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ABS 'l'l~ACT 

This report presents a compendimn of geothermal data on the 

State of Oregon gathered under U.S. Bureau of Mines Study Contract 

50122129. Included in the study are data from six monitor wells 

located in areas with differing geographic, geologic, and climatic 

conditions. Temperatures were recorded at depths ranging from 1 

to 25 meters for periods of time sufficiently long to show the 

patterns of seasonal variations. Grajils from these six locations 

show changes in temperature with depth and chan~es of temperature 

with time. A total of 140 shallow (:3-8 meter) holes were drilled 

to show the shallow-temperature field over an anomaly identified by 

deeper (62-152 meter) drilling. Shallow-temperature conditions are 

also shown for several areas in southeastern Oregon. Eighty geo

thermal gradients were measured in pre-drilled holes. Thirty-one 

heat-flow determinations are reported, including those from five 

bore holes drilled as a part of the stu~. Geothermal data gathered 

has so far resulted in the identification of six areas of anomalously 

high heat flow. Further studies are unde~ on several of these 

anomalies. Data in the report are presented in the form of .. text, 

graphs, tables, and maps. 
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GEOTHEH!.W.. STUDU:S AND EXPLORATION IN OREGON 

INTRODUCTION 

Study goals 

In 1972, the Oregon Department of Geology and 1-lineral Industries began 

a study to locate geothermal resources utilizing various heat-flow techniques. 

During the period of this study, ending June 30, 1975, several previously 

unknown areas of high heat flow and geothermal potential were identified. In 

addition, a better understanding of regional heat-flow patterns was obtained 

and a comprehensive set of data on shallow-temperature fields was developed 

in several parts of the State. 

This report s\llllllarizes the nature of the work done, presents the data 

gathered, and discusses the findings. It also lists published articles and 

open-file reports that have already presented some of the results of this study. 

Gathering the data for this stuctr involved four types of activities: 

1. Pre-drilled bore holes were located and temperatures logged; data gathered 

through October· 1974 was placed on open file as De~ll~()~!l:~ile Report 

0-75-3. 

2. Six monitor wells situated in a wide range of climatic and geologic 

environments, were located, cased, and logged for annual temperature change. 

3. 1.4.0 shallow bore holes ranging from 3 to 8 meters were drilled in widely 

scattered locations in eastern Oregon to determine their shallow-temperature 

conditions. 

4. Five bore holes were drilled from.62 to 152 meters in depth to verify 

trends found in the shallow holes and to confirm trends picked up from other 

phases of the stuey. 
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Development of methods 

After the inception of the program, it became necessary, or desirable, 

to modify some of the methods for accomplishing the goals. For example, 

we purchased a set of temperature-logging equipment since none was avail-

able for rent as had been anticipated, Later, experience showed that 

logging with high-quality portable equipment was much preferable to im-

planting permanent instrumentation in the monitor holes as originally 

intended, A third change in the program was in the method of siting the 

five holes for deep drilling, An early concept was to site the deep bore 

holes from information obtained by drilling lll&lV shallow holes. As the 

study progressed, we found that pre-drilled bore holes (water wells and 

exploration holes) provided far better information than shallow holes. 

For this reason, and because of delays in obtaining permits to drill on 

Federal land, the information that was developed from pre-drilled holes 

was the basis for locating all but one of the bore-hole sites. 

A.'! an addition to this study, financial support of $2,000 was provided 

the Geophysical Research Group, Department of Oceanography, Oregon State 

University, to obtain telluric current data. Because telluric currents 

are strongly affected by the Earth's thermal field, this work was compli-

mentary to the overall goals of the program and resulted in publication of 

an east-west profile across the State (see No. 7 of papers listed below). 
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Progress of stugr 

As the study progressed and information relating to specific facets 

of the program was gathered, progress reports were issued from time to 

time. One of these reports (See No. l below) listed gradients and heat 

flow for several of the pre-drilled bore ho1es, the most interesting of 

which was the Cow Hollow anomaly discussed in the naxt section. The 

progress reports on the study are as follows: 

l. Bowen, R.G., Blackwell, D,D,, 1973, Progress report on 

geothermal measurements in Oregon: Ore Bin, Vol. 35, No, l, p, 6-7. 

2. Blackwell, D,D,, Bowen, R,G., 1973, Heat flow and Cenozoic 

tectonic history of the northwestern United States: Cordilleran 

Section Meeting, Geological Society of America, Portland, 

Oregon, March 1973 (Abstract), 

J, Bowen, R.G., Blackwell, D.D., 1973, Heat flow in the State 

of Oregon: Fall Annual Meeting American Geo}ilysical Union, 

San Francisco, Calif,, December 1973 (Abstract), 

4. Bowen, R.G., lrr14, Oregon geothermal stut\Y program: Oregon 

Acad~ of Science, Eugene, February 23, 1974 (Abstract), 

5· Fisher, Deborah, 1974, An estimate of southeast Oregon's 

geothermal potential: Fall Annual Meeting American Geophysical 

Union, San Francisco, Calif., December 1974 (Abstract). 

6. Or;,gon Department of Geology and Mineral Industries Opsn 

File Report 0-75-3, Geothermal Gradient Data, 

7. Bodvarsson, G., Couch, R.W., MacFarlane, W,T., Tank, R. w. 
and Whitsett, R,M. 1974, Telluric current exploration for 

geothermal ananalies in Oregon: Ore Bin Vol. 36, no, 6, P• 93-107. 

8, Bowen, R,G, and Blackwell, D,D,, 1975, The Cow Hollow geothermal 

anomaly": Ore Bin, Vol, 37, no. 7, p. 109-121. 

9. Blackwell, D,D, and Bowen, R,G,, 1975, Geothermal measurements in 

the Western Snake River Plain, Oregon: (in preparation) 
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GIDTHERMAL ANOMALIES 

Several areas have been located where temperature gradients appear to exceed, 

by a factor of at least 0.5, what is considered to be the normal gradient for 

tuffaceous sediments in the region --60°C/km. The anomalous areas, shown on 

Ji'late l are as follows: 

Cow Hollow anoma1y (Figure l) 

A report on the Cow Hollow anomaly, prepared for the July, 1975 Ore Bin, is 

included in the appendix, but a summary is presented here. 

The Cow Hollow anomal;v, covering an area of at least 18 square mil.es, is 

located about 7 mil.es southeast or Vale, Oregon. Within the area, heat-flow 

values range between 2.3 and 6.4, from slightly above to more than three times 

normal for the region. The anomaly appears to be on a fault zone paralleling 

the general regional structural trend or the Snake River Downwarp. The faulting 

is believed to have displaced permeable reservoir rocks against impermable 

lacustrine sediments causing a structural trap and preventing further migration of 

the geothermal fluids. The anomaly is believed to reflect the presence of an 

accumulation of these fluids. 

Willow Creek anoma.ly (Figure 2) 

The Willow Creek anomaly is centered about 10 miles northwest of Vale and 

is possibly a continuation of the Caw Hollow anomaly, southeast of Vale. Its 

presence is manifested by measurements in four water wells with gradients 

greater than 900C/km. Heat-flow values range from 2 to 3.8 HFU. The walue of 

3,8 in bore hole l7-43S9 is considered less reliable than the other values 

because the hole is only 35 meters deep. This anomal;v is probably associated 

with the Willow Creek fault zone reported in the paper on the Cow Hollow 

anomal.y. Table 10 gives the geothermal data for this region. 
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Jacobsen Gulch anoma1y (Figure 2) 

The Jacobsen Gulch anomaly was located U,y the DOGAMI drilling program 

and may be an extension of the Willow Creek anomaly to the west. In this 

anomaly two bore holes about 7 miles apart show high readings. Hole 17-4558 

encountered warm (2400) water at 105 feet, which probably indicates the 

presence of heat transfer by convection rather than conduction and makes the 

value of this heat-flow reading of questionable value. The bore holes drilled 

farther east, all in impermeable sediments, showed no signs of convection, 

indicating that the heat-flow measurements are reliable. Table 11 gives the 

geothermal data for this region. 

Trout Creek anomaly (Figure 3) 

The Trout Creek anomaly was located in bores drilled during a uraniwn 

exploration program in the region. The holes logged ranged in depth from 50 

to 150 meters. Several near-bw warm springs also indicate the presence of 

heat in this region. Table 9 lists the geothermal data for this region. 

Coyote ButtesanomaJ.y (Figure 4) 

At the Coyote Buttes anomaly, five bore holes, also drilled for a uranium 

exploration program, have gradients of 120°C/km and greater. There are several 

hot springs nearby at or near Harney Lake. Temperature gradients in the bore 

holes indicate that the heat source continues under the hills to the east of 

the Lake. This trend is located on the Brothers fault sene (described bw 

Walker, 1974). Since cuttings or cores were not available from this site, no 

heat-flow determinations were made; however, the lithology is very similar 

to the other lacustrine tuffaceous sediments in east-central Oregon which 

have shown conductivities in the range of 2.6 to 2.8. ~us, heat-flow values 

in the Coyote Butte anomaly range between 3.1 and 4.2 HFU. Table 9 gives a 

listing of geothermal data for this region. 
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Glass Buttes anoma1y Figure 5) 

The Glass Buttes ano~ was located by logging a pre-drilled water well. 

The area, also located on the Brothers fault zone, is interpreted by Walker,. 

Peterson, and Green (1967) to be a complex of silicic volcanic vente and domes. 

Extensive hydrothermal alteration has produced an opalite zone containing dis

seminated mercury mineralization, There are no thermal springs in the area, but 

the well has water at 4SOC (llS~} at a depth of 220 meters and an average 

gradient of 190°0/Y.Jn. This high gradient combined with the location of the 

Buttes on the Brothers fault zone appear to make the area an attractive 

geothermal prospect. 
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~VNITOR HELlS 

Methods 

One of the goals of this study was to work on methods or identifying 

geothermal anomalies at shallow depths where solar radiation has greater 

effects on temperature of rock than does geothermal heat flow. At the 

surface the solar heating component can amount to several thousand times 

the geothermal component, diminishing with depth to a point where it no 

loneer is detectable. Because so little information exists about the near 

surface-temperatures and the effects of the annual solar heating cycle, 

the llVnitor well program was instituted as an adjunct to the geothermal 

study program. 

Six monitor 11ells in different pa.rts of the State were chosen to 

sample the effects of various climatic, geographic, and geologic conditions 

on heat flow. \'/ell availability and accessibility were also facotrs in 

choice of sites. Approximately once a month the temperatures at 1, 2, 3, 

5, 7~, 10, 15, 20 and 25 meters were taken in each hole. In all of the 

wells chosen for monitors either the water level was below the level to 

be lor£ed and shown to be constant or the well was cased and set with 

plastic pipe sealed at the bottom. Where plastic pipe was used, it was 

filled wlth water to facilitate the more rapid taking of measurements. At 

several sites, however, surface cooling of water during cold months pro

duced a high gradient which caused convection and affected the acurracy of 

the measurements. This was remedied by bailing out the water and taking 

measurements in air. In order to counteract the effects of the long interval 

of time required for the probe to reach equilibrium in air, four readings 

taken at 2-minute intervals were plotted on log gra]:h pa.per and interpolated 

to infinite time. This method proved satisfactory in giving the best 
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temperature at a particular depth, An error of ~ meter on the cable 

mnrkin.r;s was dis.covered in November 1972 after well monitoring began; 

therefore all measurements prior to that date were taken at 1~, 2~, 3~, 

etc, meters and those after that date were at 1, 2, 3, etc, meters. 

Tabnlated data for the monitor wells gives dates the wells were 

logged, mean averac:e air temperature for the month, and temperatures 

at various depths, Question marks represent readings that depart signi

ficantly from a sine curve and are believed to be inaccurate. Two plots 

are shown for each monitor well: one for temperature vs depth at dif

ferent periods of time and the other temperature vs time at various 

depths, Both sets of curves have been smoothed where there are obvious 

inconsistencies. The effects of convection due to the high gradients 

developed from surface cooling in the winter time showed up in several 

of the plots,. particularl;v' the 2-meter and 5-meter temperature vii time 

plots. 

Descriptions of monitor well sites 

Monitor 1, Vale, Oregon: Sec 25, T 19 s, R 45 E, Malheur County, 

elev. 2667 feet (813 M) (Table 1, Figure 6). This was an abandoned 

mineral exploration well that was relocated and logged to a depth of 70 

meters. Plastic pipe was set to a depth of 26 meters and filled with 

water, This well has the highest gradient of any located during. the course 

of the study (214° C/km; HFU 6,4 with topographic correction), Geologicall;v' 

the area is on the west flank of the Snake River Basin. Rocks at the 

surface and presumably to a depth of about 800 to 1000 meters are tuffaceous 

claystone, siltstone, and minor s~ and conglomeritic interbeds. Mean 

annual surface temperature in the well area is about l3°C, The u.s. 
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Weather Bureau reports the average monthly temperature to ran~ between 

-2° and +24 °C. This wide variation is reflected in the shallow readings, 

with the 1-meter readings changing nearly 20° and the 2-meter readings 

changing more than 12°, Temperature variations are significantly damped 

by 10 meters, and b,y 20 meters they probably reflect reading errors more 

than true variation. 

Monitor 2, Warren Oregon: Sec 11, T 4 N, R 2 W, Columbia County, 

elev. 480 feet (146 M) (Table 2, Figure 7). This well was drilled by 

the Department of Geology and Mineral Industries to 17 meters and a sealed 

plastic·casing was set to T.D. The well is in an area of veey low heat 

flow and has a geothermal gradient about 1000/km. The rock type is deeply 

weathered basalt that has become laterized. Average annual temperature 

in the vicinity of the well appears to be about 100C with the monthly" 

temperatures for the region averaging between 2° and 20°. As. the well site 

is located in a forested area the monthly average temperatures are moderated 

over the regional average. This minimal variation is reflected in the 

subsurface which at 1 meter has a total variation of nearly 9°; at 2 meters 
0 

it varies 4° and at 5 meters it varies less than 1 • 

Monitor 3, Arlington, Oregon: Sec 1, T 2 N, R 21 E, Gilliam County, 

elev. 740 feet (226 M) (Table 3, Figure a). This well was drilled and 

cased with plastic pipe to a depth or 125 meters as a foundation test for 

an electric power generating plat. Regionally the area is a part of the 

Umatilla Plateau. The rocks encountered in the bore hole were tuffaceous 

lacustrine sediments of the Selah Formation to a depth of llO meters over-

lying Columbia River Basalt, The geothermal gradient in the bore hole is 

about 62°C/km. The site is located on a sage-covered flat, average surface 

temperature is about l4°C, and monthly averages range between 0° and 24°C. 
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Annual variation at a depth of 2 meters is about ll 0 , at 5 meters it is 

damped to 3°, and at 10 meters it is less than 1°. 

Monitor 4, Baker, Oregon: Sec 13, T 9 S, R 39 E, Baker County, 

elev. 3500 feet (1067 H) (Table 4, Figure 9). This hole was drilled 

to 72 meters as a water well, It is cased to total depth, and the water 

level stands at 7 meters. No change was detected in the water level 

during the time it was logged, The site is located in alluvium in the 

Baker Valley, at the foot of the Elkhorn Mountains, At present and during 

the recent past the area has been an open field, Average surface temper

ature is about 10°C with monthly average variation between -4° and 220C. 

At a depth of 2 meters the year~ range is about lOP, at 5 meters it is 20 

and at 10 meters it is 0.25°. 

l.fonitor 5, Dufur, Oregon: Sec 20, T 1 S, R 13 E, \'fasco County, 

elev. 116o feet (354 M) (Table 5, Figure 10). Drilled and cased as a 

water well to 135 meters. Standing water level was at 55 meters so all 

measurements were made in air. The well has a geothermal gradient of 

54°C/km to the water table. where it decreased to about 30C/km to total 

depth, The bottom part of the hole represents convective heat transfer. 

The well is drilled in basalt near the edge of an alluvial filled valley. 

Average annual temperature is about 13°C with monthly average variations 

between 0° and 20°C, At a depth of 2 meters the year~ range is about le0
, 

at 5 meters it is 2°, and at 10 meters it is less than 0.5°. 

Monitor 6, Burns, Oregon: Sec 13, T 27 s, R 30 E, Harney County, 

elev. 4180 feet (1274 M) (Table 6, Figure 11). Drilled for mineral explor

ation to a depth of 130 meters. A plastic casing sealed at the bottom is 

set to 25 meters. Standing water level reported at 20 meters. The upper 

70 meters of this hole shows a gradient of 120°C/km, and about 70°C/km 
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Table 1. Data from monitor \.rell 1, Vale 

Date :!-lean Monthly 
Logged Air Temp. l!m 2~ :Hm 4km 5km l~m l5~m 2o!m 25~ 

9/7/72 14.5 15.97 14.69 15.43 

9/26/72 14·5 18.76 18.05 16.41 15.91 15.o6 15.65 16.75 17.61 18.31 

10/3/72 11.17 18.38 1G.33 16.96 15.66 15.11 15.64 16.73 17.67 18.15 

10/10/72 11.17 18.25 17.78 16.65 15.48 15.10 15.68 16.84 17.72 18.25 

10/15/72 11.17 17.61 17.74 16.92 15.73 15.22 15.77 16.76 17.68 18.17 

11/1/72 4.83 15.40 16.18 16.35 15.99 15.31 15.69 16.56 17.53 18.17 

11/16/72 4.83 14.88 15.69 16.04 15.36 15.87 16.79 17.75 18.24 

I 

..... 
Date Mean Monthly 

0: 

Logged Air Temp. 1m 2m 3m 4m 5m 7~ 10m 15m 20m 25m 

ll/16/72 4·83 14.40 15.28 15.84 15.57 15.77 16.69 17.64 18.24 

ll/29/72 4·83 11.62 13.00 14.03 14.87 15.25 15.68 16.55 17.56 18.10 
(air) 
12/20/73 -6.00 9.60 12.57 14.15 14.98 15.33 15.32 15.69 16.64 

(oil) 
12/20/73 -6.00 10.88 ll.96 13.47 14.45 15.06 15.35 15.73 16.65 17.55 18.17 

1/4/73 -2.33 9.63 12.39 13.69 14.61 15.17 15.53 15.77 16.70 17.58 18.26 

1/23/73 -2.33 7.78 10.49 12.55 13.14 13.92 15.39 15.73 16.58 17.49 18.07 

2/15/73 0.5 9.03 10.43 11.53 13.91 14.31 15.55 15.76 16.68 17.58 18.19 

Temperatures in °C 



Honitor well 1, Vale: page 2 

Da-ce ¥.ean montil.y 
Logged Air Temp. 1m 2m 3m 4m 5m 7~ 10m 15m 20m 25m 

2/20/73 0.5 3.76 8.60 10.69 12.77 13.77 15.46 15.71 16.57 17.52 12.11 

3/13/73 7.39 7.50 10.27 12.16 1).80 14.78 15.51 15.82 16.68 17.65 18.70 

4/3/73 9.56 5-84 8.04 9.91 11.81 1).64 15.41 15.76 (16.10) 17.65 18.43 

(oil) 
4/25/73 9.56 9.98 10.09 11.16 12.32 1).69 15.34 15-72 16.62 17-56 18.17 

5/16/73 16.3) 15.23 11.07 11.59 12.63 13.48 15.55 15.75 16.60 17-57 18.15 

6/5/73 21.06 16~68 13.84 12.20 12.66 13.61 15.26 15.84 16.66 17-54 18.11 

6/26/73 21.06 19.24 15.03 13.15 13.25 13.98 15.39 15.78 16.65 17.58 1!!.23 

7/18/73 23.22 23.07 16.21 13.78 13.71 14-15 15.43 15.85 16.65 17.61 18.24 

8/10/73 23.83 23.45 18.94 15.26 14-41 14-29 15.44 15-71 16.68 17.64 18.23 I 

.... 
-D 

9/10/73 14.5 22.05 20.32 17.35 15-72 14-84 15.33 15.77 16.67 17.62 18.22 
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Table 2. Data from monitor •~ell 2, \'iarren 

Date Mean Monthly 
Logged ;J.r temp. lWn 2~m J~m 4~m 5/am 6~ 7~m 8~ 9~ lO!m 15.4111 

8/10/72 2l.ll 10.75 9.66 10.3 10.05 

9/15/72 . 15.00 14.74 12.48 10.85 10.09 9.81 9.79 9.86 9.93 9.98 10.02 10.05 

10/22/72 11.28 12.38 12.40 11.44 10.55 10.07 9.90 9.89 9.92 9.96 10.00 10.05 

11/15/72 7.94 11.;27 11.42 11.39 10.24 9o99 10.04 

Date Mean Monthly 
Logged Air temp. lm 2m 3m 4m 5m 6m 7~m 10m 15m 

ll/15/72 7.94 10.88 11.35 11.41 10.49 9.98 10.04 

12/2/72 1.94 10.46 10.79 10.99 11.00 10.57 10.19 9.98 10.04 

12/11/72 1.94 9.18 9.93 10.68 10.73 10.62 9.98 9.97 10.04 
I 

12/17/72 1.94 8.64 9.67 10.39 10.55 10,60 10.25 10.00 9.9S 10.04 1\ 
1\ 

l/12/72 2.8 8.27 8.77 9.37 9.97 10.16 10.06 9.98 10.03 

1/29/72 2.8 7o91 8.45 8.77 9.62 10.03 10.10 9.99 10.03 

2/14/73 5.17 5.84 8.18 9.8 10.39 10.47 10.13 10.00 10.03 

3/5/73 8.78 7.09 7.81 9.18 10.04 10.36 10.16 10.02 10.03 

3/21/73 8.78 7.30 8.ll 9.17 9.93 10.29 

4/30/73 8.06 9.34 8.66 8.98 9.56 9.98 10.16 10,05 10.03 

5/19/73 14.94 11.53 9.34 9.23 9.58 9.88 10.19 10.11 10.08 

6/18/73 16.5 12.09 9.99 9.52 9.63 9.90 10.11 10,08 lO.ll 

7/17/73 20.39 13.66 10.64 9.76 9.78 10.01 10.05 10.07 W.Q3 



1-!oni tor well 2, ~·iarren: page 2 

Date Mean Honthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7~m lOrn 15m 

8/14/73 21.11 14.56 12.03 10.54 9.99 9.89 10.03 10.07 10.04 

10/23/73 11.28 12.19 12.17 ll.J7 10.69 10.26 10.02 10.04 

12/19/73 1.94 8.99 9-07 10.15 10.32 10.39 10.01 10.04 10.00 

Cl 
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Table 3. Ja t.c:.. f!"o::. ::10~ tor ·.1ell 3, Pe b ·:::le 5prL'1gs 

Jate Hea.n Eont:1:y 
Logged Air Temp. lm 2m 3m 4m 5m 7~ 10m 15m 20m 25m 

2/23/73 3·9 8.27 11.23 13.21 14.46 15.34 15.14 14.96 15.24 15.50 

4/.4/73 9.83 9.23 9.61 10.87 12.37 13.44 15.20 15.29 15.15 15.39 15.64 

4/26/73 9.83 12.98 10.96 11.12 12.10 12.65 15.01 15.25 15.21 15.38 15.65 

5/22/73 17.89 15.62 13.19 12.48 12.94 13.70 15.03 15.29 15.25 15.57 15.78 

6/1/73 21.61 15.27 13.48 12.92 13.15 13.63 14.73 15.11 15.31 15.49 15.73 

6/19/73 21.61 17.07 14·57 13.61 13•57 13.86 14.76 15.22 15.62 15.89 

8/1/73 2l).O 21.77 17.42 15.72 14.65 14.31 14.52 14·99 14.87 15.51 

8/19/73 25.0 18.50 18.50 15.43 15.09 14.57 14.46 14.95 15.39 15.35 15.86 
N 

"' 9/4/73 17.06 19.85 19.19 17.21 •15.71 15.03 14.53 14.96 15.45 15.58 15.83 

10/15/73 11.17 16.81 18.49 17.48 16.62 15.88 14.82 14.86 15.37 15.61 

1/18/74 (8.85) 10.73 13.71 15.04 15.35 15.47 15.14 15.33 15.52 



Table 4. Data from monitor well 4, Baker 

Date 11ean Monthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7~m lOrn 15m 20m 25m 

12/21/72 -5.44 3.23 7.46 9.31 10.55 11.32 10.91 10.71 10.79 10.98 

1/6/73 -5.00 2.97 7.22 9.37 10.67 11.09 10.'}0 10.73 10.78 10.91 

1/24/73 -5.00 1.74 6.72 8.97 10.13 10.82 10.85 10.75 10.79 10.97 11.11 

2/8/73 0.17 1.77 5·24 7.26 8.78 10.21 10.73 10.74 10.79 10.96 11.13 

2/21/73 0.17 1.'}0 4·95 7.06 8.49 10.07 10.67 10.73 10.79 10.98 11.10 

3/14/73 6.00 4.56 5.79 7.11 8.33 9.79 10.52 10.68 10.79 10.98 11.10 

4/4/73 5-78 6.50 6.34 7.21 8.16 9.35 10.46 10.64 10.74 10.97 11.10 

4/26/73 5'.78 9.13 7.38 9.85 8.27 9.52 10.34 10.57 10.79 10.98 11.10 I 

5/18/73 13.67 15.35 8.07 8.02 8.50 9.59 
N 

10.20 10.52 10.78 10.99 11.10 ~ 

6/6/73 16.67 16.21 10.47 9·03 8.94 9.60 10.19 10.52 10.77 11.00 11.10 

7/5/73 19.72 '2£).17 13.51 11.04 10.18 10.08 10.26 10.52 10.80 11.01 11.13 

7/18/73 19.72 21.72 13.77 11.55 10.56 10.11 10.32 10.50 10.80 11.02 11.13 

8/9/73 20.78 21.35 15.09 12.72 11.38 10.60 10.41 10.52 10.80 11.02 11.13 

~/5/73 12.17 17.75 15.43 13.80 12.51 11.26 10.51 10.57 10.80 11.02 11.12 
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Table 5. )ata fro~ mor~tor we~ 5, Dufur 

Date l{ean l1onthly 
Logged Air Tenp. 1m 2m 3m 4m 5m 7~ 10m 15m 20m 25m 

12/22/72 -2.94 8.36 10.09 11.32 12.35 12.75. 12.89 12.97 13.26 13.55 13.88 

1/11/73 0,22 5o14 8.72 10,81 12.33 13.02 13.20 . 13.31 13.56 13.76 14.02 

1/25/73 0,22 6.80 8.76 11.70 12.35 12.73 12.95 13.07 13.44 13.70 . 13.99 

2/9/73 2.5 5.30 8.69 10.62 12.80 13.11 13.08 13.16 13.66 13.87 14.10 

2/26/73 2.5 8.28 9.38 10.58 12.40 13.00 12.92 12.94 13.39 13.67 13.96 

3/15/73 7.0 8.83 9.90 10.98 12.54 13.08 12.98 13.05 13.76 14.25 14.28 

4/5/73 6.67 11.07 10.37 11.35 12.94 13.06 13.11 13.00 13.76 13.84 14.03 

4/Z7/73 6.67 14.07 13.74 11.13 11.58 12.59 12.78 12.98 13.72 13.77 14.08 
I 

6/1/73 16.5 15.94 12.82 12.70 13.12 13.12 13.12 13.24 13.97 13.92 "' N 

6/19/73 16 • .; 16.78 13.93 12.93 13.06 13.10 13.09 13.19 13.77 13.91 

7/9/73 19.94 21.29 16.31 14.09 13.27 13.20 13.23 13.22 13.77 13.90 

8/1/73 20,22 22.51 17.21 15.23 13.73 12.72 13.18 13.26 13-77 13.85 

9/4/73 13.44 18.00 18.41 16.71 14.24 13.55 12.49 13.35 13.65 13.84 14.05 

11/1/73 5.28 12.o6 15.o6 15.43 15.08 14-Z7 13.19 13.35 13.74 13.91 14oo6 



Table 6. Data from monitor Nell 6, Burns 

Date l'JBan Honthly 
Logged Air Temp. 1m 2m 3m ljlll 5m 7~m 10m 15m 20m 25m 

2/19/73 -0.72 6.44 7.22 9.38 10.63 11.25 12.38 12.58 13.42 13.77 14.D7 

3/12/73 5-33 6.74 7-77 8.75 9.72 11.10 12.39 12.53 13.33 13.76 14.07 

4/2/73 4.72 6.81 7.76 7-75 9.96 ll.33 12.40 12.59 13.37 13.76 14.06 

4/24/73 4.72 7.15 8.26 9.Z7 10.18 ll.34 12.38 12.63 13.34 13.77 14.06 

5/16/73 12.61 ll.47 8.20 9.Z7 10.56 11.29 12.35 12.83 13.44 13.74 14.07 

6/4/73 16.78 14.35 9.50 9.47 10.38 ll.17 12.39 12.83 13.43 13.76 14.05 

6/28/73 16.78 16.87 ll.42 10.47 n.04 n.so 13.03 13.18 13.56 13.79 14.17 

7/17/73 19.61 20.20 13.Z7 10.92 ll.Q9 ll..38 12.11 12.56 13.44 13.81 14.10 

8/8/73 20.06 19.72 14.46 11.77 11.21 11.40 12.20 12.58 13.45 13.79 14.10 I 

~ 
8/21/73 20.06 20.31 15.76 12.54 11.37 ll.33 12.30 12.56 13.42 13.78 14.09 

9/12/73 11.17 18.40 16.07 13.19 11.87 11.64 12.29 12.57 13.46 13.78 14.10 
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below that depth, The gradient difference may reflect the locaJ. geologic 

condjtions in which semi-consolidated lacustrine tuffaceous sediments near 

the :mrf"ace overlie a dense welded tuff, The site is located in sage-covered 

rollin'~ hills. The average annual temperature is about 10°, with monthly 

averar~e variations between -4° and +21°C, A good curve was not obtained at 

this site because it was not logged for a suffici•mt period and because 

convection of the water in the plastic pipe upset the shallow gt•adients, 

At a depth of 2 meters the annual variation appears to be about 9°. At 

5 meters records show a change of only about ~0, but this m~ reflect the 

temperature disturbances due to convection rather than true temperatures, 

B,y 20 meters the well showed extreme stability with changes of only 0.05°, 
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SHALI.0\•1 i\'ELL PROGRAM 

The goal of this phase of the study was to see if geothennal anomalies 

could be identified by temperature measurements from bore holes drHled 

only 2 or 3 meters deep. The results of this study are still unclear as 

the analysis of the date gathered has not been completed. From what has 

been learned thus far it appears that the method has promise, but the 

gathering and working up of the data to make useful comparison is so time 

consuming that drilling the holes to a depth where they are out of the 

effects of solar heating is more worth-while. This study has fallen into 

two divisions, the first is the intensive examination of the geothermal 

anomaly in the Cow Hollow area, and the second is the reconnaissance 

drilling in other parts of eastern Oregon. In the Cow Hollow area (Figure 12) 

48 holes were.drilled to a depth of at least 3 meters, but some as deep 

as 8 meters. During the reconnaissance drilling 92 holes were drilled to 

a depth of 3 to 7 meters in various areas in eastern Oregon. These areas 

are shown on Plate l. 

The holes.were drilled with a Mobil Minuteman power auger and when 

completed were cased with plastic pipe, capped at the bottom, and filled 

with water. A cap was also placed at the top of the pipe to ensure successful 

re-entry. Temperature measurements were then made in the drill holes 

after the upsetting effects of drilling had diminished and the holes had 

stabilized. In practice we found that a relatively experienced crew was 

able to drill between one and two shallow holes a dey-. Nearly all holes 

\•rere drilled in tuffaceous sediments, with a few in alluvium. Because of 

the abrasiveness of the tuffaceous sediments, bit wear was high and life of 

the augers was short. Frequent moves contributed to making this program 

relatively costly per foot of hole drilled. 
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To <iorive useful information from temperature measurements taken · 

within the zone of annual temperature changes requires the awareness of 

oeveral variables, aside from annual air temperature changes. Also 

important is the elevation, ground cover, direction and inclination of 

the slope, ground-water movements, and cultural changes. The object of 

this study was to analyze or avoid these effects in order to see if sig

nificant data about the heat flow could be obtained from shallow holes. 

Temperature variations due to annual air temperature changes could be 

accounted for either qy using monitor wells to record these changes, or 

by taking all measurements in the areas to be compared within an interval 

of one or two days. 

Since temperature decreases with an increase in elevation, a "lapse 

correction" for elevation was applied to the data. The correction factor 

used was -3°C/km. For the shallow wells, the lapse correction was applied 

in order to correct the mean annual surface temperatures to a common 

elevation {in Table 7 the mean elevation used was 1000 meters). Measurements 

for an individual group of holes were made over a period of one day, or at 

most a few days, so that the temerature drift would be minimal. rlhere the 

temperature measurements spanned several days, measurements were made in 

at least one well every day so that drift corrections could be applied and 

the data reduced to a common day. There has been no attempt to match the 

temperature data from the different areas qy using a theoretical temperature

versus-date curve. At the present time the data are only significant when 

compared to the local group of drill holes. 

The shallow-hole data from Cow Hollow shown in Table 7 gives the 

results of measurements taken at different times. Table 7 also gives the 

elevation and lapse correction used in preparing a comparison of the data. 



Table 7. Data from shallow holes, Cow Hollow 

10/15/72 5/8/73 6/25/73 9/7/73 
Location Elevation Lapse 1m 3m 1m 3m 1m 3m 1m 3m 

VE- A 768 -0.72 17.49 16.87 12.18 11.54 22.13 16.72 

V3- B 913 -0.26 17.79 16.91 11.72 18.80 12.76 22.90 16.99 

VE- C 925 -0.23 17.41 16,13 12.17 19.39 12.66 23.14 16.00 

VE- D 841 -0.48 17.87 16.85 12.46 11.44 19.54 12.80 23.07 16.68 

VE-E 878 -0.37 14.40 16.29 11.61 11.92 20.41 12.93 23.75 16.00 

VE- F 823 -0.53 16.40 16.18 12.67 (11.88) 19.25 13.02 22.50 16.12 

VE- G 832 -0.50 17.79 18,05 13.09 11.71 20.78 13.17 23.88 17.23 

VE- H 811 -0.57 16.90 16.68 11.81 (11.07) 16.70 13.48 21.33 16.26 
• 

VE- I 872 -0.38 16.21 15.86 10.99 11.05 16.75 12.25 21.08 15.52 5 

VE- J 830 -0.51 16.01 16.22 11.62 11.33 17.92 12.47 21.37 15.70 

VE -If 811 -0.57 18.77 13.52 22.96 17.44 

VE-L 780 -0.66 18.73 13.67 22.68 17.68 

VE- M 884 -0.35 17.94 12.24 j2.46 16.12 

VE- N 872 -0.38 17.26 11.54 20.99 14.17 

VE • 0 835 -0.50 19.76 13.96 23.68 18.09 

VE- p 881 -0,36 17.92 12.12 18.76 16.02 

VE- Q 860 -0.42 18.20 12.28 18.70 15.91 

VE- R 963 -0.11 17.25 u.so 17.78 15.03 

VE- S 835 -0.50 17.57 12.67 21.44 16.29 

VE-T 719 -0.84 17.94 

VE- U 771 -0.69 18.31 12.78 22.70 16.60 



Shallo1q holes, Co,., Hollow: page 2 
10/15/72 5/8/73 6/25/73 9/7/73 

Location Elevation Lapse 1m 3m 1m 3m 1m 3m 1m 3m 

VE- V 850 -0.45 17.22 12.62 21.69 16.66 

VE- W 832 -0.50 18.48 12.60 22.88 16.79 

VE "-X 823 -0.53 18,00 12.28 21.99 16.12 

VE- y 890 -0.53 18.20 12.71 22.02 16.26 

VE-AA 847 -0.46 21.53 16.41 

VE-AB 902 -0.29 22.65 16.59 

VE-- AC 835 -0.50 22.77 17.34 

VE-AD 844 -0.47 22.41 16.69 

VE-AE 832 -0.50 22.17 16.00 I 

-0.86 12.46 20.62 16.35 "'" 
V'i/ - A 713 17.57 .... 

VW- B 725 -0.83 17.63 12.55 21.53 15.52 

Vvi- D 722 -0.83 20.60 15.39 

C - A (Cairo) 780 -0.66 18.66 12.64 22.47 15.78 

C- B 869 -0.39 17.17 ll.46. 21.13 15.26 

c- c 793 -0.62 19.94 22.90 

C-D 790 -0.63 19.56 12.61 22.47 16.01 

C- E 786 -0.64 18.82 12.71 22.01 16.69 

C- F 835 ..o. 50 19.61 13.09 23.45 16.98 

C - G 866 -0.40 19.08 12.70 22.94 16.80 

C - H 853 -0.44 18.82 12.64 22.21 16.54 



Shallow holes, Cm~ Hollovl: pafie 3 

10/15/72 5/8/73 6/25/73 9/7/73 
Location Elevation Lapse lm 3m lm 3m lm 3m 1m 3;!1 

MB-A 81.4 -0.56 18.15 13 .11 ... 22.29 16.41 

MB- B 762 -0.71 18.66 13.06 22.24 16.43 

MB- C 921 -0.24 17 .• 97 12.61 21.73 16.74 

MB- D 855 -0.44 19.08 13.49 23.07 16.96 

Mil-E aoe -0.58 18.78 13 .$.3 22.62 

c - I 805 -Q.59 19.63 12.70 

~ 
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Thus far the correlation between the temperatures found in the shallow 

holes and the heat flow as determined from the deeper holes has not been 

resolved. Blackwell and Bowen are continuing to work on the data and 

intend to publish a study of the area in the near future using the data 

gath0red under this contract. 

The information on the other shallow holes drilled under this study 

are listed in Table 8. This listing gives location, elevation, lapse 

correction, date holes were lor£ed, and temperatures at various depths. 

The general areas where these holes are located are also shown on Plate l. 



Table 8. Jata fro~ scattered shallow holes 

Shallow Hole Information ---
Temperatures in °C; Elevation in meters; Lapse correction to 1000:n e1eYation; numbers in paren. 
indicated depth at ~1ich temperature was taken. 

depths logged 
7~ Location Elevation Lapse Date 1m 2m 3m 4m 5m 6m 

Radiurn Hot Springs 

s;·:km:~ sec 28 'r7S R39E Hl 1009 +0,0 12/5/72 8.12 10.60 13.34 15.16 

S\~~~ sec 28 T7S R39E H2 1009 ..o.o 12/5/72 10.14 12.87 15.87 17.40 18.15 

SW~NEt sec 28 'r?S R39E H3 1009 +0.0 12/5/72 6.40 7.52 8.33 9.14 9-77 

Si•itNE~ sec 28 'r?S R39E H6 1009 .o.o 12/5/72 6.87 10.50 u.6o 12.04 12.61 

Malheur County 

SE$Ht sec 36 T17S R45E NHAJ 744 -0.77 8/24/72 14.495 13.90 (3.7m) 

SE];:S~f~ sec 36 T17S R45E 11HAz 744 -0.77 8/24/72 14.235 13.73 (3.8m) $ 
. ' 6 SE,;iS~ sec 3 T17S R45E HH~ 756 -0.73 8/24/72 14.82 14.245 

SEiNE~ sec 36 Tl7S R45E MHB2 756 -0.73 8/24/72 15.075 14.49 14.505 14.53 14.60 

NEiNEk sec 36 '1'175 R45E HHC1 768 -0,70 8/24/72 14-745 14.325 14.360 1Jh42 15.54 

NEMIE?:: sec 36 T17S R45E 11HC
2 768 -0.70 8/24/72 14.90 14.292 

N11~m::?:: sec 15 Tl7S R45E ~ 878 -0.37 9/6/72 20.46 16.31 14.04 13.14 12.99 

Jf,\tNEk sec 15 T17S R45E 1-JHD2 878 -0.37 9/6/72 19.59 16.14 14.10 13.30 13.15 

s:-.·~siik sec ·15 Tl7S R45E }lHE1. 951 -0.15 9/6/72 JJ}.76 16.57 14.70 12.89 12.61 

SIP.;S?i,~ sec 15 n 75 R45E tlHF1 936 -0.19 9/6/72 19.15 14-57 13.04 12.67 

SE-¢.5\vi sec 36 T16s R45E l%1G1 892 -0.32 9/6/72 20,04 17.03 14.51 13.39 13.15 13.18 13.28 

S\·:is~J~ sec 36 T16S R45E MHH1 865 -o.u 9/6/72 22.97 19.68 16.91 15.51 14.91 

SE~mii; sec 36 T16S R45E l·1HI1 913 -0.26 9/6/72 22.49 19.35 16.34 14.37 



Scattered shallo·~·r holes: pa[e 2 
1m 2m 3m 4m 5m 6m 7~m 

5 .:s·,.~ sec 36 T17S R43E JaA1 796 -0.61 10/14/72 17.03 16.97 15.58 14.61 14.1.:3 14.11 14.19 

S\;~sE~ sec 36 Tl7S R43E J~ 803 -0.59 10/14/72 17.47 17.34 15.80 ll,. 64 14.07 13.98 13.99 

Cllitll3;1_ sec 36 T16s I W;E JaC. 786 -0.64 10/10/72 17.36 16.68 14.93 14.1-" 11,.16 14.23 14.29 
.L 

tl\·;iig~ sec 36 Tl6S R44E JaDl 767 -0,70 10/10/72 17.66 17.21 15.29 14.17 13.74 13.76 13.81 

SW~NW~ sec 36 Tl6s R44E JaEl 741 -0.78 10/10.72 16.62 16.07 14.49 1).68 13.34 

3E~SEP sec 26 Tl7S R44E (Farm) 725 -0.83 9/30/72 17.32 16.49 15.20 13.99 13.10 12.83 (8!m 

5E~s-,J~ sec 36 T17S R45E J.iHA 744 -0.77 9/10/73 22.29 18.65 15.66 14.36 

Double Hountain 

S\.~N\'1~ sec 5 T20S R44E DHA 744 ...(),77 8/18/73 22.22 16.93 14.34 

3E*NE* sec ao T20S R44E DJ.!B 917 ...().25 8/18/73 22.62 17.67 l5.71(2.5m) 
I 

3Ep;ojjj;* sec 23 T20S R44E DllC 951 ...().15 8/19/73 21.80 17.62 14.91 $ 

E·'·NE-' sec 12 T20S R44E ' ~ ~ DHD 832 ...().50 8/18/73 22.01 18.07 15.33 

Kane Spring Gulch 

5E{;SEi sec 7 T20S R44E JGGS 774 -0.68 8/18/73 24.24 19.17 

:JE~SE~ sec 30 T20S R44E KSGB 811 ...().57 8/18/73 21.30 16.30 

~drian 7~ min. Quadrartgle 

>l'i~SEt sec 16 T21S R46E AdA1 799 -0.60 8/23/72 16,685 

S'::~3E1; sec 16 T21S R46E Ad~ 799 ...(),60 8/23/72 17.415 

.... ,~· 16 T21S R46~ ;;.-~~..::,~ sec · • ~ AliA3 799 ...(),60 8/23/72 16.125 

;·. ~SE~ sec 16 T21S PJ;6E AdA4 805 ...(),59 8/23/72 15.43 

l'·-~SE~ sec 16 T21S ?J;6E AdA5 811 ~.57 8/23/72! 16.36 14.595 13.785 

S~SE-~ sec 16 T21S ?J;6E ' '" .-..CI. ... J_ 771 ~.69 2/23/72 16.925 



Scattered s:-:e..=-..loi<~ {:.oles: ?age 3 
l.m 2m 3m 4D 5m 6m 

NE~S~~ sec 16 Tlli "3.46Z Adi32 771 -1J.69 3/23/72 16.885 

NE~S:::~ sec 16 1'215 :U,6Z AciB:3 771 -1J.69 8/23/72 17.765 

:;z~s:::~ sec 16 T2L3 ?-46E Ad34 770 -1J. 69 8/23/72 16.885 

·~' ,~, 16 T21S :146-'~~~~~ sec . ~ ~ Ad3
5 771 -1J. 69 8/23/72 16.63 14.92 14.08 13.95 

SE~S,·i~ sec 16 T::LS :U,$ AdC1 831 -Q, 51 S/23/72 16.095 14.60 14.035 

SE~S\,~ sec 16 T21S R46E AdC2 831 -0.51 8/23/72 15.965 14.28 13.78 

S\i~SE~ sec 16 T21S R46E AdA5 811 -0.57 9/7/72 20.03 17.05 11 •• 88 13.97 13.83 

NEf;s3~ sec 16 T2L3 R46E Adll5 771 -0.69 9/7/72 21.14 17.46 15.64 14.60 J.4.l5 13,98 (?E) 

Si·!l;sE~. sec 16 T21S R46E AliA 805 -0.59 9/8/73 22.52 19.46 16.84 

NE!;sE~ sec 16 T2L3 R46E AdB 771 -0.69 9/8/73 24.70 22.38 18.52 
I 

SE~SW~ sec 16 T21S R46E AdC 831 -0.51 9/8/73 23.68 20.75 17.62 
.p 

"' 
East Silver Creek 

Nll!;sE~ sec 21 T23S R26E B-A 1295 .j.0,8<) 8/21/73 J.4,66 12.42 

N\i~N\-1~ sec 34 T23S R25E B-B 1356 fLO? 8/22/73 17.74 13.93 11.74 

NE~N'.i~ sec 33 T23S R26E B-E 1329 +0.99 8/22/73 18.04 14.37 11.93 10.70 

NW~NW~ sec 18 T23S R26E B-F 1329 ..0.99 8/21/73 19.76 16.32 

SE!;sE~ sec 1 T23S R26E B-G 1311 .,.o. 93 8/21/73 18.51 15.29 12.92 

N'.·i~NEk sec 1 T23S R26E 8-H 1311 +0.93 8/21/73 20.42 16.43 13.60 11.49 

Camp Harney 

Nl'i~SE~ sec 32 T24S R32~E CH-A 1253 ..0.76 8/20/73 18.94 14.20 11.47 10.37 

Nl'i~SEt sec 32 T24S R32~E CH-B 1253 +0.76 8/20/73 20.77 16.42 12.89 11.15 



Scattered Shailow holes: ?a;;e 4 

1m 2m 3m 4m 
~l'ri~:E~ sec 22 T243 R32~ CH-<: 1254 ..0.76 8/20/73 19.16 15.02 ll.90 10.49 

3Z~53~- sec- 21 T24S R32kE CH-D 1253 +0.76 8/20/73 20.23 16.03 12.69 ll.9l (3.9m) 

:r,;~m;~ sec ll T25S R32~E CH-E 1250 +0.75 8/20/73 18.85 13.99 ll.42 

Christmas Lake 

Nll'i:S\'.~ sec 33 T26S R20E CL-C 13ll +0.93 8/22/73 17.06 12.29 . 10.15 9.66 (3.9m) 

Ni'i~.;·, ;~ sec 28 T26S R20E CL-D 1311 ..0.93 8/22/73 19.80 11.61 10.86 (2.77m) 

5E~E~ sec 26 T26S R1.9E CL-E 13ll +0.93 8/22/73 19.29 10.54 9.98 

\'lagon tire 

m·:~vlf; sec 10 T26S R25E W-A 1433 ... 1.30 8/22/73 18.65 14.03 11.87 10.56 
I 

NW1;NEf; sec 28 T27S R25E \1-B 1402 .. 1.21 8/22/73 17.36 13.17 11.02 .:S 

IM~SE~ sec 22 T26S R25E \'/-<: 1341 ... 1.02 8/22/73 18.09 14.ll 11.62 10.47 

swt;NE~ sec 21 T26S R24E \'l-D 14194 +1.48 8/22/73 18.'}0 14.21 ll.22 9.94 

SE1;NE~ sec 28 T26S R25E lf-E 1341 +1.02 8/22/73 18.18 14.18 11.23 9.61 

Silver Lake 

SEl;s\·if; sec 11 T28S RJ.5E SL-A 1341 +1.02 8/23/73 21,09 16.25 13.09 (2.95m) 

NW~E~ sec 15 T28S RJ.5E SL-B 1326 .0.98 8/23/73 15.82 11.97 10.04 9.25 

SE~SE~ sec 5 T28S RJ.6E SL-D 1332 .. 1.00 8/23/73 16.85 12.24 9.60 8.87 

NEi;NE); sec 9 T28S RJ.6E SL-E 1323 .0.97 8/23/73 15.07 11.24 9.08 8.52 

NE~~i sec 8 T28S RJ.5E SL-F 1341 +1.02 8/23/73 18.15 13.30 11.05 9.97 

NE);NE~ sec 9 T28S Rl5E SL-G 1326 +0,98 8/23/73 15.26 11.47 9.05 8.21 



Scattered si::o.:.J.ow holes: Page 5 

Paisley 
1m 2m 3m 4m 

:n·J~rr,·;t sec 5 1'305 Rl7E P-A 1302 ..0.91 8/23/73 22.34 17.57 14.42 12.72 

SE~SZt sec 14 T30S Rl?E P-B 1302 ..0.91 8/23/73 18.40 13.78 11.35 10.95 

N"ti$Z~ sec 11 T30S Rl7E P-C 1302 ...0.91 8/23/73 21.68 17.16 14.19 12.45 

SE~S\'it sec 2 T30S Rl?E P-D 1302 ...0.91 8/23/73 18.56 14.62 11.90 

3E$E~ sec 12 T30S Rl7E P-E 1302 ...0.91 8/23/73 22.30 16.78 14.43 13.06 

NE~~~~secc10 T29S R23E ?-F 1308 ...0.92 8/23/73 15.83 11,81 9.70 9.25 

SEtSHt sec 15 T29S R23E P-G 1308 ..0.92 8/22./73 15.95 12,05 10.28 9.93 

NE~.~~ sec 21 '1'305 R23E P-H 1308 +0.92 8/22/73 19.20 15.07 13.51 12.61 

S\'i~S1'1t sec 33 T29S R23E P-I 1308 ...0.92 8/22/73 17.36 14.15 11.79 10.73 
"" 00 

SE!:sEt sec l 1'305 R22E P-J 1308 .,.0.92 8/22/73 19,68 14.97 12.93 12.20 (3.8m) 

Coleman Point 

NW:\NE~ sec 17 T36S Rl8E CP-A 1594 +1.78 8/24/73 14.81 10.56 8.23 7.37 

N'<iiNEt sec 19 T3 65 Rl8E CP-B 1634 .a.l.90 8/24/73 12,19 9.48 7.69 6.85 

~NEt sec 24 '1'365 Rl7E CP-C 1634 +1.90 . 8/24/73 15.31 12.49 10.47 9.42 t3.92m) 

NEl,sEk sec 19 '1'365 RleE CP-D 1634 +1.90 8/24/73 15.40 11.99 9.72 8.53 

~NE~ sec 8 T36S Rl7E CP-E 1682 ... 2.05 8/24/73 13.93 10.55 8,02 6.83 

Cox Flat 

lMtNEt sec 34 ~7E Rl8E CF-A 1698 +2,09 8/24/73 14.25 11.45 9.36 8.47 (3.8m) 

NWiNEk sec 16 '1'375 Rl8E CF-B 1728 •2.1S 8/24/73 13.01 10,05 8,42 7.56 

S;:li;l{Et sec 15 1'375 Rl8E CF-C 1737 +2,21 8/2h/73 17.94 14.26 11.46 9.78 



Scattered sh~ow holes: ?age 6 

3lev. Lapse Jate 
3aker 

3m 4m 5m 10m llm 
T 9S R40E (2630 Aubu.c-n Ave) 1045 ...;),1..4 11/5/72 9.83 11.39 11.49 11.63 11.65 

Baker 

T9S R40E 16 (940 Campbell Ave) 1045 -0.14 mo date 11.96 11.49 11.33 

Baker 
1m 2m 3m 4m 

-~l- ' 10 T9S R4lE ,:;,~~;::)>; ~ sec iR-1 7/5/73 17.17 12.30 10.90 10.66 

SE~E~ sec 18 T9S H4,lE VF-2 7/5/73 16.86 12.33 10.81 10.44 

I 

$ 
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;P.ltl!-DRILLED HOLES 

In addition to the holes of varying depth 'Which were drilled during 

the present investigation, we undertook a concentrated program of locating 

and measuring temperature gradients in pre-drilled holes such as abandoned 

water wells, mineral exploration holes, and petroleum wells. Measurement 

of pre-drilled holes represents the most efficient means of rapidly securing 

temperature gradient information over a large area. To date Sl holes have 

been measured throughout Oregon (see Plate 1). The bulk of the holes lie in 

southeastern Oregon where water wells are more abundant. 

The gradients measured in pre-drilled holes have been periodically 

published or placed in open file (~~~~!~~~~and 13c>w~n a.rl(i""~~C::~t\'1~:1.1· ~??}•~ 

and Bowen, 1975). 
~m~~-"~'""-•~·--w>eH"-"-'~'-"'"'-'"""-"'" 

The results to date are tabulated in Table 9. Detailed temperature 

logs for each of these holes are available for inspection at the various 

offices of the Department of Geology and Mineral Industries. Hole numbers 

represent location~ section, township, and range, eg., hole number 1-13-S-20 

is located in section 20 of township 1 south, range 13 east. Unless other-

wise noted, all holes are south and east of the \ofillamette meridian and base 

line. 

The quality of the temperature gradients tabulated in Table 9 is 

highly variable. The pre-drilled holes utilized in this program are mainly 

water wells exceeding six inches in diameter and holes of this type are 

subject to water movement within the well or the aquifer. These currents 

distort the temperature patterns and make the calculated average gradients 

semi-qualitative at best. Most of the gradients are probably accurate to 
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Table 9. Temperature gradients in pre-drilled holes 

Depth Collar Average 
North ~iest interval, elevation, gradient 

Hole no, Latittlde Longitude Meters Meters °C/km 

3N-2l:...Sl9 45°441 120°14' 25 - 70 120 52.0 
3N-21-S36 45°42 1 120°09 1 15 - 145 232 45.3 3N-47-S26 45°42 116°54' 15- 65 23.0 
2N-2l:...S 1 45°411 120°081 15 - 130 226 59.4 
2N-22-S 6 45°41 I 120007• 15 - 130 241 46.1 
2N-24-S 5 45°41 1 119°51 1 15 - 115 206 31.7 
2N-27-S 7 45°401 119°29 1 30--:-o 305 313 64.2 

1 -13-320 45°28 1 121°12• 15 - 55 354 41.7 
1 -35-836 45°25 1 120°08• 15 - 130 24.5 
8 -15- 39 44°51' 120°54 1 15 - 155 914 32.4 
8 -37-S28 44°51 1 11S0111 20- 100 8.5 
8 -37-529 44°51 I 118°121 20 - 118 11.3 
8 -37-832 44°501 11S0131 20 - 85 2.6 
8 -4l:...S34 44°50 1 117°41' 15 - 130 42.7 

8 -42-824 44°51 1 117°31' 15 - 70 30.4 
8 -42-829 44°501 117°36• 15- 45 12.3 
9 -39-813 44°47 1 117°531 15- 72.5 32.3 
9 -41-57 44°47 1 117°44 1 15 - 25 48.0 
10-38-824 44°411 118°01• 25 - 115 1,277 39.9 
12-0HI-84 44°341 122°491 15 - 67.5 131 32.0 
13-29-315 44°27 1 119°13 1 15 - 150 34.1 

13-31-526 440241 118°56• 20- 70 39.0 
13-31-327 44°241 118°581 15 - 150 34.8 
16-43·.S7 44°12 1 117°30 1 15 - 115 33.4 
17-45-SJ 44°07 1 .117°121 15 - 180 61.6 
19-31-313 43°55 1 118°571 20- 240 25.9 
21-35-Slla 43°45' 118°23' 15 - 100 48.8 
21-35-Sllb 43°45 1 118°23' 15- 50 72.0 

21-42-827 43°43 1 117°33 1 1P - 20 37.0 
21-46-37 43°45 1 117°091 15 - 70 108.2 
22-21-39 (?) 43°401 120°121 15 - 40 58.8 
23-23-327 43°33 I 119°561 15 - 220 177.4 
25-6W-S21 43°23 1 123°25' 15 - 90 8.9 
27-30-313 43°141 11S0571 15 - 130 85.0 
27-30:...Sl9 43°13 I 119°021 46.6-107.6 131.0 

27-30-321 43°13 1 119°001 15 - 110 152.2 
27-30-826 43°121 US0581 15 - 57.2 115.6 
27-30-827 43°121 118°591 15 - 75 142.5 
27-30-336 43°ll 1 US0571 15 - 47.3 71.8 
28- 8:...S5 43°10 1 121°481 15- 75 -5.3 
32-2\tl-34 42°491 122°561 15 - 215 15.3 
37-18-314 42°22 1 120°33' 15 - 75 133.7 
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Table 9, (cont 1d) 

Depth Collar Average 
North 1.iest interval, elevation, gradient 

l:J.£he~ Latitude Lo~itude Meters Meters OCLkm 

37-lt\-827 42°201 120°35 1 10 - 20 107.5 
37-19-S30a 42°20' 102°311 15 - 135 69.6 
37-19-S30b 42°201 120°31' 10 - 20 124.5 
37-19-S30c 42°201 120°31' 15 - 40 82,0 
38-37-824 42°16• 118°19' 15 - 100 81.4 
38-37-86!5 42°15 1 llS019 1 30.5-150.9 70.6 
38-37-326 42°15 I 118°201 15 - 50 84.6 

39-21329 42°101 120°16• 15- 40 38.8 
39-34-82 42°141 42°41' 20- 380 60.3 
39-37-82 42°11 1 42°20' 15 -no 79.5 
39-37-S17a 42°14' 42°23 1 36.6-128.0 81.0 
39-37-S17b 42°14' 42°23 1 30.5-105.8 139.4 
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plus or minus 20 percent of the figure given in the table but it is not 

possible to calculate statistically valid accuracy limits on these measure

ments. The individual temperature measurements are precise to plus or 

minus 0.05°C and are likely accurate to plus or minus 0.1 °C. The depth 

intervals used for the average gradient calculations were selected to avoid 

diurnal and seasonal near-surface temperature fluctuations, but in a few 

cases the measured temperatures were probably affected by moving ground

water caused by active irrigation. 

The gradients shown in Table 9 should be utilized with caution as heat 

flow is also dependent upon rock conductivity. The relatively uniform 

surficial geology of southeast Oregon makes these gradients more useful 

than in areas of widely varying rock t,rpes because conductivities vary 

within a narrow range of about 0.0025 to 0.004 calories/em sec°C. In 

practice in southeastern Oregon, most of the tuffaceous sediments have 

conductivities ranging from 0.0028 to 0.0032. This means that in general, 

gradients, although not comparable, can yield useful information on the 

relative heat flow of different bore holes. However, in other parts of the 

State Where bedrock geology is not so consistent, comparisons should be made 

with great care. 

Because of the availability of many pre-drilled holes from mineral 

exploration and unused water wells, and because the gradients and heat 

flow data indicate the region has significant geothermal potential, much 

of the study was concentrated in the i1estern Snake River Basin. Table 10 

gives a listing of all of the geothermal data that has been obtained from 

the pre-drilled wells in that region. 



Table 10. Geothermal data for pre-drilled holes in the ',,;estern Snake River Basin 

Elevation Depth 
Locality Hole no, N Lat ,.i Long meters Interval G G* K Q Q* 

lleters 00/lan OC/Ian l0-3cal./cmsec°C lo-<>cal./cm2sec 

Adams Ranch 1.4-43513 44021.1 ll7°24• ll70 30-200 32.3 A 

ll7°15 1 
0.3 

Huntington 15-4557 44°16• 854 30-170 61.9 2.8 1.7 c 

44°16 1 117°33 1 
2.4 

Willow Creek 15-4251.4 81.4 10-30 71.4 2.8 2.0 c 
1.3 

30-1.40 33.2* 
2.0 

140-150 77. 

16-43510 440111 117°26 1 758 30-ll5 71.2 NG 2.8 2.0 B 

44°101 117°24 1 
0.5 

16.4~13 768 50-130 51.5 NG 
0.5 

130-170 94.7 00 2.8 2.7 B ' 
2.7 

16-43515 44~01 117°26• 758 25-105 38.6 NG 
0.7 

105-230 70.5 NG 2.8 2.0 B 
0.3 

16-43523 44°09 1 117°25' 749 40-110 61.8 00 
2.2 

ll0-170 99.5 00 2.8 2.8 B 

117°27 1 
1.3 

17-4359 44°06• 866 10-35 134.2 2,8 3.8 c 
12.0 

l7-44S11 44°06 1 117°17 1 719 -370 94-4 2.8 2.6 B 
2.2 

17-44531 43°59 1 ll7°20 1 829 15-70 85-7 2.8 2.4 B 

43°59 1 

2.2 
18-44521 117°20 1 760 25-85 66.8 2.8 1.9 B 

1.1 
Hunter 18-41535 43°47 1 ll7~81 30-45 41,..0 2.8 1.2 c 

6.9 



Table 10. Geothermal data for pre-drilled holes in the \'/estern Snake River Basin (cont 1d) 

Elevation Depth 
Locality. Hole No, N Lat w Long meters Interval G- G* K Q Q* 

Meters °C/km °C/km 10-3cal/cmsec°C 10-6 cal/cm2sec 

Cow Hollow 19-45Sll 43°551 117°101 835 30-65 185.7 176.1 3.0 5.6 5-3 A 
1.6 1.6 

19-45514 43°54 1 ll7~0' 910 20-145 175.2 158.3 3.0 5.3 4.7 A 
1.1 0.8 

l-9-45522 43°53 I ll7°11' 843 30-ll5 ll0,4 3.05 2.9 A 
0,3 0.13 

19-45525 43°53 I 11'f>09' 813 30-70 232.6 213.6 2.98 6.9 6.4 A 
7.1 6.4 0.05 

19-45526 43°521 ll7°101 822 30-175 119.3 114.0 3.0 3.6 3-4 A 
0,6 0.5 

19-45528 872 10-90 70.8 76.5 3.0 2,1 2.3 A 
1.5 1.5 

19-4459 35-160 71.5 3.0 2.1 B 
0.5 

19-44519 777 31-395 87.3* J,O 2.6 Bl 

20-4556 43°511 ll7°15 1 823 20-135 73.6 69.8 3.0 2.2 2.1 A 
0,6 0.6 

20-45510 43°50 1 ll7°12 1 780 30-135 114.8 104.0 3.0 3.4 3.1 A 
1.6 1.5 

20-45518 849 10-40 71.9 63.2 3.0 2.1 1.9 B 
3.8 3.3 

Grassy Mtn. 21-43536 43°411 117°23 1 995 10-75 53.5 3.0 1.6 B 

43°421 
0.5 

21-44528 117°20' 1000 10-30 105.2 3.0 3.2 B 
0.5 

Harper 21-42511 65-140 lll.7 J,O 3.4 B 
1.2 

Oxbow Basin 23-4455 26-148 107,0** J,O 3.2 B 
15.5 

*Van Ostrand, 1938 ~.c:amren, 1972 NC.. Not calculated, 00 - Neglible 

G* and Q* indicate wells in which topographic corrections have been made. 



DEEP OOH.E HOLES 

The final phase of the current geothermal study consisted of 

drilling five holes to depths ranging from 62-152 meters (203 to 500 

feet). The purposes of the deeper drilling \'lere (l) to study heat 

flow in areas where previous temperature-gradient measurements in pre

drilled wells had indicated abnormally high gradients and (2) to further 

evaluate the validity and utility of the gradients in the shallow holes. 

The deep holes were drilled near Vale in northern Malheur County 

as shown on Figure 13. The holes were drilled with a truck-mounted 

rotary rig using a combination of air-rotary, down-hole hammer, and coring 

techniques. The rock units encountered were poorly consolidated cl~stone 

and siltstone of the Idaho Group of Pliocene aee and altered basalt (?) 

of probable Pliocene or Miocene age. The claystone and siltstone were 

drilled primarily with air-rotary equipment using water and soap injection 

to aid in removal of drill cuttings. Penetration rates for the 4 holes 

drilled primarily with air rotary were 61, 50, 45, and 46 feet per hour. 

A carbide insert bit was used in the sedimentary rocks to obtain 4-inch 

diameter cores for subsequent laboratory measurements of thermal conductivity, 

The harder altered basalt was drilled mainly with a 6-inch diameter 

down-hole hammer at a penetration rate of about 25 feet per hour. The 

basalt was cored with a 4-inch I,D, diamond bit. Core recovery in both 

the sedimentary units and the basalt was essentially 100 percent except 

for a single unsuccessful attempt at coring the basalt with the carbide 

insert bit, 

The overall direct cost of the drilling including mobilization, 

demobilization, and all materials was $4.13 per foot drilled. 
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Holes were completed by inserting a water-filled and bottom-capped 

l-inch diameter polyvi~l chloride (PVC) pipe to total depth and then 

backfilline the annulus around the PVC pipe with cement, a bentonite 

slurry, or drill cuttings. Cement was used in hole 75-2 which encountered 

artesian water. Either bentonite or cuttings were used in the remaining 

holes from 10 feet to bottom with the uppermost 10 feet being cemented. 

Temperature gradients were later measured in the water-filled PVC inner 

casing. All holes were secured by a padlocked steel cap welded to a 

length of 6-inch steel casing left in the upper portion of each hole. 

lie plan to monitor the holes for a period of about l year to test 

for the effects of irrigation on near-surface temperature gradients. 

Periodic temperature gradient measurements were used to check the time 

required for the holes to reach temperature stability. Holes backfilled 

with cuttings reached thermal equilibrium within 2 days after drilling and 

filling. Hole VN-75-2, which was filled with cement, had not reached 

equilibrium 5 days later. The time required for a temperature gradient 

hole to reach equilibrium is dependent upon a number of variables including 

drilling technique, casing technique, backfilling material, rock type, 

rock porosity, and grourid-l'l'ater conditions. The times noted above should 

be applied with caution in future work. 

The temperature gradients, thermal conductivity and calculated heat 

flow values in the deep holes are summarized in Table ll. The various 

gradients are shown graphically in Figure 14. All of these gradients are 

linear except for hole VN-75-2 which encountered warm artesian water at 

a depth of 105 feet as indicated by the change in slope on the graph of 

this hole. The lithology in the remaining holes is uniform throughout, 

.. 
1 .t 
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anJ the linearity of the temperature ;:radients indicates that heat flow 

is essentia.J.ly conductive over the depth drilled. 

The artesi<m thermal water flowed from hole VN-75-2 at a rate of 10 

to 14 gpm, a temperature of 24°C (75"F) and a pressure of 5 pounds per 

aquare inch. The gradient shown in Table 11 and Figure 14 was measured 

after the hole had been cemented to stop the flow. 

The gradients in alJ. of these holes appear to be anomalously high 

and the results are consistent with earlier gradient measurements in the 

Vale area. The east-west profile represented by holes VN-75-2, 3, 4 and 

5 lies east of pre-drilled wells with relatively high gradients, Hole 

VN-75-1 lies 1 mile east of monitor hole no. l and is in the area of the 

Cow Hollow thermal anomaly discussed above. It appears that the geothermal 

potential encompassed by the Known Geothermal Resource Area extending south

ward from the town of Vale mey also extend north\;ard from Vale at least as 

far as the east-west profile of holes VN-75-5. 



North 
Hole No. Latitude 

VN-75-l 43°54 1 

VN-'75-2 44°07 1 

v::-75-3 44°07 1 

Vi.{-75-4 44°05 1 

Vl{-75-5 44°061 

Table 11. Geothermal data from holes drilled in Vale area by 
Oregon Department of Geology and Mineral Industries 

\.fest Depth Average 
Lo!!f:itude Interval Elevation Litholog;y: Gradient 

117°081 20-150 m 879m siltstone 91.4° C/km 

117°14 1 30-60 721 claystone 110-
& basalt 

117°10' 50-125* 814 siltstone 76 

117°06 1 25-150 762 siltstone 120 

117°02' 50-150 732 siltstone 76 

Thermal 
Conductivity 

mcalLcmsec°C 

2.53 

2.54 
3. 0 >HI-* 

2.54 

2.53 

2.53 

* Hole VN-75-3 was drilled to 152 meters but a casing problem limited the gradient measurements to 
a depth of 125 meters. 

** The average gradient and heat flow as shown reflects the existence of shallow thermal \-tater in 
the vicinity of the hole. 

{Ht-* Zstima ted 

~k'"'* Topographic corrects not applied 

Heat Flow*'k'-* 
microcalLcrt?sec 

2.3 

3.3 ** 

1.9 

3.0 

1.9 
C1' 
1-' 
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CONCLUSIOI£ 

As Lhe result of this study, the knowledge of geothermal resources 

in Oregon has been greatly increased beyond that presented br Van Ostrans 

(1938), Peterson and Groh (1967), and Bowen (1972). During this study, 

80 geothermal gradients were measured and the gradients released from 

pre-drilled wells. A total of 31 heat-flow determinations have been pub
'J'hey are included here in Tables 10 and 11. 

lished./ The data obtained from the six monitor wells and the 92 shallow 

wells are useful information on the near-surface thermal conditions under 

a variety of geologic and climatic conditions. Anomalies identified at 

Cow Ho'.low, Willow Creek, Jacobsen Gulch, Coyote Buttes and Glass Buttes 

may prove, with more study and drilling, to be important energy sources. 

The identification of the Cow Hollow anomaly has already lead to the class-

ification of this area as a KGRA. It is anticipated that the bonus bids 

for Cow Hollow lease tracts will more than cover the Government's entire 

cost of this study. 
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