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SubnitM herewith is a brief sumnary report on the activities of t k  
low-temperature resmrce a s s e s a n t  of the nine sitespecific areas 
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The title and areal definit ion of each area is shown on Figure I. 
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representative geolqic bibliography. 
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and their direct relation to the recognized gmtheml systems. 
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Donald A. H u l l  
Principal Investigator 



BELKNAP-FOLEY 

The Be1 knap-Fol ey area i s  i n  the west-central po r t i on  of Oregon i m e d i  - 
a t e l y  w e s t  o f  McKenzie Pass in the Cascade Mountain Range. t he  mater ia l  i n  

the o p e n - f i l e  r e p o r t  t o  be made ava i lab le  December I , 1980, i s  summarized 

i n  Tab1 e 1 . These data i ncl  ude an aeromagneti c, g r a v i t y  , and l i nearnent 

study map a t  a scale o f  1:250,000 and a geologic map and geologic cross secti,ons 

a t  a scale o f  1 :62,500. Per t inent  rock chemis t ry  and potassium-argon age-date 

resul ts together w j  t h  geothermal gradient  data w i  11 be presented i n  t he  form 

o f  overlays on the geologic map. Summarized i n  ind iv idua l  tab les  i n  t h i s  

annual repo r t  are avai 1 ab1 e water-chemi stry data and geothermal -gradient 

data. These data w i l l  a1 so be included i n  the open-f i le repor t .  

I n  general , the aeromagnetic data seem t o  be p r i m a r i l y  re1 a t e d  t o  

topography, i n  1 arge p a r t  because the P l  iocene u n i t s  capping the r idges have 

a higher proport ion o f  rnagnetical ly suscepti bl e 1 avas than the o lder  Miocene 

and Oligocene rocks. Thus,as a r e s u l t ,  there i s  a r e l a t i v e l y  good co r re la t i on  

between the aeromagnetic data and the topography. 

The gravity data i nd i ca te  a generally decreasing complete Bauguer anomaly 

value f rom west t o  east, p r imar i l y  r e l a t e d  t o  a regional change across t he  

Cascade Range. Th is  regional change has been discussed in d e t a i l  i n  various 

pub l ica t ions  (Blackwell and others, 1978; P i t t s ,  1979). The g r a v i t y  data 

can be in te rpre ted  i n  terms o f  a res idua l  anomaly associated e i t h e r  w i t h  the 

who1 e Cascade Range o r  l o c a l l y  w i t h  the trans1 tion between the High Cascade 

Range and t he  Western Cascade Range provinces. This g r a v i t y  g rad ien t  o r  

g r a v i t y  anomaly passes d i r e c t l y  through the area of study and appears to  be 

re la ted  t o  loca l  or regional contro l  o f  the geothermal systems. 



Figure 1: Map showing location o f  study area. 



Table 1 

Contents of open-f i 1 e re1 ease 
on Be1 knap-Fol ey 1 ow-temperature geothermal resource area 

Aercanagnetic map 

Gravity map 

Lineament map 

W1ogic rmp 

Scale - 
1:250,000 

1: 250,000 

1:250,000 

1: 62,500 

Geologic Cross Sections I: 62,500 

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

Well and spring chemistry - 
GeothermaL<radient/ 
heat-flow data 

B r i e f  Text - 

Bibliography - 

NOTE - 

Overlays on geolqic map 

Table 

Table 

Water-Chemistry tables are currently kirq r e v i s d  and 

are not available to k included with t h i s  report. They 

will, however, b? included w i t h  the Open-File Reports. 



The lineament study indicates a predominately north-northwest f a b r i c  

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

compiled a t  a scale of 1:62,500 t o  inc lude a l l  o r  p a r t  o f  three 15-minute 

quadrangles. The most s ign i f i can t  r e s u l t s  o f  the mapping are  t h a t  several 

major structures which appear t o  be re la ted  t o  the geothermal systems have 

been ident i f ied .  In par t i cu la r ,  along the North Fork o f  the McKenzje River, 

a major  f a u l t  system occurs i n  which the Pliocene rocks a re  downdropped 

approximately 900 rn t o  the eas t  along a series of en echelon step faul ts .  

This  zone appears t o  represent the western boundary of t he  Cascade graben 

proposed by A1 len (1 9661, Taylor (19801, and others. Three of the ho t  springs 

in the  area appear  to  be loca l i zed  along t h i s  zone of f au l t i ng .  In addi t i a n ,  

a major north-south f a u l t  through Cougar Reservoir has been i d e n t i f i e d  as a 

normal f a u l t  w i t h  minor obl ique motion i n  which the eas t  s ide has been down- 

dropped on the order of TOO rn. This s t ruc tu re  appears t o  l o c a l i z e  two hot 

s p r i  ngs observed near the reservoi  r. 

The spr ing chemistry data from the Geotherm fi 1 e and other  sources are 

i n c l u d e d  i n  Table 2 .  In general, unmixed models based on the data do n o t  

indicate rese rvo i r  temperatures i n  excess of 1 5 0 ~ ~ .  For  the open-f i 1 e repor t ,  

sodi urn-potassium-cal c j u m ,  sil  i ca, and mixing temperatures w i  11 be ca l  cu l  ated 

using the data. Results o f  the geothermal-gradient studies are shown i n  

Table 3. As yet, no holes have been d r i l l e d  spec i f i ca l l y  f o r  t h i s  p r o j e c t  

i n  t h i s  area; a few holes, however, are ava i l ab le  from regional studies. 

These holes document the major west-to-east increase i n  heat f low observed 

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

t he  north-south g r a v i t y  gradient  mentioned above. Background gradf ents west 

of the boundary are on the  order o f  50-70%/km. A 7 1  de ta i l ed  temperature- 

depth data are on f i l e  i n  the DOGAMI o f f i c e .  



TABLE 3. Locations and geothermal gradients for  the Belknap-Foley 
low-temperature geomthesmal area. Data from published and 
unpublished informat ion in DOGAML-SMU f i l e s .  

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH CORR. QUALITY 
M N G E -  PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) OC/krn 



A b i  bl iography of a1 1 pertinent geologic references i s  included w i t h  

t h i s  annual report and will also be included w i t h  the open-file report. 
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W ILLAMETTE PRSS 

The W i  11 amette Pass area i s  located south and west of t he  Be1 knap-Fol ey 

area i m e d i a t e l y  eas t  of the c i t y  of Oakridge. The information f o r  the 

Wil lamette Pass area t o  be included i n  the open-fi le repo r t  i s  l i s t e d  i n  

Table 4. These data inc lude an aeromagnetic, g rav i t y ,  and 1 ineament study 

map a t  a scale o f  1 :250,000 and a geologic map and geologic cross sect ions 

a t  a sca le  o f  1 ~62,500. Per t inent  rock chemistry and potassium-argon age- 

date resul t s  together wi th geothermal -gradient data w i  11 be presented i n  the 

form o f  overlays on the geologic map. Summarized i n  t h i s  annual repo r t  are 

a v a i l  able water-chemistry data and geothermal -gradient data. These d a t a  wi 11 

a1 so be included i n  t he  open-fil e report. 

The imp1 i ca t i ons  of the aeromagneti c and g r a v i t y  data are essent i  a1 1y 

the  same as i n  the Be1 knap-Foley area a few mi les  t o  the north. In add i t i on  

t o  the trends observed t o  t he  n o r t h ,  the Eugene-Denio lineament trends 

N . ~ S ~ W .  across the study area, and a major east-west l i neament trends along 

the North Fork o f  the Middle Fork of the Wil lamette River. Th is  east-west 

t rend a1 so appears i n  the g r a v i t y  data and as a 1 i n e  of Miocene in t rus ive5 

i n  the geology. As there i s  a major Miocene si l  i c i c  volcanic center located 

w i t h i n  the Willarnette Pass study area, the geologic s e t t i n g  i s  much more 

compl i cated than the Be1 knap-Fol ey area. This vol canic center has been dated 

a t  around 20 m.y. and represents a lower 1 i m i  t f o r  t he  Sardine Formation of 

Peck and others (1 964X which over1 i es t h i s  vol cani c center. 

Avai 1 ab le water analyses are shown on Tab1 e 5. Unmixed reservoir temp- 

eratures based on s i l i c a  content are below 120'~; however, mixing model s 

ca lcu lated by Bowen i n  an unpublished repo r t  t o  the c i t y  of Oakridge suggest 



TABLE 4 

Con ten is o f  open-f i 1 e re1 ease 
on Willarnette Pass low-temperature geothemal resource area 

Item - 
Aeromagnetic map 

Gravity map 

C i  neament map 

Geologic map 

Scal e 

1 :250,500 

1 :250,000 

1 :250,000 

1 :62,500 

Geologic cross  sect i o n s  1 :62,500 

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

Well and spring chemistry -- 
Geothermal -gradi ent/  
heat-fl  ow data 

Br ie f  t e x t  

B i  b l  iography 

Comments 

Over1 ays on geologic map 

f a  bl e 

Table 



reservoir temperatures as high as 1 50-180'~ f o r  some o f  the  thermal waters. 

For the open- f i l e  report ,  mix ing  models and silica and sodium-potassium-calcium 

temperatures will be calculated f o r  a11 of the  spr ing and we1 1 data coll ected.  

No holes have been drilled as p a r t  of the project, b u t  a number of heat-f low 

holes are a v a i l a b l e  from previous projects, and several holes are planned f o r  

1980-81. Available data are l i s t e d  i n  Table 6. As i s  t he  case for t h e  

Be1 knap-Fol ey area, the geothermal data i n d i c a t e  the west-to-east increase 

i n  heat flow toward the High Cascades, w i t h  the same or possibly slightly 

lower background values o f  g rad ien t  and heat f low observed to  the north .  



TABLE 6, Locations and geothermal gradients for  the Willamette Pass 
low-temperature geothermal area. Data from published and 
unpublished informat ion in DM;AMI-SMU files. 

TOWNSHIP/ GEQL. N LAT. W LONG. HOLE NO. COLLAR DEPTH CORR. QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) OC -+ /km 
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NORTHERN AND SOUTHERN HARNEY BASIN 

Far convenience of study, t he  Harney Basin was divided into two areas, 

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

being assembled f o r  each area. 

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

contains the only published geophysical, data available for tReBasin. On the 

aeromagnetic map, an e l l  ip t ical  pattern extending from Wright Point to Crane 

i n  the area o f  Ma1 heur Lake may be interpreted, i n  con junction w i t h  the geo- 

logic study, t o  be the s i t e  o f  a caldera. In addition, there  appears to be 

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

A lineament study compiled fo r  both northern and southern areas a t  a 

scale o f  1 :250,000 indicates a complicated pattern of faulting. I n  the western 

half of the basin, t h e  dominant trend is the Brothers f a u l t  zone (approximately 

fI.45Ow.); in the eastern half ,  the dominant trend i s  the north-south Basin- 

Range trend. The juncture o f  these two trends i n  the southeast corner o f  the 

study area i s  marked by complex fault ing and lineaments, by structural  doming, 

and by recent volcanism a t  Diamond Craters. The juncture i n  the northern end 

of the basin i s  marked by a structural  discontinuity, s i l i c i c  intrusions, and 

a1 teratj on along Soldier Creek which may represent a r i  ght-I ateral  wrench 

f a u l t .  

The geology of the basin has been deta i led  on f i v e  15-minute quadrangles 

and ten 7%-minute quadrangles reduced t o  a scal e of 1 : 62,500. Shown on the 

geologic map i s  a complex sequence of s i l i c i c  intrusions, s i l i c i c  a s h  flows, 

and b a s a l t  flows interspersed w i t h  f a u l t s .  The oldest  rocks i n  the area are 

the Owyhee, Steens, and Columbia River basal t s ,  w i t h  ages ranging from 



TABLE 7 

Contents of open-fil e re1 ease 
on Harney Bas in  1 ow-temperature geothermal resource area 

I tem - Scale 

Lineament map o f  part o f  1 :250,000 
North Harney Basin 

Geologic map o f  part o f  1:62,500 
North Harney B a s i n  

Geologic cross  sect ions 1:62,500 

Rock chemistry, age data, 1:62,600 
grad ien t  data ,  water chemistry 

Well and spring chemistry -- 
Geothermal -gradient/ 
heat-fl ow d a t a  

Brief t e x t  -- 
B i  bl iography - - 
Aeromagnetic map o f  part o f  1 r250,000 
South Harney B a s i n  

L i  neament map of  p a r t  o f  1:62,500 
South Harney Basin 

Geologic cross sect ions 1 :62,500 

Rock chemistry, age d a t a ,  1:62,500 
gradient data, water chemistry 

Well and spring chemistry - - 
Geothermal -gradient/ 
heat-f low data  

Br ie f  t e x t  - - 

Comments 

Overlays on geologic map 

Overlays on geologic map 

B i  b3 iography - - 



12-20 may. The oldest  s i l i c i c  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 o f  rocks appears to  be the basalts capping the highlands on the 

west margins of the basin and t he i r  re1 a t e d  vent complexes, with age dates 

ranging from 2.3 to  2.9 m.y. 

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

o f  ambiguous age, part icularly various basal t i c  vent complexes scattered 

throughout the basin. A1 1 the faul t ing i n  the young basal ts defini tely post- 

dates approximately 2.5 m.y., and some faul ts  cut the Diamond Craters basal ts ,  

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

a1 1 uvial f i l l  of the  basin does not appear t o  be offset by young fault ing.  

The water-chemistry data  are shown i n  Table  8 and indicate moderate- t o  

high-temperature resources. Several ground-water flow regimes appear t o  

e x i s t  i n  the basin, and the effects o f  these dif ferent  flow patterns must be 

sorted out fo r  complete analysis  of the geothermal potential based on the 

water-chemi s t ry  data. 

The collect ion o f  gradient data,  i n  the past,  has been limited to  logging 

pre-exist ing water we1 1s and mineral exploration borings with a very few 

gradient borings d r i l l ed  by DOGAMI and USGS. Da ta  from these holes are pre- 

sented in Tab1 es 9a and 9b. In view o f  the extensive evidence of persistently 

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

program to drill holes deeper t h a n  150 m. Limited 150-111 deep d r i l l  ing i s  

planned f o r  7980. Complete analysis m u s t  w a i t  u n t i l  deep d r i l l i ng  i s  carr ied  

out. 



TABLE 9A .  Locations and geothermal gradients for the N o r t h  Harney Basin 
low- temperature geothermal axea . Data from published and 
unpublished information in DOWI-SN f i les  . Standard exror 
shown below gradient value. 

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
RANGE- PROV. DATE ELEV. INTERVAL GRAD* 
SECTION MEASURED (meters) (meters) ' ~ / k m  

2 2 S m -  FL 43-36.9 11B-S2.6 RICE 1268 .B 140.8 
34Cc Wii- 9510 

2 2 m -  
m H 43-36.3 118-54.2 TILLER 3 1286 1b.B 226.8 

5/22/88 25.0 12.7 



TABLE 9A. (continued) 

TOWNSHIP/ GEOL, N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV, DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) O~/km 



TABLE 9B. Locations and geothermal gradients for the South Harney Basin 
low-temperature geothermal area. D a t a  from published and 
unpublished information in DOGlM1-SMU files except holes S1, 
S 2 ,  S3, Vl, Lawen, MR-1 and MR-2 which have been published by 
Sass et aL. (1976) . Standard error shown below gradient value. 

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV. I N E R V A L  GRAD- 
SECTION MEASURED [meters) (meters) 'C/km 



TABLE 9B. (con ti nued ) 

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



TABLE 9B. (continued) 

TOWNSHIP/ CiEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) 'C/km 

'T- HL 43- 5.3 118-49.4 mi 1262 s m 4  89.0 a 
64 m 0 1.8 
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TABLE 10 

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

I t e m  - 
Aeromagnetic Map 

Gravity Map 

Lineament Map 

Scale Comments 

1: 250,000 

1: 250,000 

1: 250,000 

Geologic Map 1:62,500 

Geologic Cross-Sections 1:62,500 

Rock Chemistry, A g e  D a t a ,  1:62,500 
Gradient Data, Water C h e m i s t r y  

W e l l  and Spring C h e m i s t r y  

Geothermal Gradient/  
Heat Flow Data 

Overlays on geologic map 

Tab le  

Table 

B r i e f  T e x t  

Bibliography 



system are no t  obvious. There i s  very l i t t l e  permeabi l i ty  i n  the rocks, and 

most of the holes, even to depths i n  excess of 300 rn, produce only enough 

water from discontinuous ground-water bodies f o r  domestic use. The cause o f  

the anomaly i s  apparently a t  depths  i n  excess o f  300 m and, based on the 

measured data, has a temperature i n  excess of 4 0 ' ~  ( t he  highest measured 

bottom-hol e temperature i s  38%). 

The geology consists o f  a central in t rus ive  and ex t rus ive  complex of 

presumed John Day age; i . e m ,  25-35 m.y., against which young f l o o d  basal ts and 

f l  uv ia l  sediments onlap. Age dat ing  o f  samples from t h i s  area i s  cu r ren t l y  

in progress i n  order t o  v e r i f y  the age o f  the complex. The rocks are generally 

s i 1 i c i c  i n  composition and are re1  a t i ve ly  highly a1 tered; mercury prospects 

are found along the western margin o f  the buttes, and there i s  some indica-  

t i o n  t h a t  the background uranium content o f  the rocks i s  above average. 

Because o f  the prox imi ty  t o  a rap id l y  growing met ropo l i tan  area with a 

s ign i f i can t  amount o f  industry, t h i s  area i s  very a t t r a c t i v e  f o r  development of 

1 ow-temperature u t i  l iza tien. A number o f  150-rn gradient  holes are planned 

for 1980-81 ; however, i t  i s  c lea r  t h a t  holes a t  least 400-600 m deep must be 

d r i l l e d  i n  t h i s  area t o  v e r i f y  the presence o f  a resource and the temperatures 

characteristic o f  t h a t  resource. 



Locations and geothermal gradients for the  Powell Buttes 
low-temperature gwthemal area.. Data from published and 
unpu@lished information in DOGAML-SMU files, Standard error 
shown below gradient value. 

TOWSHIP/ 
RANGE- 
SECTION 

GEOL. N LAT. W LONG. HOLE NO. COLZAR DEPTH UNCORR. 
PROV . DATE ELEV. INTERLAL GRAD- 

QUALITY 

MEASURED (meters) {meters) OC/km 



TABLE 12. (continued) 

TOWNSI.11 P/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV . INTERVAL GRAD 
SECTION MEASURED (meters) (meters) O ~ / k m  



TABLE 12. (continued) 

TOWNSHIP / GEOI,. N L A T -  W LONG. HOLE NO - COLLAR DEPTH UNCORR QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) 'C/km 

. . .. . --.- - .--- --- . ---- s o .  -43.5--- 
119.8 3.9 



- 44 - 

POELL WTTES BIBLIOGRAPHY 

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

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

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

Caf k i  ns , F . C . , 1902, A contri but3 on to the petrography o f  the John Day Basi n: 
Berkeley, Calif., University of  Cal i fornia Publications, Bulletin of the 
Department of Geology, v, 3, no, 5 ,  p. 109-1 72. 

Chaney , R .W. , 1927, Geology and pal eontol ogy o f  the Crooked River Basin, 
with special reference t o  the Bridge Creek flora: Washington, D.C., 
Carnegie Institution o f  Washington Pub1 ication 346, p .  45-1 38. 

Couch, R.W., Gemperle, M., and Connard, G.G., 1978, Total  f i e 1  d aeromagnetic 
anomaly map, Cascade Mountai n Range, central Oregon: Oregon Department 
o f  Geology and Mineral Industries Geological Map Series GMS-9, 2 sheets. 

Dalrymple, G.B., Cox, A,, Doe1 1 ,  R.R., and Grme', E . S , ,  1967, P I  iocene geo- 
magnetic polarity epochs: Earth and Planetary Science Letters, v.  2 ,  
no. 3,  p. 163-173. 

Evernden, J . F. , and James, G .T, , 1964, Potass i urn-argon dates and the Tertiary 
floras o f  North America: American Journal o f  Science, v.  262, no. 8, 
p. 945-974. 

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

Fisher, R.U., 1967, Early Tertiary deformation i n  north-central Oregon: American 
Association o f  Petroleum Geologists Bulletin, v.  51, no. 1 ,  p. 111-123, 

Hami 1 ton, W., and Myers, W ,8., 1966, Cenozoic tectonics of the western United 
States : Review o f  Geaphys ics , v. 4, no. 4,  p. 509-549, 

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

1940, Gee1 agy of  the Madras quadrangl e: Corval 1 i s ,  Oreg , , Oregon State 
Col 1 ege, Oregon State Monographs, Studies i n  Geology, no. 1 (geologic 
map), scale 1:125,WO. 

1942, Geology of north-central Oregon: Cowat 1 .l s , Oreg . , Oregon State 
Col :we, Oregon S t a t e  Monographs, Studf es i n  Geology, no. 3, 76 p. 



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

tipnan, P.M., Pmstka, H.J., and Christiansen, R.L., 1972, Cenozoic votcanism 
and plate-tectonic evo lut ion  of the western United Stztes; 1, Early and 
middle Cenozoic: Philosaphical Transactions of the Royal Society of London, 
ser. A, v. 271. no, 1213, p. 217-248. 

Lawry, M.D., 1940, The geology of the Bear Creek area, Crook and Deschutes Coun- 
ties, Oregon: Corual 1 i s ,  Oreg . , Oregon State CoZ I ege mas ter 's thesis , 29 p. 

McLeod, N.S., Walker, G.W., and McKee, E.H., 1975, Geothermal significance o f  
eastkard increase i n age of upper Cenozoic rhyol i t i  c domes i n  southeas t ern  
Oregon: U,S. Gealogical Survey Open-File Report 75-348, 22 p. ; also 1976, 
i n Second Uni ted Nations Synpas i um on the Pevel opment and Use of Geothermal - 
Resources, San Franc i sco , Cal i f . , 20-29 May, 1 975, Proceed: ngs : Lawrence 
Berkel ey Laboratory, Univers i t y  of Cal i forni a ( f a r  ERDA, NSF , and USGS ) , 
V .  1 ,  p. 465-474, 

Marlatte, C.R., 1931, The petrogenesir of the ctast ic  materials  of the Madras 
Formation: Eugene, Oreg., University of Oregon master's thesis, 78 p. 

Matthew, T.C., 1955, Oregon radioactive discoveries in 1954 and 1955: Oregon 
Departwnt of Geology and Mineral Industrf es , Ore B i n ,  v. 17, no. 12, 
p. 87-92. 

1956, Radioactive occurrences i n  Oregon, 1956: Oregon Deparbent of 
Geology and Mineral Industries, Ore Bin, v. 18, no. 12, p, 105-103. 

Peterson, N.V., Groh, E .A., Taylor, E.M., and Stensl and, D .E., 1976, Geal ogy 
and m i  neral resources o f  Deschutes County , Oregon : Oregon Department of 
Geology and Mineral Industries Bul l e t in  89, 66 p. 

Peterson , N . V . , 1958, Oregon ' s uranium picture r Oregon Department of Geol ogy 
and Mineral Industries, Ore Bin, v.  20, no, 12, p. 111-117.  

Pi t ts ,  G.S., 1979, Interpretation of gravity measurements made i n  the Cascade 
Mountains and the adjoining Basin and Range province i n  central Oregon: 
Corvall is,  Oreg,, Oreg-jn 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 Qepariment of Geol ogy and Mineral 
Industries Geological Map Series GMS-8, scale 1 : 125,000, 

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

1980, Geotheml exploration i n  Oregon, 1979: Oregon Depar-nt of 
Geology and Mineral Industries, Oregon Geology, v, 42, no. 4, p. 59-69. 

Robinson, J.W., and Price, D., 1963, Ground water i n  the Pr inevi l le  area, Crock 
County, Oregon: U , S. Geological Survey Water-Suppl y Paper 1 61 9-P , p , 8-1 1 , 





Walker, 6.M., 1979, Revisions t o  t h e  Cenozoic stratigraphy of Harney Basin, 
southeastern Oregon: U S .  Geological Survey Bullet in 1475, 35 p. 

Walker, G.W., Dalrymple, G.B., and Lanphere, M.A., 1974, Index t o  potassium- 
argon ages of Cenozoic vot canic rocks o f  Oregon: U .S. Geological Survey 
Miscellaneous F ie ld  Studies Map 'MF-569, scale 1 :I ,000,000. 

Waters, A.C., 1954, John Day f o m t i o n  west of i t s  type locality (abs.): 
Geological Society of America Bulletin, v. 65, no. 12, p t .  2, p. 1320. 

1 968, Reconnaissance geol ogic map of the Madras quadrangt e , Jefferson 
and Uasco Counties, Oregon: U.S. Geological Survey Miscellaneous Geologic 
Inves t iga t ions  Map 1-555, scale 1 : 125,000. 

Weidenheim, J.P., 1980, The petrography, structure, and stratigraphy o f  Powell 
Buttes, Crook County, central Oregon : Corva 1 l i s  , Oreg . , Oregon S t a t e  
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 Mi scel 1 aneous Geo-I ogic Investigations 
Map 1-325, scale 1 : 500,000. 

Wi 11 ians , H. , 1957, A geologic map of the Bend quadrangl e . Oregon and a 
recennarssance geologic map of the central  port ion of the High Cascade 
Mountains: Oregon Department o f  Geology and Mineral Industries i n  coop- 
erat ion with the U.S. Geological Survey ( text  on map), scales 1 :125,000 
and 1 : 250,000. 



- 48 - 

WESTERN SNAKE RIVER PLAIN 

The p a r t  of the  Western Snake River  P l a i n  t o  be included in the open- 

f i l e  r e p o r t  consists of four 15-minute quadrangle maps. Data t o  be included 

i n  the open-file report are l i s t ed  i n  Table 13. The geologic map f o r  t h i s  area 

(scale 1 :62,500) has been cornpi led f rom pub1 i shed  sources. Time constraints 

have not allowed f i e ld  checking. There appear t o  be several s trat igraphic 

inconsistencies  i n  the maps tha t  have no t  ye t  been resolved a t  t h i s  time. 

Gravity and magnetatelluric data have been compiled a t  a scale of 1:250,000, 

and a local aeromagnetic map f o r  part  of the area has been compiled a t  a s c a l e  

of 1:62,500. A lineament map has been compiled a t  a s c a l e  of 1:250,000. 

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

over1 ay t o  the geologic maps. A tab1 e o f  water-chemi s t ry  data  from the 1 i t- 

erature i s  presented i n  Table 14, and a l i s t  o f  holes logged for geothermal- 

gradient data i s  g iven i n  Table 15. 

Geophysical , geological , and geochemical da ta  i nd ica te  t h a t  h igh  tem- 

peratures (+200'~) e x j s t  a t  depth, and a deep DOE-supported d r i  11 hole has 

demonstrated a temperature of over 1 5 0 ' ~  a t  a depth  of approximately 2,300 m. 

T h i s  , however, i s  a regional temperature, and higher temperatures can be 

expected to  occur  a t  shallow depths i n  holes centered on geothermal systems. 



TABLE 13 

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

I tern 

Geologic Map 

Geologic Cross-Sections 

Scale Coments 

Rock Chemistry, Age  D a t a ,  1:62,500 Overlays on geologic map 
Gradient Data, Water Chemistry 

Table 

Well and Spring Chemistry -- 
Table 

Geothermal Gradient/ -- 
Beat Flow Data 

Brief Text 

Gravity Map 

~udiomagnetotelluric Map 

Bibliography 



TABLE 15. Locations and geothermal gradients for the Western Snake River 
Basin  low temperature geothermal area. D a t a  fram published and 
unpublished infarmation in WGAMI-SMU files. Standard error 
shown below gradient value. 

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. 
RANGE- PROV. DATE ELEV. INTERVAL GRAD- 
SECTION MEASURED (meters) ( m e t e r s )  OC/km 

QUALITY 



TABLE 15. (continued) 

TOWNSHIP/ GEOL. N U T .  WLQNE. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANEE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) (meters) 'C/km 



TABLE 15. (continued) 

TOWNSHIP/ GEQL. N LAT. W LONG. HOLE NO. 
RANGE- PROV. DATE 
SECTION MEASURED 

COLLAR DEPTH UNCORR. QUALITY 
ELEV. INTERVAL. GRAD. 

(meters) (meters) "C/km 



TABLE 15. (continued ) 

TOWNSFIZPJ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV . INTERVAL GRAD - 
SECTION MEASURED (meters) (meters) OC/km 

1W44E- SB 4344.2117-22.4 UP-I 777 31. l B7.3 
19 W 8/30 395.1 
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LAKEVIEW 

The Lakeview area of south-central Oregon i s  one o f  the major  f o c i  o f  

t h i s  year's study (Tab1 e 76). Aeromagnetic and I ineament maps have been com- 

p i l e d  a t  a scale of 1 :250,000. The aeromagnetic map indicates low values 

over the  deep sedimentary f i l l  i n  the basin and higher values over the vo l -  

canic rocks of the  Warner Range. The 1 inearnent map is dominated by northwest 

and northeast trends, as out1 ined by the v a r i a t i o n s  i n  the o r i en ta t i on  of 

the range-front f a u l t .  The geologic map was compiled on th ree  7%-minute 

quadrangle maps seduced t o  a scal e o f  1 :62,500. The compi 1 a t i o n  of the geology 

was from a reconnaissance map by Wal ker (1 965) a t  a scale of 1 : 250,000. The 

on ly  f i e l d  checking has been along the range f r o n t ,  where de ta i l ed  mapping 

has been car r ied  out  jn order t o  l oca te  areas o f  a1 te ra t ion .  These areas are 

presented on the map. One area of i n t e r e s t  which has no t  been studied is 

located approximately 5 mi nor th  o f  Lakeview, where a l a rge  deposit  of s i n t e r  

and cinnabar was 1 ocated. 

As the  presence o f  warn water near Lakeview has been known for some t ime,  

the object  o f  this  study was t o  evaluate  the s i z e  of the geothemal system 

and to determine approximate 1 ocations f o r  production o f  thermal water  f o r  

use i n  commercial and res iden t i a l  appl icat ions i n  the c i t y  o f  Lakeview. The 

geologic s e t t i n g  i s  Basin-Range, wi th a major f au l  t bounding the Warner Range 

t o  the east and the Goose Lake Val ley t o  the west. The age o f  most o f  the rocks 

i s  Miocene. Several age dates have been obtained i n  order t o  document the age 

o f  the volcanism i n  the area. The youngest rocks so far dated are approximately 

9.5 m.y. old.  

Extensive water-chemi stry studies have been completed, and resul t s  are 

shown i n  Table 17, w i t h  de ta i led  interpretation o f  these data t o  be included 



TABLE 16 

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

1 t e r n  - 
Aermagnetic Map 

Scale Comments 

1: 250,000 

Lineament Map 1: 250,000 

Geologic Map 1:62,500 

Geologic Cross-sections 1:62,500 

Rock  chemistry, A g e  Data, 1:52,500 
Gradient Data, Water C h e m i s t r y  

Well and Spring Chemistry -- 
Geothermal Gradient/ 
Heat f l o w  D a t a  

Brief Text -- 

Gravity Map L:62,500 

Overlays on geologic map 

Table 

Table 

Bibliography -- 



i n  the open-fil e report. Si 1 i c a  temperatures do n o t  indicate the presence 

of temperatures i n excess o f  1 5 0 ' ~  in the system , a1 though sod i urn-c'al c i  um- 

potassium resul t s  suggest somewhat h igher  temperatures. Completely s a t i  s- 

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

obtained.  

A number o f  accessible water we1 Is were located and 1 ogged, and a t o t a l  

of seven dril l  holes was dri 1 1  ed by DOGAMI (see Tab1 e 18). A t  a depth o f  

30 m, one o f  these holes intersected water with a temperature of 1 0 5 ~ ~  and a 

f l ow  o f  approximately 400 l/m. Two o ther  holes showed gradients in excess 

o f  300°c/km. As a result of this  study, a t  least one successful production 

we1 1 has been dri 11 ed dur ing 1980 by Northwest Geothemal Corporation, who 

plans to  develop a system fo r  commercial uti l ization in Lakeview. This 

project appears to be well on i t s  way w i t h  the dr i l l ing  of the production 

we1 I s based on the  exp lora t ion  data obtained by this project. 



TABm 18.  Locations and geothermal gradients for t h e  Lakeview low temperature 
geothermal area. D a t a  f ran published and unpublished information 
in DOGAMI-SMU files. Standard error shown below gradient value, 

TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD- 
SECTION MEASURED (meters) (meters) ' ~ / k m  



TOWNSHIP/ GEOL. N LAT. W LONG. HOLE NO, COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD. 
SECTION MEASURED (meters) [meters) 'C/km 



TABLE 18. (continued) 

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

39S&IE- EIR 4E9.61-15.4 RPK-1 2865 10.B 
2mI) 7 m ~ 7 3  35.0 

H 







Waring, G.A., 1908, Geology and water resources of a port ion of south-central 
Oregon: U .S. Geological Survey Water-Supply Paper 220, 86 p. 

Wei ssenborn, A.E. , ed . , 3 969, Mineral and water resources o f  Oregon: Oregon 
Department o f  Geology and Mineral Industries Bulletin 64, 462 p .  
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ALVORD DESERT 

The open-file report for the A1 vord Desert will present primarily t h e  

results of a 1 iterature study, a1 though a total of ten 7%-minute maps, reduced 

to a scale of 1:62,500, have been compiled and f i e l d  checked. The data a v a i l -  

able i n  the area are shown i n  Tables 19 t h r o u g h  21. The emphasis has been 

somewhat less than i n  the other areas because of the general 1 ack of potential 

u t i l  i s a t i o n  of 1 ow-temperature f lu ids  in t h i s  rather remote and sparsely 

popu? ated area of southeastern Oregon. There i s , however, s i  gni  f i cant i nter- 

e s t  in the high-temperature resources of the area, as ind icated by the sale 

o f  KGRA lands to Anadarko Production Company, Getty Oil, and A1 Aquitaine. 



TABLE 19 

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

I t e m  

Aeromagnetic Map 

Scale Comments 

1: 250,000 

AudiamagnetoteEluric Data 1: 250,000 

Geologic Map 1: 62,500 

Geologic cross-Sections 1:62,500 

Rock Chemistry, Age Datar 1:62,500 
Gradient D a t a ,  Water CheKCistry 

Well and Spring C h e m i s t r y  -- 
Geothermal Gradient/ 
Heat Flow D a t a  

Overlays on geologic m a p  

Table 

Table 

Bxief T e x t  



TABLE 21. Locations and geothermal gradients for  the alvord low temperature 
geothermal area. Data from published and unpublished information 
in DOGAMZ-SMU files except holes MH-1, MH-2, AD-1 and AD-2 which 
have been published by Sass et al. (1976). Standaxd error shown 
below gradient value. 

TOWNSHIP/ GEOL. MLAT. W L O N G .  HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PRQV. DATE ELEV. INTERVAL GRAD* 
SECTION MEASURED (meters) (meters) 'C/km 

JfWXE- BR 42-lB.Z!11&16.7 Glf 1366 
a m  7/38/93 

-- BR 42-15.8ltB-19.i SP-I8 1438 
24m 7mm 

is. 0 
50.0 
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LA GRANDE 

The information available f o r  the La Grande area i s  shown i n  Table 22. 

There are several thermal wells and sprf ngs i n  the La Grande area; however, 

they are somewhat dis tant  from the main population center. Magma Power 

Company dr i l l ed  a 900-111 deep well to in tersect  a f a u l t  near Hot Lake i n  1972. 

However, maximum bottom-hole temperature was reported t o  be only 80'~. A 

to ta l  of four 7%-minute quadrangle maps were mapped by an independent sub- 

contractor and have been pub1 ished previously as DOGAME Special  Paper 6. 

A v a i l  able water-chemistry da ta  f o r  the area are shown i n  Table 23. 

Three holes were dri 11 ed i n  the immediate vicinity o f  La Grande by DOGMI 

as p a r t  o f  t h i s  project in order t o  evaluate the possi b i 1  i t y  o f  warm-water 

f l o w  along the frontal f a u l t s  close enough to  the c i t y  t o  be readily used for  

1 ow-temperature appl  i ca t ions .  Major dri 1 1 i ng problems were encountered 

because o f  the rubbly nature o f  the  rocks a t  the surface an the downthrown 

block, and maximum depth reached i n  the holes was only I00 rn. A temperature 

grad ien t  of 9o0c/krn was observed i n  one of the holes , and the temperatures 

were warm enough t o  just i fy instal  1 a t i o n  of a ground-water-return heat-pump 

system f o r  the adjacent county hospital . Further evaluation of the possible 

high gradient  observed a1 ong the faul t would require additional deeper d r i  11 - 
i ng i n  a very di ff i cul t geologic s e t t i n g  and could prove t o  be quite expensive 



TABLE 22 

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

I t e m  - 
Geologic Map 

Well and Spring Chemistry 

Geothermal Gradient/ 
Heat Flow Data 

B r i e f  T e x t  

Bibliography 

Scale Comments 

1:62,500 117°45'00" to 118°15r00" 
45O07'3OV to 4!i022'30" -- T a b l e  

-- Table 



TABLE 24 . Locations and geothermal gradients for the La Grande low 
temperatuxe geothermal area. D a t a  from published and unpublished 
information in WGAMI-SMU files. Standard error shown below 
gradient values. 

TOWNSHIP/ GEOL. M LAT. W LONG. HOLE NO. COLLAR DEPTH UNCORR. QUALITY 
RANGE- PROV. DATE ELEV. INTERVAL GRAD- 
SECTION MEASURED (meters) (meters) OC/km 

-- gM 45-19.3 I lB- S.9 HID E O l  
7ADA W 6/88 

LGR HOSP 
12/14/79 
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