 _-,[ 5L•.J 2 
J5 75 5[ 7~bl 

36 7S SL 7ab2 
37 75 SL 8bbl 
38 75 Sl: 9Jdl 
39 75 SE 18bcl 
40 75 6E 7aal 

41 75 6L 9bal 
42 75 61:; 9ba2 
43 75 Ol 16cdl 
44 75 6[ lldb1 
45 75 bL 2Jca 1 

4t> 75 61: 23Jcl 
47 75 6E 2hal 
48 9S sc 4 

LJ.1te pll Temp. 

1- !4 -68 
~- 2 s -6 8 
J-1 Cl-68 
3-1 G-68 
2-2 ~-68 

. 4 104 
, OL 69 
6L ll4 

. 4 L 83 
g 82 

11- 7-50 
11- 7-50 
4- '3-t>S 
4- :' s -68 
1 ()·68 

~- 2S -68 
.j .!~.>-68 

3- 19-68 
J-lJ-68 
J- 1-68 

4-:o-68 
4- S-63 
~- C-68 
4- 5-68 

11- 4-53 

11-24-53 
3-1 J-68 

1 1--4 53 
11 :.J -53 
10- IJ8 

7.1 
7. 2L 
7. 2 

7. 
7 '6 
7. 6L 
u 
8. 6L 

'6 
10 '0 
9.1 
B, 
9 

8.8 
8.0 
g' 0 
u 
7. 0 

11- 3 53 8.3 
11-353 79 
11- J 53 7.8 
1 1- -53 8. 2 
10- -68 8.3 

ll- 5-t>7 
11- :1-53 7 's 
11- 3-S 3 B. 0 
U- 1-53 1.2 
11- "1-53 

11-2-i-53 7.8 
11-2-i-53 7.3 
11-24-53 7.8 
11-24-53 8~2 

11-24-53 9.4 

11-23-53 9.1 
11-23-53 9.2 
11-23-53 7.6 
11-23-53 8.2 
11-23-53 8.6 

11-23-53 8.2. 
11-23-53 7. 
4- 3-63 9. 

90 
55 
80 

70 
60 
64 
59 

170 

58 
178 
146 
150 
116 

BO 
149 
94 
64 
86 

77 
94 
94 
71 

lOS 

92 
99 
59 

101 

73 
73 
92 
92 
90 

110 
110 
I 00 
104 
115 

lOS 
117 

(a) Sodium and rot.>Ssiurtl 

Total 
Disso 1 ved 

Solids 

280 
lS8 
330 
100 
220 

515 
314 
m 
148 
444 

174 
168 
250 
l3l 
135 

398 
320 
lSl 
250 
191 

m 
190 
329 
334 
29a 

356 
311 
336 
341 
920 

119 
264 
l22 
282 
140 

228 
116 
179 
294 
199 

370 
171 
l22 
236 
161 

134 
m 
303 

Alkalinity 

" CaC03 

152 
110 
156 
104 
140 

so 
58 

154 

64 
71 

176 
106 
160 

108 

84 
82 

120 

212 

Hardness 

" CaCOJ 

52 
188 

12 
10 

198 
101 

40 
82 

170 

86 
116 

64 
114 
100 

144 
3 

40 
40 

8 

44 
172 

13 
159 
102 

15 
11 
13 
49 
40 

146 
16 
18 
47 
22 

37 
21 
16 
lB 
23 

16 
12 
19 
25 
44 

ss 
28 

2 

CaldUIII I c. 

8 
56 

64 
30 
16 
19 
54 

33 
45 
16 
40 
15 

69 
LO 

14 
3 
2 

13 
32 

3.2 
56 
29 

4 
3.0 
4.8 

19 
16 

40 
5' 0 
6.7 

16 
6.7 

7' 1 
7.9 
5.2 
5' 4 
s '6 

4 
2' 

10 
7.9 

" 
17 
9' 1 
LO 

T A 8 L E 

WATER QUALl'N ANALYSES 

~!agnes. I 
"' 
B 

12 

I 
1 
5 
6 

10 

17 
'2 

1 
8 

0' s 

2.7 
23 
Ll 
u 
7 

11 

'9 
'5 
'2 
's 

,2 
,3 

L8 
u 

4.8 
,3 

'7 
'4 

2' 1 

L4 
L4 

'9 
L4 
2' 1 

3' 1 
L2 

Ions in Parts Per Million 

lmj "'"''"tdl~ J C>lo<id] Solf"' J Fe Mn Na Cl S04 
- -----

0.02 
0, OS 

,19 
,23 
,08 

,04 
'04 

0.05 
0 .OS 
0 .OS 

0. OS 
0. 30 

,23 
0.03 
0.09 

0. 20 
, OS 

0.09 
0 OS 
0. 02 

,22 
0. BO 

0.08 

2. 70 

,01 

,05 

,03 
,32 

'04 

L9 

0.05 
0. 30 

0.05 

0.07 
0.06 
0. 20 

0,09 
0.07 

0.08 
0.05 

0.20 

0. 06 
0 '02 

0. 20 

10 
32 

110 
66 
75 

12 
66 

" 
52 
22 
63 

8 
85 

110 
84 
35 

" 91 

278 
75 
98 (a) 
42 
32 

104 (a) 
100 
97 (a) 
87 (a) 

lBl 

80 
54 
60 [a) 

· 75 (a) 
52 

53 (a) 
SB(a} 
57 
so 
78(a) 

109(a) 
100 
55 {a) 
63 (a) 

4B (a) 
51 
92 

4 
4 

15 
s 

16 
13 
10 
7 
4 

10 
21 
s 
2 
6 

15 
5' 0 
s 

15 
12 

12 
s 

16 
10 
s 

" 12 
17 
13 

11 
11 

g' 

10 
10 
7' 0 
B. 0 

11 

11 
10 

9 0 
10 
11 

9 
13 

14 
58 
so 
43 
35 

230 
51 
92 
38 

102 

37 
17 

115 

" 47 

152 
25 
24 
39 
22 

8 
19 
65 
47 

35 
38 
51 
69 
49 

90 
30 
22 
68 
10 

39 
23 
10 
lB 

" 
31 
30 
10 
21 
11 

19 
17 
26 

. 9 

Ni""'] No3 

1 4 
0, 1 

's 
'7 

OS 
4 

6' s 

L5 
L8 

10 
0 

'8 

,0 

'2 
0. 9 
L2 

4 

,8 

L5 
L3 
0, s 

6 
9 

,6 
2 2 
4.4 

'4 
,5 

'8 
4' 0 

. 7 

'8 
L2 
LO 
'8 
,l 

'1 
's 
,5 
. 8 
,6 

'9 
L3 
'2 

Phosphate l 
Po4 

0.08 
0. 04 
0. 01 
0. 11 
1.04 

0. 32 
005 
0. 30 

0.04 
008 
0.10 
0 56 
0. 56 

0.14 

0.06 
0. 04 

0. 09 

0.11 

Flu~ride l co 3 ~ Hco 3 

1. 90 
0 71 

22 20 
20 00 

1 so 

0 
L 
0, 72 
0. 46 

65 

01 
06 

,85 
0. 39 
2.30 

l. 65 
9' 2 
l. 70 
l. 60 

14.0 

L2 
20 60 
14 

'9 
069 

12 
24 
18 
5,0 
5. !JS 

7' 0 
10 

7 
10 

5 
8 

10 
9.0 

12 

22 
14 

7,0 
12 
7.0 

4,0 
10 
20 

'" '" 190 
127 
170 

61 
70 

" 
78 

" 115 
129 
195 

131 

101 
ISS 
141 

749 
146 
152 
115 
258 

185 
141 
118 
160 

106 
102 
100 

100 
lOS 
115 
108 
100 

151 
135 
117 

'" 130 

137 
110 

"' 
0 6 
3' 2 

"' 7 1 

0,8 
3.7 
u 

L9 
LB 

'4 
'0 

4.1 

9, 
20.0 

2 s 
LO 

7.8 
ll. B 

'4 

11. 8 
13.1 
ll. B 

s '4 
11.9 

9.1 
s '9 
6.2 

,7 
8 

3.7 
S,S 
6.2 
5.2 
7' 1 

I J. 9 
12.9 
4.5 
S, 

3' 

2. 
4.1 

25, 
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TABLE 3 

CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS AND SPRINGS 
(Chemical constituents in milligrams per litre except where noted.l 

= 1 u~~~ JtJ ~-i ~ .. u .. .. .., 

il 
2 ~ :; i: -~ 5 ~- ~ .~ g .. • .[~ ~ 

W•ll or 1pring ~ ; a 0 "tl :0 ~ N 5 1:: 5 'i:i Ji ,.., g - ~ ~ ::-;} ~ -~ • + ";. 
identification & 'O."'g :: ~ 'tj .... .~ o ] -;; ~<r. 'ti-;; Z- 5 B "f;!; ..:! ~ ~ o ..2 = g _ ·E ;i :; 

number ~.;:..!!! C 8 C ~ ~ 0 U ~ ::>: ~ ~ ~ ~ ~ iii=. U ~ :;:( :; ~ ~ i3 :=. ;::;:: .!::. ~ ~ ;::: ii:" 
- . 

~ 

~-
~~ 
J;E 
0 0 

;§! 

3S-1E-35dac1 
4S-1 E-25ccd1 

26abc1 
29ccd1 
30bdb1 
34bad1 

4S·2E-29dbc1 
32bcc1 

&S-1 E- Jaab 1 
. 10bdd1 
2\cbd 
24acd 1 

300 

1.700 
3,040 

350 
2,960 

1,000+ 
2,704 
1,900 
2,960 

660 
3,120 

5S-2E- lbbcl 1,800 
2cda1 2,460 
Sbcdl 2,009 

13adal 1,748 

5S-3E-14cbb1 

!Scbal 
20adal 
20bbbl 

22aad1 
25bbb 1 

2,300 

1,620 
2,420 

1,300 
1,320 

SS-3E-26btb1 2,970 
26bcb2 2,970 
27bdd1 2,900 
28bcc1 2,540 
35ccc1 2,570 

5S-4E-34ccb1 356 

5S-5E-33bbdl 250 
34ddd1 885 

6S-2W-1 4cba 1 S 

73/1/24 
73/7/24 
7316/B 
73/6/5 
73/7/23 
7317/9 

73/7/27 
7317/9 
73/7/24 
73/6/5 
73/6/6 
73/7/9 

7317/9 
73/6/7 
73/6/5 
73/6/12 

73/7/23 
73/6/21 
73/7/13 
73/7/23 
73/6/22 
73/6128 

73/6/7 
73/6/8 
73/7/13 
73/5/31 
73/5/31 

55.0 
0.01 120 

.01 96 
3.3 83 

57 
91 

.02 1[!0 

.05 110 
- 120 

2.7 83 

.81 77 
4.5 89 

.OS 77 

.02 89 

.17 110 

.01 110 

.14 a 1 

.01 130 

- 110 

.01 110 

.01 140 

.01 98 

- 110 
- 100 

98 
- 100 

73/7/20 94 
73/7/31 40 

73/7/31 87 
73/7{3 0.06 30 

43.0 
2S 
13 

1.2 
33 

1.0 

21 
5.8 

27 
2.2 
1.3 
1.1 

1.7 
9.9 
5.2 

13 

2.4 
22 

1.1 
42 

" 30 

9.9 35.0 
2.9 310 
2.8 250 

100 
3.2 7.9 

" 
6.9 330 

.7 150 
1.3 260 

100 

100 

100 

0 86 
2.0 250 
1.1 150 
2.S 260 

0 91 
5.7 280 

.1 85 
3.9 230 
3.4 250 
8.7 200 

2.1 0 110 

1.5 .1 1\0 
1.4 .1 B 1 

.B a 97 
2.2 0 100 

85 7.8 83 

86 65 170 
29 12 190 

5.6 H 8.2 

6.0 
29 
29 

.8 

3.1 
.8 

24 
8.5 

29 
.7 

.7 

1.3 

.6 
22 

6.7 
28 

.8 
20 

.7 

" 18 

16 

1.7 
1.5 

.9 
1.3 
1.1 

246 
952 
763 

" 129 
72 

1,010 

383 
787 

63 
57 
82 

" 675 
223 
767 

66 
886 

27 
703 
683 
528 

22 
35 
63 

27 
54 

12 227 
6.9 425 

2S 625 
2.0 28 

202 25.0 7.7 
781 5.5 25 
626 3.6 13 

51 142 39 12 
lOS 10 2.7 

46 136 40 13 

B28 4.5 31 
0 314 5.2 17 

645 7.2 18 
49 133 42 13 
50 130 42 13 
39 • 132 41 14 

59 
0 

75 
0 

42 
0 

61 

64 
55 
39 
67 

" 

136 
554 
308 
629 

124 
727 
124 
577 
5GO 
572 

7.1 16 
3.4 25 
8.1 20 
3.2 30 

10 18 

5.4 36 
6.4 15 
6.7 30 
4.0 38 
5.5 28 

125 62 15 
120 64 15 
124 12 17 
134 9.8 15 
126 72 16 

2.1 0.01 0.07 
.6 ,02 .25 
.6 ,01 .16 

12 0 .01 

.3 .01 .10 
13 0 0 

.3 0 
8.7 .70 
.s 0 

15 0 
15 .as 
15 .78 

.07 

.22 

.01 

.01 

.01 

15 
6.4 
8.6 
1.5 

.36 0 

.01 .OS 

H 0 
1.3 

19 .09 

.5 3.6 

.7 .02 
~ 0 

.04 

.10 

.05 

.17 

.01 

.13 

.04 

.12 

305 
989 
786 
333 
181 
339 

1,020 

499 
853 
336 
317 

344 

288 
742 

"' 828 

302 
950 

313 
806 

812 
733 

15 
14 
20 
21 
15 

.01 .02 391 

.03 .01 380 

.25 0 z'79 
0 .02 324 

.01 .OJ 391 

186 240 18 1.7 0 .03 654 
0 349 450 50 .6 5.3 1,100 
0 513 12 24 .6 .33 691 
0 23 8.5 6.3 .1 2.3 .06 86 

Hardne~s 

n, (; 
2: "" u 
~ ;: u 
Q~ ::; li1l 

Chernic.1l c~~~l,t;;-;-;;-;-;--
~ .:. 

1 
in mtcr09tam1 I'" -litr~ 

lli 
8 ~ ~- .----IJ~-~ 

E !::!:!:. ~~'"' - > " - .. - .. - ·- ,_. ~ 

~ [ ~ :r ~ ~ ~ ~ ~ ~- . -'I -l~-_.:. ~ ~ ""= ~ ... .X ~l_~ ~_l ~~ ~ i_~ 

0.41 150 
1.35 74 
1.07 44 

.45 

.25 96 

.46 

1.39 

.68 
1.16 

.46 

.43 

.47 

.39 
\.0\ 
.67 

1.13 

.41 

81 
17 
73 
6 

33 

18 
43 

1.29 80 
.43 3 

1.10 120 
1.10 61 
1.00 110 

0.53 
.52 
.38 
.44 
.53 

33 
86 
B1 
98 
15 
98 

B1 
92 
84 

97 

98 
98 

86 
0 90 

0 93 
88 

97 
86 
98 
18 

B1 
77 

97 
98 
97 
98 

98 

.89 240 58 41 

1.50 490 140 43 

.94 120 0 7J 

.12 20 0 44 

1.3 
16 
16 
25 

.4 

27 

16 
16 
13 
19 

" 26 

IB 
19 

16 
17 

440 
1,420 

\' 160 
476 
220 
453 

1,390 

699 
1,230 

514 
.S8 

463 

423 
1,100 

648 
1,260 

16 419 

14 1,260 
21 396 

9.1 1,330 

14 I ,280 

8.2 1 '120 

21 

13 
18 
30 
30 

530 
529 
403 
437 
551 

2.3 845 
3.~ 1,650 

7.5 1 '100 

.8 91 

1.8 
7.3 
7.3 
9.2 
8.9 
9.2 

7.4 
8.8 
7.8 
9.3 
9.2 
9.3 

9.8 

9.3 
7.6 

9.6 
7.3 
9.6 
7.2 
7.3 
7.1 

20.0 
30,0 

27.0 14 

70.0 22 
16.5 20 
75.5 29 

2B.O 
43.0 
32.0 10 
64.0 44 

65.0 30 
64.5 29 

49.5 

36.5 

42.5 

23.0 

58.5 
15.0 
50,0 

27.0 
25,{] 

1 B.O 

9.3 83.0 
9.3 67.0 

9.4 60.0 
9.4 65.0 

9.3 71.5 

8.3 27.!l 
7.2 22.0 28 

7.5 25.0 10 
7.1 11.0 

GO JQ 
l,OQIJ HI 0 

780 71 [] 

150 Ill 

20 11.1 

150 lfl 

6?0 G.l" 

1,000 2\>0 

800 /1)(] 

160 10 
170 I 0 

150 rJ 

1,100 I 0 
1,200 ),1[] 

990 250 

1.200 no 

1,100 I 0 

1,100 I DO 
780 0 

790 7:'0 

1.200 ~sn 

BOO ~·HI 

5 70 ~0 

550 3D 
BJO 0 
6i'O 20 

sr,o 4n 

130 HO 

300 2JO 
700 ~-10 

3o a 

0 

0.6 
) 

] 

.3 

.3 

.3 

.1 

0 

.3 

5 
.2 
.I 

2.1 

.2 
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TABLE 3. Chemical analyses of water from selected wells and springs. (continued) 

= 1 H L ] h ]f'"" ' . . ' ~~~ .2B .!l ~M; ~:; ~u ~ j c:; &. 

'ne.:s Outmic.l con<11IU~Otl 

In mierour•m• IH• litre 
--,--

'i]t g ~i ~ E 2 .!l i- 0, ~~:; ~! 1'~ 0M ,g r.!2 Bo; EU 
W•ll or spring ! ~ "5 ~ • l r,. ~ 'i ~ ·~ .8 &' j M :§ u ! - ~ i ~ • ]. { 3 > & u lO ~ E ~ ~ ~ :0:: - ~ '?... ~ e ~ ~ 
ldllntlllcatlon t "tl .!l j .. .£ 0 ·u- ij,- ·--;; B- u ... 0 ] tl ~ o"' ~- ~ ·E N 5 .!:! ~ u g ~ .:! :;;; c - B ~ ~ ~ Iii -; ~ i: - ~ -;;-. 

oom"'' ~~~ d8 ~~ "'" ;J~ ~~ h ~~ ~" ~s <• ""' oQ E ~g H ~~ ]~ • ~ H ~l 1! "-"' H ~~ s§ s~Jl~_ 
SS-1 E-32bba IS 
SS-3E- 2cbc1 

2ccc1 
4bcc1 
Scacl 

9acc1 
\!dad\ 

6S-4 E-14abc 1 
1 Bbccl 
25bcc1 
35cda1 

6S-5E-10ddd1 
\Bccbl 

SS-5E-20aab1 

3,050 
1,940 

1,680 
3,600 
1,425 
1,400 

1,905 
455 

1,750 

955 
1,667 
2,960 

24bca1 1,095 
24ddb1 1,938 
29dcc 1 1.~60 

35m\ 460 

SS-6E-12ccd1 990 

19ccd\ 913 
19dbd\ 1,092 
32bdd1 1,402 

73/7/12 
73/5/31 

73/7/6 
73/6/4 
73/6/4 
73/S/4 

7317/25 

45 
99 

1.6 100 
- 110 

94 
3.7 130 

- 120 

73/5/30 3.3 140 

73/6127 2.3 44 

73/6/26 .20 73 
73/6/26 96 

73{7/5 .01 7B 
73/B/26 - 120 

73/5/30 o.o1 5S 

73/6/25 .01 89 
73/7/25 7S 

73/7/5 .01 120 
73!7/19 73 

73/7/6 - 120 

7315/22 .01 88 
73!7/18 84 
73/6/25 .06 87 

6S·7E- hcbl 1,000+ 73/8/1 .01 73 

ldbdl 1,050+ 73/8/1 .02 72 
2cdd1 1,350 73/6/25 .01 75 

Bbbal 365 7317/26 87 

7S-3E- 4~cd1 804 73/6/B 1.6 94 

37 

1.2 
1.2 
1.6 
4.6 
3.6 
5.6 

5.0 

58 
41 

4.6 
2.6 
3.9 

8.5 22 
120 

.1 110 

0 110 
59 

.1 97 

.3 86 

.1 110 
4.6 38 

2.3 95 

'1 4 7 
.3 120 

.1 100 

4.7 0.1 110 

J.s a 12a 
2.8 0 99 
7.1 .3 87 

38 3.3 54 

10 
3.0 
2.3 
3.1 

.6 180 

93 
94 

.1 94 

7.0 .6 260 

8.1 1.2 250 
5.8 .5 210 

26 17 240 

51 2.8 31 

1.6 
2.8 
4.0 

6.4 
3.4 
8.1 
6.1 

4.7 

4.7 
13 
8.9 
4.3 
7.3 

5.6 
4.6 
1.3 
6.3 
8.6 

15 
3.1 
1.9 
3.1 

126 
86 

120 
58 
78 

157 

"' 
10 

110 
129 
96 

159 
93 

198 
1<9 
111 
117 
166 

493 
94 
87 

131 

8.0 614 
8.2 585 

7.S 524 

31 530 

15 214 

52 
37 

74 
12 
15 

74 
0 

0 

19 
15 

18 
21 
10 

0 
19 
24 

103 35 

-+57 45 

160 27 

21 0.5 0.56 0.01 

19 17 .01 .02 

18 17 .OJ .01 
17.1 42 11 12 0 .02 

84 20 9.7 11 .08 .01 
170 42 

127 JJ 

11 9.1 0 .06 

11 11 .03 .12 

140 65 

180 58 
106 190 

79 24 

162 24 
118 52 

19 
9.1 

14 
9.0 

15 
20 

192 3,7 17 
157 28 13 

121 35 11 
103 42 15 

136 66 11 

404 3.6 19 
109 38 10 

111 28 10 
122 28 11 

24 .02 

.7 1.3 
3.9 .23 
8.0 

29 .04 
13 .13 

.06 

.01 

.03 

.04 

.01 

.03 

24 a o.o4 
21 a .o2 
25 0 .05 

19 .as .04 

6.9 .17 .02 

5.9 3.a 
26 ·.01 

u ~1 

27 .01 

.07 

.01 

.01 

135 

399 
374 

396 
253 
404 

350 

452 
332 
497 
145 
371 
388 

3<1 

380 

317 
359 

304 

"' 317 
314 
327 

504 3.4 62 4.4 0 723 

480 3.6 79 3.2 .02 716 

431 2.8 56 7.6 .30 .al 628 

435 250 17 .7 .a1 .04 931 

176 36 7.2 1.7 .02 .02 346 

0.32 130 

.54 J 
,51 
.54 
,34 11 

.55 9 

.48 15 

.Bt 13 

.45 160 

.68 110 

.33 12 

.50 8 

.53 10 

0.45 12 
.52 9 
.44 
.49 19 
.47 110 

.83 

.44 

.43 

.44 

27 

.98 20 

.97 25 

.85 17 
1.27 140 

.47 140 

24 21 
0 98 

97 

95 
0 89 

0 91 
89 

93 
33 

" 81 
95 

91 

93 
95 
96 
88 
so 

89 

95 
96 
94 

0 8 

30 
16 

" 7.8 

14 
9.8 

13 
1.3 
3.9 
5.9 

19 

14 

344 
599 
504 

530 
320 

518 
433 

583 
481 
701 

173 
508 
510 

14 562 

17 509 

16 418 

B. 1 435 
2.3 462 

15 
15 
17 
14 

843 
m 
411 
413 

7.1 

9.1 

9.2 
9.4 
8.6 
8.8 
8.9 

9.4 
7.3 

7.8 
8.5 ,_, 
7.6 

25.0 

62.0 
53.0 
4B.O 2 

61.0 23 
39.0 
34.0 

54.0 30 

18.0 22 
20.0 
32.5 24 

39.0 2 

27.0 20 

B.B US 
9.1 33.5 
9.0 32.5 20 
8.8 32.5 1 

9.1 22.0 18 

8.2 
9.0 
9.2 
9.3 

37.0 1 

3B.a 15 
42.0 25 
34.5 45 

95 25 1,240 8.0 41.0 

94 22 1,170 B.O 33.0 

94 22 951 8.0 34.5 

75 9.0 1,210 7.0 23.0 40 

29 1.1 437 u 34,0 24 

311 
850 
760 
440 
150 

'10 
000 

540 
80 

130 
100 
890 
540 

950 
510 

380 
400 

100 

'" '" 10 
10 

80 
50 

30 

90 
10 
10 

'" 

50 
10 
10 
10 

40 

1,100 220 

340 
J40 10 

J50 10 

1,500 230 

1,900 :120 
1,700 20 

280 240 

BO 50 

0.1 

.I 

.1 
.1 

.1 

·' 0 

0 

.3 
1 

3 
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7S-4E- lml 

Jabdl 

!iccal 
10bdb1 
llcbcl 

12bdd1 
13bcc1 
13dcd1 

1,800 
1,142 
1,040 

1,145 

1,500 
1,105 
1,060+ 
1,000 

7S-4E-14abt1 1,146 
\5RtdJ 1,065 
23t:bb1 810 
25adc1 735 
26bcbl 867 
27bcc1 1,390 

7S-5E- Sdbcl 
7abb1 

Scccl 
9ddd1 

13aac1 
13cbbl 
16acd1 
19ccc1 
28acd1 

2,405 

1,625 
1,500 
2,065 

150 
1,954 
1,515 

780 
1,003 

7S-6E- 7m1 1,086 
9bad1 910 

16cdc1 513 
21dbc1 760 
22aad1 1,410 
23cad1 1,300 
26adal 1,000 

27Bdbl 400 
34dcb 1 S 
35bbb1S 

BS-1 E-20cca1S 
8S-6E- JbddlS 
9S-2E-13cbdS 

73/5/21 1.1 
73/6/28 3.7 
73/6/27 4.1 
73/6/11 1.1 

73/6/12 4.4 
73/5/21 
73/7/ZS 3.3 
73/5/30 2.8 

83 
95 
96 
99 
99 
95 
95 
97 

73/6/12 3,7 96 
73/6!12 5.9 100 
73/6/13 7.3 96 
73/5/24 6.1 100 
7317/10 2.9 91 
73/7/10 11 76 

.05 73/6/25 
7317/6 7.8 
73/5/21 1.8 
73/6/14 2.0 
73/7117 
73/6/21 
73/5{30 
73/7/23 2.6 
73/5/24 2.5 

.78 

75 
91 
90 
89 
93 
83 
90 
95 
94 

7317/19 - 100 
73!7/5 - 100 
73/6/14 81 
73/6/14 82 
73/5/22 5.5 86 
73/5/22 - 100 
7 3/5/22 2.3 82 

73/6/19 1.2 
73/6/19 1.0 
73/7118 

84 
83 
89 

73/712 .01 22 
73/7/5 1.0 87 
73/712 .01 39 

Analyl~l ~Y' U. 5. G~olo;kol Survoy 

Na K 
5.9 
5.8 

50 
7.2 

IS 

7.0 
7.3 

B. 7 

.2 53 

.1 46 
1.4 54 
.1 47 
,3 45 
.1 51 
.2 '49 
.I 53 

5.7 
7.4 

15 
8.3 
9.0 
7.0 
7.8 
7.5 

7.2 0.1 45 7.8 
23 .8 48 9.9 
12 .2 58 8.7 
6.8 .1 25i> 'i 6.4 

13 .4 45 8.3 
16 1.3 46 7.7 

4.4" .1 
8.5 .2 
5.9 .1 

12 .5 
18 2.3 
6.7 0 
6.7 .1 
7.7 .1 
8.3 .3 

53 
51 
55 
50 
51 
50 
53 
55 
51 

2.8 .1 61 
1.6 .3 100 
7.4 .4 49 
5.9 .J 54 

16 1.9 40 
12 1.1 53 
16 2.8 36 

s. 1 
7,4 

5.9 
5.8 

9.2 
7.1 
5.5 
7.5 
9.2 

S.B 
2.8 

5.1 
4.5 
6.3 
7.2 
5.9 

79 
BB 

154 
106 
113 

97 
89 
80 

104 
123 
lOB 
108 
103 

109 

87 
96 
81 

B5 
100 

BS 
101 
103 

97 

80 
59 
99 
91 

124 

125 
134 

12 1.1 48 6.2 129 
6.2 .J 55 5.5 103 

13 1.8 43 6.7 126 

11 2.8 s.o ,7 62 
6.5 .6 53 6.7 113 

14 2.9 11 2.1 71 

10 

0 

0 

11 

0 

11 
9 

0 

IS 

43 

0 

B 1 17 

81 20 
125 130 
87 24 
93 30 
80 17 
83 20 
84 19 

85 18 

101 54 
99 36 
89 29 
84 22 
89 28 

·78 48 
79 17 
85 19 
85 18 

~82 50 

79 19 
87 20 
84 24 
80 24 

8.6 9.7 .29 
8.7 8.9 .12 
8.7 2.0 .01 
8.6 9.4 .26 
9.3 8.2 1.3 
8.4 8.7 .29 
8.0 9.0 .26 
9.0 11 .25 

.02 

.01 

.03 

.04 

.03 

.02 

.06 

.02 

235 
241 

433 
257 
278 
244 
247 

257 

8.1 6.0 1.2 .04 245 
9.9 14 .so .04 323 

11 10 1.1 0 296 
11 15 .58 .04 250 
12 8.2 .82 .05 254 
14 S.6 L9 .06 258 

9,5 8.2 
9.8 9.7 
9.3 11 
9.0 11 

10 10 
9.0 11 
9.8 16 

11 12 
9.5 11 . 

.2 
~5 .04 
.25 .01 
.71 0 
.15 .04 
.13 .04 
16 .2 
14 
13 .01 

261 
246 
249 

250 
294 
234 
259 
264 
257 

92 23 10 10 .01 .03 269 
120 27 10 24 .06 .04 338 
86 18 . 9.0 8.9 .33 0 232 
86 18 9.0 12 .28 0 239 

102 15 8.4 3.7 .60 .01 241 
103 17 8.7 8.2 .54 .01 272 
110 15 B.~ 3.1 .66 .02 240 

106 17 8.6 5.4 .59 .03 249 
94 18 B.B 8.5 .46 .03 244 

0 103 15 8.8 4.5 .so .03 247 

51 3.2 2.0 .2 .62 .07 81 
101 15 9.1 6.0 .fiG .OS 248 
58 !!.5 6.3 .3 .04 .08 120 

*analysis does not balance, error in Na suspected. 

.32 1 B 

.33 15 

.59 130 

.35 19 

.38 41 

.33 18 

.34 19 

.35 22 

.33 18 
,44 58 
.40 31 
.34 18 
.35 34 
.35 45 

.35 

.33 

.34 

.34 

.40 

.32 

.35 

.35 

.35 

.37 

.45 

11 , 
15 
32 
54 
17 

17 

20 , 

.32 20 

.33 16 

.33 48 

.37 35 

.33 51 

.34 35 

.33 17 

.03 40 

.11 39 

.34 19 

.16 47 

81 

80 
44 
78 
65 
B1 
79 
78 

85 
so 
75 
67 
69 
64 

88 
78 
83 
73 

S3 
8 I 
83 

80 
77 

B9 

9S 
80 
84 
S1 
73 
57 

71 
83 
66 

25 
B1 
33 

5.4 

5.2 

2.1 

4.7 

3.1 

5.2 

'-' 
4,9 

4.5 

2.7 
4.5 
2 5 
3.4 

3.0 

8.1 

4.7 
6.2 

3.8 
3.0 
5.3 
5 9 
5.4 
4.8 

278 
272 
497 
284 

312 
293 

289 
261 

275 
359 
352 
364 
300 
292 

332 

279 
291 
190 

361 
284 

278 
309 

797 

9,8 310 
19 461 
4.8 287 

5.9 287 

z 5 214 
3.9 327 

2.2 288 

3.6 287 

5.9 288 

3.0 287 

B6 

8.4 
7.7 
8.6 

8.3 
8.7 
9.0 
87 

~0.0 

42.0 17 
30.0 g 

37.5 17 

36.0 20 

43.0 13 
39.0 19 
40.0 14 

8.6 39.0 12 
8.0 33.0 12 
8.4 38.5 
8.9 36.5 36 
8.2 31.0 IS 
8.0 27.0 15 

9.0 
8.5 
8.7 
8.5 

8.4 
8 7 
8.7 

8.4 

8.6 

32.0 
39.0 21 

40.0 10 
40 0 H 

25.0 46 
36.0 27 
39.5 17 
36.5 19 

34.[) 16 

9.? 25_0 30 
9.4 50.5 78 
8.5 42.5 17 

8.5 43.0 16 
8.0 45.0 
8.3 44.0 16 
8_0 38.0 

9.2 43.0 18 
9.1 41.0 26 
B.5 40.0 19 

,4 100 7.1 9.5 
5.3 300 8.3 39.0 18 

.7 130 7.2 11.0 

100 
120 

120 

110 

100 

100 

100 

90 

110 

110 

120 

110 
110 

170 
90 

110 

so 
120 

130 
9D 

110 

110 

140 

210 

GO 

70 

90 
120 
100 

80 
10 

110 

20 

10 

so 
10 
111 

0 
10 

10 

10 
10 

10 
10 
10 

10 
10 
0 

IC 

20 
Ill 

I~ 

!f_l 

I 0 
iC 

I!J 

·::l 
{IJ 

70 

10 

0 

10 

1.1 

0 

0.1 

.1 

.1 

4.3 
1.9 

I 

] 

·' 

.I 
) 

I I 

80 IIJ 0 

40 0 .J 
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Young and Whitehead (1975) 

(Table 5) 
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TABLE 5 

GAS ,i\,1\JAL YSES FROM SELECTED WELLS 

Percent by volume 

~ -u 
., 

0 X 

E;_- -~ 
C> 0 

~ e 0 
0 

~ ~ 

Well or spring 0 0 0 ~ 
~ ~ = ~ ro- o- 0 

identification ~- Major o_ 5::- ="' nN ~-- ro bN -:c ~c ~N 

~~ aquifer ·-2 
XN 

~~ rou >:c number "'- 0~ '-'- :C-

4S~1 E~26abc1 27.0 Sedimentary 53 14.2 28.8 <1 < 0.1 

rocks of 

Idaho Group 

34bad1 75.5 ldavada 72 16.6 0 <1 < .1 
Volcanics 

4S-2E-29dbc1 28.0 Sedimentary 36 19.3 50 <1 < .1 
rocks of 
Idaho Group 

32bcc1 43.0 Sedimentary 38 13.5 40.4 <1 < .1 
rocks of 

Idaho Group 

5S-2E· 1bbc1 49.5 Banbury 67 18.2 0 <1 < .1 
Basalt(?) 

5S-3E-20ada1 60.0 ldavada 72 19 0 <1 < .1 
Volcanics 

20bbb1 27.0 Sedimentary 62 24.2 16.4 <1 < .1 
rocks of 
ldaho·Group 

26bcb2 67.0 ldavada 76 12. 1 0 <1 < .1 
Volcanics(?) 

27bdd1 60.0 ldavada _ 70 12.8 5.5 <1 < .1 
Volcanics(?) 

28bcc1 65.0 ldavada 69 17.2 2 <1 < .1 
Volcanics 

6S~3E~ 2cbc1 62.0 Banbury 67 11 5 5 <1 < .1 
Basalt 

6S-5E·2Daab1 43.5 Banbury 84 16.5 0 <1 < .1 
Basalt(?) 

6S-7E~ 1acb1 41.0 Sedimentary 61 23.3 20.9 < 1 < .1 

rocks of 

Idaho Group 

1 dba1 33.0 Sedimentary 38 16.4 35.4 < 1 < .1 
rocks of 
Idaho Group 

2cdd1 34.5 Sedimentary 38 17.6 46.3 <1 < .1 
rocks of 

Idaho Group 

1
Temperature of the water at land surface at timtl of sampling . 

ANALYSES BY: Katherine L. Pering, U.S. Geologica! Survey 

~-

u 
0 
0 

0 o-

N-'0 Nro 
C> ~ C>~ 
';;;.E --Nro 
2 ~ 2 ~ Sum 

3.73 1.96 96+ 

4.34 1.96 89+ 

1.87 1.96 105+ 

2.81 1.96 92+ 

3.68 1.96 85+ 

3.77 1.96 91+ 

2.56 1.96 103+ 

6.28 1.96 88+ 

5.47 1.96 88+ 

4.01 1.96 88+ 

5.83 1.96 84+ 

5.09 1.96 1 01~ 

2.62 1.96 105+ 

2.32 1.96 so:: 

2.16 1.96 102~ 
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Rightmire and others (1975) 

(Table 3) 
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w~tl 

;,e-.7 

nvm 

foS 

85 

crs 

-'IS 

'-IS 

o5 

5'5 

·-

GS 

'5 
~5 

65 

75 

75 

85 

--- -

" 
,~ 

, ..... 

21../ 

IE 

~€ 

IE 

J':E 

Z£ 

3£ 

3E 

LiE 

C,c 

7c 
5'c 

"'"' (,J; 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
{
Washington~­

File No. 
District ----

• ..,d S./'~'-"'jJ ,In .,I,,,~ 8rl./rJI'& l-1-

",c~"' - ------------------------------------------------~.:::-;::;.-r.-r;- -v:-s;--(':;'"c;;/,;. .;-;£. .;-r--=:rv, v-e--
__ §.::_~::_y( _ _l •.. 

"prmj' !i.2 t5 130 •8 R.,.(,.,..,.,, 
11 0 n..,,....i._.,.,.. 

SMO'.o/ -.""' -- -
~ 

ft/0/ THEt':t 1" ~ -

l'lck/5 -13 3 -!fo. 4 +-J, 4~ I 

.z oa o/5 -128 -17. I +o.zo 2. 

I ?cb<:./5 -ll"' -1(,..5"' +-o, 'iO 3 

. 

THE x mit L 

z{.a/,,_/ - J'-/4 -/8. z +o,q:; -'1 

31,1/,od / -14'> -17.'5' "-/.80 5' 
;ztccl -14& - 17. '( +Z.c:S' b 

Jbbc / -1'-1'-/ -17.0 +z.z> 7 
I 'I chb I -1'-IZ -17. lo +zoO 8 

:zt,b~U -JI-I(o -17. ;- "Z.oo ~ 

2LJ bcc.f -l4Z - 17:_ (, .,_o. '10 /O -- -·-

Zccc/ -10:'-f -J?,'" +z.BO II 

/4a 6c / -1'1'-i -17:(, .. ,.o- 12. 

)2ccd/ -!Lf'-i -I B. I + /.10 13 

/qccdl _,,;-(, -1s. I +z. ?5" I 'I 

l.<cdd/ -135"' -J>.o +-;.z~ It 
7ol.b/ -r: 5" -n.Co +o.".:S' IC 

l!6acdf -/3 5 -17./ +,, 00 17 

'i bod/ •/'-fl. ·lB.<. +o. 80 ;8 .. . \-- ·-

?bdd/5 -•-;-o - 17. I +z.95"' 19 
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AMAX file data - 1976 

Samples Wl0220-Wl0228 

Castle Creek and Grand View areas 
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AHAX-DENVER 
L~n __________________________ __ PAGE L of ..:2-

__£-__!_/ ;2£_ 
ANALYTICAL REPORT 

[) I Tf.' --===--==-=--===-------c----------
.1/>'.ILYST C.M. JENSEN _/iEL__ 
T y p £ S:l M P L ES ____;.GuE'-'OLTL<H"-'E~RecM-.-"'A"-'L'-'-'\'-'-'"1 Ac;_T-"-Eoo' "-'R ______ _ 

Sample Lab r\'o. N"a 

PPM 
01 b)//).,.,,-; !ltJ 
02 _2./ /~C; 
03 ?.::1. <?&! 
04 ..2.3 lclt) 
01 ..2"/-1 //0 
06 ..2.5' I tJlJ 
07 ..2~ //6 
OR .:27 /10 
09 .2B //6 
10 

I I 

12 

13 

14 

IS 

/6 

17 

18 

19 

20 

21 

22 

23 

24 

:!S 

26 

:::-; 
2R 

2? 

.10 

MET/f()JJS: DIGEST/01>'-

DETERMIN.ITION-

REM. !-~"!KS: 

K Ca Mg 
PPM PM PM 
IJ.7 /.0 <as 
j./p /.3 .O::tJ.$ 

o.CJ I./ ktJ.5 

3.'3' /..:J.... LIJ..ti 

/.{) /.-1 <~>..5 
t).g ().9 <L>-6 

/.3 /..::2.- <1>.6 

0-h !.I <o-5 
0.1 I./ .;_,,5 

Si0
2 

-. AA 

Li - AA 

Rt'[J. NO. __ _,.t:"-'CJ""'~8cc8=------------------
PROJECT ___ 4,~;..2.,....3=--------------------
Rt[Jl/ESTEJJ fl}' -~e;=,_,_ ______ _ 

Samplr Lah No. SiO" B SOA Li 
>PM PPM PPM PPM 

II v;J/J?? .,n 7.3 tJ.:A 3--1' 4./ 
"L! .2./ 1/P t).5 7s- /.I 
II .:2:2 7u; ' ().)?' -1- c. I 
J..J. ...::;3 9~ itJ.In ~ L.. 1 
JS .24 80 1-<a.:z. I~ ~./ 
36 __t2$"' 8::U I o. "S 3Pl '&:./ 
.17 .:z~ '/8 0..1 17'..2- ~.} 
.-iR ..27 BO lc "'· ;z. !40. .::./_ 
39 2B Bl 0.~ 14...:2, ~.I 
40 

·II 

42 

.JJ 

4·1 

-IS 

46 

47 

IR 

·/9 

so 
51 

52 

S3 

5-J 

55 

;)6 

S7 

SB 

,}Q 

(j/) 

S:/AfPLE WEJGJIT-

B - CARHINIC ACID 

NOTE: M.l!L ()Rf(;JS./l, TO 

AMAX EXPLORATION, INC., 
126:20 W. CEDAR DRIVE, 
P.O. EOX C, DENVER, COLO., 80226 

COP/A'S TO:) iF DET.LECHAIE dT _LAKESIDE OFFICE 

2E..-J_R.Ol&.c,__ _______ /T _DE.c'\LVER T.AB 

J. C. JENSEN AT DENVER T.Af1"''""" 
~ H. OLSON LAKESIDE OFFICE 
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PAGE ..::l/ of ...:2.-AMAX - DENVER 
LAR-----------------------------

D .. ITH 

ANALYTICAL REPORT 

_1:_ I I /---==76==----- REQ. NO. -"'~~tJt..~~8,-__ ________ _ 
.I N.IL y s T C • M · JENSEN _LZ.<_i<=;_i(?,_,.,_ ________ _ PROJECT -----':&="':.2"""'-3..._ ____________________ _ 
Tl'PE s.HIPLES GEOTHERMAL WATER 

Sample Lab No. F Cl 
Lac-. n 

Of W/A-2:2-o l.fS-I!S-'Z.~swN'€" /.::2.- /b 
02 .;2/ 5S-3E-2S~wiW /7 6 
OJ -2.::2. ? .28 /.;2.-
04 .3.3 ) .2b /..3 
05 .::J--1 5S.-t£-?-o+SuJifJJ£ HJ 1-f 
06 ..2 4S-16--'3LfAJ€NW /6 i/3 
07 ..:J~ ss-rE:-1'-t NE-IJ€ /:7 /~ 
OR ..2.7 s-:.-1 e-10 (l.YI.tu- ...20 /-? 
09 .28 ss-n:::-21 NwS.w .:20 /6 
10 

II 

12 

/3 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 
,-- ' 
2R 

29 

JO 

METHODS: DIGESTION-

DETERMIN.-1 TION-

Rf:M.-1RKS: 

REQUESTEIJ RY /)ezLEC//6//.£"" 

HC03 Uh Samplr. Lab No. nhl 

f,l.j 41 l/ "''"' .,.,, 9.3 
% Yl .~2 .:zl 9...:2..-
I) [(-.8 B ~ i9.S" 
115 41 34 ?.3 I '?. /J 
70 '-n JS ..24 1''7-..2---
"12 lJ.(, J6 .25 i 9,' _:2. 

ll '-\\) Ji' _'/~ ?./ 
72 '-II .lR .J7 19.7 
(/a '-11- ]9 ?-ii I~ .:z._, 

40 

./ 41 

; lA\ v\1 Q3 42 

"",\ C(h 43 

44 

45 

46 

47 

18 

49 

so 
51 

52 

53 

54 

ss 
56 

S7 

58 

59 

60 

SAMPLE WEIGHT-

F - SPECIFIC ION ELECTRODE 
Cl - MERCURIMETRIC TITRATION 

,P//- EiLEC7R0/14'~T;2/(!.) 

lh'co I~"'"'~ 
I PPM 

I.G 7' I£A' 
38 '74 
// //~ 
ef'4- t:J8 

1,57 7...2.--
.57' 7~ 
63 6"~ 
l5"19 1~8 

-o/- 17/? 

,#C"0..3] - /'r'M 19S' CQ etC:s 
e~J . 

NOTE: .\1.111. I!RI(;I,\'.11. TO 

AMAX EXPLORATION, INC., 
I 2620 W. CEDAR DRIVE, 
P.O. BOX C, DENVER, COLO., 80226 

eJP!ES TIJ.J I. F · DELL_c;CHI\.IE .-IT LAKESIDE OFFICE 

2. E_,_.:[_._l3.0_\-!E ____ .IT DENVER L,.,ABc=. __ _ 

J (:. ~1. JENSEN 
H. OLSON 

AT DENVER LAB 
1:JL<£SIDE OE'!'il:E' 
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At\AX GEOTHI:RlL\L G::OC!!EMICAL SA~!PLI: fOR}! 

Sprine No. Sample No. X 

·/ ' Name: :.;.J.~_. ... :.-; t '--~ .. ~ '' 

Lat.: Long,: 

U-.. .. : I 0 ·,' ;.. .... 

R: ~ .. ·~ 

i Date 

Location: 

Time i 'J_ ,_;-a 
-~- '"( 

i-,' (Jf State .~.;.~ ~ Co. 
I 

of ______________ _ Km/mi. -----
-;:::> r-: 

---------------- ------------- Sampler : __ _;;r:..'.:.·c.'_-o../ _______ __ 

' . Elevation: ·:c::-
----~~---------

Quad. ____ '·~·_;;crc_r.:;'~-~~~~'-e'-·~·'-~i'-'-/_;;•~·~~~---------

Sample Type: Spring (p), ;~~-creek, river, soil, salt, sinter, travertine, 
gas, rock, sno~. -

Description: 

Water Temp. °C 

Ground Temp. °C _________________ ___ 

Air Temp. __ ~---------------------
." -

Odor 
----------~----------

Fluid Col or __ -=':..'·._·,_·"'_>_·---------

Bubbling ______ .:;·~-~-~---------------

Boiling ____ ''-·-·~~'------------

Vegeta tion __ _;_·c.·.::·"_· _________ _ 

Fluid i s sue s from _ _;__.'-'~· -'-"''-.::·L:c·:.:•::.~-J.= .. =-· -7-' 

I 

Salt: Type __ -'..r"'_.c__ __ ~-------------

Quantity _________________________ __ 

Color ---------------------
Form _____________________________ __ 

Sinter: Type 
: '3· '"} !'\ -_::::. '--· .. ~ 

Quantity !_ ..,,, • ___ -;...._ ~-t--' 

, _!' Q..· 
Color u c/ fr...-.._;- t~v-.1\~-t -~"': 

Form 

Discharge: :l_t':Q 
gpm/Lpm 

Well Data: Depth 7 

Bore 

Pump Type 

Level of water in bore 

Type of piping _____________________________ _ 

Artesian Head (_1~:,---: 
----_~/~=----------------------

Rock Data:· 

Type (surface) ----------------
Color _________________________________________ __ 

Grain size ' ------------------------------------------
Megascopic Minerals _______________ _ 

Alteration: ------------------------------
Rx Type (at depth)~---------------------------

Water used for _ _c.· ~oc·:c<-_·:..•_-r,_. :::r;-. .:.··.:.'-'7."-.'-'':o::-~c:_~_,r:::c, _______ _ 

Immediate area used for: ::._L-rlttf. 
~~~~~---------

Quality of sample: (~), Good, Poor 

Probable cause of man if est a tion_.creo~::.'·':c'.:.f::.::·"'.~-.:.• ------------------------

Property owned by ____________________________________________________________________ _ 

Previous and/ or Current Leases ____________________________ _ 

Comments: SKI:TCllES 
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At!AX GEOTHER~L\L G'C:OCHEt1ICAL SAMPLE FORH 

Sprinr; No. ______ _ Sample No. X U.'; [i _·..1, _:) 1 Date_~/~3_.~-t~t~ __ Time 

Name: c;_P Location: Co. (w'Jf''-" 
Sec. _1_-e __ T SJ, R: _/'-'£-~~- ____ Km/mi. of _______ _ 

~ ··.-
Lat.: ____________ Long. : ________ ___ sample r : _ _:::'>::::_1L]

1
\.:_'.i.!i:{-"' 0:oi;·"'--Jc~-"'~""'"'-'----

Quad. __ __,~·L1Jl~~~· ~~e---~=---------------Elevation: _____ ~~~l~-2s-~o'-=::=:::=~--
Sample Type: Spring (p), 6l§11 Cp8 creek, river, soil, salt, sinter, travertine, 

gas, rock, snow. 

Description: 

Water Temp. °C ---~~~]L-___ ___ 
Ground Temp. 0 c. __________ _ 

Air Temp. _____________ _ 

Odor 0 

Fluid Color v 
Fluid Taste kc~ f.i c l:_3 
Bubbling ~') 

Boiling \-ti) 

Vegetation i-uo 

Fluid issues from SM _~ 1~ P-= 
--""-=---rv "-4,~"-""---

Salt: Type __ ~-~---------
Quantity ____________ ___ 

Color ______________ _ 

Form ________________ _ 

Sinter: Type ~(1~,~~~(!~'~0~~~--------
Quantitv ___ ~,hU~~c_ _____ ___ 

Discharge: ____ ~~=-~~'----------~pm 
Well' Data: Depth ______________ _ 

Bore ______________________ _ 

Pump Type 

Level of water in bore __________ _ 

Type of piping ________________ _ 

Artesian Head, ___ ~z~~~~------------

Rock Data: 

Type (surface) ______________ _ 

Color ____________________ _ 

Gr;ain size _____ ~---------------

Megascopic Minerals _______________ _ 

Alteration:--------------------

Rx Type (at depth)~---------------

Water used for _______________ _ 

Immediate area used for: ___________ ___ 

~/} /fC)l 
~~~ _ Quality of sample: ~, Good, Poor 

Color 

Form 

Pro ba bl e cause of manifest at ion __ _,("-U"'-''-"'""-------------------------

1111 Property owned by __________________________________ _ 

Previous and I or Current Leases ____________________________ ___ .. 
Comments: ,f - . --1- I 5 SKI:TCI![S 

• .. 
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AHAX GEOTHER>L\L GEOCH!:MICAL SAHPLE FOfu'l 

Sprin~ No. ----- Sample No. X (_,~, 1 C ;; .:r< Date 3 --;fz"-7£ Time j35c· 

State -!Jd' 'J . Name: ':o.c -leu 
--~~~W-~~~~-----------

Location: Co.(tJU-t<:-L. 

Sec. :Z.; T 5-s R: /E' _______ Krn/ mi. of~-----------

Lat.: Long. :--------- Sampler: _ _:::Z.~,i,L.,_.----:---

Elevation: Quad. __ ~~L·~,~·'Li«b~~·~~~~~~~~~~~----
Sample Type: Spring ( p) ,/Wen <]0), 

,e;as, rock, ~ow. 

Description: 

Water Temp. °C 

Ground Temp. 0 c __________ _ 

Air Temp. __ ~~---------­
Odor S-
Fluid Color C fu· · 

~~~----------

Fluid Taste __ _:>::_ ____________ _ 

Bubbling __ ~()~·-----------

Boiling ___ ~J~LA)~'----------

V e get at ion __ _,l'-"~"'------------

Fluid issues from_~-~~·~c~Lf~7 ____ _ 

I I 

Salt: Type ____ ~()~·~-=--------------
Quantity _____________ __ 

Color _______________ _ 

Form _________________ __ 

Sinter: Type () 

Quantity ------------'--------

Color 

Form 

inter, travertine, 

Discharge=----------~~~0~-------------1~/Lprn 
Well Data: Depth ___ ~(~-------------------
Bore __________________________________ _ 

Pump Type 

Level of water in bore ______________ _ 

Type of piping _________________________ __ 

Artesian Head __________________ _ 

Rock Data:· 

Type (surface) _________________ __ 

Color ___________________________ __ 

Gr;ain size ____________________ _ 

Megascopic Minerals _______________ _ 

Alteration:-------------------------------

Rx Type (at depth)L_ ____________________ _ 

Immediate area 

Quality of sample: @, Good, Poor 

Pro ba bl e cause of man if e s 1: at ion __ _,r__"v--',t_"-"~"'· '-. -----------------------------------

Property owned by ___________________________________________ _ 

Previous and I or Current Leases----------------------------------------------------

Comments: SKETCHES 
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Sprin~ No. 
----- Sample rio. X : • 

1
• {_· ·, - _, Date 

--~-~-~~~~~~~~-~------

Name: ____ 1 _--'-;-_·_,-__,-,.._-~)eo·--_c.:; lcc-c.'-i;----'~--'f'-!l::;l.ci___,L.~··---------- Location: Co.L 

r; \I Sec. ~U T.-r:::'-; P: \ ( ______ Km/mi. 

Lat.: Long.: Sampler: ------------------- --------------
Quad. __________ '-~-~~~L)--"!~i~·~ Elevation: -------::::===::::::---

Spring (p)Gell <eJ), creek, river, 
eas, rock, snow. 

Sample Type: 

Description: 

Water Temp. °C 

Ground Temp . ° C ____________________ __ 

Air Temp. _____________ _ 

Odor {J 

Fluid Color ___ ~_L_' _________ __ 

Fluid Taste (i 
--~----------------

Bubbling __ __:C~~'--~-----------

Vegetation ____ ()~----------------------

Fluid is sues from __ ~S:"-'t&JJ-"·=--·:o·· ~---+10-.jUL.="""C_ p"=00
1 
__ 

I J 

Salt: Type_..:C='------------

Quantity ______________ __ 

Color ________________________________ _ 

Form --------------------------

Sinter: Type ~~~(~¥~/7-~~~S5~'-~'--------

Color 

soil, salt 

Discharge: _____ ~/~~~·~··_ 

Well Data: Depth ___ ~LZ2-'(~-

'I 
Bore ::/ 

----~~-----------

Pump Type 

Level of water ln bore 
o---r'{ 

Type of piping ___ ~S-~ccc~~~-~· _· 

Rock Data:· 

Type (surface) --------
Color ______________________ _ 

G 17a in s i z e ------------------

Megascopic Minerals ------

Alteration : ---------------

Rx Type (at depth)'-------

Water used for ==<-~-~c.! 
,___/ 

Immediate area used for: 

Form (vnt-L'-;0---ct ~ Quality of sample: 6), 
Probable c au s e o f rna n i f e s 'tat i o n __ _j(c.c-5c<'-c./-'e"-/-":d"·-""('~-----------------------

Property owned by 

Previous and I or Current Leases ________________________________ ___ 

Comments: R I F (C -17 SKI 
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NlAX GEOTi!!:RtL\L G:C:OCHEMICAL SAMPLE fORl'l 

Sprint; t!o. ______ _ Sample No. X LC i D ~ :Z 7' Date ____ ~_Time 

Location: Co.C,ju;__. State~ '. 
7 

Name: !( 1T! F 1:::_1!.-vd tJ. \?1 (p 

.'3Lv i / ,, il! £__ Sec.)_ Lf T SS R :-'--'.,..__ _____ Km/mi. of ___ ,.... ___ _ 
r{ I ~1 j 

Lat.: __________ Lone. : _________ Sampler: ::5. kei .. CL(.......f~' 
Elevation'-------~=======---- Quad. ?;) 7 eLf'~ 
Sample Type: Spring (p),l3ell cEJ) creek, river, soil, s~l;:;:inter, travertine, 

gas, rock, snow. 

Description: 

Water Temp. °C 

Ground Temp. ° C __________ _ 

Air Temp. _____________ _ 

Odor -------------
fluid Color C' 

-~--------

Fluid Taste 
-~--------

Bubbling ___ ~C~·------------

Boiling __ ~()~·----------­

Vegetation_-c~4~~~~(~~'wB,~(~)~Q_~---­
Fluid issues frQ' s·.t£1A~c,P-R rr 

Salt: Type_~O~-~----------
Quantity _________________ _ 

Color -----------------
Form __________________ _ 

Sinter: Type 

Quanti tv--------------------

Color 

Form 

Discharge: ___ ~~~f---------~~/Lpm 
Well Data: Depth __ Qo _______________ _ 

Bore ______________________ _ 

Pump Type 

Level of water in bore ____________ . 

Type of piping ____________________ _ 

Artesian Head ___________________ _ 

Rock Data: 

Type (surface) _______________ . 

Color _____________________ _ 

Gr;ain size ___________ -:----------

Megascopic Minerals ______________ _ 

Alteration:--------------------

Rx Type (at depth)~---------------

Water used for __ _,D"'------------­

Immediate area used for: K{i.-y?-~ 

Quality of sample: ~ Good, Poor 

Property owned by ___ tt~~~?Z~~~&~L~r~,TI~~Q~-------------------------------
Previous and/ or Current Leases() _____________________________ __ 

Comments: SKETC!II:S 
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AHAX GEO':'fi[R1HL G:COCHEi1ICAL SN!PLE FOPv'l 

S p r in!j No. c S arr.p l e No . X _,Lo:'v:e'.J-. _,Oc_· _,·2.._"-'-')'-·'-z:;'------·Da t e _______ Time ~-~/ (; 

Name: j{tN1'9 ,lt.Y }j!:'_T LDUL Location: co(Jt'-"- State.J<U 

Sec . -~ 7' T':f'IJ_:::So:.__R : i!Z 1\JE. N LG ____ .Km/mi. of ___ ~----
{;( /"). 4 .. 1/ .. 

Lat.: ____________ Long. : _________ Sampler: O!·tvecJ:.c~.l~ 

Elevation: _________ ~==~---- Quad. ___ ~fj~T~i~&~y~·-k:~L!~~----------
Sample Type: Spring (p),~ creek, river, soil, salt, sinter, travertine, 

gas, rock, snow. 

Description: 

Water Temp. °C 

Ground Temp. °C _________ ___ 

Air Temp. _____________ _ 

Odor C 

Fluid Color '() --------------------
Fluid Taste _ _J£t~·L&,Q~.3~------------
Bubbling Vu<~ 

Boiling ____ ~·~-~~~---------

Vegetation ___ VVD_· ________ _ 

Fluid issues. from _ _,C~ir~Lt~~f~'4f~Qd~_ 

Salt: Type ___ CJ~·-~--------
Quantity ____________ ___ 

Color ----------------------------
Form. _______________ __ 

Sinter: Type Ca.@D-3 
Quantity ~4L~ 

Color t-v}.;J; 

Discharge : -------'j;,'-5..!.--"b-C=''---------~~Lpm 
Well Data: Depth " 

---~---------------------------
Bore _________________________ _ 

Pump Type 

Level of water in bore __________ __ 

Type of piping ________________ __ 

Artesian Head __________________ _ 

Rock Data:· 

Type (surface) _ _,cQ~-~~~-----------
Color ------------------------------------------
G~ain size _____________________ _ 

Megascopic Minerals -----------------------------

Alteration: ___________________ __ 

Rx Type (at depth)~--------------­

Water used for -~ ~-
Immediate area used for :A/t-:-t_,t_.-<;~ 

(7 

~ Quality of sample:~, Good, Poor 

cause of manifestation_~~~~~d~~~~----------------------

Form 

Probable 

Property owned by ________________________________________ __ 

Previous and/or Current Leases ___________________________ _ 

Comments: SKETCHES 
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AHAX GEOTHE?,tL\L G::OCHEMICAL SA!1PLE FOR.'! 

Sprin8 No. ______ Sample No. X (.;: j c,;;] {: Date _____ ~ __ Time 

Name: ____ ~~-c~-1~,~c~,-Lti~ft~l~'-'~··------------ Location: Co.Uu.J'-L-t.i!._£; 
v 

State.y: 

Sec .J.. £ T 1.{-S' R: _J__:t,_· _____ .Km/mi. of ______ _ 

Lat.: __________ Long. : __________ Sampler: ~[/{, /!cuO 

Elevation: ___ ~~~-¥------------- Quad._~~~·~~·~·~-~~~--------------------
Sample Type: Spring (p)~ell (p)) creek, river, soil, salt, sinter, travertine, 

gas, rock, now. 

Descrit:tion: 

Water Temp. oc {c 

Ground Temp. oc 

Air Temp. 

Odor £'""" 
Fluid Color c 
Fluid Taste (') 

Bubbling c 
Boiling C! 
Vegetation ('J 

Fluid issues from c:1ll~7(): 

Salt: Type __ ~C)~---------
Quantity ______________ _ 

Color ________________ __ 

Color 

Form 

Discharge: _______ ~~~~~l=~~------------~~/Lpm 
.?. ~ Well Data: Depth c 

--~~--------------------
If 

Bore L 

Pump Type 

Level of water in 
§ ',· 

bore~ 

~ .{' 
Type of piping_~~~~~-~·-------------

Artesian Head __ ~~~L--------------
Rock Data: 

Type (surface) __ ~(;~/~~~~~~---------
Color ---------------------------------
G~ain size __________________ _ 

Megascopic Minerals -----------------------

Alteration: __________________ __ 

Rx Type (at depth)~---------=--------------­

Water used for A.t-1'-<.L2t;-J!{~X, 
{) /)' 

Immediate area used for: ~r~v;~ ' d 
Quality of sample: Poor 

manifestation Vu ()}_ 
--~~~--------------------------------

Probable 

8, Good, 

1111 Property owned by_-i--------------------------------­

Previous and/or Current Leases 

• • .. 
Comments: 

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

SKETCHES 
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U. S. Geological Survey, Boise ID 

File Data 

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

• 
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fORM NO. SITE NO. CfS- 5e- 'lOAD/ 

II: e <: o rd ed by ---------------

IDAHO DISTRICT 

GEOLOGICAl SURVEY 
WATER RESOURCES DIVISION Dote ---------

GENERAL SITE DATA {0) 

S.te I dent No rF-~z-, .Y-p-~-~-~-z'!_/_1_/_1 5"-,:-1 -s;-,-~-.-?ic:-•=""T:o-J-:-~1 

Pfo,....t 

No. 

l.J!ttude 

' " 

•-I· i'-1Jzi4o'~o>~zl•l 
dof IU 

SITE SCHEDULE 

Ch...:k Ona z./ Engl!oh __ Mftric Un111 

RGNumber~ Trltfloaction T• M V 

~~,:'.,.,: " - ',o=-~c;'l--:1~:-c---~-,o-~ s-=-=~e:=-l::.-9;..;-...,;-"o~,--:,'-'~--..D~-;_,~ -c, __ "::;::.L-c:::;;;,LI"•'"'•"I'_"'•CJI ~::' lr,-c,-_TI s::-:ij";-1'{...,-e""• -,S-~t!"""':-,-~-o-~<t--,-,-1 ,cc,-=,-~--='1:c9'=~s:-.",_,"',,."'!r:":-l-::o:-lt5".";e"_;-lcc,,• "';"•·"! •::-r:l•"l 
Loe. 1/4 "" 1/-4 .. ~....... 10WIIOh!p, '""'"· ..... ; .. 

loc:~tion 

'"' l.c":..."..LI _L~~-,.L,..-'---'---L-'--'--'--'-L.L~_L__c__. _ _L__L__.CC!c<>~··· L>CLL • ..i:±l Sal·'" -I H --- 2iJ3 

Alt1tudo. 

T""" 
Stnino; 

~7 ~ 0 
E G ·occ"o-co0"cc-~MecCC.'~-cc"ecccce5ecoccT~ce"ecoccwOccexOo-o=z~~~c·--'l 

Site ono<lo, d<ai.,, ,_. uiomi~. huo. <>boOJ•· ..,;...,_oil"'· •~ho•g•, rop•o ... lett, ~""'""• •itl>· •uta, ~onroyod 
,.._ ..... , .,;., .. , ... .. ...... . 

Wrt., L~•l lc::3.::._0 ·...li...L..'=tl<.J.Is-;"'-"'a'"-1 -'-'"1--'-...ll_j·l Dou Mono•od l~: lo1 7 I / ,J I ,J 19 G ,/ 1•1 .......... ...... ... ... 
ETA c E G 

oirlono. aolobr>Oood, -•nutod, pt-.oo, col>b<ol"", ,..,ph~eal, ...,.,.......,.,., '""""'"'od, ot-', ,;..:1<0<, colob<ot01l, olh<r 

a..-lone Pll• P-''"11"11'* lo'ilf "'~ u~ "'""''';, ._..,. 

• F G 

..,, nce•IIJ• t-...w.. .-t.v. 
fla•h•t -~ -·· ·--

' 

Pump UJNI ~llJ 

<.M'N E R IDE NT l FICA Tl ON !1) r'-=-r:--::---:-:rl 
IR·1S·I·I •-I· D Ml•l 

•d<l, ........... ,d,fy 

lartl·161•1 

OTHER SITE IDENTIFICATION NUMBERS Ill 

IR•1891*1 i T·IA D M 1-1 
odd. cJoloto, modotw 

[N~w~rd&o~ 

S!Tf VISIT DATA {1) 

ldentl190# 

!dent I 1 90 II I 

I R - mj•j ,.-, --,,-.-D--M-,1'•1 ~::i: of 1187 ltj 
1 

•del, d•••••. modoh "'""'~ 

FIELD WATER OUAUTY MEASUREMENTS (1) 

"0 

I I 

'" 

R s T V 

~ ............. ,_..,._ 
~-

Ac:li¥11J 1~ ... - I I I 
Sl a!l11 ~J-·~-~~*" ..,._,_,_ -

Meuunng j i66~ 'l l•l, 
Poinl l...::_:.::___l _ __JL_L_"I~"oi__J-'-' . 

I 

I o., 
... ... 1·· 2 -1 

1·1 

I 

H •.• ,., •. ~I :::":::'=·~1 ::'='::::'=':::~':::":::'='::::'=':::~~~~~·1 
1·1 ••. ,.. •. Ll _,_,_-..... I__._--'---'-'--'---'---'-'--'--'--'-'--'---'---'-'H 

I •-I (.V o M 1•1 '"'"I"' • !o,7 I I ,3 I 1 ,9',6,1!•1 G~ohvdro-j195#l ? / •Pvn 
IO<J!cUnil ./IL...J!......, I V! 

adO, •hlooo. mod•ll' "'""'" doy .-••• 

f -~~~~:~~~~:=_} Tem~r•tu .. 'J,-,-,-,cjro-,-.-,-.-, -,-~-o'Jr•'J Deq<H'S c 'j,-,-,-.'1-----~-£:::-::3.,::--.-0-:::ri'•J 
• Coodo~•~•lm•l 01 O, 019

1
5 H ,,.,~I~,=,=, -~~==~3~1~9~,'7';:;=:.~,.~,-' 

• fC'OT N(llfS 

I D 

~~: .. :!;oRETJI,uttlo,c,Lt,O,OI•I VMu.I 197 ~J ,9,. S1•J 
Otl->e<" !STORETI 
Pllr.arn~IU 

0 A R 

"'"•• I"' I "'"• '"'' 

Volu .. ll'll1 ·I I •' 1•1 

G 

'"'"' ... ~ .. 
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UNI l STATES DEPARTMENT OF THE INTE lR 
GEOLOGICAL SURVEY 

GROUND HATER ANALYSIS 

..!:.lrl' Site}' ~ 0 / 
" ~ ~.. l}J·r"' ','-'..L.-Location IiO"JLtain Hon~ Air Fore~ Band- ir ta~e Id.:1ho County T-• ._._ ...... ~~ 

Latitude ~'l Long it ' ~1j.i;;,;-1':;<;...:<,..·.,.Wu.O _________ Seq. No. __ _ 

Date collected i'!~~r 'i, JC)f)S Point of call. --""='-"=-=:_:;~,_ .. "'~'P--------------
Source Deco ucll No.:.,-1::,--_____ :--____ Local well No. '={).Wtt;'ij:;{f4 --; 
Owner U.S .A .F. - 9th Aero Srac0 Uin~; 
Depth (ft) ~ Cased to (ft) Diam. 

Water use-~D~crx~~~st~1c~---~ 
( in)l---.lJDat e drilled ----------

W.L. ~ Yield B~ <;'f'M WBF -----------'-------
Treatment 
Collected by 

!'1 on<> Appear. when co 11 ~--:'"'-'.!.>.<.en;._ ___________ _ 

S/S~~t llntc::-n; T/Sc;t Cole Remarks Sctmpled nftcr pumpinr: 3 1ninuteo 

===========1===5=5~_.,.-=r::=4==d==a===d=l==lf==2=:=:=tf:::D =' )...==/l=s=·_)=-'=S:=3=7J=/=/:{
1
, 

Specific conductance 
(micromhos at 25° C) __ _:4=-0=2 ____ pH __ ·..:_~._..._ _____ Temp. (°F)·---'1'"'''.,.0'---'\-' 

ppm epm ppm epm 

Silica (SiO,) 73 Bicarbonate (HC(0) 5'"' '·' 0 9') 

Carbonate (C03) 37 1. 23 

Calcium (Ca) 0 0.04 Sulfate (S04) 27 .56 .u 

Hagnesium (Hg) . l • 01 Chloride (Cl) 12 . 31 • 

Sodium (Na) 92 4.00 Fluoride (F) 20 1.05 

Potassium (K) 1.0 .03 Nitrate (NO,) . 2 .GO 

C!' 
93"'-

w_,_ ' 

Total 4.0G Total 4.13 -
' ' ~ 

~ 

pp~,\ ~ ppm ,. 
~ 

,, 
Dissolved solids: -

Aluminum (Al) ' Residue evap. 180° c .1 ()!, ,~ 

~ on at - c . Calculated 1 (1<) 

Iron (Fe) 12 
Hardness as CaCO"~ ~ 

: 
H.:1nganese (l1n) .0 Noncarbonate 0 

Color ~ 

C:n::bon dim::idc (CO") cnlculnted ,o 

' F~eld No. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

WATER ANALYSIS 

2GW 

Doc. 1953 

LJ?.. Lf o I)..-/ J s .s-;.)-:rv 1 q~ ~c. Lf cLJ I , >6 ~>'fit-}-
Location __ ..!cA"'-'t~~~!o"'u,_,n~l:a,_;i'-"n'--'-'H"'om"""e~A-"{.,_r_F,_o,_r'-'c"'e"-'B"'a"-'s'-'c"-',L-.2Io,d'-"n'-"h"'o'-------- Cou_nty ( J>l<Ooro ~ · 
Source __ ___oD~e~e:_:~:_. -"-''~e'21o_;1'---~-~-=;-;------=----- Deptn {ff) Diarl1 (in_)_· __ _ 
Cased to (ft) ___ Date drilled 1961 Point of call. ~S_,i.;:t.:::e-'A=·-"=t_pu=m""p"----------

Owner USAF, Mt. H""',e~A,_F-'"B_"---__:=·-::c...·_· ------=--=-=-=--c­
Treatment -=--.,------------:-:-::---:c::c::oc----------~Use Dam. ,Air Cond. 
w B F Sand WL 500 ' Yield --"1,_00,_g"-="'· "------
Temp ('F) --,-:--Appear. when coii. _ _,C.=1.:::e"'a"-r ________ -:---:--=---------------
Collected Hay 18, 1964 By Chnr1cs Free00mn=n0!_ __________ _ 

Remarks 

ppm epm ppm epm 

Silica (Si02) 88 Bicarbonate (HC03) 56 0.92 

Aluminum (Al) Carbonate (C03) 38 1. 27 

lron (Fe) 2.3 

Hanganese (Hn) .o Sulfate (504) 27 .56 

Chloride (Cl) 12 .34 

Fluoride (F) 20 1.05 

Calcium (Cal 1.5 0.07 

Ma nesium (Mg) .0 .00 Nitrate (N03 ) .5 .01 

SodiUm (N a). _____ +-_ __:::9_:c:4_----j __ 4:::_.,__:0~94 __________ +-------l----

Potagsium (K) 1.1 .03 

Total 4.19 Total 4.15 

ppm 
"'S"pecific conductance 

(micromhos at 25° C) 407 
Dtssolved solids: . 

Colculoted 312 pH 9.4 
Res1due on evaporatton at teo·c 281 

Color 5 
Hardness as CaC0 3 (+ 

Noncarbonate 0 Carbon d~oxide' (C02 ) calc. ' .1 

Lab No P~ITI 10600 Foeld No. Project 
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UNITED STATES DEPARTMENT OF THE INTER(OR 
GEOLOGICAL SURVEY 

WATER ANALYSIS 

2GW 

D•c. 1953 

1!-r vn cr..1 :/ 

Location 
Source 
Cased to (ft) 

<;;s-s£--;..d.ttJ.( 
Mountain Home Idaho issi1e Base Site A) _ Coun~--~Owy~~h~e~e--~~-
Drilled Well De th tf~'"'~ Diam (in.) __ _:.lD::__ 
2, ooo Date dri lied 19 59 Point of coli. =-"'re~i:;:s~s:,oi.=1o:e~S.::i~te~A~----------~ 

-------------------·-Owner Mountain Home Air Force Base, Idaho 
Treatment ---,-------=---=----:-------:.,.,---------------~.Use Domestic . • 
WB F ____ _jL"'auv'-"aL.!.r-"o"-'cJSk'-'lann"d-"s"'an!!d~-~,----WL __________ Yield 200 gprn pump 
Temp (•F) ___ Appear. when coli. _ __,c"-'1=.-ee..;a!..!r~-------:-----.,..------T'· ·;..· ..::.··----
Collected ---"A._.pu.r_.i..,.1........,s ... ,_.1.._9,.6.t.3....=-_..1Q""O"'O"-'h"'o"'u..,r,_,s.._ __ 8 y ----'S"-'--'1 Se.Jg,._t.....__,c"'o'-'r'-'d'-'e'-'1'-'1'---------1 _' _c.._ __ 

Remarks F" 1d N 6 ~e o. 4 .) 1./ 0 I ;:c I I r.; ,,- I ~ ·, < · n I ',-;.:!_~J ·7/ 
ppm epm ppm epm 

Silica (SiOz) 83 Bicarbonate (HC03) 56 0.92 

Aluminum (All Carbonate (C0 3 ) 38 1.27 

Iron (Fe) 1.9 

Manganese (Mn) .o Sulfate (S04) 26 .54 

Chloride ( Cl) 13 .37 

Fluoride (F) 20 1.05 

Calcium (Ca) 1.0 o.os 

Map,nesium (Mg) .o .oo Nitrate (N03 ) .2 .oo 

Sodium (Na) 92 4.00 

Potassium (K) 1.0 .03 

I 
Total ! 

4.08 Total I 4.15 

~/.- .::_- L«.. 

ppm 
Specific conductance 

(micromhos at 25° CJ 403 
Dissolved solids: 

Colculafed 304 pH 9.4 
Resrdut on evaporatron at 180~ C 303 

Color 5 
Hardness as CaC0 3 2 

Noncarbonatt 0 Carbon Dioxide (C02) calc. .1 

• Lab No PNW 8793 Field No. Project 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

WATER ANALYSIS 

s.u..l. 1S ~-r: t.{ A.u.JI 

S
Loocuarctieon

1 ===B~r~u~n~e~a~u~,LLI~d~a~h~ol~(~1~3~m~i~1~ejs~fr:-B.~~·)j:£====~DDe;p~t~h0\('t,~t"·~',-rii]· ~~ty _ Deep Well: well Ho, CJ'+ SITE M ,171' .-rucr 

2GW 

Dec. 1953 

Lf ).l{ 0 l 1..//5>-s 15:5, 
o,qhee [f-7 g 

Diam (in.), ___ _ 
Cased to (It) Date drilled _______ Point of coli, --"'C~o~o~1""i~n.;;g__;,.t;cow"'e~r"----------
----------------------Owner_~U~S~A~F~·~}~!t~~H~o~m~e~A~F~B~----------------
Treatment ----------------:=---------------Use Condensing ,Darn, 
WB F ____________________________ WL ----------------Yield --~5~0~gJ!!pmg__ ______ _ 
Temp (° F) 8 5 Appear. when coiL ---"Cc;1"'e"'a.!.r _________________________ _ 
Collected March n, 1964 By __ ..,R...,as.y__;,L.rn.J,.i§.S~--------- -------
R k 

Sample collected by mistake; may not be representative. emar s 

ppm epm ppm epm 

Silica (Si0z) 81 Bicarbonate (HCO 3) 65 1.07 

Aluminum (All Carbonate (C03) 35 1.17 

Iron (Fe) .33 

Sulfate (504) 

Chloride (Cl) 13 .3 7 

Fluor ide (F) 18 .95 

C ale ium ( Ca) 1.0 0.05 

Magnesium (Mg) .o .oo Nitrate (N03 ) 

Sodium (I\'a) 98 4.26 

Potassium (K) 

Total Total 
' 

ppm 
SpeciJic conductance 

(micromhos at 25° C) 415 
Dissolved solids: 

Calculated pH 9.2 
Res1du~ on evaporat1on at IBO~c .jLj 

Color 5 
Hardness as CaC03 2 

Noncarbonate 0 

p;._'W 10191 F1eld No. Project 
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PLATE 

Sample location map, Bruneau-Grand View area . 

(Adopted from Young et ol., 1979) 

••• 
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Explanation 

Well, spring from wh ich complete chemi c al analys is is available . 

Other wells, sprinQs, no c hem ical data or part ial data only, not a 
complete representation. 

Flowing we I I. 

-- Boundary of geograph ic sub-area (see text) . 

Boundary of AMAX ' s leasehold. 

5326 Sample number, selected samples on l y . 
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