
GEOTHERMAL EXPLORATION STUDIES 

IN 

OREGON 

STATE OF O REGON 

DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

RALPH S. MASON, STATE GEOLOGIST 



STATE OF OREGON 
D E PARTMENT OF GEOLO G Y  AND M I N ERAL I NDUSTR I ES 

1 069 S tate O ffice Bui I ding, Port land, Oregon 9 7201 

Misce l laneous Paper 1 9  

GEOTHERMAL EXPLORATION STUDIES IN OREGON 

by 

Richard G .  Bowen 
Consu lt ing Geologist, Port land , Oregon 

David D .  B lac kwe l l  
Associate Professor o f  Geo logy, Southern Methodist University, Da l las, Texas 

and 
Dona ld A .  H u l l  

Oregon Department of Geo logy and Minera l I ndustr ies 

Supported by U . S .  Bureau of Mines 
Contract No . S01 22 1 29 

GOVER N I N G  BOARD 
R .  W. deWeese , Chairman, Port land 
Leeanne MacCol l  Portland 
Robert W .  Doty Ta lent 

1 977 

STATE GEOLO G I ST 
Ra lph S .  Mason 



CONT ENTS 

ABSTRACT - - - - ---- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - iv 

I NT RODUCT ION - -- -- - ---- - -- - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -
Purpose and Scope of the Invest igat ion ------------ ---------------

Presentat ion of Data - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Exp lanation of Location Designations - - - - - - - - - - - - - - - - - - - - --- - - - - - - 1 
Re lated Studies - - - - - - - - - - - - - - - - - - - -- ---- - - - - ---- - - - -- - - - - - 2 
Acknowledgme nts - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -- -- - - - - - - - - 2 

THERMAL MEASUREMENT METHODS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 
A Tool for Geotherma l Exploration - - - - --- - - - - - - - --- - --- - - - - -- - -- - 2 
Equipment and Techniques of Temperature Logg ing - - -- - - - - - - - - - - - - - - - - - 3 

DEEP W E LL DATA FROM OUT S I DE T H E  SNAKE R I VER BAS I N -- - - - - - - - - - - - - - - - - 4 
Geothermal Gradient Data - - - - - -- - - - - - - - - - - -- - - -- - - - - - - - - - --- - 4 
Heat F low Data - - - - - - - - - - --- - - - - - - - - - - - - - - ------ - - - - - - -- -- 7 

Warrenton --- -- - --- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - 7 
Ar l ington -- -- - --- ---- - - - - - - -- --- - - - - - - - - - - - - - - - - - - - - 1 2 
Dufur - - -- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 2  
Baker - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 2 
Lebanon - - - - - - - - - - - - - - - - -- - - --- --- - --- -- - - - - - -- - - - - - 12 
John Day - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 12 
Drewsey - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- -- --- - - ----- - 1 2 
Glass Buttes - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 12 
Coyote Buttes - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- -- ---- - - - - - 1 4  
T il ler - -- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - 14 
Thom�C �ek - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 14 
White Horse Ranch - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 6  
Trout Creek - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - 16 
F ie lds -- - - - - - ----- - -- - - - - - - - - - - - - - - - - - - -- - - - - - - - -- - - 1 6  

DEEP  W E LL DATA FROM WEST ERN SNAKE R IVER BAS IN  - - - - -- - - -- - - - - - --- - - 16 
Deep-hole Dr il l ing Program - -- -- - - - - - - - - - ----- --- - - - - - - --- ---- 2 1  
Heat-flo w Anomal ies - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 23 

Cow Hol low anoma ly - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 23 
Wi I I  ow Creek anomaly - ----- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - 23 
South Fork Jacobsen Gulch  anoma ly - - - - - - - - - - - - - - - - - - - - - - - - - - 23 

MON ITOR W E LLS -- - - - - - - - - - - - - - -- - - - - -- - - - - - - - - --- - - - - - - - - - - - - 26 
Methods - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 26 
Descript ions of  Mon itor We l l  S ites - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 26 

Monitor 1 ,  Va le,  Oregon - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - 26 
Mon itor 2,  Warren ,  11 - - - - - - - -- - - - - - - - - - -- -- - -- - - -- - - - 37 
Monitor 3 ,  Arl ington , 11 - - -- -- - - - - - - - - - - - - - - - ------- - - - - 37 
Mon itor 4,  Baker, 1 1  - - - - - - - - - - - - - - - - - - - ---- ----- - - - - 37 
Monitor 5 ,  Dufur , 11 - - - - -- - - - -- - - - - - - - - - -- - - -- - - - - - - 37 
Monitor 6, Burns, 11 - - -- -- - - - -- - - - -- - -- - - - - - - -- -- - -- 37 

ii 



SHALLOW WELL PROGRAM --------------------------------------- 44 

SUMMARY AND CONCLUSIONS --------------------------- -------- 46 

REFERENCES ------------------------------------------------- 48 

GLOSSARY OF TERMS USED IN THIS REPORT --------------------------- 49 

ILLUSTRATIONS 

Cover drawing 

Drilling of geothermal holes. Drawing of Ingersoll-Rand T-4 drilling rig by Gordon A. Bowen 

Figures 

1. Map of GiassButtes anomaly -------------------------------- 13 
2. Map of Coyote Buttes anomaly-------------------- -- ---------- 13 

3. Map of T homos Creek anomaly-------------------------------- 15 
4. Map of Trout Creek anomaly --------------------------------- 15 
5. Generalized geologic map of Western Snake River Basin --------------- 20 

6. Temperature-depth plots for holes drilled by Oregon 
Department of Geology and Mineral Industries -------------------- 22 

7. Map of Cow Hollow bore-hole locations ------------------------- 24 
8. Map of Willow Creek and South Fork Jacobsen Gulch anomalies --------- 25 
9. Yale, monitor 1 - plots of data ------------------------------- 38 

10. Warren, monitor 2 - plots of data ----------------------------- 39 
11. Arlington, monitor3 - plots of dota ---------------------------- 40 
12. Baker, monitor 4 - plots of data ------------------------------ 41 
13. Dufur, monitorS - plots of data ------------------------------ 42 
14. Burns, monitor 6 - plots of data ------------------------------ 43 
15. Map of area south of Yale showing contours of temperatures 

at 3-meter depth and locations of holes dri lied ------------------- 45 
16. Detailed contour map of temperatures at 3-meter depth and 

geothermal gradients for deeper wells, Cow Hollow anomaly area ------- 45 
17. Histograms of geothermal gradients for Western Snake River Basin, 

southeastern Oregon, and northeastern Oregon -------------------- 47 

Mop in pocket 

Mop of Oregon showing location of wells measured for geothermal data 

Tables 

1. Temperature gradients in predrilled holes outside Western Snake River Basin -- 5 
2. Heat-flow data from wells outside Western Snake River Basin ------------ 8 

3. Geothermal data from dri II holes in Western Snake River Basin ----------- 1 7  
4. Data from monitor well 1 ,  Yale ------------------------------- 27 
5. Data from monitor well 2, Warren ----------------------------- 29 

6. Data from monitor well 3, Arlington ---------------------------- 30 
7. Data from monitor well 4, Baker ------------------------------ 31 
8. Dato from monitor well5, Dufur ------------------------------ 32 
9. Data from monitor well 6, Burns ------------------------------ 33 

10. Data from shallow holes, Caw Hollow --------------------------- 34 

iii 



ABSTRACT 

This  report presents a compendium of geotherma l data on the State of Oregon gathered under U. S. 
Bureau of Mines Study Contract SO 1 22 1 29 .  Geotherma l grad ients were measured in 86 predri l ied holes . 
T he data ore divided into a group for the Western Snake R iver Bas in  and a group for the rema inder of 
Oregon . In the Western Snake R iver Basin 35 heat-flow va l ues were obtained inc l ud ing five va l ues from 
holes dri l led for the study. Outside the Western Snake R iver Basi n,  36 heat-flow va lues were obta ined 
in 1 3  different areas . The data gathered so far have resu l ted in the identificat ion of seven areas of 
anoma lously high heat flow . 

The geotherma l data indicate that the portion of Oregon within the Basin  and Range physiographic 
province shares the high heat flow cha racteristic of the region . The low thermal conductivity of the ex
tensive lacustri ne sed imentary deposits of the region causes the geotherma l gradient to be higher than  
norma l ,  the median be ing 88°C per km,  wi th  many readi ngs above l 00°C per km . This ind icates that 
outside of recharge areas temperatures in the range of 75° to 1 50°C wi I I  be near ly ubiquitous at depths of 
1 km (0 .6  mi les) . I f  suita b le tra ps and circu lation systems are present, the area shou ld  be extreme ly fa
vorable for the occurrence of h igh er temperature geotherma l waters . 

A l so i nc l uded i n  t he report are data from six monitor we l ls located in areas with d iffer ing geographic, 
geo logic ,  and c limatic conditions . Temperatures in  the monitor we l ls were recorded a t  depths rangi ng from 
1 to 25 m (3 . 3  to 82 feet) for periods of time sufficient ly long to show the patterns of seasona l variations . 

A tota l of 48 sha l low (3 to 8 m) ( 1 0 to 26 feet) ho les were dri l led to investigate the sha l low temper
ature fie ld over an a noma ly identified by deeper (62 to 152 m) (2 00 to 50 0 feet) dri l l i ng .  No pattern of 
temperature was identified at  1 or 3 m  (3 . 3  or 1 0  feet) that corre lated wi th the deep heat-flow variations . 
Data i n  the report are presented in the form of text, graphs, tab les, and maps . A g lossary of terms used in  
the report i s  inc luded . 
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INTRODUCT ION 

P u r p o s e a n d S c o p e o f  t h e  I n v e s t i g a t i o n  

The purpose of this study was threefo ld:  first , to deve lop i nformation on the subsurface temperature 
condit ions of Oregon; second , to experiment with diffe rent concepts and techniques in obta in ing this 
i nformation; th ird ,  to obta in  supporting geophysica l evidence of other sorts . The major portion of the 
present invest igation consisted of a concentrated program for locat ing and measuri ng temperature gradients 
in predri l led ho les such as abandoned water we l l s ,  m i nera l  exp lorat ion holes, and petro leum test ho les . 
Measurement of predri l led ho les represents the most effic ient means of rapid ly securing temperature grad
ient informat ion over a large area . To date 86 ho les have been measured throughout Oregon (see Map 1 ) . 
T he bu lk  of the ho les l ie i n  southeastern Oregon where water we l l s and minera l  exp loration holes are more 
abundant.  The gradients measured i n  predr i l led ho les have been periodica lly pub l ished or p laced on open 
f i le (Bowen, 1 972; Bowen and Blackwel l ,  1 973; Bowen,  1 975; and Hu l l ,  1 975 ) .  In  order to complete this 
program, the Oregon Department of Geology and Minera l Industries dr i l led five deep holes i n  the Western 
Snake R iver Bas in (see Map 1 ) .  

P r e s e n t a t i o n  o f  D a t a  

T he deep-ho le data obta ined during the study and discussed in this report fa l l  i nto two ma in  categories: 
l )  deep ho les outside the Western Snake R iver Basin for which on ly gradient measurements were determined ,  
and deep ho les outside the Western Snake R iver Basi n for wh ich both gradient and heat-flow va l ues were 
obtai ned; 2) deep holes with i n t he Western Snake River Bas in,  where density of we l l s provided a consider
able amount of i nformation .  

T wo further parts of  the study included in  th is report dea l with some of  the research on  ne w techniques 
for determin ing heat-flow va lues. The first of these was a study of the annual temperature profi le  to a depth 
of approximate ly 20 m (66 feet) in severa l p laces throughout the State to characterize th i s  disturbance so 
that geotherma l gradient effects can be more easi ly recognized in such sha l low bore ho les . Second was a 
detai led exper iment carried out to i nvestigate the feasib i l i ty of usi ng 1 - and 3-m (3. 3- and 1 0-foot) dri l l  
ho les to make temperature measurements and to re late the abso lute temperature a t  these depths to the heat 
flow from the earth . I t  has been suggested that significant  abso lute temperature di fferences at the surface 
are associated with di fferences in heat flow of a factor of 2 or so from the interior of the earth (Po ley and 
van Stevenick, 1 970) . 

Severa l areas of anoma lous heat flo w were discovered during the study and the results are summarized 
briefly here . We be l ieve that furt he r explorat ion may revea l other areas of geotherma l potentia l and that 
deep dri l l i ng may show that t hey contain  resources of significant commercia l  va l ue . These anomal ies are 
d iscussed i ndividua l ly in the body of the text .  

E x p l a n a t i o n  o f  Lo c a t i o n  D e s i g n a t i o n s  

T he method used i n  ide ntify i ng a l l  bore ho les fo l lows the pract ice establ ished by the U. S .  Geo log
ica l  Survey for locating water we l l s and springs . The hole numbers represent location by Township, Range , 
section,  :! section and :!/:! section in the order given . The location designation with in  a section to:! and 

:!/:!section is A,  B ,  C, D representing the northeast, northwest, southwest , and southeast:! or:!/:! sect ions .  
Thus a bore hole numbered 1 S/ 45E- 16AB would mean Township 1 South ,  Range 45 East of  the Wi llamette 
meridian in the NW:! of the N E:! of section 1 6 .  If a hole can be located no c loser than  a:! section, the 
last a lphabetical designation is om itted . 
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strong ly affected by the earth 's therma l fie ld, th is  work was compl imentary to the goa ls of th is  contract . 
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Nearly a l l  t he grad ient data in this report was re leased in 1 975 by the Oregon Department of Geol ogy 
and Mi nera l I ndustries as Open-fi le  Report 0-75-7.  The present report summarizes the data p laced on open 
fi l e ,  gives new data reported later in 1 975 , and presents the authors' in terpretat ion of this information .  

A c k n o w l e d g m e n t s  

F ina nc ial  su pport for this study was prov ided by the U .  S .  Bureau of Mines Study Contract S01 221 29.  
T he authors �re gratefu l  to  the severa l peop le who contributed to the successfu l comp letion of the 
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Pre iss ler served as  princ ipa l  fie ld a ssistant for two years, doi ng an exce l lent job of  wha tever task he was 
assigned. The success achi eved in locati ng and i n  measuri ng gradients i n  predri l ied ho les was large ly due 
to A lan ' s  dedication and perseverance . Others who he lped on the program were Rick Kent,  Mi ke Mi l le r, 
Osve ldo Va ldez, and David Harris . 

T he temperature logging equipment used in  the study was bu i l t  and ca librated by Robert Spafford , 
Southern Methodist University, Da l las, Texas. The therma l conductivity measurements and part of  the 
heat-fl ow studies were supported by Nationa I Science Foundat ion Grant GA- 1 1 35 1  to Southern Methodist 
University . John Stee le and Chu J ia w  made most of the thermal conductivity measurements . 

Mr . Wal ter Lewis ,  Bureau of  Mi nes Contracting Officer, was very he lpful , part icu larly i n  working 
as l iaison wi th other Federa l agencies to expedite the obta in ing of  bonds , permits,  etc . as necessary to 
comp lete the project . 

T H ERMAL MEASUREMENT MET HODS 

A To o l  for  G e o t h e r m a l E x p l o r a t i o n  

The object of geotherma l exploration is to locate a suffic ient concentration of therma l energy wit h i n  
exp loitab le  depths fo.r economic extraction and uti l izat ion.  Historica l ly ,  the in it ia l exploratory method 
was to dri l l  e ither i nto or adjacent to hot spr ings or fumaroles .  Th is method , a l though quite successful  on 
a loca l basis, is not adequate i f  there are no surface manifestations . The fact that geothermal energy is not 
l imited to those areas with surface indications has been shown many times by  exp lorers i nadvertently dri l l ing 
into accumu lations of  hot water or steam when they were search ing for other mi nera l s .  The increase of 
knowledge and understandi ng of the earth that has come from exploratory dri I li ng and from re lated sc ientific 
studies has led to the conc l usion that geotherma I resources are more widespread than their surface man i fes
tations indicate . 

Re a l ization that geotherma l energy is more widespread than was assumed in  the past and that con 
ventiona l energy sources are finite and d wi nd l i ng has led to the expand i r.g search for geotherma l energy 
deposits.  Several explorat ion tools have been used with success i n  locating hidden geothe rmal  reservoirs, 
but at this t ime measurements of variati ons of the therma l characteristics of the regions under study appear 
to be the least ambiguous a nd most usefu l exp loration method . For a thoroug h exposition of geotherma l 
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exploration phi losophy and tech niques, severa l artic les are avai lab le,  but the summary by Combs and 
Muffler ( 1 97 3) is especia l ly recommended. 

For the purposes of this paper o n l y  the ph i losophy and techniques of therma l measurements wi l l  be 
discussed . The techniques are divided here i nto three types: sha l low ( 1  to 6 m (3. 3 to 20 feet)) temperature 
measurements,geotherma l gradi ent holes,  and heat-flow determinations . 

T he sha l low temperature measurement method has been extensively ut i l ized both as a tool to determ ine 
the amount of heat energy be ing re leased from known regions o f  therma l spr ings and hot ground and as a 
reconnaissance technique to locate sha l low temperature variations that might i ndicate buried geotherma l 
reservoirs. T he l imitations of this method are based on the fact that the var iations of  temperature near 
the surface are strong ly affected by other factors, pri nc i pa l ly variations in so lar radiation. The so lar 
flux wi l l  norma l ly exceed the geotherma l component by a factor of  25, 000, severe ly l imiti ng the use fu l 
ness of this too l except i n  areas o f  very high  geothermal fl ux . Movement o f  ground water is another factor 
that causes s ignificant variat ions in t he sha l low-temperature fie ld and great ly comp l icates interpretation 
of the results of this method. 

Geothermal gradient surveys ut i l iz ing the measurements of temperatures in ho les genera l l y  from 
about 1 5  to 60 m (50 to 200 feet) i n  depth are more use fu l  bu t a lso more cost ly . I n  gradient studies tempera
ture i ncrease w i th depth is measured and  re lated to possi b le buried therma l reservoirs or sources . Severa l 
variab les such as rock therma l conductiv i ty ,  topogra ph ica l features, structura l compli cations, and sha l low 
water movements can produce quite d i fferent geotherma l gradients wi thin a reg ion of re lat ive ly constant 
deeper therma l condit ions. W ith in  l imits, however, these var iables can be accounted for ,  so that the 
geotherma l gradient method is a very good exploration too l .  To understand and uti l ize geotherma l gradi -
ent i n formation i t  is necessary to know the loca l norma l gradient and what ki nd of  departure from norma l 
i s  significant . On a wor ldwide basis the norma l geotherma l gradient is a pproximate l y  30° C per km 
(87° F per mi le),  whi le i n  geothermal areas the gradients wi l l  o ften exceed norma l by a factor of 5 to 1 0  
( 1 50° to 300°C per km). With in  the Basin and Range physiographic province of Oregon the median gradient 
appears to be between 60° and 90°C per km . This high median is caused by two factors: a th in  crust over
ly ing a hot mant le ,  and an over l yi ng cover of rocks that have lower than  average t herma l conductivity . 
Consequent ly , to be considered anoma lous i n  th is reg ion a geotherma l gradient shou ld  be i n  excess o f  
this range . 

Heat flow, the product of geothermal gradient and rock therma l conductiv i ry ,  gives the most rep
resentative picture of subsurface condi tions but is a l so the most expensive measurement . Units used in 
heat-flow measurements are microca lor ies per cm2 per second and are common l y  re ferred to as HFU ' s  ( Heat
F low Units). Wor ldwide average heat f low of continenta l areas i s  about 1 . 5 HFU . I n  areas of Tert iary 
vo l canic rocks, such as the Basin  and Range province , average heat flow is c loser to 2 HFU (B lackwe l l ,  
1 969; Roy and others, 1 968) . Heat-flow va l ues have norma l ly come from geothe rma l gradients measured 
in deep mines or bore holes greater than  1 00 m ( 330 feet) deep.  I n  the course of th i s  study heat-f low deter
mina tions were made on 71 of the bore ho les i n  wh ich temperature measurements were made . 

A goa l of this  study was to estab l ish  a basic data base i n  Oregon so that the d i ffering t ypes o f  the rmal 
exp loratory studies cou ld be corre lated to obta i n  the most usefu l data at the lowest cost. By establ ishing a 
series of monitor holes i n  di ffer ing geo logic and c l imatic conditions i n  the State , the effect of so lar rad ia
tion was i nvestigated so that the geotherma l compone nt of  the sha l low we l l s cou l d  be more easi ly  identi fied . 
By knowing what  tem perature wou ld  be expected from so lar radiation, a signi ficant variation at de pths as 
sha l low as 1 to 3 m  (3. 3 to 1 0  feet) , cou ld a l low identifica tion of an anoma ly worthy of further i nvestiga
tion . The application and resu lts of  the mon i tor-we l l  and sha l low-we l l  exp loratory programs are discussed 
i n  more detai l i n  fo l lowing sections of th i s  report . 

The five deep ho les that were dri l led as a part of this study were located to eva luate the h igh geo
therma l gradient and heat-flow va l ues observed in predri l led holes in the Western Snake R iver Bas in and 
to i nvestigate the impl ications of data from the sha l low-temperature ho les and predri l led gradient holes. 

E q u i p m e n t  a n d T e c h n i q u e s  o f  T e m p e r a t u r e  Lo g g i n g 

Bore-hole temperatures were determined by lowering a probe conta in ing a ca l ibrated thermistor, a 
temperature-dependent resistance e lement, i nto the we l l  bore and measuring the resistance at di fferent 
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depths. With in the sha II ow temperature holes,  measurements were made at 1 -m ( 3. 3-foot) interva ls from 
the surface. I n  deeper holes measurements were made norma l ly a t  2. 5-m (8-foot) interva ls to 20 or 50 m 
(66 or 1 64 feet) and at 5-m ( 1 6-foot) interva ls be low 50 m ( 1 64 feet) . Measurements were made with equip
ment simi lor to that described by Roy and others ( 1 968) . Thermistors were co l ibrated in water baths, using 
National Bureau of Standards thermometers with precision of 0 . 005°(. The main l imitation p laced on ac
curacy and repeatabil ity of the temperature measurements is in posit ioning the probe at  precise depths; 
consequent ly,  abso lute temperature g iven for a particu lar depth is accurate to about 0 . 1 °(. Gradient 
measurements, or the difference in temperatures for a g iven set of readings, are probab ly accurate to 
about 0 .0 1 °(, A few holes were initia l ly logged with a different set of instrumentation (Bowen, l 972) 
wh ich was not quite as accurate . For th is study, however, a l l  the data are considered equ iva lent . 

DE EP  W E LL DATA FROM OUTS IDE  T H E  SNAKE R IV ER BAS I N  

G e o t h e r m a l  G r a d ie n t  D a t a 

Th is sect ion of the report presents information on deep we l l s  outs ide of the Western Snake R iver 
Basin for which on ly temperature gradients were measured . Table 1 g ives the locat ion, e l evation, depth ,  
and depth interva l  for which geothermal gradients were calcu lated,  and the average geotherma l gradient 
over the interva l ca lcu lated . Map 1 shows the locations of the individual we l ls l isted in Tab le  1 ,  

The va l ues shown be low the gradients in Tab le  1 are t he standard error of the s lope of a stra ight l ine 
fitted to the temperature -depth information in the interva l  shown next to the grad ient .  These error val ues 
are statist ica l and do not indicate possib l e  effects on the grad ients from systemat ic errors, Such outside 
inf luences are present in these we l l s primarily in the form of water convection with in the bore holes.  
Artesian we l l s, i.  e. where water entered the bore ho le,  f lowed up, and flowed out at the surface under 
an artesian head, were not logged because this water circu lat ion destroys the or ig ina l rock temperatures 
in the section of the we l l  subject to the water flo w. The opposite s ituation , however, in wh ich lower 
aquifers penetrated by a we l l  may have lower p ieziometric leve l s  than upper aquifers resu l t ing in downflow 
with water with in the we l l  can not be so easily avo ided . Th is downflow of water causes low grad ients to 
be observed between the depth of entry of the water in the we l l  and its po int of exit and h igh grad ients 
below the exit point, with a resu l t ing sta irstep-shaped temperature-depth curve . Common ly,  we l l s above 
the water tab le wil l show a l inear temperature-depth curve with a typica l reg iona l grad ient , wh ile be low 
t he water tab le the curves may be very irregular, with segments of  very low and very h igh gradients caused 
by t he intercommunication of aquifers in the bore ho l e .  Such water f low destroys the geotherma l grad ient 
in sect ions in a number of the we l l s  logged . Where poss ib le ,  est imates of the grad ient have been made 
e ither above the water tab le  or be low water c ircu lation effects; but , for examp le ,  in we l l  3N/36E-2DB 
the geotherma l gradient is 0 from 25-55 m (82- 1 80 feet) , the tota l depth logged , because of the down ward 
flow of water . The we l ls with this type of geotherma l gradient are indicated by the asterisk in Tab le 1 .  

In some of t he we l l s d ist inct segments of geothermal grad ient were observed . Most of these grad ients, 
where not mod ified by intrabore-ho le water flow, are probably corre lated with I ithology; but for many of 
the we l l s no l itholog ic information is availab l e .  In  genera l  these sections are tabu lated separate ly in 
Tab le 1 ,  to show that there are variations in gradient with in the we l l .  Thus, no one geotherma l gradient, 
in absence of knowledge of therma l conductivity or water flow in the we l l ,  is necessarily meaningfu l .  

Grad ient data a lone, as shown in Tab le  1 ,  should be util ized with caut ion because the geothermal 
gradient is dependent on both heat fl ow and rock conductivity . Even where heat f low is uniform , the 
geotherma l grad ient wil l vary inverse ly with the therma l conduct ivity if the materia l s  are horizonta l ly 
layered or have only a sma l l  d ip .  The re lative ly uniform surfic ia l  geo logy of southeast Oregon makes 
these gradients more usefu l than in areas of widely vary ing rock types because conductivit ies vary within 
a narrow range of about 2 to 4 mea l per em sec 0(. I n  practice in southeastern Oregon,  most of the 
tuffaceous sediments have conductivit ies of 2 . 5  ± 0 .5  meal per em sec 0( , This uniformity means that 
gradients in genera l ,  a l though not exact ly comparab le ,  can y ie ld  usefu l informat ion on the re lat ive heat 
flo w of d ifferent bore ho les .  In other parts of the State , however,  where bedrock geology is not so 
cons istent , compar isons should be made with spec ia l  care . 
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Table  1. 
Temperature gradients in predril l ed hol es outside Western Snake River Basin . (The standard error 
of a l east-squares straight l ine fitting the temperature-depth information in the interval indi
cated is shown bel ow the gradient val ue . ) 

Location 
T., R., section 

3N / 2 1E - 1 9BA 

3N / 3 6E - 2DB 

3N /4 7E - 2 6AA 

2N / 2 7E - 7A 

15 / 3 5E - 3 6CC 

85  / 1 5E - 9A B  

85 / 3  7E - 28 

85 / 3 7E - 2 9D 

85 /3 7E - 3 2  

85 /4 1E -34CB 

8S /42E - 24CD 

8S /42E - 2 9AB 

Location 
Geographic Coordinat e s  

4 5°44' 120° 14 I 

4 5°4 5.91 1 18° 1 6  • 8 I 

45°42 I 116°54 I 

45°40 1 1 1 9° 2 91 

45°2 5 1 120°08 1 

44°5 1  I 120°54 1 

44° 5 1  I 1 18° 1 1  I 

44° 5 1  I 1 18° 12  I 

44°50 1 1 18° 13  I 

44°50 1 1 17°4 1 I 

44°5 1  I 1 17°3 1 1  

44°5 0 1 1 1 7°3 6  I 

�leva tion Depth 
meters me ters 

120 70  

1067  55  

1400 65 

3 10 3 0 5  

1300 70  

9 54 1 5 5  

1800 100 

2 100 105 

85 

1 130  130  

832  70  

847 45 

* Low va lue of gradien t ca used by downflow of wa ter in bore hole . 
i<* Ho le inclined a t  60° from the horizonta l. 

Depth Interva l 
meters 

3 5 -70 

2 5 - 5 5  

3 5 - 6 5  

3 0 - 2 1 3  

2 13 -3 0 5  

3 5 - 7 0  

15 - 15 5  

6 0 - 100 

5 5 - 105 

10-85 

15- 1 3 0  

10 - 70 

15 -45 

Grad ient 
°C /km 

54 . 3  
1 . 7  

0 

16. 5"�' 

90. 1 
3 . 9  

19 . 0* 
3 . 4  

14 . 3  
1.3 

28 . 6  
1 . 3  

10. 6"/:"/, 
0 . 6  

18 . 1"/d: 
0.5 

3 * 

42 . 0  
1 . 5  

3 1 . 3  
2.3 

12.2* 
0 . 4  
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Loc,tion 
m ...... ..._ . l.. t ... ""i. • ., sec · .. lon 

9S I 3 9E - 13A B 

9SI4 1E - 7BB 

9SI41E - 15CB 

13S I 2 9E-9 

13S I3 1E- 2 6BA 

19S I 3 1E - 13DD 

22S / 3 1E - 9  

2 5S I 6W - 2 1CA 

28S /8E - 5AA 

33S /34E - 24AB 

3 7SI4 1E - 34C 

38S / 1 1E-7AD 

3 9S I 2 1E- 2 9  

Tabl e  1 .  ( cont. ) 

Location E levation 
Geographic Coordinates meters 

44°4 7' 1 1 7° 53' 1067 

44°4 7' 1 1 7°44' 1 128 

44°4 6 . 8' 1 17°40 . 9' 104 2  

44° 2 6 . 8' 1 19 ° 13 . 3' 1050 

44° 24 . 8' 1 18°56.8' 940 

43°55. 1' 1 18°5 6, 2 I 1400 

4 3°40' 120° 1 2' 1350  

43°23' 123°25' 1 2 2  

43° 1 0' 1 2 1°48' 1430 

4 2°40 . 0' 1 18°27 . 5' 1 2 90 

4 2° 20.5' 1 17°0 9 . 2' 1750  

4 2 ° 10' 120°16' 2865 

Depth Depth Interva 1 Gr adient 
meters meters °C/ km 

7 2 . 5  1 5 - 7 2 . 5  3 1. 7  
P . 6  

2 5  1 0 - 2 5  4 7 . 0  
2 . 1  

40 1 0 -40 0 

150 2 0 - 1 5 0  3 3  * 

70  3 5 - 7 0  44 . 0  
0 . 9  

240 1 0 - 240 30 . 0  
3.0 

1 2 9  1 5 -40 55.4 
4 . 8  

90  2 5-90 9. 2* 
0 . 2  

7 5  1 5 - 7 5  0 * 

240 2 5 - 240 0 * 

1 10 10-80 4 5 . 4  
7 . 4  

8 0 - 1 10 1 14 . 3 
6 . 5  

140 30- 140 15 . 4  
•k 

0 . 8  

40 10- 3 5  



H e a t  F l o w  D a t a  

This section of the report presents information on deep we lls outs ide the Snake River Bas in for which 
heat flow and other pert inent data cou ld be determ ined. Table 2 gives the locat ion , e levation , depth 
i nterva l of ca lcu lation of geotherma l gradient and heat flo w, the therma l conduct ivity , the geotherma l 
gradient, the heat flow, and the li thology encountered in  the we l l. Map 1 shows the locations of the 
i ndividual we l l s  l isted in Table 2 .  

The uncorrected geot hermal gradient col umn o f  Table 2 re fers to the gradient observed in  the we l l. 
The correction, where ca l cu lated , is for the e ffect of topography on gradients .  At many sites i n  Oregon 
the e ffect of topography is m in ima l; and on the va lues where the correction is estimated to be less than 
5 percent, the abbreviation NG is inc luded i n  the column of corrected gradients to i ndicate that the terrain 
correction is neg l ig ib le .  The uncorrected heat flo w i s  mere ly the product of therma l conduct iv ity times 
the geothermal gradient.  Therma l conductivity is ca lcu lated as the average harmonic va l ue o f  the samples 
measured . The va l ues shown be low each of the therma l co nductiv ity va lues are the standard errors of the 
mean calcu lated for the thermo I conduct ivity . Where terra in  corrections are neg I igi ble , the uncorrected 
and corrected heat-flow va l ues wi l l  be the same . A qua l ity i ndicator is inc luded in order to a l low estima
tion of  the possible errors , both systemat ic  and re lative, wh ich pertain  to various sets of data . Lithologic 
i n formation for the interva ls  i ndicated is shown in the last col umn of  Table 2. 

The heat-flow qua lity ind icators used are A, B, and C. The C qua l i ty ind icator is used where therma l 
conductivity va l ues were not avai lable from near the we l l ,  where heat-flow values within the we l l  were 
i nconsistent with one another,  where geotherma l gradient segments do not correspond to changes in lithol ogy , 
or where for some other reason the va lues are suspect . The heat-flow val ues associated with  the C qua l ity 
i nd icator may have large errors, perhaps as much as± 50 percent for individua l measurements, a l though 
take n as an overa l l  set of data the error is much smal ler .  In genera l ,  terra i n  correct ions were not made to 
this set of  data. Values for which qua l i ty indicator B is used are va l ues in which the errors are probably 
less than± 25 percent and in  which there are no large i nconsistencies in the ava i lable data . In some 
cases terra in corrections have not been made; and where these may be about 1 0  percent,  the qua l i ty i nd i
cator app l ied to  the heat-flow measurements i s  B i nstead of A .  A l l  heat-flow va l ues with  an  A desi gnation 
have . an error of± 1 0  percent or less in the heat-flow va l ue . Fo� all the va lues indicated by A, terrai n  
corrections have been made or are neg l ig ib le . 

Oregon can be divided i nto two areas based on heat-flow variations . West of the Cascade Range 
the heat-flow va lues are low ( less than 1 . 2 HFU) . Somewhere in  the vic in ity of the Western Cascades 
(the exact position is at present un known because of lac k  of data) the heat flow i ncreases so that most of  
the Cascade Range and a l l  of eastern Oregon is  characterized by h igh regiona l heat flow. Because of  
the obvious impl ication that the geotherma l potentia l of  the area of h igh heat flow i s  greater than  that of 
western Oregon, th is study was concentrated i n  eastern Oregon.  The areas where heat-flow va lues were 
obtained are li sted be low. 

Warrenton 

The only va l ue which was obta ined in the low heat-flow province of western Oregon is the va lue 
i n  the we l l  8N/ 1 0N-25 . Th i s  we l l  i s  near Warrenton on the bank  of the Columbia River . Temperature gra
dients were obta ined from data pub l ished by Spicer ( 1 964) , i n  turn obta ined from data col lected by Van 
Ostrand in the 1 920's . The we l l  penetrates over 1 , 000 m ( 3, 300 feet) of un i form Keasey Formation si l t
stone .  Six samp les were col lected from the sur face ,  and crushed hand samp les were measured by the d i 
vided bar-ce I I  technique (Sass and others, 1 971 ) .  The average porosity was found to be  about 20  percent 
for these s i l tstones, a nd this porosity was combi ned with the bu lk  therma l conductiv ity of the s i l t stones to 
obta in an in situ t herma l conduc tiv ity of 3.1 mea l per em sec °C. T his therma l conductivity combi ned 
with  a geotherma l gradient of 30 . 7°C per km gives a heat- flow va lue of 0. 95 HFU,  consistent with other 
heat-flow va l ues ( B lackwe l l ,  1 971 , 1 974) in this area of low heat flow. 
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Table  2.  
Heat fl ow data from wel l s in Oregon outside the Western Snake River Basin area . The corrected and uncorrected 
heat fl ow and geothermal gradient val ues refer to presence or absence of a correction for topography . The " N " 
col umn indicates the number of thermal conductivity sampl es avai l ab l e  from each l ocation .  

Depth Therma 1 Gradient Hea t Flow 
Location Loca t i on Elev . In terval Conduc t iv i ty Uncorr. Corr. Uncorr. Corr. L i t hologic 

T., R., section Geographic Goordina t es meters meters N mcal /cmsec°C 0c / km 0c/ km �cal /cm2s ec Quality Informa tion 

Warren t on 

8N / 10W -25 * 4 6°09' 123° 52.5' 5 7 6 - 1 1 52 6 3.1 30 . 7  NG 0.9 5  0.9 5  A Kea sy Forma t i on 
0 . 2 0.2 S il t s t one 

Arling t on 

3N /21E - 3 6BB 45°43' 120°08.4' 147 25-45 2 4 . 1  28 . 1  NG 1 . 1:

1 
Pomana Ba salt 

2.2 
4 5 - 120 6 2.2 57.1  NG 1 .  26 1.3 c S elah Tufi 

0.3 1. 1 
co 12.0 - 14 5  4 3 .  7 45 . 2  NG 1. 6 7  Columb ia River 

0.5 1 . 7  Basal t 
2N/21E - 1AC 45°4 1' 120°08' 226 20 - 60 2 . 2  46.6 NG 1. 03f S elah Tuff 

0 . 3  1 . 9  2 . 1 
60- 1 3 0  3 . 7  7 3. 9  NG 2 . 7 3  Columbia River 

0.5 2.8 Ba sal t 
2N/22E - 6CC 45°4 1' 120°07.2' 241 25-50  2 4. 1  25.4 NG 1.041 c Pomona Basalt 

0.9 1.2 
50- 13 0  6 2.2 54.7 NG 1. 20) c S elah Tuff 

0.3 1.0 
2N /24E - 5CA 45°40.9' 1 1 9°50.6' 209 20 -45 2 4. 1 2 1. 7  NG 0.89 � Pomona Ba salt 

0.4 
4 5 - 7 0  7 2.2 40.3 NG 0.88 1 . 0  c S elah Tuff 

0.3 1 . 3  
70- 1 10 4 3 .  7 32.3 NG 1 .  20 Columbia R iver 

Dufur 0 . 5  Ba sa 1 t 
Average 1.4 

1S / 13E -20DA 45°28.1' 12 1 ° 11.8' 3 54 10-50 ( 3 .  5) 42.8 4 1 . 9  1.5 1.4 c Columbia River 
1.5 &'1.salt 

50-135 3. 2 .,., 

* Gradient after Spicer (1964) 
** Sass and others (1976) 

*** Downflow of water in bore hole causes low gradients 



Table  2 . ( cont. ) 

Depth Thermal Gradient Heat Flow 
Location Location Elev. Interva 1 Conductivity . Uncorr . C orr. Uncorr . C orr . Lithologic 

T., R., section Ge ographic Coordinates meters meters N mca 1/cmsec°C °C /km °C /km · 1.1ca 1 /cm2sec Qua lity Information 

B a ker 

10S / 38E -24DC 44°41' 1 18°0 1' 1 2 7 7  25- 1 15 2 5. 1 3 9 . 9  3 5 . 0  2 . 0  1 . 8 A Meta-andesite 

Lebanon 

12S /1W -4DC 44°34' 112°40' 135 3 0-65 3 3 . 2  3 7. 1  3 6 . 4  1.2 1 . 2  B Volcanic Con-
0 . 3  1.0 g l omerate 

John Day 

13S / 3 1E - 2 7DD 44°24 .3' 1 18°5 7.7 I 1 1 1 7  40- 150 1 6.3 2 9.8 3 2 . 3  1. 9 2 . 0  B S erpen tine 
0.8 

Drewsey 
1.0 

2 1S / 3 5E - 1 1BC 43°45.8' 1 18°23 . 2' 1200 10-50 4 . 0  7 6. 7  7 3 . 6  3.1  2.9 B Rhyoli te  
2.7 2 . 8 

2 1S / 3 5E - 1 1CAB 43°45. 7' 1 18° 23  • 1 I 1295  20-55 4 1 . 1  6 6 . 4  B Rhyoli te  
1 . 0  1.9 

55- 100 4.0 4 9 . 6  68 . 4  2.0 2 .  7 B Rhyoli te 
0.4 0 . 4  

Gla s s  Buttes 
Average 2 . 8 

23S / 2 3E-2 7C 4 3° 3 3 1 1 1 9°5 6  I 1450 40- 200 >2. 3  203 . 4  4. 6 c Obsidian and 
2 . 3  Rhyoli te  

200-220 43 . 2'>'< 
1.3 

2 3S / 23E- 18C 10- 2 7 . 5  3 2 . 7  1 3 3.7  NG 3 . 6  
0 . 1  1 7 . 0  

2 7.5 - 3 5  1 1 . 8  185 . 3  NG 3.3 
18 . 2  

3 5 - 6 2.S 3 2 . 2  133.1  NG 2.9 
0 . 1  5 . 8 

Average 3.3 B 



Tabl e  2. ( cont . ) 

Depth Therrna 1 Gradient Heat Flow 
Location Location E lev. Interva l Conductivity Uncorr. Gorr. Uncorr. Corr. Litho logic 

T., R., section Geographic Coordinates meters meters N mca l /cms ec°C °C /km C /km 1-1ca l /cm2sec Qua lity Information 

24S /22E-2DD 1 5 -60 4 2.4 120.2 NG 2 . 9  B 
8.7 

24S /22E -20AA 32 . 5 -60 3 2 . 5  73 . 1  NG 1. 8 B 
0.2 13 . 8  

C oyot e  Buttes 

? 75 / 3 0E -13CD 4 3°1 3.4' 118°56.5' 12 80 2 5-60 2.3 1 30 . 4  119 . 6  3 . 0  2 . 8 B Tuffs, C laystone 
0.3 2.5 2.4 and S i l t ston, 

60 -130  3 . 1 61.6 5 8.4 1.9 1 . 8  " " 
1 . 5  1.4 

� 75 / 30E -1 9DC 43°1 3' 119°02' 46 -108 2 . 3  131 . 3  NG 3.0 3 . 0  B Tuffs ,C lays ton, 
0.3 and S i ltstone 

27S / 3 0E -21DD 43°12 . 5' 118° 59.9' 128 9  10 - 3 5  9 3. 1 223.2 NG (6 . 9) " II 
0.2 8. 5 

3 5-110 1 9  2 . 3 132.8 NG 3.05 3 . 1 A " II 
..... 0.1 1.0 
Cl 27S / 3 0E -26DC 43°11.5' 118° 57.8' 1340 10-57.2 2 . 3  117.9 130. 3  2.7 3.0 B II II 

0 . 3  1.4 
27S / 3 0E -27AC 43°12 . 0' 118°5 9.0' 1320 10-6 5  2. 3 160 . 0  162 . 8 3 . 7 3.7 B " " 

0 . 3  1.8 
6 5 -7 5  3.1 5 5. o'>'< (1. 7) " " 

2 . 9  
27S/30E-36DBC 43°10.7' 118° 57 . 0' 12 5 8  10-45 4 2.6 73 . 1  NG 1. 9 1 . 9 B II " 

1.3 

27S / 3 0E - 36CC 10-67 . 5  3 2.3 88.4 NG 2.0 B 
0.1 

29S/31E - 1 4 3°05' 118°4 9' 1262 56 . 4 -64 4 2 . 2 89 . 0  NG 2.0 
0.2 1 . 0  

4 0 - 91 4 2 . 2  96 . 0  NG 2 . 1  
0 . 2  0 . 6 

Best Va lue 2 . 0** 

29S/31E - 3 4 3o05' 118°51' 1260 57.9 -62 . 5  4 2.4 65.0 NG 1 . 5 
0 . 1  2.0 

8 9 . 3 - 92 4 2 . 2  83.0 NG 1 . 8 
0 . 1  3 . 0  

60 -100 8 2 . 3  74.2 NG 1.7 
0.1 0.8 

Best Va l ue 1. 7 ** 



Tab l e  Z. ( cont . ) 
D epth Therma l 

loc8tion Location E lev . Interva l Conductiv ity 
T., R.1 r.ectlo� Geographic Coordinates meters meters N mca l /cmsec°C 

T iller 

328 / 2W -4CA 4 2°4 9 . 0' 122°56.01 9 3 7  105 - 2 15 8 7 . 03 
0.41 

Thomas Creek 

378/18E -14BB 4 2°2 2 1 120°33 1 1804 30 - 75 1 2. 2 

3 78/ 18E-27DA 4 2°20 1 120°35 1 1 750 10-20 (2. 2) 

3 78 /l9E - 1 9CD 42°20 1 120°31 1 18 2 7  10- 20 ( 2 .  2) 

3 78 / 1 9E -30AB 4 2° 201 1 20°3 1 I 18 27 15 -40 1 2 . 2  

l78/1 9E -30DB 4 2°20 1 120°3 1 1  18 14 30 -55 1 2 . 2 

55 - 105 10 3 . 0  
-' 105- 135 1 2.1 -' 

White Horse Ranch 

'36S / 3  7E - 2DD 4 2°26 . 21 118°07  o 0 I 1 280 10- 30 2.3 
0.5 

30 -40 

Trout Creek 

J7S / 3 6 E - 28A B 4 2°1 7 . 8 1  118°16 . 9 1  1 3 6 6  10 - 25 2 . 3  
0 . 5 

38S / 3 7 E - 23CC 4 2°15.3 1 118° 20 . 5 1 1430  10-50 2. 3 
0 . 5  

38S / 3  7E -24BA 4 2°15 . 8 1  118°1 9. 2 1 1430 10-100 2 . 3 
0.5 

38S / 37E- 25AC 4 2° 15 . 8 1 118°1 9, 2 I 1425 3 1 -151 2.3 
0 . 5  

3 9S / 3 7E - 2CC 4 2°1 1 I 118°20 . 7' 1430 10-llO 2.3 
0 . 5  

3 9S /3 7E -1 7BB 4 2°14 1 118° 24 . 4' 14 20 3 7 - 1 28 2.3 
0.5 

F i e lds 

3 9S / 34E -13 4 2°14 1 1 18°40� 1494 20- 3 7 0  24 3 . 60 
0.05 

Gradient 
Uncorr. Corr . 

0c / km °C /km 

20 . 5  20. 9 
0 . 4  0.4 

13 6 . 0 

108.0 

124 . 0  

83 . 4  7 2.5 
1. 2 1 . 0  

83 . 3  7 6 . 0  
2 . 6  2 . 3  

4 7. 6  44 .0  
0 . 8  0.7 

75 . 1  70 . 0  
1.3 1.2 

147.4 NG 
6.9 

47 .o••• 

130.6 NG 
13.7 
88 . 5  NG 

3.9 
83 . 9  NG 

1 . 2  
6 7 . 8  NG 

6.1 
139.4 NG 

, '7 ..1.. ! 
81.0 NG 

61.2 59.9 
0 . 4  0.3 

Heat F low 
Uncorr . C orr . 

\-Lcal/cm2s ec 

1.44 1 . 46 
0.10 

3 . 0  

2 . 4  

2. 7 

1 .  86 \ 

1 . 83 > 
1 . 43  1.6 

1.65 ) 

3 . 4  

3.0 

2.0 

1.9 

1.6 

3.2 

1.9 

2 . 20 2 . 26 
0 . 04 

Quality 

A 

c 

c 

c 

B 

c 

c 

c 

c 

c 

c 

c 

A 

Litho logic 
Information 

Chlorite 8chis 

Tuff 

Tuff 

Ba s a 1 t 

Tuff 

Tuffs,Claystone 
S i ltstone 

Tuffs, Cla ys tone 
S i ltstone 
II II 

II II 

I I  II 

II II 

II II 

Owyhee Ba salt 



Arlington 

Four of the wells on Table 2 are in the general area of Arlington, Oregon. Although continuous 
core was available from all four and there tends to be a correlation of the geothermal gradient with lith
ology, as shown in the table, the correlation of heat-flow values is not what would be expected from the 
thermal conductivity values obtained on core samples. The resulting calculated heat-flow values from the 
different intervals differ in some cases by as much as 50 percent. In general, the heat-flow values seem 
to increase with depth in the wells from low to more typical regional values (1.5 - 1 . 6  HFU), suggesting 
that some phenomenon is lowering the heat flow near the surface. Perhaps there is regional water flow 
toward the Columbia at shallow depths that transfers the heat from the highlands around Arlington to the 
Columbia River, and these wells are passing below the aquifer or aquifers. The best value in the area is 
greater than 1 .  2 HFU and possibly as high as 1 .  7 HFU. In any event, because of the disagreement in 
heat-flow values, a low reliability is placed on these data. 

Dufur 

The heat-flow value near Dufur, Oregon (well 1 S/13E-20DA) was obtained from temperature measure
ments above the water table and from an estimate of the thermal conductivity of the Columbia River Group 
basalt. Thermal conductivity measurements from Arlington and in the Washington port of the Columbia 
River Plateau (Sass and others, 1971; Blackwell, 1974) were used to estimate the thermal conductivity for 
the well as 3.5 ± 0.5 meal per em sec °C. Below the water table at 50 m (164 feet), downflow is present 
to the bottom of the well and very low gradient is obtained. The calculated value corrected for terrain is 
about 1 .4 HFU. 

Baker 

The well measured at Baker was at a dam site, so the topographic correction was quite Iorge. The 
well was drilled into pre-Cenozoic meta-andesite. The calculated heat-flow value is 1 . 8  HFU. 

Lebanon 

The measurement at Lebanon was obtained in a core hole drilled at a power plant site. The rocks 
cut by the well are volcanic conglomerates of the Western Cascades. The terrain correction is moderate; 
and although the hole is fairly shallow, the heat-flow value, corrected for terrain, of 1 . 2  HFU is con
sidered reliable. 

John Day 

The hole near John Day was drilled into Late Triassic serpentinite. The thermal conductivity of 
the serpentinite is  based on measurements of samples of the cuttings and an assumed porosity of 5 percent. 
The terrain-corrected heat flow at that site is 2.0 HFU. 

Drewsey 

The heat-flow value near Drewsey, in east-central Oregon, is based on two wells drilled .in a mineral 
prospect. The thermal conductivity is estimated from measurements of welded tuffs in the Harney basin only 
a few kilometers to the west of the Drewsey area. These welded tuffs have a very uniform bulk thermal con
ductivity;and in situ thermal conductivity, with an estimated porosity of 1 0  percent, is 4 meal per em 
sec °C. The best heat-flow value, 2.8 HFU, a mean of hole llBC and the 55- to 100-m (180- to 330 
foot) interval in hole llCAB, is anomalously high. The need for more work in this area is indicated. 

Glass Buttes 

Glass Buttes (Figure 1 )  are located on the Brothers fault zone and are interpreted by Walker and 
others ( 1 967) to be a complex of silicic vents and volcanic domes. Extensive hydrothermal alteration has 
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produced an opa l ite zone conta in ing dissemi nated mercury minera l ization. T here are no therma l springs 
i n  the area . The heat-flo w  va l ues are based on the we l l  at 2 3S/2 3E-27C, which has a water temperature 
of 48°C at a depth of 220 m (720 feet), and two sha l lower ho les dri l led i n  1 975. The geotherma l data o n  
these three holes and another to the south of G l ass Buttes are l i sted in  Table 2 .  I t  i s  possib le  that water 
c irculating at 48°C, as measured in 2 3S/23E -27C, is caus ing the geothermal a noma ly; however, the 
fai r ly exte nsive high heat f low, as shown on F igure 1 ,  suggests that add itiona l eval uation of th is  part icu lar  
area is just ified . Further supportive evidence of the existence of a geotherma l system i n  the area was 
given  by Hu l l  ( 1 976). He reports that an  e lectrica l resistivity survey made at G lass Buttes shows an area 
of very low res istance , less than  5 ohm m ,  underlying a near-surface layer of h igher resistance , exceedi ng 
300 ohm m ,  that genera l ly coincides wit h  the out l ine of the si l ic ic vol canic rocks. The geotherma l ,  
geolog ic ,  and geophysical data are favorab le and imply that the area i s  an attractive geotherma l prospect .  

Coyote Buttes 

S ix holes were measured in the v ic in ity of Coyote Buttes in the southern part of the Harney Basin 
(Figure 2) . Th is area is a lso located on the Brothers fau lt  zone . The ho les had been orig ina l ly dri l led for 
minera l exploration . They show a genera l ly h igh range of about 73° to 1 60°C per km for the re l iab le gra
dients . Severa l of the we l ls showed two or more disti nct segments of geotherma l gradient . I n  we l l  27S/30E-
27AC, the low va lues of gradient be low 65 m (2 15  feet) appear to be associated with water downf low i n  
the we l l  be low the water tab le.  For the other we l ls i t  seems l ike ly that variations i n  l ithology cause the 
var iat ions in gaotherma l gradient . Therma l conduct iv ity measurements were made on cutt ing samples from 
we l l s 27S/30E-2 1  DD  and 27S/30E- 36BC and on hand samples from outcrops . These measurements i ndicate 
a variation of in situ therma l conduct iv ity of from about 2. 3 to 3. 1 mea l per em sec °C for an assumed 
porosity of 30 percen t .  Unfortunately , none o f  the samp les from we l l s  i n  which  dist inct segments o f  gradient 
were observed came from the depths characterist ic  of the different grad ients. In the absence of more 
deta i led i nformation, the lowest conductivity was assumed to be associated with  t he highest gradients. 
Heat-flow va l ues so ca lcu lated range from 3. 0 to 1 . 9 HFU  in  a s ingle hole (27S/30E-1 3CD). No matter 
what assumptions are made in ca l cu lating the heat-flow va l ues,  there is definite ly a therma l anoma ly 
present in the area. Severa l nearby hot springs west of this area near Harney Lake a l so indicate a presence 
of a geothermal system in the area . I t  appears that the heat-flo w  va lues average 3. 0 HFU except for the 
most souther ly va l ue ,  which is 1 .  9 HFU . 

I n  1 975, the Oregon Department of Geo logy and Minera l I ndustries dri l led ho le  27S/30E-36CC at  
the south end of  the Coyote Buttes anoma ly as  part  of  i ts dri l l i ng program a long the Brothers fau l t  zone 
(Bowen and others, 1 976) . Thermo I conductiv i ty measurements of the core samples i ndicated a heat-flow 
va lue of 2 . 0  HFU , verify ing the 1 . 9 HFU observed i n  hole 27S/30E-36BC and the apparent change i n  heat
f low va lues in the souther ly direction . F igure 2 shows the hole locations and inc ludes two of the gradient 
and heat-flow va lues reported by Sass and others ( 1 976) near Diamond Craters . 

I n  view of the therma l manifestations, the very h igh geotherma l gradients ,  and the h igh heat-flow 
va lues, addi tiona l exploration seems to be warranted in the Coyote Buttes area . 

Ti l ler 

One va lue was obtained i n  a minera l prospect near Ti l ler i n  southwestern Oregon . Th is we l l  was 
dri l led i n  ch lor i te sch ist, part of the Klamath Mountai ns geo logic provi nce . Eight measurements of therma l 
conductiv i ty were made on core samp les from the ho l e .  A l though the topography is very steep i n  the 
vicinity, the terrai n  correction is  qui te modest because the various effects cance l out .  The ca lcu lated 
va lue i s  1 . 46 H FU .  

Thomas Creek 

Severa l ho les were measured in the Thomas Creek area near Lakeview (F igure 3) . These holes were 
orig ina l ly dri l led for minera l exploration . Ho les 37S/1 9E-30AB and -30DB are located a t  the si te of the 
Wh i te King mine . The data for these two holes were averaged to determi ne the heat f low. There is a poor 
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corre lation betwee n the rma l conductiv ity and gradient i n  these we l l s .  The best va lue of heat flo w  is 
taken to be a combination of data from a l l  four interva ls from the two ho les . This heat f low is 1 . 6 HFU . 

Temperature gradients in a l l  the we l l s  outside sect ion 30 sho wed considerably higher gradients. 
Therma l conductiv ity measurements were made on one samp le of cut t ings from t he ho le i n  section 1 4  
(Table 2) . Even with t he low val ue of therma l conductiv ity observed , t he heat flow is 3 H F U  because of 
the very h igh  geothermal gradient . T he ho les with  a high geotherma l grad ient are a l so very sha l low, but 
there is defi n i te evidence of a geotherma l anoma ly i n  the area, and some addit iona l work to i nvest igate 
the impl i cations of these higher geot hermal gradients might be just ified . 

White Horse Ranch 

A sha l low hole d ri l led as pa rt of a uranium exp loration program showed a high gradient and heat 
flow when measured during this study . 

Trout Creek 

Severa l holes were logged in  the v ic i nity of the Trout Creek Mounta ins i n  southeastern Oregon 
(Figure 4) . T hese holes a l l  penetrate the Miocene tuffs , s i l tstone , and c laystone typical of southeaste rn 
O regon .  The ho les  logged range i n  depth from 50 to 1 50 m ( 1 64 to 490 feet) and the g radients range from 
68 to 1 39 . 4°C pe r km . Most of these we l l s  show on ly a sing le segment of g radient, a l though we l l  39S/37E-
1 7BB does  have a low g radient be low the wate r tab le ,  which i s  attri buted to wate r f low below the water 
tab le . An estimated therma l conductivity value of 2 . 3 mea l pe r em sec °C i s  used for the sediments in th is 
a rea.  Th is value is  e ssentia l ly tha t  found by Sass and others ( 1 976) fo r va lues of va l ley sediments in south
easte rn Oregon and is typi ca l  of the lower range of va lues found in the H a rney Basin and Weste rn Snake 
River Basi n  a reas .  Two of these heat-flow va lues a re anoma lous; more work i n  this a rea is recommended . 

F ie lds 

The heat-flow measurement  was obtai ned i n  a deep minera l exp loration te st at Steens Mounta in ,  
south west of  F ie lds  ( 39S/34E- 1 3) .  The ave rage geotherma l gradient to  a depth of  370 m ( 1 , 2 1 5  feet) i s  
about 60°C pe r km . The ca lcu lated heat-flow va lue i s  2 .26 H FU ,  significantly above the lowe st regional 
va l ues  of 1 . 5 H FU .  Thi s  i s  the most re l iable value obta i ned in the Miocene basa l t  of southeaste rn O regon .  
W e  lac k sufficient heat-flow data from t he  loca l a rea to eva luate i ts signi ficance . More i nformation wou ld 
be u sefu l i n  a ssessi ng the background regiona l heat f low fo r southeaste rn O regon . 

DEEP  WELL DATA FROM THE  WESTERN SNAKE R IVER BAS IN 

The Western Snake R iver Bas in  presents a more complete heat-flo w pattern than do other regions 
of the State , and for this reason it is treated as a separate sect ion of the report . The numerous deep holes 
in the area have made it poss ib le to obtain a re latively high density of geotherma l data (see Tab le 3) . To 
ve rify  therma l trends indicated by data from the p redr i l led holes, the Oregon Department of Geology a nd  
Minera l Industries dri l l ed five deep ho les . The information obtained resul ted i n  out l i n ing three spec ific 
a reas of a noma lously h igh heat  f low in the Weste rn Snake R ive r Basi n .  

T he Western Snake R iver Bas in occupies t he west l imb o f  the Snake R iver downwarp,  a large structural 
trough extending from Ye l lo wstone Park, across Idaho , into eastern Oregon,  and terminat ing against the 
B l ue Mountains. The loca l struct u ra l  pattern of the area , shown on Figure 5 ,  is a regiona l northeasterly 
dip. T he fau l ts are based mainly on geophys ical evidence from Bowen and Blackwe l l  ( 1 975) i n  their report 
on the geology and geothe rma l manifestations of the Cow Hol low area. 

T he bas in is under la in  by a thick sequence of late Tertiary vol canic and sedimenta ry rocks. Through
out most of the region where the geotherma l data have bee n gathered for th is report , the surfic ia l  rocks are 
tuffaceous c laystone and s i l tstone , with  lesse r amounts of tuff and interca lated l ava flows of the Idaho Group. 
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Tab l e  3 .  Geothermal data for dril l ho l es in  the Western Snake River Basin 

Gradient The�a: cond�c t .  EePJ.t flow 
Elevation Depth intert•d uncor.  cor. K(N) u.-"!c o r .  cor. 

Locality T. , R . , sec . N lat .  �� long . :!leters ::1e ters °C /km °C /km 10- 3ca 1 / cmsec°C 10- 6ca 1 /cm2s ec Quality 

Adams Ranch 145 /43E - 13AA 44° 2 1  1 17°241 1 1 7 0  3 0 - 280 3 2 . 3  5 . 4 ( 1) 1 . 7  B 
0 . 3  

Hun t ingt on 1 55 /45E- 7BA 44° 161 1 17 ° 15 I 854 3 0 - 1 7 0  6 1 . 9 2 . 8 1 . 7  c 
2 . 4  

W il low Cr eek 155 /42E - 14BC 44° 1 6 1 1 1 7 °3 31 8 14 1 0 - 30 7 1 . 4  2 . 8 2 . 0  c 
1 . 3  

3 0 - 140 3 3 . 2•k 
2 . 0  

140 - 1 5 0  7 7 .  
1 65 /43E - 7D 44° 1 2  I 1 17°301 850 1 5 - 65  48 . 8  2 . 8 1 . 4 c 

6 5 - 1 1 5  7 . 3  
18 . o"'' 

5 . 1  
1 65 /4 3E - 10DB 44° 1 1  I 1 17 ° 2 61 7 58 30- 1 1 5  7 1 . 2  NG 2 . 8 2 . 0  B 

1 . 5  
""-J 165 /43E - 1 3DD 44° 101 1 17°24 I 7 68 50- 1 3 0  5 1 . 5  NG 

0 . 5  
130- 1 7 0  94 . 7  NG 2 . 8  2 . 7  B 

2 . 7  
165 /43E - 1 5DA 44° 101 1 17°26  I 7 58 2 5 - 10 5  38 . 6  NG 

0 . 7  
105 - 2 3 0  70 . 5  NG 2 . 8  2 . 0  B 

0 . 3  
1 65 /43E - 2 3DD 44°091 1 17 ° 2 5  I 749 40-110 6 1 . 8  NG 

2 . 2  
ll0 - 1 7 0  9 9 . 5  NG 2 .8 2 . 8  B 

1 . 3  
175 /43E - 9CB 44°061 1 17 ° 2 71 8 6 6  10- 3 5  1 34 . 2  2 . 8 3 .8 c 

12 . 0  
1 75 /44E - 1 1DC 44°061 1 1 7 ° 1 71 7 1 9  1 0 - 3 70 94 . 4  2 . 8 2 . 6  B 

2 . 2  
1 75 /44E - 3 1BB 4}0591 1 17 °201 82 9 1 5 - 70 85 . 7  2 . 8  2 . 4  B 

2 .  2 

* Lmv due to wa ter flow in bore hole . 

_,,.* .. ' .. " ··van Os trand ,  1 9 38 "ld'Bowen , 1 9 7 2  NG=Negligib1e 



Tab le  3 . ( cont . ) 
Gradient Thermal conduc t .  Heat flow 

l!:levation Depth interval uncor. cor . K (N) uncor. cor . 
I..aca: i. ty T . , R . , �ec . N � ·9.t .  1tl long . neters CJeters °C /km °C/krn l o - 3ca 1 /cms ec°C · 10 -6 ca 1 /  cm2sec  Q.uali ty 

s .  Fk. 17S /45E - 2DA 44°07 1 1 17 ° 10 I 8 14 5 0 - 1 2 5  82 . 0  NG 2 . 5 (4) 2 . 05 2 . 1 A 
Jacobsen 1 . 1  0 . 1 
Gulch 1 7S /45E - 8AA 44°07 1 1 1 7 ° 14 1 7 2 1  3 0 - 6 0  87. 3 NG 3 . 0  2 . 6  2 . 6  A 

17S /46E - 13AA 44°C 6 1 1 17°02 1 7 3 2  50- 150 7 6 . 5  NG 2 . 5 (4) 1 . 9  1 . 9 A 
0 . 3  0 . 1 

17S /46E - 1 6CA 44°05 1 1 1 7 °0 6  I 7 6 2  2 5 - 140 1 15 . 4  NG 2 . 5  2 . 9  2 . 9  A 
0 . 7  

Hun ter 18S /41E - 3 5AB 43°47 1 1 17 ° 38  I 8 9 6  30-45  44 . 0  2 . 8  1 . 2  c 
6 . 9  

W i l l ow Creek 18S /44E - 2 1BA 43°5 9 1 1 1 7 °20 1 7 6 0  2 5 - 85 6 6 . 8  2 . 8  1 . 9  B 
1 . 1  

Cow Ho l l ow 1 9 S / 44E - 9DD 43°56 1 1 1 7° 20 1 7 0 1  3 5 - 1 60 7 1 . 5  NG 3 . 0  2 . 1  2 . 1 B 
o .  5idd" 

19S /44E - 19 43°54 1 1 1 7 °2 2 : 7 7 7  3 1 -3 9 5  8 7 . 3  NG 3 . 0  2 . 6 2 . 6  B 
CXl 19S /45E - l lCC 43°5 5 1  1 1 7 ° 1 0 1  835  3 0 - 6 5  1 85 . 7 17 6 . 1  3 . 0  5 . 6  5 . 3  A 

1 . 6  1 . 6  
19S /45E - 14DC 43°54 1 1 1 7 ° 10 1 9 10 2 0 - 145  1 7 5 . 2  1 5 8 . 3  3 . 0  5 . 3  4 . 7  A 

1 . 1  0 . 8  
19S /45E- 22DB 43°5 3 1 1 1 7 ° 1 1 1  843 3 0 - 1 15 1 10 . 4  98 . 9  3 . 05 3 . 4  3 . 0  .A 

0 . 3  0 . 3  0 . 13 
19S /45E - 25BB 43° 53 1 1 1 7 °09 1 8 13 3 0 - 7 0  2 3 2 . 6  2 13 . 6  2 . 9 8 6 .  9 6 . 4  A 

7 . 1  6 . 4  0 . 05 
1 9S /45E - 26BD 43°52  I 1 1 7 ° 10 I 8 2 2  3 0 - 1 7 5  1 19 . 3  1 14 . 0  3 . 0  3 . 6  3 . 4  A 

0 . 6  0 . 5  
'1 9S /45E - 2 8BD 43° 52 1 1 17° 1 3  I 8 7 2  1 0 - 90 70 . 8  7 6 . 5  3 . 0  2 . 1 2 . 3  A 

1 . 5  1 . 5  
19S /46E - 3 0BB 4 3° 54 1 1 17°08 1 8 7 9  2 0 - 1 5 0  92 . 6  99 . 5  3 . 0  2 . 8  3 . 0  A 

0 . 2  0 . 2  
20S /45E - 6CC 43°5 1 1  1 1 7 ° 1 5 1 823  2 0 - 1 3 5  73 . 6  69 . 8  3 . 0  2 . 2  2 . 1  A 

0 . 6  0 . 6  
20S /45E - 1 0BC 43°50 1 1 17° 1 2 1  7 8 0  3 0 - 1 3 5  1 14 . 8  104 . 0  3 . 0  3 . 4  3 .  1 A 

1 . 6  1 . 5  
20S /45E - 1 8AB 43°50 1 1 1 7 ° 1 5 1 84 9 10-40 7 1 . 9  6 3 . 2  3 . 0  2 .  1 1 . 9 B 

3 . 8  3 . 3  



Table 3. (cont. )  

Gradient Thermal conduct. Heat flow 
Elevation Depth !.ntcrval uncor. cor. K (N) uncor. cor. 

1-:>cality T. , R . ,  sec. N lat. W long. rneters meters °C/krn 0c /km 10-3c a 1 / cmsec°C 10 -6ca1/cm2sec Quality 

Grassy 21S/43E -36DD 43°4 1 '  117°23 '  995 10-75 53 . 5  2 . 8  1 . 5  B 
Mountain 0 . 5  

21S -44E-28BC 43°42 I 117°20 I 1000 10-30 105 . 2  2 . 8  2 . 9  B 
0 . 5  

Harper 21St42E-11CC 43°46 1 117°32 I 1073 65-140 1 11 . 7 2 . 8  2 . 9  B 
1 . 2  

21S/42E-27 43°43' 1 1 7°33 I 1100 10-20 37 2 . 8  1 . 0  c 

Mitc�ell Butt021S/46E-7BB 43°45' 117009 I 866 15-70 Hlti . 2  2 . 8  3 . 0  c 
8 . 6  

Oxbow Basin 23S /44E-5BB 43°36 ' 117°22'  915 26-148 107 . o*"�c 2 . 8  � . 0  B 
1 5 . 5  

-a 
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FiguPe 5. Generalized geo logic map of the Western Snake River Basin showing heat-flow measure
ments and hot-spring and we l l  locations. 
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Under lying the Idaho Group, at depths of 1 . 5 to 1 . 8 km (5 , 000 to 6 , 000 feet) at the eastern edge of the 
area , and croppi ng out at the surface to the west, is the O wyhee Basa lt, a prominent section of basa l t  
flows and i nterbedded tuffs. The presence o f  these basa l t  f lows beneath impermeable rocks forms the 
idea l combinat ion of reservoi r  and cap rock. The presence of heat is manifest at or near the surface by 
hot spr ings and warm-water we l l s .  

The three heat-flow a nomal ies , the scattered high heat -flow measurements from i nd ividua l bore 
holes, and the cont inuation of the therma l trend into Idaho (Bowen and B lackwe l l ,  1 975; Brott ,  B lackwel l ,  
and Mitche l l ,  1 977) i ndicate the Western Snake R iver Basin is a major geotherma l provi nce , simi lar i n  
some ways to the  I m peria l Va l ley geotherma l prov ince . 

D e e p - H o l e  D r i l l i n g  P r o g r a m  

T he Oregon Department  of Geology and Minera l Industries dr i l led five deep holes near Va le ,  Oregon, 
in the Western Snake R iver Bas in ,  to focus on areas of high heat flow i ndicated by data der ived from pre
dri l led holes i n  th is region . Ho les rangi ng in depth from 62 to 1 52 m (200 to 500 feet) were dri l led to ex
p lore the three anoma l ies: Cow Ho l low, Wi l lo w  Creek,  and South Fork Jacobsen Gu lch .  The holes are 
designated on Table 3 as fo l lows :  1 9S/46E- 30BB,  1 7S/45E-8AA, 17S/45E-2DA ,  1 7S/46E- 1 6CA, and 
17S/46E- 1 3AA. 

Dri l l i ng was done with  a truck-mounted rotary rig us ing a combination of a i r-rotary , do wn-hole 
hammer, and cor ing techniques . The rock units encountered were poorly consol idated c laystone and 
s i l tstone of the Idaho Group of P l iocene age and a ltered basa lt  of Miocene age . The c laystone and si l t
stone were dri l ied primari ly w ith air-rotary equi pment using water and soap injection to a id  i n  remova l 
of dri l l  cuttings , Penetration rates for the four holes dr i l led primar i ly  with  air  rotary were 1 8 . 6 ,  1 5 . 2, 
1 3.7,  and 1 4 m per hour (61 , 50, 45 , and 46 feet per hour , respect ive ly) . A carbide insert b i t  was used 
i n  the sedimentary rocks to obtain 1 0 .  1 6-cm (4-inch) diameter cores for subsequent labora·tory measurements 
of thermo I conductivity .  

The harder a l tered basa l t  was dr i l led main ly  with a 1 5 . 2-cm (6-inch) diameter down-hole hammer 
at a penetration rate of about 8 m (25 feet) per hour . The basa l t  was cored with a 1 0 . 1 6-cm (4-i nch )  
I .  D .  diamond bit , Core recovery in  both the sedimentary units and the basa l t  was essent ial ly 1 00 percent 
except for a single unsuccessfu l attempt at cor ing the basa lt  with  the carbide i nsert b i t .  

The overa l l  d irect cost of the dri l l i ng inc l ud ing mobi l ization, demob i l izat ion , and a l l  mater ia ls  was 
$1 3.55 per m ($4.  1 3  per foot) dri l led . 

Ho les were comp leted by insert i ng a water-fi l led and bottom-capped 2 . 54-cm ( l - i nch)  diameter 
po lyviny l  ch loride (PVC) pipe to total depth and then  backfi l l i ng the annu l us around the PVC pipe with  
cement , a bentonite s l urry , o r  dri l l  cutt ings. Cement was used in  hole 17S/45E-8AA, which encountered 
artesian water .  E i ther bentoni te or cutt i ngs were used in the remain ing ho les from 3 m  ( 1 0  feet) to bottom 
with  the u ppermost 3 m  ( 1 0  fee t) be ing cemented . Temperature grad ients were later measured in the water
fi l led PVC inner casi ng . Al l holes were secured by a padlocked stee l cap we lded to a length of 1 5 . 2-cm 
(6-inch) diameter stee l casing left in the upper portion of each ho le .  

Period ic  temperature grad ient measurements were used to check the t ime requ ired for the holes to 
reach temperature stabi l i ty .  Holes backfi l led with cutt i ngs reached therma l equ i l ibrium with in  2 days 
after dri l l i ng and fi l l i ng .  Hole 17S/45E-8AA, fi l led wit h  cement , had not reached equi l ibrium 5 days 
later .  The time required for a temperature gradient hole to reach equi l ibrium is dependent upon a number 
of variables i nc l ud i ng dri l l i ng technique , casing technique , backfi l l i ng materia l , rock type , permeabi l i ty , 
and ground-water conditions . T he times noted above should be appl ied with caut ion i n  future work . 

The temperature gradient ,  thermal conduct ivity, and ca l cu lated heat -flo w va l ues in the deep ho les 
ore summarized i n  Tab l e  3, The various temperature -depth curves are shown graphica l ly i n  F igure 6 .  A l l  
o f  these gradients are l inear except for hole 17S/45E -8AA, which encountered warm artes ian water at a 
depth of 32 m ( 1 05 feet) as i ndicated by t he change in  s lope on the graph of this ho l e .  The l i tho logy i n  
the remain ing holes i s  uniform , 'and the l i nearity o f  the temperature gradients indicates that heat flo w is 
essent ia l ly conductive over t he depth dri l ied . 

The artesian therma l water fl owed from hole 17S/45E-8AA at a rate of 1 0  to 1 4  gpm , a temperature 
of 24°C, and a pressure of 5 pounds per square i nch . The gradient shown i n  Tab le 3 and F igure 6 
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was measured after the hole hod been cemented to stop the flow, although a temperature effect from the 
worm water is still present as indicated by the high apparent surface temperatures. 

The gradients in all of these holes except 1 7S/46E-13AA appear to be anomalously high, and the re
sults are consistent with earlier gradient measurements in the Vole area. The east-west profile along the 
South Fork Jacobsen Gulch lies east of predri lied wells with relatively high gradients. Hole 19S/45E-30BB 
lies 1.6 km { 1  mile) east of monitor hole no .  1 and is in the area of the Cow Hollow thermal anomaly. 

H e a t - F l o w  A n o m a l i e s  

Cow Hollow anomaly 

The most prominent area of anomalous heat flow encountered in the area during progress of the study 
is the Cow Hollow anomaly, centered about 1 3  km (8 miles) southeast of Vale {Figure 7). This anomaly 
has been discussed by Bowen and Blackwell {1975) and the results are only briefly summarized here. 

The Cow Hollow anomaly appears to follow a linear trend at least 8 km {5 miles) long and 5 km 
{3 miles) wide. Within this zone geothermal gradients range from 71 to 233°C per km and heat--flow 
values range from 2. 1 to 6.4 HFU. The rocks in the area consist of a thick sequence of Tertiary continen
tal sediments and volcanics. Lacustrine sedimentary rocks of the Idaho Group outcrop at the surface and 
ore underlain by Owyhee Bosalt. Geological and geophysical evidence suggests that faulting has brought 
the Owyhee Bosolt into juxtaposition against the Idaho Group sediments, blocking the lateral migration 
of the hot waters and creating a trap. Leakage from this reservoir along the fault has produced the high 
heat flow at Cow Hollow. Wells drilled on the upthrown side of the fault into the Owyhee Basalt, esti
mated to be at a depth of about 2 km {1.2 miles), should encounter geothermal fluids with temperatures of 
150° to 200°C • 

Wi I low Creek anomaly 

The Willow Creek onomoly is centered about 1 6  km { 1  0 miles) northwest of Vale (Figure 8).  Its 
relationship to t he  Cow Hollow anomaly is unknown at the present time. Its presence is indicated by 
measurements from four water wells with gradients greater than 90°C per km and heat--flow values ranging 
from 2.0 to 3.8 HFU. This anomaly may be related to the Willow Creek fault zone, discussed in the 
paper by Bowen and Blackwell (1975); it appears to be lower in amplitude and possibly more restricted 
in extent than the Cow Hollow anomaly. 

South Fork Jacobsen Gulch anomaly 

The South Fork Jacobsen Gulch anomaly , situated north of Vole, was discovered by the Department 
program and may be near another fault system parallel to the Willow Creek fault {see Figure 8). 

In this anomaly, two holes about 1 1  km (7 miles) aport show high heat-flow values. Hole 1 7S/45 E-8AA 
encountered worm (24°C} water at 32 m (105 feet) in Owyhee Basalt, which crops out just north of the drill 
hole. The high gradient of 240°C per km observed from the surface to 32 m {105 feet) in 17S/45E-8AA is 
due to the worm water and probably does not continue below the basalt; only deeper drilling con reveal this. 
The results from this hole indicate that the heat-flow anomalies in the Western Snoke River Bosin are prob
ably related to water circulation in the basalt aquifers, such as the Grassy Mountain and the Owyhee Basalt, 
and to faulting which may disrupt the basalt aquifers. In areas such as this, high heat-flow values cannot 
be properly interpreted unless the depth to the aquifer is known so that the temperature within the aquifer 
con be inferred. The seismic and gravity studies in progress {Couch and others, 1975) will give important 
data which con be combined with the heat-flow data to interpret the geothermal pattern found here for the 
Western Snoke River Bosin. 

Drill hole 1 7S/46E-16CA also has heat-flow values above the regional background. It appears 
possible that the geothermal potential encompassed by the Known Geothermal Resource Area extending 
southward from the town of Vole may also extend northwest from Vale a t  least as for as the east-west 
profile along the South Fork of Jacobsen Gulch. 
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MON ITOR WELLS 

M e t h o d s  

One of t he goa l s  of th i s  study was to work on methods of ident ifying geotherma l anoma l ies at the 
shal low depths, where so lar radiat ion has greater effects on temperature than does geot herma l heat flow . 
At the surface the solar heat ing component norma l ly amounts to several t housand t imes the geothermal 
component , dim inishing with depth to a point where the so lar component is no longer detectab le . Because 
so l i tt le i nformation exists about the near-surface temperatures and the effects of the annual sol ar heating 
cyc le ,  the monitor we l l  program was insti tuted to determine the nature of these variations . 

Six monitor we l l  s ites i n  d ifferent parts of the State were chosen to sample the effects of various 
c l imatic,  geograph ic,  and geolog ic  condit ions on the shal low temperature fie ld .  Wel l  avai labi l i ty and 
access ib i l i ty were a l so factors in choice of sites . Approximate ly once a month the temperatures at 1 ,  2,  
3,  5, 7� 5, 1 0, 1 5, 20, and 25 m (3 . 3, 7,  1 0, 16 ,  25,  33,  49, 66,  and 82 feet) were taken in  each hol e .  
I n  a l l  o f  the we l ls chosen a s  monitors, ei ther the water leve l was be low the leve l t o  b e  logged and shown to 
be constant or the we l l  was cased and set wi th p lastic pi pe sea led at the bottom . Where p lastic pipe was 
used, it was fi l i ed with water to foci l i tate measur ing . At severa l si tes, however, surface coo l i ng of the 
water during co ld months produced a high gradient which caused convection ce l ls to deve lop with in  the bore 
holes, affecti ng the accuracy of the measurements . Thi s  effect was remedied by bai l i ng the water and taki ng 
measurements in air . I n  order to counteract the effects of the long i nterva l of time required for the probe to 
reach equi l ibrium in air, four readings taken at 2-minute interva ls were p lotted on semi log graph paper and 
extrapolated to i nfi nite time . Thi s  method proved satisfactory in giving the best temperature at a particu lar 
depth . An error of 0 . 5  m ( 1 .6  feet) on the cab le markings was discovered in November 1 972 after we l l  mon
itoring began; therefore a l l  measurements prior to that date were taken at 1 . 5, 2 .5, 3 . 5, etc . m (5, 8, 1 2, 
etc . feet) and those after that  date were at 1 ,  2, 3, etc . m (3 .3 ,  7, 1 0, etc . feet) . 

Tabulated data for the monitor we l l s g ives dates the wel l s  were logged, mean average air tempera
ture for the month ,  and temperatures at various depths. Quest ion marks represent read ings that depart 
significant ly from a s ine curve . Two plots are shown for each monitor we l l :  one for temperature vs depth 
at d ifferent periods of time , and the other for temperature vs time at various depths . Both sets of curves 
have been smoothed where there are obvious i nconsistenc ies ,  The effects of convection due to the high 
gradients deve loped from surface coo l ing in the winter t ime showed up in severa l of t he plots, part icu lar ly 
the 2-m and 5-m (7- and 1 6-foot) temperature-vs-time p lots . 

D e s c r i p t i o n  o f  M o n i t o r  W e l l  S i t e s  

Monitor 1 ,  Vale, Oregon 

Sec . 25 , T .  1 9  S. , R .  45 E . ,  ( 1 9S/45E-25BB), Mal heur County , e lev,  8 1 3  m (2,667 feet) (Tab le  4, 
F igures 9A and 9B).  This ho le  was an abandoned mi nera l exploration we l l  that was logged to a depth of 
70 m (230 feet) . P lastic pipe was set ot a depth of 26 m (85 feet) and fi l led with water . Th is wel l has the 
h ighest gradient of any located during the course of the study (21 4°C per km; 6 . 4  H FU with topographic  cor
rection) . The area is on the west flank of the Western Snake River Basin .  Rocks at the surface and to a 
depth of 800 to 1 ,  000 m (2, 600 to 3, 300 feet) are tuffaceous c laystone and si l tstone wi th minor sandy and 
cong lomeratic i nterbeds . Mean annua l ground-surface temperature i n  the we l l  area is about 1 3°C . The 
U .  S .  Weather Bureau reports the average month ly temperature is between -2° and +24°C . This wide vari 
ation i s  reflected i n  the sha l low readi ngs, with the 1 -m (3 . 3-foot) readings changing near ly  20°C a nd the 
2-m (7-foot) readings changing more than  1 2°C . Temperature variations are significant ly damped at 1 0 m 
(33 feet) , and a t  20 m (66 feet) the variations probab ly reflect measurement errors rather than  true variations . 
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Tabl e 4 .  Data from mon i tor wel l 1 ,  Va l e  

Date 1-lean Monthly 
Logged Air Temp. 1!m 2� 3� 4-im 5!m 10im 15im 20im 25!m 

9/7/72 14.5  15 .97 14.69 15.43 

9/26/72 14.5  18.76 18.05 16.41 15.91 15 .06 15 .65 16.75 17.61 18 • .31 

10/.3/72 11.17 18.38 1t1.33 16.96 15 .66 15.11 15 .64 16.73 17.67 18.15 

10/10/72 11.17 18.25 17.78 16.65 15 .48 15 .10 15.68 16.84 17.72 18.25 

10/15/72 11.17 17.61 17.74 16.92 15.73 15.22 15.77 16.76 17 .68 18.17 

11/1/72 4.83 15.40 16.18 16.35 15 .99 15 .31 15 .69 16 .56 17.5.3 18.17 

11/16/72 4.83 14.88 15 .69 16.04 15.36 15.87 16.79 17.75 18.24 

N ""-.! 
Date Mean Monthly 
Logged Air Temp. lm 2m .3m 4m 5m 7!m 10m 15m 20m 25m 

11/16/72 4.83 14.40 15 . 28 15 .84 15 . 57 15.77 16.69 17.64 18.24 

11/29/72 4.83 11.62 1.3 .00 14.03 14.87 15 .25 15 .68 16.55 17 . 56 18.10 
(air) 
12/20/7.3 -6.00 9.60 12.57 14.15 14.98 15 .3.3 15 • .32 15 .69 16.64 

(oil) 
12/20/73 -6.00 10.88 11.96 13.47 14.45 15 .06 15.35 15 .73 16.65 17 .55 18.17 

1/4/7.3 -2.33 9.6.3 12.39 13.69 14.61 15 .17 15 .53 15 .77 16 .70 17 . 58 18.26 

1/23/73 -2.33 7 .78 10.49 12 . 55 13.14 13.92 15 .39 15 .73 16. 58 17 .49 18.07 

2/15/73 0.5 9.03 10.43 11 . 53 13 .91 14.31 15 . 55 15 .76 16 .68 17. 58 18.19 

Temperatures in °C 



Tabl e 4 . ( cont . ) 

Date Mean monthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7� 10m 15m 20m 25m 

2/20/73 0. 5 3.76 8.60 10.69 12.77 13 .77 15.46 15.71 16 . 57 17 . 52 18 .11 

3/13/73 7-39 7 .50 10. 27  12.16 13 .80 14.78 15. 51 15 .82 16.68 17.65 18.70 

4/3/73 9 .56 5 - 84  8.04 9 .91 11.81 13 .64 15.41 15.76 (16.10) 17.65 18.43 

(oil) 
4/25/73 9. 56 9 .98 10.09 11.16 12.32 13.69 15 .34 15 .72 16. 62 17. 56 18.17 

5/16/73 16.33 15.23 11. 07  11. 59 12.63 13.48 15. 55 15 .75 16.60 17 . 57 18.15 

6/5/73 21.06 16. 68 13 .84 12.20 12. 66 13.61 15.26 15.84 16. 66 17 - 54 18.11 

6/26/73 21.06 19. 24  15 .03 13.15 13 .25 13 . 98 15 .39 15 .78 16.65 17 . 58 1tl.23 
N (X) 7/18/73 23.22 23 .07 16.21 13.78 13 .71 14.15 15.43 15.85 16.65 17.61 18.24 

8/10/73 23. 83 23.45 18. 94 15. 26 14.41 14.29 15.44 15.71 16.68 17. 64  18. 23 

9/10/73 14. 5  22.05 20.32 17.35 15. 72 14.84 15.33 15.77 16. 67 17.62 18. 22  



Tabl e 5 .  Data from mon i tor  we l l  2, Warren 

Date Mean Monthly 
Logged Air temp. l�m 2-km 3�m 4�111 5� 6� 7�m 8� 9� lO�m l5 .4m 

8/10/72 21 .11 10.75 9.66 10.3 10.05 

9/15/72 15 .00 14.74 12.48 10.85 10.09 9.81 9.79 9.86 9 .93 9 .98 10.02 10.05 

10/22/72 11.28 12.38 12.40 11.44 10. 55 10.07 9.90 9.89 9 .92 9. 96 10.00 10.05 

ll/15/72 7 .94 11. 27  11.42 11.39 10.24 9.99 10.04 

Date Mean Monthly 
Logged Air temp. 1m 2m 3m 4m 5m 6m 7!m 10m 15m 

11/15/72 7 . 94 10. 88 11.35 11.41 10.49 9.98 10.04 

12/2/72 1 . 94 10.46 10.79 10. 99 11 .00 10. 57 10.19 9 .98 10.04 

N 1.0 12/11/72 1 .94 9.18 9 .93 10.68 10. 73 10.62 9.98 9 .97 10.04 

12/17/72 1.94 8.64 9.67 10.39 10.55 10.60 10.25 10.00 9.98 10.04 

1/12/72 2.8 8.27 8.77 9.37 9.97 10.16 10. 06 9.98 10.03 

1/29/72 2.8 7.91 8.45 8.77 9.62 10.03 10.10 9 .99 10.03 

2/14/73 5.17 5·84 8.18 9.8 10.39 10.47 10.13 10.00 10.03 

3/5/73 8.78 7.09 7.81 9.18 10. 04 10.36 10.16 10.02 10.03 

3/21/73 8.78 7.30 8.11 9.17 9.93 10. 29 

4/30/73 8.06 9.34 8.66 8.98 9 . 56 9 .98 10.16 10.05 10.03 

5/19/73 14.94 11 . 53 9.34 9.23 9 . 58 9.88 10.19 10.11 10.08 

6/18/73 16 . 5  12.09 9 .99 9 .52 9.63 9.90 10.11 10.08 10.ll 

7/17/73 20 .39 13 . 66 10 .64 9.76 9.78 10.01 10.05 10. 07 1·) .03 
8/14/73 21. ll  14.56 12.03 10. 54 9.99 9.89 10.03 10.07 10.04 

10/23/73 11.28 12.19 12.17 ll.37 10.69 10.26 10.02 10.04 

12/19/73 1 .94 8.99 9.07 10.15 10.32 10.39 10.01 10.04 10.00 



Tabl e  6 .  Data from mon i tor wel l 3 ,  Arl i ngton 

Date Mean Monthly 
Logged Air Temp. 1m 2m 3m 4m 5:n 7lm 10m 15m 20:I: 25m 

2/23/73 3 . 9  8.27 11.23 13 .21 14.46 15 .34 15 .14 14.96 1.5 . 24 15 . 50 

414/73 9.83 9.23 9.61 10.8'7 12.37 13 .44 15.20 15 .29 15 .15 15.39 15.64 

4/26/73 9 .83 12.98 10.96 11. 12 12.10 12. 65 15.01 15. 25 15. 21 15 .38 15 . 65 

5/22/73 17 .89 15.62 13 .19 12.48 12.94 1,;:!.70 15.03 15.29 15 .25 15 . 57 15 .78 

6/1/73 21.61 15 .Z7 13 .48 12. 92 13 . 15 13 .63 14.73 15.11 15.31 15.49 15.73 

6/19/73 21.61 17.07 14. 57 13 .61 13 . 57 13 . 86 14.76 15. 22 15. 62 15 . 89 

8/1/73 2S.O 21.77 17.42 15.72 14.65 14.31 14 . 52 14.99 14.87 15. 51 

w 8/19/73 25 .0 18. 50 18. 50 15.43 15 .09 14. 57 14.46 14.95 15.39 15 .35 15 . 86 0 

9/4/73 17.06 19. 85 19.19 17 .21 15 .71 15.03 14. 53 14.96 15.45 15. 58 15 . 83 

10/15/73 11. 17 16. 81 18.49 17.48 16.62 15 . 88 14. 82 14. 86  15 .37 15 .61 

1/18/74 (8.85 ) 10.73 13.71 15.04 15.35 15.47 15. 14  15.33 15. 52 



Tabl e 7 .  Data from mon i tor wel l  4 ,  Baker 

Date 11ean Monthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7�m 10m 15m 20m 25m 

12/21/72 -5 .44 3 . 23 7.46 9.31 10.55 11.32 10.91 10.71 10.79 10.98 

1/6/73 -5 .00 2.97 7.22 9 .37 10.67 11 .09 10.90 10.73 10.78 10.91 

1/24/73 -5 .00 1.74 6.72 8.97 10.13 10.82 10.85 ".1.0.75 10.79 10.97 11.11 

2/8/73 0.17 1 .77 5 ·24 7.26 8.78 10.21 10.73 10.74 10.79 10. 96 11.13 

2/21/73 0.17 1 .90 4.95 7.06 8.49 10.07 10.67 10.73 10.79 10.98 11.10 

3/14/73 6.00 4 . 56 5.79 7.11 8.33 9.79 10. 52 10.68 10.79 10. 98 11.10 

4/4/73 5 .78 6 .50 6.34 7.21 8.16 9.35 10.46 10. 64  10.74 10.97 11.10 

w 4/26/73 f-.78 9.13 7.38 9.85 8.27 9.52 10.34 10. 57 10.79 10.98 11.10 
-' 

5/18/73 13 .67 15.35 8.07 8.02 8.50 9.59 10.20 10.52 10.78 10.99 11.10 

6/6/73 16.67 16.21 10.47 9-0J 8.94 9.60 10.19 10. 52 10.77 11.00 11.10 

7/5/73 19.72 20.17 13 . 51 11.04 10.18 10.08 10. 26 10.52 10.80 11.01 11 .13 

7/18/73 19.72 21.72 13 .77 11.55 10. 56 10.11 10.32 10. 50 10.80 11.02 11.13 

8/9/73 20.78 21.35 15 .09 12.72 11.38 10.60 10.41 10. 52 10.80 11.02 11.13 

9/5/73 12.17 17.75 15 .43 13 .80 12.51 11.26 10. 51 10.57 10.80 11.02 11.12 



Tabl e 8 .  Data from mon i tor wel l 5 ,  Dufur 

Date Mean Monthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7� 10m 15m 20m 25m 

12/22/72 -2.94 8.36 10.09 11.32 12.35 12.75 12.89 12. 97 13 . 26 13 . 5 5  13 . 88 

1/11/73 0.22 5 . 14 8.72 10. 81 12.33 13. 02 13. 20 13.31 13 . 56 13 . 76 14.02 

1/25/73 0.22 6.80 8.76 11.70 12.35 12.73 12. 95 13 .07 13 .44 13 .70 13. 99 

2/9/73 2. 5 5 .30 8.69 10.62 12. 80 13.11 13 .08 13. 16 13 . 66 13 . 87  14.10 

2/26/73 2.5 8.28 9.38 10. 58 12.40 13.00 12. 92 12.94 13 .39 13 . 67 13 . 96 

3/15/73 7.0 8.83 9. 90 10.98 12. 54 13.08 12. 98 13 .05 13. 76 14.25 14.28 

4/5/73 6.67 11.07 10.37 11.35 12. 94 13.06 13.11 13 . 00  13 .76 13 . 84 14.03 

4/'2:7/73 6.67 14.07 13 .74 11.13 11. 58 12. 59 12.78 12. 98 13 . 72 13 .77 14.08 
w N 

6/1/73 16. 5  15. 94 12. 82 12.70 13.12 13 .12 13 .12 13. 24 13 . 97 13.92 

6/19/73 16.5 16.78 1Jo93 12.93 13 .06 13.10 13.09 13 .19 13 .77 13 . 91 

7/9/73 19. 94 21.29 16.31 14.09 13.27 13.20 13 . 23 13 . 22 13 .77 13 .90 
8/1/73 20.22 22 . 51 17. 21  15. 23 13.73 12.72 13 .18 13. 26 13 .77 13 .85 

9/4/73 13 .44 18.00 18.41 16.71 14.24 13 . 55 12.49 13.35 13 .65 13 .84 14.05 

11/1/73 5 .28 12. 06  15.06 15.43 15 .08 14.Zl 13 .19 13 .35 13 . 74 13 . 91 14.06 



Tabl e 9 .  Data from mon i tor wel l  6 ,  Burns 

Date Mean Monthly 
Logged Air Temp. 1m 2m 3m 4m 5m 7!m 10m 15m 20m 25m 

2/19/73 -0. 72 6 .44 7.22 9.38 10.63 11.25 12.38 12. 58 13 .42 13 .77 14.07 

3 /12/73 5 .33 6.74 7.77 8.75 9.72 11.10 12.39 12.53 13 .33 13 .76 14 -07 

4/2/73 4.72 6.81 7.76 7.75 9.96 11.33 12.40 12. 59 13 .37 13 .76 14.06 

4/24/73 4.72 7.15 8.26 9. 27 10.18 11.34 12.38 12.63 13 .34 13 .77 14.06 

5/16/73 12.61 11.47 8.20 9.27 10. 56 11.29 12.35 12.83 13 .44 13 .74 14.07 

6/4/73 16.78 14.35 9 . 50 9.47 10.38 11.17 12.39 12.83 13 .43 13 .76 14.05 

6/28/73 16.78 16. 87  11.42 10.47 11.04 11. 80  13 .03 13 .18 13 . 56 13 .79 14.17 

w 7/17/73 19. 61 w 20.20 13 .27 10.92 ll.09 11 • .38 12.11 12. 56 13 .44 1.3 . 81 14.10 

8/8/73 20.06 19.72 14.46 ll.77 ll.21 ll .40 12.20 12. 58 13.45 13 .79 14.10 

8/21/73 20.06 20.31 15 .76 12. 54 ll • .37 ll.3.3 12 • .30 12. 56 13.42 13 .78 14.09 

9/12/73 11.17 18.40 16.07 13 .19 ll.87 11.64 12. 29 12.57 13 .46 13 .78 14.10 



Ta bl e 1 0 . Data from sha l l ow hol es , Cow Hol l ow 

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

VE - A (Vale 768 - . 26 17 .49 16. 87 12. 18 11 . 54 22.13 16 . 72 
eas t )  

VE - B 913 + . 61 17 .79 16. 91 11.72 18. 80 12. 76 22.90 16. 99 

VE - C 925 + . 68 17 .41 16.13 12.17 19.39 12.66 23 .14 16 . 00  

VE - D au + . 18 17 . 87 16 . 85 12 .46 11 .44 19. 54 12. 80  23 .07 16. 68 

VE - E 878 + . 40 14.40 16.29 11 . 61 11 . 92 20.41 12.93 23 .75 16 .00 

VE - F 823 + . 07 16 .40 16.18 12.67 (11 . 88) 19. 25 13 . 02 22. 50 16 .12 

VE - G 832 + . 13 17.79 18.05 13 .09 11. 71 20. 78 13 . 17 23 . 88 17 . 23  

VE - H 811 . oo 16. 90 16.68 11. 81 (11.07 )  16. 70 13. 48 21.33 16. 26 
w """ 

VE - I 872 + . 37 16. 21 15 . 86 10 . 99 11.05 16 . 75 12. 25 21.08 15. 52 

VE - J 830 + . 11 16. 01 16.22 11 . 62 11.33 17. 92 12.47 21.37 15 .70 

VE - K 811 . oo 18.77 13 . 52 22. 96 17 .44 

VE - L 780 - . 19 18. 73  13 . 67 22. 68 17 .68 

v"E - H 884 + . 44 17 . 94 12.24 22.46 16 .12 

VE - N 872 + . 37 17. 26 11 . 54 20 . 99 14.17 

VE '"' 0  835 + . 14 19 . 76 13 . 96 23 . 68 18 .09 

VE - p 881 + . 42 17 .92 12. 12 18.76 16 .02 

VE - q 860 + . 29 18 .20 12.28 18.70 15 .91 

"VE - R 963 + . 91 17 . 25 11. 80  17 . 78 15.03 

V3 - S 83 5 + . 14 11'. 57 12 .67 21 .44 16. 29 

VE - T 7l9 - . 55 17 . 94 

VE - U 771 - . 24 18.31 12. 78 22.70 16 . 60 



Ta bl e l O. ( cont . ) 

10/15/72 5/8/73 6/25/73 9/7/73 

Location Elevation Lapse Corr. 1m 3m 1m 3m 1m 3m 1m 3m 

VE - V 850 + . 23 17. 22 12 . 62 21 .69 16.66 

VE - W 832 + . 13 18.48 12. 60 22 . 88 16 .79 

VE - X 823 + . 07 18.00 12. 28 21. 99 16 .12 

VE - y 890 + . 47 18. 20 12 . 71 22 .02 16 .26 

VE - AA  847 + . 22 21 . 53 16.41 

VE - AB  902 + . 55 22 .65 16 . 59 

VE -- AC 835 + . 14 22. 77 17 .34 

VE - AD  844 + . 20 22 .41 16. 69 

w VE - AE  832 22.17 16. 00  
(.11 + . 13 

VW - A (Vale 713 17 . 57 12.46 20.62 16 . 3 5  

west) -. 59 
VW - B 725 17 . 63 12. 55 21. 53 15. 52 

- . 52 

VW - D 722 20.60 15.39 

- . 53 

C - A (Cairo ) 730 18 .66 12.64 22.47 15 .78 

-. 19 
C - B 869 17 . 17 11.46 21 . 13 15 . 26 

+ . 3 5  
c - c 793 19. 94 22 . 90 

-. 46 

C - D 790 19. 56 12.61 22 . 47 16 .01 
- . 13 

C - E 786 18 .82 12. 71 22. 01 16 .69 
- . 15 

C - F 835 19. 61 13 . 09 23 .45 16. 98 
+ . 14 

C - G 866 19.08 12. 70 22 . 94 16 . 80  
+. 33 

C - H 853 18. 82 
+ . 25 

12.64 22 . 21  16. 54 

C - I 8o5 19. 63 12 . 70 
- . 04 



w m 

Location Elevation 

!'{3 - A (!-1i t- 814 
che ll Butte ) 

MB - B 762 

HB - C 921 

MB - D 855 

Ma - E  80$ 

Ta bl e l O . ( cont . ) 

10/15/72 5/8/73 
Lapse Corr. lm 3m 1m 

+ . 02 

-. 29 

+ . 66 

+ . 26 

- . 02 

6/25/73 9/7/73 
3m 1m 3m 1m 3m 

18. 15 13 .14 22. 29 16 . 41 

18. 66 1) .06 22. 24  16.43 

17 . 97 12.61 21.73 16 . 74 

19.08 13 .49 2) .07 16 .96 

18. 78 13 . 83  22.62 



Monitor 2, Warren, Oregon 

Sec . 1 1 ,  T .  4 N . ,  R .  2 W . ,  (4N/2W- l l AC ) Col umbia County , e lev . 1 46 m (480 feet) (Tab le 5,  
Figures l OA and l OB) . Th is we l l  was dri l led by the Oregon Department of Geology and Minera l  Industries 
to 1 7 m (56 feet) . Sea led p lastic casing was set to tota l depth . The we l l  is  in an area of very low heat 
flow and has a geotherma l gradient of about l 0°C per km . The rock type is  a deeply weathered laterized 
basa l t . Average annual ground-surface temperature near the we l l  is about l 0°C,  with the monthly temp
eratures for the reg ion averagi ng between 2° and 20°C . As the we l l  site is located in a forested area the 
month ly overage temperatures are moderated over the regional average . Th is minimal var iation is reflected 
i n  the subsurface, which at 1 m (3 . 3  feet) has a tota l variation of near ly  9°C . At 2 m  (7 feet) the annua l 
var iation is 4°C; at 5 m ( 1 6  feet) the annua l variation is less than 1 °C . 

Monitor 3, Arl i ngton, Oregon 

Sec . 36, T .  3 N . ,  R .  21 E . ,  (3N/21 E-36BB) , Gi l l iam County , e lev , 226 m (740 feet ) (Tab le  6 ,  
Figures l lA and l l B) .  Th is we l l  was dri l led and cased with plastic pipe to 1 25 m (41 0  feet) a s  a foundation 
test for an e l ectric power generati ng p lant . The area is a part of the Umati l la P lateau . The roc ks encoun
tered in the bore hole were tuffaceous lacustr ine sediments of the Se lah Formation to a depth of 1 1 0 m  
(360 feet) under lai n  by Columbia R iver Group basa l t .  Geotherma l gradient in  the bore hole is  about 62°C 
per km .  The site is  located on a sage-covered f lat, average ground-surface temperature is about 1 4°C, 
and month ly  averages range between 0° and +24°C . Annua l temperature variation at 2 m (7 feet) is about 
l l °C ,  at 5 m ( 16  feet) it is  damped to 3°C, and at 1 0 m (33 feet) it is l ess than l °C .  

Mon itor 4, Boker ,  Oregon 

Sec , 1 3, T .  9 S , ,  R .  39 E . , (9S/39E - 1 3AB) , Baker County , e lev .  1 ,067 m (3,500 feet) (Tab le  7 ,  
Figures 1 2A and 1 2B) . Th is ho le,  dri l led as a water we l l  to 72 m (236 feet) , is cased to tota l depth . Water 
leve l  stands at 7 m (23 feet) . No change was detected in water I eve I during the time it was logged . 
T he site is located i n  a l l uvium in the Baker Va l ley, at the foot of E l khorn R idge . At present and during 
the recent past the area has been an open fie l d .  Average around-surface temperature is about l 0°C with 
month l y  average variation between -4°C and +22°C . At a depth of 2 m  (7 feet) the year ly range is about 
l 0°C; at 5 m ( 1 6  feet) it is  2°C, and at 1 0 m (33 feet) it is 0 . 25°C . 

Monitor 5 ,  Dufur, Oregon 

Sec , 20, T .  1 S . , R .  1 3  E . ,  ( 1 S/1 3E -20DA),  Wasco County , e lev , 354 m (1 , 1 60 feet) (Tab le  8 ,  
Figures 1 3A and l 3B) . Th is ho le was dri l led and cased as a water we l l  to 1 35 m (445 feet) . Sta nd ing water 
leve l was at 55 m ( 1 80 feet), so a l l  measurements were made i n  air . The we l l  has a geotherma l gradient of 
54°C per km to the water tab le,  where it decreased to about 3°C per km to tota l depth . The low gradient 
in  the bottom part of the hole i s  due to downflow of water in the hole from one aqui fer to another . The we l l  
is dri l i ed i n  basa lt  near the edge of an a l luv ium-fi l ied va l ley . Average annua l ground-surface temperature 
is about 1 3°C, with month ly average var iations between 0°C and 20°C . At 2 m  (7 feet) the year ly range is 
about l 0°C; at 5 m ( 1 6  feet) it  is 2°C , and at 1 0 m (33 feet) i t  is  less than  0 , 5°C . 

Monitor 6 ,  Burns , Oregon 

Sec . 1 3, T .  27 S . , R .  30 E . ,  (27S/30E- 1 3 D D) Harney County , e lev , 1 , 274 m (4, 1 80 feet) (Tab le  9, 
Figure 1 4A and 1 4B) . The minera l exploration we l l  had been dri l led to 1 30 m (426 feet) . P lastic cas ing 
sea led at the bottom was set to 25 m (82 feet) . Standi ng water leve l is 20 m (66 feet) . The upper 70 m 
(230 feet) shows a gradient of l 20°C per km; be low that depth the gradient is about 70°C per km . The grad
ient di fference may reflect the loca l geo logic  conditions in which semiconso l idated lacustr ine tuffaceous sed
iments near the surface over l i e  a dense we lded tuff . The s i te is located in  sage-covered ro l l i ng h i l ls .  The 
average annua l ground-surface temperature is about 1 0°C,  with month ly  average var iations between -4°C 
and +2 1 °C . A good curve was not obta ined at th is  s i te because it was not logged for a suffic ient period and 
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because convection of water in the plastic pipe altered shallow gradients. At 2 m  (7 feet) the annual vari
ation appears to be about 9°C. At 5 m (16 feet) records show a change of about 0.5°C, but this may reflect 
convective temperature disturbances rather than true temperatures. At 20 m (66 feet) the well was ex
tremely stable, with changes of 0. 05°C (within measurement error) observed. 

SHALLOW WELL PROGRAM 

I n  the summers of 1 972 and 1973 ,  shallow holes were drilled near the Cow Hollow anomaly near Vale 
in southeastern Oregon. This phase of the study was an experiment to see if geothermal anomalies could be 
identified by temperature measurements from bore holes dri lied only 2 or 3 m (7 or 1 0  feet) deep. Since the 
cost of geothermal exploration by heat-flow studies is related directly to drill-hole depth, it was believed 
the use of shallow holes to obtain preliminary data might reduce exploration costs considerably. 

The holes were drilled with a Minuteman power auger and cased with 2.54-cm (l-inch) plastic pipe 
to insure s uccessful re-entry. The pipe was copped at the bottom and filled with water. The water was 
used in order to speed readings with the temperature gear. This procedure was satisfactory during the 
summer; but in the winter the extreme temperature contrasts produced convection, resulting in inaccurate 
readings. Experiments showed that convection could be stopped a nd  satisfactory results obtained by re
placing the water with air or viscous liquid. A more detailed discussion of convection-temperature relation
ship is given by Sammel (1968). 

The temperatures at shallow depths in the earth are affected by a number of variables. The most 
important of these are annual air temperature variations , elevation, ground cover, slope direction, slope 
inclination, and ground-water motion. The object of this study was to analyze or ovoid the effect of 
these various parameters to learn whether significant data about heat flow from the interior could be ob
tained in such shallow holes. In 2- to 3-m (7- to 1 0-foot) holes, a large annual variation in solar radia
tion is the predominant effect. However, studies by Poley and von Stevenick (1 970) and by Geertsma 
(1971) suggest that relatively large temperature differences near the surface ( 1 °C or more ) might be caused 
by variations in terrestrial heat flow by a factor of 2 or more, given favorable near-surface thermal param
eters. It was felt, however, that variables affecting temperatures in 2- to 3-m (7- to 1 0-foot) dri I I  holes 
might be analyzed with enough precision to identify anomalies of the order of mognrtude predicted by Poley 
and van Stevenick. Thus data from shallow dri I I  holes might be sufficient to point out targets for deeper 
geothermal exploration drill holes. 

There ore several major advantages in testing shallow-hole exploration techniques in the Vale area: 
1 )  The sparse ground cover makes it unnecessary to correct for vegetation contrasts. As Poley and van 
Stevenick (1 970) show, vegetation con hove a very significant effect. 2) The moderate slope of the ground 
(less than 10°) eliminates the necessity for correcting for slope inclination and orientation. 3) The moderate 
topography requires only minor correction for elevation variation. 4) The low rainfall and relatively 
impermeable shallow layers negate problems with ground-water movement. 

These advantages, together with the presence of a number of deep drill holes with significant 
variation in heat flow for comparison with shallow-hole results, influenced the selection of the Vole 
area for evaluating the usefulness of the shallow-hole data. 

The results of the measurements for a number of shallow holes in the Cow Hollow anomaly area near 
Vale, Oregon, are listed in Table 10. Locations of holes are shown in Figure 15. Data shown in the table 
include identification of the hole, elevation of the hole, lapse correction applied, and temperature data at 
1 m and 3 m  (3.3 and 10 feet) after application of the lapse correction. Temperatures in parentheses are 
averages of oscillating readings and are not reliable. The only correction that was applied to the data was 
for elevation. The correction factor was based on an assumed change of temperature of -6°C per km (temp
erature increases with decrease in elevation). Thus the extrapolated ground-surface temperature of a well 
at an elevation of 1 , 000 m (3,300 feet) would be expected to be 6°C colder than that in a surface temper
ature of a well at sea level if the elevation difference were the only factor affecting surface temperatures. 
For shallow wells, lapse corrections were applied in order to correct mean annual surface temperature to a 
common elevation (in the table shown, temperatures of a II of the holes are reduced to a common elevation 
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of 8 1 1 m (2, 660 feet)) . Measurements for an i ndividua l group of holes were made over a period of one day 
or, at most, a few days so that the dri ft in temperatures at various depths due to the so lar radiation effect 
would be minima l . In cases where the temperature measurements span several days, measurements were 
made in at least one wel l every day so that drift corrections could be appl ied , if necessary , to reduce 
the data to a common day . There has been no attempt to match the temperature data from the different 
t imes of measurement using a theoret ical temperature-versus-date curve , a lthough in the future we hope 
to do this for comparison purposes.  The current data are significant only in re lative terms .  

Resu lts from dri l l  ho les in  the Va le area are shown in  Figures 1 5  and 1 6 .  Data shown are the loggi ng 
of September 7, 1 973, corrected for lapse rate and contoured for 3 m  ( 1 0 feet) va lues; the locations of 
the deep dri l l  holes; and the geotherma l gradients observed in the deep dri l l  hol es .  The ho les were a l l  
dri l led in  si l tstones i n  the C ha lk  Butte Formation, where the thermal conduct ivity , which i s  directly pro
portional to heat flow ,  does not vary latera l ly among the deeper dri l l  holes . The grad ient observed in the 
deeper ho les varies by a factor of 2 .5 ,  and a l i near zone of very high gradients occurs a long the center of 
the maps . The trend of the geotherma l anomaly is  approximate ly NW-SE a long the Wi l low Creek fault 
zone ( Bowen and ot hers, 1 975). 

T he deta i l s  of the contour maps of temperature measurements vary accord ing to measurement per iod, 
depth ,  and type of reduction appl ied; however, the basic pattern remains quite stab l e .  Figure 1 5  covers 
an area i nc luding a l l  3-m ( 1 0-foot) ho les dri l led south of Va le,  whi l e  F igure 1 6  covers in more detai l a 
sma l ler area around the known geotherma l anoma ly .  Section corners and section numbers are shown in  
Figure 1 6 .  In  genera l, temperature range at 3 m  ( 1 0  feet) i s  about 2°C, a l though three ho les have 3-m 
( 1 0-foot) temperatures be low 1 5 . 5°C . Temperature variations are genera l l y  smooth and can be contoured 
at 0 . 5°C interva ls (F igure 1 5) .  In the detai led map (Figure 1 6) there might be a corre lation between tem
perature and geotherma l gradient, with about 1 .5°C change in surface temperature correspond ing to a 
factor of 2 change i n  heat f low .  The 1 7°C isotherm outside this detai led area does not seem to corre late 
as we I I  to the geotherma I anoma ly,  however .  

Deep hole 1 9S/ 46E-30CC was put down where 3-m ( 1  0-foot) readings indicated the h ighest tempera
ture areas . Resu lts of th is deep dri l l i ng ,  however, gave heat-flow measurements of less than ha l f  the h eat 
f low found a m i l e  west, where 3-m ( 1 0-foot) temperature readings were s ligh t ly less than  at the above dri l l  
site (see F igure 1 6) . O n  the basis of this one deep hole on a sha l low anoma ly, i t  appears that sha l l ow 
temperature measurement is not a sat isfactory exp lorat ion method . 

The genera l conclusion of our sha l low-we l l  study is that use of a much larger rig to dri l l  ho les 20 to 
30 m (66 to 1 00 feet) deep wou ld be more cost effective . 

SUMMARY AN D CONC LUS IONS 

T he different aspects of this i nitia l heat-flow survey in  Oregon have been described in  th i s  paper . 
Two main  purposes of the study , to deve lop i nformat ion on the subsurface temperature condit ions of Oregon 
and to experiment with different concepts and techniques of obtain ing th is informat ion, have , we be l ieve , 
been fu lfi l led . As a resu lt  of this study, know ledge of the geotherma l resources i n  Oregon has been in
creased beyond that presented by Van Ostrand ( 1 938) , Peterson and Groh ( 1 967) , and Bowen ( 1 972) . Geo
therma I gradient measurements have been made in  86 ho les ranging from 20 to 380 m (66 to 1 ,  250 feet) . 
I n  71 of these ho les suffici ent i nformation has been gathered to make the heat-flow ca lcu lations inc luded 
in Tab les 2 and 3. T he data obtai ned from the 6 monitor we l l s and the 47 sha l low we l l s  are usefu l infor
mation on the near-surface therma l conditions under a variety of geologic and c l imatic conditions .  Anom
a l ies identified at Cow Hol low,  W i l low Creek, Jacobsen Gulch,  Coyote Buttes, Glass Buttes, and Thomas 
Creek may prove , with more study and dri l l i ng ,  to be important energy sources .  

Synthesis of  th i s  gradient and heat-flow information shows that in much of  southeastern Oregon back
ground heat-flow val ues are about 2 . 3  HFU but that there are many areas of anomalous heat flow w ith va lues 
in excess of 2 .5-3 . 0  H F U .  The background heat-flow val ues are about normal for the Basin and Range physio
graphic province of the western United States, which inc l udes most of eastern Oregon , southern Idaho, 
western Utah, and al l of Nevada . Geotherma l potential of this region is h igh because within the last 5 
to 1 0  m . y .  the region has been subjected to extensive tectonism , vo lcanism , and magmat ic intrusions . 
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Figure 1 7. Histograms of geotherma l gradients for We stern Snake River Basin� southeastern 
Oregon� and northeastern Oregon. 



These processes have caused transfer of much thermal energy from deep-seated sources toward the surface. 
Figure 1 7  is a histogram summarizing geothermal gradients in Oregon east of the Cascade Range 

where most of the data presented herein were collected. Where more than one geothermal gradient has 
been observed in a hole, the different gradients have been plotted individually, so that the total number 
of data points plotted from 90 drill holes is 1 01 .  Separate histograms are given for northeastern Oregon, 
the Western Snake River Basin, and southeastern Oregon, excluding the Western Snake River Basin. 

Twenty-two temperature gradient segments in northeastern Oregon range from 14.3 to 90. 1 °C per km 
with a median value of 41.2°C per km, excluding some very low gradients caused by water flow in the 
drill holes. The mean of seven heat-flow values is 1.54 HFU. 

Thirty-eight gradients measured in the Western Snake River Basin range from 32.3 to 2 1 3.6°C per km 
with a median value of 79.5°C per km, although the arithmetic mean is 89.6°C per km because of the rela
tively large number of values exceeding 1 00°C per km. The arithmetic mean heat flow for the Western 
Snake River Basin, based on 33 somples of variable quality, is 2.69 HFU. 

In southeastern Oregon outside of the Western Snake River Basin temperature gradients range from 
30.0 to 232.2°C per km with a median of 88.4°C per km for 37 values measured during this investigation. 
The mean gradient is 1 04.1°C per km, and the mean heat flow for 24 holes is 2.64 HFU. The majority 
of the holes used to calculate the median and mean values described above were predrilled holes such as 
water wells and mineral exploration holes; and as they were sited in a random manner with respect to 
possible geothermal resources, the data should be relatively unbiased. There is, however, considerable 
variation in the quality of these data and they represent a small sample population so that more work will 
be required to establish reliable values of heat flow for the various geologic provinces in Oregon. 

The average geothermal gradient in southeastern Oregon is two to three times the world average for 
two reasons: most of the lacustrine deposits and basalts in southeastern Oregon have relatively low thermal 
conductivity and, therefore, a higher geothermal gradient for a given heat flow than do typical crystalline 
rocks (such as granite) or denser sedimentary rocks (such as shale, limestone, or sandstone); and the heat 
flow in southeastern Oregon is high. Results of this study imply that temperatures from 50°C to 150°C 
are found at depths of 1 km (0.6 miles) throughout southeastern Oregon; and if suitable traps and circu
lation systems are present, temperatures of 150°C to 200°C may occur. 
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G LOSSARY OF T ERMS USED IN  T H IS REPORT 

Anoma ly:  Deviation from the common or departure from the norma l .  In minera l  exp loration an  anoma ly 
means a higher than norma l conce ntration of whatever substance i s  be ing sought . For geotherma l 
exp loration an anoma ly is genera l ly considered to ex ist whe n e ither heat flow or geotherma l gradient 
is twice the norma l va lue . 

Ca lorie :  Unit  of heat i n  the cgs system . The quantity of heat required to raise the temperature of one 
gram of water from 1 5 °  to 16°  on the Ce lsius (centigrade) sca le . 

Conduction: (K) T he transfer of heat by passing heat energy from ad j acent mol ecu les ,  sim i l ar to the manner 
by which e l ectricity is conducted a long a wire .  T he transfer of heat through rock by excitation of 
adjacent mo lecu les . A measurement of conduct ivity is the heat transferred in  1 second through a 
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layer of the substance 1 em th ick, the di fference i n  temperature between these faces bei ng 
1 degree Ce lsius (centigrade) . 

Convection: T he transfer of heat by moving the mass of materia l, as when  steam or hot water is carr ied in  
a pipe . I n  a geotherma l convection system hot water or  steam trave ls  upward and, because of  i ts 
l ighter weight and greater buoyancy, displaces the coo ler water which si nks toward the bottom of the 
system . 

Crust: T he outermost layer of the rocks that make up the structure of the eart h .  Crust var ies i n  th ickness 
in oceanic areas from 5 to 20 km and under continents from 20 to 1 00 km . I t  is under lai n by 
the mant l e .  

F l ux :  T he flow: the geothermal fl ux i s  the cont i nual flow of heat energy from with in the earth; the solar 
flux is the flow of solar energy or rad iation from the sun . 

Fumarole :  A natura l ori fice from which h igh -temperature gaseous fumes are emitted . In  most cases water 
vapor far exceeds a l l  other consti tuents, which often i nc lude carbon dioxide and su l furous gases . 
Fumaro les commonly occur in volcanic areas . 

Geotherma l gradient (G) : The increase of temperature with penetration in  the earth norma l ly expressed 
i n  °C per km .  The wor ld average rate of i ncrease of temperature with depth is approximate ly 
30°C per km . I n  geotherma l work the term temperature gradient i s  often used interchangeably 
with geotherma l gradient . 

Heat flow (Q) and (HFU): T he tra nsfer of heat by any means from one area to another .  In geot herma l 
work i t  i s  the transfer of heat energy from with i n  the earth to spac e .  I t  is  the product o f  geotherma l 
gradient (G) and rock conductivity (K) expressed i n  mea l per cm2 per sec . H eat f low i s  sometimes ex
pressed as watts per m2: 1 H FU = 4 . 1 9  X w-2 w per m2 . 

HFU: A heat-flow unit  as described above . 

Hot spr ing: A natural ly discharg ing spring with  water at a temperature around l 0°C greater than norma l 
ground waters i n  the area . 

Log : A record of measurements; a temperature log is a record of temperatures at various depths . 

Mant le :  That segment of  the layered structure of  the earth that under l ies the crust . 

P iezometric leve l :  A n  imagi nary surface t hat coi nc ides everywhere with the static leve l of the water i n  
the aq uifer . 

Radiation: The transmission of energy or l ight i n  the form of e l ectromagnet ic waves or discrete part ic les . 
A l l  so lar energy trave ls to the earth by radiation .  

Te l luric currents: Natura l e lectric currents that  flow on or near the earth 's surface . Methods have been 
developed for usi ng these currents to make e lectrica l resistivity surveys . 

Temperature gradient (G) :  The rate of i ncrease of temperature . I n  geotherma I studies, the term is used 
interchangeab ly wi th geotherma l gradient and is expressed in the same units ,  °C per km . 
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