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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

November 17, 1980 

Dr. ]Leland L. Mink 
Energy and Technology Division 
Idaho Operations Office 
Department of Energy 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Dr. Mink: 

Subject: Cooperative Agreanent No. DE-PC07-79ET-7220; Annual Report 

Sutniitted herewith is a brief surnmary report on the activities of the 
low-tenperature resource assessment of the nine site-specific areas 
designated in the above-referenced agreement for the year 1979-1980. 
The title and areal definition of each area is shown on Figure I. 
Irx:luded with this brief report are a summary of activities and findings, 
a list of materials to be included in the final report, and a copy of a 
representative geologic bibliography. 

The final report for each of the nine study areas will be in the form of 
an open-file report to be released by DOGAMI during January, 1981. They 
will include all the material referenced in this report placed in a single 
packet with a brief text discussing geology, geophysics, and geochemistry, 
and their direct relation to the recognized geothermal systems. 

Sincerely, 

Donald A. Hull 
Principal Investigator 

DAHA>h 
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BELKNAP-FOLEY 

The Belknap-Foley area is in the west-central portion of Oregon immedi­

ately west of McKenzie Pass in the Cascade Mountain Range. The material in 

the open-file report to be made available December 1, 1980, is summarized 

in Table 1. These data include an aeromagnetic, gravity, and lineament* 

study map at a scale of 1:250,000 and a geologic map and geologic cross sections 

at a scale of 1:62,500. Pertinent rock chemistry and potassium-argon age-date 

results together with geothermal gradient data will be presented in the form 

of overlays on the geologic map. Summarized in individual tables in this 

annual report are available water-chemistry data and geothermal-gradient 

data. These data will also be included in the open-file report. 

In general, the aeromagnetic data seem to be primarily related to 

topography, in large pfert because the Pliocene units capping the ridges have 

a higher proportion of magnetically susceptible lavas than the older Miocene 

and Oligocene rocks. Thus, as airesult, there is a relatively good correlation 

between the aeromagnetic data and the topography. 

The gravity data indicate a generally decreasing complete Bouguer anomaly 

value from west to east, primarily related to a regional change across the 

Cascade Range.. This regional change has been discussed in detail in.various 

publications (Blackwell and others, 1978; Pitts, 1979). The gravity data 

can be interpreted in terms of a residual anomaly associated either with the 

whole Cascade Range or locally with the transition between the High Cascade 

Range and the Western Cascade Range provinces. This gravity gradient or 

gravity anomaly passes directly through the area of study and appears, to be 

related tp local or regional control of the geothermal systems. 



Figure 1: Map showing location of study area, 
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Table 1 

Contents of open-file release 
on Belknap-Foley low-temperature geothermal resource area 

Item Scale 

Aeronagnetic map 1:250,000 

Gravity map 1:250,000 

Lineament map 1:250,000 

Geologic map 1:62,500 

Geologic Cross Sections 1:62,500 

Itock Chemistry, Age Data, 1:62,500 
Gradient Data, Water Chemistry 

Well and Spring Chemistry — 

Geothermal-Gradient/ 
heat-flow data 

Brief Text 

Bibliography — 

Comments 

122''00'00" to 122''30'00" 
44°00'00" to 44°30'00" 

Overlays on geologic map 

Table 

Table 

NOTE -

Water-Chemistry tables are currently being revised and 

are not available to be included with this report. They 

will, however, be included with the DOGAMI Open-File Reports. 
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The lineament study indicates a predominately north-northwest fabric 

superimposed on a weak, older east-west trend. The geologic map has been 

compiled at a scale of 1:62,500 to include all or part of three 15-minute 

quadrangles. The most significant results of the mapping are that several 

major structures which appear to be related to the geothermal systems have 

been identified. In particular, along the North Fork of the McKenzie River, 

a major fault system occurs in which the Pliocene rocks are downdropped 

approximately 900 m to the east along a series of en echelon step faults. 

This zone appears to represent the western boundary of the Cascade graben 

proposed by Allen (1966), Taylor (1980), and others. Three of the hot springs 

in the area appear to be localized along this zone of faulting. In addition, 

a major north-south fault through Cougar Reservoir has been identified as a 

normal fault with minor oblique motion in which the east side has been down-

dropped on the order of 200 m. This structure appears to localize two hpt 

springs observed near the reservoir. 

The spring chemistry data from the Geotherm file and other sources are 

included in Table 2. In general, unmixed models based on the data do not 

indicate reservoir temperatures in excess of 150 C. For the open-file report, 

sodium-potassium-calcium, silica, and mixing temperatures will be calculated 

using the data. Results of the geothermal-gradient studies are shown in 

Table 3. As yet, no holes have been drilled specifically for this project 

in this area; a few holes, however, are available from regional studies. 

These holes document the major west-to-east increase in heat flow observed 

along the Cascade Range. The boundary coincides with the western border of 

the north-south gravity gradient mentioned above. Background gradients west 

of the boundary are on the order of 50-70°C/km, All detailed temperature-

depth data are on file in the DOGAMI office. 



TABLE 3. Locations and geothennal gradients for 1±ie Belknap-Foley 
low-temperature geothermal area. Data from published and 
unpublished information in DOGAMI-SMU files. 

TOWNSHIP/ GEOL. 
RANGE- PROV, 
SECTION 

N LAT. W LONG. HOLE NO.' COLLAR DEPTH CORR. QUALITY 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

155/ 6E-
IIDC 

165/ 6E-
2CPI 

44-16.1 122- 3.3 

44-12.1 122- 3.0 

CR-TBR 
•7/26/77 

CR-FP 
8/ 5/76 

716 

70 

.0 
52.0 
15.0 
45.0 

45.0 
52.0 

100.0 
150.0 

88.3 

16B/ AE- HC 44-10.1 122-17.5 BH-3Z 
.14DBB 11/26/75 

12.5 35.0 D 
45,0 

16S/ 6E 
27BB 

44- 9.1 122- 4.,7 CK-HC S73 30.0 70.9 
9/29/76 150.0 
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A bibliography of all pertinent geologic references is included with 

this annual report and will also be included with the open-file report. 
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WILLAMETTE PASS 

The Willamette Pass area is located south and west of the Belknap-Foley 

area immediately east of the city of Oakridge. The information for the 

Willamette Pass area to be included in the open-file report is listed in 

Table 4, These data include an aeromagnetic, gravity, and lineament study 

map at a scale of 1:250,000 and a geologic map and geologic cross sections 

at a scale of 1:62,500. Pertinent rock chemistry and potassium-argon age-

date results together with geothermal-gradient data will be presented in the 

form of overlays on the geologic map. Summarized in this annual report are 

available water-chemistry data and geothermal-gradient data. These data will 

also be included in the open-file report. 

The implications of the aeromagnetic and gravity data are essentially 

the same as in the Belknap-Foley area a few miles to the north. In addition 

to the trends observed to the north, the Eugene-Denio lineament trends 

N.65°W, across the study area, and a major east-west lineament trends along 

the North Fork of the Middle Fork of the Willamette River. This east-west 

trend also appears in the gravity data and as a line of Miocene intrusives 

in the geology. Âs there is a major Miocene silicic volcanic center located 

within the Willamette Pass study area, the geologic setting is much more 

complicated than the Belknap-Foley area. This volcanic center has been dated 

at around 20 m.y, and represents a lower limit for the Sardine Formation of 

Peck and others (1964), which overlies this volcanic center. 

Available water analyses are shown on Table 5. Unmixed reservoir temp­

eratures based on silica content are below 120°C; however, mixing models 

calculated by Bowen in an unpublished report to. the city of Oakridge suggest 
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TABLE 4 

Contents of open-file release 
on Willamette Pass low-temperature geothermal resource area 

Item Scale 

Aeromagnetic map 1:250,000 

Gravity map 1:250,000 

Lineament map 1:250,000 

Geologic map 1:62,500 

Geologic cross sections 1:62,500 

Rock chemistry, age data, 1:62,500 
gradient data, water chemistry 

Well and spring chemistry 

Geothermal-gradient/ 
heat-flow data 

Brief text 

Bibliography 

Comments 

122"00'00" to 122"00'00" 
43°30'00" to 44°00'00" 

Overlays on geologic map 

Table 

Table 
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reservoir temperatures as high as 150-180°C for some of the thermal waters. 

For the open-file report, mixing models and silica and sodium-potassium-calcium 

temperatures will be calculated for all of the spring and well data collected. 

No holes have been drilled as part of the project, but a number of heat-flow 

holes are available from previous projects, and several holes are planned for 

1980-81. Available data are listed in Table 6. As is the case for the 

Belknap-Foley area, the geothermal data indicate the west-to-east increase 

in heat flow toward the High Cascades, with the same or possibly slightly 

lower background values of gradient and heat flow observed to the north. 
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TABLE 6. Locations and geothermal gradients for the Willamette Pass 
low-temperature geothermal area. Data from published and 
unpublished information in DOGAMI-SMU files. 

TOWNSHIP/' GEOL. 
RANGE- PROV. 
SECTION 

N LAT. W LONG. 

205/ 3E-
26Dfl 

205/ 4E-
27DDD 

205/ 3E-
26CD 

215/ 3E-
10nD 

WC 

WH 

WC 

WC 

HOLE NO. COLLAR DEPTH CORR. QUALITY 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

43-48.0 122-25.0 CS-WW 
9/23/76 

43-47.9 122-18.8 WALL CRK 
6/ 4/80 

719 

4.3-47.9 122-25.2 PiE-WW 707 
8/19/76 

43-45.6 122-25.9 FC-WW 548 
9/28/76 

45,0 
70.0 

70.0 
140.0 

20.0 
90.0 

95.0 
135.0 

10.0 
80.0 
80.0 

125.0 

25.0 
100.0 

25. t 

38.8 

25.6 

36.3 

35.6 

B 

B 

B 

B 

B 

215/ 4E-
28fiD 

43-43.1 122-20.0 CR-MCHSE 533 
9/29/76 

60.0 

215/ 3E- WC 43-42.5 122-25.5 DH-2-2 459 60.0 
35B3 11/25/75 79.0 

215/ 3E- WC 43-42.5 122-25.5 DH-Z-5 413 20.0 
35B1 11 /25/75 27. B 

215/ 3E-
35B2 

WC 43-42.5 122-25.5 DH-2-8 459 55.0 
11/25/75 63.0 

C 

£25/ 5E-
26BC 

4.3-33.2 122-11.3 CR-MCMSW 975 30.0 
9/29/75 150.0 

51, G 
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NORTHERN AND SOUTHERN HARNEY BASIN 

For convenience, of study, the Harney Basin was divided into two areas, 

and individual open-file reports whose contents are indicated in Table 7 are 

being assembled for each area. 

An aeromagnetic map of the southern part of Harney Basin (scale 1:250,000) 

contains the only published geophysical data available for the Basin, On the 

aeromagnetic. map, an elliptical pattern extending from Wright Point to Crane 

in the area of Malheur Lake may be interpreted, in conjunction with the geo­

logic study, to be the site of a caldera. In addition, there appears to be 

another caldera near Harney Lake along the west margin of the basin. 

A, lineament study compiled for both northern and southern areas at a 

scale of 1:250,000 indicates a complicated pattern of faulting. In the western 

half of the basin, the dominant trend is the Brothers fault zone (approximately 

N,45°W.); in the eastern half, the dominant trend is the north-south Basin-

Range trend. The juncture of these two trends in the southeast corner of the 

study area is marked by complex faulting and lineaments, by structural doming, 

and by recent volcanism at Diamond Craters. The juncture in the northern end 

of the basin is marked by a structural discontinuity, silicic intrusions, and 

alteration along Soldier Creek which may represent a right-lateral wrench 

fault. 

The geology of the basin has been detailed on five 15-minute quadrangles 

and ten 7%-minute quadrangles reduced to a scale of 1:62,500, Shown on the 

geologic map is a complex sequence of silicic intrusions, silicic ash flows, 

and basalt flows interspersed with faults. The oldest rocks in the area are 

the Owyhee, Steens, and Columbia River basalts,, with ages ranging from 
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TABLE 7 

Contents of open- f i le release 
on Harney Basin low-temperature geothermal resource area 

Item 

Lineament map of part of 
North Harney Basin 

Geologic map of part of 
North Harney Basin 

Geologic cross sections 

Rock chemistry, age data, 
gradient data, water chemistry 

Well and spring chemistry 

Geothermal-gradient/ 
heat-flow data 

Brief text 

Bibl iography 

Aeromagnetic map of part of 
South Harney Basin 

Lineament map of part of 
South Harney Basin 

Geologic cross sections 

Rock chemistry, age data, 
gradient data, water chemistry 

Well and spring chemistry 

Geothermal-gradient/ 
heat-flow data 

Brief text 

Bibliography 

Scale 

1:250,000 

1:62,500 

1:62,500 

1:62,600 

Comments 

1:250,000 

1:62,500 

1:62,500 

1:62,500 

118"30'00" to 119"15'00" 
43°30'00" to 43°45'00" 

Overlays on geologic map 

Table 

Table 

118°30'00" to 119°30'00" 
43°00'00" to 43°30'00" 

Overlays on geologic map 

Table 

Table 
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12-20 m,y. The oldest silicic events are dated between 14,7 and 9,6 m.y. 

The period of ash eruptions extends between 12 and 6.5 m.y. ago. The youngest 

major sequence of rocks appears to be the basalts capping the highlands on the 

west margins of the basin and their related vent complexes, with age dates 

ranging from 2.3 to 2,9 m.y. 

As part of the project, age dates have been obtained from several units 

of ambiguous age, particularly various basaltic vent complexes scattered 

throughout the basin. All the faulting in the young basalts definitely post­

dates approximately 2,5 m.y., and some faults cut the Diamond Craters basalts, 

which have a hydration-rind age date of approximately 15,000 years. The 

alluvial fill of the basin does not appear to be offset by young faulting. 

The water-chemistry data are shown in Table 8 and indicate moderate- to 

high-temperature resources. Several ground-water flow regimes appear to 

exist in the basin, and the effects of these different flow patterns must be 

sorted out for complete analysis of the geothermal potential based on the 

water-chemistry data. 

The collection of gradient data, in the past, has been limited to logging 

pre-existing water wells and mineral exploration borings with a very few 

gradient borings drilled by DOGAMI and USGS, Data from these holes are pre­

sented in Tables 9a and 9b. In view of the extensive evidence of persistently 

high temperatures, the exploration of this area could benefit from an extensive 

program to drill holes deeper than 150 m. Limited 150-m deep drilling is 

planned for 1980. Complete analysis must wait until deep drilling is carried 

out. 
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TABLE 9A. Locations and geothermal gradients for the North Harney Basin 
low-temperature geothermal area. Data from piablished and 
unpublished information in DOGAMI-SMU files. Standard error 
shown below gradient value. 

TOWNSHIP/ GEOL. 
RANGE- PROV-. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

22S^32E-. 
27Bfl 

HL 43-38.5 118-S2.3 TILLER 2 
5/22/80 

1277 
57.0 

20.0 
57.0 

78.7 
7.6 

72.1 
4.7 

22S/32E- HL 
26BB 

43-38.3 118-51.6 TURDY 
5/21/80 

1279 10.0 
40.0 

68,1 
3.6 

22S/3SS- HL 
27CB 

43-38.1 118-52.e TILLER 1 
5/22/80 

1265 5.0 
45.0 
45.0 
100.0 

5.0 
100.0 

69.8 
.8 

82.4 
2.5 

78.6 
2.4 

22S/33E-
27CD 

BM 43-37.6 118-38.5 TEMPLE 1268 
5/20/80 

10.0 
125.0 
125.0 
138.0 

2.2 
.4 

464.7 
S.l 

22S/32E-
31£iB 

HL 43-37.2 118-55.7 BLCKBURN 1269 15.0 53.5 
5/22/80 48.0 2.2 

22S/32E-
34GG 

HL 43-36.9 118-52.6 RICE 1260 .0 140.0 
6/11/7S 9510 

22S/32E-
34DD 

HL 43-36.9 118-51.9 HWY 20 1261 
5/20/80 

10.0 
35.0 
35.0 
60.0 

10.0 
62.0 

573.7 
15.2 

181.7 
.3 

354.9 
70,2 

23S/32E-
6CB 

BM 43-36,3 118-49.2 HfiNSON 
5/22/80 

1259 5.0 
51.0 

74,5 
1.7 

22S/32E-
27ftC 

HL 43-36.3 118-54.2 TILLER 3 
5/22/80 

1286 10.0 
25.0 
25.0 
96.0 

226.0 
12.7 

72.4 
3.5 
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TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
RANGE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) °C/km 

QUALITY 

23S/29E-
10fll5' 

BM 43-35.6 119-13.7 FED-1-10 
10/ 8/77 

1463 

24S/32E-
IfiD 

HL 43-31.3 118-49,3 NINEMILE 
5/16/80 

1257 

24S/32E-
BDfl 

HL 43-30.2 118-54.3 STEiJEr« 
5/15/80 

1256 

10.0 
:s.0 
%.0 
60.0 

60.0 
130.0 

130.0 
160.0 

10.0 
160.0 

5.0 
176.0 

273.5 
3.8 

189.5 
.2 

155.7 
1.7 

97.8 
.1 

165.8 
14.1 

18.5 
2,3 
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TABLE 9B. Locations and geothermal gradients for the South Harney Basin 
low-temperature geothermal area. Data from pviblished and 
unpublished information in DOGAMI-SMU files except holes SI, 
82, S3, VI,. Lawen, MR-1 and MR-2 which have been published by 
Sass et al. (1976). Standard error shown below gradient value. 

TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

N LAT. • W LONG. HOLE NO. 
DATE 

MEASURED 

COLLAR 
ELEV . 

(meters) 

DEPTH 
INTERVAL 
(meters) 

UNCORR. 
GRAD. 
°C/km 

QUALITY 

24S/33E-
9D 

HL 43-30.0 118-39.0 S3 1^55 40.0 
203.0 
59.0 
96.0 

82.0 
1.0 

58.5 
.3 

n 

24S/32E-
23DD 

HL 43-28.3 118-43.9 LAWEN 1256 75.0 
150.0 

60,9 
7.4 

24S/34E-
19C 

HL 43-28.0 118-35.0 S2 1262 60.0 
183.0 

69.5 
.5 

24S/33E- HL 43-26.6 118-36.8 CRANE 1257 30.0 80.0 
3SfiD 7/21/75 85.0 7.1 

25S/31E- HL 43-26.2 119- 1.1 BFZ-7511 1262 42.5 30.9 
4BB 9/16/75 60.0 2,5 

2SS/33E- HL 43-25.9 118-38.5 BF2-7501 1274 10.0 188.3 
3BD 11/22/75 28.6 18.9 

25S/33E- HL 43-25.2 118-38.3 ADAMS 1259 15.0 115.8 
10BA 5/14/80 35.0 .1 

25S/33E- HL 43-25.2 118-37.7 ROSSBERG 1257 .0 60.0 
IIBBB 6/12/75 65,0 7.0 

2SS/33E- HL 43-24.7 118-39.8 WSB-1 1250 5.0 9.6 
9CA 5/14/80 65.0 .8 

25S/33E- HL 43-24.7 118-38.6 WSB-2 1256 15.0 26.2 
10CA 5/14/80 21.0 2.7 

25S/33E- HL 43-24.5 118-38.5 WSB-3 1254 10.0 45,3 
10CD 5/14/80 51.5 5.9 

25S/33E- HL 43-24.5 118-40.0 ARFORD 2 1250 5.0 27.4 
9CC 5/14/80 55.0 3.9 

2SS/33E- HL 43-24.5 118-39.3 ARFORD 3 1250 5.0 6.8 
9CD 5/14/80 165.0 1,3 

2SS/33E'' - ML 43^4.«l 118^37.^ TiSB-̂  1^4 10.0 9..,1. 
IICD 5/ B/'80 57.0 2.S 



TABLE 9B. (continued) 

33 

TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

QUALITY 

25S/33E-
16AB 

25S/31E-
21D 

25S/34E-
31CC 

26S/33E-
2CD 

26S/33E-
IIDC 

^S/33E-
13DA 

HL 43-24.3 118-38.5 ARFORD 1 
5/14/80 

1250 

HL 43-22.0 119- 2.0 SI 1266 

HL 43-20.3 118-35.3 WINDYPTl 1257 
5/ 8/80 

HL 43-20.2 118-36.7 WINDYPT2 1253 
5/ 8/80 

HL 43-19.3 118-36.4 WINDYPT3 1252 
5/ B/80 

HL 43-18,5 118-34.9 ,N TMPSON 1257 
5/ 8/80 

5.0 
20.0 . 

5 .0 
107.5 

50.0 
190.0 

10.0 
30.0 

10.0 
58.0 

5.0 
45.0 

10.0 
52.0 

59.6 
1.9 

34 ,3 
12.5 

81.0 
1.0 

7 .2 
1.4 

86.4 
4 .2 

85.1 
3.9 

108.9 
37.0 

26S/30E-
19 

XX 43-17.9 119- 9.8 UI 1250 

26S/33E- HL 43-16.6 118-39.1 DAUIS 2 1268 
33BA 5/ 7/80 

26S/33E- HL 43-15.8 118-37.0 DAUIS 1 1254 
35CC 5/ 7/80 

27S/33E- HL 43-15.7 118-37,9 ALDERTON 1256 
3BA 5/ 7/80 

a7S/30E- HL 43-13.2 118-56.0 HP-10 
13CD 6/ 8/73 

27S/32E- HL 43-13.1 118-44.2 UOLTAGE 1335 
23BB 5/13/80 

10.0 
16.5 

10.0 
34 .5 

10,0 
30.0 

25.0 
60.0 

60.0 
130.0 

20.0 
95.0 

100.0 
190.0 

20.0 
190.0 

2 .8 
.2 

12.5 
1.8 

6 .3 
1.2 

130.4 
2 .5 

61.6 
1.5 

49.8 
2 .2 

67.8 
.8 

61.9 
3.0 

A 

A 
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TOWNSHIP/ GEOL. 
RANGE- PROV, 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

QUALITY 

27S/'33E-
20D6 

27S/30E-
SIDDB 

27S/30E-
27ACA 

27S/30E-
26DCB 

a8S^32E-
36CC 

29S/32E-
6B 

HL 

HL 

HL 

HL 

HL 

HL 

43-12.7 118-37.S BECKLEY 1285 
5/13/90 

43-12.5 118-59.7 HP-48 1289 
7/25/73 

43-12.1 118-58.7 HP-1 1320 
7/26/73 

43-11.5 118-57.2 HP-2B 1340 
7/26/73 

43-5.3 118-43.0 DMND CRT 1277 
6/ 7/80 

43- 5.3 118-49.4 MR-1 1262 

10.0 
60 .5 

10.0 
35.0 
35.0 

110.0 

10.0 
65.0 
65.0 
75.0 

10.0 
57.2 

10.0 
54.0 

56.4 
64.0 

40.0 
91.0-^ 

1.0 
3.8 

223.2 
8.5 

132.8 
1.0 

'^:i 
55.0 

2 ,9 

117.9 
1.4 

39.4 
3.0 

89.0 
1.0 

96.0 
.6 

A 

A 

A 

A 

A 

A 

A 

29S/31E- HL 43- 5.2 118-50.9 MR-2 1260 57.9 
eS;B 

89.3 
92.0 

60.0 
100.0 

65.0 
2.0 

83.0 
3.0 

74.2 
.8 

A 

A 

A 

A 
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POWELL BUTTES 

The Powell Buttes area is located in central Oregon near the rapidly 

growing industrial and recreation area of Bend, Redmond, and Prineville. 

The data compiled for the area are shown in Table 10. The compilation of 

aeromagnetic, gravity, and lineament data is at a scale of 1:250,000. Also 

included are a geologic map and geologic cross sections for one 15-minute and 

four 7%-minute quadrangles presented at a scale of 1:62,500 as well as over­

lays for potassium-argon ages and water-chemistry and geothermal-gradient data, 

The aeromagnetic pattern across the area is essentially flat, whereas 

the gravity map developed by Pitts (1979) shows a large, ovoid, northeast-

trending positive gravity anomaly of 15 to 20 mgal over the buttes. The 

explanation for this large positive anomaly is not obvious. The lineament 

study shows primarily northwest-southeast and northeast-southwest trends, and 

detailed mapping indicates additional trends. 

Samples have been collected for potassium-argon dating and for water-

chemistry analysis with the available water-chemistry data shown on Table 11. 

Additional samples are not yet analyzed, A list of the location of sites of 

temperature-depth information is given in Table 12, 

A geothermal anomaly was initially discovered by routine scrounge water-

well measurements which indicated anomalously high heat-flow values and geo­

thermal gradients in an area on the northwest side of Powell Buttes. 

Additional logging of available wells in the area continues to indicate 

anomalous conditions. At the present time, an area with a linear dimension 

of at least 10 km and a demonstrated width of 2 km has gradients in excess 

of 100°C/km to depths in excess of 200 m. The geologic controls on this 
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TABLE 10 

Contents of open-file release 
on Powell Buttes low-temperature geothermal resource area 

Item Scale 

Aeromagnetic Map 1:250,000 

Gravity Map 1:250,000 

Lineament Map 1:250,000 

Geologic Map 1:62,500 

Geologic Cross-Sections 1:62,500 

Rock Chemistry, Age Data, 1:62,500 
Gradient Data, Water Chemistry 

Well and Spring Chemistry 

Geotheirmal Gradient/ — 
Heat Flow Data 

Brief Text 

Bibliography — 

Comments 

120°45'00" to 121°07'30" 
44°00'00" to 44°22'30" 

Overlays on geologic map 

Table 

Table 
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system are not obvious. There is very little permeability in the rocks, and 

most of the holes, even to depths in excess of 300 m, produce only enough 

water from discontinuous ground-water bodies for domestic use. The cause of 

the anomaly is apparently at depths in excess of 300 m and, based on the 

measured data, has a temperature in excess of 40°C (the highest measured 

bottom-hole temperature is 38°C). 

The geology consists of a central intrusive and extrusive complex of 

presumed John Day age; i.e,, 25-35 m,y,, against which young flood basalts and 

fluvial sediments onlap. Age dating of samples from this area is currently 

in progress in order to verify the age of the complex. The rocks are generally 

silicic in composition and are relatively highly altered; mercury prospects 

are found along the western margin of the buttes, and there is some indica­

tion that the background uranium content of the rocks is above average. 

Because of the proximity to a rapidly growing metropolitan area with a 

significant amount of industry, this area is \iery attractive for development of 

low-temperature utilization, A number of 150-m gradient holes are planned 

for 1980-81; however, it is clear that holes at least 400-600 m deep must be 

drilled in this area to verify the presence of a resource and the temperatures 

characteristic of that resource. 

file:///iery
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TABLE 12. Locations and geothermal gradients for the Powell Buttes 
low-temperature geothermal area.. Data from published and 
unpublished information in DOGAMI-SMU files. Standard.error 
shown below gradient value. 

TOWNSHIP/ 
RANGE-
SECTION 

GEOL . 
PROV. 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

QUALITY 

14S/14E-
ISCC 

BM 44-21.1 121- 6,3 S4IFT 
4/18/80 

874 25.0 
60.1 

4.5 
1.2 

15S/16E- HL 44-15.1 120-48.7 PRSTUDCO 936 7.5 68.0 
16DA 7/12/77 47.5 

1SS/14E- HL 44-15.9 121- 1.7 CRABTREE 930 
15DD 4/16/80 

15S/15E- HL 44-14.8 120-57.6 POWBUTNE 986 
4/14/80 

15S/15E-. HL 44-14.6 120-55.7 KOOPS 998 
28AD 8/11/80 

ISS/ISE- HL 44-14.5 120-58.4 CRAWFORD 995 
30AC 4/ 5/80 

15S/15E- HL 44-14.4 120-58.0 L0T24UW 1002 
30A6 9/20/78 

1SS/15E- HL 44-13.7 120-58.5 DEASON 1067 
31AC 4/ 6/80 

iSB/14E- HL 44-13.7 121- 1.5 FLOCK 982 
3SBC 6/18/80 

15S/15E- HL 44-13.6 120-58,2 KRANTH 2 1100 
31DA2 7/28/79 

15S/1SE- HL 44-13.6 120-58.2 KRANTH 1 1100 
31IW1 7/28/79 

16.0 
35.0 
35.0 

172.0 

15.0 
40.0 

40.0 
149.0 

10.0 
75.0 

40.0 
105.0 

10.0 
40.0 

40.0 
244.3 

45.0 
110.0 
20.0 

125.0 

20.0 
120.0 

90.0 
1S0.0 

195.0 
225.0 

10.0 
2i3Si.0 

190.0 

77.1 
2 .5 

119.2 
18.3 

50.9 
1.4 

81.9 
3.7 

70.5 
B.7 

266.6 
19.8 

68.7 
4 .6 

127.7 
2 .3 

111.6 
7 .3 

75.5 
2 ,1 

71.7 
.2 

59.2 
. 1 

73,3 
1.6 

A 

A 

B 

C 

B 

B 

A 

A 

B 

B 
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TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR 
DATE ELEV. 

DEPTH 
INTERVAL 
(meters) 

20.0 
155.0 

5.0 
78.5 

10.0 
20.0 

10.0 
45.0 
45.0 
179.0 

10.0 
45.0 

45.0 
170.0 

10.0 
93.5 

20.0 
156.0 

20.0 
50.0 

25.0 
160.0 

20.0 
123.0 

5.0 
20.0 

20,0 
75.2 

10.0 
30.0 

UNCORR. 
GRAD. 
"C/km 

128,4 
2.1 

114.1 
13.0 

195.0 • 
12.0 

252.5 
13.1 

113.0 
6.0 

198.7 
9.6 

91,5 
4.4 

129.4 
4.9 

58.1 
1,6 

33.7 
1.5 

148.4 
4,1 

162.2 
7,4 

107.2 
5.5 

58.0 
1,1 

30.4 
7.0 

QUALITY 

c 

c 

A 

A 

A 

A 

A 

B 

B 

1SS/14E-
36fC 

16S/14E-
2BC 

16S/14E-
4DD 

16S/14E-
3CC 

16S/14E-
10AB 

16S/14E-
10BA 

16S/14E-
IICC 

16S/14E-
IIDC 

16S/14E-
16DAA 

16S/14E-
16DC 

16S/14E-
14CC 

t6S/14E-
20AC 

HL 

HL 

HL 

HL 

44-13.2 120-59.6 

HL 

HL 

HL 

HL 

HL 

HL 

HL 

FHRNBKl^ 
9/22/78 

1023 

HL 

44-12.8 121- 1.6 . HALLETT 1021 
8/12/79 

44-12.6 121- 2.8 SCHOOLHS 991 
8/13/60 

44-12.5 121- 2.5 MILLER 1003 
4/ 7/80 

44-12.4 121- 2.1 POWBUTNW 1021 
4/ 8/80 

44-12.3 121- 2.3 JENSEN 1015 
8/ 8/80 

44-11.8 121- 1.5 MATHERS 1086 
4/17/80 

44-11.7 121- .7 POWBUT 1146 
4/17/80 

44-11.2 121- 2.8 MCDNL-WU 1024 
9/21/78 

44-11.0 121- 3.3 , ALF-PBRD 1010 
8/14/80 

44-10.9 121- 1.3 SANTOS 1103 
8/14/80 

44-10.5 121- 4.3 MILLER 963 
8/12/80 
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TOWNSHIP/ 

RANGE-

SECTION 

16S/14E-
20PA 

16S/14E-
28AD 

16S/15E-
26CC 

17S/14E-
23AC 

17S/15E-
20CA 

17S/16E-
'•'•""••3SCA 

... 

GEOL. 

PROV.. 

; HL 

HL 

HL 

HL 
^ V ~,— ~ . 

HL 

i . .:.HL.-., 

'-

N LAT. W LONG. 

44-10.4 121-4.0 

44- 9.6 121- 2.9 

44- 8.9 120-54.3 

44- 5.1 121- 1.0 

44- 4.7 120-57.6 

44- 3.1 120-50.4 

HOLE NO. 

DATE 

MEASURED 

SLUDLR R 
8/12/80 

SHUMWAY 
4/ 7/80 

H MARTIN 
8/19/80 

. LEWIS 
--0/20/80-

: BOWEN 
4/16/80 

GLOOER 
-... @>'gi7.ggr. 

- -

COLLAR 

ELEV . 

(meters) 

672 

981 

1076 

1021 

1036 

Jvl63 __ 

DEPTH 

INTERVAL 
(meters) 

10.0 
2,49.0 

20.0 
65.0 

110.0 
158.5 

40.0 
165.0 

50.0 
140.0 

80.0 
470.0 

10.0 
120.0 

20.0 
"""'TSff̂  

--. -75.0 
119.0 

UNCORR. 
GRAD.. 

°C/km 

12.5 
13.7 

82,9 
3.8 

100.7 
2.1 

55.9 
1.2 

55.6 
.7 

74.1 
•. 4-.-9'--

1:1 
34.2 
2.1 

87.6 

,-..43 .,9..-.; 
3.9 . 

QUALITY 

B 

B 

B 



44 

POWELL BUTTES BIBLIOGRAPHY 

Atwater, T., 1970, Implications of plate tectonics for the Cenozoic tectonic 
evolution of western North America: Geological Society of America 
Bulletin, v. 81, no. 12, p. 3513-3536. 

Baldwin, E.M., 1976, Geology of Oregon (revised ed.): Dubuque, Iowa, Kendall/ 
Hunt, 147 p. 

Berg, J.W., and Thiruvathukal, J.V., 1965, Gravity base station network, 
Oregon: Journal of Geophysical Research, v. 70, no. 14, p. 3325-3330. 

Calkins, F.C., 1902, A contribution to the petrography of the John Day Basin: 
Berkeley, Calif., University of California Publications, Bulletin of the 
Department of Geology, v. 3, no. 5, p. 109-172. 

Chaney, R.W., 1927, Geology and paleontology ofthe Crooked River Basin, 
with special reference to the Bridge Creek flora: Washington, D.C, 
Carnegie Institution of Washington Publication 346, p. 45-138. 

Couch, R.W., Gemperle, M., and Connard, G.G., 1978, Total field aeromagnetic 
anomaly map. Cascade Mountain Range, central Oregon: Oregon Department 
of Geology and Mineral Industries Geological Map Series GMS-9, 2 sheets. 

Dalrymple, G.B., Cox, A., Doell, R.R., and Groirene, C.S., 1967, Pliocene geo­
magnetic polarity epochs: Earth and Planetary Science Letters, v. 2, 
no. 3, p. 163-173. 

Evemden, J.F., and James, G.T., 1964, Potassium-argon dates and the Tertiary 
floras of North America: American Journal of Science, v. 262, no. 8, 
p. 945-974. 

Evemden, J.F., Savage, D.E., Curtis, G.H., and James, G.H., 1964, Potassium-
argon dates and the Cenozoic manmalian chronology of North America: 
American Journal of Science, v. 262, no. 2, p. 145-198. 

Fisher, R.V., 1967, Early Tertiary deformation in north-central Oregon: American 
Association of Petroleum Geologists Bulletin, v. 51, no. 1, p. 111-123. 

Hamilton, W., and Myers, W.B., 1966, Cenozoic tectonics of the western United 
States: Review of Geophysics, v. 4, no. 4, p. 509-549. 

Hodge, E.T., 1932, New evidence of the age of the John Day Formation: Geo­
logical Society of America Bulletin, v. 43, no. 3, p. 695-702. 

1940, Geology of the Madras quadrangle: Corvallis, Oreg., Oregon State 
College, Oregon State Monographs, Studies In Geology, no. 1 (geologic 
map), scale 1:125,000. 

1942, Geology of north-central Oregon: Corvallis, Oreg., Oregon State 
College, Oregon State Monographs, Studies In Geology, no. 3, 76 p. 



45 -

Laursen, J.M., and Hammond, P.E., 1978, Summary of radiometric ages of Oregon 
rocks. Supplement 1: July 1972 through December 1976: Isochron/West, 
no. 23, p. 3-28. 

Lipman, P.W., Prostka, H.J., and Christiansen, R.L., 1972, Cenozoic volcanism 
and I piate-tectonic evolution of the western United Ststes; I, Early and 
middle Cenozoic: Philosophical Transactions of the Royal Society of London, 
serl A, V. 271. no. 1213, p. 217-248. 

Lowry, W;D., 1940, The geology of the Bear Creek area. Crook and Deschutes Coun-j 
ties, Oregon: Corvallis, Oreg., Oregon State College master's thesis, 29 p.' 

McLeod, N.S., Walker, G.W., and McKee, E.H., 1975, Geothermal significance of 
eastward increase in age of upper Cenozoic rhyolitic domes in southeastern 
Oregon: U.S. Geological Survey Open-File Report 75-348, 22 p.; also 1976, 
in Second United Nations Symposium on the Development and Use of Geothermal 
Resources, San Francisco, Calif., 20-29 May, 1975, Proceedings: Lawrence 
Berkeley Laboratory, University of California (for ERDA, NSF, and USGS), 
v. 1, p. 465-474. 

Marlattei C.R., 1931, The petrogenesis of the clastic materials of the Madras 
Formation: Eugene, Oreg., University of Oregon master's thesis, 78 p. 

j 

Matthews! T.C, 1955, Oregon radioactive discoveries in 1954 and 1955: Oregon 
Department of Geology and Mineral Industries, Ore Bin, v. 17, no. 12, 
p. 87-92. 

1956, Radioactive occurrences in Oregon, 1956: Oregon Department of 
Geology and Mineral Industries, Ore Bin, v. 18, no. 12, p. 105-107. 

Peterson; N.V., Groh, E.A., Taylor, E.M.,and Stensland, D.E., 1976, Geology 
and mineral resources of Deschutes County, Oregon: Oregon Department of 
Geology and Mineral Industries Bulletin 89, 66 p. 

Peterson; N.v., 1958, Oregon's uranium picture: Oregon Department of Geology 
and Mineral Industries, Ore Bin, v. 20, no. 12, p. 111-117. 

Pitts, GiS., 1979, Interpretation of gravity measurements made in the Cascade 
Mountains and the adjoining Basin and Range province in central Oregon: 
Corvallis, Oreg., Oregon State University master's thesis, 186 p. 

Pitts, G.S., and Couch, R.W,, 1978, Complete Bouguer gravity anomaly map. Cascade 
Mountain Range, central Oregon: Oregon Department of Geology and Mineral 
Industries Geological Map Series GMS-8, scale 1:125,000. 

Riccio, J.F., ed., 1979, Geothermal resource assessment of Mount Hood: Oregon Depart­
ment of Geology and Mineral Industries Open-File Report 0-79-8, 273 p. 

1980, Geothermal exploration in Oregon, 1979: Oregon Department of 
Geology and Mineral Industries, Oregon Geology, v. 42, no. 4, p. 59-69. 

Robinson, J.W., and Price, 0., 1963, Ground water In the Prineville area. Crock 
County, Oregon: U.S. Geological Survey Water-Supply Paper 1619-P, p. 8-11. 

a. 



46 -

Robinson, P.T., 1969, High-titania alkakl-olivine basalts of north-central 
Oregon, U.S.A.: Contributions to Mineralogy and Petrology, v. 22, no. 4, 
p. 349-360. 

Robinson, P.T., and Stensland, D.H., 1979, Geologic map of the Smith Rock area, 
Jefferson, Deschutes, and Crook Counties, Oregon: U.S. Geological Survey 
Miscellaneous Investigations Series Map 1-1142, scale 1:48,000. 

Rogers, J.J.W., 1966, Coincidence of structural and topographic highs during 
post-Clarno time in north-central Oregon: American Association of Petro­
leum Geologists Bulletin, v. 50, no. 2, p. 390-396. 

Rogers, J.J.W., and Novltsky-Evans, J.M., 1977, The Clarno Formation of central . 
Oregon, U.S.A. —volcanism on a thin continental margin: Earth and Plan­
etary Science Letters, v. 34, no. 1, p. 55-66. 

Russell, I.e., 1905, Preliminary report on the geology and water resources 
of central Oregon: U.S. Geological Survey Bulletin 252, 138 p. 

Schafer, M., 1956, Uranium prospecting in Oregon, 1956: Oregon Department of 
Geology and Mineral Industries, Ore Bin, v. 18, no. 12, p. 101-104. 

Stearns, H.T., 1931, Geology and water resources of the middle Deschutes River 
Basin, Oregon, ijn U.S. Geological Survey, Contributions to the hydrology 
of the United States: U.S. Geological Survey Water-Supply Paper 637, 
p. 125-212. 

Stroh, H.R., 1980, Geology of the Clarno Formation in the vicinity of Stephenson 
Mountain, Jefferson, Crook, and Wheeler Counties, Oregon: Corvallis, Oreg., 
Oregon State University master's thesis, 128 p. 

Swanson, D.A., 1969, Reconnaissance geologic map of the east half of the Bend 
quadrangle. Crook, Wheeler, Jefferson, Wasco, and Deschutes Counties, 
Oregon: U.S. Geological Survey Miscellaneous Geologic Investigations Map 
1-568. 

Swanson, D.A., and Robinson, P.T., 1968, Base of the John Day Formation in and 
near the Horse Heaven mining district, north-central Oregon, jn^ U.S. Geo­
logical Survey, Geological Survey research 1968: U.S. Geological Survey 
Professional Paper 600-D, p. D154-D161. 

Taylor, E.M., 1980, High Cascade ash-flow tuffs and pumice deposits in the 
vicinity of Bend, Oregon (abs.): Geological Society of America Abstracts 
with programs, v. 12, no. 3, p. 155. 

Thiruvathukal, J.V., 1968, Regional gravity of Oregon: Corvallis, Oreg., 
Oregon State University doctoral dissertation, 92 p. 

Walker, G.W.,1970, Cenozoic ash-flow tuffs of Oregon: Oregon Department of 
Geology and Mineral Industries, Ore Bin, v. 32, no. 6, p. 97-115. 

1977, Geologic map of Oregon east of the 121st meridian: U.S. Geological 
Survey Miscellaneous Investigations Series Map 1-902, scale 1:500,000. 



- 47 

Walker, G.W., 1979, Revisions to the Cenozoic stratigraphy of Harney Basin, 
southeastern Oregon: U.S. Geological Survey Bulletin 1475, 35 p. 

Walker, G.W., Dalrymple, G.B., and Lanphere, M.A,, 1974, Index to potassium-
argon ages of Cenozoic volcanic rocks of Oregon: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-569, scale 1:1,000,000. 

Waters, A.C., 1954, John Day Formation west of its type locality (abs.): 
Geological Society of America Bulletin, v. 65, no. 12, pt. 2, p. 1320. 

19681, Reconnaissance geologic map of the Madras quadrangle, Jefferson 
and Wasco Counties, Oregon: U.S. Geological Survey Miscellaneous Geologic 
Invesjtigations Map 1-555, scale 1:125,000. 

Weidenheimj, J.P., 1980, The petrography, structure, and stratigraphy of Powell 
Buttes, Crook County, central Oregon: Corvallis, Oreg., Oregon State 
University master's thesis, 95 p. 

Wells, F.G|., and Peck, D.L., 1961, Geologic map of Oregon west of the 121st 
meridian: U.S. Geological Survey Miscellaneous Geologic Investigations 
Map 1L325, scale 1:500,000. 

Williams, H., 1957, A geologic map of the Bend quadrangle, Oregon and a 
reconnaissance geologic map of the central portion of the High Cascade 
Mountains: Oregon Department of Geology and Mineral Industries in coop­
eration with the U.S. Geological Survey (text on map), scales 1:125,000 
and 1:250,000. 



48 

WESTERN SNAKE RIVE.R PLAIN. 

The part of the Western Snake River Plain to be included in the open-

file report consists of four 15-minute quadrangle maps. Data to be included 

in the open-file report are listed in Table 13, The geologic map for this area 

(scale 1:62,500) has been compiled from published sources. Time constraints 

have not. allowed field checking. There appear to be several stratigraphic 

inconsistencies in the maps that have not yet been resolved at this time. 

Gravity and magnetotelluric data have been compiled at a scale of 1:250,000, 

and a local aeromagnetic map for part of the area has been compiled at a scale 

of 1:62,500. A lineament map has been compiled at a scale of 1:250,000, 

Available, water chemistry, age dates, and hole locations are presented on an 

overlay to the geologic maps.. A table of water-chemistry data from the lit­

erature is presented in Table 14, and a list of holes logged for geothermal-

gradient data is given in Table 15. 

Geophysical, geological, and geochemical data indicate that high tem­

peratures (+200°C) exist at depth, and a deep DOE-supported drill hole has 

demonstrated a temperature of over 150 C at a depth of approximately 2,300 m. 

This, however, is a regional temperature, and higher temperatures can be 

expected to occur at shallow depths in holes centered on geothermal systems. 
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TABLE 13 

Contents of open-file release 
on Western Snake River Basin low-temperature geothermal resource area 

Item Scale 

Geologic Map 1:62,500 

Geologic Cross-Sections 1:62,500 

Rock Chemistry, Age Data, 1:62,500 

Gradient Data, Water Chemistry 

Well and Spring Chemistry 

Geothermal Gradient/ — 
Heat Flow Data 
Brief Text 

Aeromagnetic Map 1:62,500 

Gravity Map 1:250,000 

Audiomagnetotelluric Map 1:250,000 

Bibliography 

Comments 

116°52'30" to 117°30'00" 
43°52'30" to 44°15'00" 

Overlays on geologic map 

Table 

Table 
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TABLE 15. Locations and geothermal gradients for the Western Snake River 
Basin low temperature geothermal area. Data from published and 
unpublished information in DOGAMI-SMU files. Standard error 
shown below gradient value. 

TOWNSHIP/ 
RANGE-
SECTION 

1.SS/43E-
34CD 

16S/43E-
10DB 

16S/43E-
7D 

16S/43E-
15DA 

16S/43E-
13DD 

16S/43E-
23DD 

17S/45E-
SAA 

17S/45E-
3DD 

17S/45E-
2DA 

t7S/43E-
9CB 

GEOL. 
PROV. 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

XX 

N LAT. W LONG. 

44-12.9 117-26,5 

44-11.5 117-26.1 

44-11,4 117-29,5 

44-10.6 117-25.8 

44-10.4 117-23.2 

44- 9.4 117-24.4 

44- 6.9 117-10.1 

44- 6,8 117-11.3 

44- 6,5 117-13.6 

44- 6.2 117-27,5 

HOLE NO. 
DATE 

MEASURED 

MCBRIDE 
6/24/80 

JQRM 
10/ 2/'<'2 

BAMS 
5/ 6/7b 

JQNR 
10/ 5/72 

UALE 
10/ 4/Vii 

JQMR 
10/ 1/72 

UN-75-2 
6/ 4/75 

BLMSW 
5/ 9/75 

UN-75-3 
5/13/75 

JQW 
10/ 2/72 

COLLAR 
ELEV.' 

(meters) 

Rfifi 

758 

850 

758 

768 

749 

721 

774 

814 

866 

DEPTH 
INTERVAL 
(meters) 

20.0 
35.0 
10.0 
145,0 

30.0 
115.0 

15,0 
65.0 

65.0 
115.0 

25.0 
105.0 

105.0 
230.0 

50.0 

130.0 

130.0 
170.0 
40.0 
110.0 
110.0 
170.0 

30.0 
60.0 

10.0 
35.0 
10.0 
185.0 

50.0 
125.0 

10; 0 
35.0 

UNCORR. 
GRAD. 
°C/kin 

81.4 
2.5 

57.7 
10.1 

71.2 
1.5 

48.8 
7.3 

18.0 
5.1 

38.6 
7.0 

70.5 
3,0 

51,5 
5.0 

94,7 
2.7 

61.8 
2.2 

99,5 
13,0 

87.3 

82,0 
1.1 

134.2 
12.0 

QUALITY 

A 

B 

B 

A 

A 

A 

A 

A 

A 

A 

B 

B 

A 

B 
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TOWNSHIP/ 
RANGE-
SECTION 

17S/44E-
IIDC 

17S/46E-
13AA 

17S/46E-
16CA 

17S/44E-
31BB 

1FR/47E-
4B 

18S/47E-
4DC 

1BS/44E-
23AC 

1RS/44E-
21BA 

18S/45E-
20CB 

18S/44E-
21DB 

1^/4SE-
21CB 

1AS/4FE-

18S/46E-
21CC 

GEOL. 
PROV. 

SB 

XX 

SB 

XX 

SB 

SB 

SB 

SB 

SB 

SQ 

SB 

SB 

SB 

N LAT. W LONG. 

44-6,1 117-17.4 

44- 5.8 117- 1.6 

44- 5,4 117- 5,9 

44- 3.2 117-23.1 

44- 2.2 116-58.5 

44-1,5 116-58.2 

43-59.8 117-17.3 

43-59.6 117-20.3 

43-59.3 117-14.5 

43-59.3 117-20.5 

43-59.2 117-13.3 

43-59.1 117-14.6 

43-59.1 117- 6.S 

HOLE NO. 
DATE 

MEASURED 

JQPW 
10/ 6/72 

UN-75-5 
10/^^/75 

UN-75-4 
6/ 4/75 

JQRI M 
10/14/72 

JOHANSON 
6/27/80 

ONTCTYPK 
8/19/VV 

HI ATT 
7/ 2/80 

UWQRB 
10/11/72 

UAI K( :TYI 
7/ 7/77 

RANDLE 
7/ 2/80 

TS-RDH 
11/30/76 

GRItdbb 
6/yS/80 

lEE 
7/ 8/77 

COLLAR 
ELEV . 

(meters) 

719 

732 

762 

829 

658 

655 

765 

760 

684 

vyy 

678 

683 

69S 

DEPTH 
INTERVAL 
(meters) 

10.0 
370.0 

50.0 
150.0 

25.0 
140.0 

15.0 
70.0 

15.0 
59,0 

55.0 
150.0 

20.0 
92.0 

25.0 
85.0 

30.0 
40.0 

10.0 
49.0 

15.0 
310.0 

15,0 
65.0 

65.0 
230.0 

230.0 
310.0 

10.0 
100.5 

35.0 
45.0 

UNCORR. 
GRAD. 
°C/km 

94,4 
2,2 

76.5 
.3. 

115.4 
7,0 

85.7 
2.2 

71.6 
2.1 

88,4 
,2 

91.8 
3.2 

66.8 
1.1 

123.2 
. 2.8 

54.1 
4.0 

145.5 
6.1 

200,4 
6.7 

143.2 
7.5 

116.0 
7.7 

135.6 
3.0 

115,6 
12.1 

QUALITY 

A 

A 

A 

A 

A 

A 

A 

X 

X 

X 

X 

A 
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TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) '-"C/km 

QUALITY 

1K/45E-
30AB 

18S/45E-
29BA2 

ieS/45E-
29BA1 

18S/45E-
32AB 

19S/46E-
5BD 

19S/45E-
IIBC 

19S/45E-
9DB 

19S/44E-
9DD 

19S/45E-
IICC 

19S/46E-
18DB 

19S/46E-
15DC 

19S/4SE-
14DC 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

43-58.8 117-15.1 yALECTY2 681 
7/ 7/77 

43-58.8 117-14,1 UALE CW2 682 
7/30/80 

43-58.7 117-14.2 UALE CWl 683 
7/29/80 

43-57,9 117-13,9 COLERICK 698 
8/ 1/80 

43-56.8 117- 6.9 WINEBRGR 808 
7/ 3/80 

43-56.0 117-11,0 BLMN-WW 816 
6/10/76 

43-55.8 117-12.8 N HARPER 860 
7/ 7/77 

43-55,5 117-19.5 JQP-l 701 
6/18/73 

43-55.5 117-11.0 CH-1 835 
8/23/72 

43-55.0 117- 8.0 SUW 844 
6/10/76 

43-54.8 117- 4,2 NC-WW 771 
10/27/76 

SB 43-54.6 117-10.4 CB-ie 
9/ 7/72 

910 

7,5 
5S.0 

20.0 
38.0 

10.0 
17.5 

25.0 
70.0 

10.0 
70.0 

15.0 
90.0 
90.0 

260.0 

10.0 
269.5 

10.0 
85.0 

20.0 
170.0 

170.0 
205.0 

35.0 
160.0 

30,0 
6S.0 

20.0 
150.0 

55.0 
150.0 
20.0 
55.0 

20.0 
145,0 

82.2 
,7 

240.8 
.6 

100.4 
2 .0 

190.2 
1.7 

197,5 
10.4 

96,5 
3.0 

34,0 
2 .6 

50.2 
8.6 

259.3 
2 .3 

105,9 
.5 

78,2 
3.2 

71,5 
.5 

185.7 
1.6 

104,1 
.7 

3.7 
,7 

77,1 
29.4 

175,2 
1.1 

A 

A 

C 

C 
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TABLE 1 5 . ( c o n t i n u e d ) 

TOWNSHIP/ 
RANGE-
SECTION 

19S/46E-
13CD 

19S/44E-
19 

19S/44E-
??DA 

i9S/44E-
??rA 

igs/44E-
21DD 

19S/46E-
30BB 

19S/45E-
25BB 

19S/4SE'̂  
22DB 

19S/45E-
26BD 

19S/45E-
28BD 

GEOL. 
PROV. 

SB 

SB 

SB 

SB 

SB 

J 

' SB 

11 

SB 

SB 

SB 

SB 

N LAT. W LONG. 

43-54.6 117- 2.2 

43-54.2 117-22.4 

43-54.1 117-18,3 

43-54.0 117-19.2 

43-53.8 117-19.7 

43-53,7 117-15.7 

43-53.6 117-16.8 

43-53.6 117-11.7 

43-53.4 117-10.7 

43-53,4 117-13,0 

HOLE NO. 
DATE 

MEASURED 

CO-WW 
11/ 4/76 

WP-1 
0/ 0/30 

SAP 3 
7/ 2/80 

'SAP 2 
7/ 2/80 

SAP 1 
7/ 2/80 

W-7S-1 
6/ 4/Vb 

RDH-F 
7/24/72 

GULF 
7/24/72 

GULF 
7/25/72 

CB-14 
6/14/73 

COLLAR 
ELEV-

(meters) 

707 

VVV 

713 

716 

713 

879 

813 

843 

BP? 

872 

DEPTH 
INTERVAL 
(meters) 

12,5 
37.5 

31,0 
395.0 

10.0 
79.0 

20.0 
55.0 
10.0 
62.5 

5.0 
40.0 

40.0 
135.0 

5.0 
143.0 

20.0 
150,0 

30.0 
70.0 

30.0 
115.0 

30.0 
175,0 

10.0 
90.0 

UNCORR. 
• GRAD,-. 

°C/km 

136,4 
2.2 

87,3 

80.8 
1,3 

38.1 
2.6 

37,5 
3.5 

100,9 
4.0 

73,7 
1.4 

80.5 
4.8 

92.6 
.2 

232,6 
7.1 

110.4 
.3 

119.3 
.6 

70.8 
1,5 

QUALITY 

B 

A 

A 

A 

A 

A 

A 
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LAKEVIEW 

The Lakeview area of south-central Oregon is one of the major foci of 

this year's study (Table 16), Aeromagnetic and lineament maps have been com­

piled at a scale of 1:250,000, The aeromagnetic map indicates low values 

over the deep sedimentary fill in the basin and higher values over the vol­

canic rocks of the Warner Range. The lineament map is dominated by northwest 

and northeast trends, as outlined by the variations in the orientation of 

the range-front fault. The geologic map was compiled on three yĵ -minute 

quadrangle maps reduced to a scale of 1:62,500. The compilation of the geology 

was from a reconnaissance map by Walker (1965) at a scale of 1:250,000. The 

only field checking has been along the range front, where detailed mapping 

has been carried out in order to locate areas of alteration. These areas are 

presented on the map. One area of interest which has not been studied is 

located approximately 5 mi north of Lakeview, where a large deposit of sinter 

and cinnabar was located. 

As the presence of warm water near Lakeview has been known for some time, 

the object of this study was to evaluate the size of the geothermal system 

and to determine approximate locations for production of thermal water for 

use in commercial and residential applications in the city of Lakeview. The 

geologic setting is Basin-Range, with a major fault bounding the Warner Range 

to the east and the Goose Lake Valley to the west. The age of most of the rocks 

is Miocene. Several age dates have been obtained in order to document the age 

of the volcanism in the area. The youngest rocks so far dated are approximately 

9.5 m.y. old. 

Extensive water-chemistry studies have been completed, and results are 

shown in Table 17, with detailed interpretation of these data to be included 
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TABLE 16 

Contents of open-file release 
on Lakeview low-temperature geothermal resource area 

Item Scale 

Aeromagnetic Map 1:250,000 

Lineament Map 1:250,000 

Geologic Map 1:62,500 

Geologic Cross-sections 1:62,500 

Rock Chemistry, Age Data, 1:62,500 
Gradient Data, Water Chemistry 

Well and Spring Chemistry 

Geothermal Gradient/ 
Heat Flow Data 

Brief Text 

Gravity Map 1:62,500 

Bibliography 

Comments 

120°15'00" to 120°22'30" 
42°00'00" to 42°22'30" 

Overlays on geologic map 

Table 

Table 
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in the open-file report. Silica temperatures do not indicate the presence 

of temperatures in excess of 150°C in the system, although sodium-calcium-

potassium results suggest somewhat higher temperatures. Completely satis­

factory water samples of the actual hot-water system have not yet been 

obtained. . 

A number of accessible water wells were located and logged, and a total 

of seven drill holes was drilled by DOGAMI (see Table 18). At a depth of 

30 m, one of these holes intersected water with a temperature of 105 C and a 

flow of approximately 400 1/m. Two other holes showed gradients in excess 

of 300°C/km. As a result of this study, at least one successful production 

well has been drilled during 1980 by Northwest Geothermal Corporation, who 

plans to develop a system for commercial utilization in Lakeview. This 

project appears to be well on its way with the drilling of the production 

wells based on the exploration data obtained by this project. 
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TABLE 1 8 . L o c a t i o n s and g e o t h e r m a l g r a d i e n t s f o r t h e Lakev iew low t e m p e r a t u r e 
g e o t h e r m a l a r e a . D a t a from p u b l i s h e d and u n p u b l i s h e d i n f o r m a t i o n 
i n DOGAMI-SMU f i l e s . S t a n d a r d e r r o r shown be low g r a d i e n t v a l u e . 

rOWNSHIP/ 
RANGE-
SECTION 

38S/20E-
21DAC 

2eS /20E-
22CBC 

38S/20E-
33ABBi 

38S/20E-
33ABB2 

:^AR/20E-
33DBC 

i. 

38S/20E-
33DCD 

38S/20E-
33DDC 

IGEOL. 
: P R O V . 

1 

BR 
!l • 
1' 

! BK 

1 BR. 

: BR 
ii • 

i BR 
1 

i; 

: BR 
) 

•1 

! BR 

N LAT. 

4 2 - 1 5 . 4 

4 2 - 1 5 . 2 

4 2 - 1 4 . 2 

4 2 - 1 4 . 1 

4 2 - 1 3 . 6 

4 2 - 1 3 , 4 

4 2 - 1 3 . 4 

W LONG. 

1 2 0 - 2 1 . 5 

1 2 0 - 2 1 . 0 

1 2 0 - 2 1 . 8 

1 2 0 - 2 1 , 8 

1 2 0 - 2 1 . 9 

1 2 0 - 2 1 , 6 

1 2 0 - 2 1 . 5 

HOLE NO. 
DATE 

MEASURED 

0 PLATO 
7 / 3 1 / 7 9 

CL SMITH 
7 / 3 1 / 7 9 

D LNDSAY 
7 / 3 0 / 7 9 

STKSBRRY 
7/30/Vy 

STRBY-WW 
7 / 3 1 / 7 9 

LEACH 2 
8 / 2 3 / 7 9 

LEACH 1 
8 / 2 3 / 7 9 

COLLAR , 
ELEV. 

( m e t e r s ) 

1499 

1536 

1499 

1492 

1470 

1470 

1487 

DEPTH 
INTERVAL 
( m e t e r s ) 

2 2 . 5 
4 0 . 0 

1 7 . 5 
3 0 . 0 

1 7 , 5 
5 6 . 5 

3 5 . 0 

110 .0 

170 ,0 
2 4 7 . 0 

1 5 . 0 
5 6 . 5 

1 7 . 5 
3 2 . 5 

3 2 . 5 
7 9 . 0 

5 . 0 
1 5 . 0 

2 0 . 0 
120 .0 

2 0 , 0 
3 0 . 0 

6 5 . 0 
100 ,0 

UNCORR. 
GRAD. 
°C/km 

3 7 . 9 
2 . 0 

8 6 . 6 
3 . 3 

8 1 . 6 
6 . 0 

5 5 1 . 5 
. 1 

7 6 . 7 

3 7 9 . 4 
2 6 . 1 

^ ^ 2 . 3 
2 . 7 

2 0 . 0 
2 . 5 

6 5 . 7 

5 8 . 2 

6 1 9 . 0 
. 8 

105 .2 

QUALITY 

c 

c 

c 

B 

B 

B 

B 

B 

B 

C 

B 

C 

38S/20E- BR 4 2 - 1 3 . 3 1 2 0 - 2 2 . 0 EMCDONLD 1 4 5 S 
33CDD 8 / 2 4 / 7 9 

39S/20E-
4AAB 

39S/20E-
3ABA 

BR 42-13.3 120-21.6 

BR 42-13.3 120-20.5 

INGLDEW 
11/ 9/79 

HMSLCAN3 
1/23/80 

1478 

1567 

2 0 . 0 
3 0 . 0 

2 0 . 0 
3 1 . 0 

4 2 . 5 
8 2 . 5 

1 5 . 0 
4 0 . 0 

3 4 8 . 8 
. 4 

5 7 9 , 6 
4 , 7 

? 6 6 . 4 
S ,9 

4 1 0 . 7 
2 6 . 8 

C 

C 

B 

B 
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TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

39S/20E-
4AAA 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

BR 42-13.3 120-21.5 MUNSELL 
11/ 9/79 

1484 

QUALITY 

39S/20E- BR 42-13.1 120-21.0 HMSLCANl 1507 
3BDB 1/23/80 

39S/20E-
3BCB 

39S/20E-
4DAC 

39S/20E-
4DCA 

BR 

BR 

BR 

42-12.9 

42-12.8 

42-12.7 

120-21.2 

120-21.5 

120-21.7 

HMSLCAN2 
1/23/80 

SNIDR-WW 
7/31/Vy 

PR PN CO 
1/22/80 

1457 

1458 

1453 

17.S 
67. S 

17.5 
90.0 

70.0 
£r25.0 

15.0 
145,0 

12.5 
37.5 

12.5 
125.0 

241.5 
16.8 

280.1 
16.6 

192.1 
3.5 

'1:1 
132.1 

"̂  138.1 
13.0 

A 

B 

A 

B 

• B 

C 

39S/20E- BR 42-12.0 120-21.3 FRMT-WWl 1444 
9DAA 8/ 1/79 

39S/20E-
15BAA 

39S/20E-
14BBB 

39S/20E-
IgAAC 

39S/20E-
15ABD 

39S/20E-
15CCB 

BR 42-11.5 120-20.7 LKUWTNLT 1453 
1/23/80 

BR 42-11.5 120-20.1 BULLCANl 1503 
1/23/80 

BR 42-11,4 120-20.5 BULLCAN2 1486 
1/23/80 

BR 42-11.4 120-20.3 LKUWSWMP 1468 
11/15/79 

BR 42-10.8 120-21.3 MTCHTT 1 1443 
7/30/79 

42.5 
90.0 

15.0 
48,0 

12,5 
87.5 

75,0 
200.0 

3RR,0 
548.5 

60.0 
140.0 

5.0 
167.5 

1^.3 
4.7 

111.0 
3,4 

125.4 
1.1 

111.5 
6.8 

93,5 
4.3 

108.2 
4,1 

93.5 
7,0 

B 

A 

A 

B 

B 

A 

B 
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TABLE 18. (continued) 

TOWNSHIP/ ;GEOL. 

RANGE- ; PROV. 
SECTION ' • 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

QUALITY 

3^/20E-
22ABA 

BR 42-10.7 120-20.5 

39S/20E- BR 
22ACB 

39S/21E- BR 
29AD 

39S/20E-
27DBB 

41S/20E-
ICCD 

41S/20E-
13AAA 

41S/21E-
18CBC 

BR 

41S/20E- i BR 
ICAD ! 

BR 

BR 

BR 

MTCHTT 2 
7/30/79 

1475 

42-10.4 120-20.6 JACKSON 1450 
8/24/79 

42- 9.6 120-15.4 RPK-1 2865 
7/22/73 

42- 9.4 120-20.6 BARRY 1566 
1/23/80 

42- 2 .3 120-18.5 ROCKFi?Dl 1451 
6/ 9/80 

42-2.1120-18,3 R0CKFRD2 1440 
6/ 9/80 

42- 1.1 120-17,9 SWINGLE 1469 
8/23/79 

42- ,6 120-17.8 GILMORE 1467 
8/23/79 

20.0 
66 .5 

20.0 
65.0 

10.0 
35.0 

32.5 
70.0 

25.0 
65.0 

65.0 
110.0 
110.0 
310.0: 
310.0 
415.0 
110.0 
415,0 

10,0 
120,0 

5.0 
28.0 

10.0 
73.0 

l l l . S 
14.9 

99.9 
4 . 3 

430.8 
.1 

405,1 
.1 

125.0 
.1 

39,2 
.9 

54 ,3 
.1 

44.4 
2 .2 

53.2 
.1 

83.9 
14.9 

83.2 
8.4 

B 
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ALVORD DESERT 

The open-file report for the Alvord Desert will present primarily the 

results of a literature study, although a total of ten 7J2-minute maps, reduced 

to a scale of 1:62,500, have been compiled and field checked. The data avail­

able in the area are shown in Tables 19 through 21, The emphasis has been 

somewhat less than in the other areas because of the general lack of potential 

utilization of low-temperature fluids in this rather remote and sparsely 

populated area of southeastern Oregon, There is, however, significant inter­

est in the high-temperature resources of the area, as indicated by the sale 

of KGRA lands to Anadarko Production Company, Getty Oil, and Al Aquitaine. 
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TABLE 19 

Contents of open-file release 
on Alvord Desert low-temperature geothermal resource area 

Item Scale 

Aeromagnetic Map 1:250,000 

Audiomagnetotelluric Data 1:250,000 

Geologic Map 1:62,500 

Geologic Cross-Sections 1:62,500 

Rock Chemistry, Age Data, 1:62,500 

Gradient Data, Water Chemistry 

Well and Spring Chemistry 

Geothermal Gradient/ — 

Heat Flow Data 

Brief Text 

Bibliography 

Comments 

11B°15'00" to 118°45'00" 
42°15'00" to 42°45'00" 

Overlays on geologic map' 

Table 

Table 
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TABLE 21. Locations and geothermal gradients 'for the Alvord low temperature 
geothermal area. Data from published and unpublished information 
•in DOGAMI-SMU files except holes MH-l, MH-2, AD-1 and AD-2 which 
have been published by Sass e^ al. (1976). Standard error shown 
below gradient value. 

TOWNSHIP/ iGEOL. 
RANGE- iPROV. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD. 

MEASURED (meters) (meters) °C/km 

QUALITY 

a3S/3SE-
15 

33S/35E-
14 

3SS/35E-
5 

m 

33S/34E- BR 
24AB 

BR 

BR 

42-40.6 118-21.6 m-2 

42-40.0 118-27.2 MCW 
7/20/73 

42-39,7 118-21.5 MH-l 

42-32,2 118-26.6 AD-2 

1235 10.0 294.9 

1290 

1225 

1220 

30.0 
3S.0 
10.0 
35,0 

25.0 
240.0 

40.0 
51.0 

PF5.0 

289.2 
.8 

146.2 
,6 

A 

A 

A 

3SS/34E-
3 

42-32.2 118-29.2 AD-1 1220 

37S/36E-
28AB 

3BS/37E-
24BA 

38S/37E-
23CC 

BR 42-18,2 118-16,7 G-11 1366 
7/30/73 

BR 42-15.8 118-19,1 SP-10 1430 
7/28/73 

BR 42-15.3 118-20.8 DHr-19 1430 
7/28/73 

54.9 
61.0 

88.4 
9S.7 

55.0 
96.0 

10.0 
25.0 

10.0 
100,0 

10.0 
50.0 

73.9 

78.6 
.3 

75,8 
.3 

130.6 
13.7 

83.9 
1.2 

88.5 
3.9 

A 

A 

A 

A 

A 

A 

A 
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LA GRANDE 

The information available for the La Grande area is shown in Table 22. 

There are several thermal wells and springs in the La Grande area; however, 

they are ̂ somewhat distant from the main population center. Magma Power 

Company drilled a 900-m deep well to intersect a fault near Hot Lake in 1972. 

However, maximum bottom-hole temperature was reported to be only 80 C A 

total of four 7Js-niinute quadrangle maps were mapped by an independent sub­

contractor and have been published previously as DOGAMI Special Paper 6. 

Available water-chemistry data for the area are shown in Table 23. 
!i 

Three holes were drilled in the immediate vicinity of La Grande by DOGAMI 

as part of this project in order to evaluate the possibility of warm-water 

flow along the frontal faults close enough to the city to be readily used for 

low-temperature applications. Major drilling problems were encountered 

because 6f the rubbly nature of the rocks at the surface on the downthrown 

block, and maximum depth reached in the holes was only 100 m. A temperature 

gradient of 90 C/km was observed in one of the holes, and the temperatures 

were warm enough to justify installation of a ground-water-return, heat-pump 

system for the adjacent county hospital. Further evaluation of the possible 

high gradient observed along the fault would require additional deeper drill­

ing in a very difficult geologic setting and could prove to be quite expensive. 
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TABLE 22 

Contents of open-file release 
on La Grande low-temperature geothermal resource area 

Item 

Geologic Map 

Well and Spring Chemistry 

Geothermal Gradient/ 
Heat Flow Data 

Brief Text 

Bibliography 

Scale 

1:62,500 

Comments 

117°45'00" to 118°15'00" 
45°07'30" to 45°22'30" 

Table 

Table 
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TABLE 24. Locations and geothermal gradients for the La Grande low 
temperature geothermal area. Data from published and unpiiblished 
information in DOGAMI-SMU files. Standard error shown below 
gradient values. 

TOWNSHIP/ GEOL. 
RANGE- PROV. 
SECTION 

N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
DATE ELEV. INTERVAL GRAD; 

MEASURED (meters) (meters) °C/km 

QUALITY 

2S/37E-
25DB 

BM 45-21.8 118- 7.3 THOMAS 
8/23/77 

1143 20.0 
150.0 

90.0 
150.0 

36.4 
.6 

B 

B 

3S/3aE-
4BD 

BM 45-20,0 118- 4.1 HIGHDEPT 
8/22/77 

837 35.0 
75.0 

3S/38E- BM 
3DC 

45-19.7 118- 2.7 ISLCTYCM 829 
8/23/77 

10.0 
90.0 

60.0 
90.0 

17,1 
1.0 

31.4 
1.6 

C 

C 

3S/39E-
2CD 

3S/30K-
7ADA 

3S/38E-
7ACD 

3R/38E-
7ACC 

3S/39E-
8DA 

3S/40E-
14CB 2 

BM 
jl 

BM 

BM 

: BM 

BM 

! BM 

3S/40E-
14CB 1 

2S/39E-
28AC 

4S/40E-
18BA 

4S/40E-
18CD 

BM 

BM 

BM 

BM 

45-̂ 19,7 117-=-54,2 HAMMAN 814 
8/22/77 

45-̂ 19,3 118-̂  5,9 MID SCH 859 
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LowTemp 

Dr, Lei and L. Mink 
Energy a|nd Technology Division 
Idaho Operations Office, DOE 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Dr., Mink: 

Subject:; Cooperative Agreement No. 
Report No, 1 

l E C E f V E D 
MAYUtug 

DE-FC07-79ET-7220; Technical Progress 

Submitted herewith is a summary report on the progress to date on the low-
temperature resource assessment of the La Grande and Lakeview areas. Upon 
assimilation of all data, a final report (DOGAMI Open File) will be written 
for the Lakeview area. 

Future technical progress reports will be submitted for the Willamette Pass 
and Belknap-Foley areas later this year after temperature gradient holes 
are drilled, ' 

La Grande 

Geologic mapping of four 7%' quadrangles (Hilgard, La Grande SE, Glass Hill, 
and Craig Mountain) has been completed by Geoscience Research Consultants 
under contract to DOGAMI, The geologic maps and text have been published 
as Special Paper 6, Six copies of the publication will be sent to you under 
separate cover. 

Because of interest shown by the Grande Ronde Hospi 
system, including Eastern Oregon State College, in 
geothermal resource for space heating and cooling, 
were driilled to a maximum depth of 367 feet within 
on property owned by the hospital and the school sy 
available). Drilling difficulties were encountered 
bouldery to blocky debris which comprises the alluv 
rock; thus the 6-inch diameter holes could not be d 
depth of 500 feet. Casing had to be driven to main 
with the casing collapsing due to driving. 

tal and the local school 
developing a suitable 
three heat flow holes 
the city limits of La Grande 
stem (Federal land was not 
because of caving due to 
ium and/or shallow bed-
rilled to the proposed 
tain integrity of the hole 

Waters at a temperature of 62.5 F and at an estimated flow of TOO 
encountered on the hospital and the Central School sites (Fig, 1). 

gpm were' 
The 
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Figure ]. Location of temperature-gradient holes. La Grande area, Oregon. 
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hospital is aggressively pursuing the use of this resource utilizing water-
to-water heat pumps to heat and cool a contemplated major expansion of the 
existing building, Oregon Institute of Technology (Geo-Heat Utilization 
Center) has been contacted by the hospital for assistance. DOGAMI will pro­
vide OIT with data obtained from our study. According to Oregon Air Rgps, 
Inc., (Tempiifter heat pump), the 62.5 F water could be boosted to 140 F. 
It is believed that successful use of this resource will entice other entities 
such as the school system, college, and local government to follow suit. Warm 
waters (70 -81 F at 75-500 gpm) also underlie the area of the Union Pacific 
Railroad yards (Fig. 1). 

Water samples from known springs and thermal wells in the Craig Mountain -
Cove area, including La Grande, have and are currently being chemically 
analyzed. Chemical data are being sent periodically to Jim Swanson, USGS, 
Menlo Park, California, for insertion in the GEOTHERM file. 

Whatever "free" holes that were available for temperature/gradient measurements 
have been completed within the greater La Grande area. However, most "free" 
holes are not deep enough to overcome the effects of ubiquitous flows of cold 
ground water. 

Based on available data, it is believed that the warm thermal waters are the 
result of migrating thermal fluids along the basin boundary faults which mix 
with colder ground water. Typical ground water temperatures in the immediate 
area range from 42 to 48 F. A deep hole to at least 2000 feet in depth is 
needed in this area to better appraise the geothermal resource. Because of 
the drilling problems, a much larger hole diameter is warranted and casing 
is needed to combat the caving conditions. Use of drilling mud did not 
appreciably help solve the problem to the shallow depths explored. 

Lakeview 

Geologic mapping and compilation of three 7%' quadrangles (Lakeview NE, Crane 
Creek, and Crooked Creek Valley) has been completed except for office routine 
intluding final drafting, cross-sections, and geophysical overlays. 

The Lakeview area is situated in the northern portion of the Basin and Range 
geomorphic province with typical horst and graben structure. The oldest 
rocks exposed in the Lakeview area are in the Warner Mountains at the base 
of the range east of Lakeview. The rocks consist of a thick section of vol­
canic rocks, primarily andesite and basalt flows with pyroclastics and related 
sedimentary rocks. Selected samples of rocks have been sent to UURI for K/Ar 
dating. 

In the Goose Lake grai)en west of the frontal fault (Fig. 2) that separates 
the valley from the Warner Range, only unconsolidated to poorly indurated 
and loosely- to well-cemented Pleistocene to Holocene sedimentary rocks are 
exposed. These are mainly lacustrine and fluvial deposits of varied texture 
and composition. The terminus of a large prominent delta deposit is about 
3 miles north of Lakeview. This feature extends north and west for several 
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miles and in outcrop shows typical cross-bedding, channeling, and fore- and 
top-set beds. Slight tilting of the layered materials can be discerned and 
minor faulting has slightly offset some of the layers. 

The dominant structure of the area is the roughly N-S trending frontal fault 
that separates the Goose Lake Valley from the Warner Mountains. Patches of 
Pleistocene gravels at elevations 5100, 5300, and 5600 feet in the Warner 
Range tend to indicate that movement along this fault system occurred during 
late Pleistocene-Holocene time. A less apparent structural grain within the 
volcanics trends N30W to N60W and in the field is usually seen as narrow 
discontinuous fractures or faultŝ  filled by basaltic dikes. 

In the immediate Lakeview area, the frontal fault appears to be a nearly 
vertical to steeply westward dipping (78 ) fractured zone about 50 feet wide 
which is often hydrothermally altered. The areas of greatest rock alteration 
have been mapped and will be shown on the final geologic map. 

Siliceous sinter representing an abandoned hot spring deposit comprised of 
opal and agate with occasional cinnabar at least 10 feet thick covers an 
area of about 1/3 square mile in sec. 12, T. 38 S., R. 20 E., and Sec. 7, 
T. 37 S., R. 21 E, Minor silica-cemented lacustrine sands also occur in 
'Isec, 28, T. 38 S., R. 25 E. 

Higher than normal ground water temperatures (to 99°C) including hot springs 
occur in a narrow north-trending zone along the east side of Goose Lake Valley, 
north and south of Lakeview. The zone is about 20 miles long and appears to 
be confined to about 1/2 mile of the frontal fault. The highest temperature 
springs (70 to 95 C) are localized north and south of Lakeview within the 
areal limits of the altered rock. Apparently geothermal fluids are migrating 
upward along the frontal fault and move laterally into the porous segments 
and issue as springs. Other springs, however, issue at the base of the Warner 
Range. 

Existing hot and/or thermal springs were sampled and chemically analyzed. 
Chemical data have been sent to the USGS, Menlo Park, California for insertion 
in the GEOTHERM file. Samples obtained from existing hot wells as well as 
fluids from temperature/gradient holes have been similarly treated. 

Whatever "free" holes that were available for temperature/gradient measure­
ments have been completed (Table I). Eight 6- to 8-inch diameter temperature/ 
gradient holes have been drilled by DOGAMI to a maximum depth of 400 feet 
(Fig. 2). Temperature depth curves for the logged holes are shown in Figs. 3 
and 4. 

Temperature gradients have been contoured for the area encompassed by sees. 3 
and 4, T. 39 S., R. 20 E., and sees. 32 and 34, T. 38 S., R. 20 E. (Fig. 5). 
HFU and gradient profiles along Hammersley Canyon (sees. 3 and 4, T. 39 S., R. 
20 E. are shown on Fig. 6. HFU, gradient and temperature profiles along 
Bullard Canyon (sees. 15 and 16, T. 39 S., R. 20 E., are shown on Fig. 7.). 

Geothermal fluids at 99 C at an estimated flow of 100 gpm were measured for 
Hammersley Cagyon #1. At the Barry hole (T. 39 S., R, 20 E., 27 Dbb), a temp­
erature of 55 C and an estimated flow of 50 gpm were noted. 
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Based on the temperature/gradient holes and associated data obtained by 
DOGAMI, the area east of the frontal fault (horst block) to a distance of 
a t least .75 mile wide (Fig. 2) appears to be underlain by a low to inter­
mediate shallow geothermal resource. Thus, exploration that has been 
previously restricted to Goose Lake Valley can be extended-eastward. Geo­
thermal fluids apparently occur in fractures and joints on the horst block 
associated with the frontal and the intersecting northwest trending faults. 
Many of the fractures seen in outcrop and in cuttings are filled with calcite 
and possibly acidizing may improve permeability. 

Based partially on the foregoing and on geologic studies of their own. 
Northwest Natural Gas Company tentatively plans to drill three lOOO-foot-
deep exploratory holes this year (farm-out from Gulf Oil Co.) at the following 
locations: near the Leach wells in sec. 33, T. 38 S., R. 20 E.; at the site 
of Hammersley Canyon #1 in sec. 3, T. 39 S., R. 20 E.; and north of the Barry 
hole in sec. 27, T. 39 S., R. 20 E. The latter hole is programmed to inter­
sect the frontal fault near total depth. 

Besides the City of Lakeview, Lake County has shown interest in utilizing the 
geothermal resource for space heating/cooling and industrial applications for 
contemplated industrial parks. 

It is recommended that an exploratory hole be drilled in the area underlain 
by the siliceous sinter in sec. 12, T. 38 S., R. 20 E. This was not done in 
the current study due to the lack of drilling funds. 

If you have any questions or need additional data, please call me or Joe Riccio. 

Sincerely yours. 

Donald A. Hull 
Principal Investigator 

DAHrlk 


