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Abstract 

Thermal gradient and electrical resistivity surveys both outline 

anomalous zones along the system of fault's thatcontrol the near surface 

flow at Roosevelt Hot Springs. The source of both anomalies is the 

circulation of thermal water, which gives rise to the high heat flow 

and the lowered resistivity due to the hot brine and the associated 

hydrothermal alteration. 

The nature of the temperature profiles and the asymmetry of the 

thermal gradient profile across the system are suggestive of a leakage 

and mixing of thermal water with the regional groundwater flow to 

the west. This interpretation is consistent with the resisitivty data 

in which conductive regions to the west of the fault system have been 

interpreted in terms of brine-saturated sediments. 
2 

The maximum conductive heat flow over the anomaly is 40 HFT (1.7W/ni ) 

and the total conductive heat loss is estimated at 2 MW. Heat flow in 

the Mineral Mountains, to the east of the near-surface thermal anomaly, 

is low or near average for the Basin and Range. Recharge may be taking 

place in this region. 



1.0 Introduction 

Thermal gradient data from 39 drill holes in the Roosevelt Hot 

Springs KGRA area are presented in this report. Fifteen of these 

holes were drilled under subcontract to the University of Utah, 

permission to log another ten holes was granted by Phillips Petroleum 

Company and the remaining fourteen holes were provided by other sources. 

The locations of most of the holes are shown in Figures 1 through 3, along 

with the locations of test and production holes. These figures also show 

the contoured average thermal gradient in three depth intervals; shallow 

(30-60m), Intermediate (60-lOOm) and deep {>100m). 

Figure 4 displays a plan view of the interpreted faults in the area. 

Comparison of Figures 1 and 4 shows that the region of highest thermal 

gradients is aligned along the Dome Fault and Fault 1. To the south the 

high thermal gradients are terminated by several east-west trending faults. 

To the north there is a bending of the contours resulting in a ridge aligned 

along fault 5, which trends to the north west. 

In Figures 1 and 2 there a re isolated highs in the north and south 

that are probably the result of the sparseness of data in the central 

region. Considerations of the probable thermal gradient in the early 

steam well (drilled by Dr. E. N. Davie), based on the depth of blowout, 

and the near surface temperatures in sulfur pits in the bottom of Negro 

Mag Wash (North of 54-3) would indicate that the 900°C/km should run 

further to the west in the southern portion and is probably continuous 

with the high in the north. 

Comparison of Figure 1 with the contoured apparent resistivity (Figure 

5) shows that the resistivity and thermal gradient patterns are highly 

correlated. Both exhibit contours aligned along the Dome fault and a 

bending to the northwest along Fault 5. The obvious cause of the correlation 



is the hot water circulation along the faults which gives rise to both 

high thermal gradients and low resistivities due to the hot brine and 

the associated hydrothermal alteration. 

With increasing depth (Figures 2 and 3) the thermal gradients decrease 

and the alignment along the faults is less clear. The smearing of the 

pattern is partly due to the lack of data at greater depths. The 

acquisition of deep thermal gradient data from small drill holes in 

regions of ve ry high thermal gradients is hindered by fear of blowouts, 

among other things. 



2.0 Thermal Gradients at Roosevelt Hot Springs 

Figures 6 to 20 show the temperature vs depth curves for the holes 

drilled by the University of Utah. As can be seen in these figures, the 

thermal gradient in holes drilled in alluvium often decreases with depth, 

with the depth intervals used in Figures 1 to 3 being somewhat characteristic 

of the several regions of changing gradient. For example, hole UUTG6 

(Figure 20) shows an abrupt change at 30m and hole UUTG3 (Figure 18) 

displays a more gradual transition with suggested breaks at 35m and 70m. 

Such changes in the thermal gradients can be caused by changes in thermal 

conductivity due to changes in the porosity, saturation and lithology 

among other things. 

Gravity measurements over a wash in the alluvium ( Crebs and Cook, 1976) 

indicate a porosity of about 25% in the near surface (25-50m). Some decrease 

in porosity with depth is to be expected due to the increase in load. A 

change in the porosity of saturated granite alluvium from 25% to 10% would 

give rise to a change in thermal conductivity (and gradient) of about 25%. 

The changes in thermal gradient caused by such variations in porosity are 

then rather modest. 

On the other hand, changes in saturation, from dry to completely 

saturated, would give rise to changes in thermal conductivity by a factor 

of 2.0 to 2.5 for porosities in the range from 20 to 30%. 

Changes in the thermal conductivity due to lithology changes depends 

on the thermal conductivity of the Components. For example, changing the 

thermal conductivity of the solid components by a factor of 2 results in 

a 1.7 change in conductivity at a porosi-ty of 25%. Changes in lithology from 

a granite alluvium to a quartz rich sand are possible in this area. Measure­

ments made on sands from the Roosevelt KGRA give solid component conductivi­

ties in the range from 10 to 11 HCU and samples of granite alluvium give 



values in the range from 6 to 7 HCU. Therefore, such changes in lithology 

can be expected to give rise to rather substantial changes in gradient. 

Considering the thermal gradients in hole UUTG6 (Figure 21) we 

see that the average gradient in the 20-30m interval is about 200°C/km and 

below this depth it averages about 30°C/km,a factor of about 7 change 

is slope. Thermal conductivity measurements on samples from this hole 
3 

average about 4 HCU, at a saturated bulk density of 2,2g/cm , with no 

consistent changes above and below the break in the slope. The water table 

in a nearby well (2.4km) at about the same elevation is 26m (Mower and 

Cordova, 1974). This is near the break in the thermal gradient. However, 

the change in thermal conductivity due to undersaturation would only be 

a factor of 2 to 2.5 which is well below the observed value. 

One possible explanation of the strong change in gradient is a leakage 

of thermal water into the groundwater flow to the west. Some leakage of 

thermal water is indicated by the chemical analysis of the seep west of Salt 

Cove, which has a cool temperature (25°C) but a Na-K-Ca temperature of 

241°C (Parry et. al., 1976). For a uniform mixing of thermal water into 

the groundwater in a region of constant thermal conductivity, the thermal 

gradient should decrease smoothly with depth in the mixing zone. The two 

gradient regions in UUTG6 may result from a combination of effects due to 

the presence of the water table and mixing. On the other hand, the thermal 

gradient in hole UUTG3 (3km to the south) shows a more gradual change, with 

no sharp break at the water table (50m). The overall change in slope be­

tween the top and bottom of this hole is about a factor of 8, which seems too 

large to be explained by the effects of saturation alone. 

In holes UU751A and UU751B, just to the west of the dome fault, the 

water tables were located at about 35m and 40m respectively, which are also 

the locations of the alluvium altered bedrock interface. In both cases the 

thermal gradients do not show an abrupt change at the water table. 



However, there is gradual Increase in thermal gradient above these depths 

(20% to 40%), perhaps due to gradual changes in the saturation. 

Figure 21 shows a series of temperature profiles on a west-east 

line across the southern part of the system (the letter designation runs 

from West-A to East-I). The thermal gradients and the 10m depth temperatures 

increase as the Dome Fault is approached from the west (A to G) and the 

two eastern holes (H & I) show decreasing temperatures and gradients. 

The five westernmost holes (AA to D) show a decreasing gradient 

with depth, as did the western holes to the north(UUTG6 and UUTG3) discussed 

previously. The two westernmost holes 5(AA) and 12(A) have a thermal 

gradient in the deeper part near 50°C/km, which is near normal for a thermal 

gradient in the alluvium. The water table is about 40m in this region 

(Mower and Cordova, 1974) and both curves show changes in slope (15 to 30%) 

at this depth, which could be due to changes in saturation. There is a change 

in slope to a near constant slope region at a depth of about 60m. The 

change in average gradient above and below this depth is a factor of 1.5 to 

3. The lithologic log on a nearby water well notes a change in lithology 

at this point, from sands containing numerous "Igneous" fragments (up to 30%) 

to sands free of such material. Considering the average abundance of such 

material, it would be difficult to account for the changes in slope by the 

change in lithology. Once again a possible explanation for the change in 

slope could be leakage of thermal waters to the west and mixing with the 

groundwater. With respect to this, it is Interesting to note that the 

thermal gradients at depth in the westernmost holes are near normal and 

that the gradient in the easternmost hole is constant with depth although 

slightly above normal. More conclusive evidence for leakage mixing of thermal 

waters would be the presence of gradient reversals which have not been ob­

served to date . 



3.0 Heat Flow at Roosevelt Hot Springs 

Thermal conductivity measurements on a limited number of alluvial 

samples, indicates an average value of 4 HCU (1 HCU - mcal/cm S°C - 0.418 W/m°k). 

Maximum conductive heat fluxes are then in the neighborhood of 40 HFU (1 HFU = 

2 2 

y cal/cm S = 41.8 mW/m ). The total integrated conductive heat loss 

over the anomaly (6.5 km in length) is about 10 cal/S or 2MW. 

Figure 22 is a west to east thermal gradient profile for two depth 

intervals, 30-60m and 60-lOOm. Based on a conduc t i ve heat flow model, 

these profiles indicate an equivalent line source at 1,0 to 1.5km depth. 

Also shown on the figure, as a dashed line, is the theoretical thermal 

gradient profile for a line source, scaled to the 30-60m data. From this 

it is easy to see that the observed curve is asymmetrical, with smaller 

gradients in the east and larger to the west. This asymmetry is also 

observed in the deeper (60-100m) gradients. The observed asymmetry is 

compatable with the leakage of thermal water to the west, as discussed 

in the previous section, but source configuration in a conductive model could 

also produce such asymmetry. 

Several core holes were also drilled in the granite of the Mineral Range 

so that samples could be measured for thermal conductivity and heat flow 

values calculated. Figure 13 shows the temperature profile in one such 

hole (UU76SC) located in Salt Cove on the west side of the Mineral Range, 

about 3 km east of the center of the thermal gradient-resistivity anomaly. 

The thermal gradient is quite uniform at an average value of 29°C/km below a 

depth of 50m. The average thermal conductivity in this region is 6.6 HCU 

(16 samples) giving a heat flow of 1.92 HFU. 

Another hole (UU76BS) was drilled in the central part of the Mineral 

Range just to the north of Bearskin Mountain, the temperature profile from 

the last log (Figure 14) still shows some drilling disturbances, but the 
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smoothed thermal gradient in the 80 to 150m interval is 17°C/km. The 

thermal gradient in a Phillips Petroleum Company hole, 1.5 km to the north 

(Figure 1) is similar (16°C/km) indicating that this is maybe representative 

of the area. The average thennal conductivity in this hole in the above 

depth Interval is 7.65 HCU (11 samples) giving a heat flow of 1.28 HFU. 

Two kilometers to the east of this hole, the hole at Ryans Ranch 

(UU75RR, Figure 11) has thermal gradient of 19.9°C/km (50 to 80 m) and 

the average thermal conductivity of several samples is 7.1 HCU, resulting 

in a heat flux of 1.41 HFU. 

Roy et al. (1968) report a heat flow of 2.22 HFU for a location on the 

west side of Milford valley, just about due west of Roosevelt Hot Springs. 

None of the above calculated heat flow values are large for the Basin 

and Range, in fact the measurements in the central part of the range seem 

somewhat low. However, none of the measurements have been corrected for 

topographic effects, which should be largest for the locations north of 

Bearskin and at Ryans Ranch. 

If the Mineral Mountains and the area to the east are regions of 

significant recharge, then the downward movements of cool water may con­

tribute to the low thermal gradient and heat flow. 



4.0 Conclusions 

Thermal gradients and electrical resistivity data at Roosevelt 

Hot Springs both outline the same anomalous region along the system of 

faults which control the near surface circulation. Depending on the 

circumstances, these techniques may provide complementary or redundant 

information. 

The character of the thermal gradients to the west of the fault system 

suggest that thermal waters are mixing with the ground water flow to 

the west. If so, this should be reflected in the water chemistry. Parry 

et al. (1976) show several anomalous Na-Ca-K temperatures to the northwest 

of Roosevelt Hot Springs but no data was available from wells in the immediate 

vicinity of the thermal gradient holes. 

Heat flow values in the alluvium reach a maximum of about 40 HFU, and 

the estimated total conductive heat loss from the shallow part of the 

system is about 2MW. Heat flow values and thermal gradients in the Mineral 

Range are not high for the Basin and Range, and in fact several of the 

values seem low. 
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DEPTH 
METERS 

5, 
10. 
15. 
20. 
25. 
30. 
35. 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75. 
80. 
85. 
90. 
95, 
100. 

.0 
• o 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

LOCATION: RYANS RANCH 
LOCATION: RYAN'S RANCH 

27S SW 4DCD 
HOLE NUMBER: UU75 
DATE MEASURED: 11/6/76 

IMPERATURE 
DEG C 

9.894 
8.803 
9.716 
9.858 
9.000 
9.007 
9.170 
9.280 
9.370 
9.391 
9.492 
9.569 
9.681 
9.781 
9.886 
9.987 
10.116 
10.292 
10.381 
10.492 

GRADIENT 
DEG C/KM 

.0 
-218.2 
182.6 
28.4 

-171.6 
1.4 
32.6 
22.0 
18.0 
4.2 
20.2 
15.4 
22.4 
20.0 
21.0 
20.2 
25.8 
35.2 
17.8 
22.2 
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LocATwm Qiie Cf o/«R cove 
27S 9iu 1M 6DC 

ocpm T£i«peR/iTufte 
METEKS 0£6 C 

5.fl> 
/ O . ^ 
( 5 . 0 
i 6 . 0 
If.o 
SO.O 
35. C> 
4O.0 
'fS.O 
SO-o 
5S'0 
^ a O 
4^.0 
70.C> 
7^.0 
<a?.o 
^iT.O 
^.<J) 
^^'.0 

100.0 

l6>.769 
12.-^7^ 
r5.42l 
13.54^ 
13.875 
I f . 1̂ 27 
I'f.fj^S 
15.073 
15.526 
15.^5-7 
J«f.ff37 
l£>.75<^ 
i r . I 3 2 
i7.<^r 
(7.^C« 
IS.5«0 
l«.57«) 
I« .«5« 
r<)./5^ 
m .9by 

GRADIENT 
DEG C/KI^ 

.0 
-758.2 

3 8 . 6 
a'+.y 
88 . a 
90.S 
53.2. 
76 .0 
40.6 
^ . Z 
9 6 . 0 
63 .4 
75.6 
69 .0 
8 4 . 6 
75 .0 
5<>.8 
55.<^ 
59 .V 

156.S 
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DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
68.5 

LOCATION: ALTERATION 75 IA 
27S 9W CBB 

HOLE NUMBER: UU 751A 
DATE MEASURED: 7/22/76 

TEMPERATURE 
DEG C 

26.283 
34.349 
40.036 
44.876 
49.158 
53.288 
57.622 
61.177 
63.990 
67.365 
70.687 
74.307 
76.434 

GRADIENT 
DEG C/KM 

.0 
1613.2 
1137.4 
928.0 
896.4 
826.0 
866.8 
711.0 
562.6 
675.0 
664.4 
724.0 
607.7 
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LOCATION: ALTERATION 75 IB 
27S 9W 4DDA 

HOLE NUMBER: UU 75 IB 
DATE MEASURED: 7/22/76 

DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 

TEMPERATURE 
DEG C 

14.926 
18.065 
21.878 
25.194 
28.354 
31.719 
35.043 
37.561 
40.288 
42.688 
44.676 
47.008 
49.088 

GRADIENT 
DEG C/KM 

.0 
627.8 
762.6 
663.2 
632.0 
673.0 
664.8 
503.6 
545.4 
480.0 
397.6 
466.4 
416.0 
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DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
34.5 

LOCATION: BOYLES 12RKGRA 
26S 9W 27BBB 

HOLE NUMBER: UU 75 12 
DATE MEASURED: 6/11/76 

-IPERATURE 
DEG C 

16.072 
19.622 
21.794 
24.981 
28.579 
29.861 
30.922 

GRADIENT 
DEG C/KM 

.0 
710.0 
434.4 
637.4 
719.6 
256.4 
235.8 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
43.0 

LOCATION: BOYLES 13 RKGRA 
26S 9W 20 AC 

HOLE NUMBER: uu 75 13 
DATE MEASURED: 11/8/75 

TEMPERATURE 
DEG C 

19.715 
25.496 
30.489 
34.301 
36.742 

GRADIENT 
DEG C/KM 

.0 
578.1 
499.3 
381.2 
813.7 



LOCATION: BEARSKIN RKGRA 
27S 8W BAB 

HOLE NUMBER: UU 75 
DATE MEASURED: 8/20/76 
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DEPTH 
METERS 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55, 
60 
65 
70. 
75 
80. 
85. 
90. 
95. 
100, 
110, 
115, 
120. 
125. 
130. 
135. 
140, 
145. 
150, 
155. 
156. 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
,0 
.0 
,0 
.0 
.0 
.0 
0 
0 
.0 
0 
0 
0 
0 
0 
0 

EMPERATURE 
DEG C 

8.088 
9.455 
9.907 
9.683 
9.074 
9.048 
8.834 
8.867 
8.942 
8.998 
9.077 
9.084 
9.217 
9.331 
9.351 
9.462 
9.496 
9.629 
9.797 
10.137 
10.176 
10.113 
10.296 
10.249 
10.459 
10.584 
10.391 
10.459 
10.823 
10.999 

GRADIENT 
DEG C/KM 

.0 
273.4 
90.4 
-44.8 
-121.8 
*5.2 
-42.8 
6.6 
15.0 
11.2 
15.8 
1.4 
26.6 
22.8 
4.0 
22.2 
6.8 
26.6 
33.6 
34.0 
7.8 

-12.6 
36.6 
-9.4 
42.0 
25.0 

-38.6 
13.6 
72.8 
176.0 
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LOCATION: ALTERATION 76 lA RKGRA 
27S 9W 54CAB 

HOLE NUMBER: UU 76 IA 
DATE MEASURED: 6/ /76 

DEPTH 
METERS 

5. 
10. 
15 
20. 
25. 
30. 
35. 
40. 
45, 
50, 
55, 
60. 
63, 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
,0 
.0 
.0 
.5 

TEMPERATURE 
DEG C 

30.028 
41.190 
57.022 
63.642 
69.025 
77.158 
84.082 
98.606 
93.914 
97.362 
101.100 
105.584 
107.885 

GRADIENT 
DEG C/KM 

.0 
2232.8 
3166.4 
1324.0 
1076.6 
1626.6 
1384.8 
953.2 
1013.2 
689.6 
747.6 
896.8 
657.4 



LOCATION: RKGRA TG-0 

26S 9W 16BDC 
HOLE NUMBER: UU 76 160 
DATE MEASURED: 8/30/76 
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DEPTH 
METERS 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
77.5 

TEMPERATURE 
DEG C 

14.029 
15.124 
15.405 
15.757 
16.164 
16.501 
16.839 
17.234 
17.502 
17.674 
18.012 
18.210 
18.432 
18.750 
18.967 

GRADIENT 
DEG C/KM 

.0 
219.0 
56.2 
70.4 
81.4 
67.4 
67.6 
79.0 
53.6 
34.4 
67.6 
39.6 
44.4 
63.6 
86.8 
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kCjCATIOMt BKeRA T & - \ 

HOLE fVMKBER: UU76 T61 
Qi^re N E A S M R F P : i o / i O / 7 6 

oepTH 
METERS 

1 0 . 0 
1 5 . D 
2 0 . 0 
2 5 . 0 
3 0 . 0 
3 5 . 0 
' i c . O 
JJS'.o 
SO.O 
55' . 0 
6 0 . 0 

TEriPCRATURE 
OEG C 

I b . H Z B 
\BaO^S 
^9.382-
2 0 . 5 4 9 
a i . 5 D 6 
22.H76 
2 ^ . 2 3 1 
23.893 
^H.52 l 
a5.o7I 
2.5.5se 

nsuoiEMT 
DEG C/KW 

. 0 
33-5. U 
2 5 7 . ' t 
2 3 3 . U 
191 .U 
ig t+ .o 
151 . 0 
1 3 2 . 4 
1 2 5 . 6 
1 1 0 . 0 
1 0 2 . 2 , 
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U3CAT](9lJ: 

HOLP 
pftTf 

pEPTt^ 
METERS 

5 . V 
1 0 . 0 
15.£7 
2 0 . C 
;?.5.<? 
3 0 . C 
35^.0 
J f O . O 

«5.£> 
5 0 . 0 
5 5 . c 
^ . 0 
6 5 . 0 
f»7.5 

SKGkh T G - Z 
2 ^ 5 9W 5CDB 

NVV}teR: Ul/76 TG2 
Me/)6Uftrp: 1 1 / 6 / 7 6 

IfMPEAflTU/^E 
OEfi C 

1 5 . 5 7 7 
1 4 . f c l 9 
1 5 . 3 6 ^ 
1 5 . 5 6 7 
1 5 . 9 0 2 
3 6 . 2 5 9 
1 6 . 6 7 9 
1 7 . 0 6 6 
1 7 . ^ ^ 9 
1 7 . 6 9 0 
1 7 . 9 5 5 
1-8.195 
1 8 . 4 2 6 
le.sgo 

GRADIENT 
OEG C/KM 

. 0 
- 2 5 1 . 6 

1 1 0 . 0 
7 9 . 6 
6 7 . 0 
7 1 . 4 
8 ^ , 0 
7 7 . 4 
6 4 . 6 
6 0 . 2 
5 3 . 0 
4 8 . 0 
«»6.2 
6 1 . 6 



23 

leCATlDl^'. et(6IM T 6 - 3 

HiOL^ N/MfFfR: ^^76 T6-3 
0/\Tt iHEASU»?FO; XlAi^Alh 

OfP'TM 
W£TE(15 

5-.0 
l*".-© 
1 5 . o 

>i».J!> 
:25.o 
^o .o 
3 5 - . ^ 
4C.<? 
H5'.D 
S & . o 
SSaO 
b G . a 
(eS.O 
7 O.O 
•75/'C> 
Bei.ei 
a5.C"' 
^a .o 
95". 0 

ICi&.O 

THwPEii/fTt^RE 
DE6 C 

IT.9//6 
Ifl.391 
XHa-iB^. 
2 2 . 4 4 1 . 
2 4 . 2 2 3 
: i 6 . ) 4 3 
2 B . 0 7 8 
JZ9 . ' ' 47 
•30 .770 
3 2 . 0 3 1 
3 Z . 9 9 f 
3 3 . 5 ^ 7 
3 4 . 6 9 J 
35f.30ff 
3 S . 6 0 1 
5 5 . ^ 5 3 
36 .12-1 
3 6 . 2 ^ 5 
36.5^4^ 
3 ^ . 4 0 5 

GRADIENT 
DEG C/KM 

. 0 
39.0 

39s . ^ 
4 1 1 . 6 
3 5 6 . 4 
3 8 4 , 0 
3 8 7 , 0 
2 7 3 . 6 
2 6 4 . 6 
^ 5 2 . 2 , 
1 9 ? . 6 
1 7 8 . 6 
1 6 0 . 8 
1 2 3 . 0 

5 9 . 0 
5 6 . 4 
4 7 . 6 
2 4 , 4 
6 0 , 2 

- 2 7 , 8 
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265 9W 14 DAA 

i^:^. 13:906 
^iS-.O 1 H . J 5 6 

^ • • • ^ ^ l 4 2 4 

_ ^ 1 «r nf tA 4 3 . U 

35.6 
i ^5 .0 1 5 . 0 0 6 
5-D.O 1 5 . 1 9 5 

5 0 , 0 
4 5 , 0 
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LoCfrTiOK); BKsRfi TGr-6 

HOLe hMf̂ eefi-'a UU76 16(, 

PCPTH 
METERS 

5 . 0 

IS.O 

,25". o 

3 5 . o 
4 0 . o 
4 5 . 0 

5P.O 
6 0 . 0 

75-.0 

8 5 . 6 

V .5-

TEA»Pfr̂ /»TURE 
OEG C 

14 .273 
1 4 . 2 7 5 
\'^a2,^7 
15.436 
16 .913 
I7.82fi 
I d . 108 
18.224 
Ifl. 458 
l g . 6 9 2 
»g.72J 
l f i . g 3 5 
19 .004 
t 9 . i 4 9 
19.555-
19.348 
19.4B^ 
19 .712 
J 9 . 9 ^ ^ 

GR/JDIFNT 
DEG C/KM 

. 0 

.4 
114 .4 
1 1 7 , 8 
2 9 5 , 4 
183 ,0 
5 6 . 0 
2 3 , 2 
4 6 , a 
H6,6 

5 , 8 
2 2 , 8 
3 3 , 8 
2 9 . 0 
2 1 . 2 
1 5 . 6 
2B.2 
4 4 , 6 
4 8 . 0 
12 .4 



L O t ^ T i o J J : dKGdu- SALT COVE 
265 91^ 25- DCA 

H6LE Nutk&Ed: UU 76 
PPfTf rv\E>»5iH'ia£l>: 3 / 2 4 / 7 7 

26 

PEPTH 
METERS 

10.-0 

isr.o 
2 6 . 0 
Z5'-o 
3 0 . 0 
3 5 . 0 
4 0 . o 
^S-.o 
y<?.4> 

J?'5'.o> 
6<i).o 
(^ST.o 
1 0 . P 
' /S ' .o 
Zt i . 0 

zs^.c 
$ C i . O 

95^.0 
\co.o 
\os.o 
wo .o 
\ \ 5 ' . ^ 
[2J0.0 
I Z S . O 
1 3 0 . 0 , 
13X' '0 
\ H 0 . o 
MS-.o 
1 5 0 . D 

TE,|v|pEf?4TLJlRg: 
OÊê  c 

ia .9oB 
I0.9B9 
« R . 1 £ 8 
1 ; . H 9 2 
\ l a f M Z 
n . 5 3 6 
I 2 . I S 6 
I Z . 3 3 5 
1 2 . 5 0 4 
12 .65-5 
1 ^ . 8 0 7 
1 2 . 9 4 2 
1 3 . 0 7 1 
1 3 . 1 9 6 
1 3 . 3 3 7 
1 3 . 4 7 6 
1 3 . 6 1 7 
1 3 . 7 6 1 
1 3 . 9 0 8 
«'*.i?2 
1*1.201 
1 4 . 3 5 2 
1 4 . 5 0 5 
1 4 . 6 5 3 
1 4 . 8 3 6 
14.9-93 
1 5 . 1 4 5 -
1 5 . 2 9 8 
15 .40H 

GRADIENT 
DEG C/KM 

. 0 
J 6 . 2 
3 9 . 8 
6 0 , 8 
5 0 . 0 

- 2 9 . 2 
l U . O 

3 5 . 6 
3 3 , 8 
3 0 , 8 
2 9 . 8 
2 7 , 0 
2 5 , 8 
2 5 , 0 
2 B . Z 
2 7 . 8 
2 8 , 2 
2 8 . 8 
2 9 . 4 
Z B . b 
2 9 . 8 
3 0 . 2 
3 0 . 6 
2 9 . 6 
3 6 . 6 
3 1 . 4 
3 0 . 4 
3 0 , 6 
a i .E 

file:///co.o
file:///os.o
file:///H0.o
file:///lafMZ
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DEPTH 
METERS 

10.0 
20.0 
30.0 
36.0 

LOCATION: RANCH CANYON PPC 
27S/9W-35 CAD 

HOLE NUMBER: EV 4113 
DATE MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

8.650 
9.640 
9.770 
9.890 

GRADIENT 
DEG C/KM 

.0 
99.0 
13.0 
20.0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 

LOCATION 

HOLE 
DATE 

: RANCH CANYON PPC 
27S/9W-35 DB 

NUMBER: EV 4115 
MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

10.920 
11.240 
11.700 
11.820 
11.910 
11.980 
12.140 

GRADIENT 
DEG C/KM 

.0 
132.0 
46.0 
12.0 
9.0 
7.0 
16.0 
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LOCATION: MINERAL MTS - RADIO RD PPC 
26S/8W-30 CDA 

HOLE NUMBER: Crater Knoll #2 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

TEMPERATURE 
DEG C 

8.010 
8.660 
8.690 
8.750 
8.850 
8.870 
8.890 
8.990 
9.080 

GRADIENT 
DEG C/KM 

.0 
65.0 
4.0 
6.0 
10.0 
2.0 
2.0 
10.0 
9.0 
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LOCATION: MINERAL MTS - PPC 
27S/8W-6 AA 

HOLE NUMBER: Crater Knoll #3 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
59.0 

TEMPERATURE 
DEG C 

9.230 
9.700 

10.210 
10.430 
10.610 
10.700 

GRADIENT 
DEG C/KM 

.0 
47.0 
51.0 
22.0 
18.0 
10.0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
32.0 

LOCATION: NEGRO MAG 
27S/9W-1 

HOLE NUMBER: 21 

TEMPERATURE 
DEG C 

13.000 
15.600 
17.300 
17.550 

WASH PPC 

GRADIENT 
DEG C/KM 

.0 
260.0 
170.0 
125.0 
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JL v n o f ; : vJ/MEfl vJEuL 4 2 
Z 7 5 / l 0 w l - i 2 P 

iOLi. ^'J'•• ! - H : P H I L L I P S 
,̂  1; • [. r ' - j \ r r : ' : l A o ^ A T h 

; l . i ' n 

iLfr.; s 

1 0 . 0 
2£>.0 
3 0 . 0 
3 5 . 0 
4 0 . 0 
4 5 , 0 
5 0 . 0 
5 5 . 0 
6 0 . 0 
/&5.P 
70 .^ 
7 5 . 0 
8 0 . 0 
B 5 . 0 

9£>.o 
95.£5 

1 0 0 . t? 
1 0 5 . 0 
1 1 0 . ^ 
1 1 5 . o 

Ih'-IPFlKATilR 
i,E(, C 

1 4 . 5 0 0 
1 7 . 7 0 0 
2 0 . 6 0 0 
2 1 . 9 0 0 
2 3 . 0 0 0 
^ 3 . 9 5 0 
2 4 . 8 0 0 
2 5 . 6 0 0 
2 6 . 7 0 0 
2 7 . 8 0 0 
2 8 . 4 0 0 
2 9 . 1 0 0 
2 9 . 8 0 0 
30 . i i .D0 
3 ^ . 2 0 0 
31 .SOO 
Z 2 ^ . 5 0 0 
3 3 . 0 0 0 
3 3 . 6 0 0 
3 3 . 8 0 0 

GH-ADIEf'T 
DEO C/KVI 

« 
3 2 0 , 
2 9 0 , 
2 6 0 , 
2 2 0 , 
1 9 0 , 
1 7 0 , 
2 0 0 , 
1 8 0 , 
1 8 0 , 
1 6 0 , 
1 4 0 , 
1 4 0 , 
1 6 0 , 
1 2 0 , 
1 2 0 , 
1 4 0 , 
1 0 0 , 
1 2 0 , 

4 0 , 

, (1 
, 0 
,0 
,0 
,0 
,0 
,0 
,0 
,0 
, n 
,0 
, 0 
, 0 
• 0 

, 0 

,n 
. 0 
. 0 
. 0 
. 0 

http://30.ii.D0
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L J C ' ^ ^ I o r ; : p i - f i L L l P S WhTta WELL 143 
26,S/10W-25A 

' i J L C f ' J ' - ' " ! :w: I ' M l L L l l ' S 
^r\ U. •[ A^ i ' i ^ f ' : 6A3Ciy7b 

[ n J ' l t i H : ^UT.h'/.^iHJ^-^. GRADIEMT 
.-,1, I L K ' . Otc. C DEG C/KM 

5 . 0 1 4 . 2 0 0 . 0 
1 5 . 0 1 7 . 1 0 0 2 9 0 . 0 
Z O . ^ 1 8 . 4 0 0 2 6 0 . 0 
Z 5 . 0 1 9 . 5 0 0 22 0 . 0 
3 0 . 0 2 1 . 0 0 0 30 0 . 0 
3 5 . 0 2 2 . 4 0 0 2 8 0 . 0 
4 0 . 0 2 3 . 6 0 0 2 4 0 . 0 
</5.0 2 4 . 6 0 0 2 0 0 . 0 
5 0 . 0 2 5 . 6 0 0 2 U 0 . 0 
3 5 . 0 2 7 . 2 0 0 2 8 0 . 0 
6 0 . 0 2 7 . 9 0 0 1 4 0 . 0 
6 5 . 0 2 8 . 9 0 0 2 0 0 , 0 
7 0 . 0 2 9 . 4 0 0 1 0 0 . 0 
7 5 . 0 30.00(0 1 2 0 . 0 
e o . O 3 0 . 6 0 0 1 2 0 , 0 
^ 5 . 0 3 0 . 6 0 0 . 0 
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L O t A 

'! ;LL 
. j : ' ^ ^ r 

U L . r ' ' M 

••.L r- KS 

5 . 0 
10 .0 
15.0. 
2 0 . 0 
2 5 . 0 
3 0 . 0 
35 .0 
4 0 . 0 
4 5 . 0 
5 0 . 0 
5 5 . 0 

I d " . 

i;i.iN' 

• • L ' 

: uif^TEP. WELL 44 
2^S/9W-36C 

f l l : PHILLIPS 
' . ' ' f-r r ' : 

TE 

7 / 0 3 / 7 6 

;•• i ^ t : K , \ - i i ' ! ^ r 

f.Tb r 

17.900 
17.200 
19 .100 
20 .700 
21 .500 
24 .200 
2 6 . 2 0 0 
ZSa600 
29.30O 
31 .600 
3 4 . 9 0 0 

GRAOIFriT 
DEG 

-140 
380 
320 
160 
b40 
400 
480 
140 
500 
620 

C/KM 

. 0 

. 0 

. 0 

. 0 

. 0 

. 0 

.0 

.0 . 
,0 
.0 
,0 
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L( . 'L i3 ' l ' .3" . VATER WELL 4 5 
275 /9W- l7 f l 

HOLE !!Uf-" h'U: P H I L L I P S 
J A T F • K A S t ' r ' r i , ; 7 A 0 Z / 7 b 

J L ^ M h 
•Ul IF. I .S 

5.U 
1 0 . 0 
1 5 . 0 
2 0 . 0 
2 5 . 0 
3 0 . 0 
3 5 . 0 
HO.O 
4 5 . 0 
5 0 . 0 
5 5 . 0 
6 0 . 0 
6 5 . 0 
7 0 . 0 
7 5 . 0 
&D.0 
B5.Q 
9 0 . 0 
:?5.o 

1 0 0 . 0 
1 0 6 . 0 
U O . O 
1 1 5 . 0 
1 2 0 . 0 
i 2 5 . 0 
1 3 0 . 0 
1 3 5 . C 
1 4 0 . 0 
1 4 5 . 0 
1 5 0 . 0 
i 5 5 . 0 
1^0 .0 
1 6 5 . U 
170.U 
1 7 5 . 0 
I B r j . Q 

1«5.0 

T E ' ^ l t ^ ' M T U K t ' 

i:r:. c 

1 2 . 9 0 0 
15.3011 
17.50(1 
1 9 . 1 0 0 
Z O . g n o 
2 2 . 1 0 0 
2 3 . 7 0 0 
2 5 . 2 011 
2 6 . 7 0 0 
2 8 . 0 0 0 
2 9 . 6 0 0 
3 1 . 2 ^ 0 
32,401) 
3 3 . 7 0 0 
35.1&OO 
3 6 . 4 0 n 
3 7 . 9 0 0 
3 9 . 2 0 0 
4 0 . 2 0 0 
4 1 . 6 0 0 
4 3 . 1 0 0 
4 ' » . 4 0 0 
4 5 . 6 0 0 
4 7 . 0 0 0 
48 .60 f ) 
4 9 . 7 0 0 
51 . 0 0 0 
5 2 . 6 0 0 
5 3 . 4 0 0 
5 4 . 8 0 0 
5 6 . 0 0 0 
5 6 . 8 0 0 
5 9 , 5 0 0 
& 0 . 6 0 0 
6 1 . 2 0 0 
6 1 . 8 0 0 
6 1 . ^ 0 0 

GPADIEriT 
DEG C/KM 

. 0 
4 8 0 . 0 
4 4 0 . 0 
3 2 0 . 0 
3 6 0 . 0 
2 4 0 . 0 
3 2 0 , 0 
3 0 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
3 2 0 . 0 
3 2 0 , 0 
2 4 0 . 0 
2 6 0 . 0 
2 6 0 . 0 
2 8 0 , 0 
3 0 0 . 0 
2 6 0 , 0 
2 0 0 . 0 
2-80.0 
3 0 0 . 0 
2 6 0 . 0 
2 4 0 . 0 
2 8 0 , 0 
3 2 0 , 0 
2 2 0 . 0 
2 6 0 . 0 
2 6 0 . 0 
2 2 0 . 0 
2 8 0 . 0 
2 4 0 . 0 
5 6 0 . 0 
1 4 0 . 0 
2 2 0 . 0 
1 2 0 , 0 
1 2 0 . 0 
2 0 . 0 
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L0CA1 I O N : RHS KGRA 
27S/10.V-23 CA 

HOLE HUMnER: 5 
DATE MEAr.UKFP: S A ^ i A l ^ 

DEPTH 
METLKS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
60.0 
90.0 
10 0.0 
UO.O 
120.0 
130.0 
14 0.0 
IbU.O 
151.5 

TEMPERATURE 
DEG C 

14.480 
17.450 
20,130 
22.580 
25,000 
26.930 
27.650 
28,390 
28.960 
29.590 
30.100 
30,550 
31,100 
31.520 
32.160 
32.210 

GRAOIENT 
DEG C/KM 

.0 
297.0 
268,0 
245.0 
242.0 
193.0 
72.0 
74,0 
57.0 
63.0 
51.0 
45.0 
55.0 
42,0 
66,0 
20,0 
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LOCATION: RHS KGRA 
275/9W-16 BB 

MOLE MUMMER: 7 
DATE ,^EA^^URF^: d / 0 8 / 7 5 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
bO.O 
7U.0 
ĉ O.O 
9U.0 
100.0 
110.0 
12U.0 
13u,0 
140.0 
14J.0 

TEMPERATURE 
DEG C 

16.600 
23.300 
28,200 
32.90 0 
37,300 
41.550 
45,730 
49.800 
53.900 
57.780 
61.450 
65.300 
68.840 
72,300 
74,000 

GRADIENT 
DEG C/KM 

.0 
670.0 
490,0 
470.0 
440.0 
425,0 
418.0 
407,0 
410.0 
388.0 
367,0 
385.0 
354.0 
346.0 
340,0 
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L O C A T I O N : RHS KGRA 
?7S/9v,-lo AD 

HQLF M U M H C R : 8 
LATE f-EASURr--: 8 / 1 1 / 7 5 

TEMPERATURE 
OEG C 

24.620 
37.470 
49.320 
60.170 
69.580 
76.120 
84.080 
8*5.650 
95.400 

DEPTH 
MulTK^' 

1 0 . 
2 0 . 
3 0 , 
U , i ] . 

50 
oO 
70 
bO 
90 

(1 

,0 
. 0 
.0 
. 0 
. 0 
. 0 
. 0 

.u 

GRADIENT 
OEG C/KM 

.0 
1285.0 
1185.0 
1085,0 
941.0 
854.0 
596,0 
557,0 
575,0 
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LOCATIOfJ: RHS KGRA 
27S/9W-21 DD 

HOLE NUMr<ER: 9 
Î T̂E MEASURrn: 9/05/75 

DEPTH 
MEIERS 

HJ.O 
20.0 
23.0 

TEMPERATURE GRADIENT 
DEG C DEG C/KM 

20,950 .0 
32,810 1186.0 
31+.000 396,7 
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EOLATION: RHS KGRA 
27S/9W-15 ABD 

HOLE MUMPER: 10 
DATE PEASUPrn: 9 / 0 2 / 7 5 

DEPTH 
METERS 

10.0 
20.0 
50.0 
mJ. 0 
50.0 
bU.O 
e3^.3 

TEMPERATURE 
DEG C 

15.370 
19.880 
23.800 
27.560 
32.580 
37.410 
39,100 

GRADIENT 
OEG C/KM 

.0 
451.0 
392.0 
376.0 
502.0 
483.0 
393.0 
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LOCATION: RHS KGRA 
27S/10W-10 ODD 

HOLE NUMPER: 12 
DATE MEArURFO: 8 / 1 1 / 7 5 

DEPTH 
ME 1 EPS 

10.0 
20.0 
30.0 
HO.O 
bb.O 
60.0 
70.0 
HO.O 
90.0 
UO.O 
1 1 iJ . 0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
Ibo.o 
19 u . 0 
200.0 
203.0 

TEMPERATURE 
DEG C 

14.860 
18,640 
21.380 
24.190 
26.270 
27.470 
28,510 
29.240 
2^.610 
30.370 
30.960 
31.530 
32.150 
32.730 
33,180 
33.7 70 
34.32 0 
34.840 
35.32 0 
35.660 
35.96" 

GRADIENT 
DEG C/KM 

.0 
378,0 
274,0 
281,0 
208.0 
120.0 
104.0 
73.0 
57,0 
56.0 
59.0 
57,0 
62.0 
58.0 
45.0 
59,0 
55.0 
52.0 
48.0 
54.0 
40.0 
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LOCATION: RHS KGRA 
2 7 S / 9 W - 7 CC 

HOLE NUMBER: 14 
DATE rEASURP-p: fJO I./ATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.G 
90.0 
10 0.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
17 0.0 
180.0 
190.0 
19D.0 

TEMPERATURE 
DEG C 

15,250 
17,900 
20,500 
23,100 
25,100 
26,900 
28.700 
30.500 
31.900 
33.200 
34.300 
35,250 
36,100 
36,900 
37,600 
38,300 
39,050 
39,850 
40,650 
41,000 

GRADIENT 
OEG C/KM 

.0 
265,0 
260.0 
260.0 
200.0 
180*0 
180.0 
180,0 
140.0 
130,0 
110.0 
95.0 
85.0 
80.0 
70,0 
70.0 
75.0 
80.0 
80.0 
70.0 
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LOCATION: RHS KGRA 
27S/9W-7D DD 

HOLE MUMRER: ]5 
i3ATE M E A S U R F H : MO DATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
bO.O 
70.0 
80.0 
90.0 
100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
175.0 

TEMPERATURE 
DEG C 

15.040 
18.100 
20.300 
22.200 
24.*i00 
26.300 
28.000 
29.500 
31.200 
32.800 
34,700 
36.300 
37,700 
38,900 
39.800 
40,700 
41,600 
41,900 

GRAOIENT 
OEG C/KM 

.0 
306,0 
220,0 
190.0 
220.0 
190.0 
170.0 
150.0 
170.0 
160,0 
190,0 
160,0 
140.0 
120,0 
90.0 
90,0 
90.0 
60,0 
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LOCATIOiJ: RHS KGRA 
27S /9W-U AD 

HOLE NUMBER: 17 
OATE P.EASUREO: NO LATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
00.0 
63.0 

TEMPERATURE 
DEG C 

17.600 
23.600 
29.700 
34.700 
40.000 
44.100 
45.000 

GRADIENT 
DEG C/KM 

.0 
600.0 
610.0 
500.0 
530.0 
410.0 
300.0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 
100.0 
105.0 
105.5 

LOCATION: RHS KGRA 
27S/R9W-2 CAA 

HOLE NUMBER: 20 
DATE MEASURED: 8/13/75 

TEMPERATURE 
DEG C 

12.410 
14.690 
16.570 
18.310 
20.300 
21.160 
22.400 
23.440 
24.290 
24.990 
25.350 

GRADIENT 
DEG C/KM 

.0 
228.0 
188.0 
174.0 
199.0 
86.0 
124.0 
104.0 
85.0 
70.0 
72.0 



LOCATION: RHS KGRA 
2 6 S / 9 W - 3 2 AA 

HOLE NUMRER: 25 
DATE MEAFUf^rr: 9/05/75 

46 

DEPTH 
METERS 

10.0 
20.0 
30.1) 
40.0 
bO.O 
6 0. 0 
70.0 
BO.O 
90.0 

100.0 
110.0 
120.0 
130.0 
14 0.0 
144.3 

TEMf-'ER ATURE 
DEG C 

15.590 
21.160 
25.030 
28.080 
30.960 
33.590 
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Abstract 

Thermal gradient and electrical resistivity surveys both outline 

anomalous zones along the system of faults thatcontrol the near surface 

flow at Roosevelt Hot Springs. The source of both anomalies is the 

circulation of thermal water, which gives rise to the high heat flow 

and the lowered resistivity due to the hot brine and the associated 

hydrothermal alteration. 

The nature of the temperature profiles and the asymmetry of the 

thermal gradient profile across the system are suggestive of a leakage 

and mixing of thermal water with the regional groundwater flow to 

the west. This interpretation is consistent with the resisitivty data 

in which conductive regions to the west of the fault system have been 

interpreted in terms of brine-saturated sediments. 

The maximum conductive heat flow over the anomaly is 40 HFT (1.7W/m ) 

and the total conductive heat loss is estimated at 2 MW. Heat flow in 

the Mineral Mountains, to the east of the near-surface thermal anomaly, 

is low or near average for the Basin and Range. Recharge may be taking 

place in this region. 



1,0 Introduction 

Thermal gradient data from 39 drill holes in the Roosevelt Hot 

Springs KGRA area are presented in this report. Fifteen of these 

holes were drilled under subcontract to the University of Utah, 

permission to log another ten holes was granted by Phillips Petroleum 

Company and the remaining fourteen holes were provided by other sources. 

The locations of most of the holes are shown in Figures 1 through 3, along 

with the locations of test and production holes. These figures also show 

the contoured average thermal gradient in three depth intervals; shallow 

(30-60m), intermediate (60-lOOm) and deep (>100m). 

Figure 4 displays a plan view of the interpreted faults in the area. 

Comparison of Figures 1 and 4 shows that the region of highest thermal 

gradients is aligned along the Dome Fault and Fault 1. To the south the 

high thermal gradients are terminated by several east-west trending faults. 

To the north there is a bending of the contours resulting in a ridge aligned 

along fault 5, which trends to the north west. 

In Figures 1 and 2 there are isolated highs in the north and south 

that are probably the result of the sparseness of data in the central 

region. Considerations of the probable thermal gradient in the early 

steam well (drilled by Dr. E. N. Davie), based on the depth of blowout, 

and the near surface temperatures in sulfur pits in the bottom of Negro 

Mag Wash (North of 54-3) would indicate that the 900°C/km should run 

further to the west in the southern portion and is probably continuous 

with the high in the north. 

Comparison of Figure 1 with the contoured apparent resistivity (Figure 

5) shows that the resistivity and thermal gradient patterns are highly 

correlated. Both exhibit contours aligned along the Dome fault and a 

bending to the northwest along Fault 5. The obvious cause of the correlation 



is the hot water circulation along the faults which gives rise to both 

high thermal gradients and low resistivities due to the hot brine and 

the associated hydrothermal alteration. 

With increasing depth (Figures 2 and 3) the thermal gradients decrease 

and the alignment along the faults is less clear. The smearing of the 

pattern is partly due to the lack of data at greater depths. The 

acquisition of deep thermal gradient data from small drill holes in 

regions of very high thermal gradients is hindered by fear of blowouts, 

among other things. 



2.0 Thermal Gradients at Roosevelt Hot Springs 

Figures 6 to 20 show the temperature vs depth curves for the holes 

drilled by the University of Utah. As can be seen in these figures, the 

thermal gradient in holes drilled in alluvium often decreases with depth, 

with the depth intervals used in Figures 1 to 3 being somewhat characteristic 

of the several regions of changing gradient. For example, hole UUTG6 

(Figure 20) shows an abrupt change at 30m and hole UUTG3 (Figure 18) 

displays a more gradual transition with suggested breaks at 35m and 70m. 

Such changes in the thermal gradients can be caused by changes in thermal 

conductivity due to changes in the porosity, saturation and lithology 

among other things. 

Gravity measurements over a wash in the alluvium ( Crebs and Cook, 1976) 

indicate a porosity of about 25% in the near surface (25-50m). Some decrease 

in porosity with depth is to be expected due to the increase in load. A 

change in the porosity of saturated granite alluvium from 25% to 10% would 

give rise to a change in thermal conductivity (and gradient) of about 25%. 

The changes in thermal gradient caused by such variations in porosity are 

then rather modest. 

On the other hand, changes in saturation, from dry to completely 

saturated, would give rise to changes in thermal conductivity by a factor 

of 2.0 to 2.5 for porosities in the range from 20 to 30%. 

Changes in the thermal conductivity due to lithology changes depends 

on the thermal conductivity of the components. For example, changing the 

thermal conductivity of the solid components by a factor of 2 results in 

a 1.7 change in conductivity at a porosity of 25%. Changes in lithology from 

a granite alluvium to a quartz rich sand are possible in this area. Measure­

ments made on sands from the Roosevelt KGRA give solid component conductivi­

ties in the range from 10 to 11 HCU and samples of granite alluvium give 



values in the range from 6 to 7 HCU. Therefore, such changes in lithology 

can be expected to give rise to rather substantial changes in gradient. 

Considering the thermal gradients in hole UUTG6 (Figure 21) we 

see that the average gradient in the 20-30m interval is about 200°C/km and 

below this depth it averages about 30°C/km, a factor of about 7 change 

is slope. Thermal conductivity measurements on samples from this hole 
3 

average about 4 HCU, at a saturated bulk density of 2.2g/cm , with no 

consistent changes above and below the break in the slope. The water table 

in a nearby well (2.4km) at about the same elevation is 26m (Mower and 

Cordova, 1974). This is near the break in the thermal gradient. However, 

the change in thermal conductivity due to undersaturation would only be 

a factor of 2 to 2.5 which is well below the observed value. 

One possible explanation of the strong change in gradient is a leakage 

of thermal water into the groundwater flow to the west. Some leakage of 

thermal water is indicated by the chemical analysis of the seep west of Salt 

Cove, which has a cool temperature (25°C) but a Na-K-Ca temperature of 

241°C (Parry et. al., 1976). For a uniform mixing of thermal water into 

the groundwater in a region of constant thermal conductivity, the thermal 

gradient should decrease smoothly with depth in the mixing zone. The two 

gradient regions in UUTG6 may result from a combination of effects due to 

the presence of the water table and mixing. On the other hand, the thermal 

gradient in hole UUTG3 (3km to the south) shows a more gradual change, with 

no sharp break at the water table (50m). The overall change in slope be­

tween the top and bottom of this hole is about a factor of 8, which seems too 

large to be explained by the effects of saturation alone. 

In holes UU751A and UU751B, just to the west of the dome fault, the 

water tables were located at about 35m and 40m respectively, which are also 

the locations of the alluvium altered bedrock interface. In both cases the 

thermal gradients do not show an abrupt change at the water table. 



However, there is gradual increase in thermal gradient above these depths 

(20% to 40%), perhaps due to gradual changes in the saturation. 

Figure 21 shows a series of temperature profiles on a west-east 

line across the southern part of the system (the letter designation runs 

from West-A to East-I). The thermal gradients and the 10m depth temperatures 

increase as the Dome Fault is approached from the west (A to G) and the 

two eastern holes (H & I) show decreasing temperatures and gradients. 

The five westernmost holes (AA to D) show a decreasing gradient 

with depth, as did the western holes to the north(UUTG6 and UUTG3) discussed 

previously. The two westernmost holes 5(AA) and 12(A) have a thermal 

gradient in the deeper part near 50°C/km, which is near normal for a thermal 

gradient in the alluvium. The water table is about 40m in this region 

(Mower and Cordova, 1974) and both curves show changes in slope (15 to 30%) 

at this depth, which could be due to changes in saturation. There is a change 

in slope to a near constant slope region at a depth of about 60m. The 

change in average gradient above and below this depth is a factor of 1.5 to 

3. The lithologic log on a nearby water well notes a change in lithology 

at this point, from sands containing numerous "igneous" fragments (up to 30%) 

to sands free of such material. Considering the average abundance of such 

material, it would be difficult to account for the changes in slope by the 

change in lithology. Once again a possible explanation for the change in 

slope could be leakage of thermal waters to the west and mixing with the 

groundwater. With respect to this, it is interesting to note that the 

thermal gradients at depth in the westernmost holes are near normal and 

that the gradient in the easternmost hole is constant with depth although 

slightly above normal. More conclusive evidence for leakage mixing of thermal 

waters would be the presence of gradient reversals which have not been ob­

served to date . 



3.0 Heat Flow at Roosevelt Hot Springs 

Thermal conductivity measurements on a limited number of alluvial 

samples, indicates an average value of 4 HCU (1 HCU -mcal/cm S°C - 0.418 W/m°k), 

Maximum conductive heat fluxes are then in the neighborhood of 40 HFU (1 HFU = 

2 2 

y cal/cm S = 41.8 mW/m ). The total integrated conductive heat loss 

over the anomaly (6.5 km in length) is about 10 cal/S or 2MW. 

Figure 22 is a west to east thermal gradient profile for two depth 

intervals, 30-60m and 60-lOOm. Based on a aonduot ive heat flow model, 

these profiles indicate an equivalent line source at 1.0 to 1.5km depth. 

Also shown on the figure, as a dashed line, is the theoretical thermal 

gradient profile for a line source, scaled to the 30-60m data. From this 

it is easy to see that the observed curve is asymmetrical, with smaller 

gradients in the east and larger to the west. This asymmetry is also 

observed in the deeper (60-lOOm) gradients. The observed asymmetry is 

compatable with the leakage of thermal water to the west, as discussed 

in the previous section, but source configuration in a conductive model could 

also produce such asymmetry. 

Several core holes were also drilled in the granite of the Mineral Range 

so that samples could be measured for thermal conductivity and heat flow 

values calculated. Figure 13 shows the temperature profile in one such 

hole (UU76SC) located in Salt Cove on the west side of the Mineral Range, 

about 3 km east of the center of the thermal gradient-resistivity anomaly. 

The thermal gradient is quite uniform at an average value of 29°C/km below a 

depth of 50m. The average thermal conductivity in this region is 6.6 HCU 

(16 samples) giving a heat flow of 1.92 HFU. 

Another hole (UU76BS) was drilled in the central part of the Mineral 

Range just to the north of Bearskin Mountain, the temperature profile from 

the last log (Figure 14) still shows some drilling disturbances, but the 



smoothed thermal gradient in the 80 to 150m interval is 17°C/km. The 

thermal gradient in a Phillips Petroleum Company hole, 1.5 km to the north 

(Figure 1) is similar (16°C/km) indicating that this is maybe representative 

of the area. The average thennal conductivity in this hole in the above 

depth interval is 7.65 HCU (11 samples) giving a heat flow of 1.28 HFU. 

Two kilometers to the east of this hole, the hole at Ryans Ranch 

(UU75RR, Figure 11) has thermal gradient of 19.9°C/km (50 to 80 m) and 

the average thennal conductivity of several samples is 7.1 HCU, resulting 

in a heat flux of 1.41 HFU. 

Roy et al. (1968) report a heat flow of 2.22 HFU for a location on the 

west side of Milford valley, just about due west of Roosevelt Hot Springs. 

None of the above calculated heat flow values are large for the Basin 

and Range, in fact the measurements in the central part of the range seem 

somewhat low. However, none of the measurements have been corrected for 

topographic effects, which should be largest for the locations north of 

Bearskin and at Ryans Ranch. 

If the Mineral Mountains and the area to the east are regions of 

significant recharge, then the downward movements of cool water may con­

tribute to the low thermal gradient and heat flow. 



4.0 Conclusions 

Thermal gradients and electrical resistivity data at Roosevelt 

Hot Springs both outline the same anomalous region along the system of 

faults which control the near surface circulation. Depending on the 

circumstances, these techniques may provide complementary or redundant 

information. 

The character of the thermal gradients to the west of the fault system 

suggest that thermal waters are mixing with the ground water flow to 

the west. If so, this should be reflected in the water chemistry. Parry 

et al. (1976) show several anomalous Na-Ca-K temperatures to the northwest 

of Roosevelt Hot Springs but no data was available from wells in the immediate 

vicinity of the thermal gradient holes. 

Heat flow values in the alluvium reach a maximum of about 40 HFU, and 

the estimated total conductive heat loss from the shallow part of the 

system is about 2MW. Heat flow values and thermal gradients in the Mineral 

Range are not high for the Basin and Range, and in fact several of the 

values seem low. 
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— 1 

• v ; . 1 • 

• , . f ; 

) j . r 
: . ' , ) .( ' 
i '1 . t ' 

• - ' • ) . ( 

1 . i . 

> . f 

' . , . ' • 

- ; . ( • 

loo.o 

TEMpeHlATURW 

pes c 
16 .769 
i a . 9 7 8 
13.42.1 
\ ^ . 5 l \ 3 
1 3 . 9 7 3 
i H a i z y 
11 .693 
15 .073 
ru.sae 
1 5 . 9 5 7 
16.H37 
16.754 
1 7 . 1 3 2 
17.091 
1 7 . 9 0 5 
18 .380 
Jfl .579 
1 8 . 6 5 8 
1 9 . 1 5 3 
19 .937 

GRADIENT 
OEG C/K/H 

.0 
- 7 5 8 . 2 

6H.6 
a'+.'4 
8ft.0 
9 0 . 8 
5 3 . 2 
7 6 . 0 
9 0 . 6 
8 6 . 2 
9 6 . 0 
6 3 . 4 
7 5 . 6 
6 9 . 8 
Rt<.e 
7 5 . 0 
5 9 . P 
5 5 . 4 
5 9 . 4 

156 .8 



14 

L O C A T I O N : ALTERATION JS IA 
Z7S 9W SCLB 

HOLg HUMJER: UU 751A 
VATS NeASUWBD: 7 /22/76 

pEPTH 
MrrerRS 

10 .0 
i5«o 
£ 0 . 0 
1 5 . 0 
3 0 . 0 
3 5 . 0 
HO.O 
4 5 - 0 
5 0 . 0 
5 5 . 0 
60.D 
6 5 . 0 
6 S - 5 

r e t ^ B t i / m j ^ 
P&6 C 

2 6 . 2 d 3 
3H.3H9 
MO.036 
1 1 . 6 7 6 
M9.158 
5 3 . 2 8 8 
5 7 . 6 2 2 
6 1 . 1 7 7 
6 3 . 9 9 0 
6 7 . 3 6 5 
7 0 . 6 8 7 
7M.307 
76.H3H 

GRADIENT 
0E:G C/KM 

.0 
1 6 1 3 . 2 
1137.4-
92iJ.O 
8 9 6 . 4 
8 2 6 . 0 
8 6 6 . 8 
7 1 1 . 0 
5 6 2 . 6 
675 .0 
6 6 4 . 4 
7 2 4 . 0 
6 0 7 , 7 



15 

LOCATION; A L T E B J U T I O N 75 IB 
27S 9W 4PPA 

HOLE MUNIBE^R: UU 75 IB 
DATE MeASUREp: 17ZZ716 

DEPTH 
\ K E r t ^ 

S.O 
10.0 
IS.O 
2 0 . 0 
2 S . 0 
3 0 . 0 
3 5 . 0 
H O ' O 

1 w »• 

H5.0 
5 0 . 0 
5 5 . 0 
6 0 . 0 
6 5 . 0 

TBlviPE-MTURE 
PEG C 

m . 9 2 6 
18 .065 
2 1 . 8 7 9 
25.19H 
28.35M 
3 1 . 7 1 9 
35 .0H3 
3 7 . 5 6 1 
f 0 . 2 8 9 
UZ.688 
ifH.676 
4 7 . 0 0 8 
1J9.088 

GRADIENT 
DEe C/KM 

.0 
6 2 7 . S 
7 6 2 . 6 
6 6 3 . 2 
6 3 2 . 0 
6 7 3 . 0 
6 6 4 . 8 
5 0 3 . 6 
S^\S,^ 
1 8 0 . 0 
3 9 7 . 6 
1 6 6 . 4 
4 1 6 . 0 



16 

LOCATI o/O: BOyLPS I2RKSM 
26S 9W 27 BBB 

HOLe Nui«ee-R: uu 75 12. 
PATE wrASURFD: 6 /11/76 

pep-m 
METERS 

S.O 
10.0 
15.0 
20.0 
25.0 
30.0 
3H.5 

TEMpeflATliRg 
0B6 C 

16.072 
19.622 
2l.79<tl 
24 .981 ' 
28.579 
29.861 
30.922 

GRADIENT 
OEG C/KM 

.0 
710.0 
13*|.4 
637.4 
719.6 
256.4 
235.6 

rif^' 



17 

LOCATION: BOYLeS 13 RKGRA 
26S-9W-20 AC 

HOLE MUWaERt UU-75-13 
DATF MEASUReo: n / 0 / 7 S 

DEPTH TElApEpATUR^ GRADIENT 
METERS pes C DEG C/KM 

16.0 19,715 .0 
20.0 25.19^ 578.1 
30.0 30.H89 499.3 
HO.O 3H.301 381.2 
43.0 36.712 813,7 

m. 



18 

LOCATION: BfysRSKiN RK&RA 
E7S 8W 6 9A& 

^tOLe- NumBER.: i>u 7*5 
PATE^ rv>EASU'ReD: 8 / 2 0 / 7 6 

DeiPTH 
METERS 

1 0 . 0 
15-0 
2 0 . 0 
25-6 
30-0 
55 .0 
HO-0 
45 .0 
50 .0 
55-0 
60-0 
65.0 
70-0 
75-0 
^0-0 
85-0 
90 .0 
9 5 . 0 

l O O . o 
UQ.O 
115.0 
12O.0 
125.0 
130.0 
1 3 5 . 0 
1 4 0 - 0 
I H 5 . 0 
1 5 0 . 0 
\ S S . 0 
156.0 

T^MPERATURF 
PEG C 

8 . 0 8 8 
9 . 4 5 5 
9 .9D7 
9 . 6 8 3 
9 . 0 7 4 
9 . 0 U 8 
6 . 8 3 4 
8 . 6 6 7 
8.94r' . 
8 . 9 9 8 
9 . 0 7 7 
9 . 0 8 4 
5 . 2 1 7 
9 . 3 3 1 
9 . 3 5 1 
9.«f62 
9 . 4 9 6 
9 . 6 2 9 
9 . 7 9 7 

1 0 . 1 3 7 
1 0 . 1 7 6 
1 0 . 1 1 ^ 
1 0 . 2 9 6 
1 0 . ^ 4 9 
1 0 . 4 ^ 9 
i«.fta^ 
1 0 . 3 9 1 
10.4^59 
1 0 . 8 2 3 
1 0 . 9 9 9 

GRADIENT 
DEG 0/KM 

. 0 
2 7 3 , 4 

no.4 
- 4 4 , 8 

- 1 2 1 , 8 
- 5 , 2 

- 4 2 , 8 
6 , 6 

1 5 . 0 
1 1 , 2 
1 5 , 8 

1,4 
2 6 , 6 
2 2 , R 

4 , 0 
2 2 , 2 

6 , 8 
2 6 , 6 
3 3 , 6 
3U.0 

7 ,R 
- 1 2 , 6 

3 6 . 6 
- 9 . 4 
4 2 . 0 
2 5 . 0 

- 3 8 . 6 
1 3 . 6 
7 2 , 8 

1 7 6 , 0 

file:///SS.0


LOCATION: AL-THPATTON 76- lA RKGPA 
275 9^ 34 CAB 

WELU NU»^BE''̂  ^ ^ 76-lA 
DATE MEASURED" 6 / /76 

19 

PEPT>i 
mreps 

5.0 
10.0 
15.0 
ZO'O 
25.0 
30,0 
35-0 
MO-0 
45.0 
50-0 
5S.0 
6 0 . 0 
6 3 . 5 

TErwioeRATURH 
DBS C 

3 0 . ©Z6 
•<1.191 
5 7 . 6 2 2 
63.642L 
b ? . o e s 
77./sr© 
8 4 . 0 8 2 
98 . 8V 3 
93 .914 
97.3fc2 

101.100 
)05.5fiW 
107 .855 

GRADIENT 
OEG C/KM 

,0 
2252 .6 
3166.4 
1324.0 
1U76.6 
1626.6 
1384.8 
9 5 3 . 2 

1Q13.2 
6 8 9 . 6 
74-7.6 
8P6.6 
657 .4 



21 

LOCATION: RKGPA T G - 1 
26S 9*1 15 C8A 

HOLE NUrVBER.: U076 TG-1 
DATE MEASURED: 10/ 10 /76 

DEPTH 
r'IbTERS 

10 .0 
15-0 
2 0 . 0 
2g .O 
30-0 
35 .0 
MCC 
HS-0 
50 .0 
55 .0 
60.0 

TEKV^f^RATORE 

oes c 
ie./f28 
13.095 
13.3«2 
20.5«f9 
21.506 
22.^76 
23.2-31 
23.893 
2H.521 
23.071 
25.502 

6PADIENT 
DEG C/KW 

.0 
333.4 
257,4 
233.H 
191.M 
19*+.0 
151.0 
132.4 
125.6 
110.0 
102.2 



20 

LOCAHOM; RKiSRA T G - O 
26S 9W 16 pPC 

HOLE NUrvvBER: UU7^ T6CB 
t)AlE fiNEASUReD: e / y i / 7 h 

IJEPTH 
AVETERS 

1 0 . 0 
1 5 - 0 
20.0 
2.5.0 
3 0 . 0 
35-0 
HO-0 
45.0 
60 .0 
55.0 
GO.O 
65.0 
7 0 . 0 
76 .0 
77.JS 

Tew>EieAiu)Re 
w& c 
]1.029 
I ' J .124 
15 .405-
15 .757 
lfe.16'* 
16 .501 
16.839 
17 .234 
17 .502 
17.67M 
18 .012 
18.210 
1 6 . 4 32 
18.75-0 
18 .967 

GRADIENT 
DEG C / K K 

.0 
219.0 
56 ,2 
70,4 
81.4 
6 7 . 4 
6 7 . 6 
7 9 . 0 
5 3 . 6 
31+.4 
6 7 . 6 
39.6 
U4.4 
6 3 . 6 
8 6 . 8 



L O C A T I O N : RK&RA TG-a 
26S 9^ 5CPB 

V10L£ ivjjmBER: wu76 T B 2 
DATE mEASU'^D: 11 / € /76 

22 

DePTri 
rf^ifcRS 

5-0 
10.0 
15.0 
2 0 . 0 
25 .0 
30 .0 
35-0 
HO.O 
^6 .0 
50-0 
55 .0 
GO.O 
65.0 
^7-0 

TB/*>P£RATURE= 
DEfe C/ 

15.877 
14-^19 
15.169 
15.567 
15.902. 
16.25^ 
16.67^ 
l7 .«63 
17.3«9 
17.690 
17.955 
18.195 
18.126 
18.580 

G^DIENT 
oee C/KM 

.0 
-251 .6 

110.0 
79.6 
67.0 
71.4 
81.0 
7 7 . 4 
64.6 
60,2 
53 .0 
10.0 
16 .2 
61 .6 



23 

LOCAT-ION: Â KfeRA 
265 

re-s 
9VJ 19 DSC 

HOLg NunieiEft.: UU76 T f i 
DATE m^VSDRCD-

pepTi^ 
rWsTERS 

5.0 
; 1 ' . ' 

I • ) . i 

.. ' i ^ ; • 

3 } . !• 

i , 1 . (• 

. 3 ' i . '••' 

. " . 1 

' 1 ' - • 

• ) . ! • 

S ' ) . !• 

> i ; . (. 

, . s . i ' 

/ • ! . • 

/ 1 . ^' 

'• • • -

. i ) . ' ' 

• - 1 . > ' 

• " > . ' i 

100.0 

U / 6 / 7 6 

T^rnpERATURE 
DLJ& C 

17.946 
15.391 
20.383 
28.H1f 
24.223 
2d.;H3 
2-3.07« 
25.147 
5«.770 
3^ .031 
32.994 
33.9S7 
31.691 
35.306 
35.601 
35.8S3 
36.1Z1 
36.213 
J6.51H 
^6 .105 

SBAPIENT 
DE'G C/KM 

.0 
*9.o 

J9«.H 
111.6 
356.4 
38'+.0 
387,0 
273.8 
261 • t̂  
252.2 
192.6 
178,6 
160.8 
12L3.0 
59.0 
56 .4 
47 . ^ 
24,4 
60,2 

- i 7 , P 



24 

LOCATIOhi: HK&RA TB'B 
26S 9W m DAA 

WoLe NumBEie.: UU76 TC5 
DArm memo^D'. iOAXs/ i ^ 

DePTH 
rOEtERS 

\o-o 
15.0 
zo-o 
25.0 
30-0 
35.0 
10-0 
45-0 
sb'O 

'r0W)»0umjR£" 
pes c-

/3.201 
13.577 
;3.9o^ 
IH-IS^* 
•1.3«l 
14.593 
/y.7g|l 
I5.00(> 
IS.155 

6fiADIE^/^ 
peG C/KM 

,0 
7^.6 
65,6 
5P,0 
If5,0 
42.1 
37.6 
fS.o 
36.8 



LOCATION: RKfeRA TG-6 
2GS 9W 7CAA 

HOLE NUKVlBefc UU76 Vse 
DATB- ir^e^ Dieoj: 11 /6 / 76 

25 

pepTT\ 
merERs 

^ . 0 
1 ' i 

1 ' . 
, • • ' 1 

c . \ 1 

'JIl 

."'-.S 

' » , ' 

• ' . , 

• ; ^ 

' > I 

' . . ' ! ^ 1 

' '•• 

1 1 

, 1 

95 
97 

; t 

1,' 

•) 
I'l 

• ' 

' 1 

1 

!; 

U 

• 
' 

0 
5 

TBrnpERATOJRJE" 
P^G C 

m.273 
14-275 
14.847 
15.436 
16.913 
17.82« 
IS.108 
is.9eM 
1S.45« 
IS.692 
l « . 7 2 l 
15.935 
19.001 
18.149 
19.25^ 
19.348 
19.449 
19.712 
19.952-
\9.9S3 

GRADIENT 
DEG C/KF\ 

.0 

. 4 

114-. 4 
117.8 
295,4 
183.0 
56,0 
23.2 
16.8 
46,6 

5,8 
i Z , 8 
33.Q 
29.0 
21.2 
18.6 
28.2 
41.6 
H8.0 
12.4 

file:///9.9S3


L O C A T I O N : RK.GRA S A L T cove 
265 9W 25 DCA 

HOLE" NUrvvBBRj Uu 76 
DATE meASU'RED: 6 /2^ /77 

26 

DEPTH 
ffiEtBfiS 

\O ,0 
IS-O 

J . ' 

"•• i . i 

i ' - . . 1 

I • . ' . 

' 1 . ' 

' ; 1 > . ." 

- / ) . ' 
i , ' l . 1-

: . /> . ' 
7 f i . i 

. a 1 

- ' . . 
. 'J . -. 

'•̂  ' i . i ' 

- , ' S . 1, 
1 • ' : . . - 1 

1 ' ) • ' 

1 i •• • • 

i i '̂ ' * . ' 

1 < : " '• I . ., 1 

i ; " ) . u 
! '> : 1 . ' i 

1 .' . t 
V . J . 

H 5 . 0 
1^0-0 

T^npERATURe 
PES c 

10 .90« 
10 .6«9 
l l . i n 
11 . H9a 
M.7Mi 
n.5g6 
12 .150 
12 .335 
12 .90^ 
L2.6S8 
12 .607 
1 2 . 9 ^ 2 
13 .071 
13 .186 
13.337 
13 .476 
13 .617 
13 .761 
13 .908 
14 .^52 
1M.201 
1 4 . 3 5 2 
14 .505 
1 4 . 6 5 3 
If . -836 
^ ^ 3 
15 .145 
15.2.9a 
15.H0H 

GRADiaN/f 
DE6 C/KM 

.0 
1 6 . 2 
3 9 . 8 
6 0 . 8 
5 0 . 0 

- 2 9 . 2 
l l Z . 0 

3 5 . 8 
3 3 , 8 
3 0 , 9 
2 9 . 8 
2.7.0 
2.5.8 
as.o 
2"8.2 
2T .8 
2 3 . 2 
2 8 . 8 
2 9 . 4 
2 8 . 8 
2 9 . 8 
3 0 . ^ 
3 0 , 6 
2 9 . 6 
3 6 . 6 
3 1 . 4 
3 0 . 4 
3 0 . 6 
2 1 . 2 



27 

DEPTH 
METERS 

10.0 
20.0 
30.0 
36.0 

LOCATION: RANCH CANYON PPC 
27S/9W-35 CAD 

HOLE NUMBER: EV 4113 
DATE MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

8.650 
9.640 
9.770 
9.890 

GRADIENT 
DEG C/KM 

.0 
99.0 
13.0 
20.0 



28 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 

LOCATION: RANCH CANYON PPC 
27S/9W-35 DB 

HOLE NUMBER: EV 4115 
DATE MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

10.920 
11.240 
11.700 
11.820 
11.910 
11.980 
12.140 

GRADIENT 
DEG C/KM 

.0 
132.0 
46.0 
12.0 
9.0 
7.0 
16.0 



29 

LOCATION: MINERAL MTS - RADIO RD PPC 
26S/8W-30 CDA 

HOLE NUMBER: Crater Knoll #2 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

TEMPERATURE 
DEG C 

8.010 
8.660 
8.690 
8.750 
8.850 
8.870 
8.890 
8.990 
9.080 

GRADIENT 
DEG C/KM 

.0 
65.0 
4.0 
6.0 
10.0 
2.0 
2.0 
10.0 
9.0 



30 

LOCATION: MINERAL MTS - PPC 
27S/8W-6 AA 

HOLE NUMBER: Crater Knoll #3 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
59.0 

TEMPERATURE 
DEG C 

9.230 
9.700 
10.210 
10.430 
10.610 
10.700 

GRADIENT 
DEG C/KM 

.0 
47.0 
51.0 
22.0 
18.0 
10.0 



31 

LOCATION: NEGRO MAG WASH PPC 
27S/9W-1 

HOLE NUMBER: 21 

DEPTH TEMPERATURE GRADIENT 
METERS DEG C DEG C/KM 

10.0 13.000 .0 
20.0 15.600 260.0 
30.0 17.300 170.0 
32.0 17.550 125.0 



32 

LOCATION; WATER. WELL ft2 
27S/10W-12B 

HOLg NUmBER: PHILUPS 
DATE MEASOR&b: -7/015/76 

DEPTH 
nETERS 

10.0 
zo.o 
30.6 
35.0 
10.0 
16.0 
b i i . u 

- ) • . . L. 

( . ) , ' . II 

- _ - S . I 

7 U . U 

11;) . I, 

•.s'.: . J 

{ ) ' ) . ( 

' ) .1 . (/ 

^.* • 1 a 1 

100.0 
106.0 
UO.O 
115.0 

TE/ApERATURg-

pes c 
14.500 
17.700 
20.600 
2l.*J00 
23.000 
23.950 
24.«00 
25.500 
26.700 
Z7.600 
78.H0fl 
2/?. 100 
29.^00 
30.600 
31.2-00 
31.300 
32.500 
33.000 
33.800 
^3 .«00 

GRADIENT 
DE& CAm 

.0 
320.0 
290.0 
260.0 
220.0 
190.0 
170.0 
200.0 
180.0 
180.0 
ffeO.O 
IHO.O 
140.0 
tao.o 
120. e 
120.0 
£40.0 
100.0 
120.0 
40.0 



33 

LOCATION: PHILLIPS WATFf?̂ VOgUL jlF3 
26S/10W-25A 

HOL^ NUrviBeP-: PHILLIPS 
DATE me^lSUR^P: 6 /30 /76 

PÊ PTH 
roeiFRS 

5 .0 
10.0 
20.0 
25.0 
i j . i . 

y - i . L 

' » 0 . t 

>-* L). u 

' r . l . u 
' K ) . U 

• j ( j . 0 

c ) b . u 

/• u . u 

75.0 
$0.0 
^ . 6 

TETfflPERAT '̂Rg 
pes C 

f 4 .«00 
17 loo 
H 400 
19.500 
21.600 
22.400 
23.600 
24.600 
25.800 
27.20O 
27.900 
28.900 
29.400 
30.000 
30.600 
30.800 

GRADIENT 
PEG C/KW 

,0 
290.0 
260.0 
220.0 
3O0.O 
ZeOaO 
240.0 
200.0 
240.0 
280.0 
mo.o 
200.0 
XOQ.O 
120.0 
120.0 

.0 



34 

LOCATI OH'. WATS^^WeLL m 
2?'S/9VJ-3 O 

HOLE NU/WBER.-. PHILLIPS 
PATP MEASURED: 7 /03 /76 

DEPTH 
/WtrlbRS 

5 . 0 
10.0 
15 .0 
A i i . 0 

^ • j . O 

i b . ll 
J •:^. U 

4 U . ti 

U i) . 0 

5 0 , 0 
5 5 . 0 

T&mpepmom 
DES O 

17 .900 
17 .200 
19 .100 
2 0 . 7 0 0 
21 .500 
2H.200 
2 6 . 2 0 0 
29 .600 
24.30C 
3 1 . 8 0 0 
3 4 . 9 0 0 

GRADIENT 
PEG C/KW 

.0 
- 1 4 0 . 0 

3 8 0 . 0 
3 2 0 . 0 
160.0 
5 4 0 . 0 
4 0 0 . 0 
•JSO.O 
14 0 .0 
50 0 .0 
6 2 0 . 0 



35 

LOCATION: WAITER. WELL. jftS 
275/9W-17 A 

HOLE* NO/ngePs; PHILLIPS 
PATE^ me^uRep: 1 / 0 Z A 76 

PEPTH 
rUBTEKS 

5.0 
to.o 
r ? . C; 
2 u.o 
^ b . 0 
.3U.0 
O b . U 
4 U . t) 

' P J . b 

3 J . V 

b b . Ij 

b U . 0 

u i . 0 

/ d . U 
7 b . (̂  
6 0 . U 
c b . O 
9iJ . tl 

' ^ b . O 
1 U 0 . 0 
l U b . U 
1 1 U . 0 
11 b . 0 
1 .̂ 0 . 0 
l ^ b . U 
1 3 0 . 0 
1 3 b . 0 
1 + Ll . 0 

mb.o 
l b 0 . 0 
I r v j . O 
1 b 0 . 0 
11) b . U 
1 7 0 . U 
1 7 b . 0 
180.0 
l « 5 . 0 

TFWERATUR0 
pe6 C 

12.900 
15.300 
/7 .500 
19.100 
20.900 
22.100 
23.700 
25.200 
26.700 
2«.000 
29.600 
31.200 
32.400 
33.700 
55.600 
36.400 
37.900 
39.200 
40.200 
MJ.600 
45.100 
44.400 
1,5.600 
47.000 
40.600 
M9.700 
51.000 
52.606 
53.406 
5M'.6O0 
56.000 
58.800 
59.500 
60.600 
61.200 
61.«00 
61.900 

SflADIENT 
PEG C/KM 

. 0 
4 g 0 . 0 
4 4 0 . 0 
3 2 0 . 0 
3 6 0 . 0 
2 4 0 . 0 
3 2 0 . 0 

3 0 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
3 2 0 . 0 
3 2 0 . 0 
2 4 0 . 0 
2 6 0 . 0 
2 6 0 . 0 
2 8 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
2 0 0 . 0 
2 8 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
2 4 0 . 0 
2 8 0 . 0 
3 2 0 . 0 
2 2 0 . 0 
2 6 0 . 0 
2 6 0 . 0 
2 2 0 . 0 
2 8 0 . 0 
2 4 0 . 0 
5 6 0 . 0 
1 4 0 . 0 
2 2 0 . 0 
1 2 0 . 0 
1 2 0 . 0 

2 0 . 0 
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LOC Al ION: RHS KGRA 
27S/10W-23 CA 

HOLE NUMHER: 5 
DATE M E A S U R F P : 9 / 0 3 / 7 5 

QLPTh 
METERS 

10.0 
20.0 
30.0 
4 0.0 
50. U 
60.0 
70.0 
80.0 
90.0 
10 0.0 
110.0 
120,0 
130.0 
14 0.0 
150.0 
151.5 

TEMPERATURE 
DEG C 

14.480 
17.4S0 
20.130 
22.580 
25.000 
26.930 
27.650 
28.390 
28.960 
29.590 
30.100 
30,550 
31.100 
31.520 
32.160 
32.210 

GRADIENT 
DEG C/KM 

.0 
297.0 
268.0 
245.0 
242.0 
193.0 
72,0 
74.0 
57,0 
63.0 
51.0 
45.0 
55.0 
42.0 
66.0 
20.0 
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L O C A T I O N : RHS KGRA 
2 7 S / g w - l 6 BB 

MULE NUMMER: 7 
UATE i^EArURPn: 3 / 0 5 / 7 5 

DEPTH 
i^ETEHS 

10.0 
20.0 
30.0 
40,0 
50.0 
60,0 
70,0 
dO.O 
90.0 

100.0 
110.0 
120.0 
13U.0 
14 0. 0 
14o,0 

TEKPERATURE 
DEG C 

16,600 
23,300 
28,200 
32.90 0 
37,500 
41,550 
45,730 
49.800 
53.900 
57,780 
61.450 
65,300 
68,840 
72.300 
74.000 

GRADIENT 
DEG C/KM 

.0 
670,0 
490,0 
470,0 
440,0 
425.0 
418,0 
407.0 
410,0 
388,0 
367,0 
385.0 
354,0 
346,0 
340,0 
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LOCATION: RHS K GRA 
27S/9W-16 AD 

hOLE K U M B B R : 8 
DATE 

DEPTH 
WETERS 

1 0 . 0 
eo.o 
30 .0 
4 0.0 
50 .0 
oO.O 
70 .0 
SO.O 
9 0 . 0 

MEASURBp: 

• 

8 / U / 7 5 

TrNJPERATtJRE 
PEG G 

Z1 ,̂62xO 
3 7 . 4 7 0 
49 .320 
60 .170 
69 .580 
78 .120 
04 .080 
59 .650 
95 ,400 

GRADIENT 
OEG C/KM 

.0 
1285.0 
1185.0 
1085.0 

941 .0 
8 5 4 , 0 
596 ,0 
557 .0 
575 .0 
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LOCATION: RHS KGRA 

2 7 S / 9 W - 2 1 DD 
HOLE ( J U M H E R ; 9 
I J A T E MEASURrn: 9 / 0 5 / 7 5 

OEPTH 
METLKS 

1 U . 0 
2 0 . G 
2 3 . 0 

TEMPERATURE 
DEG C 

2 0 . 9 5 0 
3 2 . 8 1 0 
3 ^ , 0 00 

GRADIENT 
DEG C/KM 

, 0 
1 1 8 6 . 0 

3 9 6 . 7 
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L O C A T I O N : RHS KGRA 
27S/9W-15 ABD 

HOLE HUMRER: 10 
:)ATE r-EASHurn: 9 /02/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
bO.O 
64.3 

TEMPERATURE 
DEG C 

15.370 
19.880 
23.800 
27,560 
32.580 
37,410 
39.100 

GRAOIENT 
DEG C/KM 

.0 
451.0 
392.0 
376.0 
502,0 
483,0 
393,0 
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L O C A T I O N : RHS KGRA 
27S/10W-10 ODD 

HOLE NUMP.ER: 12 
DATE MEAfl iRrn: 8 / 1 1 / 7 5 

DEPTH 
MEIERS 

10.0 
20.0 
30.0 
4 0.0 
50.0 
60.0 
70.0 
80.0 
90.0 
100.0 
110.0 
120.0 
130.0 
140.0 
1 &0 . 0 
160.0 
170.0 
180.0 
190.0 
200.0 
203.0 

TEMPERATURE 
DEG C 

14.860 
18,640 
21.380 
24.190 
26,270 
27.470 
28.510 
29.240 
2^,810 
30.370 
30.960 
31.530 
32.150 
32.730 
33.180 
33.7 70 
34.320 
34.840 
35.320 
35.660 
35,960 

GRADIENT 
DEG C/KM 

.0 
378.0 
274.0 
281.0 
208,0 
120,0 
104,0 
73.0 
57,0 
56,0 
59,0 
57,0 
62.0 
58.0 
45,0 
59,0 
55,0 
52,0 
43,0 
54.0 
40.0 



42 

LOCATION: 

HOLE 
DATE 

DEPTH 
MLTEKS 

10.0 
2 u.o 
30.0 
40.0 
50.0 
60.0 
70.0 
a 0.0 
90.0 
10 0.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160. 0 
170.0 
160.0 
190.0 
19b.0 

flUf'!BER 
MEASUR 

RHS KGRA 
27S/9W-7 CC 
: 14 
P-p: tJO DATE 

TEMPERATURE 
DEG C 

15.250 
17.900 
20.500 
23.100 
25.100 
26.900 
28.700 
30.500 
31.900 
33.200 
34.300 
35.250 
36.100 
36.900 
37.600 
38.300 
39.050 
39.850 
40.650 
41.000 

GRADIENT 
DEG C/KM 

.0 
265.0 
260.0 
260.0 
200.0 
180.0 
180,0 
180,0 
140,0 
130.0 
110,0 
95,0 
85.0 
80,0 
70,0 
70.0 
75.0 
80.0 
80.0 
70.0 
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LOCATION: 

MOLE 
i)ATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
9 0.0 
100.0 
110.0 
120,0 
130.0 
140.0 
150.0 
160.0 
170.0 
175.0 

RHS KGRA 
27S/9W-7D DD 

NUMBER: 15 
MEAf I'Rrn: MO DATE 

TEMPERATURE 
DEG C 

15.040 
18.100 
20.300 
22.200 
24.400 
26,300 
28,000 
29.500 
31.200 
32.800 
34.700 
36.300 
37.700 
38.900 
39.800 
40.700 
41,600 
41,900 

GRADIENT 
DEG C/KM 

,0 
306,0 
220,0 
190,0 
220.0 
190,0 
170.0 
150.0 
170.0 
160.0 
190.0 
160.0 
140.0 
120.0 
90.0 
90.0 
90,0 
60,0 
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LOCATION: RHS KGRA 
27S/9W-4 AD 

HOLE NUMBER: 17 
DATE M E A S U R E D : NO LATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60,0 
63.0 

TEMPERATURE 
DEG C 

17.600 
23.600 
29.700 
34.700 
40.000 
44.100 
45.000 

GRADIENT 
DEG C/KM 

,0 
600,0 
610,0 
500,0 
530,0 
410,0 
300,0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
105.0 
105.5 

LOCATION: RHS KGRA 
27S/R9W-2 CAA 

HOLE NUMBER: 20 
DATE MEASURED: 8/13/75 

TEMPERATURE 
DEG C 

12.410 
14.690 
16.570 
18.310 
20.300 
21.160 
22.400 
23.440 
24.290 
24.990 
25.350 

GRADIENT 
DEG C/KM 

.0 
228.0 
188.0 
174.0 
199.0 
86.0 

124.0 
104.0 
85.0 
70.0 
72.0 
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LOCATION: 

HOLE 
DATE 

DEPTH 
METERS 

10.0 
2 0.0 
30.0 
HO.O 
50.0 
60.0 
70.0 
ao.o 
90.0 
100.0 
110.0 
120.0 
130.0 
14 0.0 
144.3 

RHS KGRA 
^6S/9lv-32 AA 

liUMpER: 25 
MEA'' Uf̂ rr: 9/05/75 

TEMPERATURE 
DEG C 

15.590 
21.160 
25.030 
28,080 
30.960 
33.590 
36.200 
38.550 
40.510 
42,600 
44.790 
47.090 
49.330 
51.260 
51.360 

GRADIENT 
DEG C/KM 

,0 
557,0 
387,0 
305,0 
288,0 
263,0 
261,0 
235,0 
196.0 
209,0 
219,0 
230,0 
224,0 
193,0 
23,3 



o 
o 

o" 
o 
o 

LOCATION BOYLES IZRKGRR 
26S 9W 27 BB 

HOLE NUMBER UU 75 12 
DATE MEASURED 6/11/76 

TEMPERATURE-DEGREES C 
1 6 . 0 0 18 .00 2 0 . 0 0 2 2 . 0 0 2 4 . 0 0 26 -00 

I I I I I 
2 8 . 0 0 30 -00 

_J 
32 -00 

o 
m 
-vi 

-CD 
-CD 

m 

rn2-zo? 
coo 

o 

00 

o " 
o 
o 

o " 
o 
a 
o 

Figure 6 



LOCATION BOYLES 13 RKGRfl 
26S-9W-20 AC 

HOLE NUMBER UU-75-13 
DATE MEASURED 11/8/75 

TEMPERATURE-DEGREES C 
19 .00 23-00 2 7 . 0 0 31-00 35 -00 39-00 

I 1 I I I 
4 3 - 0 0 4 7 - 0 0 51 -00 

o " 
o 

ro 
o " 
o 
o 

O 
m 
-vi 

zo? 
0 ) 0 

o 

00 
o ^ 
o 
o 

o 
o 
o 
o 

Figure 7 



LOCRi'ION ALTERR-^ION 75 IA 
275 9W 3CBB 

HOLE NUMBER UU 751A 
DA"!"E MEASURED 7/22/76 

o 
CD 
CD 
O 

TEMPERATURE-DEGREES C 
2 

o 
o 

ro 
o 

o 
o 

5f-
f§ 
r r 
m 
—) 
rnO> 

a?o 
o 

(JO 

o ~ 
o 
o 

»-̂  

6.00 

K 

34.00 
1 

3E 

42 -00 
1 

X 

X 

50 -00 
1 

X 

X 

74. OG 
_l 

82-QC 
_J 

Figure 8 



LOCATION ALTERATION 75 IB 
27S 9W 4DDA 

HOLE NUMBER UU 75 IB 
DATE MEASURED 7/22/76 

TEMPERATURE-DEGREES C 
1 4 . 0 0 2 2 . 0 0 3 0 . 0 0 3 8 - 0 0 4 6 - 0 0 5 4 - 0 0 6 2 - 0 0 7 0 - 0 0 

I I I I I I I 
78-00 

_ | o 
o 

O ' 

o 
o 

- D * ; -

m 
—I 
rr\a)_ 
ZO? 
COCD 

CD 

aa 
C D ' 

o 
o 

o 
CD 
O . 
O 

Figure 9 



LOCATION BIG CEDAR COVE 
27S 9W 14 BD 

HOLE NUMBER UU 75 iCC 
DATE MEASURED 9/22/75 

TEMPERATURE-DEGREES C 
1 2 . 0 0 1 3 . 0 0 14 .00 15 .00 16 .00 1 7 . 0 0 

I I I I I 
18 .00 1 9 . 0 0 

_ l 
20.00 

_J o 
o 

o 
o 

D 
m 
-vi 

-CD 
• o 

mcD. 
zo? 
WCD 

CD 

00 
o ' 
o 
o 

o 
o 
o 
o 

Figure 10 



LOCATION RYANS RANCH 
27S 8W 4DCD 

HOLE NUMBER UU 75 RR 
DATE MEASURED 11/6/76 

TEMPERATURE-DEGREES C 
8 .00 9 . 0 0 10 .00 11-00 12-00 1 3 . 0 0 14 .00 1 5 . 0 0 16.OC 

I I I i I 1 I I o o 

r j 

o 
o 

D 
m 
• v i 

=C2 

m 

zo? 
0 ) 0 

o 

00 
C D ' 

CD 
CD 

O " 

a 

X 

X 

X 

X 

o 
o 

Figure 11 



o 
o 

ro 

CD 
CD 

O 

m 
— I . 

LOCRTION ALTERATION 76-lA RKGRA 
27S 9W 34 CR 

HOLE NUMBER UU 76-lA 
DATE MEASURED 8/ /76 

TEMPERATURE-DEGREES C 
30.00 38.00 46-00 54-00 62-00 70-00 78-00 86-00 94-00 

I I 1 \ I I I . I 

m 

zo? 
ana 

o 

00 
O ' 

o o 

o 
o 
o 
o 

Figure 12 



LOCATION RKGRA SALT COVE 
26S 9W 25 DC 

HOLE NUMBER UU 76 SC 
DATE MEASURED 3/24/77 

10 .00 11 .00 
_1 

12 .00 
_l 

TEMPERATURE-DEGREES C 
13 .00 14 .00 

_L 
15-00 16-00 17-00 18-00 

_J 
o 
o 

CD-

CD 
CD 

O 

-vg. 
I 

ZX 
m 

zv^ 
CO-

o 
o 

l y ) -o 
o 
o 

r j 
o " 
o 
o 
o 

Figure 13 



BEARSKIN RKGRA 
BAB 

LOCATION 
27S 8U 8 

HOLE NUMBER UU 75 65 
DATE MEASURED 8/20/76 

8.00 10.00 .00 
TEMPERATURE-DEGREES C 

o 
o 

o 
o 

O 
m 

m 

C/)-
o 
o 

cn' 
o 

o 
o 

ro 
a ' 
CD 

o 
o 

14 .00 
_L 

16 .00 18-00 2 0 . 0 0 2 2 . 0 0 
_J 

2 4 - 0 0 
_J 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

* x 

Figure 14 



LOCATION RKGRA TG-O 
26S 9N 16 BD 

HOLE NUMBER UU76 TGO 
DATE MEASURED 8/30/76 

TEMPERATURE-DEGREES C 
14 .00 1 5 . 0 0 16-00 1 7 . 0 0 I S . 0 0 19-00 

I 1 \ I I 

2 0 - 0 0 ZI .00 
J 

2 2 - 0 0 

o 
o 

ro 
o " 
o 
o 

O 

m 

mOT. 
z^? 
c o o 

o 

CO 
C D -

CD 
CD 

C D -
CD 

CD 
CD 

Figure 15 



LOCATION RKGRA TG-1 
26S 9W 15 CB 

HOLE NUMBER UU76 TGI 
DATE MEASURED 10/10/76 

16-00 18-00 10-00 
TEMPERRTURE-DEGREES C 

26 -00 22-00 
_L 

>4-00 
J_ 

23-00 
J 

3 0 - 0 0 
_ | 

3 2 . 0 0 

o " 
o 

ro 
o " 

o 
o 

O 
m 
— i . 

i ° 
zx. 
m 
men. 

zo? 
coo 

o 

00 
o ' 
o 
o 

Q ' 
O 

O 
O 

Figure 16 



LOCATION RKGRA TG-2 
26S 9W 5CDB 

HOLE NUMBER UU76 TG2 
DATE MEASURED 11/6/76 

14 .00 15-00 
TEMPERATURE-DEGREES C 

16-00 17-00 18-00 19-00 2 0 - 0 0 
_J 

21 -00 
_J 

22 -00 
_ | 

o 
o 

o ' 

o 
o 

m 

^°' 

men 
ZV? 
CPCD 

CD 

00 

o 
o 

CD' 
O 

Q 
O 

Figure 17 



LOCATION RKGRA TG 3 
26S 9W 19 DB 

HOLE NUMBER UU76 TG3 
DATE MEASURED 11/5/76 

TEMPERRTURE-DEGREES C 
17-00 21 -00 25-00 29 -00 3 3 - 0 0 37-00 

1 1 1 1 I 
41 -00 45 -00 

_ l 
49-00 

-_1 o 
o 

r-3 
CD' 

o 
o 

a 
m 

I ° 
zx 

zo? 
COCD 

O 

00 
o ' 
o 
o 

o 
o 
o 
o 

X 

X 

X 

X 

X 

Figure 18 



LOCATION RKGRA TG-5 
26S 9W 14 DR 

HOLE NUMBER UU76 TG5 
DATE MEASURED 10/10/76 

13 .00 14 .00 
TEMPERRTURE-DEGREES C 

15-00 16-00 17-00 18-00 
o 
o 

ro 
o ' 
o 
o 

19-00 
_J 

?0-00 21 .00 
I 

o 
m 
y 
f§ 

rncr» 
ZO?' 
cno 

o 

00 

o " 
o 
o 

o " 
o 
o 
o 

Figure 19 



LOCATION RKGRA TG-6 
26S 9N 7CAfl 

HOLE NUMBER UU76 TG6 
DRTE MERSURED 11/6/76 

TEMPERRTURE-DEGREES C 
1 4 . 0 0 1 5 - 0 0 1 6 . 0 0 1 7 . 0 0 1 8 - 0 0 1 9 - 0 0 2 0 - 0 0 

I I I I I I 
:i . 0 0 22-00 

CD 
CD 

CD-

CD 
CD 

o 
m 
-oi 

- C D 
' C D 

men. 
zo? 
LOCD 

CD 

00 
CD' 

o 
o 

o 
o 
o 
o 

X 

X 

X 

X 

X 
X 

Figure 20 



10 20 
TEMPERATURE (X) 

30 40 
-1 r 

50 60 
T r n 1 1 1 1 1 1 r "1 1 1 1 1 1 1 r 

50 

X 
I - IOO 

1 5 0 -

200 

(UU75BCC) 

E 
(PWW5) 

Figure 21 



1200 

E 
^ IOOO 
o 
o 

UJ 

o 
< 
o 

Q: 
i i j 

800 

600 

400 

200 

RKGRA 

THERMAL GRADIENT PRORLE 
APPROX. 2 2 0 0 N 

8W 3 2 
DISTANCE (Km) 

60-100 M 
(SCALE)-* 

600 

500 

400 

500 

200 

IOO 

3E 

Figure 22 



DEPARTMENT OF 

GEOLOGY AND GEOPHYSICS 

AGENCY: 

TITLE: 

AUTHORS: 

DATE: 

ERDA 

Thermal Gradients and Heat Flow at 
Roosevelt Hot Springs 

W. R. S i l l , J . Bodell 

Ju ly , 1977 

UNIVERSITY OF UTAH SALT LAKE CITY. UTAH 84112 



TECHNICAL REPORT: VOLUME 77-3 

Thermal Gradients and Heat Flow at 

Roosevelt Hot Springs 

Energy Research and Development Administration 

Contract EY-76-S-07-1601 

W. R. Sill 

J. Bodell 



TABLE OF CONTENTS 

Abstract 

1.0 Introduction 1 

2.0 Thermal Gradients at Roosevelt Hot Springs 3 

3.0 Heat Flow at Roosevelt Hot Springs 6 

4.0 Conclusions 8 

References 9 

List of Figures 10 

Appendix A 11 



Abstract 

Thermal gradient and electrical resistivity surveys both outline 

anomalous zones along the system of faults thatcontrol the near surface 

flow at Roosevelt Hot Springs. The source of both anomalies is the 

circulation of thermal water, which gives rise to the high heat flow 

and the lowered resistivity due to the hot brine and the associated 

hydrothermal alteration. 

The nature of the temperature profiles and the asymmetry of the 

thermal gradient profile across the system are suggestive of a leakage 

and mixing of thermal water with the regional groundwater flow to 

the west. This interpretation is consistent with the resisitivty data 

in which conductive regions to the west of the fault system have been 

interpreted in terms of brine-saturated sediments. 
2 

The maximum conductive heat flow over the anomaly is 40 HFT (1.7W/m ) 

and the total conductive heat loss is estimated at 2 MW. Heat flow in 

the Mineral Mountains, to the east of the near-surface thermal anomaly, 

is low or near average for the Basin and Range. Recharge may be taking 

place in this region. 



1.0 Introduction 

Thermal gradient data from 39 drill holes in the Roosevelt Hot 

Springs KGRA area are presented in this report. Fifteen of these 

holes were drilled under subcontract to the University of Utah, 

permission to log another ten holes was granted by Phillips Petroleum 

Company and the remaining fourteen holes were provided by other sources. 

The locations of most of the holes are shown in Figures 1 through 3, along 

with the locations of test and production holes. These figures also show 

the contoured average thermal gradient in three depth intervals; shallow 

(30-60m), intermediate (60-lOOm) and deep (>100m). 

Figure 4 displays a plan view of the interpreted faults in the area. 

Comparison of Figures 1 and 4 shows that the region of highest thermal 

gradients is aligned along the Dome Fault and Fault 1. To the south the 

high thermal gradients are terminated by several east-west trending faults. 

To the north there is a bending of the contours resulting in a ridge aligned 

along fault 5, which trends to the north west. 

In Figures 1 and 2 there are isolated highs in the north and south 

that are probably the result of the sparseness of data in the central 

region. Considerations of the probable thermal gradient in the early 

steam well (drilled by Dr. E. N. Davie), based on the depth of blowout, 

and the near surface temperatures in sulfur pits in the bottom of Negro 

Mag Wash (North of 54-3) would indicate that the 900°C/km should run 

further to the west in the southern portion and is probably continuous 

with the high in the north. 

Comparison of Figure 1 with the contoured apparent resistivity (Figure 

5) shows that the resistivity and thermal gradient patterns are highly 

correlated. Both exhibit contours aligned along the Dome fault and a 

bending to the northwest along Fault 5. The obvious cause of the correlation 



is the hot water circulation along the faults which gives rise to both 

high thermal gradients and low resistivities due to the hot brine and 

the associated hydrothermal alteration. 

With increasing depth (Figures 2 and 3) the thermal gradients decrease 

and the alignment along the faults islessdear. The smearing of the 

pattern is partly due to the lack of data at greater depths. The 

acquisition of deep thermal gradient data from small drill holes in 

regions of very high thermal gradients is hindered by fear of blowouts, 

among other things. 



2.0 Thermal Gradients at Roosevelt Hot Springs 

Figures 6 to 20 show the temperature vs depth curves for the holes 

drilled by the University of Utah. As can be seen in these figures, the 

thermal gradient in holes drilled in alluvium often decreases with depth, 

with the depth intervals used in Figures 1 to 3 being somewhat characteristic 

of the several regions of changing gradient. For example, hole UUTG6 

(Figure 20) shows an abrupt change at 30m and hole UUTG3 (Figure 18) 

displays a more gradual transition with suggested breaks at 35m and 70m. 

Such changes in the thermal gradients can be caused by changes in thermal 

conductivity due to changes in the porosity, saturation and lithology 

among other things. 

Gravity measurements over a wash in the alluvium ( Crebs and Cook, 1976) 

indicate a porosity of about 25% in the near surface (25-50m). Some decrease 

in porosity with depth is to be expected due to the increase in load. A 

change in the porosity of saturated granite alluvium from 25% to 10% would 

give rise to a change in thermal conductivity (and gradient) of about 25%. 

The changes in thermal gradient caused by such variations in porosity are 

then rather modest. 

On the other hand, changes in saturation, from dry to completely 

saturated, would give rise to changes in thermal conductivity by a factor 

of 2.0 to 2.5 for porosities in the range from 20 to 30%. 

Changes in the thermal conductivity due to lithology changes depends 

on the thermal conductivity of the components. For example, changing the 

thermal conductivity of the solid components by a factor of 2 results in 

a 1.7 change in conductivity at a porosity of 25%. Changes in lithology from 

a granite alluvium to a quartz rich sand are possible in this area. Measure­

ments made on sands from the Roosevelt KGRA give solid component conductivi­

ties in the range from 10 to 11 HCU and samples of granite alluvium give 



values in the range from 6 to 7 HCU. Therefore, such changes in lithology 

can be expected to give rise to rather substantial changes in gradient. 

Considering the thermal gradients in hole UUTG6 (Figure 21) we 

see that the average gradient in the 20-30m interval is about 200°C/km and 

below this depth it averages about 30°C/km,a factor of about 7 change 

is slope. Thermal conductivity measurements on samples from this hole 
3 

average about 4 HCU, at a saturated bulk density of 2.2g/cm , with no 

consistent changes above and below the break in the slope. The water table 

in a nearby well (2.4km) at about the same elevation is 26m (Mower and 

Cordova, 1974). This is near the break in the thermal gradient. However, 

the change in thermal conductivity due to undersaturation would only be 

a factor of 2 to 2.5 which is well below the observed value. 

One possible explanation of the strong change in gradient is a leakage 

of thermal water into the groundwater flow to the west. Some leakage of 

thermal water is indicated by the chemical analysis of the seep west of Salt 

Cove, which has a cool temperature (25°C) but a Na-K-Ca temperature of 

241°C (Parry et. al., 1976). For a uniform mixing of thermal water into 

the groundwater in a region of constant thermal conductivity, the thermal 

gradient should decrease smoothly with depth in the mixing zone. The two 

gradient regions in UUTG6 may result from a combination of effects due to 

the presence of the water table and mixing. On the other hand, the thermal 

gradient in hole UUTG3 (3km to the south) shows a more gradual change, with 

no sharp break at the water table (50m). The overall change in slope be­

tween the top and bottom of this hole is about a factor of 8, which seems too 

large to be explained by the effects of saturation alone. 

In holes UU751A and UU751B, just to the west of the dome fault, the 

water tables were located at about 35m and 40m respectively, which are also 

the locations of the alluvium altered bedrock interface. In both cases the 

thermal gradients do not show an abrupt change at the water table. 



However, there is gradual increase in thermal gradient above these depths 

(20% to 40%), perhaps due to gradual changes in the saturation. 

Figure 21 shows a series of temperature profiles on a west-east 

line across the southern part of the system (the letter designation runs 

from West-A to East-I). The thermal gradients and the 10m depth temperatures 

increase as the Dome Fault is approached from the west (A to G) and the 

two eastern holes (H & I) show decreasing temperatures and gradients. 

The five westernmost holes (AA to D) show a decreasing gradient 

with depth, as did the western holes to the north(UUTG6 and UUTG3) discussed 

previously. The two westernmost holes 5(AA) and 12(A) have a thermal 

gradient in the deeper part near 50°C/km, which is near normal for a thermal 

gradient in the alluvium. The water table is about 40m in this region 

(Mower and Cordova, 1974) and both curves show changes in slope (15 to 30%) 

at this depth, which could be due to changes in saturation. There is a change 

in slope to a near constant slope region at a depth of about 60m. The 

change in average gradient above and below this depth is a factor of 1.5 to 

3. The lithologic log on a nearby water well notes a change in lithology 

at this point, from sands containing numerous "igneous" fragments (up to 30%) 

to sands free of such material. Considering the average abundance of such 

material, it would be difficult to account for the changes in slope by the 

change in lithology. Once again a possible explanation for the change in 

slope could be leakage of thermal waters to the west and mixing with the 

groundwater. With respect to this, it is interesting to note that the 

thermal gradients at depth in the westernmost holes are near normal and 

that the gradient in the easternmost hole is constant with depth although 

slightly above normal. More conclusive evidence for leakage mixing of thermal 

waters would be the presence of gradient reversals which have not been ob­

served to date . 



3.0 Heat Flow at Roosevelt Hot Springs 

Thermal conductivity measurements on a limited number of alluvial 

samples, indicates an average value of 4 HCU (1 HCU -mcal/cm S°C - 0.418 W/m°k). 

Maximum conductive heat fluxes are then in the neighborhood of 40 HFU (1 HFU = 

2 2 

\i cal/cm S = 41.8 mW/m ). The total integrated conductive heat loss 

over the anomaly (6.5 km in length) is about 10 cal/S or 2MW. 

Figure 22 is a west to east thermal gradient profile for two depth 

intervals, 30-60m and 60-lOOm. Based on a conduc t i ve heat flow model, 

these profiles indicate an equivalent line source at 1.0 to 1.5km depth. 

Also shown on the figure, as a dashed line, is the theoretical thermal 

gradient profile for a line source, scaled to the 30-60m data. From this 

it is easy to see that the observed curve is asymmetrical, with smaller 

gradients in the east and larger to the west. This asymmetry is also 

observed in the deeper (60-lOOm) gradients. The observed asymmetry is 

compatable with the leakage of thermal water to the west, as discussed 

in the previous section, but source configuration in a conductive model could 

also produce such asymmetry. 

Several co re holes were also drilled in the granite of the Mineral Range 

so that samples could be measured for thermal conductivity and heat flow 

values calculated. Figure 13 shows the temperature profile in one such 

hole (UU76SC) located in Salt Cove on the west side of the Mineral Range, 

about 3 km east of the center of the thermal gradient-resistivity anomaly. 

The thermal gradient is quite uniform at an average value of 29°C/km below a 

depth of 50m. The average thermal conductivity in this region is 6.6 HCU 

(16 samples) giving a heat flow of 1.92 HFU. 

Another hole (UU76BS) was drilled in the central part of the Mineral 

Range just to the north of Bearskin Mountain, the temperature profile from 

the last log (Figure 14) still shows some drilling disturbances, but the 



smoothed thermal gradient in the 80 to 150m interval is 17°C/km. The 

thermal gradient in a Phillips Petroleum Company hole, 1.5 km to the north 

(Figure 1) is similar (16°C/km) indicating that this is maybe representative 

of the area. The average thermal conductivity in this hole in the above 

depth interval is 7.65 HCU (11 samples) giving a heat flow of 1.28 HFU. 

Two kilometers to the east of this hole, the hole at Ryans Ranch 

(UU75RR, Figure 11) has thermal gradient of 19.9°C/km (50 to 80 m) and 

the average thermal conductivity of several samples is 7.1 HCU, resulting 

in a heat flux of 1.41 HFU. 

Roy et al. (1968) report a heat flow of 2.22 HFU for a location on the 

west side of Milford valley, just about due west of Roosevelt Hot Springs. 

None of the above calculated heat flow values are large for the Basin 

and Range, in fact the measurements in the central part of the range seem 

somewhat low. However, none of the measurements have been corrected for 

topographic effects, which should be largest for the locations north of 

Bearskin and at Ryans Ranch. 

If the Mineral Mountains and the area to the east are regions of 

significant recharge, then the downward movements of cool water may con­

tribute to the low thennal gradient and heat flow. 



4.0 Conclusions 

Thermal gradients and electrical resistivity data at Roosevelt 

Hot Springs both outline the same anomalous region along the system of 

faults which control the near surface circulation. Depending on the 

circumstances, these techniques may provide complementary or redundant 

information. 

The character of the thermal gradients to the west of the fault system 

suggest that thermal waters are mixing with the ground water flow to 

the west. If so, this should be reflected in the water chemistry. Parry 

et al. (1976) show several anomalous Na-Ca-K temperatures to the northwest 

of Roosevelt Hot Springs but no data was available from wells in the immediate 

vicinity of the thermal gradient holes. 

Heat flow values in the alluvium reach a maximum of about 40 HFU, and 

the estimated total conductive heat loss from the shallow part of the 

system is about 2MW. Heat flow values and thermal gradients in the Mineral 

Range are not high for the Basin and Range, and in fact several of the 

values seem low. 



REFERENCES 

Crebs, T. J. and K. L. Cook, 1976; Gravity and ground magnetic surveys 

of the central Mineral Mountains, Utah, Volume 6, Grant GI-43741, 

National Science Foundation. 

Mower, R. W. and R.M. Cordova, 1974; Water resources of the Milford 

area, Utah, with emphasis on groundwater. State of Utah, Department 

of Natural Resources Technical Pub. No. 43. 

Parry, W. T., N. L. Benson and C. D. Miller, 1976; Geochemistry and 

hydrothermal alteration at selected Utah hot springs, volume 3, 

Grant GI-43741 National Science Foundation. 

Roy, R. F., E. R. Decker, D. D. Blackwell and F. Birch, 1968; Heat flow 

in the United States, J. Geophys. Res., 73,5207-5221. 



10 

LIST OF FIGURES 

Fig. 1 Thermal gradient Contour map, depth interval 30-60 meters, also 

shown are the locations of test and production wells. 

Fig. 2 Thermal gradient contour map, depth interval 60-100 meters. 

Fig. 3 Thermal gradient contour map, depth greater than 100 meters. 

Fig. 4 Interpreted Fracture map. 

Fig. 5 Apparent resistivity contour map, first separation, 300 meter 

dipole-dipole. 

Fig. 6 Temperature profile hole UU75-12 

Fig. 7 " " " UU75-13 

Fig. 8 " " " UU75-1A 

Fig. 9 " " " UU75-1B 

Fig. 10 " " " UU75-BCC 

Fig. 11 " " " UU75-RR 

Fig. 12 " " " UU76-1A 

Fig. 13 " " " UU76-SC 

Fig. 14 " " " UU76-BS 

Fig. 15 " " " UU76-TG0 

Fig. 16 " " " UU76-TG1 

Fig. 17 " " " UU76-TG2 

Fig. 18 " " " UU76-TG3 

Fig. 19 " " " UU76-TG5 

Fig. 20 " " " UU76-TG6 

Fig. 21 Temperature Profiles for a series of holes along an east-west line 

at approximately 2200N. 

Fig. 22 Thermal gradients at two depth intervals (30-60m and 60-lOOm) along 

an east-west line at approximately 2200N. 



APPENDIX A 

Temperature Logs 



12 

LOCATION: RYANS RANCH 
LOCATION: RYANS RANCH 

27S QW HOCO 
HOLE NUMBER: UU 75 
DATE" MEASUP^D: ll/e/76 

DEPTH 
METERS 

5 . 0 
1.1.0 

<; '< I a 0 

; ' . ) . 0 
• ' ,0 .0 
/ / > . ! • 
MO . r 

'I S . O 

b o . r 
b b . O 
6 0 . 0 
(.'•). 0 

: ! . C l 

/ ' ) . ! 
;\.;.o 

" O . n 
- • • > . ( > 

100.c 

TEMPERATUr^E 
OE6 C 

9.S94 
S.803 
$.116 
9.858 
9.000 
9,007 
9.170 
9.280 
9.370 
9.391 

9.569 
9.601 
9.7a I 
9.806 
9.987 

i 0 . n 6 
10.£92 
10.381 
io.u9a 

GRAOIENT 
OEG C/KM 

.0 
-218.2 
1B2.6 
28.«• 

-171.6 
1.4 

32.6 
22.0 
lU.O 

20.2 
15.4 
22.*+ 
20.0 
21.0 
20.2 
25.8 
35.2 
17.8 
22.2 
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L O C A T I O N : b l & CEPAR COMB 
27S 8W 14. DDC 

HOLE WMBER: UO 75 
DATE MEASURCD: 9 /22/75 

PBPTH 
ncTHRS 

5 . 0 
1 ; • ! . ' 1 

1 1 . ' 

. ' ' • a ' l 

3 aV 
..:• ) . f | 

:>';.;! 
- i . i . i 

• 1 . • 

• . . . 1 • 

•• , . f - . 

, i \ . r 

• • ' ) . ( ' 

; ' 1 . 1 ' 

. ' • ) . ( 

) . ( . 
> . f • 

• . . . ' • 

- ! . { • 

lOO.o 

TEMpeftATTURW 
PEG C 

16 .769 
12 .978 
13.42.1 
1 3 . 5 4 3 
1 3 . 9 7 3 
H . 4 2 7 
11 .693 
15 .073 
f 5 . 5 2 0 
1 5 . 9 5 7 
16.H37 
16.754 
1 7 . 1 3 2 
17.081 
17 .905 
18 .380 
i a . 5 7 9 
16 .658 
1 9 . 1 5 5 
19 .937 

GRADIENT 
OEG C/K/H 

.0 
- 7 5 8 . 2 

6H.6 
24.'4 
8 6 . 0 
q o . o 
5 3 . 2 
7 6 . 0 
9 n . 6 
8 6 . 2 
9 6 . 0 
6 3 . ^ 
7 5 . 6 
6 9 . 8 
8 4 . e 
75 .0 
59 .P 
5 5 . 4 
59.«4 

1 5 6 . 8 
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LOCATI ON: ALTERATION 75 M 
27S 9W 3CLB 

HOL^ HUtf^eK: UU 751A 
DATe NeASUWSO: 7/22/76 

DEPTH 
MBT&R5 

10 .0 
1 5 . 0 
ao.o 
15.0 
3 0 . 0 
3 5 . 0 
qo.o 
4 5 - 0 
5 0 . 0 
5 $ . 0 
bO.O 
6 5 . 0 
6 9 - 5 

VetHP t̂tATVfdE 
pe-6 c 
2 6 . 2 8 3 
3M.3i<g 
qo.036 
1 1 . 6 7 6 
1 9 . 1 5 8 
53.28fl 
5 7 . 6 2 2 
6 1 . 1 7 7 
6 3 . 9 9 0 
6 7 . 3 6 5 
7 0 . 6 8 7 
7 1 . 3 0 7 
76.M3H 

GRAPIENf 
OEG C/KM 

.0 
1 6 1 3 . 2 
1137.M. 
9 2 3 . 0 
8 9 6 . 4 
8 2 6 . 0 
6 6 6 . 8 
7 1 1 . 0 
3 6 2 . 6 
675 .0 
6 6 4 , 4 
7 2 4 . 0 
6 0 7 . 7 
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LOCATION; ALTERATION 75 IB 
27S 9W IPPA 

HOLE /iUWCR: UU 75 IB 
DATE MeASl/REp: 17ZZ776 

DEPTH 
hVETeRS 

S.O 
10.0 
IS.O 
2 0 . 0 
2S.0 
3 0 a Q 

3 5 . 0 
HCO 
H5.0 
50aO 
3 5 . 0 
60 .0 
6 5 . 0 

ibiyjpfMTURe 
DEG C 

m . 926 
18 .065 
21 .879 
2 5 . 1 9 ^ 
2 8 . 3 5 1 
3 1 . 7 1 9 
3 5 . 0 4 3 
3 7 . 5 6 1 
I 0 . 2 8 d 
U2.688 
i fH.676 
17 .008 
IJ9.088 

GRADIENT 
DEe C/KM 

.0 
627 . f i 
7 6 2 . 6 
6 6 3 . 2 
6 3 2 . 0 
673 .0 
6 6 4 . d 
5 0 3 . 6 
5 4 5 . 1 
180 .0 
3 9 7 . 6 
466 .4 
416 .0 

http://627.fi


LOCATI OjO: BOYLES 12RJ<GRA 
265 9W 27 BBB 

HOLE NUÎ eB'R: UU 75 l a 
PATE NCA5UKFD: 6 / 1 1 / 7 6 

16 

PEPTW 
^\ETeRS 

^ . 0 
10.0 
15.0 
20 .0 
2 5 . 0 
3 0 . 0 
3 4 . 5 

TEMPBflATURB 
066 C 

16.072 
19 .622 
2 l . 7 9 H ^ 
2 1 . 9 8 1 
28 .579 
2 9 . 8 6 1 
3 0 . 9 2 2 

GRADIENT 
OEG C/Kf1 

.0 
710 .0 
H3t^.4 
637.4 
7 1 9 . 6 
256 .4 
235 .6 
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LOCATION*. BOYLES 13 RK.GRA 
26S-9W-20 AC 

HOLH NUWGER.: UU-75-13 
DATĤ  ^AEASUReD: I \ / 0 / 7 5 

DEPTH 
METERS 

16.0 
20.0 
30.0 
40.0 
43.0 

TEMPEHATDIR^ 
pes C 
19.715 
25.496 
30.M89 
34.301 
36.712 

GpADIEHT 
OEG C/KM 

.0 
578.1 
499.3 
381.2 
813.7 

M 



LOCATION: 3EAHSKIW RK&RA 
275 8W 8 0AB 

^tOLe NUmBER; t»U 7? 
OATE^ lV>EASy RED: 8 / 2 0 / 7 6 

18 

DeiPTH 
MfclkRS 

1 0 . 0 
1 5 - 0 
2 0 - 0 
25 .6 
30-0 
55 .0 
MO-0 
45 .0 
50 .0 
55-0 
60-0 
65.0 
70-0 
75-0 
'JO-O 
85 .0 
90 .0 
9 5 . 0 

lOO.O 
IIO-O 
115.0 
120.0 
125.0 
130.0 
1 3 5 . 0 
1 4 0 - 0 
1H5 .0 
1 5 0 . 0 
\SSaO 
156.0 

T^MpEAATURe-
DBG C 

d.osa 
9 . 4 5 5 
9 . 9 0 7 
9 . 6 6 3 
9 . 0 7 t t 
9 . 0 4 8 
8 . 8 3 4 
8 . 6 6 7 
8 .94^ . 
8 . 9 9 8 
9 . 0 7 7 
9 . 0 8 4 
5 . 2 1 7 
9 . 3 3 1 
9 . 3 5 1 
9.«|-62 
9 . 4 9 b 
9 . 6 2 9 
9 . 7 9 7 

1 0 . 1 3 7 
1 0 . 176 
1 0 . 1 1 ^ 
1 0 . 2 9 6 
1 0 . 2 4 9 
1 0 . 4 5 9 
1 0 . ft8'+ 
1 0 . 3 9 1 
10.(^59 
1 0 . 8 2 3 
1 0 . 9 9 9 

GRADIENT 
DEG 0/KM 

. 0 
2 7 3 . 4 

no.4 
- 4 4 . 8 

- 1 2 1 . 8 
- 5 . 2 

- 4 2 . 8 
6 . 6 

1 5 . 0 
1 1 . 2 
1 5 . 8 

1.4 
2 6 . 6 
2 2 . 8 

^»0 
? ? , 2 

6 . 8 
2 6 . 6 
3 3 . 6 
3'*.0 

7 . 8 
- 1 2 . 6 

3 6 . 6 
- 9 . 4 
4 2 . 0 
2 5 . 0 

- 3 8 . 6 
1 3 . 6 
7 2 . 8 

1 7 6 . 0 

file:///SSaO


LOCATI0/0: AL-TBRATlOhJ 7 6 - l A RKSPA 
275 9\tl 34 CAB 

WELU NUWVBÊ *̂  ^'^ 7 6 - l A 
DATE MEASURED- 6 / / 7 6 

19 

DEPT>i 
/VJETBRS 

6.0 
10 .0 
15.0 
2J0'0 
25.0 
30,0 
35-0 
MO-0 
H5.0 
50*0 
5S.0 
60 -0 
<;>3.5 

TBrr^ERATW^ 
DBS C 

3 0 . 0 2 6 
H \ . \ 9 ' \ 
57.622 
63.642 
69.025" 
77 a i s e 
8 4 . 0 8 2 
9 6 . 8^ 3 
93 .914 
97.3fo2 

101.100 
105.3BU 
\Q7aBBS 

GRADIENT 
DEG C/KW 

.0 
2252 .6 
3166.4 
132H.0 
1C76.6 
1626.6 
138*^.8 
9 5 3 . 2 

1Q13.2 
6 8 9 . 6 
74-7.6 
8P6.6 
657 .4 

file:///Q7aBBS
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LOCATION: RKGRA T ^ - l 
26S 9>* 15 CflA 

HOLE NUne€<^: U076 TG-1 
DATE WE5*SOREO: 10/10/76 

DEPTH 
rnbifcRS 

10.0 
15.0 
2 0 . 0 
2 5 - 0 
3 0 . 0 
3 5 - 0 
MO.C 
H5-0 
5 0 . 0 
5 5 . 0 
6 0 . 0 

TB(Y\pERATURi-: 
DE8 C 

16 .428 
19 .095 
19.392 
2 0 . 5 4 9 
2 1 . 5 0 6 
2 2 . ^ 7 6 
23.2-31 
2 3 . 8 9 3 
ZH'5ll 
2 3 . 0 7 1 
2 5 . 5 8 2 

GRADIENT 
DEG C/K« 

.0 
3 3 3 . 4 
2 5 7 . 1 
2 3 3 . 1 
191 .4 
194.0 
151.0 
132 .4 
125 ,6 
1 1 0 . 0 
1 0 2 . 2 



LOCATION: RK6RA TG-2 
265 9id 5CPB 

W i £ lVlH«BeRj MU76 T52 
DATE rnEASaiiiED: 11 / 6 / 7 6 

22 

DePTrt 
rntTCRS 

5 . 0 
10.0 
15.0 
2 0 . 0 
25 .0 
3 0 . 0 
35 .0 
HO.O 
^5 .0 
50.0 
56 .0 
GO.O 
^5-0 
67-0 

TBWEftATURe 
DBS O 

10.877 

15.169 
15.567 
| 5 . 9 0 i 
16.25*? 
16.679 
l7 .«69 
17.3««) 
17.690 
17.955 
Id .195 
18.<t26 
18.5«0 

GI^Dl^t^r 
oee C/KM 

.0 
- M l . 6 

110.0 
79.6 
67 .0 
71.4 
81 .0 
77.4 
64 .6 
60 .2 
53 .0 
49.0 
4 6 . 2 
6 1 . 6 
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LOCATION: RKfiRA T6-3 
2165 9VJ 19 DSC 

HOLC NUmgEft.: UU76 r f b 
UfkTe rnE^vH^tDr U /6 /76 

PBPTH 
fftETERS 

5 . 0 
in . ! 
i - ) . ( 

. : ' : 1 . ! -

. . ' j . l ' 

.V) . ( ' . 

. j - i . ' 1 
• i • ' . 1 

' 1 • , . . ' 

r ) a \ i 

'...5.1.' 
, ) i ) . < : 

; . 5 . . ^ 
; ' J . ' 
/ S . ' ' 
t i . . ' 

, . » ' > . • ' 

• • ) • ) . K1 

• } ' ) . 0 

I d O . O 

TE»*KPeRATURE 
DUi C 

17.946 
15.391 
20 .363 
^•Hlf 
m.^^3 
26.JH3 
2-3.07« 
29.147 
5«.770 
3a .031 
32.99H 
33.««7 
34.691 
35.306 
35.601 
35 .9«3 
J 6 . 1 2 1 
36.2H3 
J 6 . 5 4 4 
J 6 . 4 0 5 

6BADIFNT 
OgG C/KM 

.0 
*9.o 

398.H 
tU.6 
356.4 
384.0 
387.0 
273.8 
264.6 
252.2 
192.6 
178.6 
160.8 
1 ^ . 0 
59.0 
56 .4 
47.6 
24,4 
60.2 

- 2 7 . 8 
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LOCATE O/O: W/iRA T&'S 
Z6S 9H m DAA 

Woue-NomS© :̂ UU76 TC5 
hPtm me^ofrED: 10/15/76 

pePTrt TEAil'eRA-TDf̂  GRADTEMT 

10.0 13-20'f ^ .5 
l-J.O 1^-577 "^J-i 
20.0 J3.90«» 6S»6 
25.0 lt-J5«» 50.0 
30.0 H-Sfll ?5.0 
35.0 14.593 H '̂H 
«tO-e f'/.7«|: 37.6 
ifS-O I5.00(. 45.0 
Sb-O IS.IBS 36.8 
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LOCATI OW: RK6f?A Ta-6 
265 9W 7CAA 

WQUS, N0rwe»3 UU76 TG6 
DfirTB^rte^UmD: u / 6 / 7 6 

DEPTH 

SaQ 
1 • i • \l 

1 ^ . ' 

r ; ' ' . 0 

<r!;> . i ' 

^ 1 1 . 0 

,ss. 0 
( . . ! . ; : 

< . . t . 

.' ' . ' ' 
• , : . . 1 

•t I . I : 

.̂, 1 , , 11 

. * ' • 
/ ^ • 7 

' • ' 

;> . " 
. • ' a l 

95". 0 
97-5 

TErnpEAlAfURjE" 
D^G C 

14.273 
I f . 2 7 5 
14.8^7 
15.H36 
16.913 
17.82S 
13.103 
l^.9^M 
iS.458 
IS.692 
IS.721 
15.935 
J 9.004 
18.1*^9 
19.25^ 
19.343 
19.HH9 
19.712 
19.952-
19.9^3 

GRADIEWr 
DEG C/KF\ 

.0 

. 4 

l l * f . 4 
117,8 
295,4 
183.0 
56.0 
23 .2 
16.8 
46.6 

5.8 
i 2 . 8 
33.6 
29.0 
21.2 
18.6 
28.2 
11.6 
48.0 
12.4 
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LOCATI o^3: PRGM SM-T COVE 
265 9W 25 DCA 

HOLE" t^unveert: uu 76 
DATE mEASa^D: 6 / 2 ^ / 7 7 

DEPTH 
rftETERS 

\o.o 
15.0 
. f • • 

X '.̂  • » 

;. - 1 . i 

l ' ^ . I 

' ) « ' 
• • , 1 ' . , 

. > • > . , ) 
l / l . 1 

u ' t , ' 
l U . i 
7 I 

. 1 . , 

:,. j . '. 

' • ! • ] . V 

\' S . i , 
1 . • ' : , . • ' 

1 • •-.. ' 
I i •'•. . 

i 'a'- . \ 

IV'i . •-! 
1 /'' ' ) . .̂! 
\ : : . ; i . ' i 

1 . ' • . 1 
-, • t . \ . 

H 5 . 0 
1^0.0 

TS'V'ErUTU^ 
PES C 

10.908 
J0.6«9 
ILIA'S 
n.H9a 
v\3'\^ 
n , 5 9 6 
12.150 
12.335 
12.90H 
12.658 
12.607 
l2.9Ha 
13.071. 
13.186 
13.337 
13.H76 
13.617 
13.761 
13.90« 
14.^52 
14.201 
14.352 
I'^.SOS 
14.653 
H . « 3 6 
11.993 
I5.1H5 
15.298 
15.404 

6RADie^/r 
DE6 C/KM 

.0 
16 .2 
3 9 . 8 
6 0 . 8 
50.0 

- 2 9 . 2 
U Z . 0 
35.s 
33.0 
30,0 
29.8 
27,0 
i s , 8 
25.0 
28.2 
27.8 
23.2 
28.8 
29.4 
28.8 
29.8 
30.2 
30,6 
23.6 
36.6 
31.4 
30.4 
30.6 
21,2 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
36.0 

LOCATION: RANCH CANYON PPC 
27S/9W-35 CAD 

HOLE NUMBER: EV 4113 
DATE MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

8.650 
9.640 
9.770 
9.890 

GRADIENT 
DEG C/KM 

.0 
99.0 
13.0 
20.0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 

LOCATION: RANCH CANYON PPC 
27S/9W-35 DB 

HOLE NUMBER: EV 4115 
DATE MEASURED: 8/12/75 

TEMPERATURE 
DEG C 

10.920 
11.240 
11.700 
11.820 
11.910 
11.980 
12.140 

GRADIENT 
DEG C/KM 

.0 
132.0 
46.0 
12.0 
9.0 
7.0 
16.0 
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LOCATION: MINERAL MTS - RADIO RD PPC 
26S/8W-30 CDA 

HOLE NUMBER: Crater Knoll #2 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

TEMPERATURE 
DEG C 

8.010 
8.660 
8.690 
8.750 
8.850 
8.870 
8.890 
8.990 
9.080 

GRADIENT 
DEG C/KM 

.0 
65.0 
4.0 
6.0 
10.0 
2.0 
2.0 
10.0 
9.0 
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LOCATION: MINERAL MTS - PPC 
27S/8W-6 AA 

HOLE NUMBER: Crater Knoll #3 
DATE MEASURED: 8/15/75 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
59.0 

TEMPERATURE 
DEG C 

9.230 
9.700 
10.210 
10.430 
10.610 
10.700 

GRADIENT 
DEG C/KM 

.0 
47.0 
51.0 
22.0 
18.0 
10.0 



31 

LOCATION: NEGRO MAG WASH PPC 
27S/9W-1 

HOLE NUMBER: 21 

DEPTH TEMPERATURE GRADIENT 
METERS DEG C DEG C/KM 

10 0 13.000 .0 
2o'o 15.600 260.0 
SO'.O 17.300 170.0 
32.0 17.550 125.0 
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LOCATION: WATER. WELL ^Z 
27S/10W-i2B 

H0L6 NUmBER.: PHlLUPS 
DATE MEASOREb: 1 /OS/ lb 

DEPTH TEWPERATURE" GRADIENT 
METERS Des C DE6 C/KM 

10.0 Ii4«500 .0 
20 .0 17.700 320.0 
30.0 20.600 290.0 
3S.0 21.900 260.0 
10.0 23.000 220,0 
16.0 23.950 190.0 
^0 .0 2 l . « 0 0 170.0 
55.0 2S.500 200.0 
6 0 , 0 TJb.lOO 180.0 
6? .0 27.600 IflO.O 
70.6 Z8.400 ffeO.o 
ySaO 2^.100 IHO.O 
80.0 29.500 mo .o 
85.0 30.600 taO.O 
90.0 3J.200 120.0 
^ ^ - 0 31.300 i Z O a O 

100.0 JZaSoO £40.0 
lOS.O 33.000 100.0 
UO.O 33.«00 120.0 
115.0 ^3.SOO 40.0 
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LOCATIori; PHILLIPS WATE^H^W0-L #P3 
26S/10W-25A 

HOL^NUmeeR-: PttlLLlPS 
DATE nefiSJfl&): 6 /30 /76 

O ^ T H 
METfe-RS 

5 , 0 
1 0 , 0 
2 0 . 0 
2 5 , 0 
^Oi«0 
3s^o 
¥ 0 , 0 
HS^O 
5 0 ' 0 
55^0 
6 0 , 0 
6 5 . 0 
7 0 . 0 
7 5 . 0 
$ 0 . 6 
«5.<J 

TEWPERATUiRE 
D8G Cx 

t H . 9 0 0 

17 loo 
18 400 
19 .500 
2 1 . 6 0 0 
2 2 . 4 0 0 
as.600 
24 .600 
2 5 . 8 0 0 
27 .200 
a7.90O 
2 8 . 9 0 0 
2 9 . 4 0 0 
3 0 . 0 0 0 
3 0 . 6 0 0 
3 0 . 8 0 0 

QRADlttn 
DEG C/KW 

AO 
2 9 0 . 0 
2 6 0 . 0 
2 2 0 . 0 
3 0 0 . 0 
Z90*0 
afo^o 
2 0 0 . 0 
2 4 0 . 0 
2 8 0 . 0 

mo.o 
2 0 0 . 0 
lOQ.O 
120 .0 
120 .0 

.0 
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LOCATION: WATQLWat m 
2^S/9VJ-3. G 

HOLE NU/rtSeR;. PHILLIPS 
DATB n^SOFBO - 7 /03 /76 

DEPTH 
/WETbRS 

5 . 0 
10.0 
15 .0 
2 0 . 6 
2 5 . 0 
3 0 . 0 
35^0 
^o,o 
</5.o 
50 ,0 
5 5 . 0 

TBmPEftfVTaRC 
DES Cy 

17 .900 
17 .200 
19 .100 
20 .700 
21 .500 
24 .£00 
2 6 . 2 0 0 
2S.600 
29 .300 
31.BOO 
3 4 . 9 0 0 

(JflAOieNT 
DEO C/KM 

.0 

-mo.o 
3 8 0 . 0 
320 .0 
160.0 
5 4 0 . 0 
400 .0 
180 .0 
lUO.O 
5 0 0 . 0 
620 .0 
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LOCATIOIO: WAĵ EJL v « U - J S 
275/9W-17 A 

HOLE' NO/nBCR; PHILLIPS 
PAT^ m&eoR.ep: TAOZAH) 

DEPTH 
irlETHf^ 

5 . 0 
10 .0 
I ' t a ti 

2 U a O 

^ b . U 
i u . o 
3 b . II 
'i Ll . 0 

' I ' D . b 

:J J . (1 

b b . O 
b U . O 

CJ 3 . 0 

I J . O 
7 b . i; 
()v).U 
t.^b.O 
9.J .U 
V b . O 

I UO.O 
l U b . U 
1 1 0 . 0 
l l b . O 
I d 0 . 0 
i / i b . l J 
i 3 e i . o 
1 3 S . C 
1 •+ I. . 0 

l U b . O 
l b u . o 
I b j . O 
I b O . 0 
l o b . U 
17 l ) .U 
1 7 b . i J 
1 8 0 . 0 
1 « 5 . 0 

TFWe«ATURH 
DCS C 

12 .900 
15 .300 
17 .500 
19 .100 
2 0 . 9 0 0 
2 2 . 1 0 0 
2 3 . 7 0 0 
25 .200 
2 6 . 7 0 0 
2 9 . 0 0 0 
2 9 . 6 0 0 
3 1 . 2 0 0 
32 .400 
3 3 . 7 0 0 
35 .600 
3 6 . 4 0 0 
3 7 . 9 0 0 
3 9 . i 0 0 
4 0 . 2 0 0 
Ml.600 
4 3 . 1 0 0 
4 4 . 4 0 0 
^,5.600 
4 7 . 0 0 0 
4 0 . 6 0 0 
4 9 . 7 0 0 
5 1 . 0 0 0 
5 2 . 6 0 6 
5 3 . 1 0 0 
54'. 600 
5 6 . 0 0 0 
5 8 . 0 0 0 
5 9 . ^ 0 0 
6 0 . 6 0 0 
6 1 . 2 0 0 
6 1 . 9 0 0 
6 1 . 9 0 0 

SfiADIENT 
PEG C/jyrt 

. 0 
4 g 0 . 0 
H 4 0 . 0 
3 2 0 . 0 
3 6 0 . 0 
2 4 0 . 0 
3 2 0 . 0 
3 0 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
3 2 0 . 0 
3 2 0 . 0 
2 4 0 . 0 
2 6 0 . 0 
2 6 0 . 0 
2 8 0 . 0 
3 0 0 . 0 
2 6 0 . 0 
2 0 0 . 0 
2 8 0 , 0 
3 0 0 . 0 
2 6 0 . 0 
2 4 0 . 0 
2 8 0 , 0 
3 2 0 . 0 
2 2 0 . 0 
2 6 0 , 0 
2 6 0 . 0 
2 2 0 . 0 
2 8 0 . 0 
2 4 0 . 0 
5 6 0 . 0 
1 4 0 , 0 
2 2 0 , 0 
1 2 0 , 0 
1 2 0 , 0 

2 0 , 0 
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LOCA I I O N : 

HOLE 
DATE 

ULPTM 
METERS 

1 0 , 0 
2 0 , 0 
3 0 . 0 
t+O.O 
5 0 . U 
6 0 . 0 
7 0 , 0 
ou.u 
9<J,0 

1 0 0 , 0 
1 1 0 . 0 
1 2 0 . 0 
1 3 0 , 0 
m ( j , u 
1 5 0 , 0 
1 5 1 . 5 

NUMP 
MEA?̂  

RHS KGRA 
2 7 S / 1 0 W - 2 3 CA 

ER: 5 
,URFn: q / 0 3 / 7 5 

TEMPERATURE 
UEG C 

1 4 . 4 8 0 
1 7 . 4 5 0 
2 0 . 1 3 0 
2 2 . 5 8 0 
2 5 . 0 0 0 
2 6 . 9 3 0 
2 7 . 6 5 0 
2 8 . 3 9 0 
2 8 . 9 6 0 
2 9 . 5 9 0 
3 0 . 1 0 0 
3 0 . 5 5 0 
3 1 . 1 0 0 
3 1 . 5 2 0 
3 2 . 1 6 0 
3 2 . 2 1 0 

GRADIENT 

DEG C/KM 

. 0 
2 9 7 . 0 
2 6 8 . 0 
2 4 5 , 0 
2 4 2 . 0 
1 9 3 . 0 

7 2 . 0 
7 4 , 0 
5 7 , 0 
6 3 . 0 
5 1 . 0 
4 5 . 0 
5 5 . 0 
4 2 . 0 
6 6 . 0 
2 0 . 0 
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LOCATION: 

HOLE 
DATE 

D L I ' T H 

METERS 

1 0 . 0 
2 0 . 0 
3U.U 
4 0 . 0 
5 0 . 0 
6 0 . 0 
7 U . 0 
dO.O 
9 U . 0 

1 0 0 . 0 
1 1 0 . 0 
1 2 0 , 0 
1 3 0 . 0 
1 4 0 . 0 
1 4 D , 0 

RHS KGRA 
2 7 S / 9 W - 1 6 BB 

NUMBER: 7 
î ^EAS URFO: 3 / 0 t i / 7 5 

TEMPERATURE 
DEG C 

1 6 . 6 0 0 
2 3 . 3 0 0 
2 8 . 2 0 0 
3 2 , 9 0 0 
3 7 , 3 0 0 
4 1 , 5 5 0 
4 5 , 7 3 0 
4 9 , 8 0 0 
5 3 , 9 0 0 
5 7 , 7 8 0 
6 1 . 4 5 0 
6 5 . 3 0 0 
6 8 . 8 4 0 
7 2 . 3 0 0 
7 4 , 0 0 0 

GRAOIENT 
DEG C/KM 

. 0 
6 7 0 , 0 
4 9 0 , 0 
4 7 0 , 0 
4 4 0 . 0 
4 2 5 . 0 
4 1 8 , 0 
4 0 7 , 0 
4 1 0 , 0 
3 8 8 , 0 
3 6 7 , 0 
3 8 5 , 0 
3 5 4 . 0 
3 4 6 , 0 
3 4 0 , 0 
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LOCATION: RHS KGRA 
27S/9W-16 AD 

hOLE NUMBER: 8 
DATE MEASURED: 8 / 1 1 / 7 5 

DEPTH 
M&IEKS . 

1 0 . 0 
2 0 . 0 
30 .0 
4 0.0 
50 .0 
oO.O 
70 .0 
8 0 , 0 
9 0 . 0 

TE|«)PE1RATUR£ 
DEO C 

24 .620 
3 7 . 4 7 0 
49 .320 
60 .170 
69 .580 
78 .120 
84 .080 
59 .650 
95 . ^00 

GRADIENT 
OEG C/KM 

,0 
1285,0 
1185,0 
1085,0 

941 ,0 
854 ,0 
596 ,0 
557 ,0 
575 ,0 
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LOCATION: RHS KGRA 
2 7 S / 9 W - 2 1 DD 

HOLE NUMf'ER: 9 
\.i.\ lE MEASURrn: 9 / 0 5 / 7 5 

DEPTH 
MLILRS 

l U . O 
2 0 . 0 
2 3 . 0 

TEMPERATURE 
DEG C 

2 0 . 9 5 0 
3 2 . 8 1 0 
3 4 . 0 0 0 

GRADIENT 
DEG C/KM 

.0 
1186.0 
396.7 
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LOLAT ION: 

HOLE 
•)ATE 

IJEHTH 
METERS 

10.0 
2 0 . 0 
3 0 . 0 
4 0 . 0 
SO.O 
bO.O 
6 4 . 3 

RHS KGRA 
27S/9W-1S ABD 

rjUMpER: 
I-EArj 

10 
,URrn: 9 / U 2 / 7 5 

TEMPERATURE 
DEG C 

15.370 
19.880 
23 .800 
27 .560 
32 .580 
37 .410 
39 .100 

GRAOIENT 
DEG C/KM 

.0 
451 .0 
392 .0 
376 .0 
502 .0 
483 .0 
393 ,0 
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LOCATION: RHS KGRA 
27S/ iOW-10 ODD 

HOLE NUMpER: 12 
DATE MEAf.HRrn: 8 / 1 1 / 7 5 

ULI'TH 
MEIERS 

10.0 
20.0 
30.0 
10,0 
5U.0 
60.0 
70.0 
80.0 
90.0 
100.0 
110.0 
120.0 
130.0 
140.0 
1 ff 0 . 0 

160.0 
170.0 
180.0 
190.0 
200,0 
203,0 

TEMf'EHATURE 
DEG C 

14.860 
18.640 
21.380 
24.190 
26.270 
27.470 
28.510 
29.240 
29.ei0 
30.370 
30.960 
31.530 
32.150 
32.730 
33.180 
33.7 70 
34.320 
34.840 
35.320 
35.660 
35.98" 

GRADIENT 
DEG C/KM 

.0 
378.0 
274,0 
281,0 
208,0 
120.0 
104.0 
73.0 
57,0 
56,0 
59.0 
57,0 
62.0 
58,0 
45,0 
59,0 
55,0 
52.0 
48,0 
54,0 
40,0 
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LOCATION: 

HOLE 
JATE 

OEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 
100,0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 
170.0 
180.0 
190.0 
195.0 

NUMBER 
MEASUR 

RHS KGRA 
27S/9W-7 CC 
: 14 
rp: rjO I./ATE 

TEMPERATURE 
DEG C 

15.250 
17.900 
20.500 
23.100 
25.100 
26.900 
28.700 
30.500 
31.900 
33.200 
34.300 
35.250 
36.100 
36.900 
37.600 
38.300 
39.050 
39.850 
40.650 
41.000 

GRADIENT 
DEG C/KM 

.0 
265.0 
260.0 
260.0 
200.0 
180,0 
180,0 
180,0 
140,0 
130,0 
110,0 
95,0 
85.0 
80,0 
70,0 
70,0 
75,0 
80,0 
80,0 
70,0 
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LOCATION: 

HOLE 
OATE 

DEPTH 
METERS 

1 0 , 0 
2 0 , 0 
3 0 , 0 
4 0 . 0 
5 0 , 0 
6 0 , 0 
7 0 . 0 
8 0 . 0 
9 0 . 0 

lOU.O 
1 1 0 . 0 
1 2 0 . 0 
1 3 0 . 0 
1 4 0 , 0 
1 5 0 . 0 
1 6 0 , 0 
1 7 0 . 0 
1 7 5 . 0 

RHS KGRA 
2 7 S / 9 W - 7 D DD 

NUMBER: 15 
ME AS i i R r n : MO D A T E 

TEMPERATURE 
DEG C 

1 5 , 0 4 0 
1 8 . 1 0 0 
2 0 . 3 0 0 
2 2 . 2 0 0 
2 4 . 4 0 0 
2 6 . 3 0 0 
2 8 . 0 0 0 
2 9 . 5 0 0 
3 1 . 2 0 0 
3 2 . 8 0 0 
3 4 . 7 0 0 
3 6 . 3 0 0 
3 7 . 7 0 0 
3 8 . 9 0 0 
3 9 . 8 0 0 
4 0 . 7 0 0 
4 1 . 6 0 0 
4 1 . 9 0 0 

GRADIENT 
DEG C/KM 

. 0 
3 0 6 . 0 
2 2 0 . 0 
1 9 0 , 0 
2 2 0 . 0 
1 9 0 , 0 
1 7 0 , 0 
1 5 0 , 0 
1 7 0 , 0 
1 6 0 , 0 
1 9 0 , 0 
1 6 0 , 0 
1 4 0 , 0 
1 2 0 , 0 

9 0 , 0 
9 0 , 0 
9 0 . 0 
6 0 . 0 
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LOCATION: RHS KGRA 
P7S/9W-4 AD 

HOLE NUMBER: 17 
UATE M E A S U R E D : MO DATE 

DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
63.0 

TEMPERATURE 
DEG C 

17.600 
23.600 
29.700 
34.700 
40.000 
44.100 
1+5.000 

GRADIENT 
DEG C/KM 

.0 
600.0 
610.0 
500.0 
530.0 
410.0 
300.0 
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DEPTH 
METERS 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 
100.0 
105.0 
105.5 

LOCATION: RHS KGRA 
27S/R9W-2 CAA 

HOLE NUMBER: 20 
DATE MEASURED: 8/13/75 

TEMPERATURE 
DEG C 

12.410 
14.690 
16.570 
18.310 
20.300 
21.160 
22.400 
23.440 
24.290 
24.990 
25.350 

GRADIENT 
DEG C/KM 

.0 
228.0 
188.0 
174.0 
199.0 
86.0 
124.0 
104.0 
85.0 
70.0 
72.0 
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LOCATION: 

HOLE 
DATE 

DEPTH 
METERS 

10,0 
20,0 
30.0 
40,0 
50,U 
60,0 
70,0 
BO.O 
90,0 
100.0 
110.0 
120.0 
130,0 
140.0 
144.3 

RHS KGRA 
6̂S/9i-.-32 AA 

NUMBER: 25 
MEA*" URrr: 9/05/75 

TEMPERATURE 
DEG C 

15.590 
21.160 
25.030 
26.080 
30.960 
33.590 
36.200 
38.550 
40.510 
42.600 
44.790 
47,090 
49,330 
51.250 
51.360 

GRAOIENT 
DEG C/KM 

.0 
557,0 
387,0 
305,0 
288.0 
263,0 
261.0 
235,0 
196,0 
209,0 
219.0 
230.0 
224,0 
193,0 
23.3 
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LOCATION BOYLES 12RKGRfl 
26S 9W 27 BB 

HOLE NUMBER UU 75 12 
DATE MEASURED 6/11/76 

TEMPERRTURE-DEGREES C 
16 .00 18 .00 20 .00 2 2 . 0 0 2 4 . 0 0 2 6 . 0 0 28 -00 30-00 3 2 - 0 0 

I I I I I I I I 

(VJ 

o 
o 

O 

m 
^ ? ' 

mo»_ 
zo? 
O>o 

o 

GO 
O ' 

O 
O 

O 

O 
O 

X 

m 

Figure 6 



LOCATION BOYLES 13 RKGRA 
26S-9W-20 AC 

HOLE NUMBER UU-75-13 
DRTE MEASURED 11/8/75 

TEMPERATURE-DEGREES C 
19 .00 2 3 - 0 0 2 7 . 0 0 3 1 . 0 0 3 5 - 0 0 3 9 - 0 0 4 3 . 0 0 4 7 . 0 0 51 -00 

I I I I I 1 \ I o 
o 

ro 
o " 
O 
o 

o 
m 

050 
o 

CO 
O " 

O 

o 

O ' 
o 
o 
o 

Figure 7 



LOCA"riON RLTERfli"ION 75 IR 
27S 9W 3CBB 

HOLE NUMBER UU 751R 
DRi-E MERSURED 7/22/76 

16.0Q 

a ' 
CD 

o ' 
o o 

rn 

r r t J i 

z6?-
COCD 

CD 

to 
CD-
CD 

a 

o " a 
o o 

34.00 
_J 

42-00 
_J 

TEMPERfl"rURE-DEGREEG C 
5C.CC 
J-

S'J.CC 
_L 

5P-! 74.00 
_J 

82.OC 
_J 

90. CC 

Figure 8 



LOCATION ALTERATION 75 IB 
27S 9W 4DDR 

HOLE NUMBER UU 75 IB 
DRTE MERSURED 7/22/76 

TEMPERRTURE-DEGREES C 
14-00 2 2 . 0 0 30-00 38-00 46 -00 54 -00 62 -00 70-00 . 78-00 

i I I I I 1 1 1 

N5 
O " 

O 
O 

m 

^ 2 
I ° 

m 

m2_ 
zo? 
cncD 

CD 

GO 
O ' 

O 
O 

O 
O 

O . 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Figure 9 



LOCRTION BIG CEDAR COVE 
27S 9W 14 BD 

HOLE NUMBER UU 75 iCC 
DATE MEASURED 9/22/75 

TEMPERATURE-DEGREES C 
1 2 . 0 0 13-00 14 .00 15 .00 1 6 . 0 0 1 7 . 0 0 18 .00 19-00 2 0 . 0 0 

I I I I I I I I o 
o 

CD' 

o 
o 

O 
m 
^ ? ' 

zx 
m 
—I 
mo5-
z^? 
COCD 

CD 

OO 
CD' 

O 
O 

O 
O 

O 
O 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

K 

X 

K 

X 

Figure 10 



LOCATION RYANS RANCH 
27S 8W 4DCD 

HOLE NUMBER UU 75 /̂  R 
DATE MEASURED 11/6/76 

TEMPERATURE-DEGREES C 
8 . 0 0 9 . 0 0 10 .00 11 .00 12-00 13 .00 

1 1 1 I I 
14-00 15-00 

_l 
le.oi) 

_ i o o 

o ' 
o 
o 

D 
m 
• v i 

mo>. 
ZV? 
0 ) 0 

o 

GO 
CD' 

CD 
CD 

CD 
O 

O 
O 

X 

X 

X 

X 

Figure 11 



LOCATION ALTERATION 76-lA RKGRA 
27S 9W 34 CR 

HOLE NUMBER UU 76-lfl 
DRTE MERSURED 8/ /76 

TEMPERRTURE-DEGREES C 
30.00 38.00 46-00 54.00 62.00 70-00 78-00 86.00 94.00 

I I I I I 1 1 1 o 
o 

N) 

O 
O 

o m 

fs 
zx 
m 
— f 
rn2_ 
zo? 
C/)o 

o 

GO 
O " 

O 
O 

O " 
O 

O 
O 

Figure 12 



LOCATION RKGRA SALT COVE 
26S 9W 25 DC 

HOLE NUMBER UU 76 SC 
DATE MEASURED 3/24/77 

TEMPERRTURE-DEGREES C 
1 0 - 0 0 1 1 - 0 0 1 2 - 0 0 1 3 . 0 0 M . O O 1 5 - 0 0 1 6 - 0 0 1 7 - 0 0 1 8 - 0 0 

1 I I I I I 1 1 o 
o 

o 
o 

CD 

I C O 

m 

'zo'S' 
CO. 

o 
CT 

l y l 
CD 

CD 
O 

o ' 
o 

CD 
CD 

Figure 13 



LOCRTION 

HOLE 
DATE 

NUMBER 

BEARSKIN 
27S 
UU 

MEASURED 

8W 8 
76 i3 5 

RKGRA 
BRB 

8/20/76 

o o 

TEMPERATURE-DEGREES C 
8 . 0 0 1 0 . 0 0 1 2 . 0 0 1 4 . 0 0 1 8 . 0 0 1 8 . 0 0 2 0 . 0 0 2 2 . 0 0 2 4 - 0 0 

1 I I I I I I I 

o 
o 

a 

— i . 

m.x^, 
zo'c^ 
cn-

o 
o 
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