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INTRODUCTION 

The Lakeview Area i s  located a t  the extreme eastern edge o f  t he  Goose 

Lake Valley, on the shores o f  Goose Lake, i n  southernmost Central Oregon. 

The C i t y  o f  Lakeview, i n  the center o f  the pmject area, i s  112 krn (70 mi) 

east of K f  arnath Fa1 l s, Oregon, and 23 km ( 15 m i  ) n o r t h  of ths C a l i f o r n i a -  

Oregon border. This  study , perfcrned bride:. CI .S. Cepartmnt o f  EPFJT:J (VSPIIE) 

Contract No. DE FC07-79ET 27220, was undertaken t o  estimate t he  geotherma; 

potential of the area by using var ious methods, i n c l  u d i n g  compi i a t i o n  o f  e x i s t -  

ing da ta ,  lineament analysis,  well and spring geochpmistry, ana accruai of geo- 

therml gradient data by 1 oggi ng o f  e x i s t i n g  water we1 1 s 2nd by ari I1 ing o f  1 52w 

(500 ft) geothermal -grad1 ent hol es . 
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GEOLOGY 

The Lakeview area is s i t u a t e d  i n  the  northern p a r t  o f  the  Basin and Range 

Province, wi t h  typical ho r s t  and graben structures. An area o f  anomalously 

high temperature i s  centered on a f a u l t  t o n e  along t he  eastern edge o f  northern 

Goose Lake V a l  ley, a 1 arge graben adjacent t o  the Warner Mauntai n horst  block 

( P l a t e  I ) .  

The oldest rocks exposed are i n  the Warner Mountains, a t  t he  base of t he  

range e a s t  o f  Lakeview, i n  a thick sect ion  o f  mai n ly  andesi  t e  and basal  t f1 ows , 

pyroclas t i c  rocks and re1 a t e d  sedimentary rocks o f  01 i gocene (?)  age (Wal ker, 

1963). Well logs ind icate  t h a t  volcanic rocks a s  o l d  as Cretaceous may l i e  

below the Ol igocene section, whereas the  youngest 1 ava f l o w s ,  high i n  the sec- 

ti on, are P l  iocene t o  P I  e i  s tocene (Ma? ker, 1963). We1 1 1 ogs and expos ures i n  

the Warner Mountains i nd ica te  t h a t  the volcanic p i l e  i s  at l ea s t  3,000 m 

(10,000 f t )  t h i ck ,  

Deta i led s t ra t igraphy was not  attempted f o r  this study ( P l a t e  I} ,  however, 

t raverses of  canyons a1 ong the  Warner Mountain f r o n t  a1 low some general observa- 

ti ons . The 1 owerrnos t rocks exposed in the  faul t escarpment east: of Lakevi ew 

are mai nly pyroclastic rocks of andesi t i c  cornposi t i o n .  They i ncl  ude dark gray,  

greenish t o  reddish brown layered t u f f  breccias, s a n d s t o n e s ,  and sil tstones, 

and minor conglorrmerate 'layers ( u n i t  i kn s~ ) .  Thick, massive, mud f l o w  breccia  

lenses are a l so  present, especially n o r t h  of  Lakeview, and minor andesi te  and 

b a s a l t  flows are also present i n  the section. Lighter-colored ash-flow tuffs  

of  daci te  and rhyol i t e  composition are a1 so conspicuous  j n the section and, i n  

some places, are as much as  200 f e e t  thick. These ash  flows cou ld  serve as 

structural marker beds. Narrow N-S s tri king basal t i c  d i  kes commonly cut  the  

section and a r e  probably the feeders for b a s a l t  f l o w s  t h a t  occur h igher  i n  the 

section and e a s t  o f  t he  area s t u d i e d .  Thicknesses o f  i nd i v idua l  rock u n i t s  
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Table 1.  Radiometric ( K / A r )  ages o f  selected rocks o f  t he  Lakeview area. 

Sample no .* Locat ion Rock type _Age** S t r a t i g r a p h i c  u n i t  

B u l l  ard-I 39SJ20El Basalt 24.6+0.8 - my Tms t W 

l4Bbb 

B u l l  ard-2 39S/20E/ Basal t '27.2+0.9 - my Tms t 
15Acc 

HurnbleOil  42:08'~ Andes i l e  83.4+2 my Basement 
Leav i  tt 120 20'W 79.874 - my 
No. 1 

* References : Bul I ard - samples taken f a r  this report, unpublished analyses by 
Univers i ty  o f  Utah Research Ins t i tu te ,  S t a n  Evans and Duncan Foley, analysts; 
Humble - petroleum exp lo ra t i on  hole  core a t  9576 ft. 

**w - whole rock age; p - plagioclase age 



vary grea t ly  a long  the range f r o n t ,  and i t  i s  apparent t h a t  rel ief  was consid-  

erable, because most o f  the volcanic rocks are i n  steep depos i t iona l  contact 

w i  t h  one another. Overlying uni t Tmst, i n  conformable to  unconformable contact 

high i n  the sect ion,  i s  a unit of Miocene ( ? )  tuffs o f  d a c i t i c  t o  rhyol i  t i c  

composition ( u n i t  fit) o f  chief ly  volcanic o r i g i n  (Walker, 1963). Epiclastic 

rocks are a m i  nor cons ti tuent,  compared t o  uni t mst. 

Overlying and intruding these rocks are basal t flows ( u n i  t w b ) ,  andesi te 

f l o w s  ( u n i t  W )  , young basal  t i c ,  andesi ti c, and gabbroi c pl  ugs , necks, and 

d i  kes (uni t & T i )  , a number o f  rhyol i ti c t o  rhydaci ti c domes and flows (uni t 

Q T P ) ,  and a small i n c i s e d  cinder cone of  b a s a l t i c  composition found i n  the 

northeast corner of the study area (uni t &2m). Occupyi ng benches above the  

c i  ty o f  Lakeview are a number o f  patches  of iunconsel i dated t o  serni -consol i dated 

sands and gravels  which are in terpwted to  represent an ancestral bed o f  Goose 

Lake subsequently up1 i f ted  during f o m a t i  on of the Warner Mountains . 

In the Goose Lake basjn,  west  o f  the frontal  f a u l t ,  only unconso l ida ted  

Pleistocene to Holocene lacustr ine and f l u v i a l  sedimentary rocks o f  wide vari-  

ety bo th  i n  texture and composition, are exposed. Gravity s t u d i e s  and d r i  3 1 

logs i n d i c a t e  t h a t  these sediments are as much as 5,000 feet th ick  i n  the cen- 

ter of t he  basi n (Pla te  I cross-secti ons ) . Re1 a t i  vely t h i c k  wedges o f  co? l u- 

vium and fan deposits over l ie  the lake- and stream-deposited sediments on the  

edges o f  the basin. 

The terrni nus o f  a 1 arge , conspi cuous del ta-1 i ke depos i t o f  sand and gravel 

i s  located abou t  three m i  Jes north of Lakeview. This depos i t  extends north and 

west for several m i  1 es , and road cuts show cross-beddi ng, channel i ng, foreset  

and topset  beds typical of this kind o f  deposi t ,  There i s  s i g n i f i c a n t  t i l t ing  

of  layered rocks,  and minor faulting has s l igh t ly  offset  some o f  the layers, 

i n d i c a t i n g  Pleistocene faul t a c t i  v i  ty. 



Structural geology 

The dominant s t ruc tu re  o f  the area i s  t he  north-south t rending Basin and 

Range frontal  f a u l t  t h a t  separates the  Goose Lake Yalley from t he  u p l i f t e d  

Warner Mountains t o  the east.  A less apparent structural g r a i n  trends 

N. 30' M. t o  N. 60' W .  and most of ten occurs as narrow discenti nuous f rac tu res  

or f a u l  t s  f i 1 led by basal  t i c  d i  kes. From a study of  the area, Peterson and 

McI n ty re  , 1970, suggested the earl i es t movement a1 ong the range faul  t s  appears 

t o  have been ear ly  i n  the Pliocene, a t  which  t i m e  t he  present major topographic 

bas i  ns and i nterveni ng Tau7 t - b l  ock up1 i f ts  were formed. Most o f  the range el e- 

v a t i o n  appears t o  have been achieved p r i o r  t o  the onset o f  glacia t ion,  which 

has affected the higher portions o f  the Warner Mountains. Several stapes o f  

d i  s p l  acement ( up1 i ft) are  i ndi ca ted  i n the nor thern Warner Mountains by we1 1 - 

developed terraces and faceted spurs.  The layered rocks o f  t he  Warner Mountain 

faul  t block general ly  show a ti 1 t t o  t he  eas t ,  and i n the Lakeui ew area,  d i p s  

of  15' t o  20' E.  are common. Late Tertiary fo ld ing ,  result ing i n  long s inuous 
' 

a n t i  cl i na'l and sync1 j na l  structures , has been proposed (Ma1 k e r  - e t  -- a1 . , 1967 ; 

Peterson and McIntyre, 197Q). One o f  these discont inuous a n t i c l i n a l  struc- 

tures is postu la ted  t o  s t r i k e  NW-SE through the Goose Lake Basin and the Warner 

Mountains. Donath (7962),  Larson (1965) and Pease (1969) a lso  discuss t h e  gen- 

eral  structural  patterns i n south-cen tral  Oregon. A 1 i neament map prepared f o r  

th i s  report indicates similar trends ( F i g u r e  2 ) .  

I n  the immediate Lakeview geothermal area, the range f r o n t  f a u l t  appears 

t o  be a nearly vertical t o  wes t - d i  p p i  ng, re1 a t i  vely narrow fractured zone. I t  

i s  exposed a t  several places wi th i n  and j u s t  north and south o f  the c i t y .  Zones 

as wide as 50 feet are b recc ia ted  and conta in  c lay a? t e r a t i o n ,  as we1 1 as 

bleached and i ron-s t a i  ned rocks. Cal c i  te, gypsum, and other. wh i t e  a1 kal i ne 

p r e c i  p i  t a t e s  are common a1 t e r a t i  on minerals found i n f rac tu res  and d i  ssemi na- 

ti ons o f  t he  rocks. Some of  the areas o f  g rea tes t  rock a1 tera ti on are shown 
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on the geologic map as a stippled area (Plate I ) .  Steeply d i p p i n g  slicken 

sided f a u l t  planes are present  in the N-S t rending f ronta l  f a u l t  and a lso  a t  

sl i g h t  angles t o  i t .  These are we1 I exposed near the  muth o f  Eadman Canyon, 

i n  quarries opened for removal o f  mad rock. A conpicuous N. 40' W-trending 

fracture, one t o  two f e e t  wide, i n the SE quarter o f  sec. 28, T. 38 S. , R. 20 E. , 

has been fil led w i t h  c r y s t a l  1 i ne ca lc i te ,  probably from hot spr ing  a c t i v i t y  i n  

the past .  Also i n  the sec t ion  28 along U . S .  Highway 395,  sandstone beds (Goose 

Lake beds o f  Pleistocene age) have been cemented by hot  s p r i n g  a c t i v i t y .  

The on ly  v i s i b l e  s i l i c a  deposits are nor th  of  the area studied,  f n  sec. 12, 

T. 38 S., R. 20 E.,  along S a l t  Creek. Here, h o t  s p r i n g  deposi ts  (unit Qss on 

the geologic  map) consist  of  beds up t o  ten f e e t  t h i c k  o f  opal and chalcedony, 

w i t h  some cinnabar. This depos i t  covers an area o f  about  1/3 square mile 

(Schaffer,  1956; Peterson, 1971 ) . 



GEOPHYSI CS 

Two geophysical studies were a v a i l a b l e  for inclusion and evaluat ion i n  

t h i s  study. They a re  ( I  ) a regional to ta l  f i e ld  aeromagnetic study performed 

by t he  U.S.G.S. in 1972 (Figure 3) ,  and (2)  a complete Bouguer anomaly g r a v i t y  

map (Pla te  11) compiled and reduced by the Oregon Sta te  Uni versi ty Geophysics 

Gmup for this study. 

Owing  t o  the high e levat ion  (9,000 f t )  of t he  f l i g h t  l ines,  and regional 

nature of t he  s t u d y ,  the aeromagneti c survey i s  d i f f i c u l t  t o  i n t e r p r e t  en a 

s i  te-speci fi c basis . The on ly  c h a r a c t e r i s t i c s  o f  consequence are a magnetic 

maximum centered over t he  relatively susceptible rocks comprising the Warner 

Range, and a broad magnetic mini mum centered on the deeply f i  l led, re1 a t i  vely 

nons uscept i  b l e  Goose Lake graben. 

The cornpl ete Bouguer gravity map y i  el ds s i  m i  1 a r  interpretations as the 

aeromagneti c map. However, the g r a v i t y  map reveals the  steep nature o f  the 

Lakeview frontal f a u l t ,  and the shape of the gravity low centered over t he  

Goose Lake graben i s  such t h a t  i t  appears t h a t  the floor o f  t he  val  1 ey i s  d i p -  

p i n g  toward the  east. The bedrock may reappear t o  the west o f  the  1 ake w i t h o u t  

extensive block faul t i n g  and uplift. Interpretation of t h e  re la t ive ly  f l a t  

g r a v i  ty gradients t o  t he  n o r t h  of  Lakevi ew i s  di  fficul t , owi ng t o  1 ower density 

o f  gravi  ty s t a t i o n s .  

Ref i  nernent o f  these geophysi cal data,  together w i  t h  other studies , i s 

needed before detailed structural analysis can be made on the basis o f  geophys- 

i c s .  
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WATER CHEMISTRY 

During the period o f  t h i s  study, twenty thermal springs and we1 1 s were 

sampled and their waters analyzed. Together ui th exis ti ng pub1 ished analyses 

(DOGAMI and USGS, 1979; e t c . ) ,  a to ta l  o f  twenty-seven analyses a r e  ava i l ab le  

f o r  eval  uati on (Tab1 e 2). These analyses were used to  ca7 cul a t e  mini rnum reser- 

voi  r temperatures (Table 31, us ing  standard equations f o r  geothemometry . The 

methods used in these analyses, together wi t h  references, are i ncl  uded as Appen 

d i x  A. Our reconnaissance o f  t h e  area i n d i c a t e s  a considerable number of ther-  

mal wells and spr ings a r e  present; however, many o f  these we1 1s  and springs 

were e i t h e r  unlocatable, not f l o w i n g  a t  the t ime o f  tne study, o r  n o t  sampled,  

owing t o  time constraints .  

Sample temperature dur ing  f i e l d  col 1 ec t i  on ranged f r o m  near b o i l  i ng f o r  

the major h o t  springs (Barry Ranch, Hunter, e t c . )  down t o  16' for the Lakeview 

City we1 Is. The natural themal  waters o f  the  study area can best  be described 

as relatively a l k a l i n e  mixed-ion bicarbonate waters ,  typical o f  Basin-Range 

deep c i r c u l a t i o n ,  f l  uid-dominated systems. 

Preliminary calculat ions f o r  t h i s  report (Table 3) i n d i c a t e  r n i n i n ~ u r n  reser- 

v o i r  temperatures i n  the low t o  moderate range o f  1 0 0 ~ - 1 5 0 ~  C. These ternpera- 

tures are, again, t y p i c a l  o f  Basin and Range geothermal systems. Due t o  the 

re1 a t i  vely h i  gh amount o f  ntaf i cs exposed i n  t h e  geologic  s e c t i o n  and in the  

metamorphic basement, a large amount o f  t h e  s i l i c a  found i n  the water analyses 

may be contributed by chalcedony. 

Detai led sys temati c sampl i ng o f  a1 1  thermal and 1 ow- temperature spri ngs 

and we1 l s , i ncl u d j  ng gas and i s o t o p i c  analyses, i s  needed before a r e a l  i sti c 

thermal m d e l  can be attempted. As of y e t ,  on ly  the more obvious high- 

temperature anomal i es  have been sampled and analyzed. 



Table 2. S p r i n g  and we1 1 chemistry of  the Lakeview area. A ?  1 measurements are 
in mg/l, except f o r  pH or as indicated.  n t  = n o t  tested;  tr = trace. 

Barry Ranch Barry Ranch 
Hot S p r i n g  

Barry Ranch 
Hot Spring 

Antone Engl edew 
Spring We1 1 

Location 

Date sampled 
Temp. (O C) 

pH 

Conductance 
vmhos/cm 

A1 kal  i n i  ty 
Xh as mg/l HC03 

X, as mg/l CaC03 

Hardness 
as mg/l CaC03 

Total  d i  sso7 wed 
sol i ds 

B 

L i  

F 

Fe ( t o t a l  ) 

A1 



Table 2. Spring and we1 1 chemistry o f  the Lakeview area--Conti nued. A? 1 
measurements are i n  rngJ1, except for pH or as indicated.  n t  = not  tested; 
t r  = trace. 

Fisher  Chambers Ranch 
H o t  I rri ga ti on 

Spr i  ng Well - 
Don 

L i  nasey 
We1 1 

--+*- 

38s j2C'E! 
33Ah 

7/73 

48 

7.1: 
798 

Col vert 
Spring 

37s j20E/ 
1 GCaa 

8/ 79 

i E 

7.4 

110 

Loca ti en 

Date sampled 

Temp. (' C) 

Conductance 
prnRos/cm 

A1 kalinity 
Xh as mg/l HCOQ 

Hardness 
as mg/l CaC03 

Total  d i  ssol ved 
solids 

8 

L i  

F 

Fe ( t o t a l  ) 

A1 



Table 2. Spring and well chemistry o f  t he  Lakeview area--Continued. A11 
measurements are i n  rngJ1, except f o r  pH or as ind ica ted .  n t  = not tested; 
t r  = trace. 

Lakevi ew 
City 

We1 1 63 

Lakeview 
Ci ty 

We1 1 #4 

Lakeview 
C i  ty 

We1 1 #5 
Hunter's 

We1 1 
E. McDonald 
Hot Spring 

Coca ti on 

Date sampled 

Temp. (' C) 

PH 
Conductance 
~rnhos/cm 

A1 k a l  i ni ty 
Xh as mgJl HC03 

Xc as mg/l CaC03 

Hardness 
as mg/l CaC03 

T o t a l  dissol ved 
sol i d s  

S i O p  

B 
L i  

F 

Fe ( t o t a l )  

A1 



Table 2. Spring and wel l  chemistry of t h e  Lakeview area--Continued. All 
measurements are i n  mg/l, except f o r  pH o r  as i n d i c a t e d .  n t  = not tested; 
t r  = trace. 

Lakevi  ew 
C i  ty 

We1 1 #7 

Lei thead 
Hot 

Spr i  ng 

Lei  thead 
Hot 

Spr ing 

Hunter 's  
Hot 

Spring  

Hunter's 
H o t  

Spring 

Location 

Date sampled 

Temp. (' C) 

Conductance 
pmh os/cm 
A l k a l i n i t y  
Xh as mg/l HC03 

X, as mg/l CaC03 

Hardness 
as mg/l CaC03 

T o t a l  dissolved 
sol i ds 

Fe ( to t a l  ) 



Table 2 .  S p r i n g  and well chemistry of the Lakeview area- -Cont jnued .  A17  
measurements are i n  mg/l , except for pH o r  as i ndi cated. nt = not tested; 
t r  = trace. 

Nun ter ' s 
Mo-t Springs 

Hunter 's  
Hot  S p r i n g s  

Hunter's 
Hot Springs 

Hunter's 
Hot Spri nqs 

Location 

Date sampled 
Temp. ( O  C )  

pH 
Conductance 
prnhos/cm 

Hardness 
as mg/l CaC03 

Total d i  s s o l  ved 
sol i d s  

S i O e  

5 

L i  

F 
Fe ( t o t a l )  

A 1  



Table 2.  Spring and we1 1 chemistry o f  the  hakeview area--Conti nued. A1 1 
measurements are i n  mgJ1, except for pH or as indicated. n t  - n c t  terted;  
tr = trace. 

Robbi e 
We1 1 

Rockford Ranch 
We1'1 

Locat ion 

Date sampled 

Temp. (' C) 

PH 
Conductance 
~mhos/cm 

A l k a l i n i t y  
Xh as mg/l HC03 

Hardness 
as mg/l CaC03 

T o t a l  d i  ssol ved 
so1 i d s  

Si02 

Fe ( t o t a l )  

A1 

HC03 

P04 



Table 3. Geethemetri c calculations* of m i n i m u m  reservoir  temperatures for 
selected thermal waters o f  t he  Lakeview area. 

Barry Ranch Barry Ranch Barry Ranch 
Hot Hot Hot An tone I n g l  edew 

Spring '48 Spring ' 72 Sprj ng ' 79 Spring '79 We1 1 7 9  

F l  ow ra te  1 89 200 38 nc nc 
l i  tersjmin. 

Measured 85 88 92.5 22.5 23 
temperature 
OC 

Na: K:  Ca 1 30 131 133 60 7 
4/3 B 

OC 

Na: K: Ca '1 02 nc n c 37 80 
Mg corrected 

OC 

S i  Op 
a d i a b a t i c  

O c  

S i O e  

chalcedony 

OC 

S i 0 2  

opal 

O c  

*Methodology for cal cul a t i e n s  presented i n  Appendix A .  nc = n o t  calculated. 



Tab1 e 3 .  Geothermetri c cal cul a t i  ons* o f  m i  n i m u m  reservoi r temperatures f o r  
selected thermal waters of  the Lakevi ew area--Continued. 

Fisher Chambers Ranch 
H o t  Irrigation 

Spr ing  ' 7 2  Well '79 

bn 
Lindsey 
We1 l 

Col v e r t  
Spring " 9  

E. McDonald 
,Hot Well '79 

F l  ow r a t e  
I i t e r sSmin .  

Neas ured 
temperature 

Na:K:Ca 
Mg corrected 

O c  

S i O Z  

conduc t i  ve 

O c  

S i02 

ad iaba t i  c 

O c  

chal cedony 

*Methodology for calculations presented i n  Appendix A. nc = n o t  calculated.  
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Table 3. Geothemetri c cal cul a ti ons* o f  mi nirnum reservoi r temperatures for 
selected thermal waters of the Lakevi ew area--Conti nued. 

Lakeview Lakeview Cakeview 
Hunter's C i t y  We1 1 City We3 1 City Well 

We1 1 #3 ' 79  #4 '79 #5 '79 
E. McDonal d 

Hot  S ~ r i n a  ' 79 

nc pumped nc nc 

95 16.5 19.5 37.5 

Flow rate 
1 i ters/rni n. 

Measured 
temperature 
O c  

Na: K 

O c  

Na: K:Ca 
4 J 3  B 

O c  

Na:K:Ca 
Mg corrected 
O c  

S i  O p  

conduct i ve 

OC 

a d i a b a t i c  

Si02 

cha I cedony 

OC 

S i  O2 

opal 

OC 

*Methodology for calculations presented i n  Appendix A .  nc = not calculated. 



Tab1 e 3. Geotherme tri c cal cul  a t i  ons* o f  mi nimum reservoi r temperatures for 
selected thermal waters o f  the La kevi ew area--Con ti nued. 

La kevi ew 
C i  ty We1 1 
-#7 ' 79 

Lei thead 
H o t  

Spring '48 

Lei thead 
Hot  

Spr ing  '79 

Hunter's 
H o t  

Spring '56 

Hunter 's  
Hot  

Spring '57 - 

Flow ra te  
1 i terslmi n. 

Measured 
temperature 
O c  

Na: K 
O c  

Na: K:  Ca 
Mg corrected 
O c  

S i  O2 

conductive 

O c  

S i  O2 

ad iabat i  c 

O c  

S i  O2 

chal cedony 

O c  

S i o 2  

opa 1 

O'C 

*Methodology f o r  calculat ions presented i n  Appendix A. nc = n o t  calculated. 

- 21  - 



Tab1 e 3. Geothermetri c ca7 cul a t i  ons* of  minimum reservoir temperatures f o r  
selected thermal w a t e r s  o f  the  Lakeview area--Conti nued. 

Hunter's 
Hot  

Spring ' 72 

Hunter 's  
Hot 

Spring ' 79 

Hunter's 
Hot  

Spring  ' 7 9  

Hunter 's  
Hot; 

Spring '79 
Ledford 
We1 1 ' 79 -- 

Flow rate 
1 i ters/mi n. 

Meas ured 
temperature 
" c  

Na: K 

O c 

Na:K:Ca 
Mg corrected 
O c  

S i  O2 
canducti ve 

OC 

S i O p  

ad i  aba t i  c 

OC 

Si02  

chal cedony 

OC 

S i  O2 

opal 

O c  

*Methodology f o r  c a l c u l a t i o n s  presented i n  Appendix A .  nc = not calculated. 
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Table 3. Geothemetri c calculations* o f  minimunl reservoir temperatures for 
sel ected thermal waters of the  Lakevi  ew area--Conti nued. 

Rockford 
Robbie Ranch We1 7 

Well ' 79  (01 d Deter) ' 79 

F l  ow rate 
1 i ters/mi n. 

Measured 
temperature 

Ma:K:Ca 
Mg corrected 
O c  

S i O e  

conductive 

a d i a b a t i c  

S i  O p  

chalcedony 

S i  O2 

opal 

O c  

*Methodology for calcula t ions  presented i n  Appendix A. nc = n o t  ca lcu la ted .  
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LAKEVIEW AREA GEOTHERMAL GRADIENT AND HEAT FLOW DATA* 

The temperature g rad ien t  and heat- f low resu l  t s  for the Lakeview area i n  

south central Oregon are shown in Table  4. Included i n  the t a b l e  are the 

townshi p/range-section and 1 a t i  tude and 1 ongj  tude l o c a t i o n  of each hole. In  

addi t ion ,  the hole name, date o f  logg ing  used, and co l la r  elevation,  are 

i ncl  uded for each hot e . The bottom hole temperature, maximum d e p t h ,  corrected 

temperature gradient ,  and (where a v a i  1 able)  corrected hea t-fl ow are shown i n  

blue on Plate  I.  These values are a l s o  l i s t e d  i n  the t ab le ,  as a r e  the depth 

i n t e r v a l  and average thermal cenducti v i  ty used f o r  cal cul a t i  on o f  the gradient 

and h e a t  flow. The t a b l e  values a re  given i n  SI un i t s .  To transform un i ts ,  

2 1 x cal/cm sec (HFU) = 41.84 ml4rnm2, 1 x cal /cm sec0c (TCU) = 0.4184 

-1 -1 0 
Wm K . Also 1°c/krn - 1 m ~ m - I  = 18.2 F/100 f t .  The temperature-depth ma-  

surements themselves for each hole have been open-fi led a t  the  DOGAMI o f f i c e  

in Port land,  and are included i n  Appendix B. Corrected gradient and co r r ec t ed  

h e a t - f i  ow are val ues f o r  which the topographic effects have been removed. 

These are s i g n i f i c a n t  f o r  some of t he  s i tes  studied. 

The holes are ranked i n  terns o f  the  qual i ty o f  the g rad ien t  o r  hea t  f l o w  

i n f o r m a t i o n ,  f r o m  h i g h  qual i ty ( A )  t o  good qual i ty  ( B )  , t o  rnargi nal qua1 i ty ( C )  , 

t o  d a t a  w i t h  some probl ems ( D )  , t o  data for which no useful temperature g r a d i -  

e n t  or h e a t  f l o w  can be estimated ( X I .  Holes indicated by a G are those which 

are i n  geothermal systems. 

The holes avai  I a b l e  are a cornbi na ti an o f  we1 1 s dri 1 1 ed f o r  water ,  ei ther 

potable o r  for space heat ing, and holes d r i l l e d  by DOGAMI f a r  explora t ion  o f  

the resource po ten t i a l .  For ho les which have been d r i l l e d  f o r  geothermal 

exp lo ra t i on ,  we have cuttings and have made thermal conducti v i  ty measurements 

*Wri tten by Dr. Davi d D. B1 ackwel 1 , Southern Methodis t  Uni versi ty , Dal I a s ,  Texas 



Table 4. Geo thcma l -c rad icn t  da ta ,  L s k c v i ~ w  a rea ,  Oregon. 

Bottom Depth Uncorr. Corr. Con. 

Wn/Rng- N Lat. W Long Hole # Col l a r  Temp. . ,Interval Avg. TC X G r a d i e n t  ~ r a d i e n t  HF Q 
Sect ion Deg-Min. Deg .Min. Date Elev. ("C) (m] wm- -' K- TC OC/km O C / h  m ~ m -  HF 



Tab le  4. Geothermal-gradient data ,  Lakeview area, Cre6011--Co1rtinued. 

Bottom Depth Uncorr . Corr. C o r r .  
HF Q 

mwm' HF 
It\m/Rng- 
Sec t ion  

NLat. WLong Bole# Collar 
Deg.MCn. Deg.Min. D a t e  Elev. 

Temp. ,-,Interval Avg. TC # G r a d i e n t  Grad ien t  
("a [m) wm- K- TC 'C/km *C/km 



Table 4. Geothcr~nal-gradicnt d a t a ,  Lakcview area, Oregon--Continues. 

B o t t o m  Depth Uncorr. C o r r  . 
Twn/Rng- N Lat. W Long Hole # Collar Temp. , Interval Avg. TC # G r a d i e n t  Gradient 
Section Deg.Min. Deg .Min, D a t e  Elev. ( "c)  (m) wm- K- TC 'C/km OC/km 

- - - . . . . 

Corr. 
BF '? 

mwrnml HF 
- 

42- 9.50 128-15.38 KFK-I 2865 5.49 
7422473 

42- 9;36 120-20.61 BRRRY I S 6  75.70 
i/23m 

42- 2.2B 120-18.S ROCKFRD% 1451 B.98 
6, 9/80 



on t he  c u t t i n g s .  A t  l eas t  three areas of  h i g h  temperature a t  shallow depth 

are known i n  the Lakeview area. These are  the Leach Mot Nell area in the 

northern p a r t  o f  the study area ,  the Barry Ranch Warm Spr i ng  i n  t he  central 

p a r t  of the area, and the Rockford Ranch area i n  the southern p a r t  o f  the 

study reg ion .  Highest  temperatures actual ly  masured i n  the three regions 

are 11 2 ' ~  i n  hole 33Dcd, one o f  t he  Leach holes,  75.7 '~  i n  hole 27Ddb a t  t he  

Barry Ranch, and 71 . Z'C i n  ho le  1 Ccb on the Rockford Ranch. A1 1 o f  t he  areas 

o f  high hea t  flow are associated w i t h  the boundary bemeen the Warner Range 

and the Lakeview Valley. Drill i n g  a t  t he  Leach area has demonstrated t h a t  the 

actual upflow o f  geothermal f? u i d  i s  w i t h i n  the range block and i s ,  thus, c i r -  

cu la t i on  in t he  upthrown block of the basin-and-range, normal-faul t p a i r .  In 

the Leach area, hea t  f l o w  i s  three times normal f o r  a dis tance o f  a t  least  1% 

km i n t o  t he  range, i n d i c a t i n g  a rather large anomaly. One hole,  3Bdb, had a 

shallow flow o f  99.1°6 w a t e r  a t  45 m; however, the ho le  i nd i ca tes  t h a t  t he  

background g rad ien t  and heat  flow are nearly t h e  same as holes 3Bcb and 3Aba, 

i . e .  , approximately 2 0 0 ~ ~ / k r n  and 300 r n ~ r n - ~ .  The areas  o f  h igh  temperature are 

localized, perhaps, by t h e  i n t e r s e c t i o n  o f  some k i n d  o f  feature i n  the range 

block. I n  the town o f  Lakeview i t s e l f ,  several holes and the deep swimming 

pool we1 1 (1 5Abd) i ndi  ca t e  somenha t 1 ower geothermal -g rad i  e n t  and hea t-fl ow 

val ues , a1 though the  hea t - f l ow val  ues are s t i  11 approximately 50% higher  than 

the regional background. These higher h e a t - f l o w  values may be caused by re f rac -  

t i o n  a f  heat from the l o w  conduc t i v i t y  bas in  i n t o  the range block, or they may 

i n d i c a t e  t h a t  t h i s  s i t e  i s  on the edge of  the anomalies a t  e i t h e r  t he  Barry 

Ranch o r  i n  the  Leach Hot Well area.  

Based on the da ta  avai  1 able ,  i t  seems t h a t  the h e a t  requi rernents o f  the 

town o f  Lakeview could be satisfied w i t h  water from geothermal systems w i t h i n  

a distance o f  f i v e  miles o f  t he  town. Subsequent t o  t he  studies described 

here, Nor thwest  Geothermal Corpora ti on has dri 1 1 ed several holes i n an  attempt 



t o  develop a low-temperature geothermal resource for use i n  t he  town. Results 

o f  these dri 1 I holes are proprietary a t  t h i s  time. 



CONCLUSIOriS A N D  RECOfilMENDATIONS 

The geothermal system a t  Lakeview has been used f o r  hea t ing ,  greenhouses, 

therapeut ics ,  and r e c r e a t i o n  s ince  before the turn o f  the century. The resource 

f o r  di rect util  i sation appears t o  be of  large enough val ume and high enough 

temperature t o  w a r r a n t  e x p l o r a t i o n  by Northwest Geothermal Corporati on for a 

local heat ing  d i s t r i c t .  Act ive  exp lo ra t i on  and dr i l l ing  i s ,  a t  the w r i t i n g  of  

this report, ongoing. Understanding of  the  actual  geothermal system is, how- 

ever, a t  a low level o f  confidence. The following are recommendations designed 

t o  b r i n g  t h a t  understanding up to  a level commensurate w i t h  the next stages o f  

in te rmed ia te - leve l  d r i l l i n g  and f i n a l  production: 

1.  Detailed (scale 1:24,000) geologic mapping of the WarnerMountain Range 

fault block and areas t o  the north and west of L a k e v i e w - t o  i d e n t i f y  and 

eval uate act ive  thermal structures, identi fy areas o f  recent hydrothermal 

a1 teration, and define the absel ute age o f  rock units and related struc- 

tures. 

2. Detai  1 ed sarnpl i ng and analysis of  hot and cold springs and we1 1 s ,  i ncl ud- 

i ng isotope and gas analyses-- to determine fl  ui d f 1 ow d i  r e c t i  ons , prove- 

nance, and prec ise  r e s e r v o i r  conditions, and possibly to i den t i  f y  hereto- 

fore unknown thermal areas.  

3. Closely spaced complete Bouguer and residual gravi ty anomaly stud ies  across 

the Goose Lake Basin and Warner Mountain Range--to del ineate  poss ib le  

active thermal s t ruc tures  or i n t r u s i v e s  below surface units. 

4. Severa l  r e s i s t i v i t y  traverses ( e i t h e r  d ipo le -d ipo le ,  rov ing  dipole, or 

t e l l  u r i c )  normal to  mapped structures and t i e d  in  to  known thermal aquifers-- 

t o  further define the  thermal regime. 

5. A micro-earthquakeicontemporary seismic study o f  the e n t i  re Lakevi ew area, 

making use of  a high-gain seismometer array--to def ine  the  s e i s m i c i t y  o f  

the area i n  relation to  geothermal systems. 



6. A program of twenty t o  t h i r t y  500-f t  gradientJstratigraphy holes,  fo1 lowed 

by a program o f  f i v e  to ten 2,000-ft holes--to model hea t  f low and directly 

t e s t  geothermal aqui fers . 
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APPENDIX A 

Formulas used i n  cal cul a ti ons 

Na: K (revised) : 1217 
t ' C  = log (Na/K) + 1.483 - 273.15 (Fournier, 1979) 

1647 
t 'C = 2.24 + F ( f )  

- 273.7 5 (Fournier and Truesdell, 1973) 

where F (T) = log (Na/K) + [ B log ( & / ~ a )  3 ,  
B = 1/3 i f  t> IOO'C, and  4/3 i f  t < 1 0 0 ~ ~ ,  

t'~ = calculated reservoi r temperature, 
and concentrations are expressed i n mol a1 i t y  . 

Magnesi urn correction ra t io :  

R = (milliequivalents Mg) + ( m i l l i e q u i v a l e n t s  Ca) + (milliequivalents K)  loo 

I f  R <5 or >50, no c a l c u l a t i o n  was made. For R between 5-50, 
5 2 ~t = 10.66-(4.7415) ( R )  + C(325.87) ( log  R ) ~ ]  - L(1.032 X 10 1 ( l og  R )  / T I  - 

Mg 2 2 3 2 
[ ( I  ,968 X l o 7 )  ( l o g  R )  /T 1 + L(1.605 X lo7) (log R )  /T  1, 

where R = magnesium cor rec t ion  r a t io  expressed i n  equivalents,  

d t  = the  temperature correction t h a t  i s  subtracted f r o m  
Mg 

t he  Na : K: Ca 1 / 3 3 calculated temperature, 
T = Na:K:Ca 1/3 B calculated temperature i n  OK. 

Or ~t can be obtained by us ing  t he  graph  compiled by Fournier and Pot te r  (1979).  
Mg 

Si02 temperature calculations (Fournier and Rowe, 1966): 

S i  O2 (conductive) , 1309 
tOc = 5.19 + l o g  (S i02)  - 273.15 

Si02 ( a d i a b a t i c ) ,  

Si02 (chalcedony), 

S i O p  (opal) ,  

1522 
t0c = 5.75 + log  (s~o*] - 273*15 

'1 032 
tOc = 4.69 + log  ( S i 0 2 )  - 273.15 

1 3  L 

tOc = 4.52 + log ( S i O p )  - 273.15, 

where S i  02 i s  expressed in mg / I .  
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DEPTH bEFTI-4 TENPERCITURE G E o l l m P m  GFmDIWr 
M E T E  FEET DEG C DEE F DMj D K M  DEG F~i00 FT 





ORE 

H O L 1 E w i - -  i m 2  
DQTE HEELIRED 8/23/79 

DEPTH TDPEWTURE 
FEET DE?G C DEE F 



T E M P E R R T U R E .  D E G  C 



L r n I u N ~  m mls  FIMS*OREM#*f 
3BS/20E-3JDDC 

H O L E r n t  -1 
DFlTE HEFIWFSD 

DEPm DEPTH TEMPEF!RTURE GmTWRmL'GRbDIm 
flETEF!S FEET DEG C DEG F DEGC/KM D E E F / i 0 0 R  



TEMPERRTURE,  D E G  C 





TEMPERRTURE.  DEG C 



D m  
METERS 

mm; H M S L m  
DQTE HEFlSUREDl 1/23/68 

m mmmE 
FEET DEE C DEG F 



T E M P E R R T U R E .  D E G  C 



22,s 
25.0 
27.5 
30.0 
32.5 
35,0 
37.5 
48.8 
42.5 
45.8 
47.6 
58.8 
22.5 
SS. 8 
57.5 

LM#TIONt r n M C Y &  aWE 
39D20E- 3BDB 

H O t E M t  wsxwl rnEllm5mm~ 1#2w€M m TEHPE~TURE ~ ~ m m m %  m f m r  
D E  C DEE F PEG C/KH p$Cd F/iBB 

43.510 
47.868 
E, 5% 
ST. 288 
63.2% 
69.088 
i3.510 
82.210 
89.4% 
34.188 
97.990 
99.910 
99.120 
53.458 
97.838 
97.430 
97.248 
97.19 
97.848 



TEMPERRTURE.  D E G  C 





TEMPERRTURE,  DEG C 



m I m I  m T t i  FWlLS F m S b  ORE 
39920B- 4WE 

m 
%: I2E%rn!%%m 

DEPTH TEMPERRTURE GWTH- GRRDIWr 
Mn'ERS FEET DEE C DM3 F 13EG WKM DEG Ff188 R 



TEMPERQTURE. D E G  C 



mi-- 
D F l r E f - l m s ~ e  11/9/79 

D m  TEMPERRTURE l3lmmmm WErn 
FEET DEG C DEG F DMj WKM Dl% F/1W 



T E M P E R R T U R E ,  D E G  C 



DRTE MERSURED: 1 e / 8 8  
D E m - l  TEMPERRTURE GEXI- GRFlDllENC 
FEET DEG C DEE F DEG V K H  DEG F A 0 0  

DEPTH 
METERS 



LOCFlTlON : K FALLS RMS, OREGON 
39S/20E- 4DCA 

HoLE NF#?E~-- PB PN CO 
PRTE MEFISURED: 1 ~ 2 2 a  

DEPTH DEPTH TEMPERRTURE 
METEE FEET DEG C DEE F 

GEOTHERWL GRADIENT 
DEE WKM DEC F/100 



T E M P E R R T U R E .  D E G  C 

n0 5 10 15 20 25 30 35 40 



LOCFITIQN: KLRF1RlW FRUS FlflS, ORE 
39S120E- 4DCR 

HU NAME: PR-PN co 
DATE NERSURED: 4/13~30 

DEPTH TEHPERRTURE GEDTF4ERW GRQD I ENT 
FEET LEG C DEG I: DEG C/#M DEG F/idB FT 

D m  
METERS 



LOGFITION I hUWQTl4 FRLCS WE* ORE PAGE 2 
W&E- 4DCQ 

W E  W E :  PR PN CD 
DATE MEFISUREDt 4/16/88 ~~ DEPTM TEMPERATURE GECITHEFmFIL GWDIENT 

METEM FEET DEE C DEE F DEG C/i(M DEF Ef188 FT 



T E M P E R Q T U R E .  DEG C 



D m  
METERS 

~ T ~ O N I  m Fw5 m s r P R E M S N  
3 9 w a E -  SURA 

HLE NWEI FWIT-WWI 
DFlTE  RED* € 3 ~  1/79 

DEPTH TEMPERFITURE l3TmmE6WL G m I m  
FEET DEE C DM3 F DEG UKM Dl33 F/im 



TEMPERRTURE.  DEG C 



38.8 
32.5 
35. @ 
JT. 5 
40.8 

MTE MEKURED s 1/23/88 
DEPTH TrnERFITURE lmcmmm% GWDIrn 

FEET DEG C DEE E DEG WKM DIG F/2# 





LrnlCJNf m w Ms. 
39WilBE-iSFIBD 

I -mEtwlE~ L M P  
mTE M E E L R E D #  11/15/79 

D W H  TEMFERRTCIRE 
FEm PEG C DEE F 



LmfI13N1 KLMWTH W S  H S r  ORE PFlGE 2 
39S/2@E-iSQBD 

WLEN(.WEI LKU.ISW1P 
E4TE MERSUREDI 11/15/79 

DEPTH TEMPERFITURE G-A GRFIDIENT 
FEET DEE C DEG F X)MjC/KM D E G F / i B B F I '  

44: eis 
44.850 



-ION1 M T t l  F K E  MEW mE PClGE 3 
39S40E-15QBD 

% ~ r n Y % : m  
DEPTH TEMPERFlTURE l3mnmwL GRRI)ImT 
FEET Dm C DEG F DEG Cfm DEE F A 8 8  



TEMPERRTURE.  DEG C 



DEPTH 
METERS 

LcXrIm41 m m  FW3 MI 
39SBE-ISCCB 

H O L E r w E ~  mi 
DATE MWREDI 7 r 3 m  

DEPTH TEMFERFI'IZIRE 
FEET D l 5  C DEG F 



TEMPERRTURE,  D E G  C 



39s&'0!!-15Qx 
~~: w w  
IMTE MEFISURED : 1/23/86 

DEFlH TEMPERNURE EmTWmm GRQDIatr 
FEET D E  C DEG F DEG C/KM Dl33 $/I00 

m 
METERS 





DEPTH 
METERS 

MOLEMTZr  L-T 
DFITE WEASUREDr 1/23/88 

DEPTH T m P r n n J R E  GEOTMERMC#, m r a r r  
FEET DEG C DEE F DEG C/Pl - DEG F/iBB Fl' 





LDZQTIM.Il KLWHlM FWS P I Z S r m  
39S/28E-2aBA 

I-mENFmEt m 2  
DATE MEFISURED I 7Et0/79 

DEPTH TDUJERFln.lRE G m  GRQDIEM 
FEET DEG C BEG F DEG C/KM DEE F/i88 

65.6 14.188 57.S 0.0 8.8 
82.0 14.718 58.48 106.0 5.8 
W. 2 15.228 59.48 204.8 21.2 
98.4 15.410 59.74 76.0 4.2 
186.6 15.570 tJB. 03 64.8 3.5 
114.8 15.670 68.21. 48.8 2. E 
123.8 15.798 68.42 49.8 2.6 
131-2 15.960 68.73 68.8 3.7 
134.4 16.20B 61.16 96.8 5.3 
147.6 16.330 61.39 52.0 2.9 
I ~ .  a 16.420 61.56 26.8 2.8 
154.0 16.490 61.68 2&. 8 1.5 
17%. 2 15.620 61.92 52.0 2.9 
I W .  4 17.268 63.87 256.18 14.0 
188.6 18.050 64.49 316.0 17.3 
196.8 18.570 65.43 208.0 11.4 
205.0 19.010 66.Z 176.0 9.7 
213.2 19.450 67.01 176.0 9.7 
218.1 20.310 68.56 573. J 31.5 





DEPTH 
METERS 

HCLE mi-- S~CKS~JN- 
M T E  MEFlSURlSDl W 4 -  

DEPTH TlMPERFlTURE G- GRRDIENT 
FEET EEG C DEE F DEG WKH DEG Ff100 





DEPTH 
METERS 

L I X Q T I ~ ~ N *  KtAFtFlTH FWLS WE, ORE 
?9S/20E-27DBB 

HOLE M E :  BFlRRY 
DQTE hEQSURED: 4/18d0 

DEPTH TEHPERFITJRE GEOTHERMF#, GWDIEHT 
FEET DEG C DEG F DEG C/KM DEE F/I00 





HOLE NFmEl BFlRRY 
D E E  MER%~RED r 1 /23430 

DEPTH TEMPERRTURE 
FEET c.KI P nPm F 

G r n T r n W ,  G m L m  
DEG VKM DEE F/100 



T E M P E R R T U R E ,  DEG C 







D m  
METERS 



LW=RTION: KtWlATH mus m, 
41S/28E- ICRD 

HOLENFmEr ROCKFRDl 
MTE M E F I S W :  6/ 9/80 

DEPTH TEMPERFI'I1JRE DEPTH 
m FEET DIE C DEG F 



T E M P E R R T U R E ,  DEG C 
30 4 0  50 60 70 80 



DEPTH 
METERS 

LOCFITION~ KLSIMFYM FALLS m, ln?E 
41920E- l C C D  -- 

HOLE WIEI ROCKFRD~- 
DFlTE mASURED: 6/ 9/80 

DEPTH TEMFEWTURE GEOTHEnmFlt GRFUSIENT 
FEET DEE C DEG F D E C / K M  IlEGF/100FT 





L ~ I O N I  m F#LLS a's* 
41%3€-1= ~~~ S U I m  

DFlTE IERWREDI 
DEPTH TEMPERRTURE 
FEET DEG C DEG F 





LOM7TIOPlt nmwn-t w m ,  ORE 
4lw1E-lEEC 

HDLEmmEl GICMORE 
DQTE H~%%REDE 8/23/79 

DEPTH TEMPEJlFlTURE 
FEET Dm C DEE F 

rxmHEm% lifRW)lrn 
DMj C/KM IXG FIl00 





DEPTH 
METERS 

LW=CTT 1 ON I KLmW FRLLS WE 9 OREGON 
38S/28E-33DW= 

m E  W H E r  LEFlCH 1 
PATE M E F I S U ~ ~  8/22/79 

DEPTH TEMPERQTURE GEOTHERMFlk GRRI)IENT 
FEET DEE C DEE F DEG C/KM DEG F/109 lT 



TEMPERRTURE.  D E G  C 

#" 90 100 I 1 0  ! 20 
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a 
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m 50 
m 
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