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CONCLUSIONS 

o~. Analyses of drilling data and the chemistry of samples collected by 
Union Oil at their wells #42-7 and #31-33 at Cove Fort show that cer­
tain irregularities in the data can be explained as the results of (a) 
sample contamination by drilling and b) corrosion control additivies. 
Semi-quantitative subtraction of these effects shows that the Na-Cl 
reservoir fluids tapped by these wells are probably more homogeneous 
than previously thought. Ratios of Na/K and Na/Cl are the same in both 
wells. 

2. The principal difference between fluids from wells #42-7 and #31-33 is 
that #31-33 is higher overall in salinity than #42-7. 

3. The top of the reservoir tapped by #42-7 has anomalously high K which 
remains unresolved. Release of K by alteration of feldspars to clay 
minerals or a source of K in evaporite deposits seems the most likely 
explanation. 

4. Dolomites penetrated below 4,800 feet in well #31-33 contain an anoma­
lously dilute mixed cation-mixed anion recharge water which circulates 
beneath the thermal reservoir above. There is weak evidence that 
dilute waters also enter #42-7, below about 6,000 feet. 

5. Si02 concentrations suggest that in well #42-7 either quartz or chalce­
dony is nearly in equilibrium with surrounding rocks. The Si02 data 
for well #31-33 are suspect because of a discrepancy between diluted 
and undiluted samples. Samples diluted at the time of collection indi­
cate oversaturation with both quartz and chalcedony, which in turn 
implies that the fluid is mixed or that it has migrated from a hotter 
source area. 

6. The cation geothermometer may not be applicable to these fluids due to 
scarcity of feldspars in the reservoir rocks. Cation temperatures are 
about 210-250°C without, and 175-235°C with Mg corrections. These 
could reflect rock-water interaction in parts of the deep system(s) 

7. 

not penetrated by the wells, where feldspars are more abundant and tem­
peratures higher. 

This is tentative, but the cation and silica results together encourage 
the possibility of finding temperatures above the maximum 180°C in 
#42-7. 

8. Shallow well and spring waters from the Cove Fort area are all rela­
tively dilute and lack distinctive signatures which might relate them 
to the deep system. 
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In 1978 and 1979 Union Oil Company drilled three exploration wells 
at Cove Fort from which hydrochemical data were obtained. This paper pre­
sents conclusions from a review of those data and of Union's interpreta­
tions of their significance. The results of shallow groundwater geochemical 
surveys of the surrounding area have also been examined. The work has been 
done at the request of Dean Pilkington under a general consulting agreement 
between GeothermEx, Inc. and AMAX Exploration, Inc. for the provision of 
geochemical services. 
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BACKGROUND 

-
The only surface manifestations of thermal activity at Cove Fort 

are acid-sulfate springs at Sulphurdale, which almost certainly are heated 
by- steam rising from depth. The warmest is 40°C. 

Ash and others {1979) summarize the results of the Union drilling 
as follows. The wells in question are #42-7, #31-33, #14-29, and Forminco 
#1 (a dry hole). 

"The wells penetrated an underpressured, highly fractured, moderate 
to low temperature {178°C to 93°C), highly permeable geothermal 
reservoir consisting of contact metamoprhic and sedimentary car­
bonate rock in a geologically complex area. The lack of production 
was due to low temperature and low pressure which together with 
problems of toxic H2S gas, lost circulation and fractured and 
unstable formations, lead to abandonment of the project. 

The geochemical data is complex. The wide variety of water, 
ranging from 1,320 ppm TDS to 10,000 ppm TDS was unexpected in the 
highly permeable reservoir that was thought to be well mixed and 
geochemically similar throughout the prospect. 

The four wells penetrated a variable thickness of surface volcanics 
of mid-Tertiary age {200 to over 2,000 feet) which lies with angu­
lar unconformity over highly faulted and folded Lower Mesozoic and 
Upper Paleozoic sedimentary rocks. Superimposed over a portion of 
this framework is an aureole of contact metamorplvism and minerali­
zation related to a Mid-Tertiary intrusive event. 

Static fluid levels in th~ wells are between 1,200 and 1,400 feet 
below the surface. Very high temperature gradients (13 to 16°F/100 
feet) are present from the surface to the static water level in the 
resevoir. Below the top of the reservoir, the temperature profiles 
become nearly isothermal in the highly fractured and permeable 
reservoir. These isothermal sections are 300° to 310°F {150°-
1550C) in the #42-7 well, 270°-275°F {130°-135°C) in the #31-33 
well, and 190° to 195°F {85°-90°C) (not stable) in the #14-29 well. 

[Two month's post-completion the isothermal section in #42-17 had 
~ disappeared, and the well increased from 306°F {152°C) at 2,000 

feet to 332°F {167°C) at about 6,000 to 6,900 feet.] The maximum 
temperature measured in the prospect was 354°F {179°C) at 7,320 
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feet in the #42-7 well. The area around the #42-7 well=appears to 
be near the source of the geothermal anomaly, as defined-by the 
deep drilling. The rapid termination of the shallow-we}l tem­
perature anomaly east, south and west of the #42-7 well leave 
little room for the presence of higher reservoir temperatures, con­
sidering the highly convective nature of the reservoir." 

All four wells were very expensive to drill due to lost circulation and 
corrosion problems. 
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RESULTS 

-
All available hydrochemical data for major and minor dissolved spe­

cies and most data for trace elements are shown uniformly tabulated and 
processed in tables 1-3. This includes approximately 20 shallow, cool 
ground water sources around Cove Fort and from the edge of the Belknap 
Caldera to the southeast. The acid-sulfate thermal springs at Sulphurdale 
are not listed. All data sources appear in the Bibliography. 

Quality and Interpretation of Analytical Data 

Most of the deep test samples show good ionic balances (table 2, 
column DIF), but three of the analyses do not. Samples 1.04 and 1.07 have 
large relative excesses of cations which appear to be due to failure to 
report carbonate. Errors in Na and S04 are also possible. The ionic im­
balance of 1.15 is certainly due to incorrectly reported S04. Sample 1.08 
has a reasonable balance, but a ratio of HC03 to C03 which is too low given 
its pH. 

Most of the dilute, cool recharge samples are poorly balanced. The 
cause or causes of this have not been explored because the background in­
formation which they provide for contrast with thermal fluids is not ad­
versely affected. 

The Si02 data from well #31-33 are suspect. Analyses of samples 
treated by dilution at the time of collection (table 1, column Rd-Si02} 
indicate that the undiluted samples {Ru-Si02) should be at least saturated 
with amorphous Si02 at room temperature (a minimum of about 110 mg/1 Si02). 
Reported values are greatly below saturation and place into doubt the 
quality of the Si02 data from both the undiluted and the diluted samples. 
Si02 analyses (molybdate technique) are also subject to interference by 
iron, which is high in some samples due to corrosion. 

The thermal 
variable salinity. 
bicarbonate types. 

waters are all of Na-Cl composition, in spite of 
The shallow groundwaters are dilute mixed cation-

Wells #42-7 and #31-33 were sampled at the flow line repeatedly as 
water was made during drilling (figures 1 and 2}. Resulting analyses show 
variations in composition which are initially difficult to interpret 
because:· (a) the formation water composition may shift in response to 
boiling and degassing as it is aerated and as it mixes with injected 
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drilling water; (b) sump water was pumped down-hole during aer(lj;ed drilling, 
~nd occasionally injected in large slugs to clear the sump; (cr-control of 
~rill pipe and casing corrosion was practiced.by injecting certain chemi­
~eals; (d) only occasional samples for determination of Si02 were diluted 
when collected; and (e) there is no evidence that any sample for cation 
determination was treated with acid, which should be done to prevent loss 
of calcium. The effects of these variables can, and to some extent ten­
tatively, be subtracted from the initial results. 

The Union Technical Report on well #42-7 indicates that flow-line 
samples were usually collected at the end of aerated drilling cycles, to 
minimize contamination by large injection slugs. There was corrosion 
control below 3,750 feet by injecting variable amounts of water soluble 
anime, NaOH, ammonia, organic phosphonate, Na2S03 and NaN02. Data on 
corrosion control are sketchy, but rough data on the added NaOH suggest 
that 10% to 20% of the Na in the flow line samples may have been contri­
buted by the injected NaOH. Na is much more variable from sample to sample 
than is K, either because there are real variations in the formation fluid, 
analytical errors, or variable contamination (figures 3, 4). There is a 
strong correlation between Na and total alkalinity, which includes hydrox­
ide ion (OH-) and it appears that some samples are either (a) mixtures of 
Na-Cl and Na-HC03 formation waters or (b) Na-Cl formation water mixed with 
injected NaOH (figure 1a, note samples 1.04 and 1.07). Contaminiation by 
injected NaOH seems more likely, particularly because the strong variations 
in Na and alkalinity are not accompanied by shifts in S04 and Cl. 

Si02 measured in undiluted samples shows a strong correlation with 
pH (figure 5), either because injected sump water with high pH also had 
dissolved high Si02, because samples with higher pH tended to loose less 
Si02 during storage prior to analysis, or both. 

Four flow line samples collected during aerated water drilling are 
available from well #31-33. It is reported that the samples were collected 

·during cycles of drilling when there were substantial drilling returns with 
relatively high temperatures and low pH compared to the injected water. A 
fifth sample (2.05) was bailed from near TO after total salinity dropped 
suddenly and drastically near 4,800 feet from about 10,000 mg/1 down to 
1,300 mg/1. Permeable dolomite was entered at 4,800 feet beneath a 
sequence of sandstones and siltstones of low porosity. 

Corrosion control was practiced below 2,019 feet, initially by 
injection of NH40H and phosphonate, and below 3,728 feet with substantial 
NaN02. It is concluded in the Union Oil Technical Report that the sample 
from 4,170 feet (2.04) is probably the most representative of the reservoir 
fluid above 4,800 feet, as it has the highest salinity and so is presumably 
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l~ss diluted by injected fluid than previous samples (2.01-2.03}; However, 
~consideration of Na, Cl, pH and sketchy corrosion control data-shows that 
t~is sample may have been the most heavily contaminated by NaOH.o The Cl, 
(1 and F in 2.04 show only a 10%-15% increase over shallower samples, 
whereas Na and TDS increase by 50% and 30%, respectively. Considering 
this, it seems that the 4,170-foot sample is possibly contaminated by NaOH 
{and NaN02?l and not necessarily more "representative" than the others. 

. Figures 6 and 7 have been developed from figures 1 and 2, to show 
concentrations of various species at the flowline versus depth, following 
elimination of the effects of suspected contamination discussed above, and 
slight smoothing of the curve for each specie. The curves are still 
approximations. There probably remains some effect of sample dilution by 
make-up water from the sump, but since most of the sump water was produced 
reservoir fluid this effect may have been small. The low salinity of 
sample 1.13 {7,607 feet) was due to one-day use of injection water with 
salinity of less than 1,000 mg/1 prior to sample collection. 

The curves show that the reservoir penetrated by well #42-7 is 
probably fairly homogeneous, except for anomalously high K at the very top. 
This K may have its source in evaporites or perhaps breakdown of the feld­
spars to form clay minerals. The decrease in salinity below about 5,560 
feet is believed by Union to be caused by an increased flow of lower­
salinity water into the borehole after porous wollastonite marble zones 
were drilled at 6,080 feet and 6,170 feet. The source and composition of 
this dilute water is uncertain, but it may be similar to the low salinity 
water found in dolomite penetrated by well #31-33 below 4,800 feet. 

The reservoir penetrated by #31-33 above 4,800 feet is also fairly 
homogeneous, and differs from #42-7 principally in having a higher overall 
salinity of Na, K and Cl {note figures 3 and 4). If the reservoirs of the 
two wells are freely connected at depth, this may mean that #31-33 more 
closely represents the deep source. 

Variations in S04 and alkalinity or HC03 are different in each 
well and contrast with the similar Na-K and Na-Cl ratios. Possible causes 
for variations are: {a) mixing of Na-S04 and Na-HC03 waters with Na-Cl 
waters; {b) shifts in equilibration of CaS04 and CaCO~ with changes in tem­
perature and Pco2 in different parts of the reservoir(s); and {c) contami­
nation by corrosion control additivies which include NaOH and NaS03. 
Oxidation of reservoir sulfide {H2Sl to H2S04 in samples may also have 
Qccurred, but the amount of H2S available is unlikely to fully explain the 
¥ariations in S04. The flowline samples of #42-7 have much higher alkalin­
ity than does the flow test sample {1.15) which was collected following 
completion of drilling. This suggests that alkalinity of the flow line, as 
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represented on figure 6, may still include a large effect of c~taminiation 
~r some other alteration process. 
' 

Ca is not shown on figures 6 and 7 because of uncertainty about the 
reported data (see discussion of data quality). If its variability is due 
to loss of Ca from some samples prior to analysis, it may be assumed that 
Ca is about 40 to 70 mg/1 in the reservoir of #42-7, and 60 to perhaps 200 
mg/1 in #31-33. 

Geothermometry 

Using the Na and K values of figure 6 and Ca ranging from 40 to 70 
mg/1 at each depth, the flowline chemistry of well #42-7 has the following 
cation temperatures: 

Depth,· feet T°C, NaK-Ca T°C, NaKCa-Mg* 

3,000 260-270 230 + 5 

4,000 235-240 200 + 5 

5,000 230-235 200 + 5 

6,000 215-225 185 + 5 

7,000 210-215 175 + 5 

Flow Test (1.15) 237 195 

*Calculated for flowline samples using Mg = 6.3, the average of 
samples 1.01-1.14 except 1.04, 1.07 and 1.08. 

These compare with post-completion measurements in the reservoir of 
150°-170°C, and a one-time maximum of 179°C at 7,320 feet. 

Using the Na and K values of figure 7 and Ca ranging from 60 to 200 
mg/1 at each depth, the flow line chemistry of well #31-33 has the 
following cation temperatures: 

-8-



(415) 527-9876 
CABLE ADDRESS' GEOTHERMEX 

Depth, feet 

2,500 

3,000 

4,000 

SUITE 201 
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T°C, NaK-Ca 

245-260 

250-265 

240-255 

PC, NaKCa-Mg* 

230 + 5 

235 + 5 

235 + 5 

*Calculated for flowline samples using Mg = 7.0, the average of 
samples 2.01-2.04. With Mg = 14, the corrected temperatures drop 
by about 3o•c. 

These estimates compare with measured temperatures of 130-135°C in 
the isothermal section of the well. 

Two qualifications to the Na-K-Ca geothermometer must be observed. 
First, when cation temperature estimates are compared with known reservoir 
temperatures (as from well logs) at about 200-25o•c, the chemical tem­
perature is rarely off by more than 2o•c, but it may occasionally be as 
much as 50°C too high. This means that the estimates for well #42-7 are 
generally within the limit of maximum error of the geothermometer, but 
beyond the limit of most probable error. Second, the cation geothermometer 
is based upon water-rock systems which include feldspar minerals, which may 
be scarce in the sections penetrated by the Cove Fort wells, particularly 
#42-7. The applicability of the geothermometer in carbonate and quartz 
sandstone reservoirs is very questionable. This means that the cation tem­
peratures may be meaningful only if they represent water-~ock interaction 
in other, possibly deeper parts of the systems, not penetrated by drilling, 
where feldspars are present. If this is the case, temperatures as high as 
about 23o•c can be expected. Hotter fluids may be cooling and migrating 
laterally to the top of the section penetrated by well #42-7, and then cir­
culating downwards, possibly cooling very slightly or mixing with more 
dilute components. Evidence for lateral migration of somewhat cooler, more 
dilute waters into deeper parts of these systems has been cited above. 
Decreasing cation temperatures with depth in #42-7 may reflect this mixing, 
or an incomplete chemical re-equilibration process. 

Data for Si02 are somewhat irregular and spotty, and the quality of 
~easurements from well #31-33 is uncertain.Nevertheless, the maximum esti­
mates of the quartz and chalcedony geothermometers applied to samples 
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diluted at the time of collection are in fair agreement with the tem­
jeratures measured in well #42-7, whereas in #31-33 oversaturation is 
jndicated: 

T°C, Si02 
Well Quartz Chalcedony Measured in reservoir 

#42-7 
2,000 feet-TO 175-190 165-170 150-170 (to 179°C)? 

#31-33 
2,000-4,800 feet 185-195 165-175 130-135 

below 4,800 feet 158 133 115 at TO 

At temperatures below about 200°C, and in sedimentary rocks, silica may be 
controlled by either quartz or chalcedony. A decisive choice between the 
two geothermometers is not possible. In either case, it appears that 
silica has more closely equilibrated to reservoir temperatures at the 
depths tapped by the two wells than have the cations. 

The single sample from well #14-29 (sample 3.01) has similar Cl to 
the #42-7 reservoir fluid, but much higher Ca and Mg and lower Na and K. 
This well was drilled to only 2,620 feet. The fluid sampled probably has 
migrated from a hotter part of the reservoir, reacting with rocks as it 
cools, and perhaps mixing with Ca-Mg-HC03 recharge. The chalcedony and 
cation temperatures agree roughly with a measured 85-90°C (not stable). 
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AX-03-AK 

TABLE 1. Chemical analyses in mg/1, 
Cove, Fort, Utah 

-Column headings (some may not appear): 

N = sample number for tabulation 
NAME = Well Number (N = 1.01 to 3.01) or sample Number (N = 4.00 to 23.00) 

Samples N = 4.00-16.00 are from AMAX Geochem. files, N = 17.00-23.00 
from McHugh and others (1980) 

DATE = sample collection date, yr-mo-day 
TIME= time of collection 
DEPTH = drilling depth at time of collection 
TYPE: FL = from flow line during aerated water drilling, for N = 1.01 to 3.01 

B = bailed, for N = 1.01 to 3.01 
SU = sump or suction pit, for N = 1.01 to 3.01 
FT = flow test, for N = 1.01 to 3.01 
SP = spring, for N = 4.00 to 23.00 
WE= well, for N = 4.00 to 23.00 
SS = spring or surface, for N = 4.00 to 23.00 

PHL = pH 
CA ••• CL, F, MN = ionic species, concentrations in mg/1 (N03 as N) 
SI02 = silica in mg/1. Ru =measured in untreated sample. Rd = measured in 

sample diluted at time of collection 
TDSM = total dissolved solids reported by data source. 
TOSS= total dissolved solids by summation of CA through CL, plus SI02 
EC = conductivity at 25°C, micromhos/cm 
B = atomic boron in mg/1 
FET = total iron 
FEF = filtrable iron ~ 
COM = Comment 

Note= All 9's or blank means no data are available, does not apply, 
or insufficient data are available to permit calculation. 
0.0 means below detection limit of analysis. 

Detection limits: 

For N = 1.01-3.01 Mg < 1.0 
CD < 0.001 

FEF < 0.05 
N03 < 0.01 

Comments: 

For N = 4.00-16.00: no limits given 

For N = 17.00-23.00: BA < 0.001 
B < 0.01 

MN < 0.003 

Sample 2.01 FET reported as 3,200 mgil 
Sample 3.01 LI reported as 265 mg/1 
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A~-o>- AI 

~,'~:2/81 ?MP.l; PAG£ 1 

R· Rd 
~~r~ N Nf!ME DATE Tl~E DEPTH TYPE PHL CA ~G NA K Ll HC02 CG3 SQ.t SL SI02 Sio '-

1.a1 42-7 789126 So999 2633 FL 8.52 64.9 7.2 1aae.e 11SB.e ~9.99 246.4 48.9 4SB.B 222e.~ liB 211 
<~ I. 82 42-7 788127 9999 2798 FL 9.54 32.8 4.8 !316.8 585.8 99.99 265.9 252.9 568.8 1828.8 m .~1 

3 1.83 42-7 738131 1249 3388 FL 8.99 12.B 7.2 1788.8 247.5 ~9.99 62B.B teS.B 56o.e 21ee.a 14e 
4 1.84 42-7 788207 1189 3768 FL 11.76 8.8 B.B c653.B 247.8 99.99 634.4 u 7!i8.B 21~8.8 340 
" 1.85 42-7 788289 545 4548 FL 9.36 73.6 18.1 1885.8 241.9 99.99 817.4 36e.3 928.8 2258.8 !58 

5 1.9~ 4'2-7 788218 545 494B FL 9.34 64.9 5.8 2495.8 242.8 99.99 1BS5.B 368.8 1888.6 2349.8 !58 
I l.ti? 42-7 788212 1789 556~ FL 9.98 26.4 8.1 34fB.B 225.9 99.99 1322.B ~.s 1288.8 245S.e 136 .. ~··. 

'··t' U8 42-7 788214 me 6189 FL 18.82 !0.4 0.a za2e.e 199.9 99.99 1.1 789.8 1588.9 2BB8.B 2!e 
~~ 1.~~ 42-7 788218 918 6889 FL 9.14 7.2 6.2 2149.8 185.8 99.99 732.~ 248.8 1!SB.B 194B.B !59 231 

18 1.1t 4C-7 788218 918 6889 su 9.23 12.8 2. 9 ma.e !95.9 99.99 768.6 264.8 14g9,8 1938.8 !50 

!! 1.11 42-7 789218 918 6889 su 9.18 !B.B 5.8 2288.0 212.9 99.99 693.8 267.9 1168.9 1928.8 9999 
12 1.12 42-7 788222 1839 7523 FL 9.27 18.4 1.8 1868.@ 161.9 99.99 634.4 2!6.8 1168.8 !62B.a !58 .s~ 

!3 1.13 4(-7 788224 1245 7687 fl 9.11 41.6 5.3 966.8 181.5 99.99 439.2 252.8 1168.8 348.2 16~ '21'-1 

14 1.14 42-7 7SB226 845 7735 FL 7.78 68.8 13.9 1838.8 288.9 99.99 412.8 9.9 gee.& 224B.B 9999 
15 1.15 42-7 780516 9999 TD FT 8.79 43.9 6.a 15Be.e 2B9.B 99.99 191.3 s5.a 9.5 1598.B 197 

lb 2.81 31-33 788638 !2BB 2455 FL 8.77 5.6 2.4 2538.8 423.8 12.85 grH'! ~ ou .... 54.8 2n.e 3448.e 77 ,a; 
'" 2.B2 31-33 788781 1189 2825 FL 7.33 26B.B 14.4 2475.0 452.9 12.46 488.7 0.8 72B.B 25Se.e .,r Ill " CJ 

18 2.83 31-33 788705 1208 3728 FL 7.'34 62.4 7.7 2916.8 465.3 11.62 256.2 9.9 !BB8.B 3418.~ 64 'Z II 
---~~~i 9 t.a4 31-33 78878? 688 4!7B FL 9.79 14.4 3.4 4898.8 443.8 13.31 658.8 54~.9 7£~. e 39ea. e "4 

I ' 
"2~1 

28 2.85 31-33 786728 5999 :221 B 7.44 74.4 19.2 355.8 56.2 1.16 24U u 187.3 se2.e t4 143 

21 3.21 !4-29 9999 3999 9599 7.41 ~32.8 115.2 1229.8 41.5 99.99 192.8 u 998.B 2B6e.e 92 
22 4.&~ WIB3i9 768t88 9999 9999 WE 7.69 12.9 19.8 26.8 2.8 9.88 192.2 0.9 36.~ 118.8 ., 

JC 
")·7; s.~~ w1e22a 768808 9999 9999 SP 8.10 4.9 18.9 13.B 8.8 0.98 144.B 0.9 e.a 28.8 "!~. 

Lv cc 
24 6.ae wtB321 76BB09 5~99 9999 SP 7.3B 6.9 14.8 23.8 1.£ e.e8 159.0 9.8 14.9 58.8 33 
"r 7.96 W!B322 766888 9999 9999 SP 7.52 !4.8 26.8 45.8 9.3 e.ee 368.9 9.9 13.8 n.e 4'' CJ .c 

,. 
Cb s.ee wtsm 769§09 9999 9999 ~E 7.49 !2.8 2!.8 32.0 2.8 8.99 192.0 8.8 38.8 129.8 46 
,,_.., 9.ee W!B324 76e&ea 9999 9999 ~E 7.74 58.9 13.8 42.& 3.4 8.19 164.~ 0.8 22.9 ~3.8 45 Cl 
'JO iB.BB W!B325 76989 9999 9999 SP 7.99 5.8 13.0 21.0 1.1 8.88 177.8 u B.B 25.d '"'" LL 00 
oq ·- 11.39 Wl932f. 768898 9999 9999 SP 7.52 4.9 8.8 16.3 1.9 @.88 122.9 u 8.3 19.3 26 
30 12.9~ WI932B 76BB8 9999 9999 SP 7.32 8.9 16.8 39.e 1.3 e.e9 298.9 6.9 28.8 64.~ 31 

31 13.99 WIB329 mee 9999 9999 SP 8.48 18.9 IB.B 31. il 1.5 9.88 2!2.S 12.9 39.8 su 32 
32 14.6~ ~19336 76889 9999 9999 SP 7.28 4.8 18.8 23.0 8.8 9.98 16B.B B.B 8.0 17.~ "J; .. 
33 15.0~ W18481 76089 9999 9999 WE 7.99 79.8 13.9 28.8 4.1 e.e8 156.9 g,Q 19.9 51.3 . '· 'c 
" 16.ee wtem 76888 m9 9999 ~E 7.78 78.9 12.8 21.8 5.1 ue 162.9 Q.a 32.8 •4.~ <0 
0' •u 

35 17.ae 7931 798688 9999 9999 ss 8.49 72.8 16.8 ,. 0 

"'" 1.7 9. 91 243.0 8.9 lc.e 46.0 32 

36 18.09 7989 79SBB 9999 9999 ss 7.38 5.8 1.2 4.3 8.7 0.89 22.8 0.9 1.9 2.5 21 
37 19.88 7999 79BBB 9999 9999 ss 7.55 4.9 1.1 3.6 9.6 8.98 18.0 u I. 7 2.1 19 
38 29.88 7991 79888 9999 9999 ss 7.45 6.2 1.6 4.5 9.9 8.ee 22-ii 8.8 2.8 3.7 21 
39 21.89 7992 79889 9999 9999 ss 7.55 39.9 4.6 22.8 0.3 8.91 143.0 ~.9 4.2 23.8 21 
49 22.89 7993 799898 9999 9999 ss 7.75 !1.9 2.5 5.1 9.8 9.98 53.0 9.9 2.8 3.9 23 

41 23.88 7994 79BBB 9999 9999 ss 7.75 !1.9 2.5 5.9 9.8 9.98 52.0 8.3 2.8 3.~ 23 
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A>'--03-A<. 

LIN• TDS~ TDSS EC B F N03 AS RA CD ~N FET FEF CO~ 

l 5298 5334 88~8 8.25 ~.e9 8.64 5.068 8.538 €.Ble 2.640 88.443 5.528 r>\AI<I\.1& >o<> BB~S/HR. 
2 ms seee 37-16 e.3e 2.38 e.s3 2.ssa a.m e.ete 4.261 64.888 3.62e '"'~KIN6 .,~" !!tl.S/H~. 
3 me 5495 7846 13.88 s.se e.48 2. 949 a.19B e.812 e. 925 59.308 2a.eee 
4 8834 6832 12368 8.!5 S.B9 2.38 7.260 8.888 e.156 8.847 2.589 9.54~ START CORR CTRL 2t7 
5 6561 6787 1~894 8.24 5.59 1.3B 4.368 8.128 0.128 8.131 3.496 1.21B 

6 7972 7822 19888 8.28 5.39 8.48 4.143 B.12B e.156 8.874 2.268 9.459 
7 9485 8943 1;469 8.18 4.78 1.89 6.088 B.1BB 9.128 8.898 2.829 1.140 
s s3s! 7528 12s93 o.0s s.e8 2.4e 3.789 e.e4B e.es9 a.937 1.12s 0.2s0 
9 ssss 6Ssa s8ea 9.3e 5.29 ua 4.128 e.0ae a.e2e 0.163 8.S27 9.367 

!B b4ct 6962 S4CB 8.58 5.29 4.2@ 4.389 8.119 8.922 8.119 4.718 9.633 

1! 9991 6317 99999 7.09 99.99 99.99 99.999 9.999 9.999 9.999 999.999 99.999 
12 5349 5822 7999 8.59 6.88 t,4g 4.569 B.12B 9.817 9.344 8.925 9.643 
13 3178 3546 5999 9.ti5 6.68 3.85 3.178 9.179 9.898 8.379 17.698 2.888 DIL BY LOW SAL !NJ 
14 ~999 5751 99999 19.99 99.99 99.99 99.999 3.138 9.999 9.999 999.999 99.999 
15 3958 3781 5939 7.89 5.88 0.83 1.989 9.999 9.999 9.999 999.999 8.888 N2 l!FT ,llo coRf<€cTIM fO~ 5fU.tl SlOP. 

16 76B8 7783 11788 8.15 3.18 8.84 8.979 3.879 8.894 8.249 99~.999 8.347 CORR CTRL 
17 7655 7918 11788 0.38 3.28 8.93 8.379 8.298 8.986 2.884 8.786 1.928 
!S 8368 8131 12389 g,25 2.98 8.02 1.131 6.!6e B.BB7 0.328 11.199 8.668 
19 1eaea 18399 15389 ij.5~ 3.69 e.ee 5.787 e.479 e.e4s 8.816 18.688 8.1es 
20 132a 1ss2 2835 us 1.83 B.45 2.991 e.1SB e.048 U43 2.154 1.976 

21 4776 4953 99999 6.48 2.56 99.99 8.758 9.999 9.999 9.999 999.999 ~9.999 
22 431 438 99999 8.48 8.38 99.99 99. ~99 9.999 9. 999 9. 999 9'39. 999 99.999 NO rLOW-13.5llEG.C. 
23 219 219 99999 S.ee 8.28 99.99 99.999 9.999 9.999 9.999 999.999 99.999 88 LP~-13 DEG.C. 
24 291 291 99999 0.66 9.2& 99.99 99.999 9.999 9.999 9.999 9'19.999 99.999 68 LP~-18 DEG.C. 
25 573 577 99999 8.&8 9.39 99.99 99.999 9.999 9.999 9.999 999.999 99.999 4 LP~-16 DEG.C. 

26 465 464 99999 8.49 8.38 99.99 99.999 9.999 9.999 9.999 999.999 99.999 288 LP~-19 TIEG.C. 
27 481 489 99999 8.29 8.78 99.99.99.999 9.99q 9.999 9.999 999.999 99.999 NO FlOW-23.5 DEG.C. 
28 275 275 99999 8.88 9.28 99.99 99.999 9.999 9.999 9.999 999.999 99.999 48 LP"-1~.5~EG.C. 
29 !97 197 99999 0.88 9.38 99.99 99.999 9.9'39 9.999 9.999 999.999 99.999 28 LP"-14 DEG.C. 
39 482 4e1 99999 8.89 9.58 99.99 99.999 9.999 9.999 9.999 999.999 99.999 298 LP~-9 DEG.C. 

31 418 489 99999 8.38 8.36 99.99 99.999 9.999 9.999 9.999 999.999 99.999 288 LP"-16 DEG.C. 
32 251 251 99999 8.88 8.38 99.99 99.999 9.999 9.999 9.999 999.999 99.999 12 LP"-13 DEG.C. 
o3 276 375 99999 8.98 8.48 99.99 99.999 9.999 9.999 9.999 999.999 99.999 HO FLOW-16 DEG.C. 
34 387 386 99999 9.28 9.48 99.99 99.999 9.999 9.999 9.999 999.999 99.999 NO FLOW-11 DEG.C. 
35 9999 44S 548 9.82 9.21 99.99 8.804-8.178 9.999 e.aae 2.998 99.999 15.5 DEG.C. 

36 9999 59 65 8.89 9.29 99.99 8.882 8.884 9.999 9.388 9.218 99.999 8 DEG.C. 
37 9999 43 56 8.88 8.18 99.99 8.ee2 e.aea 9.999 8.aee 8.!18 99.999 6 DEG.c. 
33 9999 63 73 8.98 B.e6 99.99 8.882. 8.885 9. 999 8.888 8.158 99.999 8.5 DEG.C. 
39 9999 257 349 8.81 9.63 99.99 8.884 8.897 9.999 8.868 9.984 99.999 11 DEG.C. 
48 · 9999 189 188 8.88 8.13 99.99 9.892 8.883 9.999 8.888 8.978 99.999 11 DEG.C. 

41 9999 99 188 8.98 8.15 99.99 8.882 3.983 9.999 8.884 8.952 99.999 11 DEG.C. 
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TABLE 2. Analysis in milliequivalents, calculated conductivity, 
ionic balance, ionic ratios, Cove Fort, Utah 

Column headings: 

N = sample number for tabulation 
CA ••• CL, F = concentration in milliequivalents/liter 
B~= concentration of boron in millimoles/liter 
ECOBS = measured conductivity, micromhos/cm at 25•c (laboratory) 
ECCAL = calculated conductivity 
OBCA = ECOBS/ECCAL 
SCAT= sum of cations CA ••• K (meq/1) 
SAN= sum of anions HC03 ••• CL, F, (meq/1) 
SUM = SCAT + SAN 
DIF = ((SCAT - SAN)/(SCAT + SAN)) x 100 
CAF = CA/SCAT 
MGF = MG/SCAT 
NKF = (NA + K)/SCAT 
HCF = (HC03 + C03)/(HC03 + C03 + S04 + CL) 
SOF = S04/(HC03 + C03 + S04 + CL) 
CLF = CL/(HC03 + C03 + S04 + CL) 
BCL = (B/CL) x 100 
I = Ionic strength (calculated using molar concentrations) 
NACA = Na/Ca 
NAK = Na/K 
FCL = (F /Cl )xlOO 

Note: All 9's means no data are available, or insufficient data 
to permit calculation. 
0.0 means below detection limit of analysis 
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A~-oo-EI 

9/e~. 81 "E~!; F%E 1 

N CR ~;; NR . K HC03 CD3 S04 CL B f" N03 

1.01 3.19 e.s9 43.48 29.£.2 4.e4 1.6B 9.99 62.ii1 e.e23 e.263 e.e1e 
2 Le2 1.6B 8.39 56.96 14.% 4.36 3.40 11.66 51.33 8.&28 8.121 3.913 
3 1.33 8.68 9.59 73.92 6.33 18.16 3.69 1!.66 59.23 1.203 e.3B5 C.BBS 
4 U4 g,4B e.ee 115.36 6.32 19.42 a.ee 15.82 61. n a.el4 e.263 B.B32 
• 1.05 3.67 8.83 81.97 6.16 13.4~ 12.9B !9.15 63.46 B.B22 e.2B9 8.821 

6 1.e6 3.19 e.•? 188.49 6.19 !?.78 12.ee 22.48 66.ee e.~19 e.2?9 e.e86 
7 -1.37 1.32 8.01 158.45 5.76 21.67 B.BB 26.65 69.!8 B.Bl? 8.247 £.029 
a 1.es s.s~ e.ee 122.97 5.09 e.e2 26.ee 31.23 56.41 s.ee? 8.263 6.839 
9 !.&9 8.36 9.51 93.66 4.73 12.08 8.99 24.5? 54.71 a.e28 9.274 8.035 

!B 1.18 ~.6B 8.24 97.43 4.99 12 .• 60 8.89 29.15 54,4;· 9.346 0.274 0.968 

11 1.11 
!2 1.12 
rl !.13 
14 i.l4 
15 1.15 

2.98 
3.39 
2.15 

8.41 95.E6 5.42 9.88 8.98 22.99 54.1~ 3.648 9.999 9.999 
e.~a se.sa 4.14 18.4~ 7.29 24.15 45.£9 a.e46 8.358 e.e71 
9.43 42.81 4.64 7.20 S.4B 24.15 9.59 3.969 6.347 0.96~ 
1.9? 73.58 7.3? 6.75 8.80 1S.74 63.18 8.925 9.999 9.999 
9.49 65.23 5.35 1.66 1.83 8.81 44.84 9.648 9.3e5 ~.OB8 

16 2.s1 e.2s e.2e 11a.e1 1e.s2 14.56 2.16 5.66 97.Bc 8.014 B.!63 e.ee1 
17 2.02 s.~s 1.1s 197.62 11.~6 7.se a.ee 14.99 !B9.t2 e.e2s e.168 8.eee 
IS 2.33 3.11 9.63 !26.8~ !!.89 4,29 B.~B 26.82 96.!7 8.~23 a.!53 9.886 
19 · c.&4 e.72 e.2s m.s4 !1.33 te.se 1s.ae 1~.82 !89.99 e.e46 e.ts9 9.eae 
2s 2.es 3.71 1.~s 15.44 1.44 4.ee 8.98 3.89 14.16 a.e19 8.854 e.ea7 

21 3. 31 
22 ua 
23 5. ~B 
t:. b.e~ 
25 7.es 

26 8.~8 
27 9. 88 
28 19.9~ 
29 u.e9 
3S 12.08 

1 .. t'., 
.b."l 
8.69 
UB 
UB 
9.79 

q ,. 
.... 't( 

1.55 
8.82 
• « 
! • .:..; 

2.14 

8.69 1.73 
2.89 1.87 
9.25 1.&7 
8.28 9.66 
8.49 1.32 

53.95 
1.13 
e.?s 
1.~8 
1. 96 

1.86 3.16 
8.87 3.15 
8.92 2.36 
8.83 2.46 
3.81 5.98 

a.ea 
e.ea 
e.ee 
e.ee 
a.aa 

1.39 0.ee z.t5 ue 
1.83 ~.89 
8.91 8.93 
e. 78 9.85 
1.78 8.83 

, ·"Q L.ob.-

2,98 
2.8B 
3.41 

a.aa 
e.aa 
a.ee 
8.23 

18.74 
8.75 
e.ee 
C.29 
8.27 

il.79 
0.46 
8.99 
s.BI 
9.58 

58.1B 
3.16 
8.5t 
1.41 
2.17 

9.592 8.132 9.999 
9.937 0.916 9.999 
8.899 3.911 9.999 
9.~88 6.811 9.999 
e.eeo 0.916 9.999 

3.38 B.B37 8.916 9.999 
1.49 0.819 9.837 9.999 
a.?1 8.eea 8.911 9.999 
9.54 8.889 3.816 9.999 
1.81 8.888 8.926 9.999 

31 13.se e.se 1.4s t.35 a.e4 3.47 e.4a e.81 1.52 e.e2s e.B16 9.999 
32 14.ee a.2s 8.82 1.tiB a.e2 2..62 e.ee e.ea -8.48 a.eee e.B16 9.999 
33 15.ee 3.49 1.8? 8.87 8.18 2.56 0.ee e.4e 1.44 e.se9 @.B21 9.999 
34 16.ea 3.49 8.99 8.91 8.13 2.65 e.0e e.6? 1.24 e.e19 e.821 9.999 
35 17.88 3.59 1.32 1.39 8.94 3.98 8.80 2.25 1.38 9.BB2 8.811 9.999 

36 1s.ue a.t.9 e.te 8.19 e.e2 e.36 e.ea U4 e.e7 8.899 a.B15 9.999 
37 t9.~8 ~.24 e.a9 e.16 8.81 8.1£ e.e~ 8.84 e.e6 e.eee e.ee9 9.999 
38 2e.ee 8.31 e.t3 e.20 e.e2 a.36 e.ee e.e6 0.1~ 8.cee e.e83 9.9~9 
39 21.ee 1.95 8.38 8.96 e.e1 2.34 B.8e e.e9 8.65 e.B81 e.B33 9.999 
48 22.ee e.55 8.21 a.22 a.e2 8.S7 e.ou 8.B4 8.88 8.BB8 e.e8? 9.999 

41 23.&a 8.55 8.21 8.<2 e.e2 8.85 e.ae e.e4 e.ee 8.uB9 e.aes 9.999 
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rH!i 

L!h~ ECO!:S t:CCAL DBCA SCA1 SAH SU!' Dlf CRt "Gf tlkf HCf SOf Clf BCL NRK 

1 SBBB 18255 &.788 76.889 78.516 155.41 -1.85 8.942 ~.&B8 8.951 6.672 B.12S 6.8B8 8.84 1.5 B.885 
2 3146 9623 8.389 73.919 7s.sse 149.8& -1.31 0.022 e.0es 8.973 &.168 e.t54 e.67B 0.es 3.B 8.BB6 
3 7846 18234 &.767 81.444 84.959 166.4~ -2.11 ~.88? 6.887 9.985 8.163 8.138 E.788 2.83 11.7 f.091 
4 !2366 !243E 8.994 122.88B B8.2BB 219.36 16.87 L8B3 e.SBB 8.997 8 • .118 USB 8.782 0.82 18.3 8.113 
~ 1BB94 12514 8.887 92.633 188.317 208.95 -7.SB 8.84B 8.889 0.951 8.235 0.177 ~.5BB 0.83 13.3 &.118 

t· 1888€ 
7 14469 
B 1'•PQ~ c -·J"' 

~ BB&B 
16 em 

11 '<QQQQ 
J ~ J J"' 

F• 
•< 708il .. , 5eee LO 

1< 99999 
1~ s9~:e 

1f 11788 
17 !17Bb 
iS 123&8 
19 153t:€ 
2B (03~ 

21 99999 
'"''J UQQQU 
CL """"'"' 

23 99999 
24 ~9995 
25 99999 

r:t 9~9~9 
1",.., 99'?99 « 
28 99999 
29 99999 
3~ QC{QQQ 

.. J .. " •• 

31 99999 
n,• 99999 .jc 
'\-"· 99999 ~.'J 

"' 99999 ,j't 

'•< 54t ,),,! 

3t .;r:; .... .., 
37 SE .... -, ..,.-, 
~;;:' ro 

3~ 340 
46 !CS 

41 1b8 

14481 &.756 118.358 118.546 
t6eet 8.984 157.535 117.6BB 
15199 8.848 128.582 113.954 
!21~4 B.661 98.668 99.58 f. 
12748 8.659 183.227 185.31t· 

12m 9.999 181.997 95.£33 
16625 8.659 E6.B1B s?.e65 
685B B.S25 49.15B 49.74t. 

11122 9.999 91.4~4 88.664 
""''"•I' [1,8C8 73.211 48.648 f ..":''i 1 

14782 B.792 121.311 119.561 
1572t B.749 136.348 123.157 
1£269 B.75b 142.438 121.343 
2~883 &.736 186.262 !SUO! 

2£.E.2 8.764 22.166 22.111 

5966 9.999 se.15t 88.127 
so', 9.999 3.3fA 7.B14 
234 9.999 1 {l""'r ouC..J 2.934 
~56 9.999 2. 48E' 4.!7B 
674 9.999 4.8Bl 8.35B 

63f 9.999 3.794 
'7 ,.,,.,,, 
I • ,j,)(> 

56~ 9.999 5.877 4.677 
289 9.999 2.266 3.6H. 
~'6{ 9.999 1.682 (.557 
513 9.999 3.444 6.82~: 

~-"\t; 
.,.tL,_. Q QQQ .t. "' .. "' ,., r; r I" 

,) • .Jbb 
6 ,.,.-,r .u .. ' 

25E ~.999 2.043 3.117 
531 q QOQ "'. "'-·"' 5.537 4 4''• •. it. 
r"' 9.999 5.523 4.5S3 ,.)•tJ. 

5~5 8.998 6.839 5.541 

54 1.2[1~ 6.594 e. 43E. 
·- 4~ 1.4~4 6.566 e.c6E: 

61 1.198 e.E-59 8.52f, 
324 1.049 3.~8f: 3.11~: 

QQ ,, l.!C4 e.9st 1.()82 

Q" •'' 1.!15 e.992 ~.986 

236.9~ -8.88 8.827 6.884 B.%9 8.252 e.tse e.552 8.03 17.5 8.138 
C:75.22 i4.48 UBB UBB 0.992 8.185 e.m e.ss9 8.02 26.1 0.152 
242.54 6.83 6.084 S.BBB 0.996 ~.m 0.275 e.496 0.81 24.2 8.158 
193.25 -B.47 €.8~4 B.eB5 9.991 e.201 8.247 ~.551 8.05 19.7 B.116 
208.54 -1.8B 8.BB6 e.BB2 B.9n B.2B4 E.278 0.519 9.98 19.5 8.124 

197.83 3.12 UB5 e.BB4 8.991 8.196 e •. .,q 
• C.v.t e.s65 1.2B 17.6 8.115 

17') or. 
1 Jo uC• -1.86 ii. 811 3.8B1 9.988 e.2BI 9.276 &.523 B.IB 19.5 8.183 
98.9!5 -&.59 6.042 UB9 8.949 9.316 0.489 0.194 &.63 9.8 B.e67 

!SB.e7 1.52 ~.037 &.812 8.951 S.B76 e '·'1 U.713 • " IB.8 UB2 .. c .... J. • 'tO 

121. S6 20.!6 t.829 S~eB? 8.964 0.8?2 8.SB8 e.928 1.44 1U ~.B63 

24il.B7 6.73 6.082 6.BB2 8.996 B.l4li ~.e47 e.813 e.s1 16.2 B.125 
253.51 2.B4 ~.e77 UB9 8. 914 U64 8.122 ~.814 e.e3 9.3 B.!4B 
263.78 8.BB e.B<t UB4 8.974 e.S35 8.172 ~.794 ~.82 1B.7 B.!44 
341.3f Q .. ,.-, 

... c.c. ~.BB4 t.BB1 3.995 8.15'6 tt.1e2 ~.711 e.e4 15.4 &.1SB 
44.28 S.12 8.167 &.071 0.761 ~.IS! e.177 ~ l i""· .... O'tC !!.13 18.7 B.B27 

16B.2B e.82 e.Z87 t.118 8.£75 9.039 e.234 ii.72£ U2 5B.B B.103 
16.3B -35.12 a.17B e.4E.s e.357 &.458 e.m t.443 1.19 15.B B.BB? 
4.71. -23.31 e.!B9 6.451 B.44& 9.&67 ~.~89 8.!93 8.€§ 38.3 B.B83 
6.t5 -25.~:9 6.121 g,4£4 8.415 ~.591 8.en~ ~.339 ~.~~ 32.f ~.ee4 

lS.lt. -27.83 ~.14f. B.445 e.4B9 B.7B7 ~-~~:2 ~.2&~ e.~0 2:5.B 6.B88 

11.13 -3i. 83 ~.15~ 6.455 0.3B7 §.4~:0 &.l~B 6.452 U9 1s.l B.B87 
18.55 11.36 ,, it(""' 

tl.'t,(. UB2 8.326 (l, ::>79 f..B99 ~.322 !.24 21.B B.BB7 
r .;:.n 
.J. ~;C -23.~8 g,!1B e.473 8.417 e.SB4 e.s~~ e.t9t. ,, !<0 

ti .... -t 32.5 e.ee; 
4.16 -22.97 e.12s e.m B.%5 8.737 ~-~ti2 t.m 8.8~ 14.3 B.803 
0 ,, 
"'• 't( -27.24 @. ilt. e.3B2 8.5B2 e.6e2 e.e97 B.3BI B .,., 

otitl 51.0 B.BB6 

9.59 -29. B1 0.148 €.4~ 0.412 0.624 0.131 ~.245 1.82 35.1 s.e&t, 
S.lf. -28.83 ~.898 0 j·~--· e.s8e 0.845 ~.tB~ v ~~ B.B§ 48.9 B.BB3 U.'tt'.J .... i·J) 

9.95 11.31 ~.631 €.193 8.176 8.582 e.e9B 6.32B M.~e e •. .o B.BBi 
10.11 9.30 8.632 r.: 47Q ~.189 3.~·82 3.146 B.272 ' ~.-, 7.B &.00f: t'oli.t j. • .,; 

!l.SB 4.31 ~ .. 595 e.21s fJ.1B7 0.72B B.~45 I' '•"'" '• C,)-J 0.18 25.B B.BB8 

us 1B.~4 ~.487 €.166 0.347 ~.766 t .. BB4 8.15~ 8.~[ Q 7 B.0BI "' B ,, 
'" 38.74 b.483 e. 179 0.3~:8 8.634 &.137 r.229 e.t1B IU B.~B1 

1.19 11.2~ t.469 U~B 8.331 8.689 e.!11 €.199 B.~B B ' . ' B.BBl 
r it:. 2.74 ~ ~({~· [.115 P. ............. 0.761 B.~2B £0; .::; 1 ~ 0.19 138.5 B.tB4 o. "tt' "'" ,_ . ., .. ~.c,J ..... J....a.l 

2.bt -8.26 ~.551 t:286 ~ ")J') 
.L."t\J 6.873 g,~42 3.~85 8.BB 11:8 C.B01 

UB ~.31 e.ss3 t.2B7 6.24~ e.m 8.043 ~.68f, 0.80 10.6 e.BB1 
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TABLE 3. Chemical geothermometers, 
Cove Fort, Utah 

Column headings: 

N = sample number for tabulation 
TC = temperature in degrees Centigrade 

Silica geothermometers (0-25o•c; Si02 .!.!l ppm) 

OTZC =quartz, conductive cooling 
QTZA = quartz, adiabatic cooling 
CHAL = chalcedony, conductive cooling 
AMOR = amorphous silica, conductive 

cooling 

r•c = (1309/(5.19-log Si02))-273.15 
r•c = (1522/(5.75-log Si02))-273.15 
r•c = (1032/(4.69-log Si02))-273.15 
r•c = (731/(4.52-log Si02))-273.15 

NaKCa geothermometer (4-340°Cj Na, & Ca .!.!l moles/liter) 

SQ = (Ca)112/Na 
843 = temperature for B = 4/3 
813 = temperature for B = 1/3 
NKC = NaKCa temperature = 

843 for SQ>1 and r•c<100 
813 for SQ<1 or 843>100 

r•c 1647 
= (log (~a) + B log (SQ) + 2.24) -273 •15 

Mg-corrected NaKCa geothermometer 

R = (Mg/(Mg+Ca+K)) x 100, units in equivalents/1. 
DMG = Mg-correction, r•c, for 1<R<50 and NKC>7o•c. If R>50 assume that the 

underground temperature is relatively cool. If R<1 correction is 
negligible (Ref. 1). 

CMG = Mg-corrected NaKCa temperature r•c = NKC-DMG (for~G>O). 

Pco2-corrected NaKCa geothermometer 

PH = sample pH, field measurement if available. 
HC03 = HC03, meq/1 
PC02 = Pco2 at sample temperature, -log Pco2 = pH -log (HC03)-7.6B9 

-4.22(1o-3)r•c - 3.54(1o-s(r•c)2 

PCC = Pco2-corrected NaKCa temperature. 

r•c= ( 1 og (~) 
K 

1647 
+ 4 log (SQ) + 3.6 + .253 log Pco2 ) - 273 •15 

j 

Applicable only to water equilibrated at less than 75•c. 
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Table 3 (continued) 

NaK geothermometer (>150°C; Na, K in ppm) 

NAK = NaK temperature 1217 
Toe = log(Na/K)+1.483 - 273 •15 

Note: All 9's means no data or geothermometer inapplicable. 

Ref. 1: Fournier, R. 0. and Potter II, R. W., 1979, Geochim. Cosmochim. 
Acta, 43, 1543-1550. 
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HELL # #42-7 #42-7 #31-33 #31-33 #14-29 

pH 9.98 9.54 9.79 7.44 7. 41 

TDS 9405 4775 10,000 1320 4776 

Alkalinity as C03 2380 470 1440 2QO 158 
; 

Na 3460 ; 1310 4000 355 1220 
-- { 

K 225 585 443 56.2 41.5 

Ca 26.4 - 32.0 14.4 74.4 332 

Cl . 2450 ~820 3900 502 r 2060 

so4 . 1280 560 760 187 900 

F 4.7 ! 2.3 3.6 1.03 2.5 

Si02 180 ! 170 79 64.5 92 

~lg 12.0 4.8 3.36 19.2 115.2 

Li - - - - 13.31 1 • 16 265 

HC93 1322 265.9 658.8 244 192.8 

co3 - - 252 540 0 0 

B 0.8 0. 30 0.5 0.2 6.4 

As 6.08 2.88 5.71 2.99 0.75 

Cu 0.324 0. 271 0.166 0.914 0.010 

Pb - - 0.022 0.420 0.006 0.005 

Ni 0.493 0.007 0.975 - - 0.085 

Ag 0.015 0.011 0.037 

Zn 0.075 1. 811 0.041 0.104 o. 350 

'"ISulo S.;O>--=- \'7-36L !?O'c 1 :<tt 6C 1/'t oc.. /33 ·c. 
Ts...-~o fV,.-!N!c;.,=.J!! •c. 333'C... 3~3 •c.. :?0? •c. !37"c_ 

GEOCHEMISTRY OF FORMATION v/ATERS ENCOUNTERED IN TH,E COVE FORT -SULPHURDALE 
UNIT AREA 
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RESOURCE CHARACTERISTICS 

I. Roosevelt Hot Springs 

Estimated Reservoir Temperature: l93-282°C 
-

Estimated Reservoir Depths: 800-5000+ feet 

Basic Geology: Fractured igneous rock; tertiary granite 
and Precambrian gneisses. 

II. Cove Fort - Sulphurdale 

III. 

Estimated Reservoir Temperature: 211°C (Na-K-Ca@ 5560'); 

179°C measured maximum 

Estimated Reservoir Depths: 2000-7000 feet 

Basic Geology: Fractured sandstone, dolomite and marble. 

Thermo Hot Springs 
0 0 Estimated Reservoir Temperature: 130 -170 C 

Estimated Reservoir Depths: Not known 

Basic Geology: Not known-probably fractured igneous or 
deep circulation on Basin and Range faults. 



q 
tiOO:J - Na Waters 

Name ·roc Anions Cations 

Roosevelt Hot Spring 260 Cl>HC03>S04 Na>K>Ca>Mg 

GKI Deep Test 96 Cl>S04>HC03 Na>Ca>K>Mg 

Craters ·Hot Spring 71 Cl>S04>HC03 Na>Ca>Mg>K 

Hatton Hot Spring 66 Cl>S04>HC03 Na>Ca>K>Mg 

Joseph Hot Spring 65 Cl>S04>HC03 Na>Ca>K"'Mg 

Meadow Warm Spring 34 Cl>S04>HC03 Na>Ca>K>Mg 

Twin Peak Warm Spring 30 Cl>S04>HC03 Na>Ca>Mg>K 

Salt Warm Spring 25 Cl>HC03>S04 Na>K>Ca>Mg 

Pearson Warm Well 16.5 Cl>HC03>S04 Na>Ca>Mg>K 

Yellow Jacket Warm Spring 16 Cl>HC03>S04 Na>Ca>Mg>K 

Dead Crow Warm Spring 25* Cl>HC03>S04 Na>Mg>Ca>K 

so4 Waters 

New Castle Hot Well 96 S04>HCOooCl Na>Ca>K>Mg 

Thermo Hot Spring 83 S04>HC03>Cl Na>Ca>K>Mg 

Red Hill Hot Spring 75 so4>Cl>HC03 Na>Ca>K>Mg 

Sulfurdale Warm Well 37.9 S04»C l »HC03 Ca>Mg>Na>K 

Dot sons Warm Spring 32 S04>HC03>Cl Na>Ca>Mg>K 

SESW 16 Warm Well 20 S04>HC03>Cl Ca>Na>~1g>K 

Sulfurda l e Pond 5 so4>>Cl»HC03 Ca>Na>Mg=K 



HC03 Waters 

Name Pc Anions Cations 
' 

Milford City Warm Well 27.5 HC0 3>S04>Cl Na>Ca>Mg>K 

Sec. 21 Warm Well 24 0 5 HC03>S04>Cl Na>Ca>Mg>K 

Government Warm Well 23 HC03>S04>Cl Na>Ca>K>Mg 

Greenville Warm Artesian Well 22 HC03>Cl >S04 Ca>Mg>Na>K 

Lava Ridge Warm Well 21 HC03>Cl>S04 Na>Ca>Mg>K 

Sec. 31 Warm Well 19 HC03>S04>Cl Ca>Na>Mg>K 

Four Mile Knoll Cold Spring 13.2 HC03>S04>Cl Ca>Mg>Na>K 



Govermment Dotsons Four Mile SESW 16 Greenville GKI Deep Newcastle 
w. w. w. s. Knole C.S. w. w. W. A. W. Test Hot Well 
Wl0268 Wl 0120 Wl 0181 Wl039l Wl0184 Wl0430 Wl0254 

T°C 23 32 13.2 20 22 96 95.6 
Flow gpm 5 30 25 1500 20 400 1000 

i 
I 

pH 8.68 7.60 8.00 7.82 8.22 7.92 8.80 I 
F 1.3 3.7 0.6 0.6 0.2 4.4 7.3 

I Cl 32 64 37 47 35 760 46 

so~ 36 500 85 160 13 490 600 I 
HC 3 

80 289 246 130 110 220 56 I 
co 6 0 0 0 0 0 6 

sid2 44 26 14 28 11 100 99 

Na 67 200 18 49 21 690 280 

K 1.9 19 2.6 2. l 1.4 80 17 

Ca 7 130 95 80 83 140 53 

Mg l 30 38 24 29 18 <0.5 I 
Li <0. l 0.3 <0. l <0. l <0. l 2.0 <0.1 

B 0.2 0.7 <0,2 <0.2 <0.2 1.8 0.8 

NH~ 
<0.1 <0. l <0. l <0. l 1.4 <0. l 

TD 276 1263+ 536 521 304 2508 1165 

TSi02 oc 96 74 51 77 42 137 137 
TN a/ K oc 73 178 231* 102 141 201 132 

TNa-K-Ca oc 63 84 16 21 5 197 155 



I I L L,~ '-,- ----- L ___ ,, ~, ___ ~--~-- L....,., 

Lava Ridge Twin Peaks Hatton Meadow Section 21 White Sage SW31 
Wo Wo Wo So H 0 So Wo So Wo So Flat CoWo Wo Wo 
Wl0305 Wl0248 Wl0261 Wl0306 Wl0292 Wl0316 Wl0303 

T°C 21 30 66 34 2405 1505 19 
Flow gpm 15 25 100 2 100 1000 900 

pH 7o78 7o62 6048 7o38 8o30 6o90 7o40 

F 1.4 5o2 4o0 4o6 Oo8 4o6 1.8 

Cl 210 2100 1800 1800 59 2000 120 
so '1 00 400 1000 1000 61 600 140 

HC~3 278 188 366 364 184 468 260 

co 0 0 0 0 0 0 0 

sid2 
76 56 47 57 30 26 19 

Na 190 1490 1200 11 00 120 1200 93 

K 23 14 160 140 4o1 190 14 

Ca 55 170 490 530 20 320 110 

Mg 33 48 90 93 12 100 31 

Li 002 009 3o0 303 <0 01 4o0 002 

B Oo7 006 5o4 5o5 006 7 0 1 007 

NH~ 
<Oo 1 <0 01 Oo8 <001 <0 01 <0 01 <0 01 

TO 967 4473 5166 5997 492 4920 790 

TSi02 °C 122 107 99 108 79 74 62 
TN a/ K oc 207 12 220 214 85 245 237* 

TNa-K-Ca °C 184 93 204 198 72 219 n· 



~ .. _ ~ 

Sulfurdale Sulfurdale Salt Dead Crow Pearson Yellow Jacket 
Bubbling Pool w. s. Warm Spg. Spring w. w. w. s. 
Wl0127 Wl0397 Wl0125 Wl0410 Wl0286 Wl0287 

roc so 37.9 25 25* 16.5 16 
Flow gpm ? 0 1 0 10 2 

pH 1.2 3.80 5. 90 9.10 7.80 7.40 
F 0.1 0.2 3.8 0.7 0.9 0.7 
Cl 2600 110 3100 830 860 1500 
so 12000 4700 150 <10 <10 <10 
Hc83 

0 0 224 206 246 346 
co 0 0 0 37 0 0 
sib2 120 68 180 24 32 20 
Na 140 190 1800 460 400 600 
K 100 13 260 10 13 29 
Ca 300 600 130 47 100 150 
Mg 100 220 20 77 84 130 
Li 0.3 0.4 19 3.0 3.3 4. 1 
B <0.2 <0.2 25 5.2 5.3 5.4 
NH~ NA 1.5 0.18 <0. 1 2.6 
TD 15360 5903 5912 1700 1745+ 2788 

TSi02 oc 148 117 173 70 82 63 
TN a/ K °C 644* 143* 231 56 82 112 
TNa-K-Ca oc 276* 44 97 87 148 
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Tab le 1. Se l ected thermal waters of Utah 

roc 
Fl ow gpm 

pH 
F 
Cl 
so4 
HC 03 
co3 
SiOz 
Na 
K 
Ca 
~~g 
Li 
B 
TDS 

TSiO ·oc 
TNA/ ~ °C 
TNa - K-Ca oc 

Richf ield 
I~ a rm S p r i n g 
Ref. 1 

22 
700 

8.3 
0.3 

20 
29 

280 
4 

11 
15 

3.2 
51 

. 35 
0.04 
0.04 

307 

42 
293* 

29 

MO NRO E-JOSEPH KG RA 
Red Hil l Monroe 
Hot Spring Hot Spring 
Ref. · 1 Ref. 1 

77 
40 

7.8 
2.8 

660 . 
965 . 
256 

0 
83 

618 
53. 

240 · 
34 
0.9 
3.4 

2630 

127 
166 
173 

76 
6 

6.4 
3.0 

660 . 
833 
416 

0 . 
54 

555 . 
67 . 

288 
33 
1.1 
3.9 

2860 

105 
207 
188 

Johnson 
Warm Spring 
Re f. l 

25 
10 

7.4 
1.8 

14 
163 
175 

0 
32 
44 
1. 5 

70 
15 

0 . 01 
0 .08 

428 

82 
85 
14 .6 

Joseph 
Hot Spring 
Re f. l 

65 
NA 

7.8 
4 .6 

1700 
1370 

396 
0 

76 
1490 . 

47 
248 
46 
1.9 
3.7 

7530 

122 
80 

139 

CRAT ER .KGRA 
Crate r Hot Spg. 
(Abra ham 
Hot Spring) 

83 
250 

7.3 
4. 1 

1450 . 
756 
160· 

b 
59 

816 
48 

345 
68 
0.63 
0. 83 

3630 

110 
129 
156 

Ref. 1 Mundorff, J. D., 1970, Major therma l sp rings of Uta h, Utah Water Rec. Bull. 13, p.l4-l6 

TH E R.~O KGRA 
Th ermo 
Hot Spr ing 
Ref. 1 

78 
10 

7.7 
6. 7 

208 
460 
359 

0 
100 
361 

52 
75 
9.7 
0. 98 
0 .5 

1633 

137 
231 
203 

Thermo 
Hot Spring 
(Ar~A>O Wl 0121 

83 
4 

6.9 
6.8 

210 . 
450 .: 
389. 

0 
110. 
380 
51 
90 
10 

l . 3 
l.O 

1699 

143 
221 
198 

ROOS EVELT KGRA 
Rooseve lt 
Hot Spring 
Ref. 2 

85 
NA 

7. 9 
7.5 

4240 
73 

156 
0 

400 
2500 
488 
19 

3. 3 
0.3 
4. 0 

811 1 

233 
278 
286 

--;;;c_.o 

&-5 
.5 .C 
~::;£/{{' 

57' 
;l..tJC 

0 
5C:- D 

;;;_o Dt: 
L.#'C . 

;ci 
0 d..C/ . 

<-><.3 

;J .?'/ 
.J ~(., 

,2Cl--

Ref. 2 Mower, R.W. et al, 1974, Water resources of th e Mil fo rd ARea, Utah, State of Uta h, Dept. of Nat . Res., Tech. Pu bl. No.43, p.90 
Koen ig - Jame s Koen ig, personal communicati on 
AMAX - AMAX Hydrogeoc hemica l da ta , co l l ected 10-75 by M. Alldredge and F. Del lec haie 
NA = Data not availa bl e 
* = Does not represent true su bsurface condit i on s {JI-./3 r.:- t(s 

C./9 
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