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i t 

CHEHICAL AND ISOTOPIC DATA FOR WATER FROM THERMAL SPRINGS 

AND WELLS OF OREGON 

By R. H. Mariner, J. R. Swanson, G. J.  Orr is ,  
T. S. Presser, and W. C. Evans 

ABSTRACT 

The thermal springs o f  Oregon range i n  composition from d i l u t e  
NaHC03 waters t o  moderately s a l i n e  C02-charged NaCl -NaHC03 waters. 
Most o f  t he  thermal springs are located i n  southeastern o r  south- 
cen t ra l  Oregon, w i t h  a few i n  northeastern Oregon and near the 
contact  o f  the Western Cascades with the High Cascades. Thermal 
springs i n  the central ,  and northern pa r t s  of the Cascades genera l ly  
issue moderately s'al i n e  NaCl waters. Farther south i n  the Cascades , 
the thermal waters are high i n  C02 as w e l l  as chlor ide.  Most thermal 
springs i n  northeastern Oregon issue d i l u t e  NaHC03 waters o f  h igh 
pH (>8.5). These waters are s i m i l a r  t o  the thermal waters which 
issue from the Idaho ba tho l i t h ,  f a r t h e r  east. t lost o f  the remaining 
thermal waters are Na mixed-anion waters. Based on the chemical 
geothermometers, Mickey Springs, Hot Borax Lake, Alvord Hot Springs, 
Neal Hot Springs, Vale h o t  Springs, Crump Well, Hunters (Lakeview) 
Hot Springs, and perhaps some o f  the springs i n  the Cascades are 
associated w i t h  the highest temperature systms (>150°C). 
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INTRODUCTION 

Data presented i n  t h i s  paper are stored i n  the U.S.  Geological 
Survey Geotherm f i l e .  Geotherm i s  a computerized f i l e  created and 
maintained as p a r t  o f  the Geological Survey's Geothermal Research 
program (Teshin and others, 1979). Geotherm contains in format ion 
on the physical  character is t ics ,  geology, geochemistry, and hydro1 - 
ogy of nat ional  and some in te rna t i ona l  geothermal resources. The 
data inc lude published information, data from other  computer f i l e s ,  
personal communications , and compilat ions o f  various government and 
p r i v a t e  organizations. Retr ieva ls  are ava i l ab le  t o  the pub l i c  i n  a 
v a r i e t y  o f  formats: tape, punched cards, l i s t i n g s ,  o r  tables.  Re- 
quests should be sent t o :  Geotherm Project ,  Mai l  Stop 84, U.S. 
Geological Survey, 345 M i d d l e f i e l d  Road, Menlo Park, CA 94025. 

Geotherm i s  c u r r e n t l y  composed o f  three sub f i l es :  geothermal 
f ie lds/areas, chemistry and physical  proper t ies o f  thermal we1 1 s 
and springs (sample f i l e ) ,  and geothermal d r i l l  holes. I n  a d d i t i o n  
t o  these subf i les,  there i s  a f i l e  containing the references l i s t e d  
i n  each record. The data r e t r i e v e d  from the sample f i l e  were f o r -  
matted and special programs were w r i t t e n  t o  ca l cu la te  temperatures 
using geothermometers and t o  create the tables. The records i n  
Geotherm contain more data than are l i s t e d  i n  the tables.  An exam- 
p l e  o f  a complete record i s  i l l u s t r a t e d  i n  f i g u r e  1. 

The physiographic provinces o f  Fenneman (1946), shown on 
f i g u r e  2, have d i f f e r i n g  geologic se t t i ngs  which, i n  l a rge  pa r t ,  
determine the chemical character o f  the thermal f l u i d s .  The Basin 
and Range province i s  characterized by a t h i c k  sequence o f  nonmarine 
volcanic and sedimentary rocks o f  Cenozoic age, broken by f a u l t s  
which bound the major topographic features (Walker and Peterson, 
1969). The volcanics range from basa l t  t o  r h y o l i t e  and the  sedi - 
mentary rocks contain considerable volcanic debris. The Owyhee 
Uplands o f  southeastern Oregon make up a r e l a t i v e l y  unbroken plateau 
consis t ing o f  basa l t i c ,  andesi t ic ,  and r h y o l i t i c  sheets and t h e i r  
associated py roc las t i cs  o f  middle t o  l a t e  Cenozoic age (Corcoran and 
Walker, 1969). The High Lava Pla ins o f  southcentral Oregon a lso 
cons is t  o f  basalt,  andesite, and r h y o l i t e  f lows and t h e i r  associated 
sedimentary rocks (Wal ker, 1969). The B1 ue Flountains are general l y  
made up o f  i n t r u s i v e  rock, Quaternary basal t s ,  and o lde r  sediments 
and volcanics, some o f  which are h i g h l y  metamorphosed. I n t r u s i v e  
rocks o f  two ages are present, an o lde r  Permian t o  T r i a s s i c  s u i t e  
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Figure 1. Example o f  a complete Geotherm record 
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which ranges from p e r i d o t i t e  t o  grani te,  and a Lower Cretaceous s u i t e  
which ranges from gabbro t o  granodior i te  (Thayer and Wagner, 1969). 
Several o f  the younger i n t rus i ves  are o u t l i e r s  o f  the Idaho ba tho l i t h .  
The Cascade province consists o f  two subdivisions, the High Cascades 
and the  Western Cascades. The High Cascade Subprovince i s  a r e l a -  
t i v e l y  narrow plateau o f  basa l t  and andesite f lows o f  Pleistocene and 
Pliocene Age. The Western Cascade Subprovince i s  made up of s l i g h t l y  
deformed and a l te red  volcanic and py roc las t i c  rocks t h a t  range from 
l a t e  Eocene t o  l a t e  Miocene i n  age. A few small d i o r i t e  i n t rus ions  
a lso occur i n  the a l te red  zones o f  the Western Cascades. The southern 
end o f  the Cascades i s  under la in by a complex o f  graywacke, s i l t s t o n e ,  
and interbedded volcanics o f  T r iass i c  t o  Cretaceous age, some of which 
have been r e g i o n a l l y  metamorphosed. 
rocks range from g ran i te  t o  p e r i d o t i t e  (Griggs, 1969). This type o f  
basement rock extends from the Klamath Mountains i n  southwestern 
Oregon t o  the Blue Mountains i n  northeastern Oregon. The northern 
p a r t  o f  the Cascades i s  under la in by marine and estuar ine deposits of 
Eocene age which are exposed i n  the Coast Ranges t o  the west. 

I n t rus i ves  associated w i t h  these 

Thir teen KGRA's (Known Geothermal Resource Areas) have been 
designated i n  Oregon: M t .  Hood, Cary Hot Springs, Breitenbush Hot 
Springs, Belknap-Foley Hot Springs, and McCredie Hot Springs i n  the 
Cascades ; K1 amath Fa1 1 s , Lakeview, Crump Geyser, A1 vord , and Summer 
Lake Hot Springs i n  the Basin and Range province, Newberry Caldera 
and Burns Bu t te  i n  the High Lava Plains; and Vale Hot Springs i n  the 
Owyhee Uplands. Groh (1966) pointed o u t  several other areas o f  
p o t e n t i a l  geothermal importance: Jordan Craters i n  the Owyhee Uplands; 
Diamond Craters i n  the Harney Basin; the area southeast o f  Newberry 
Caldera i n  the High Lava Plains; and the Glarner Range i n  the southern 
p a r t  o f  the Basin and Range province. 

Brook and others (1979) l i s t  e i g h t  areas which they bel ieve have 
mean rese rvo i r  temperatures o f  more than 150°C: Newberry Caldera 
(230°C) , Crump's Hot Spring (167"C), Mickey Hot Springs (207"C), 
Alvord Hot Springs (181"C), Hot (Borax) Lake (18loC), Trout Creek 
Area (154"C), Neal Hot Springs (188"C), and Vale Hot Springs (157°C). 
These areas are estimated t o  have an aggregate thermal energy o f  
90 x lo1* jou les,  most o f  which i s  i n  the Vale, Alvord, and Newberry 
areas. About 55 x J01* j o u l e s  a re  estimated t o  be present i n  20 
systems o f  lower temperature (90" t o  15OoC), wi th  approximately 70 
percent o f  t h i s  amount i n  the Klamath F a l l s  and Lakeview areas. The 
temperatures used i n  the estimates a r e  mean temperatures f o r  the 
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respect ive systems and do no t  r e f l e c t  the maximum and minimum temper- 
atures o f  the reservo i rs .  Since volumes o f  the i nd i v idua l  systems . 

a re  more important i n  determining the  amount o f  stored heat than the 
temperatures, and s ince the volume estimates may undergo considerable 
change as d r i l l h o l e  and geophysical data become avai lab le,  changes i n  
the estimated quan t i t i es  o f  thermal heat ava i lab le  i n  Oregon are 
a n t i  c i  pa ted . 

Chemical data e x i s t  f o r  many o f  Oregon's thermal waters, bu t  
they are o f ten  scattered i n  the l i t e r a t u r e  o r  i n  unpublished f i l e s .  
A compi lat ion of the raw chemical data f o r  Oregon, as i t  was entered 
i n t o  Geotherm, has recen t l y  been published by the Oregon Department 
of Geology and Mineral Indus t r ies  as Open-File Report 0-79-3. The 
data stored i n  Geotherm cannot be considered t o  be o f  uni form q u a l i t y  
s ince they were co l lec ted  f o r  a myriad o f  purposes and by d i f f e r e n t  
techniques. Anyone considering a sampling program should consul t  the 
ava i l ab le  l i t e r a t u r e  on general water sampling, such as Brown and 
others (1970) , and the special  techniques described f o r  hand1 i n g  geo- 
thermal waters such as those given by Presser and Barnes (1974). 

The approximately 170 thermal spr ings and we l ls  i d e n t i f i e d  i n  
Oregon are no t  d i s t r i b u t e d  un i fo rmly  over the  s t a t e  (Bowen, 
Peterson and Riccio,  1979; Waring, 1965). The la rges t  number o f  
spr ings issue i n  the Basin and Range province o f  southeastern Oregon, 
w i t h  progress ive ly  fewer spr ings i n  the High Lava Plains,  Owyhee 
Uplands, Blue Mountains, and Cascade Range. The Coastal P la in ,  Coast 
Range, Klamath Mountains, and Wil lamette Val ley o f  western Oregon are 
devoid o f  thermal springs. Curiously, most ho t  springs do no t  occur 
i n  the areas o f  most recent vo lcanic  a c t i v i t y .  Crater Lake, formed 
some 7,000 years ago by a v i o l e n t  vo lcanic  erupt ion,  has no ho t  
spr ings associated w i t h  it, and the  smal ler  Newberry Caldera has on ly  
two areas o f  weak thermal springs. The springs a t  Newberry may be 
drowned fumaroles; they issue i n  o r  a t  the edges o f  the  lakes and 
appear t o  be dominantly gas vents. Diamond Craters i n  the  eastern 
High Lava Pla ins and Jordan Craters i n  the  Owyhee Uplands are a lso o f  
Holocene age, bu t  ne i ther  has thermal springs nearby. With the ex- 
cept ion o f  Ht. Hood, which has a fumarole on i t  and a weak thermal 
spr ing a t  i t s  base, the  prominent volcanoes o f  the  High Cascades, 
which have a l l  been formed i n  the  l a s t  th ree  m i l l i o n  years, do no t  
have thermal springs d i r e c t l y  associated w i t h  them. Most o f  the 
thermal springs i n  the Cascades issue t o  the  west o f  the c res t ,  near 
the contact  o f  the High Cascades and the  o lder  Glestern Cascades. 
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DATA 

Chemical data f o r  the springs and we l ls  ( t a b l e  1) are  arranged 
by county and numbered t o  correspond t o  the  thermal springs and we l ls  
on a map prepared by Bowen and others (1978). This compi lat ion 
represents a l l  o f  the chemical and i so top ic  data i n  Geotherm as o f  
October, 1979. Ent r ies  f o r  springs t h a t  have been analyzed several 
times are arranged chronologica l ly .  Sources o f  data, topographic 
map coverage, and year o f  c o l l e c t i o n  are l i s t e d  i n  tab le  2. Two o f  
the chemical analyses have gross imbalances o f  i o n i c  charge and 
hence are  incomplete o r  otherwise inaccurate. Joaquin M i l l e r  Hot 
Springs i n  Grant County has 25.3 mi l lequ iva len ts  cat ions t o  5.5 
m i l l i e q u i v a l e n t s  anions. A sample recen t l y  co l lec ted  by us ind ica tes  
t h a t  the repor ted a l k a l i n i t y  i s  low by more than a f a c t o r  o f  10. 
The sodium concentrat ion o f  the sample from Camp Co l l i ns  i n  Multnomah 
County seems t o  be excessively small. 
were greater  by a f a c t o r  o f  10, the  charge balance would be much 
be t te r ,  4.88 mi l l i equ iva len ts  cat ions t o  4.80 m i l l i e q u i v a l e n t s  
anions ra the r  than the 0.95 t o  4.80 as reported. 

If the sodium concentrat ion 

Waters from several geographic areas can be d is t inguished on the  
basis of t h e i r  chemical composition. Thermal waters i n  the  Western 
Cascades from Aust in t o  Ki tson and HcCredie Hot Springs are h igh i n  
ch lor ide,  bu t  low i n  s u l f a t e  and bicarbonate. These sodium ch lo r i de  
waters may o r i g i n a t e  from the  Eocene sediments which are  thought t o  
under1 i e  t h i s  p a r t  o f  the  Cascades. Rat ios o f  B/C1 , Br/C1 , and 
HC03/C1 are  s i m i l a r  t o  those reported f o r  connate waters (White, 1960). 
Connate marine waters have been noted i n  springs and we l l s  i n  the Coast 
Range, the Western Cascades, and a t  depths o f  as l i t t l e  as 30 meters 
i n  the  Wi l lamette Val ley (Piper, 1942). Farther south i n  the Cascades, 
the  water o f  Umpqua Hot Springs i s  s i m i l a r l y  h igh i n  ch lo r ide ,  bu t  i s  
a lso  h i  h i n  COe. Many C02-charged mineral  springs issue i n  Douglas 
County 4 Wagner, 1959). C02-charged thermal waters a lso  issue from 
Weberg Hot Springs i n  southwestern Grant County; t h i s  area a lso has 
many co ld  C02-charged springs. The water i ssu ing  from tleberg Hot  
Springs d i f f e r s  from t h a t  o f  Umpqua Hot Springs i n  t h a t  i t  contains 
very l i t t l e  ch lor ide.  The r e s t  o f  Grant County, and the southern 
p a r t  o f  Umati l la,  Union, and western Baker counties, a l l  i n  the nor th-  
eastern p a r t  o f  Oregon, have thermal spr ings which issue d i l u t e ,  h igh- 
pH thermal water s i m i l a r  t o  waters from thermal springs i n  g r a n i t i c  
rocks o f  t he  Idaho ba tho l i t h .  Bagby Hot Springs i n  the Cascades i s  
another spr ing t h a t  y i e l d s  the  d i l u t e ,  high-pH waters associated w i t h  
g r a n i t i c  rock. These waters are h igh enough i n  pH t o  requ i re  correc- 
t i o n s  t o  the  s i l i c a  concentrations, as discussed i n  the  sect ion on 
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Mop Name 
Code 

BAKER COUNTY 
01 R A D I U I  M O T  SPRINGS 

01 RADIUR M O T  SPRINGS 

02 S A M - 0  SPRING 

OS KROPP HOT SPRING 

06 FISHER HOT SPRING 

CLACKARAS COUNTY 
01 ACID-SULFATE SPRING 

ON 81. HOOb 
02 S U I M  U A R R  SPRkNGS 

03 AUSTIN HOT SPRINGS 

04 BAGBY MOT SPRINGS 

04 BAGBY MOT SPRINGS 

05 GEOTHERMAL 6RADIENT 

(CAREY) 

00 

T a b l e  1: C M E R I C A L  COMPOSITION O F  THERRAL SPRING AND YELL UATERS 
[Rap code r e f e r s  t o  B o u e n r  P e t e r r o n e  a n d  R l c c f o  1978; 

C o n c c n t r r t  i o n s  i n  mgf 1; (ND) n o t  d e t e c t e d 3  

M a j o r  E l e m e n t s  

L o c r t  i o n  D a t e  Sp Temp pM S i l i c a  Sodium P o t r s -  C a l -  Rag- A l k r -  S u l f a t e  Ch lo r -  f l u o r -  
Yr lMo Cond ( C )  ( S i 0 2 1  (Nr )  s i u m  c i u r  n e r i u m  l i ? i t y  ( S O 4 1  i d e  i d e  

(urho)  (IO ( C I )  (Wg) tHCO3) ( C L )  ( f )  

b4-55.82 117-56.36 5 5 / 0 5  290 57.2 9.7 80. 63. 2.0 1.6 101  31. 17. 1.0 

b4-55.82 117-56.36 7 2 / 0 0  290 58. 9.56 78. 58. 1.1 1.5 0.1 141  3 4 .  17. 1.3 

41-46-76 117-48.65 7 7 / 0 2  891 27.0 8.1 67.6 171. 12.2 16.2 6. 519 3.7 15.9 1.2 

b 5-00.8 11 7-53.1 4 4 5  43.0 7.3 58. 93. 1.5 1.1 0.1 5 2  31.6 

b 4 - 5 8 . b 8  118-02.61 7 2 / 0 6  197 37.0 9.8 38.9 40. 1.4 <0.1 

O T S / O S P E  -28 NE 

07SIO39E -28 NE 

09Sf040E -16 SE 

06Sf039E -25 NU 

07Sl038E -10 NU 

80.8 1.19 

1.8 0.4 8 3  12. 

(5-22.3 121-41.8 7 6 / 0 6  227 3.8  19. 5. 0.2 13. 208 77 . 1. 

55-17.7 121-4b.3 7 6 / 1 2  1300  26.0 7.3 72.3 136. 11.7 6 0 .  4 8 .  218 205. 161. 0.23 

b5-01.30 122-00.50 7 2 / 0 0  1720  86.0 7.63 81. 300. 7.1 35. 0.1 58  140. 4 3 0 .  1.b 

02SfOO9E -29 

03Sf8.5E -24 SU 

06Sf007E -30 NU 
54-56.15 122-10.35 7 0 / 0 3  290 57.2 9.7 81.5 5s. 0.8 3.7 0.1 68  33.7 14.6 0.68 

07SfOOSE -26 NU 

07S/OOSE -26 NU 
14. 0.66 

45-01.65 121-17.80 7 6 / 0 8  282 35.6 7.6 36. 4 8 .  2.8 12. 2.6 162  1.6 2. 0.71 

54-56.15 122-10.35 7 7 / 0 9  58. 9.37 74. 53. 0.74 3.3  C0.05 6 9  4 2 .  

T E S T  NEAR AUSTIN Hor O ~ S I O O ~ E  -21 su 
DESCMUTES COUNTY 

01 EAST LAKE HOT 

01 EAST LAKE MOT 

02 PAULINA MOT SPRINGS 

02 UARR dELL A T  L I T T L E  
CRATER CAMPGROUND 

SPRINGS 

SPRINGS 

DOUGLAS COUNTY 
01 URPPUA M O T  SPRINGS 

01 URPPUA M O T  SPRINGS 

GRANT COUNTY 
01 R I T T E R  H O T  SPRINGS 

04 BLUE ‘IOUNTAIN MOT 
SPRINGS 

05 JOAQUIN MILLER 
R E S O R T  

b3-43.1 121-12.2 7 3 / 0 0  396 62.0 6.49 36. 

43-43.1 121-12.2 7 5 / 0 8  767 49. 6.42 199. 

b3-63.7 121-45.0 7 7 / 0 7  6.82 205. 

43-42.9 121-14.5 7 5 / 0 8  900 35.5 6.46 161. 

21Sf013E -29 SU 

21SfO13E -29 SU 

2 l S I O l 2 E  -26 NE 

2 lSfO12E -36 NU 

43-17.70 121-21.90 7 7 / 0 9  11300 46.5 6.37 90. 

43-17.70 121-21.90 7 8 / 0 6  10920 46. 6.2 96. 
26Sl004E -20 NE 

26Sf004E -20 NE. 

4 4 - 5 3 . 6 0  119-08.50 7 3 / 0 0  319 41.0 9.68 70. 

44-21.30 118-34.40 7 2 / 0 0  610 58.0 7.96 47. 

44-16.81 118-57.36 7 8 / 0 7  2194 4 0 .  6.8 

0 8 S f 0 3 0 E  -08 NU 

14Sl034E -13 S / 2  

15S/031E -11 S E  

2400. 63.  340. 41. 1380 193. 

2150. 62. 428. 42.b 1120 139.2 

72. 0.82 1.4 <O.OS 143  9. 

140. 3.3 2.2 0.2 329 11. 

500. 11.2 45.2 12.1 103  1.6 

0.4 0.2 

1.7 0.16 

6.0 0.57 

5.1 0.6 

3500. 1.5 

3340. 1.2 

29. 4 . 3  

15. 10.6 

121. 7.1 
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Map 
C o d e  

N a m e  

B A K E R  COUNTY 
01 R A D I U M  H O T  S P R I N G S  

01  R A O I U l l  H O T  S P R I N B S  

0 2  S A M - 0  S P R I N 6  

O S  K R O P P  H O T  S P R I N G  

06 F I S H E R  H O T  S P R I N G  

C L A C K A M A S  COUNTY '  
01 A C I D - S U L F A T E '  S P R I N G  

02 S Y I M  Y A R R  SP,RXNGS 

03  A U S T I N  H O T  S P R I N G S  

04 B A G B Y  H O T  S P R I N G S  

0 4  BAGBY H O T  S P R I N 6 S  

0 5  G E O T H E R M A L  G R A D I E N T  

ON M T o  HOOD 

( C A R E Y  1 

T E S T  N E A R  A U S T I N  HOT 

D E S C W U J E S  C O U N T Y  
01 E A S T  L A K E  HOT 

01 E A S T  L A K E  HOT 

02 P A U L I N A  HOT S P R I N G S  

02  U A R M  Y E L L  A T  L I T T L E  
C R A T E R  CAMPGROUND 

S P R I N G S  

S P R I N G S  

D O U G L A S  COUNTY 
01 UMPPUA HOT S P R I N G S  

01 UMPPUA HOT S P R I N G S  

GRANT COUNTY 
01 R I T T E R  HOT S P R I N G S  

0 4  B L U E  M O U N T A I N  HOT 
S P R I N G S  

RESORT 
- . 05 J O A P U I N  M I L L E R  

T a b l e  1: C H E R I C A L  C O M P O S I T I O N  OF T H E R M A L  S P R I N 6  AND Y E L L  Y A T E R S  
[Map c o d e  r e f e r s  t o  Bouen. P e t e r s o n r  and R i c c l o r  1978; 

C o n c e n t r a t i o n s  i n  r g l l ;  (ND) not  detected;  (I) r o n o m c r i c  a t u r i n u m 3  

M i n o r  and T r a c e  E l e m e n t s  

Boron L i t h i u m  R u b i d i u m  C e s i u m  S t r o n t i u m  B r o m i d e  I o d i d e  N i t r a t e  A l u m i n u m  I r o n  M a n g a n e s e  M e r c u r y  
( E )  ( L i )  ( R b )  ( C S )  (Sr) ( E r )  (I) ( N O 3 1  ( f i l l  ( F e l  ( M n )  (Hg) 

0.2 NO ND NO 

0.42 0.01 (0.02 CO.1 <0.05 0.01 0.307 c0.02 <0.02 0.0005 

1.6 0.06 0 .45  e0.1 0.0s 

3 . 3  c0.t 

2.8 1.0 

co.01 

0.32 0.13 

2.6 0.4 0.03  C0.1 0 . 5 3  

0.6 

0.07 0.02 

0 .42  0.01 

0.93 0.01 ( 0 . 0 2  C0.1 0.14 

1.1 0.04 0 . 0 3  (0.1 

0.87 0.22 0.04 (0.1 

2 . 5  0.12 0 . 0 2  co.1 

41 . 2.4 0.16 0 .2  

61.2 2.4 

0.04 <0.03 C o o 0 3  

0.07 C0.03 (0 .03 

co.02 c0.02 co.0s co.05 

2 .  0.13 co.02 co.02 0 .0302  

0.2 

c0.02 0.10 O . O O O 3  

0.008m 0.66 0.90 

0.0021 4. 0.25 (0. 0001 

c0.002m 0 .44  ~0.01101 

2.2 ,6 2 

0.ODOS 2 .6  0.01 (0.02 C O . l  C O . 0 5  

1.6 0.07 ( 0 . 0 2  (0.1 (0.05 0.04 9.31 c0.02 ( 0 . 0 2  0.0004 

co.02 ( 0 . 0 2  

12.7 . 0 . 2 5  0 .02  0.08 0.1 1.8 



Map Name 
Code 

GRANT COUWTY 
07 YEBERG HOT SPRING 

HARNEY COUNTY 
0 1  UNNAMED SPRING 

02 0. J. THOMAS 

04 MILLPOND SPRING 

O S  HARNEY VALLEY DEV 

08 ISLAND RANCH YELL 

09  CRANE HOT SPRtNGS 

CO. OIL TEST YELL 

09 C R A N E  HOT SPRINGS 

09 CRANE HOT SPRINGS 

1 0  Y A R M  SPRING WEAR 
VENA T OR 

15 UNNAMED HOT SPRING 
NEAR HARNEY LAKE 

1s  UNNAMED H O T  SPRING 
NEAR HARNEY LAKE 

22 MICKEY SPRINGS 

22 M I C K E Y  SPRINGS 

22 MICKEY SPRINGS 

-I 

22 MICKEY SPRIN6S 

22 MICKEY SPRINGS 

23 ALVORD HOT SPRINGS 

23 ALVORD HOT SPRINGS 

23 ALVORD HOT SPRINGS 

23 ALVORD HOT SPRINGS 

24 H O T  BORAX L A K E  

24 HOT BORAX LAKE 

T a b l e  1: CHEMICAL COMPOSITION O F  THERMAL SPRING AND YELL WATERS 
[Map code r e f e r s  t o  Bowen. P e t e r s o n ,  a n d  R i c c i o  1978; 

C o n c e n t r a t i o n s  i n  m g / l ;  (ND) n o t  d e t e c t e d 3  

M a j o r  E l e m e n t s  

L o c a t  i o n  D a t e  Sp Temp p H  S i l i c a  Sodium P o t a s -  C a l -  Mag- A l k a -  
Y r / M o  Cond ( C )  ( 5 1 0 2 )  (Na)  s i u m  c i u r  n e r i u r  l i n i t y  

(umho) (lo ( C a l  ( M g l  (HCO3) 

54-00.1 119-38.8 7 2 / 0 0  2570 46.0 6.53 82. 610. 36. 38. 7.8 1712 
18S1026E -18 

43-39.76 118-44.30 
ZZS132.SE-14 SU 

b3-37-65 118-51.7s 
22S/O32E -34 NE 

4 3-32 .43  119-Ob. 86 
2 3 S / 0 3 0 E  -35 NE 

b3-30 .22  118-54.30 
24S103ZE -08 SE 

b 3 - 2 5 . 4 0  118-55.VS 
2 5 S / O 3 2 €  -07 NU 

4 3 - 2 6 . 4 5  118-38.30 
2 4 S l O 5 3 E  -54  SU 

13-26 .45  11 8-38. S O  
2 4 S 1 0 3 3 E  -34  S Y  

b 3-26.45 118-38. 30 
24S1033E -34 S Y  

b 3 - 2 3 . 1  118-18.4 
2 5 S 1 0 3 6 E  -16 S Y  

4 3-10.6 119-03.6 
2 7 S / 2 V m 5 E - 3 6  SE 

b3-10.6 119-03.4 
27S/2V. 5E-36 

5 2 4 0 . 6  118-20.1 
33S/O35E -13 

4 2 -40 .6  11 8-20.7 
3 3 S / 0 3 5 E  -13 

b 2-40.6 11 8-20.7 
33SIOJSE -13 

4 2-40.6 11 8-20.7 
3 3 S 1 0 3 5 E  -13 

4 2 - 4 0 . 5 4  118-20.67 
3 3 5 / 0 3 5 E  -13 

42-32 .6  118-32.1 
3 4 S / 0 3 4 6  - 3 3  SE 

42-32.6 118-32.1 
3 4 5 1 0 3 4 E  -33  NU 

1 2-32.6 118-32.1 
3 4 S / 0 3 4 €  -33 

42-32.6 118-32.1 
3 4 S / 0 3 4 €  - 3 3  

4 2-1 9.60 118-36.17 
37S/033E -15 S Y  

4 2-19.60 118-36.17 
37S/033E -15 S Y  

3 1 / 0 9  

6 8 / 0 9  

3 1  108 

6 8 / 0 9  

6 9 / 0 8  

31108 

6 8 / 0 9  

7 2 / 0 0  

7 7/  06 

3 1 / 0 8  

7 2 / 0 0  

7 0 / 0 7  

7 2 / 0 0  

7 6 / 0 9  

7 6 / 0 9  

7 6 / 0 9  

5 5 / 1 1  

7 2 / 0 0  

7 6 / 0 9  

7 6 / 0 9  

5 3 / 0 9  

61  106 

71 6 

602 

1 4 5 0  

81 4 

81 0 

650 

2970 

2200 

2490 

2 200 

2 220 

2 290 

4490 

4 590 

4100 

4 070 

2 227 

2410 

22. 

72.0 

26. 

46.0 

41.0 

49. 

80.0 

78.0 

41.0 

59. 

68.0 

85. 

73.0 

86. 

86. 

82.2 

76.0 

78.5 

78.5 

29.4 

31.1 

9.5 89. 

8 . 3  80. 

8.1 8 3 .  

9.1 373. 

92. 

7.26 92. 

8.5 167. 

8.05 200. 

8.31 211. 

8.31 214. 

230. 

7.3 135. 

6.73 120. 

6.90 129. 

6.89 128. 

7.7 184. 

7.8 193. 

157. 1.8 

135. 1.6 

386. 4 . 6  

170. 3.6 

170. 3.9 

100. 1.0 

622. 12. 

630. 13. 

478. 20. 

550. 3s. 

550. 31. 

550. 30.  

560. 32. 

1040. 66. 

960. 69. 

990. 64. 

1000. 63. 

488. 23. 

516. 27. 

16. 

1.0 

14. 

0.8 

0.5 

2. 

3.8 

3.7 

2.7 

13. 

12. 

1. 

0.9 

1.0 

1.0 

0.6 

13. 

13. 

12. 

12. 

17. 

16. 

0.2 

0.2 

0.2 

0.2 

0.1 

0.1 

3.0 

1.8 

1.2 

0.1 

<1. 

0.1 

to .  1 

1.0 

2.2 

2.1 

2.2 

86 

2 36 

109 

265 

967 

218 

211 

2 08 

134 

601 

568 

7 96 

b04 

8 1 4  

8 36 

1250 

1198 

1225 

1230 

4 2 4  

4 50 

S u l f a t e  Chlor -  F l u o r -  
( S O 4 1  i d e  i d e  

( C l )  ( F )  

13. 50. 3.9 

b o  

8V. 

11 . 
2 9 .  

8. 

80 . 
81 . 
86 0 

51 . 
140. 

113. 

205 . 
230. 

213. 

223. 

223. 

211 . 
223. 

189. 

183. 

3 4 3 .  

367. 

1.9 

38. 2.8 

8 .  

11. 12. 

9. 19. 

82. 

78. 9.3 

79. 9.0 

70. 1.1 

562. 

590. 3.3 

230. 19.6 

2 b O .  16. 

2 4 0 .  16. 

2 4 0 .  17. 

245. 17. 

760. 7.2 

780. 10.2 

770. 9.6 

770. 11. 

286. 8. 

305. 9.7 



Map N a m e  
C o d e  

C R A N T  C O U N T Y  
07 Y E B E R G  HOT S P R I N G  

T a b l e  1: C W E U I C A L  C O M P O S I T I O N  O F  T H E R l l A L  S P R I N G  A N D  dELL Y A T E R S  
CUap code r e f e r s  t o  Bouenr P e t e r s o n ,  and R i c c i o r  1978; 

C o n c e n t r a t i o n s  i n  m g / l ;  (NO) not d e t e c t e d ;  ( a )  m o n o m e r i c  a l u m i n u m 3  

M i n o r  and T r a c e  E l e m e n t s  

I 

MARNEY COUNTY 
01 UNNAMED S P R I N G  

02 0. J. THOMAS 

04 M I L L P O N D  S P R I N G  

05 H A R N E r  V A L L E Y  ' P E U  

08 I S L A N D  R A N C H  Y E L L  

09 C R A N E  H O T  S P R I N G S  

09 C R A N E  HOT S P R I N G S  

CO. O I L  T E S T  Y E L L  

A 

09 C R A N E  H O T  S P R I N G S  

10 Y A R M  S P R I N G  N E A R  
V E N L T O R  

15 UNNAMED H O T  S P R I N G  
N E A R  H A R N E Y  L A K E  

1 5  UNNAMED H O T  S P R I N G  
N E A R  H A R N E Y  L A K E  

2 2  M I C K E Y  S P R I N G S  

. Boron L i t h i u m  R u b i d i u a  C e s i u m  S t r o n t i u m  B r o m i d e  I o d i d e  N i t r a t e  A l u m i n u r  I r o n  M a n g a n e s e  M e r c u r y  
(8) ( L i )  ( R b )  ( C s )  ( S r l  ( B r )  (1) ( N O 3 1  ( A l l  ( f e l  ( M n )  trig) 

2 2  M I C K E Y  S P R I N G S  

2 2  M I C K E Y  S P R I N G S  

2 2  M I C K E Y  S P R I N G S  

2 2  H I C K E Y  S P R I N G S  

2 3  A L V O R D  H O T  S P R I N G S  

2 3  A L V O R D  HOT S P R I N G S  

23 A L V O R D  H O T  S P R I N G S  

2 3  A L V O R D  M O T  S P R I N G S  

2 4  HOT B O R A X  L A K E  

7 ' 2 4  H O T  B O R A X  L A K E  

15. 0.7 0.09 (0.1 2.1 0.1 0.1 0.24 0.06 0.0003 

3.99 

4.11 

6.2 

7.9 0.09 

2.2 

11.3 0.45 

9.2 <0.2 

10.5 1.1 

11. 0.90 

11. 0.90 

11. 0.85 

28. 

30. 2.1 

3s. 1.9 

36. 1.9 

17.9 (1.5 

10. 

0 . 0 3  

0.08 

0.20 

0.18 

0.14 

0.1 5 

0.33 

0.24 

(0.1 0.06 

(0.1 0.11 

0.1 0.15 

0.1 

<o. 1 

CO. 1 

0.2 0.92 

0.1 

0.1 

1 .o 
ND 

1.1 

0.2 

0.1 

1.4 

ND 

0.1 0.32 

0.5 

29 . 0.2 

0.02 

1. 0.39 

1.1 

2. 0.39 

2.5 

0.03 

0.20 

0.02 

0.0221 <0.02 (0.02 0.01)OS 

0.03 N 

0.03 

0.005m 0.05 0.04 0;0001 

<0.01 0.05 0.02 

0.058m <0.02 <0.02 0.0301 

0.06811 <0.02 

0.09 N 

0.0331 0.003. 0.12 0.02 
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T a b l e  1: C H E I I C A L  COMPOSITION OF THERMAL SPRING AND JELL W A T E R S  
[Map code r e f e r s  t o  Bouenr  P e t c r s o n r  and  R i c c i o r  1978; 

C o n c e n t r a t i o n s  i n  mg/ l ;  (ND) n o t  d e t e c t e d ;  ( m )  monomeric a luminum3 

Minor  and  T r a c e  E l e m e n t s  

Map Name 
Code 

WARNEY COUNTY 
2 4  HOT B O R A X  LAICE 

27 

27 

39 

4 3  

4 3  

4 3  

4 3  

4 3  

4 3  

4 3  

-I 

0 

4 3  

4 3  

4 3  

44 

UNNAMED HOT SPRING 
NEAR TROUT CREEI 

UNNAMED HOT SPRING 
NEAR TROUT CREEK 

GOODMAN SPRING 
(HOTCHUISS) 

UNNAMED HOT SPRING 
NEAR HOT BORAX LAKE 

UNNAMED HOT SPRING 
NEAR HOT B M A X  LAKE 

UNNAMED HOT SPRING 
NEAR HOT BORAX LAKE 

UNNAMED HOT SPRING 
NEAR MOT BORAX L A K E  

UNNAMED HOT SPRING 
NEAR HOT BORAX L A K E  

UNNAMED HOT SPRING 
NEAR HOT BORAX LAKE 

UNNAMED HOT SPRING 
NEAR HOT BORAX LAKE 

UNNAMED HOT SPRING 
NEAR HOT BORAX LAKE 

UNNAMED HOT SPRING 
NEAR H O T  B O R A X  LAKE 

UNNAMED HOT SPRING 
NEAR HOT B O R A X  LAKE 

HOTCHKI SS YELL 

44 HOTCHKISS YELL 

4 5  HINES LUMBER CO. 

46 C I T Y  OF HINES YELL 
UELL 

JACKSON COUNTY 
01 JACKSOY HOT SPRING 
, 

KLAMATH COUNTY 
ALFRED JACOBSEN 

B I L L  H I L L  

CLAUDE SHUCK 
7 

B o r o n  L i t h i u m  Rubidium C e r i u m  S t r o n t i u m  B r o m i d e  I o d i d e  N i t r a t e  Aluminur I r o n  Manganese M e r c u r y  
( B )  

16.6 

1.6 

0.89 

0.23 

12. 

14. 

15. 

15. 

15. 

14. 

15. 

14. 

14. 

15. 

0.06 

0 . 3 8  

0.53 

2 . 9  

0 .  os 

0 . 0 2  

0 .02  

( L i )  

0.65 

( 0 . 5  

0.68 

(1.5 

(1.5 

ND 

0.51 

0.50 

0.50 

0.5 

0.55 

0.45  

0 . 4 5  

(Rb)  

0.23 

0.10 

0.1 8 

0.23 

0.17 

0.18 

0.18 

0.17 

0.1 8 

(CS) 

0.1 

0.1 

0.1 

0.2 

0.1 

0.2 

0.1 

0.1 

0.1 

0.42 2. 0.2 

0.05 

0.30 

2.1 

1.2 

1.3 

ND 1.8 0.2 ND 

0.60 

1.2 

1.1 

1.5 

3 . 8  

0.2 

<O.O? 0.03 0.01)oc 

(0.01 0.03 

O.OO2m 0.09 (0.02 O.ObO3 

0.02 

ND ND 0.10 

0.0201 (0.02 0.04 0.0008 

(0.02 

0.01 

0.02 

0.05 

0.07 

0.12 0.050 

0.06 0.030 

0.0s 0.010 
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Map Name 
Code 

KLAUATW COUNTY 
CLYDE DEHILINGER 

F A L C O N  HEIGHTS 

G E O R G E  CARTER 
SCHOOL 

GEORGE S T A C Y  C O O  

JACK O'CONNER 

LEN DOBRY .. 

LE S T  ER BROOKSH IRE 

MELVIN UCCOLLUM 

HONTE DEHILINGER 

O'CONNER L I V E S T O C K  
co. 

O R E G O N  YATER 
CORP. ( 4 )  

POPE'S UEAT CO. 

R A Y  B lXLER 

ROBERT LANGLEY 

TOUN OF MERRILL 

UEYERHAUSER dELL 
NO. 4 

0 1  EAGLE POINT SPRING 

, 0 2  J. E. FRIESEN 

02 L O I S  VERRUYS 

0 2  HEDO-BELL D A I R Y  

02 H I L L S  S C H O O L  

3 ' 02 MOYINA UATER CO. 

I 

T a b l e  1: CHENICAL COHPOSITION OF THERqAL SPRING AND YELL W A T E R S  
CMap code r e f e r s  t o  Bowen8 P e t e r s o n .  a n d  R i c c i o .  1 9 7 8 ;  

C o n c e n t r a t i o n s  i n  m g l l ;  (ND) n o t  d e t e c t e d ;  (I) m o n o m e r i c  a l u a i n u m 3  

M i n o r  a n d  T r a c e  E l e m e n t s  t 

B o r o n  L i t h i u m  Rubidium C e s i u m  S t r o n t i u a  B r o m i d e  I o d i d e  N i t r a t e  Aluminum I r o n  Manganese M e r c u r y  
( 8 )  ( L i  1 (Rb) ( C s )  ;Sr 1 ( B r )  (1) (N03)  ( A 0  ( F e )  (Rn) (Wg) 

0.0s 

0.1 

0.15 

0.01 

0.006 

0.02 

0.02 

0.69 

0.02 

0.02 

0.01 

0.09 

0 .140  

0.91 

0 . 7 4  

0.96 

0.96 

NO 

NO 

0.2 

ND 

0.02 ND 

0.19 0.030 

0.02 0.020 

0.06 0.010 

0.02 0.02 

1.4 0.07 

0.02 NO 

0.06 0.1s 

0.33 (0.005 

0.02 NO 

0.15 1 . 4  

0.12 

0.01 (0.01 

0.03 (0.01 

ND. 

ND 

0.06 

0.03 0.03 

0.42  (0.05 
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Map Naae 
Code 

KLAMATH COUNTY 
02 0.1.1. NO. 5 

02 0. I .T .  NO. 6 

02 0.1.T. NO. 6 

02 OREGO3 UATEA 

02 O R E G O N  U A T E R  
CORP. (1 

CORP. ( 2 )  

CORP. ( 3 )  
0 2  O R E G O N  Y A T E R ' .  

0 3  HOUARD HOLLID~Y 

06 M A Z A R A  SCHOOL. 

06 ABE BOEHM 

06 ABE BOEHR 

-I 

06 D A N  O'CONNEA 

06 JACK L ISKEV 

06 JACK L ISKEV 

06 JACK L ISKEY 

06 0. H. OSBORN 

0 7  OLENE GAP HOT 

07  OLENE GAP HOT 

07  OLENE GAP HOT 

08 R O E N I C K E  H O T  SPRING 

SPRINGS 

SPRINGS 

S P R I N G S  

~ 1 6  MELVIN F E I G I  

2 2  R A Y  S M I T H  YELL 

2 3  KLARATH I C E  CO. 

2 4  J. K. O 'NEIL  

' 24  J. K. O 'NEIL  

T a b l e  1: CHERICAL COMPOSITION O F  THERMAL SPRING AND dELL Y A T E R S  
CUap code r e f e r s  t o  B o u c n r  P e t e r s o n .  a n d  R i c c i o .  1978;  

C o n c e n t r a t i o n s  i n  mg/l; (ND) n o t  d e t e c t e d ;  (a) m o n o m e r i c  r l u a i n u m l  

M i n o r  r n d  T r a c e  E l e m e n t s  

Boron L i t h i u m  Rubidium C e s i u m  S t r o n t i u m  B r o m i d e  X o d i d c  N i t r a t e  A l u m i n u m  I r o n  R a n g r n c s c  M e r c u r y  
(81 ( L i )  (Rb) (CS) (Sr)  ( B r )  ( 1 )  (n031 ( n t )  ( F e )  tun) (Hg) 

0.04 0.02 

1.4 0.16 

<0.01 0.03  0.03 tO.02 

1 .o 
0.12 

<0.05 

0.05 <0.01 

0.05 <0.01 

0.09 ND 

0.09 

0.1 2 . 4  

0.65 0.08 

0.09 

0.17 0.26 ND 

0.91 0.03 0.03 0.06 

1.0 0.15 0.02 <0.1 0.58 0.08 0.01 <0.02 (0.02 

1.9 

ND 2.9 0.02 

0 . 3  0.03 

ND 

0.02 0.02 0 . 0 3  <0.01 



T a b l e  1: CHEMICAL COMPOSITION O F  THERqAL S P R I N G  AND YELL W A T E R S  
[Map code r e f e r s  t o  Bouenr P e t e r s o n #  and R i c c i o  1978; 

C o n c e n t r a t i o n s  i n  r p / l i  (ND) n o t  d e t e c t e d ]  

Major Elements 

Map Name 
Code 

L o c a t i o n  D a t e  Sp Temp pH S i l i c a  Sodium Potas-  Cat-  Wag- 

(umhol ( K )  (Ca)  (Mg) 
Yr/Mo Cond ( C )  ( S i 0 2 )  (Na) r i u m  c i u r  nesium 

LAKE COUNTY 
05 ANA R I V E R  SPRING 42-59.8 120-45.3 

14 SUMMER LAKE HOT 4 2 - 4 3 . 5 3  120-38.75 
SPRING ( W O O D Y A R D )  33S1017E -12 NE 

14 SUMMER LAKE HOT 4 2-43.53 120-38.71 
SPRING (UOODUARD) 33S/Ol7E -12 NE 

23 HUNTERS H O T  SPRINGS 42-13.32 120-22.09 
(LAKEVIEW) 39SIOZOE -04 NU 

23 HUNTERS HOT SPRINGS 42-13.32 120-22.09 
(LAKEV I E Y )  39SIOZOE -04 NU 

2 3  HUNTERS HOT SPRINGS 42-13-52 120-22.09 
(LAKEVIEW) 39S/020E -04 NU 

24 LEITHEAD MOT 42-09.71 120-20.60 
S P R I N G S  (JOYLAND PLU 39S/020E -27 NE 

25 B A R R Y  RANCH HOST 42-09.35 120-20.67 
SPRINGS (GUS ALLEY) 39S/020E -27 SE 

2 5  B A R R Y  RANCH H O f  4 2-09.35 120-20.61 
SPRINGS (6US ALLEY) 39S/OZOE -27 SE 

2 8  ANTELOPE HOT . 4 2-29.97 119-41.48 
-1 SPRIN6S 35S/026E -32 NU 
03 32 F I S H E R  HOT SPRINGS 42-17.84 119-46.55 

38S/025E -10  NU 
3 3  CRUMP SPRINB 42-13.60 119-52.18 

38S1024E -34  SU 
33 CRUMP SPRING 4 2-1 3.60 11 9-52.78 

38S/OZbE -34  SU 
3 3  CRUMP YELL ( 1 )  4 2-1 3.59 1 1  9-52.87 

38S/OZCE - 3 4  3U 
3 3  CRUMP YELL ( 2 )  4 2-13.59 119-52.87 

38SIO24E - 3 4  SU 

3OSIO17E -06 

LANE COUNTY 
01 BELKNAP H O T  SPRINGS 44-11.65 122-02.90 

16S/006E -11 NE 

165/006E -11 NE 

16S/006E -28 NU 

01 BELKNAP HOT SPRINGS 44-11.65 122-02.90 

02 FOLEY SPRINGS 44-09.20 122-05.85 

03 C O U G A R  R E S E R V O I R  44-04.95 122-14.00 
H O T  SPRINGS ( R I D E R )  17S/OOSE -20  

03 C O U G A R  R E S E R V O I R  4 4-04.95 122-1 4.00 
H O T  S P R I N G S  ( R I D E R )  l7S/OOSE - 2 0  NU 

04 YALL C R E E K  U A R M  4 3 - 4 8 . 4 5  122-18.55 
S P R I N G S  2OS/OO4E -26  NU 

O S  HCCREDIE SPRINGS 43-42.35 122-1 7.20 
21S/004E -36 NU 

0 5  M C C R E D I E  S P R I N G S  43-62.35 122-17.20 
21S/004E -36  NU 

4 8 / 1 2  

4 6 / 1 0  

7 2 / 0 0  

5 6 / 1 0  

5 7 / 1 0  

7 2 / 0 0  

48/06 

4 8 / 0 5  

7 2 / 0 0  

48 /08  

7 2 / 0 0  

4 8 / 0 9  

7 2 / 0 0  

5 9 / 0 7  

6 0 / 0 9  

03/00 

7 2 / 0 0  

7 6 / 0 3  

7 3 / 0 0  

7 6 / 0 3  

7 6 / 0 3  

7 4 / 0 0  

7 6 / 0 3  

1 7 6 0  

1 7 9 0  

1 1 1 0  

1140 

1 1 2 0  

81 3 

1 3 2 0  

1 3 7 0  

876 

51 3 

93s 

1490 

1580 

1460 

18.9 

46.7 

43.0 

98.0 

86.0 

96.0 

69.4 

85.0 

88.0 

40.0 

68.0 

40.0 

78.0 

99.0 

88.0 

86.7 

4 3 0 0  71.0 

4800 80.6 

2890 4 4 . 0  

2660 42.0 

2 3 4 0  41.0 

6 7 3 0  73. 

6770 71.0 

8.  4 

8.5 

8.43 

8.3 

8.4 

7.77 

7.7 

7.3 

7.76 

8.3 

7.93 

8.7 

7.26 

8.7 

8.1 

37. 

96 

94 . 
146. 

140.  

140. 

66. 

140. 

130. 

169. 

77. 

125. 

180. 

163. 

39. 

399. 

390. 

209. 

208. 

210. 

152. 

268. 

280. 

191. 

92. 

175. 

280. 

298. 

281 . 

3.2 5.2 

6.8 1.4 

4.6 2.1 

9.5 12. 

10. 8.0 

8.5 13. 

2.2 15. 

8.8 8.5 

9.0 8.8 

13. 10. 

7.9 8.4 

8.7 18. 

11. 16. 

12. 10. 

10. 

80.9 364. 69. 

7.62 96. 690. 15. 

8. 60.4 475. 11.2 

7.76 S O .  392. 6.3 

8.2 47. 320. 6.8 

7.2 62.7 315. 10.8 

7.29 79. 1000. 22. 

7.4 65 .4  910. 28. 

4 5 5 .  

21 0. 

494. 

225. 

196. 

130. 

460. 

500.  

3.1 

0.4 

0.1 

. 2.4 

co.1 

0.4 

1.4 

0.1 

2.5 

1.0 

2. 

0.2 

0.5 

13. 

0.2 

0.8 

0.1 

0.2 

1. 

0.9 

0.9 

A l k a -  
l i n i t y  
tHCO3) 

1 OB 

374 

4 2 6  

74 

7b 

8 1  

84 

208 

2 36 

376 

107 

130 

155 

143 

19  

16 

21 

18  

21 

20 

S u l f a t e  Chlor -  
( 5 0 4 )  i d e  

( C l )  

6.7 13. 

111. 285. 

120. 280. 

265 116. 

258. 120. 

260 120. 

152. 99. 

223.  146. 

240 .  170. 

57 . 6 4 .  

59 . 56. 

116. 150. 

200. 240. 

209. 263. 

248. 

168. 1343. 

173. 1300. 

553. 1304. 

260. 78B. 

185. 693. 

lob. 602. 

240. 2200. 

22 32. 

F 1 udr- 
i de 
( F )  

0.2 

2 .2 

2.2 

4 05 

4 .4 

3.1 

6.9 

5 . 4  

3.60 

3.5 

1.9 

4.9 

5.2 

1.2 

0.81 

0.8 

0.87 

4.1 

2.7 

2.68 



Map Naae 
C o d e  

L A K E  COUNTY 
O S  A N A  R I V E R  S P R I N G  

14 

14 

2 3  

2 3  

23  

2 4  

2 5  

LO 2 5  
4 

2 8  

3 2  

SUMMER L A K E  HOT 
S P R I N G  (WOODYARD) 

SUMMER L A K E  HOT 
S P R I N G  (YOODYARD)  

H U N T E R S  H O T  S P R I N G S  
( L A K E V I E Y )  

H U N T E R S  H O T  S P R I N G S  
( L A K E V I E Y )  

H U N T E R S  HOT S'P-RINGS 
( L A K E V I E Y )  . 

L E I T H E A D  HOT 

B A R R V  R A N C H  HOT 

B A R R Y  R A N C H  HOT 

A N T E L O P E  HOT 

C I S H E R  HOT S P R I N G S  

S P R I  NGS ( J  0 1  LAND PLU 

S P R I N G S  ( 6 U S  A L L E N )  

S P R I N G S  (GUS A L L E N )  

S P R I N C S  

33 C R U H P  S P R I N L  

3 3  C R U H P  S P R I N G  

3 3  C R U H P  Y E L L  ( 1 )  

33 CRUMP Y E L L  ( 2 )  

LANE couttrr 
01 B E L K N A P  H O T  S P R I N G S  

01 B E L K N A P  H O T  S P R I N G S  

02 F O L E Y  S P R I N G S  

P 3  COUGAR R E S E R V O I R  
H O T  S P R I N G S  ( R I D E R )  

03 COUGAR R E S E R V O I R  
HOT S P R I N G S  ( R I D E R )  

04 U A L L  C R E E K  Y A R M  
S P R I N G S  

05 M C C R E D I E  S P R I N G S  

1 ' 05 H C C R E D I E  S P R I N G S  

T a b l e  1: C H E M I C A L  C O M P O S I T I O N  O F  T H E R V A L  S P R I N G  A N D  Y E L L  WATERS 
CMap code r e f e r s  t o  Bornen. P e t e r s o n .  and R i c c i o .  1978;  

C o n c e n t r a t i o n s  i n  a g I l ;  (ND) n o t  d e t e c t e d ;  ( a )  aonoaer i c  a l u a i n u a l  

M i n o r  and T r a c e  E l e m e n t s  

Boron L i t h i u a  R u b i d i u m  C e r i u a  S t r o n t i u a  Bromide I o d i d e  N i t r a t e  A l u a l n u a  I r o n  M a n g a n e s e  M e r c u r y  
(81  ( L 1 )  (Rb) ( C s )  (Sr 1 ( B r )  (I) ( N O S )  ( A L )  ( F e )  ( M n )  (Hg) 

0.5 

1 .o 
6.9 

7.2 

7.1 

6.9  

7.0 

9.9 

11.2 

1.5 

2.2 

7.3 

13.6 

18. 

13. 

0.15 (0.02 (0.1 

0.2 

0.15 0.04  (0.1 

0.15 0 . 0 4  <0.1 

0.04  0.02 <0.1 

0.4 0.07 0.1 

0.39 

0.33 

0.1 

0.1 

0.07 1. 

0.5 7.2 

0 .3  

0.32 0.4 0.08 

0.2 

0.3 

0.1 7 1. 0.1 

0.2 

0.05 0.4 0.03 

1 .s 
0.12 0.4 0.1 

0.31 0.9 0.1 1.0 

6 .4  0.9s 0.05 < o . l  1 . 4  

10.2 0.96 

5.1 0.52 0.03 (0.1 2.0 

6.2 0.64 

6.6 0.57 

18. 1 . 4  0.1 1 0.1 

17.8 1.98 

3 3 .  0.2 

0.15 

0.03 

<0.02 (0.02 

ND 0.01 ND 

0 . 0 3 4 .  ~ 0 . 0 2  <0.02 0.0004 

0.06 

0.02 

0.014. ~ 0 . 0 2  <0.02 0.031 7 

0.02 

<0.0001 0.0111 (0.02 (0.02 

0.02 

O.Ol7a (0.02 0.03 0.0004 

0.65 0.15 N 

T 

0.02 0.02 eo. 0001 

<0.01 c0.05 

<O.D2 ( 0 . 0 2  0.000s 

(0 .05  0.1 co.05 

t O . 0 5  <0.05 

0.010a 0.02 0.10 

0.1 0.05 



T a b l e  1: C H E M I C A L  C O M P O S I T I O N  O F  T H E R M A L  S P R I N G  AND d E L L  Y A T E R S  
(Map code r e f e r s  t o  Bouenr P e t e r s o n #  and R i c c i o  1978; 

C o n c e n t r a t i o n s  i n  mg/l ;  ( N O )  n o t  d e t e c t e d 3  

Map N a m e  
C o d e  

L A N E  C O U N T Y  
06 K I T S O N  S P R I N 6 S  

06 K I T S O N  S P R I N G S  

08 B I G E L O d  HOT S P R I N G S  

M A L H E U R  C O U N T Y  
0 3  N E A L  HOT S P R I N G S  

04 B E U L A H  HOT S P R I N G S  

05 V A L E  H O T  S P R I N G S  

05 V A L E  H O T  S P R I N G S  

06 U N N A M E D  HOT S P R I N G S  
NEAR L I T T L E  V A L L E Y  

S P R I W G S  
1 8  U N N A M E D  HOT S P R I N G  

A T  T H R E E  F O R K S  
1 8  U N N A M E D  HOT S P R I N G  

A T  T H R E E  FORKS 
19 U N N A M E D  H O T  S P R I N G  

N E A R  M C D E R I  I T T  
19 UNNAMED HOT S P R I N G  

N E A R  M C D E R I I T T  
23 L U C E  HOT S P R I N G S  

08 MITCHELL e u i i t  HOT 
N 
0 

24 J O N E S B O R O  Y A R M  

2 5  J U N T U R A  Y A R M  S P R I N G  

2 6  J U N T U R A  Y A R M  S P R I N G  

27 A R T E S I A N  U E L L  

S P R I N G  

a1 

a2 

28 A L K A L I  F L A T  

29 N O R T H  H A R P E R  L)LM 

30  UNNAMED Y A R M  S P R I N G  

G R A D 1  E N T  U E L L  

UELL 

N E A R  euLLr  C R E E K  

M A R I O N  COUNTY 
01 B R E I T E N B U S H  H O T  

S P R I N G S  

M a j o r  E l e m e n t s  

L o c a t  i o n  D a t e  Sp Temp pH S i l i c a  
Y r l M o  C o n d  ( C )  ( S i 0 2 1  

( u m h o )  

13-41.35 122-22.50 58/03 10500 44.4 7.4 47. 

43-41.35 122-22.50 7 8 / 0 5  10100 4 3 .  7.31 45. 

44-14.35 122-03.50 7 6 / 0 3  3800 61.0 7.8 68.9 

Z Z S I O O C E  -06 

Z Z S I O O C E  -06 N E  

15S/006E -26 MY 

44-01 - 4 5  11 7-27.60 
18S/043E -09 N U  

195/037E -02 S E  
43-58.96 117-13.98 

18SIO45E -20 S E  
43-58.96 11 7-16.98 

18SlO45E -20 S E  
43-53.4U 117-30.00 

19S/O43E -30 N U  
4 3-45.78 11 7-09.34 

Z l S / O C I E  -12 NE 
42-32.0 117-10.9 

3 S S / O C S E  -03 
4 2 - 3 2 . 0  11 7-10.9 

3 5 S / O 4 5 E  -03 
4 2-04.7 11 7-45.6 

4 0 S I O i Z E  -25 
42-04.7 117-45.6 

C O S I O C Z E  -25  
43-28.15 11 8-1 2.08 

24S1037E -20 
43-47.5 11 7-57.5 

2 O S I O 3 9 E  -29 S E  
43-45.5 118-04.0 

21S/038€ -09 SU 
43-45 . 5 11 8-05 . 5 

2 1 S l 0 3 8 E  -17 MY 
4 3- 4 1.8 11 7-0 5.7 

2 1 S / O 4 6 E  -33 S E  
44-06.60 11 7-1 3.60 

17S/045E -08 N E  
4 3-55.76 11 7-1 2.72 

19SlO45E -09 S E  
44-01.95 117-26.95 

18S/043E -04 S E  

4 3-56.65 11 8-08.15 

72 /00  

72/00 

7 4 / 0 0  

7 4 / 0 8  

7 3/ 00 

7 2/ 00 

35 /07  

7 3 / 0 0  

5 1 / 0 5  

7 2 / 0 0  

7 2 / 0 0  

7 7 / 0 3  

7 5 / 0 5  

7 6 /  06 

77106 

1010 

1090 

1530 

74 0 

559 

338 

604 

598 

1330 

670 

2400 

71 4 

11 5 

87.0 

60.0 

73.0 

90. 

70.0 

62.0 

35.0 

3 4 . 0  

53.5 

52.0 

63.0 

44.5 

25.0 

35.0 

46.0 

24.0 

36.0 

37.0 

7.32 

7.56 

7.47 

8.71 

8.69 

8.11 

9.2 

8.79 

7.43 

9.6 

9.4 

9.7 

9.5 

8 . 3  

8.0 

7.8 

180. 

170. 

130. 

115. 

94. 

4 4  . 
4 0 .  

90. 

72. 

110. 

70. 

55. 

79. 

43.7 

32.0 

39.7 

99. 

4 4 - 4 6 . 8 6  121-58.54 7 2 / 0 0  4 0 3 0  92.0 7.31 8 3 .  
09S/007€ -20 N E  

S o d i u m  P o t a r -  t a l -  M a g -  A t k a -  S u l f a t e  C h l o r -  F l u i r -  
(Na) r i u i  c i u m  n c s i u m  l i n i t y  ( 5 0 4 )  

( C )  

1450. 28. 

1500. 26. 

540. 16.6 

190. 16. 

200. 6.0 

310. 16. 

1600 3.2 

110. 1.6 

62 

61. 1.2 

135. 1.8 

130. 1.0 

240. 9.7 

72. 0.7 

24. 8.2 

78. 9.8 

124. 0.8 

482. 6.7 

134. 2.2 

1. 0.4 

720. 31. 

726. 5.7 

710. 1.6 

188. 1. 

8.8 0.2 

24. 0.2 

19. 3.8  

3.2 cO.05 

4.6 C0.1 

12. 1.6 

10.5 0.7 

1.2 

0.6 (0.1 

34. 0.5 

1.0 (0.1 

48. 210 

1.0 (0.1 

1.8 0.1 

16.4 0.5 

3.0 0.5 

36.6 14.7 

100. 1.3 

27 197. 

24 213. 

102. 

200 120. 

163 290. 

143 103. 

112. 

129 110, 

78 130. 

119 31. 

110 34. 

263 46. 

263 52. 

162 293. 

148 31. 

2 0 4  15. 

133 4 3 .  

94 144. 

140 135.2 

192 121. 

4 5  I 1.0 

144 143. 

3420. 2.8 

3450. 2.4 

1148. 1.37 

120. 9.4 

55. 4.7 

340. 6.1 

350. 

74 .  6.1 

280 10.4 

19. 4.9 . 
18. 4.2 

15. 7.0 

14. 6.6 

140. 4.8 

11. 0.1 

120. 1.0 

140. 1.3 

12.2 2.7 

598. 2.2 

4 . 3  1.51 

0.5 0.7 

1300. 3 . 4  



M a p  N a m e  
C o d e  

LAME COUMTY 
06 K I T S O N  S P R I N G S  

06 K I T S O N  S P R I N G S  

OB B I G E L O U  MOT S P R I N G S  

M A L H E U R  C O U N T Y  
03 N E A L  H O T  S P R I N G S  

0 4  B E U L A H  H O T  S F R I N G S  

O S  V A L E  H O T  S P R I N G S  

O S  V A L E  HOT S P R I N G S  

06 UNNAMED H O T  S P R I N G S  
N E A R  L I T T L E  V A L L E Y  

08 M I T C H E L L  B U T T E  HOT 
S P R I N G S  

18  UNNAMED H O T  S P R I N G  
A T  T H R E E  F O R K S  

18  UNNAMED H O T  S P R I N G  
A T  T M R E E  F O R K S  

19  UNNAMED H O T  S P R I N G  
N E A R  M C D E R I I T T  

19  UNNAMED H O T  S P R I N G  
N E A R  M C D E R I I T T  

2 3  L U C E  H O T  S P R I N G S  

2 4  J O N E S a O R O  Y A R M  
S P R I N G  

2 5  J U N T U R A  Y A R M  S P R I N G  

26 J U N T U R A  Y A R M  S P R I N G  

27  A R T E S I A N  U E L L  

Iu 
4 

a i  

a2 

. 28 A L K A L I  F L A T  
G R A D 1  E N 1  U E L L  

U E L L  

N E A R  B U L L Y  C R E E K  

29 N O R T H  H A R P E R  BLM 

30 UNNAMED U A R M  S P R I N G  

T a b l e  1: C H E M I C A L  C O M P O S I T I O N  O F  T H E R I A L  S P R I N G  A N D  d E L L  WATERS 
[Map c o d e  r e f e r s  t o  B o w e n ?  P e t e r s o n ?  and R i c c i o r  1978; 

C o n c e n t r a t i o n s  I n  11911; (ND) n o t  d e t e c t e d ;  ( m )  m o n o m e r i c  r l u m i n u m l  

M i n o r  and T r a c e  Etements  

Boron L i t h i u m  R u b i d i u a  C e s i u a  S t r o n t i u m  B romide  I o d i d e  N i t r a t e  A l u m i n u m  I r o n  M a n g a n e s e  M e r c u r y  
(e) ( L i )  (Rb) ( C S )  ( S r )  ( B r )  (I) ( N O 3 3  ( A 1  1 ( F e )  ( M n )  (Hg) 

25. 1.8 

22. 2.0 0.10 0.1 

6.5 1.1 

6.6 0.9 2.7 0 . 2 1  0.01 NO 

0 . 0 0 2 m  ~ 0 . 0 6  0.15 ~0 .0001  

<o.os 0.1 (0.005 

4.1 0 . 3  0.09 0.1 0.16 0.5 0.96 0.008. C o o 0 2  0.06 0.0391 

4.7 0.24 (0.02 eo.1 0.17 0.1 0 .33  0.0068 C o o 0 2  0.03 O.OOO1 

9.4 0.28 0.09 (0.1 0.017m (0.02 0.06 

4.7 

0.49 

0.11 

0.70 

1.1 

6.6 

eo. 1 

(1 00 

(1 00 

0.31 

14. 

0.26 

0.15 

0.0007 

0.0901 

0.02 (0.1 (0.05 c0.02 (0.02 0.11 

0.03 (0.02 (0.1 (0.05 0.2 0.01 0.015. (0.02 (0.02 

2.9 0.02 

0.04 (0.02 (0.1 0.06 tO.02  t0.02 

NO NO 

0.0001 

0.0001 

0.06 (0.02 (0.1 C O . 0 5  0.4 0.308 0.013m t O . 0 2  (0.02 

<0.02 0.04 0.27 0.04 (0.1 0.42 0.5 0 . 3 3  

eo. 1 

eo. 1 

(0. 1 

0.06 0.02 0.1 (0.1 (0.05 

0.4 

0.21 

0.04 

0.1 0.05 0.03  0.01 

0.16 <0.05 <0.05 (0.05 

0.06 0.28 0.4 0.05 

M A R I O N  C O U N T Y  
’ 01  B R E I T E N B U S H  H O T  

S P R I N G S  
4.1 1.8 0.18 0.1 0.73 5. 0.1 0.02 0.22 0.0302 



Map Name 
Code 

MARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS - YELL 

MULTNOMAH COUNTY 
01 C O R B E T T  WARM SPRING 

02 Y M C A  CAMP COLLINS 

UMATILLA COUNTY . 
01  BINGHAM SPRIY6S 

N UNION COUNTY 
01 COVE J A R M  SPRING 

01 YELL 

01  YELL 

01 YELL 

02 HOT LAKE 

05 UAGNER YELL 

07 MEDICAL HOT SPRINGS 

07 MEDICAL HOT SPRINGS 

Y A L L O Y A  COUNTY 
01 C O O K  C R E E K  UARM 

SPRING 

Y A S C O  COUNTY 
.. 01 K A H N E E T A H  HOT 

SPRINGS 
02 MILTON MARTIN UELL 

0 3  J. SAND02 UELL 

T a b l e  1: CHEMICAL COMPOSITION O f  THERMAL SPRING AND d E L L  WATERS 
[Map c o d e  r e f e r s  t o  Bowen# P e t e r s o n #  a n d  R i c c i o  1978; 

C o n c e n t r a t i o n s  i n  m g l l ;  (NO) not d e t e c t e d 3  

M a j o r  E l e m e n t s  

L o c a t i o n  b a t e  S p  Temp pH S i l i c a  S o d i u m  P o t a s -  Ca1- Mag- A l k a -  S u l f a t e  Chlor -  F l u o r -  

(unho)  (It) (Ca)  (Mg) ( H C 0 3 )  
Y r l f l o  Cond ( C )  ( S i O 2 )  (Na) r ium c i u m  nerium l i n i t y  ( 5 0 4 )  i d e  i d e  

( C l )  ( F )  

89 96. 1170. 4.0 44-46 .06  121-58.54 78 /02  110.0 8.5 182. 690. 3 4 .  90. 1.3 
09SlOO7E -20 NE 

77.4 2.4 

10. 9.6 5.2 0.2 124 1.2 92. 3.2 

45-32.5 122-17.5 570 18.0 8.2 44.2 85. 8.9 21.7 0.8 127 5.9 

45-30.2 122-18.3 5 6 / 0 9  517 23.3 8.6 60. 
OlN/OOCE -27 SE 

01S1034E -10 NU 

45-44.47 118-13.96 5 4 / 0 4  765 34.4 8.6 68. 133. 7.6 14. 3.5 82 3.2 192. 4.0 

45-09.06 118-39.55 7 2 / 0 0  252 61.0 9.18 4 4 .  53. 0.7 0.9 0.1 127 23. 5.4 2.1 
0 3 ~ 1 0 3 7 ~  -18 NE 

O S S / 0 3 3 E  -12 NE 

45-17.67 117-48.38 
0 3 S / 0 4 0 €  -22 NU 

4 5-19.89 118-05.43 
0351038E -05 SW 

45-10.89 118-05.43 
03S/038E -05 S w  

4 5-20.07 11 8-01 -83  
03S/038E -06 NE 

4 5-14.63 117-57.51 
04S1039E -05 S E  

45-27.43 117-59.84 
01S/038E -24 S E  

06S/041E -25 NE 
15-01.08 117-37.48 

06S/OClE -25 NE 

4 5-01 .oa 11 1-37-48 

5 7 / 0 6  150 29.4 

5 5 / 0 1  27. 

5 5 / 0 1  25. 

57 /05  146 27. 

7 2 / 0 0  688 80.0 

50/08 148 29. 

60.0 

7 3 / 0 0  1173 60.0 

9.8 29. 

7.9 84. 

7.9 72. 

71 

9.21 40. 

8.0 

97. 

8.23 80. 

30. 0.5 

27. 5. 

3 0 .  5. 

19. 5. 

130. 2.7 

28. 4.0 

191. 3.4 

190. 7.0 

1.6 

5. 

4.8 

10. 

4.9 

3.6 

62. 

72. 

70 

0 . 3  

1.3 63 

0.2 84 

CD.1 99 

0.8  72 

1.2 22 

0.2 28 

3 .8  

3 .3  

6.8 

4 . 5  

56. 

8.3  

432. 

400. 

5.0 0.3 , 

3.2 0.5 

2.1 0.5 

1. 0.5 

140. 1.7 

3.1 2.3 

77. 

77. 1.2 

20. 0.99 45-53.49 116-52.41 7 4 / 1 1  610 36.0 7.95 46.1 61. 2.5 36. 1.1 4 4  163.8 
0 5 N 1 0 4 8 E  -30 NU 

44-51.72 121-12.05 7 3 / 0 0  1370 52.0 8.32 104. 325. 3 .4  3.2 C O . 0 5  511 , 34. 15s. 21. 

45-31.70 121-12.95 5 8 / 0 7  279 22.2 8.5 8 4 .  41. 7.2 15. 2.9 167 2.4 6.0 0.9 

45-33.8 121-16.6 5 8 / 0 7  378 27.8 7.9 95. 62. 11. 16. 4.6 1.5 7.5 1.6 

08S/013E -20 NE 

OlN/O13E -32 NE 

01N/012E -38 



Name 
Code 

RARION COUNTY 
01 BREITENBUSH HOT 

SPRINGS - YELL 

RULTNORAH COUNTY 
01 CORBETT Y A R R  SPRING 

02 Y R C A  CAMP COLLINS 

URATILLA COUNTY 
0 1  BINCHAR SPRINGS 

03 LEHRAN SPRINGS' 

Iv UNION COUNTY 
0 01 C O V E  dARM SPRING 

0 1  YELL 

01 YELL 

01 YELL 

02 HOT L A K E  

OS UAGNER YELL 

07 MEDICAL HOT SPRINGS 

07 MEDICAL HOT SPRINGS 

YALLOYA COUNTY 
01 C O O K  C R E E K  YARN 

SPRING 

UASCO COUNTY 
91 K A H N E E T A H  HOT 

02 MILTON MARTIN UELL 

03 J .  SAND02 UELL 

SPRINGS 

T a b l e  1: CHEMICAL COMPOSITION O F  THERMAL SPRING A N D  MIELL W A T E R S  
CMap code  r e f e r s  t o  Bouen. P e t e r r o n e  a n d  R i c c I o e  1 9 7 8 ;  

C o n c e n t r a t i o n s  i n  m g l l i  (ND) n o t  d e t e c t e d ;  ( a )  m o n o m e r i c  a l u m i n u m 3  

M i n o r  a n d  T r a c e  E l e n e n t r  

B o r o n  L i t h i u m  Rubidium C e r i u m  S t r o n t i u m  B r o m i d e  I o d i d e  N i t r a t e  Aluminum I r o n  R a n g a n e r e  M e r c u r y  
( 8 )  

5 . 4 3  

1.2 

0.38 

10. 

0.12 

0.08 

0.03 0.01 0 .16  0.23 0.10 

0 . 5  0.05 

0.2 0.23 

(0.02 (0.02 0.0003 0.05 (0.02 (0.1 (0.05 0.006 0.001 

ND 

2.9 0.03 (0.02 (0.1 (0.05 0.4 0.08 

0.1 0.2 

2.2 0.05 0.02 (0.1 0.80 0.2 

(0.01 

c0.02 (0.02 0.0032 

C O . 0 2  (0.02 0. OOOZ 

ND 

0.13 0.16 0.15 (0.05 

(0.02 <0.02 0.0305 

1 .o 0.03  ND 

ND 0.06 ND 



N 
P 

Map N a m e  
Code 

B A K E R  COUNTY 
01 R A D I U M  HOT S P R I N G S  
01 R A D I U M  HOT S P R I N G S  

0 2  S A M - 0  S P R I N G  

05 K R O P P  HOT S P R I N G  

06 F I S H E R  HOT S P R I N G  

C L A C K A M A S  COUNTY 
01 A C I D - S U L F A T E  S P R I N G  ON 

01 M T .  HOOD FUMAROLES 
01 MT. HOOD F U M A R O L E S  
01 HT. HOOD F U M A R O L E S  
01 MT. HOOD F U M A R O L E S  
01 M T .  HOOD F U M A R O L E S  
0 1  MT. HOOD f U b A R O L E S  
01 M T .  HOOD F U M A R O L E S  
01 M T .  HOOD F U M A R O L E S  
01 MT. HOOD F U M A R O L E S  
0 2  S Y I M  d A R M  S P R I N G S  

03 A U S T I N  HOT S P R I N G S  

MT. HOOD 

( C A R E Y )  

0 4  BAGBY HOT S P R I N G S  

04 BAGBY HOT S P R I N G S  

05 G E O T H E R R A L  G R A D I E N T  
T E S T  NEAR A U S T I N  HOT 

D E S C H U T E S  C O U N T Y  
01 E A S T  L A K E  HOT S P R I N G S  
01 E A S T  L A K E  HOT S P R I N G S  

01 E A S T  L A K E  HOT S P R I N G S  

02 P A U L I N A  HOT S P R I N G S  

0 2  P A U L I N A  HOT S P R I N G S  

02 U A R M  U E L L  A T  L I T T L E  
CRATER CAMPGROUND 

D O U G L A S  COUNTY 
01 U Y P Q U A  HOT S P R I N G S  
01 UMPPUA HOT S P R I N G S  

T a b l e  2: R E F E R E N C E S  F O R  A N A L Y S E S  
[Map code r e f e r s  t o  Bouen. Peterson .  a n d  R i c c i o r  1 9 7 8 ;  

Map r e f e r e n c e  r e f e r s  to U. S. G e o o g i c r l  Survey  t o p o g r r o h i c  maps3 

Sample Rrp R e f e r e n c e  
D a t e  

A n a l y s i s  Reference  

5 5 / 0 5  H A I N E S  1 : 2 4 0 0 0  S C O T T  AND BARKER. 1 3 6 2  
7 2 / 0 0  H A I N E S  1 : 2 4 0 0 0 r  B A K E R  1 3 2 5 0 0 0 0  M A R I N E R  AND OTHERS. 1 9 7 4  

l A R I N E R  AND OTHERS. 1 9 7 5  
7 7 / 0 2  B A K E R  1 : 2 4 0 0 0 r  BAKER 1: 250000 OREGON D E P A R T M E N T  OF GEOLOGY AND 

N O R T H  POWDER 1 : 2 4 0 0 0 .  G R A N G E V I L L E  1 :250000 OREGON D E P A R T M E N T  OF G E O L O S Y  AND 

7 2 / 0 6  ROCK CREEK 1 : 2 4 0 0 0 r  C A N Y O N  C I T Y  1 : 2 5 0 0 0 0  OREGON D E P A R T M E N T  OF GEOLOGY AND 

R I N E R A L  I N D U S T R I E S I  U N P U B L I S H E D  D A T A  

M I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  

R I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  

7 6 / 0 6  

35 /00  
3 5 / 0 0  
35 /00  
5 1  /OD 
5 1 / 0 0  
5 1  /oo 
51/00 
5 1  100 
5 1 / 0 0  
76 /12  

7 2 / 0 0  

7 0 1  03 

7 7 / 0 9  

7 6 / 0 8  

RT. HOOD SOUTH 1:24000 

111. HOOD SOUTH 1:2COOO 
MT. HOOD SOUTH 1 : 2 4 0 0 0  
MT.  HOOD S O U T H  1 : 2 4 0 0 0  
M T .  HOOD SOUTH 1 : 2 4 0 0 0  

MT.  HOOD SOUTH 1 : 2 4 0 0 0  
MT.  HOOD SOUTH 1 : 2 4 0 0 0  
MT.  HOOD SOUTH 1 : 2 4 0 0 0  
UT. HOOD SOUTH 1 : 2 4 0 0 0  
UT. HOOD SOUTH 1 : 2 4 0 0 0 r  THE D A L L E S  1 : 2 5 0 0 0 0  

F I S H  CREEK MTN. 1 : 6 2 5 0 0 .  VANCOUVER 1 : 2 5 0 0 0 0  

M T o  HOOD SOUTH 1 :24OOO 

B A T T L E  A X  1 : 6 2 5 0 0 .  S A L E M  1 : 2 5 0 0 0 0  

B A T T L E  A X  1 : 6 2 5 0 0  

H I G H  ROCK 1 : 6 2 5 0 0 r  THE D A L L E S  1 : 2 5 0 0 0 0  

U.S. C E O L O C I C A L  S U R V E Y r  U N P U B L I S H E D  

P H I L L I P S .  1 9 3 6  
P H I L L I P S .  1 9 3 6  
P H I L L I P S .  1 9 3 6  
A Y E R S  AND C R E S U E L L .  1 9 5 1  
A Y E R S  AND C R E S Y E L L .  1 9 5 1  
A Y E R S  AND C R E S Y E L L .  1 9 5 1  
A Y E R S  AND C R E S Y E L L .  1 9 5 1  
A Y E R S  AND C R E S Y E L L r  1951 
A Y E R S  AND C R E S Y E L L .  1 9 5 1  
OREGON D E P A R T M E N T  OF E N V I R O N M E N T A L  

M A R I N E R  AND OTHERS. 1 9 7 4  
( I A R I N E R  AND O T H E R S 8  1 9 7 5  
N E H R I N G  A N D ’  OTHERS. 1979 
OREGON D E P A R T M E N T  OF GEOLOGY AND 

D A T A  

P U A L I T Y .  U N P U B L I S H E D  D A T A  

M I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  

D A T A  

M I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  

U.S. G E O L O 6 I C A L  SURVEY. U N ’ U B L I S H E D  

OREGON D E P A R T M E N T  OF GEOLOSY AND 

7 3 / 0 0  NEUBERRY C R A T E R  1 : 1 2 5 0 0 0 1  C R E S C E N T  1 : 2 5 0 0 0 0  q A R I N E R  AND OTHERS. 1975 
7 5 / 0 8  N E Y B E R R Y  CRATER 1 : 1 2 5 0 0 0 .  C R E S C E N T  1 : 2 5 0 0 0 0  J.S. G E O L O G I C A L  SURVEY. U N P U B L I S H E D  

7 7 / 0 7  N E Y B E R R Y  CRATER 1 : 1 2 5 0 3 0 .  C R E S C E N T  1 : 2 5 0 0 0 0  U.S. G E O L O G I C A L  SURVEY. U N P U B L I S H E D  

N E Y B E R R Y  C R A T E R  1 : 1 2 5 0 0 0 0  C R E S C E N T  1 : 2 5 0 0 0 0  U.S. G E O L O G I C A L  SURVEY. U N P U B L I S H E D  

7 7 1 0 7  N E Y B E R R Y  CRATER 1 : 1 2 5 0 0 0 1  C R E S C E Y T  1 : 2 5 0 0 0 3  U.S. G E O L O G I C A L  SURVEY. U N P U B L I S H E D  

7 5 / 0 8  NEUBERRY C R A T E R  1 : 1 2 5 0 0 0  J.S. G E O L O G I C A L  S U R V E Y ?  U N P U B L I S H E D  

D A T A  

D A T A  

D A T A  

D A T A  

D A T A  

7 7 / 0 9  TOKETEE F A L L S  1 : 6 2 5 0 0  
?a106 TOKETEE F A L L S  1 :62SOO 

M A R I N E R  AND O T H E R S r  1 9 7 8  
OREGON D E P A R T M E N T  OF G E O L O j Y  AND 

M I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  



T a b l e  2: REFERENCES F O R  ANALYSES 
[Map code r e f e r s .  t o  Bowen. P e t e r s o n .  a n d  R i c c i o r  1978;  

Map r e f e r e n c e  r e f e r s  t o  U. S. G e o o g i c a l  S u r v e y  t o p o g r a o h i c  maps3 

Map Name S a m p l e  Map R e f e r e n c e  
Code D a t e  

A n a l y s i s  R e f e r e n c e  

SRANT COUNTY 
01 RITTER HOT SPRINGS 7 3 / 0 0  RITTER 1 : 6 2 5 0 0 r  CANYON C I T Y  1 :250000 (IARINER AND OTHERS. 1 9 7 6  

MARINER AND OTHERS. 1 9 7 5  
0 4  BLUE MOUNTAIN HOT 7 2 / 0 0  PRAIRIE C I T Y  1:62500. CANYON C I T Y  1 : 2 5 0 0 0 0  (IARINER AND OTHERS. 1 9 7 6  

SPRINGS (IARINER AND OTHERS. 1 9 7 5  
OS JOAPUIN MILLER RESORT 7 8 / 0 7  CANYON MTN. 1 : 2 1 0 0 0 r  JOHN D A Y  1:62SOO OREGON OCPARTRENT O f  GEOLOGY AND 

0 7  UEBERG HOT SPRING 7 2 / 0 0  CANYON C I T Y  1 :250000 MARINER AND OTHERS. 1 9 7 6  
(IARINER AND OTHERS. 1 9 7 5  

MINERAL INDUSTRIES, UNPUBLISHED D A T A  

HARNEY COUNTY 
01 UNNAMED SPRING 
0 2  0. J. T H O M A S  

05 HARNEY VALLEY D E V  C3. 
O I L  TEST YELL 

08 ISLAND RANCH YELL 
09 CRANE HOT SPRINGS 
0 9  CRANE HOT SPRINGS 
09 CRANE HOT SPRINGS 

O C  MILLPOND SP.RING 

v1 I‘ 

PIPER AND OTHERS. 1 9 3 9  
LEONARD. .1973 
PIPER AND OTHERS. 1 9 3 9  
LEONARD, 1 9 7 0  

3 1  I O 9  
68109 
3 1  108 
6 8 / 0 9  

BUCHANAN 1 :ZCOOO 
HARNEY 1 :62SOO 

HARNEY 1 :62SOO 
BURNS 1 : 2 6 0 0 0  

LEONARD. 1 9 7 0  
PIPER AND OTHERS. 1 9 3 9  
LEONARD. 1 9 7 0  
MARINER AND OTHERS.  1 9 7 6  
l lARINER AND OTHERS. 1915 
GONTHIER AND OTHERS. 1 9 7 7  

PIPER AND OTHERS. 1 9 3 9  

69/08 
3 1  108 
681 03 
72/00 

LAUEN 1 : 6 2 S O O  
CRANE 1 :62S00r BURNS 
CRANE 1 :62500 
CRANE 1 : 6 2 S 0 0 r  BURNS 

1 : 2 5 0 0 0 0  

1 : 250000 

10 Y A R M  SPRING NEAR 

1 5  UNNAMED HOT SPRING NEAR 

1 5  UNNAMED HOT SPRING NEAR 

2 2  MICKEY SPRINGS 

22 M I C K E Y  SPRINGS 

V E N A T O R  

HARNEY L A K E  

HARNEY LAKE 

7 7 / 0 6  

3 1  /08 

72/00 

BURNS 1 :250000 

BURNS 1 : 250000 

CRANE 1 :62SOO. BURNS 1 : 250000 (IARINER AND OTHERS. 1 9 7 4  
MARINER AND OTHERS. 1 9 7 5  
OREGON DEPARTMENT OF GEOLOSY AND 

MARINER AND OTHERS. 1 9 7 4  
RARINER AND OTHERS.  1 9 7 5  
NEHRING AND OTHERS.  1 9 7 9  

MINERAL INDUSTRIES. UNPUBLISHED D A T A  

U.S. GEOLOGICAL SURVEY. UNOUBLISHED 
DATA 

D A T A  

D A T A  

MINERAL INDUSTRIES. UN’UBLISHED D A T A  

U . S .  GEOLOGICAL SURVEY. UNPUBLISHED 

3.S. GEOLOGICAL SURVEY. UNDUBLISHED 

OREGON DEPARTMENT OF GEOLOSY AND 

(I4RINER AND DTHERSr 1 9 7 6  
(IARINER AND O T H E R S 8  1 9 7 5  

U.S. GEOLOGICAL SURVEY. UN’UBLISHED 

U.S.  GEOLOGICAL SURVEY. UNDUBLISHED 

U.S. GEOLOGICAL SURVEYr UN’UBLISHED 

U.S.  GEOLOGICAL SURVEYr UNPUBLISHED 

NEHRING AND OTHERS. 197.9 

D A T A  

D A T A  

D A T A  

D A T A  

7 0 1 0 7  

7 2 / 0 0  

ADEL 1 : 250000 

ADEL 1 : 2 5 0 0 0 0  

2 2  M I C K E Y  SPRINGS 

2 2  M I C K E Y  SPRINGS 

2 2  M I C K E Y  SPRINGS 

7 6 / 0 9  

7 6 / 0 9  

7 6 / 0 9  

ADEL 1 : 2 5 0 0 0 0  

ADEL 1 : 2 5 0 0 0 0  

ADEL 1 : 2 5 0 0 0 0  

2 3  ALVORD HOT SPRINGS 

2 3  ALVORD HOT SPRINGS 

, 
2 3  ALVORD HOT SPRINGS 

5 5 / 1 1  

7 2 / 0 3  

ADEL 1 : 2 5 0 0 0 0  

ADEL 1 :250000 

7 6 / 0 9  ADEL 1 : 2 5 0 0 0 0  

2 3  ALVORD HOT SPRINGS 7 6 / 0 9  ADEL 1 :2SOOOO 

BORAX LAKE 1 :24000 

BORAX LAKE 1:2bODO 

24 HOT BORAX LAKE 

24 HOT UOAAX LAKE 

5 3 / 0 2  

6 1  /06 



Map Name S a m p l e  
Code Oa t  e 

T a b l e  2: REFERENCES F O R  ANALYSES 
[Map c o d e  r e f e r s  t o  Bouen. P e t e r s o n .  a n d  R i c c i o r  1978; 

f lap  r e f e r e n c e  r e f e r s  t o  U. S. G e o o g i c a l  Su rvey  t o p o g r a p h i c  maps3 

N m 

HARNEY COUNTY 
24 HOT B O R A X  LAKE 72/00  

27  UNNAMED HOT SPRING NEAR 7 0 / 0 8  

27  UNNAMED HOT SPRING NEAR 7 2 / 0 0  
TROUT CREEK 

T R O U T  CREEK 

39 GOODMAN SPRING 6 8 / 0 9  

43 UNNAMED HOT SPRING NEAR 5 3 / 0 9  

4 3  UNNAMED HOT SPRING NEAR 5 3 / 0 9  

4 3  UNNAMED HOT SPRING NEAR 57/05  

4 3  UNNAMED HOT SPRING NEAR 7 3 / 0 6  

(HOTCHKISS) 

HOT BORAX LAKE 

HOT BORAX LAKE 

H O T  BORAX LAKE 

HOT BORA'X. LAKE 

4 3  UNNAMED HOT'SPRING N E A R  
HOT BORAX LAKE 

HOT BORAX LAKE 

HOT BORAX LAKE 

H O T  BORAX LAKE 

HOT BORAX LAKE 

HOT BORAX LAKE 

4 3  UNNAMED HOT.SPRING NEAR 

4 3  UNNAMED HOT SPRING NEAR 

4 3  UNNAMED HOT SPRING NEAR 

43 UNNAMED HOT SPRING NEAR 

4 3  UNNAMED HOT SPRING NEAR 

64 HOTCHKISS UELL 
46 HOTCHKISS UELL 

46 C I T Y  O F  HINES YELL 

I 

4 5  HINES LUMBER CO. YELL 

1 6 / 0 9  

7 6 / 0 9  

76 /03  

1 6 / 0 3  

7 6 / 0 3  

7 6 / 0 9  

31 108 
6 8 / 0 9  
681 0 7  
6 8 / 0 7  

JACKSON COUNTV 
0 1  JACKSON HOT SPRING 52/04 

. KLAMATH COUNTY 
ALFRED JACOBSEN 
ANNIE SPRING 
B I L L  H I L L  
CLAUDE SHUCK 
CLYDE DEHILINGER 

G E O R G E  CARTER 
G E O R G E  STACY CO. 
JACK O'CONNER 
LEN DOBRY 

, FALCON H E I G H T S  SCHOOL 

76/05  

76 /06  
74/05 
74 /06  
74/05 
74 /06  
7 4 / 0 6  
74 /05  
74 /05  

Map R e f e r e n c e  A n a l y s i s  R e f e r e n c e  

BORAX LAKE 1:24000 

ADEL 1:250000 

ADEL 1 :250000 

BURNS 1 : 24000 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000r .ADEL 1:250003 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000 

BORAX LAKE 1:ZCOOO 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000 

BORAX LAKE 1:24000 

BURNS 1 r24000 
BURNS 1 : 24000 
BURNS 1:24000, BURNS 1:62500 
BURNS 1 : 24000. BURNS 1 : 62500 

MARINER AND O T H E R S I  1974 
(IARINER AND OTHERSI  1975 
NEHRING AND OTHERS. 1979 
OREGON DEPARTMENT OF GEOLOSY AND 

(IARINER AND OTHERS0 1974 
(IARINER AND OTHERS.  1975 
NEHRIN6 AND OTHERSI 1979 
LEONARD# 1970 

U.S. GEOL061CAL SURVEY. UNPUBLISHED 

MINERAL INDUSTRI ES.  UNPUBL I S H E  D DATA 

DATA 

D A T A  

DATA 

J o S o  GEOLOGICAL SURVEY. UNPUBLISHED 

U.S. GEOLOGICAL SURVEY. UN'UBLISHED 

(IARINER AND OTHERS. 1974 
MARINER AND O T H E R S ,  1975 
NEHRING AND OTHERS. 1 9 7 9  
UoSo GEOL06ICAL SURVEY. UN'UBLISHED 

DATA 

DATA 

DATA 

D A T A  

DATA 

DATA 
PIPER AND O T H E R S I  1939 
LEONARD. 1970 
LEONARD0 1970 
LEONARD. 1970 

UoS. GEOLOGICAL SURVEY0 UN'UBLISHED 

U . S .  GEOLOGICAL SURVEY. UNPUBLISHED 

U.S. GEOLOGICAL SURVEY. UN'UBLISHED 

J o s e  GEOLOGICAL SURVEY. UN'UBLISWED 

U.S. GEOLOGICAL SURVEVI UN'UBLISHED 

ASHLAND 1 : 6 2 5 0 0  ROBISON. 1972 

MERRILL 1 : 62500 

MERRILL 1 : 62500 
MERRILL 1:62500 
MERRILL 1:62500 

C R A T E R  LAKE NATIONAL PARK AND V I C I N I T Y  1:62590 

KLAMATH FALLS 1 :62500 
MERRILL 1:62500 
MERRILL 1 :62500 
MERRILL 1: 62500 
MERR I L L  1 : 62500 

SAMMEL. 1976 
SAMPIEL. 1976 
SAMMEL. 1976 
SAMMEL, 1976 
SAIIMELe 1976 
SAMMELI 1976 
SAMMEL. 1976 
SAIIMEL. 1976 
SAMMELI 1976 
SAMMELr 1976 



T a b l e  2: R E F E R E N C E S  F O R  ANALYSES 
[Map code r e f e r s  t o  BOnenr  P e t e r s o n .  a n d  R ~ c e ~ o r  1978; 

r e f e r e n c e  r e f e r s  t o  U. S. G e o o g i c a l  S u r v e y  t o p o g r a o h i c  maps1 

Map Ref  e r e n c e  Analysis R e f e r e n c e  vap Name 
Code 

KLAMATH C O U N T Y  
L E  S T E R  BROOK SH I R E  
MELVIN MCCOLLUM 
MONTE DEHILINGER 
O'CONNER LIVESTOCK (0. 
O R E G O N  W A T E R  CORP.(L) 
POPE'S MEAT CO. 
R A Y  BIXLER 
R O B E R T  LANGLEY 
S. AND C. KILGORE 
TOWN OF MERRILL 
U . S .  A I R  f O R C E ( 1 )  
U.S. A I R  FORCE(Z1 
UEYERHAUSER YELL NO. 4 

0 1  EAGLE POINT 'SPRING 
02 J. E. FRIESEN 

0 2  MEDO-BELL D A I R Y  
02 MEDO-BELL O A I R t  

02 M I L L S  SCHOOL 

0 2  M O Y I N A  W A T E R  CO.  
0 2  0.1.1. NO. 5 
02 0.1.1. NO. 6 
02 0.1.1. NO. 6 

02 O R E G O N  W A T E R  CORP.( l I  
02 O R E G O N  W A T E R  CORP.(ZI 
02 O R E G O N  U A T E R  CORP.(31 
03 H O W A R D  HOLLIDAY 
0 4  M A Z A F I A  SCHOOL 
06 A B €  BOEHH 
06 AB€ BOEHM 
06 D A N  O'CONNER 
06 JACK L ISKEY 

06 JACK L ISKEY 
06 JACK L ISKEY 
06 0. H. OSBORN 

07 OLENE GAP H O T  S P R I N G S  
, 0 7  OLENE GAP H O T  SPRINGS 

07  O L E N E  GAP H O T  S P R I N G S  

0 8  R O E N I C K E  HOT SPRING 
1 6  MELVIN F E I C I  
2 2  R A Y  S l I T H  UELL 
23 K L A M A T H  I C €  CO. 

02 LOIS M E R R U Y S '  

Iv 
v 

7 ' 24 J. K. O ' N E I L  , 

Sample 
D a t e  

7 4 / 0 5  
7 4 / 0 5  
7 4 / 0 6  
74 I 0 6  
70108  
74 /06 
7 4 / 0 5  
7 4 / 0 5  

55/02 
7 2 / 1 0  
7 2 / 1 0  
7 2 / 0 8  
72/08 
55/02 
5 4 / 1 2  
5 5 / 0 1  
7 5 / 0 7  

66/08 
6 7 / 0 0  
7 2 / 0 8  
7 5 / 0 3  

30/03 
7 1  / 0 9  
7 1 / 0 9  
7 4 / 0 5  

74 /OS 
7 5 / 0 8  
7 4 / 0 5  
7 4 / 0 5  

7 4 / 0 5  
7 5 / 0 8  
7 4 / 0 5  

6 7 / 0 0  
7 2 / 0 0  

75 / 0 7  

72110  
7 0 / 1 0  
70 /10  
3 6 / 0 4  
7 2 / 0 3  

MERRILL 1:62500 SAMMEL. 1 9 7 6  
MERRILL 1:62500 SAIMEL, 1 9 7 6  
MERRILL 1:bZSOO SAMMELI 1 9 7 6  
ME R R  I L L  1 : 62500 SAMMEL,  1 9 7 6  
MERRILL 1 :62500 SAMMELI 1 9 7 6  

SAMMELI 1 9 7 6  
SAMMEL. 1 9 7 6  

M E R R  I L L  1 : 62500 

MERRILL 1 :62500 SAWPIEL, 1 9 7 6  
GERBER R E S E R V O I R  1:62590 SAMMEL. 1 9 7 6  
NERRILL 1 :62500  NEUCOMB AND HART,' 1 9 5 8  
KLAMATH FALLS 1 :62500 SAMMEL.  1 9 7 6  
KLAMATH FALLS 1 :62500 SA'IMEL8 1 9 7 6  
ULAMATH FALLS 1 :62500 SAMMEL, 1 9 7 6  
MODOC POINT 1:62500 SAIIMELe 1 9 7 6  
KLAMATH FALLS 1 :62500 YEWCOMB AMD HART. 1958  
KLAMATH FALLS 1 :62500 NEYCOIB AND HART. 1 9 5 8  
KLAMATH FALLS 1 :62500 NEYCOMB AND HART. 1 9 5 8  
KLAMATH FALLS 1 :62500 SAMMELI 1 9 7 6  

KLAMATH FALLS 1 :62500 SAMMELI 1 9 7 6  

MERRILL 1 : 6 2 5 0 0  SAqMELe 1 9 7 6  
KLAMATH FALLS 1 :62500 PETERSON AND GROH. 1 9 6 7  
KLAMATH FALLS 1 :62500 SAMMELI 1 9 7 6  
KLAMATH FALLS 1 :62SOO ShI)MEL8 1 9 7 6  

KLAMATH fALLS 1 :62500 SAMMEL, 1 9 7 6  , 

KLAMATH FALLS 1 :62500 SAIMEL. 1 9 7 6  
KLAMATH FALLS 1 :62500 SAMMEL. 1 9 7 6  
KLAMATH FALLS 1 :62500 SAMMEL. 1 9 7 6  
MERRILL 1:62500 SARMEL. 1 9 7 6  
KLAMATH FALLS 1 :62500 SANMELI I 9 7 6  
KLAMATH FALLS 1 :62500 NEHRING AND OTHERS. 1 9 7 9  
MERRILL 1 :62500 SAIMELI 1 9 7 6  
MERRILL 1 : 62500 S A M M E L 8  1 9 7 6  

N E H R I N G  AND O T H E R S 8  1 9 7 9  
1 MERRILL 1 :62500  SA(IMELe 1 9 7 6  

MERRILL 1 :62500 Y E H R I N G  AND O T H E R S I  1 9 7 9  
MERRILL 1: 6 2 5 0 0  S A V M E L .  1 9 7 6  

N E H R I N G  AND OTHERS.  1 9 7 9  
MERRILL 1 :62500  P E T E R S O N  AND GROH. 1 9 6 7  
MERRILL 1 :62500r  KLAMATH FALLS 1 :250000 I A R I N E R  AND OTHERS,  1976  

( I A R I N E R  A N D  OTHERS,  1 9 7 5  
MERRILL 1: 62500  ' SAMMELI 1 9 7 6  

N E H R I N G  AND O T H E R S I  1 9 7 9  
MERRILL 1: 62500  SAMMEL, 1976  
MERRILL 1 :62500 L E O N A R D  AND HARRIS. 1 9 7 4  
BEATTY 1 :62SOO L E O N A R D  AND H A R R I S I  1 9 7 4  
K L A M A T H  FALLS 1 :62500 NEUCORB AND H A R T 8  1958  
MERRILL 1 : 6 2 5 0 0  

MERRILL 1 :62500  

NEHRING AND OTHERS. 1 9 7 9  

YEHRING AND OTHERS. 1 9 7 9  

NEHRING AND O T H E R S 8  1 9 7 9  

OREGON DEPARTMENT OF GEOLOSY AND 
MINERAL I N D U S T R I E S .  UNDUBLISHED D A T A  



Map Naae 
C o d e  

K L A M A T H  C O U N T Y  
2 4  J.  K.  O ' N E I L  

L A K E  C O U N T Y  
05 A N A  R I U E R  S P R I N G  
14 SUMMER L A K E  H O T  S P R I N G  

14 SUMMER L A K E  H O T  S P R I N G  
( Y O O D Y A R D )  

(WOOD Y A  RD) 

23 H U N T E R S  H O T  S P R I N G S  

23 H U N T E R S  HOT S P R I N G S  

23 H U N T E R S  HOT S P R I N G S  

( L A K E  V I E Y )  

(L  AK E V  I E Y )  

( L A K E V  I E Y )  
I 

(JOYLAN'D. P L U N G E 8  L E O  
24 L E I T H E A D  HOT S P R I N G S  

2 5  B A R R Y  R A N C Y  HOT S P R I N G S  

25 B A R R Y  R A N C M  HOT S P R I N G S  
( G U S  A L L E N )  

( G J S  A L L E N )  
ru 28 A N T E L O P E  HOT S P R I N G S  
co 32 F I S H E R  HOT S P R I N G S  

3 3  CRUMP S P R I N G  
33 CRUMP S P R I N G  

33 CRUMP d E L L  ( 1 )  

33 CRUMP Y E L L  ( 2 )  

L A N E  COUNTY 
01 B E L K N A P  HOT S P R I N G S  

01 B E L K N A P  H O T  S P R I N G S  

02 F O L E V  S P R I N G S  

03 COUGAR R E S E R V O I R  HOT 

0 3  COUGAR R E S E R V O I R  HOT 

04 U A L L  C R E E K  Y A R M  S P R I N G S  

05 M C C R E D I E  S P R I N G S  
0 5  M C C R E D I E  S P R I N G S  

S P R I N G S  ( R I D E R )  

\ S P R I N G S  ( R I D E R )  

T a b l e  2 :  R E F E R E N C E S  F O R  A N A L Y S E S  
[Map code r e f e r s  t o  B o w e n 8  P e t e r s o n 8  and R i c c i o r  1978; 

Nap r e f e r e n c e  r e f e r s  t o  U. S. G e o o g i c r l  S u r v e y  t o p o g r r i h i c  mrpr l  

Sample Map R e f e r e n c e  
Date  

A n a l y s i s  R e f e r e n c e  

74/05 M E R R I L L  1:62500 SAMMEL. 1976 

48/12 K L A M A T H  F A L L S  1:250000 
48/10 S L I D E  RTN. 1:24000 

TRAUGERI 1950 
TRAUGER. 1950 

72/00 S L I D E  MTN. ~:ZCOOOI K L A M A T H  FALLS 1:250000 ( I A R I N E R  AND OTHERS. 1974 
( I A R I N E R  AND O T H E R S 8  1975 
N E H R I N G  AND O T H E R S 8  1979 

16/10 L A K E V I E U  N E  l:ZCOOO8 K L A M A T H  FALLS 1:250000 U.S. G E O L O S I C A L  S U R V E Y r  U N P U B L I S H E D  

51/10 L A K E V I E Y  N E  ~ : ~ C O O O I  KLAMATH f A L L S  1:250000 J.S. G E O L O G I C A L  S U R Y E Y r  U N P U B L I S H E D  

72/00 L A K E V I E Y  N E  l:Z4OOOr K L A M A T M  FALLS 1:250000 ( I A R I N E R  AND OTHERS. 1974 
M A R I N E R  AND OTHERS. 1975 
Y E H R I N G  AND OTHERS. 1979 

D A T A  

D A T A  

48/06 L A K E V I E Y  N E  1:ZCOOO TRAUGER. 1950 

48/05 L A K E V I E Y  N E  1:ZCOOO TRAUGERI 1950 
L 

72/00 L A K E V I E Y  N E  1:24000 

48/08 WARNER P E A K  1:24000 

48/09 A D E L  1:24000 
72 / 00 A D E L  1:24000 

72/00 CRUf lP  L A K E  1:24000. A D E L  1:253000 

59/07 A D E L  1:24000 

60/09 A D E L  1:24000 

03/00 

72/00 

76/ 03 

73/00 

76 /03  

76/03 

7 4 / 0 0  
76/03 

M C K E N Z I E  B R I D G E  1 :62500 

M C K E N Z I E  B R I D G E  1:625008 S A L E I  1:250000 

M C K E N Z I E  B R I D G E  1:625038 S A L E r  1:250000 

S A R D I N E  B U T T E  1:625008 R O S E B E R G  1:250000 

O A K R I D G E  1:62500r R O S E 3 E R G  1:250300 
O A K R I D G E  1:625008 R O S E B E R G  1:250000 

( I A R I N E R  AND O f H E R S 8  1974 
( I A R I N E R  AND OTHERS.  1975 
TRAUGER. 1950 
( I A R I N E R  AND OTHERS. 1974 
( I A R I N E R  AND OTHERS. 1975 
TRAUGERI 1950 
( I A R I N E R  AND OTHERS. 1974 
M A R I N E R  A N D  OTHERS, 1975 
N E W R I N G  AND O T H E R S 8  1979 
J o S o  G E O L O G I C A L  S U R V E Y 8  U N P U B L I S H E D  

D A T A  

D A T A  
J.S. G E O L 0 6 I C A L  S U R u E Y 8  U N P U B L I S H E D  

U.S. G E O L O G I C A L  S U R V E Y 8  U N P U B L I S H E D  
D A T A  

Y h R I N E R  AND O T H E R S 8  1974 
I A R I N E R  AND O T H E R S 8  1975 
N E H R I N G  AND O T H E R S 8  1979 
OREGON D E P A R T M E N T  OF G E O L O S Y  AND 

Y A R I N E R  AND OTHERS. 1974 
Y A R I N E R  AND OTHERS. 1975 
OREGON D E P A R T M E N T  OF G,EOLOSY AND 

OREGON D E P A R T M E N T  O F  G E O L O I Y  AND 

Y A R I N E R  AND O T H E R S .  1975 
OREGON D E P A R T M E N T  OF G E O L O I Y  AND 

M I N E R A L  I N D U S T R I E S .  U N P U B L I S H E D  D A T A  

M I N E R A L  I N b U S T R I E S 8  U N P U B L I S H E D  D A T A  

M I N E R A L  SNOUSTRSESI  U N P U B L I S H E D  D A T A  

M I N E R A L  I N D U S T R I E S I  U N ' U B L I S H E D  D A T A  



LANE COUNTV 
06 K ITSON SPRINGS 
06 KITSON SPRINGS 

08 BIGELOd HOT SPRINGS 

MALHEUR COUNTY 
03 NEAL HOT SPRINGS 

0 4  BEULAH HOT SPRINGS 

05 VALE H O T  SPRINGS 

0 5  V A L E  H O T  SPRINGS 
06 UNNAMED HOT SPRINGS 

NEAR L I T T L E  VALLEV 

Iv 08 MITCHELL BUTTE HOT 
co SPRINGS 

18 UNNAMED HOT SPRING A T  
THREE FORKS 

18 UNNAMED HOT SPRING A T  
THREE F O R R S  

19 UNNAMED HOT SPRING NEAR 
MCDERMITT 

19 UNNAMED HOT SPRING NEAR 
MCDERMITT 

23 LUCE H O T  SPRINGS 

24 JONESBORO UARM SPRING 

25 JUNTURA UARM SPRING I1 

26 JUNTURA U A R M  SPRING I2 

27 ARTESIAN UELL 

28 A L K A L I  F L A T  GRADIENT 

29 NORTH HARPER BLM UELL 

30 UNNAMED UARM SPRING 

UELL 

, 

NEAR BULLY CREEK 

MARION COUNTV 
01 B R E I T E N E U S H  HOT SPRING5 

01 BREITENEUSH H O T  SPRINGS - WELL 

P 

Sample 
D a t e  

58103 
78/05 

76/03 

72/00 

72/00 

74100  

74108  
73/00 

72/00 

35/07 

73/00 

57/05 

72/00 

72/00 

7 7 / 0 3  

7 5 / 0 5  

76 /06  

7 7 / 0 6  

72/00 

7 8 / 0 2  

T a b l e  2 :  REFERENCES FOR ANtLVSES 
CMep c o d e  r e f e r s  t o  Bouen. P e t e r s o n .  a n d  R i c e l o .  1978; 

r e f e r e n c e  r e f e r s  t o  U. S. G e o o g l c r l  Su rvey  t o p o g r a a h i c  maps3 

M8p Reference  

OAKRIDGE 1 :62500 
OAKRIDGE 1:62500 

MCKENZIE BRIDGE 1:62503r SALEM 1:250000 

JAMIESON 1 :62500. BAKER 1 :250000 

BEULAH 1 :62500. BURNS 1 :250000 

VALE E A S T  1:24000r BOISE 1:250000 

V A L E  E A S T  1:24000 
HARPER 1:62500. B O I S E  1:250000 

MITCHELL BUTTE l:26OOO. B O I S E  1:250000 

JORDAN VALLEY 1 :250000 

JORDAN VALLEV 1 :250000 

JORDAN VALLEY 1 :250000 

JORDAN VALLEV 1 :250000 

MCEYEN BUTTE 1 : 24000 

I 

YESTFALL BUTTE 1:62500. B O I S E  1:250000 

BEULAH 1 :625001 BURNS 1 :250000 

BEULAH 1:62500. BURNS 1:250000 

ADRIAN 1 : 2 4 0 0 0 r  6 O I S E  1 :250000 

MOORES HOLLOU 1 : 6 2 5 0 0 #  BOISE 1:250000 

JAMIESON 1:62500# BAKER 1:250030 

JAMIESON 1:62500, BOISE 1:250000 

BREITENBUSH HOT SPRINGS 1 :62500 

BREITENBUSH H O T  SPRINGS 1:62500 

A n r l y s l s  R e f e r e n c e  

MADISON. 1966 
3.S. GEOLOGICAL S U R V E V r  UNPUBLISHED 

OREGON DEPARTMENT O f  GEOLOGV l N D  
DATA 

MINERAL INDUSTRI  E S I  UNPUBL 1 SHED DATA 

(IARINER AND OTHERS. 1974 
(IARINER AND O T H E R S #  1975 
YEHRING AND O T H E R S I  1979 
!4ARINER AND OTHERS. 1974 
MARINER AND OTHERS. 1975 
I A R I N E R  AND OTHERS. 1975 
YEHRING AND OTHERS. 1979 
NEHRING AND OTHERS. 1979 
MARINER AND OTHERS, 1974 
MARINER AND O T H E R S 8  1975 
YEHRING AND OTHERS. 1979 
MARINER AND OTHERS. 1971 
MARZNER AND O T H E R S 8  1975 
U.S. GEOLOGICAL SURVEV. UNDUBLISHED 

(IARINER AND OTHERSI 1974 
rlARINER AND OTHERSI 1975 

DATA 

U.S. GEOLOGICAL SURVEV. UNPUBLISHED 
DATA 

(IARINER AND O T H E R S I  1974 
(IARINER AND OTHERS. 1975 
(IARINER AND O T H E R S I  1974 
(IARINER AND OTHERSI  1975 
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Map Name 
Code 

MULTNOMAH COUNTY 
01 CORBETT WARM SPRING 

0 2  Y M C A  CAMP COLLINS 

UMATXLLA COUNTY 
01 BINGHAM SPRINGS 
03 LEHHAN SPRINGS 

UNXON COUNTY 
01 C O V E  W A R M  SPRING 
01 WELL 
01 WELL 
01 YELL 
0 2  H O T  LAYE 

05 WAGNER YELL 
07 M E D I C A L  HOT .SPRINGS 
0 7  M E D I C A L  MOT SPRINGS 

w YALLOWA COUNTY 
0 01 COOK CREEK W A R M  SPRING 

Y A S C O  COUNTY 
01 KAHNEETAH HOT SPRINGS 

0 2  MILTON MARTIN YELL 
03 J .  SAND02 WELL 
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geothermometry. The on ly  other waters which "stand ou t "  as chemical ly 
d i f f e r e n t  are from the base o f  Mt. Hood and Newberry Caldera. These 
waters have unusually l a rge  concentrations o f  magnesium f o r  thermal. 
f l u i d s ,  probably due t o  water-rock reac t i on  a t  low tempertures. The 
r e s t  o f  the samples are from southeastern and southcentral Oregon 
where volcanic f lows are interbedded w i t h  tuffaceous sediments. The 
waters from these springs contain more near ly  equal proport ions o f  
su l fa te ,  ch lor ide,  and bicarbonate. 

Table 3 contains gas and i s o t o p i c  data f o r  the r e l a t i v e l y  small 
number of springs for  which data ex i s t .  The data from M t .  Hood and 
East Lake are misleading. The M t .  Hood analyses are from fumaroles 
which discharged p r i n c i p a l l y  water vapor. A i r  contamination appears 
t o  be a problem i n  a l l  of these samples. However, i t  i s  probable t h a t  
carbon d iox ide i s  the p r i n c i p a l  gas r i s i n g  from depth. The water 
vapor i s  probably from the vapor izat ion of l i q u i d  water i n  f ractures 
and pore spaces. The East Lake-Paulina Lake gas samples are a lso 
contaminated by a i r  and a l te red  by gas-water react ion.  The thermal 
' 'springs" a t  East and Paulina lakes issue i n  o r  a t  the shore l ine o f  
the respect ive lakes. The proport ions o f  the various gases i n  these 
samples appear t o  be con t ro l l ed  by the discharge rates.  Vents w i t h  
the l a r g e s t  gas discharges have the highest proport ions o f  carbon 
dioxide. The slower the discharge rate,  the cooler the water i n  con- 
t a c t  w i t h  the gas, and the more C02 w i l l  dissolve. The methane and 
carbon d iox ide do no t  appear t o  have a c o m n  o r i g i n  s ince the carbon 
d iox ide appears t o  be o f  deep o r i g i n  (6C13 = -6 permi l )  w h i l e  the 
methane appears t o  be o f  b i o l o g i c  o r i g i n  (SC13 about -50 permil ) . 
It i s  probable t h a t  the methane o r ig ina tes  from the anaerobic decay 
of p l a n t  mater ia l  trapped i n  the lava and ash flows. F i n a l l y ,  some 
a i r  contamination may be unavoidable i n  these samples s ince n i t rogen 
and oxygen may be exsolving from the co ld  lake water as the h o t  C02- 
charged gas from depth contacts it. 

I n  terms o f  the deuterium and oxygen(l8) i s o t o p i c  compositions 
( t a b l e  3) o f  the thermal waters, f o u r  samples appear t o  have under- 
gone considerable evaporation: 
samples from the Abe Boehm and Jack Liskey we l l s  near Klamath F a l l s .  
These samples are a l l  g r e a t l y  enriched (> lo  permi l )  r e l a t i v e  t o  
nearby f resh  and thermal waters, and have appreciable oxygen s h i f t s  
r e l a t i v e  t o  meteoric water. 

East Lake, Hot Borax Lake, and 

The 01* compositions o f  d issolved su l fa te range from +15 t o  
-10 permil.  Marine su l fa tes  a re  t y p i c a l l y  about +15 permil,  wh i l e  
high-temperature hydrothermal systems are usua l l y  about -10 permi l .  
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T a b l e  3 :  G A S  A N D  I S O T O P I C  C O R P O S I T I O N  OF T H E q R A L  S P R I N G  AND d E L L  D I S C H A R G E S  
[Map code r e f e r s  t o  Bouenr P e t e r s a n r  and R i c c i o r  1978; 
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1.43 
17.4 
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93.45. 

99.38 

B A K E R  COUNTY 
01 R A D I U N  H O T  S P R I N G S  72/00 58. -138.3 -1 7.85 

C L A C K A M A S  C O U N T Y  
01 RT. HOOD F U R A R O L E S  
01 MT. HOOD F U M A R O L E S  
01 M T .  HOOD F U M A R O L E S  
01 RT. HOOD F U M A R O L E S  
01 RT. HOOD F U M A R O L E S  
01 MT. HOOD F U M A R O L E S  
01 MT. HOOD F U M A R O L E S  
01 MT. HOOD F U M A R O L E S  
01 MT.  HOOD F U M A R O L E S  
02 SUIM W A R M  S P R I N G S  
0 3  A U S T I N  H O T  S P R I N G S  ( C A R E Y )  

35/00 09.4 0.0011 
35/00 71.1 
35/00 09.4 
51 100 0.0005 
51/00 89.4 0.0010 
51 100 0.0014 
51100 91.1 0.0011 
51100 86.1 
51/00 89.4 0.0006 
76/12 26.0 
72100 86.0 

0.116 0.011 

0.057 0.001 
0.035 0.004 
0.041 0.001 
0.046 0.003 

0.006 
9.8 2.48 
0.032 0.003 

78.5 19.5 

-1 4.01 
-96.5 -1 2.22 

1.52 
-2.61 

D E S C H U T E S  C O U N T Y  . 
01 E A S T  L A K E  HOT ~ P R I N G S  
01 E A S T  L A K E  HOT SPRINGS 
01 E A S T  L A K E  H O T  S P R I N G S  
02 P A U L I N A  M O T  S P R I N G S  

w 02 P A U L I N A  H O T  S P R I N G S  
N 

- 01 URPQUA H O T  S P R I N G S  
D O U G L A S  C O U N T l  

73/00 62.0 9. 
l S l 0 8  49. 2.9 
77/07 1.95 

5.41 
77/07 0.09 0.55 

30.  6 .  -76.2 -9.h2 
5.1 0.9 

2-12. 

4 . 7 4  0.03  

0.49 0 .04  

G R A N T  COUNTY 
01 R I T T E R  H O T  S P R I N G S  
Ob B L U E  r l O U N f A I N  H O T  S P R I N G S  
07 Y E B E R G  H O T  S P R I N G  

73/00 41.0 
72100 58.0 
72/00 46.0 

-1 19. 
-126.6 

95. 1. 1. -122.1 

-14.83 
-16.13 
-1 5.14 2.  

1. 
1. 

H A R N E Y  COUNTY 
09 C R A N E  H O T  S P R I N G S  
1 5  UNNARED H O T  S P R I N G  N E A R  H A R N E Y  L A K E  
22 M I C K E Y  S P R I N G S  
23 A L V O R D  H O T  S P R I N G S  
24 H O T  B O R A X  L A K E  
27 UNNAMED H O T  S P R I N G  N E A R  T R O U T  C R E E K  

72/00 78.0 
72/00 68.0 
72/00 73.0 
72/00 76.0 
72/00 36.0 
72/00 52.0 

-133.5 
9. 91. 1. -128.5 

23. 60. 18. -124.3 
-123.6 
-1 15.8 
-127.4 
-125.4 

-1 6.1 7 
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-1 3.23 
-1 1.51 
-1 6.1 7 
-14.36 

-7.91 
-6.05 
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-8.58 4 3  UNNAMED H O T  S P R I N G  N E A R  H O T  B O R A X  L A K E  73/01 96.0 

K L A R A T H  COUNTY 
A N N I E  S P R I N G  
F A L C O N  H E I G H T S  SCHOOL 
M E L V I N  M C C O L L U M  

. S .  AND C. K I L G O R E  
U E Y E R H A U S E R  U E L L  NO. 4 

01 E A G L E  P O I N T  S P R I N G  
02 M E D O - B E L L  D A I R Y  
02 M l L L S  S C H O O L  
02 0.1.1. NO. 6 

25.0 
74/05 37.0 
74/05 25.0 

20.0 
72/08 22. 
72/08 35. 
75/07 81. 

75/03 79. 
89.0 

-1 4.40  
-1 5 - 6 9  
-14.71 
-16.93 
-1 4.60 
-1 5.22 
-1 4.95 
-14.93 
-1 4.99 

-120.5 
-113.2 

-109.1 
-109.7 
-119.4 
-121.8 
-118.7 

-5.45 
-4.94 
-5.45 
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Code 

N a m e  
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K L A M A T H  C O U N T Y  
06 A B E  BOEHM 
06 A B E  BOEHM 
06 J A C K  L I S K E Y  
06 J A C K  L I S K E Y  
06 J A C K  L I S K E Y  

07 O L E N E  G A P  HOT S P R I N G S  
07 O L E N E  G A P  HOT S P R I N G S  
16 M E L V I N  F E I G I  

06 0.  H. oseouu 

L A K E  COUNTY 
14 SUMMER L A K E  .HOT S P R I N G  (YOODYARD)  
2 3  H U N T E R S  HOT S P R I N G S  ( L A K E V I L U )  
25 B A R R Y  R A N C H  H O T  S P R I N G S  ( G U S  A L L E N )  
32 F I S H E R  H O T  S P R I N G S  
33 CRUMP S P R I N G ,  

L A N E  COUNTY 
01 B E L K N A P  H O T  S P R I N G S  
03 COUGAR R E S E R V O I R  HOT S P R I N G S  ( R I D E R 1  
05 M C C R E D I E  S P R I N G S  

WALHEUR coururr 
03 N E A L  H O T  S P R I N G S  
04 B E U L A H  H O T  S P R I N G S  
05 V A L E  H O T  S P R I N G S  
05 V A L E  H O T  S P R I N G S  

74105 25.0 
75108 25. 
74105 93.0 
74105 22.0 
75/08 25. 
74105 90.0 
72/00 74.0 
75107 87. 
70110 31.0 

72/00 43.0 
72/00 96.0 
72100 88.0 
72100 68.0 
72100 78.0 

72100 71.0 
73100 44.0 
71100 73. 

72100 87.0 
72100 60.0 
74100 73.0 
74/08 90. 

06 UNNAMED H O T  S P R I N G S  N E A R  L I T T L E  V A L L E Y  73/00 70.0 
08 M I T C H E L L  B U T T E  HOT S P R I N G S  72/00 62.0 
18 UNNAMED HOT S P R I N G  A T  T H R E E  F O R K S  73/00 34.0 
19 UNNAMED H O T  S P R I N G  NEAR M C D E R l l I T T  72/00 52.0 
23 L U C E  HOT S P R I N G S  7 2 l O O  63.0 

M A R I O N  COUNTY 
01 B R E I T E N B U S H  HOT S P R I N G S  72100 92.0 
01 B R E I T E N B U S H  HOT S P R I N G S  - U E L L  7 8 / 0 2  110.0 

U M A T I L L A  COUNTY 
03 L E H M A N  S P R I N G S  

U N I O N  COUNTY 
02 HOT L A K E  
0 7  M E D I C A L  HOT S P R I N G S  

U A S C O  COUNTY 
01 K A H N E E T A H  HOT S P R I N G S  

72100 61.0 

72/00 80.0 
73/00 60.0 

73/00 52.0 

-73.2 

-116.6 
-87.2 

-117.0 
-113.3 
-115.3 

-115.0 
-1 19.0 

42. 2. 54. 2 +  -1 19.4 
-117.0 

6 .  1 4 .  75. 5 +  -115.5 

-95.8 
-92.5 

(1. (1. 98. 1+ -94.0 
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-1 35.0 

-1 39.7 
-1 37.3 
-1 27.4 
-134.6 
-134.0 

-97.5 

(0.1 (0.1 94. 4 +  -1 21.3 

9. (1. 90. 2. -1 27.7 
-1 30.2 

-1 18.9 

( 0 1 0 0 )  

-7.38 
-6.78 

-14.35 
-8.33 
-8.57 

-1 4.95 
-1 3.30 
-1 3.73 
-1 6.80 

-13.32 
-1 4.32 
-t  3.72 

-1 3.28 

-1 1 . I 4  
-t 1.37 

-16.52 
-1 3.22 
-15.18 
-1 5.30 
-16.52 
-16.58 
-1 6.09 
-1 6.35 
-1 5.11 

-1 1.66 
-1 2.59 

-1 6.52 

-1 6.56 
-1 6.99 

-1 4.75 

( 0 1 0 0 )  

15.42 
-2.1 3 

8.69 
-1.85 

-b.82 

-4.00 
-3.69 

-4.71 

0.35 

-0.37 

-6.56 
-3.91 
-8.63 

-2.67 
-3.28 

4 .63  



GEOTHERMOMETRY 

The chemical composition o f  the thermal waters can be used, . 

under c e r t a i n  condit ions, t o  provide estimates o f  the l a s t  tempera- 
t u r e  o f  equ i l i b r i um o f  the water and the country rock. The var iables 
which a re  most o f t e n  used inc lude s i l i c a  concentration, and r e l a t i v e  
proport ions among sodium, potassium, calcium, and magnesium. 
f i c i e n t  i s o t o p i c  data on s u l f a t e  and water a re  ava i l ab le  on some o f  
the samples t o  ca l cu la te  temperatures o f  equ i l i b r i um from the 
sul fate-water isotope geothermometer. The s i l i c a ,  Na-K-Ca, and 
sul fate-water geothermometers, which are used t o  estimate most o f  
the temperatures, a re  v a l i d  on ly  f o r  hot-water systems and on ly  when 
c e r t a i n  assumptions are met. These assumptions, discussed i n  d e t a i l  
by Fournier and others (1974), are l i s t e d  below: 

Suf- 

1. Temperature-dependent react ions a t  depth con t ro l  the con- 
cen t ra t i on  o f  the const i tuents used i n  the geothermometer. 

2. The rese rvo i r  contains an adequate supply o f  the reactants. 

3. Water-rock equ i l i b r i um i s  establ ished i n  the reservo i r .  

4. The const i tuents used i n  the geothermometer do n o t  r e -  
e q u i l i b r a t e  w i t h  the conf in ing rock as the water f lows t o  
the surface. 

5. Mixing o f  thermal and nonthermal groundwater does n o t  occur. 

The concentrat ion o f  s i l i c a  i n  a thermal water depends p r i n i p a l l y  
on the temperature-dependent s o l u b i l i t y  o f  quartz, chalcedony, alpha- 
c r i s t o b a l i t e ,  o r  amorphous s i l i c a  (Fournier, 1973; Fournier and Rowe, 
1966). The dissolved s i l i c a  i s  genera l ly  present as H4Si04, which i s  
the s i l i c a  species i n  equ i l i b r i um wi th  the respect ive s i l i c a  mineral : 

s i l i c i c  ac id  s i l i c a  mineral water 

H4S i O4 - S i  O2 + 2H20 (1 1 - 

This i s  the reac t i on  on which a l l  o f  the s i l i c a  geothermometers are 
based. 

1. The s o l u b i l i t y  . o f ' qua r t z  l i m i t s  s i l i c a  concentrat ions i n  a l l  
high-temperature rese rvo i r s  (>180°C) and quartz may be the 

We may make the fo l l ow ing  p r a c t i c a l  general izat ions:  
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l i m i t i n g  mineral  i n  g r a n i t i c  aqui fers  down t o  temperatures a t  
l e a s t  as low as 90°C (R. 0. Fournier, o r a l  comunicat ion) .  

Chalcedony 1 i m i  t s  s i 1  i c a  concentrations i n  lower-temperature 
reservo i rs  and may be the l i m i t i n g  mineral i n  b a s a l t i c  rock 
up t o  180°C (Arnorsson, 1975). 

2. 

The s i l i c a  geothermometers g ive  apparently good r e s u l t s  i n  
thermal systems which are  associated w i t h  springs of neutra l  t o  
s l i g h t l y  ac id  pH. However, several thermal systems l i s t e d  i n  the 
tab les discharge d i l u t e  a l k a l i n e  waters w i t h  anamolously l a rge  s i l i c a  
concentrations. These d i l u t e  thermal waters conta in  l i t t l e  o r  no 
dissolved carbon d iox ide and t y p i c a l l y  occur i n  g r a n i t i c  t e r ra ins .  
Since the s i l i c a  geothermometers are based on equ i l ib r ium w i t h  
H4Si04, the  concentrat ion o f  t h i s  dissolved species must be calcu- 
l a t e d  t o  ob ta in  an accurate estimate o f  the  temperature i n  the  
thermal reservo i r .  A t  any temperature and pH, the t o t a l  d issolved 
s i l i c a  concentrat ion i s  d i s t r i b u t e d  among H4Si04, H3Si04, and H2Si0i2: 

H4Si04 = H3Si0i + H+ 

and 

H 3 S i O i  = H SiO'2 + H+ 2 4  (3)  

Equation (3) i s  important on ly  a t  very a l k a l i n e  pH's ( > l o )  and i s  no t  
important fo r  the thermal waters encountered i n  Oregon. 
however, i s  important i n  waters w i t h  pH's above 8. For example, a t  a 
temperature o f  80°C and pH of 9, approximately 44 percent o f  the d i s -  
solved s i l i c a  i s  i n  the d issoc iated form (H3Si0c); whi le,  a t  a pH o f  
7, less  than 1 percent o f  the  dissolved s i l i c a  i s  i n  the  d issoc iated 
form. For example, i f  t o t a l  d issolved s i l i c a  i s  100 mg/L, and 
chalcedony i s  the  1 i m i  t i n g  s i 1  i c a  mineral then temperature estimates 
should be reduced from 111°C (pH 7) t o  78°C (pH 9). To co r rec t  f o r  
the d i ssoc ia t i on  o f  s i l i c a ,  we have used a co r rec t i on  which requi res 
t h a t  the pH o f  the thermal spr ing i s  approximately the  same as t h a t  i n  
the thermal reservo i r .  This assumption requi res t h a t  the equ i l ib r ium 
constants f o r  the weak acids remain approximately constant despi te  
temperature changes. The concentrat ion o f  s i 1  i c i c  ac id  (H4Si04) i s  
ca lcu lated a t  the  spr ing temperature and pH. This concentration, 
recast  as S l o p ,  i s  used in . the  appropr ia te geothermometer. 
r e c t i o n  works best  i n  systems which have aquifer-temperatures near 
the measured spr ing temperature. Corrected values f o r  the waters 

Equation (2 )  , 

This cor-  
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w i t h  h i g h  pH's are shown i n  parentheses i n  table 4. Changes i n  the 
dissociation constants of the weak acids as functions of temperature 
will result i n  temperature estimates which  are slightly too low for 
systems i n  which the true aquifer temperature is  appreciably above - 

the spring temperature. 

Mixing of thermal ( h i g h  silica) and nonthermal (low silica) 
waters can sharply reduce the temperatures estimated from the silica 
geothermometers. However, i t  i s  possible to calculate the temperature 
of the thermal aquifer if  sufficient chemical and isotopic da ta  are 
available for both the thermal and cold waters, if  chemical equilib- 
rium has not taken place a t  or  below the mixing temperature, and if  
there has been no conductive heat loss (Fournier and Truesdell, 1974). 
The problem w i t h  any unexplored system is  i n  proving t h a t  the water 
issuing a t  the surface is  mixed. The simplest proof would be a linear 
trend between measured spring temperatures and chloride concentration. 
Normal groundwater usual ly  has low chloride concentrations, while 
thermal waters from high-temperature systems contain a t  least several 
hundred milligrams per l i ter  chloride. 
isotopic compositions of the water (deuterium and oxygen(l8)) and dis- 
solved chloride i s  also definitive proof of mixing. Thermal and 
shal low groundwaters do not usually originate from the same precipi t a -  
t i on  area and so they have different deuterium concentrations. 
deuterium concentrations do not usually change as a result of water- 
rock reactions, source waters are isotopically "ta ged" and change 
composition only by mixing or evaporation ( b o i l i n g  B . The oxygen 
isotopic compositions of thermal and fresh waters usually differ by 
several parts per mil. As water-rock reaction proceeds, the water 
becomes progressively enriched i n  the heavier oxygen atoms. Very few 
areas have a sufficient number of springs of differing chemical and 
isotopic composition t o  prove mixing by the rigorous criteria discussed 
above. Mixing models were not used i n  preparing table 4 ,  since mixing 
has not been demonstrated a t  most sites. 

A l inear trend between the 

Since 

The Na-K-Ca geothermometer (Fournier and Truesdell, 1973) i s  
based on an empirical relationship between the proportions o f  sodium 
t o  potassium, square root of calcium t o  sodium, and measured reser- 
voir temperatures. Temperatures estimated from the Na-K-Ca 
geothermometer can be sharply increased by loss of calcium after the 
thermal f l u i d  leaves the reservoir. Sensitivity of the geothermom- 
eter t o  loss of calcium can be tested i n  a specific water by doubl ing  
the measured calcium concentration and recalculating the estimated 
reservoir temperature. A change of only a few degrees indicates t h a t  
the loss of calcium does not appreciably alter the estimated reser- 
voir temperature. High magnesium concentrations or large magnesium 
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T a b l e  4 : GEOTHERMOMETER CALCULATIONS(C) 
[Map c o d e  r e f e r s  t o  Bouen. P e t e r s o n .  a n d  R I c c i o .  1978; 

idaterr  u i t h  a a g n e s i u m - c o r r e c t i o n  r a t i o s  > 50 a r c  i n d i c a t e d  b y  t h e  t e r a  " c o l d " 3  
N u m b e r s  i n  p a r e n t h e s e s  a r e  c a l c u l a t e d  f r o m  s i l i c i c  a c i d  ( H 4 S i O C I  c o n c e n t r a t i o n  c a l c u l a t e d  a t  t h e  s O r i n g  t e r p c r 8 t u r e ;  

flap Naae 
Code 

01 RADIUM no7 SPRINGS 
BAKER COUNTY 

01 RADIUV HOT SPRINGS 
02 S A M - 0  SPRING 
05 KROPP HOT SPRING 
06 FISHER HOT SPRING 

CLACKAMAS COUNTY 
01 ACID-SJLFATE SPRING ON 

02 SUXM d A R M  SPRINGS 
03 AUSTIN HOT SPRINGS 

04 BAGBY HOT SPRJNGS 
04 BAGBY H O T  SPRINGS 
05 GEOTHERMAL 6RA'DIENT 

PIT. HOOD 

(CAREY) 

TEST NEAR AUSTIN HOT 

0 OESCHUTES COUNTY 
01 EAST LAKE HOT SPRINGS 
01 EAST LAKE HOT SPRINGS 

02 Y A R M  YELL A T  L I T T L E  
CRATER CAMPGROUND 

02 PAULINA no1 SPRINGS 

DOU6LAS COUNTY 
01 UWPPUA HOT SPRINGS 
01 UMPPUA HOT SPRINGS 

GRANT COUNTY 
01 RITTER HOT SPRINGS 
04 BLUE q O U N T A I N  HOT 

0 5  JOAPUIN H I L L E R  RESORT 
07 brEBERG HOT SPRING 

SPRINGS 

HARNEY COUNTY 
02 0. J .  T H O M A S  
05 HARNEY VALLEY D E V  CO. 

O I L  TEST UELL 
08  ISLAND RANCH UELL 
.09 CRANE H O T  SPRINGS 
09 C R A N E  H O T  SPRINGS 
10 UARH SPRING NEAR 

1s UNNAMED HOT SPRING N E A R  

1 5  UNNAMED HOT SPRING NEAR 

VENATOR 

HARNEY LAKE 

H A R N E Y  LAKE 
' 22 MICKEV S P R I N G S  

22 M I C K E Y  SPRINGS 

M e a s u r e d  Na-K 

57.2 
58.0 
27.0 
13.0 
37.0 

26.0 
86.0 

57.2 
58.0 
35.6 

62.0 
49.0 

35.5 

46 .5  
46 .0  

41.0 
58.0 

10.0 
46.0 

72.0 
46 .0  

41.0 
80.0 
78.0 
41.0 

59.0 

68.0 

85 .0  
73.0 

106 
81 

152 
74 

114 

165 
91 

70 
6 8  
140 

188 

190 
189 

96 
101 

60 
91 

89 
140 

60 
61 

60 
86 
90 
5 s  

82 

85 

120 
14s 

Na-K-Ca Na-K-Ca Na-K-Ca S i  02 s i 0 2  si02 
1 J 3  

130 
108 
165 
110 

90 

159 
118 

93 
91 
137 

155 

178 
169 

135 
136 

92 
126 

121 
169 

104 
10s 

120 
120 
124 
88 

126 

130 

179 
20 7 

~- 
4 / 3  M g - c o r r e c t e d  c o n d u c t i v e  a d i a b a t i c  c h r l c e d o n y  

97 
77 
120 
100 

-1 6 

83 
87 

49 
49 
61 

44 

98 
75 

141 
132 

71 
118 

104 
162 

116 
1 1  5 

196 
109 
113 
67 

144 

1 so 
272 
3 3 0  

52 

c o l d  
90 

125(65) 
124 (69) 
114 
109 
90(441 

62 

123 
126 

126(65) 
12?(78) 
87 

87 
180 

c o l d  182 
c o l d  166 

100 131 
108 1 35 

118(68) 
99 

61 
92 

102 
96 

1 1 5  

8 2  

1 o s  

1 1 1  
204 

126 

131 (71) 
123 

1 OS(76) 
125 
127 
226(192) 

133 

133 

165  
180 

122 
121 
11s 
109 
93 

67 

118 
123 

123 
119 
90 

90 
168 
170 
156 

128 
131 

117 
100 

124 

127 
118 

106 
122 
t 24 
205 

129 

129 

158 
168 

97(331 
96(37) 
88 
79 
60(11) 

29 

91 
98 

98(33) 
93(47) 
56 

56 
158 
161 
142 

104 
108 

90C31) 
69 

99 

103 (39) 
91 

76(45) 
97 
99 , 

21 3 (  173) 

1 os 
105  

145 

Si02 S u l f a t e -  
o p a l  u a t e r  

6 
5 

-1 
-8 - 24 

-48 

2 109 
7 181 

7 
3 

-27 

-27 
56 
58 
4 3  

12 
15 

-16 

7 

, 1 1  
1 

- 1 1  
6 
8 

101 

13 

13 

45 
159 56 273 
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T a b l e  4: G E O T H E R M O M E T E R  C A L C U L A T I O N S ( C 1  
C I a P  code r e f e r s  t o  Bouenr P e t e r s o n #  and R i c c i o r  1978; 

U a t e r s  u i t h  a a g n e r i u m - c o r r e c t i o n  r a t i o s  > 50 a r e  i n d i c a t e d  b y  t h e  te rm " c o l d * 3  
N u m b e r s  i n  p a r e n t h e s e s  a r e  c a l c u l a t e d  f r o a  s i l i c i c  a c i d  (H IS iO4)  c o n c e n t r a t i o n  c a l c u l a t e d  a t  t h e  s p r i n g  t e r o e r a t u r e ;  . 

Map N a m e  
C o d e  

K L A M A T H  C O U N T Y  
G E O R G E  C A R T E R  
G E O R G E  S T A C Y  CO. 
J A C K  O ' C O N N E R  
L E N  D O B R Y  
L E S T E R  B R O O K S H I R E  
M E L V I N  M C C O L L U M  
M O N T E  D E H I L I N G E R  

O R E G O N  Y A T E R  C O R P . ( L )  

R A Y  B I X L E R  
R O B E R T  L A N G L E Y  
T O U N  O f  M E R R I L L  
U.S. A I R  F O R C E ( 1 )  
U.S. A I R  FORCE(2) 

, 

O ' C O N N E R  L I V E S T O C K  COO 

P O P E ' S  M E A T  COO 

U E Y E R H A U S E R  UELL N O .  4 
31 E A G L E  P O I N T  S P R I N 6  
02 J. E .  F R I E S E N  

02 R E D O - B E L L  D A I R Y  
02 M E D O - B E L L  D A I R Y  
02 M I L L S  S C H O O L  
02 M O Y I N A  Y A T E R  CO. 
02 0.1.1. NO.  5 
02 0.1.1. NO. 6 
02 0.1.1. N O .  6 
02 O R E G O N  Y A T E R  C O R P . ( 1 )  
02 O R E G O N  Y A T E R  C O R P . ( 2 )  
02 O R E G O N  Y A T E R  C O R P . ( 3 )  
03  H O U A R O  H O L L I D A Y  
04 M A Z A M A  S C H O O L  
06 A B E  B O E H I  
06 A B E  B O E H M  
0 6  D A N  O ' C O N N E R  
06 J A C K  L I S K E Y  
06 J A C K  L I S K E Y  
06  J A C K  L I S K E Y  
06 0. H. O S B O R N  
07 O L E N E  G A P  H O T  S P R I N G S  
07  O L E N E  G A P  H O T  S P R I N G S  
0 7  O L E N E  G A P  H O T  S P R I N G S  

16 M E L V I N  F E I G I  
22 R A Y  S M I T H  U E L L  
2 3  K L A M A T H  I C E  CO.  
24 J. K .  O ' N E I L  
24 J .  K. O ' N E I L  

2 02 L O I S  M E R R U Y S  

' 0 8  R O E N I C K E  H O T  S P R I N G  

Measur ed  

22.0 
25.0 
38.0 
21.0 
25.0 
25.0 
26.0 
30.0 
26.0 
22.0 
22.0 
23.0 
21.0 
31.0 
30.0 
22.0 
35.0 
73.0 
71.0 
81.0 
81.0 
89.0 
50.0 

88.0 
79.0 
21.0 
21.0 
20.0 
25.0 
61.0 
25.0 
25.0 
24.0 
93.0 
22.0 
25.0 
90.0 
73.9 
74.0 
87.0 
65.0 
31.0 
25.0 
51.7 

23.0 

89.0 

NI-K 

1 6 0  
231  

90 
2 0 1  
2 1  3 
2 3 1  
2 7 3  
1 0 8  

1 8 0  
234 
252 
165 
2 2 7  
2 2 0  
1 7 8  
1 6 9  

8 3  
8 0  
8 3  

4 7  
1 9 6  

5 7  
8 3  

1 8 1  
9 3  

114  

254 
8 3  
8 5  

8 7  
72 

115 

9 0  
7 1  

1 4 5  

26 9 
230  

N a - K - C a  N a - U - C a  N a - U - C a  s i 0 2  s i 0 2  s i  02 
113 

156 
183 
116 
180 
173 
178 
207 
123 

161 
182 
200 
155 
209 
201 
159 
190 
109  
106 
109 

83 
177 

91 
108 

157 
129 
132 

207 
111 
121 

113 
101 
130 

112 
103 
143 

203 
194 

Sf 3 

8 3  
6 1  
8 3  
8 8  
5 7  
50  
7 3  
72  

6 7  
5s 
78  
71 

1 2 9  
1 1 7  

65 
1 7 0  

75 
73 
75 

6 7  
8 6  
72 
71 

5 6  
126  

8 7  

9 1  
82  

115 

8 3  
72 
80  

72 
8 0  
6 8  

87  
8 8  

Mg-cor rec ted  c o n d u c t i v e  a d i a b a t  i c  chalcedony 

126  

95 

22 
102  

25 
4 1  

1 0 0  
65 

64 

96 
57 

34 

38  

122  

85 

20 
c o l d  

93 
85 

114 
114 

86 
104 
1 os 
125 
113 

101 
102 

89 
1 os 
103 

55 
89  

7 2 ( 6 9 )  

130 (111)  
1271  115)  
1 ZJ (102)  

124 
114 
1 2 0 ( 1 0 4 )  

81 
131 

98 
70  
72 
75 

133  
137  

94 
1 3 1 ( 1 0 6 )  
137  

131 ( 6 5 )  
126 
136 

100  
1 4 3 ( 1 3 2 )  
102 
1 1 8 ( 9 9 )  

97 
102 

95 
88 

113  
113 

89  
104 
106  
122  
112  

77 
102  
103 

92 
105 
103  

62  
9 2  

126 
124 
123  

121 
113  
118 

84 
128 

99 
75 
77 
79 

129  
133 

96 
128 
133  

128 
122 
132 

101 
137 
103 
117 

99 
103 

62 
54 
86 
86 
I 5  
74 
76 
97 ' 

84 
4 0 ( 3 8 )  
71 
72 
59 
75 
73 
23 
59  

1 0 2 ( 8 2 )  
9 9 ( 8 6 )  
9 8 ( 7 2 )  

9 6  
8 5  
9 2 ( 7 4 )  
49  

104 
6 8  
39 
60 
4 4  

1 05 
1 1 0  

6 3  
104C76) 
1 1 0  

1 0 4 < 3 3 )  
9 6  

109  

70 
116 (105 )  

72 
9 0 ( 6 9 )  
67  

s i 0 2  
opa 1 

-22 
-29  

-3 
- 3  

-28 
-12  
- 1  1 

6 
-4  

- 3 9  
-15 
-14 
-25 
- 1  2 
- 1  3 
-53 
-25 

1 0  
8 
7 

5 
- 4  

2 
-32 

12 
-17  
- 4 0  
- 3 9  - 36 

13 
17 

- 2 1  
12 
17 

12 
6 

16 

-16 
22 

-14 

-18  
72 - 1  4 

S u l f a t e -  
ua  t e r  

185 

185 

5 8  

138  

9 3  
135 

196 
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T a b l e  4: GE3THERMOMETER CALCULITIONS(C) 
[Map code r e f e r s  t o  Bowenr P e t e r s o n #  and R 1 c c i o t  1978; 

d a t e r s  w i t h  m a g n e s i u m - c o r r e c t i o n  r a t i o s  > S O  a r e  i n d i c a t e d  by  t h e  t e r m  "co ld "3  
N u m b e r s  i n  p a r e n t h e s e s  a r e  c a l c u l a t e d  f rom s i l i c i c  a c i d  (H4Si04) c o n c e n t r a t i l n  c a l c u l a t e d  a t  t h e  s p r i n g  t e r o e r a t u r e ;  

Measured 

34.0 

53.5 

52.0 

63.0 
44.5  
2s. 0 
3 S . O  
46.0 
24.0 

36.0 
37.0 

92.0 
110.0 

18.0 
23.3 

3 4 . 4  
61.0 

29.4 
27.0 
25.0 
27.0 
80.0 
29.0 
60.0  
60.0 

36.0 

5 2 . 0  
2 2 . 2  
27.8 

Na-K 

8 3  

6 6  

45 

119 
53 

285 
56 
39 
68 

75 
266 

122 
130  

1 7 8  
4 30 

138  
6 6  

7s 
224 
21 s 
258 

85 
203 

78 
114 

119 

5 6  
2 2 0  
221 

s i 0 2  S l 0 2  si 02 Na-K-Ca Na-K-Ca Na-K-Ca Si02 S u l f a t e -  
o p a l  u a t e r  

Name 
Code 1 / 3  

98 

107 

90 

131 
89 

20s 
92 
78 

108 

109 
148 

149 
1 5 s  

170 
2 83 

151 
91 

9s 
194 
190 
200 
114 
183 

97 
12s 

118 

? 02 
188 
196 

4 / 3  M g - c o r r e c t e d  c o n d u c t i v e  a d i a b a t i c  cha lcedony  

MALHEUR COUNTY 
18 UNNARED HOT SPRING A T  

THREE FORKS 
19 UNNAMED HOT SPRING NEIR 

MCDERHITT 
19  UNNAMED HOT SPRING NEAR 

MCDERMITT 
23 LUCE HOT SPRINGS 
24 JONESBORO WARM SPRING 
2 5  JUNTURA WARM SPRING #l 
26 JUNTURA U A R M  SPRING I 2  
2 7  ARTESIAN WELL 
2 8  A L K A L I  F L A T  GRADIENT 

29 NORTH HARPER'BLM UELL 
30 UNNAMED WARM SPRING 

YELL 

NEAR BULLY CREEK 

61 

lOC(71) 

91 ( 7 6 )  

116 
90 (39)  
77(S3)  
96 (44)  
65 (24)  
51 

61 
110 

99 
152 (1 33) 

66 
81 ( 7 s )  

88(81)  
66 

47(7 )  
100 

91 
90 
I O ( 3 0 )  

109 
97 

6 8  ' 

113 
lOO(96) 
107 

4 2  92 94 

128 

118 

137 
117 
106 
122 

97 
85 

93 
132 

1 2 4  
163 

98 
110 

11s 
97 

82 
125 
118 
117 
101 

131 
122 

99 

13s 
12s 
130 

-23 

109 

104 

131 (101)  

120(106)  

143 
113(70)  
106<  8 4 )  
124(76)  

96(S7)  
82 

12 

1 

96 
7 3  
59 
7 8  
? I  

109  

22 

-10 
6 

-1 9 - 31 

9 s  94 
- 2 4  

91 
137 

-23 
16  

MARION COUNTY 
5 01 BREITENBUSH HOT SPRINGS 

01 BREITENBUSH HOT SPRINGS 
-WELL 

128  
134 

127 
174( 157)  

8 179  
S O  176 

IIULTNOMAH COUNTY 
01 CORBETT WARR SPRING 
02 Y M C A  CAMP COLLINS 

UMATILLA COUNTY 
01 BINGHAM SPRINGS 
03 LEHRAN SPRINGS 

158  
260 

92 
1 0 3  

96 
1 11 (1  04 1 

-19 
-7 

102 
1 2  

10 117<110)  
96 

-1 
-19 

UNION COUNTY 
01 COVE U A R M  SPRING 
01 UELL 
01 UELL 
01  UELL 
0 2  H O T  L A K E  
0s WAGNER UELL 
0 7  MEDICAL HOT SPRINGS 
0 7  MEDICAL HOT SPRINGS 

7 8 ( 4 0 )  
128 
123  
119 
lOO(62) 

? 35 
1 2 s  

6 6  
92 
94 
73 
8 9  
93 

6 6  
4a 

- 34 
8 
1 
1 

-16 65 

1 s  
6 

168 
81 

195 

94 

W,ALLOWA COUNTY 
01 C O O K  CREEK UARM SPRING -1 7 4 0  93 

U A S C O  COUNTY 
01 K A H N E E T A H  H O T  SPRINGS 
02 MILTON MARTIN WELL 
0 3  J. S A N D 0 2  UELL 

139 
128(124)  
134 

19  
8 

14 

t 2 0  
8 4  

103  
89 
69 



t o  calcium ratios have long been considered a qualitative indicator 
of low reservoir temperature (El 1 is, 1970; Glhi te, 1970). The recently 
developed Na-K-Ca-llg geothermometer (Fournier and Potter, 1979) . 

quantifies this observation and results i n  generally better agreement 
between the silica and cation geothermometers, particularly i n  the 
lower (<150°C) temperature range. The magnesium-corrected Na-K-Ca 
geothermometer was no t  calculated for samples w i t h  Na-K-Ca tempera- 
tures of less t h a n  70°C. 

To apply the ma nesium correction, the ratio ( R ) ,  defined by 
Fournier and Potter 9 1978) t o  be: 

millequivalents Mg x 100 (4 )  
millequivalents Mg + milliequivalents Ca + milliequivalents K R =  

was determined for a l l  samples w i t h  magnesium, calcium, and potassium 
concentrations larger t h a n  the detection limits. 
than 50, the sample was designated "cold" and no quantitative temper- 
ature was calculated. A magnesium-corrected temperature was calculated 
for a l l  remaining samples, b u t  was printed only if the corrected 
temperature was less t h a n  the uncorrected Na-K-l/3Ca temperature. 
The Na-K temperatures are based on the revised equation of Fournier 
(1979). 

If  R was greater 

The sulfate-water isotope geothermometer (McKenzie and Truesdell , 
1977) i s  based on the tem erature-dependent fractionation of the 

McKenzie and Truesdell (1977) describe three end-member models for 
calculating reservoir temperatures w i t h  the sulfate-water isotope 
geothermometer: 
and (3) continuous steam loss. Samples from isolated s p r i n g s  w i t h  
low flows and/or no steam loss, and condensed total-flow samples from 
wells, are assumed t o  have cooled conductively w i t h o u t  any change i n  
isotopic composition. One-step steam loss occurs i n  geysers and steam 
wells having two-phase flow from which only the water is collected. 
Continuous steam loss may occur i n  springs issuing i n  areas having 
fumaroles and steaming ground. 
temperatures less t h a n  the actual reservoir temperature will be esti- 
mated. Generally, the continuous-steam-loss model i s  best for b o i l i n g  
springs and the conductive-heat-loss model for a l l  other samples. 
Erroneous temperature estimates w i  11 be produced i f  nonthermal equi - 
librated sulfate i s  added by processes such as solution of gypsum, 
oxidation of sulfide t o  sulfate, or mixing w i t h  sulfate bearing brines. 

isotopes of oxygen (0l6/O P 8 ,  between water and dissolved sulfate. 

(1) conductive heat loss, (2 )  one-step steam loss , 

If d i l u t i o n  occurs b u t  i s  n o t  detected, 
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. 

Besides these quan t i t a t i ve  i nd i ca to rs  o f  subsurface temperature, 
the  presence o f  t r a v e r t i n e  o r  s i l i ceous  s i n t e r  i s  genera l ly  a good 
q u a l i t a t i v e  i nd i ca to r  o f  temperature. Traver t ine ind ica tes  low tem- 
peratures, wh i l e  s i 1  iceous s i n t e r  ind ica tes  temperatures o f  180°C o r  
more (White, 1970). Only Hot Lake and Hickey Springs i n  southern 
Harney County, and Neal Hot Springs i n  northern Malheur County, have 
la rge  s i n t e r  deposits. 

The f o l  1 owing procedure i s  recommended t o  determine which 
estimated subsurface temperature ( tab le  4) i s  best:  

1. 

2. 

3 .  

Examine the Mg-corrected Na-K-Ca and the Na-K-4/3Ca 
temperatures and se lec t  the lower temperature as the 
b e t t e r  estimate. I f ne i the r  i s  less  than 100°C, then 
se lec t  the Na-K-l/3Ca temperature as the best  ca t ion-  
based estimate o f  the l a s t  temperature o f  water-rock 
eq u i 1 i b r  i um . 
I f  the  spr ing i s  b o i l i n g ,  se lec t  the quartz ad iabat ic  
temperature as the  best  s i 1  ica-based temperature i n d i -  
cator.  Otherwise, se lec t ion  o f  the best  s i l ica-based 
temperature depends on having some knowledge o f  the 
p r i n c i p a l  rock type i n  the area o f  the i nd i v idua l  ho t  
spring. I n  a1 ka l i ne  waters discharging from grani te ,  
quartz s o l u b i l i t y  seems t o  l i m i t  s i l i c a  concentrations 
a t  temperatures as low as 75°C. I n  waters o f  neutra l  
pH, quartz s o l u b i l i t y  l i m i t s  s i l i c a  concentrations a t  
temperatures o f  more than 180°C i n  basal ts,  and 90°C 
i n  grani te .  

Consider the temperatures estimated from the s u l f a t e -  
water geothermometer t o  be speculative. Although 
t a n t a l  i z i n g  , these temperatures must be substant iated 
by add i t iona l  informat ion.  

A f t e r  care fu l  app l i ca t i on  o f  the  geothermometers, some samples 
may remain which g ive  incons is ten t  o r  otherwise doubt fu l  r e s u l t s .  
For example, d i s s o l u t i o n  o f  glass from v i t r i c  o r  l a p i l l i  t u f f s  
releases l a rge  quan t i t i es  o f  s i l i c a  which renders the  s i l i c a  geother- 
mometer useless. The h igh s i l i c a  concentrat ion a t  Beulah Hot Springs 
i n  Malheur County and a t  the  warm spr ings near Venator i n  Harney 
County may be meaningless s ince both springs issue from v i t r i c  t u f f s .  
The low temperatures estimated .from the  Na-K-Ca geothermometers i n -  
d i ca te  t h a t  the  springs are  no t  an important geothermal resource. 
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The chemical composition of the thermal waters issuing along the 
shores of East Lake and Paulina Lake are also d i f f i cu l t  t o  interpret. 
These springs have negligible flow rates, h i g h  silica concentrations 
( u p  t o  200 mg/L), and issue from l a p i l l i  tuffs. Solution of glass 
from the lapilli tuffs could account for the large silica and rela- 
tively large magnesium concentrations. Since the temperatures of the 
springs increases as gas discharge increases, the "springs" are 
probably drowned gas vents. The concentrations of silica, sodium, 
potassium, and calcium i n  these thermal waters may be functions of 
the length o f  time t h a t  the heated lake water has been i n  contact 
w i t h  the tuff and may have no relationship t o  the temperature a t  
depth.  The relatively large magnesium concentration also favors a 
low-temperature system. 

The su 1 fate -wa ter i so tope geo t hermometer produces cons i dera b l  y 
higher estimated temperatures of water-rock equilibrium t h a n  the 
chemical geothermometers i n  most systems. The h i g h  temperatures 
estimated from the sulfate-water isotope geothermometer may indicate 
t h a t  the systems have a deep reservoir i n  which isotopic equilibrium 
is  being established, and a shallower, cooler reservoir i n  w h i c h  
chemical equilibrium is  being established. This i s  possible because 
the rate of sulfate-water isotopic equilibrium is  relatively slow. 
Times t o  achieve equilibrium depend on both temperature and pH 
(Lloyd, 1968). To achieve 99-percent equi l ibrat ion a t  neutral pH's, 
330 years would be required a t  100°C, 52 years a t  150°C, and 12 years 
a t  200°C. However, i t  is  possible t h a t  the sulfate is added t o  the 
system slowly as the fluids circulate, thus requiring longer times 
t o  achieve 99-percent equilibration. An alternate explanation for 
the h i g h  temperatures estimated i n  the Cascades i s  t h a t  the sulfate 
represents fossil sulfate associated w i t h  the mineralization w h i c h  
i s  common i n  the Western Cascades. However, u n t i l  addi t iona l  data 
are available, i t  will not be possible t o  determine if  the h i g h  
apparent temperatures o f  sulfate-water isotopic equ i l ib r ium are 
real or  the result o f  solution of "fossil" sulfate, mixing of 
thermal and nonthermal waters, reduction of sulfate, membrane 
filtration, different rates of isotopic exchange between sulfate, 
water, and rock, or  other nonthermal effects. 
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SUMMARY 

Most of the thermal springs i n  the central and northern parts 
of the Cascades - in  Oregon contain appreciable connate marine water . 

similar t o  cold connate marine waters discharged from mineral 
springs and deep wells i n  the Willamette Valley and the Coast Range. 
Thermal springs i n  the southern part  of the Cascades discharge 
similar waters t o  which a significant amount of C02 has been added. 
Numerous cold C02-charged springs also issue i n  this area. Dilute, 
a1 kal ine thermal waters issue from springs associated w i t h  g ran i t ic  
rocks, principally i n  northeastern Oregon. These waters a re  
suff ic ient ly  a1 kaline to  require tha t  the s i l i c a  geothermometer be 
corrected for  the dissociation of s i1  i c i c  acid. Near-surface water- 
rock reactions have rendered the chemical composition of thermal 
water a t  Newberry Caldera useless for  geothermal calculations. 
Based on the geothermometers, the following areas have the greatest  
geothermal potential : Alvord Area (including Mickey Spr ings ,  
Alvord Hot Springs,  and Hot Borax Lake), Vale Hot Springs,  Neal Hot 
Springs,  Crump Spr ing ,  Lakeview, and Breitenbush Hot S p r i n g s .  Areas 
fo r  which the geothermometers do n o t  agree include Klamath Falls 
and par t  of the Cascades. 
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