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CHEMICAL AND ISOTOPIC COMPOSITION OF WATER FROM THERMAL 
AND MINERAL SPRINGS OF WASHINGTON 

By R. H. Mariner, T. S. Presser ,  and W. C. Evans 

ABSTRACT 
Waters from the thermal spr ings  of Washington range i n  chemical compositon 

from d i l u t e  Na-HC03 t o  moderately sa l  ine C02-charged Na-HC03-Cl type 
waters. St .  Martin's Hot Spring which discharges a s l i g h t l y  s a l i n e  Na-Cl 
water, is  the notable exception. The di lute  Na-HC03 waters a r e  general ly  
associated w i t h  g r a n i t i c  in t rus ions ;  ttie warm t o  hot C02-charged waters 
issue on or near the l a rge  stratovolcanoes.  The d i l u t e  waters have 
oxygen-isotopic compositions t h a t  ind ica te  r e l a t i v e l y  1 i t t l e  water-rock 
exchange. The C02-charged waters a r e  usually more enriched i n  oxygen-18 due 
t o  more extensive water-rock reaction. The carbon-13 i n  the C02-charged 
thermtil waters i s  more depleted (-10 t o  -12 o/o . )  than i n  the cold 
Co2-charged soda spr ings (-2 t o  -8 " / e o )  which are a l s o  sca t te red  
throughout the Cascades. The hot and cold C02-charged wdters a re  
supersaturated w i t h  respec t  t o  CaC03, b u t  only the hot  springs a r e  ac t ive ly  
deposi t ing CaC03. Baker, Gamma, Sulphur, and Ohanapecosh hot spr ings seem 
t o  be associated w i t h  thermal aqui fe rs  of more than 100°C. As these springs 
occur a s  individual spr ings or' i n  small clusters, the respective aqui fe rs  a r e  
probably o f  restricted size. 

I NTRODUCTf ON 
Berry and o thers  (1980) l i s t  23 thermal springs ( g r e a t e r  than 20°C) i n  

Washington. Fumarolc f ields on Mount Baker, Mount S t .  Helens, Mount Adams, 
and Mount Rainier are included i n  their l i s t  along w i t h  two warm s a l i n e  ponds, 
Hot Lake and Poison Lake i n  Okanogdn County. The s a l i n e  ponds are density 
s t r a t i f i e d  and owe their temperatures t o  heat  from s o l a r  rad ia t ion  trapped i n  
the deeper saline layer.  Most of the thermal spr ings i n  Washington issue near 
o r  just west of ttie crest o f  the Cascades ( f igu res  1 and 2 )  ; The exceptions 
a re  the Warm Springs near Walla Walla, SImcoe Soda Springs, K l i ck i t a t  Mineral 

ings i n  the Columbia Basin, and Olympic and Sol Ouc hot springs i n  the 
Olympic Mountains. Packwood, Collins, and Rock Creek h o t  springs were not 
sampled because they cur ren t ly  issue i n  rivers o r  creeks. Time cons t r a in t s  

1 . 
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clallam County 

1. Olympic Hot Springs 

2. sol DUC mot springs 

' c o w l i t 2  county 
1. Green River Soda Spr. 

King County 

1. Goldaeyer Hot Springs 

2. Lester Hot Springs 

3. Uoney Creek Soda Spr. 

4. Scenic Hot Springs 

K l i c k i t a t  County 

1. Micki ta t  Springs 

Lewis County 

1. Ohahapamsh H o t  Springs 

2. Surnsit Creek Sosa Spr. 

Pierce County 

1. Longmire Mineral Springs 

Skrrnania County 

1. Bonneville Hot Springs 

2. Iron Hike 
3. St. Martin's Hot Springs 

Snohoraish County 

Chelan County 

1. Little Wenatchee River Soda Spr. 

2. L i t t l e  Wenatchee Ford Soda Spr. 

,w l* 
2. 

3. 
4. 

G a m a  Hot Springs 

Garland Mineral Springs 

lcennedy not springs 

Sulphur Hot Springs 

Whatcorn Caurty 

1. Baker Rot Spring 

Figure 1. Map of t he  S t a t e  of Washington showing t h e  loca t ion  of sampled Y a k h a  County 

thermal and mineral springs. 1. Bumping River Soda spr. 

2. Goose Egg Soda Spr. 
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d i d  not al low us t o  sample K l i c k i t a t  Mineral Springs (27'C), Warm Springs 
Canyon Warm Springs (22"C), Simcoe Soda Spring (32'C), o r  O r r  Creek Warm 
Springs (22'Cl. Cool mineral springs, c h i e f l y  soda springs, are also 
scattered throughtout the Washington Cascades. Green River Soda Spring, west 
o f  Mount S t .  Helens, i s  reported t o  have a discharge temperature o f  30'C; 
however, temperatures of 16'C were measured i n  both A p r i l  and Ju l y  1980. 
E a r l i e r  measurements may have been i n  e r r o r  o r  the spr ing plumbing may have 
been changed by seismic a c t i v i t y .  Recent chemical analyses f o r  K l i c k i t a t  
Mineral Spring, Government Mineral Spring, and the soda spr ing on the Green 
River have been presented by Barnes and others (1981). 

The Cascade Range, where most o f  the thermal and mineral springs occur, 
can be div ided i n t o  two geological ly d i f f e r e n t  areas (Weissenborn and Cates, 
1966). North o f  Snoqualmie Pass the range consists essent ia l ly  o f  a core of 
g r a n i t i c  rock and metamorphosed sedimentary rocks f lanked by younger 
sedimentary and volcanic rock. South'of Snoqual imie Pass, Te r t i a ry  volcanic 
rock w i t h  re1 a t i v e l y  simple s t ructure predominates. 
are the young volcanoes, Mount Adams, Mount Rainier, Mount Baker, Glacier 
Peak, and Mount St .  Helens. The Olympic Mountains consis t  of a heterogenous 
metamorphic and p lu ton ic  basement complex composed o f  gneissic amphibol i t e s  
and quartz d i o r i t e  over la in  by eugeosynclinal sedimentary and volcanic rocks 

ner and Snavely, 1966). The Columbia Basin, an area o f  extensive f lood 
basal t s  o f  Miocene and P1 iocene age, occupies most of southeastern Washington 
(Griggs,1966). 

s i1  iceous s in ter ,  an ind icator  of high subsurface temperature. Ohanapecosh, 
Kennedy, Garland, and Longmire discharge from t rave r t i ne  mounds. Foss i l  

t r ave r t i ne  deposits occur d t  Gamma Hot Springs w i t h i n  a few f e e t  o f  the 
current  spr ing o r i f i ces .  Gama Hot Springs discharge i n  o r  immediately 
adjacent t o  a stream which probably erodes any CaC03 t h a t  i s  current ly  
deposited by the springs. O f  the co ld soda springs sampled, only S u m i t  Creek 
Soda Springs s t i l l  discharge from a t rave r t i ne  mound, a1 though f o s s i l  
t r ave r t i ne  occurs near several other co ld  soda springs. 

Superimposed on the range 

None o f  the thermal springs discharge from o r  dre associated w i t h  

METHODS AND PROCEDURES 
s o f  sample c o l l  t i o n  and f i e l d  determination o f  pH, 

a l k a l i n i t y ,  sul f ide,  ammonia, and aluminum were described by Presser and 
Barnes (1974). About 2 l i t e r s  o f  spr ing water were pressure f i l t e r e d  through 



a 0.1 micrometer (wm) membrane f i l t e r  using compressed ni t rogen as the 
pressure source. F i l t e r e d  water samples were stored i n  p l a s t i c  b o t t l e s  t h a t  
had been r insed t o  remove contaminants p r i o r  t o  use. Samples co l lected f o r  
group I and I1 metals were a c i d i f i e d  t o  pH 2 o r  less with concentrated 
hydrochloric acid. An appropriate amount o f  deionized water was used t o  
d i l u t e  25 mL o f  f i l t e r e d  sample t o  a t t a i n  dissolved s i l i c a  concentrations of 
f r o m  20 t o  50 mg/L. D i l u t i ons  o f  1:2, 1:4, o r  1:5 were used. Water 
temperatures were determined with a thermistor probe o r  a maximum reading 
mercury-in-glass thermometer. The pH was determined d i r e c t l y  i n  the spring. 
A l k a l i n i t y  was determined immediately a f t e r  the sample was withdrawn from the 
spr ing- Sulf ide ( t o t a l  Sulfide as HpS) was p rec ip i t a ted  as zinc s u l f i d e  
from the hot  sample. Prec ip i ta ted samples were stored f o r  as much as 12 hours 
i n  a r e f r i g e r a t o r  before being t i t r a t e d  by the iodometric method. A water 
sample f o r  ammonia analysis was allowed t o  cool t o  a i r  temperature before 
sodium hydroxide was added t o  ra i se  the pH t o  approximately 12. The dissolved 
dmonia concentration was then measured w i th  an ammonia-specific i o n  
electrode. Water samples f o r  aluminum were complexed w i th  8-hydroxyquinol ine, 
buffered a t  pH 8.3, and extracted w i th  methyl isobutyl  ketone. Mercury was 
s t a b i l i z e d  f o r  l a t e r  analysis i n  the laboratory by addi t ion o f  2:l 
H2S04:HN03, 5 percent KMn04(w/v) , and 5 percent K2S208(w/v) 

Three samples o f  raw water were co l lected i n  15 mL glass bo t t l es  w i t h  
polyseal caps f o r  stable-isotope analysis. Dissolved carbon dioxide species 
were p rec ip i t a ted  i n  the f i e l d  by adding 20 mL o f  saturated ammoniacal 
strontium chlor ide t o  approximately 100 m i  o f  water f rom the spring. Samples 
o f  any gases escaping from the spr ing were co l lected i n  evacuated gas sample 
tubes.  

manganese, zinc, and aluminum ( f i e l d  organic ex t rac t )  concentrations were 
determined by d i r e c t  aspi ra t ion on a double-beam atomic absorption 
spectrophotometer. Methods f o r  the analysis of boron, s l l i c a ,  and the anions 
were described i n  Skougstad and others (1979). Spec i f i ca l l y  the methods are: 
dianthrimide (0.1 t o  1.0 mg/L) and carmine (1.0 t o  10 mg/L) f o r  boron; 
molybdate blue for s i l i c a ;  Mohr (>12 mg/L) f o r  chloride; t h o r i n  f o r  sulfate; 

spec i f i c  i on  electrode for f luor ide;  and hypochlori te oxidat ion f o r  bromide 
and iodide. The ASTM (1974) f e r r i c  thiocyanide method was used f o r  ch lor ide 
concentrations <10 mg/L. Mercury was determined by a flameless atomic 
absorption technique (U.S. Environmental Protect ion Agency , 1971 1. These 

Sodium, potassium, calcium, magnesium, 1 ithium, rubidium, cesium, iron, 
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methods were modified. to overcome interferences from iron hydroxide, c a l c i t e  
p rec ip i t a t e s ,  and hydrogen su l f ide .  

modified Nier double-collecting 6-inch 60' sec tor  mass spectrometer. The 
mettiods of sample preparations were: COZ-equil i b ra t ion  method of Cohn and 
Urey (1938) f o r  oxygen; the uranium technique of Bigeleisen and o thers  (1952) 
f o r  hydrogen; and the phosphoric acid technique of McCrea (1950) f o r  
carbonates. P r i o r  t o  analysis, the SrC03 p r e c i p i t a t e  was f i l tered and 
washed under an argon atmosptiere, dried, and homogenized i n  a bal l  mill. 

Gases were analyzed by gas chromatography a s  soon ds possible  a f t e r  
re turning t o  the labordtory,  always w i t h i n  two weeks of co l lec t ion .  Linde 
Molecular Sieve 5&/ was used t o  separate  and quantify He, H2,  02, Ar, 
Nz, arid CHq, while Porapak &I was used f o r  C2H6 and C02. Helium 
was used a s  the c a r r i e r  gas except i n  the ana lys i s  f o r  He and He  where argon 
c a r r i e r  was employed. 

Isotopic  r a t i o s  of l80/l6O, D/H and 13C/12C were measured on a 

i 

CHEMICAL COMPOS IT I ONS 
c 

The chemical composition of the thermal and mineral spr ings  a r e  given i n  
t a b l e s  1 and 2. The waters may be c l a s s i f i e d  as d i l u t e  Na-HC03, Na-Cl, 
Na-HCo3-Cl, or  Na-Ca-HC03-Cl type waters. The di lute  Na-HC03 waters 
include Olympic, Sol OUC, Goldmeyer, Lester,  Scenic, and 8onneville hot  
springs.  The Na-HC03-c1 waters a r e  almost at 1 C02-charged and include 
Baker, Gamma, Ohanapecosh, Garland, Kennedy, Goose Egg, Bumping River, Iron 
Mike, Longmire, Summit Creek, Little Wenatchee Ford, Little Wenatchee River, 
and Green River. 
Gamma, Ohanapecosh, Kennedy, and Garland have temperatures g rea t e r  than 20'C 

These Coz-charged Na-HC03-Cl waters have pH values of 6 t o  6.5 and a r e  
s l i g h t l y  t o  moderately sa l ine .  Baker Hot Springs discharge the only d i lu t e  
a1 kal ine Na-HC03-c1 water. St .  Martin's Hot Springs discharge the only 
Na-C1 thermal water i n  the s t a t e .  Chemically, the water discharged from St .  
Martins Hot Springs is s imi l a r  t o  the thermal springs t h a t  discharge i n  the 
Oregon Cascades (Mariner and o thers ,  1980). 

sporadic a t  Olympic, Sol DUC, and Goldmeyer, t o  rapid and nearly constant  a t  

- 1/ The use of brand names i s  f o r  i den t i f i ca t ion  purposes only and does not 
imply endorsement by the U.S. Geological Survey. 

Most of these Na-HCO3-c1 waters a r e  cool t o  cold; b u t  

Gas discharge r a t e s  i n  the thermal and mineral spr ings range from slow and 
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Table 1. Chemical composition fur the t h e m 1  dnd nineral springs of  Washington 
[Concentrations are i n  milligrams per l i t e r 1  

Temperature pH Silica Calcium Hagasium Sodium Potaslum Lithium Alkalinity Sulfate Chloride Fluoride Boron g$:r 
N e  Ndter TYPC (=a (5102) (Cab Wg) 

Chelan County 
Soda S. L .  Uenatchee R. C02-charged 7 6.08 39 320 54 
Soda 5. t. Neiutchee F. C02-charged 9 6.48 105 400 73 

Cla l l rn  County 
Olympic Hot Springs di lute Na-HCO) 48.5 9.5& 66 .9 c.05 
kl Duc Hot Springs di lute Wa-HC03 51 9.46 60 .8 c.05 

C a r l  1 t r  County 
S o h  Sp. Green R l v e r  C02-chirrged 16 6.49 97 225 92 

King County - 
ng ' di lute Na-HC03 50 8.48 56 6.3 .04 

Lester Hot Spring di lute Wa-HC03 46.5 9.19 61 5.3 .03 
Scentc Hot Spring di lute Na-tlCO, 47 9.14 44 2.1 .02 
Sod4 Sprlns Honey Creek 

K l l c k l t a t  Springs 23 6.11 103 38 38 

COz gas dlschbrge no water saaple collected 
Kitckl tat  County 

Leuis County 
48 6.80 100 6 0  4.9 

S m i t  Creek Soda Sp. C02-charged 4 100 240 93 
Pierce County 

125 540 170 
Skamania County 

15 6.41 75 360 100 
Iron Mike Well 18 6.01 65 260 80 
St.Hartln's Hot Spring H a 4 1  48 8.54 48 76 .30 
Bonnevllle Hot Spring di lute Na-HC03 36 9.H 46 31 .03 

Snohomish County 
Gama Hot Springs C02-charged 65 6.13 141 71 2 .8 
Garland Mineral Spring C02-chrrged 29 6.46 105 390 87 
Garland Mineral Sprlng C02-charged 24 6.33 95 320 69 
Kennedy Hot Springs C02-charged 35 6.27 175 190 48 
Sulylwr Hot  Sprlngs di lute la-HC03 37 9.35 76 1.2 ~ 0 5  

Whatcon County 

Yakima County 
Buwing River Soda Sp. C02-chargeb 9 6.22 95 380 52 

Baker Hot Springs Na-HCO3-C1 44 8.56 103 5.5 .18 

Goose €99 Soda Spring CO2-charged 10 6.25 92 170 100 

(Nab 

660 
2120 

72 
80 

1350 

125 
105 
49 

34 
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1750 

580 

585 
420 
360 
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2500 
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290 
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(K) ( L t )  
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230 

1.1 .M 
1.0 .05 

77 
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2.0 

.64 

4.3 .05 

52 2.9 
85 5.8 

46 2.2 

14 1.0 
9.1 .76 
6.4 .28 

.9 

80 2.8 
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150 7.4 
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Table 2. Trace clement chemical conrposftfon for the sprfngs o f  Washington 
Kubidfum Cesfum Manganese Iron Amnonium Bromide Alumlnum Mercury Z i n c  

Name . (Rbl (Cs) (Mn) (Fe) (as N)  (Br) ( A l l  (Hg) (Zn) 
mil l igrams per liter -0-m.. vg per L. --I 

Chelan County 

Soda Springs 
L i t t l e  Wenatchee R. 
L. Wenatchee ford 

Olympic Hot Springs 4.02  <0.1 
Sol Duc Hot Springs (-02 C.1 

Soda spr. Green R. 

Got dmeyer Hot Sprl ngs 
Lester Hot Springs 
Scenic Hot Springs 

K1 i c k i t a t  Springs <.02 C.1 

Ohanapecosh Hot Sprs. .22 C.1 
Sumnit Creek Soda Spr. .32 .1 

0.24 11 
. 1.7 3 

Clallam County 
<O.Ol c0.02- .81 1.1 5 

<.Ol .04 .72 1.2 5 
Cowl itr County 

Kfng County 
1.5 1 

10 
10 
42 

K1 i c k i t a t  County 
.as 4.3 <.1 15 
Lewis County 
.07 .04 2.2 <.l 5 

.45 (1 .l 
Pierce County 

Skamania County 
Longrnfre Mineral Sprs. .10 <.1 2.6 11 2.8 <.1 30 

Bubbling Mike Springs .02 <.l 2.6 .06 <l 1.9 <.1 20 
I r on  Mike Well <.02 <.l 2.4 13 <1 15 
St.i.hrt1n's Hot Sprlngs<.OZ c.1 4 1  c.02 5 
Bonnevil l e  Hot Springs 4 

G a m  Hoc Springs 3 2  .15 c.1 .1 
Garland Mineral Sprs. -47 .2 .92 5.4 7.5 <.I 20 
Garland Nfneral Sprs. .36 .15 
Kennedy Hot Springs .32 .15 .40 3.0 1.8 1.5 350 
Sulphur Hot Springs c.02 <.1 c.01 <.02 .48 .4 5 

Baker Hot Springs -04 <.l <.01 c.02 .45 .4 15 

Bumping River Soda Spr.<.(M <.l 1.4 15 e.1 <.1 15 
Goose Egg Soda Spring GO2 <*t 1.9 18 <.I 10 

Snohomish County 

Whatcom County 

Yaklma County 



Ohanapecosh, Garland, Kennedy, Summit, Green River, K1 i c k i t a t ,  Longmire, 
Bumping River, Goose Egg, L i t t l e  Wenatchee River, and L i t t l e  Wenatchee Ford. 
Springs w i t h  constant, r a p i d  discharge rates discharge predominantly COP; 
whi le springs with slow, sporadic discharge rates, discharge e i t h e r  ni t rogen 
o r  ni t rogen and methane ( tab le  3). 

D/H values range from -78.8 t o  -122.0 
97-37 t o  -16.53 O / O O .  D/H values f o r  co ld  springs immediately adjacent t o  
several o f  the thermal springs are less depleted isotopicaly,  i nd i ca t i ng  t h a t  
the thermal springs recharge a t  higher elevations. Generally, the d i l u t e  
waters have very small oxygen s h i f t s  ((0.4 " / e o )  whereas the more sa l ine 
waters have s h i f t s  ranging up t o  +3.7. Carbon-13/carbon-12 values range from 
-2.6 t o  -12.6 o / ~ ~ .  I n  t h i s  small se t  o f  samples, the hot  springs are 
general ly more depleted i n  carbon-13 than are the co ld  soda springs. 

Many of the co ld  CO2-charged springs probaoly represent o l d  hot-spring 
systems from which v i r t u a l l y  a l l  the heat has been dissipated. Fossi l  
t r ave r t i ne  near many of the co ld  co2-charged springs i s  an i nd i ca t i on  t h a t  
the systems discharged hot  water i n  the past. The low temperatures may 
ind icate tha t  a l l  the heat has been discharged froin the system o r  t h a t  the 
water movement i s  so slowed bj minerals prec ip i ta ted i n  the channels t h a t  a l l  
the heat i s  l o s t  t o  the surrounding rock before the water discharges a t  the 
land surface. Differences observed i n  C-13/C-12 values between the ho t  and 
co ld  Co2-charged waters may be produced by d i f f e r e n t  ra tes o f  CaC03 
prec ip i ta t ion.  Cold C02-charged waters r e t a i n  much more C02 and therefore 
would p rec ip i t a te  l ess  CaCO3 than the hot  C02-chdrged waters. Only two 
l80/l6O values are avai lable f o r  dissolved su l fa te  i n  the thermal springs: 

OhanaPecosh (+0.32 ' / e o )  and Garland (+4.71 " / @ e )  (Nehring arid others, 
1979). The su l fa te  l80/l6O values a t  Ohanapecosh and Garland ho t  springs 
are more depleted than marine su l fa te  (+ lo  O / O Q )  bu t  less depleted than 
values observed i n  high-temperature geothermal systems such as Lassen (-3 t o  
-4 ' / e o ) .  Carbon-14 values have been determined only f o r  Longmire Mineral 
Spring (1.78 " / e  modern) and Garland Mineral Spring (4.13 " / e  modern). 

Isotopic  data f o r  the thermal and mineral springs are given i n  tab le 4. 
and 180/160 values range from 

G EOTH E RMOMET RY 
The chemical composition f thermal waters can be used t o  estimate the 

l a s t  temperature a t  which chemical equi l ibr ium ex is ted between the thermal 
water and the country rock. The variables t h a t  dre most o f ten used include 

9 



tdb le  3. Compositions of gases discharging from sr ings  i n  Yashfngton 
[Cmposftfons are i n  volume percent1 

Name Oxygen Argon Nf trogen Carbon Dioxide 

N2 c02 O2 Ar 
Chelan County 

Soda Sprfngs a t  
Little Wenatchee River 0.03 0.02 0.79 99.12 
Little Wenatchee Ford .os .02 1.22 98.34 

<.02 1.12 53.62 io1 

SOdd Spriny Green River .06 .02 .75 98.83 

C1 a1 1 am County 

Cowl t t z  County 

King County 

Olympic Hot Sprf ngs- 3/ 

Soda Spring k n e y  Creek -12 -02 1.23 98-68 

Ohanapecosh Hot Springs 
Samnit Creek Soda Spring 

Longmlre Mfneral Springs 

Bubbllng Mike Sprfng 
Bubbling Mike Sprfng(19801 
S t.Martf n' s Hot Spring 

Lewis County 
.02 .70 55.09 44.47 

< .Ol  <.01 .os 99.90 

.04 <.02 .09 98.34 
Pierce County 

Skamania County 
e17 -02 a98 98.41 

e.02 -02 .76 99.07 
.01 .07 .77 98.47 

Snohomf sh County 
Garland Mineral Springs .10 <.02 .25 99.30 
Kennedy Hot Sprf ngs .08 <.02 .36 99.18 

<,01 Sulphur  Hot Springs <.02 1.30 96.67 

.09 Baker Hot Springs <.02 1.36 95.54 

8umping River Soda Spring .08 GO2 .24 98.55 

Whatcom County 

Yakima County 

Methane 
I/ - CH4 

0.31 
q.002 

44.84 

.lO 

< .002 

.20 

.001 

C . 0 0 5  

< .005 
<.002 

.30 

< .005 
.13 
.28 

-70 

.02 
< 005 

Helium Tota ls  

2' He 

<0.02 100.27 
<.02 99.63 

C.02 99.59 

<.02 99.76 

<.02 100.05 

<.02 100.48 
< a 0 1  99.96 

<.02 98.47 

C.02 99.58 
<.02 99.85 

.08 99.70 

<.02 99.65 
X.02 99.75 

.03 98.25 

<.02 97.87 

<.02 98.89 
e.02 97.65 G o o s e  Egg Soda Sprfng -14 .02 .44 97.05 

- 1/ C2Hs less than 0.05 fn a l l  samples. - 2/ H2 less than 0.01 i n  a l l  samples. 
3/ Gas sample from pool a t  west s ide  of spring group; water sample from a spring 
e a s t  side of spring group. 
- on 



Table 4. Isotop ic  data f o r  the springs o f  Washington 
[ Hydrogen and oxygen r e l a t i v e  t o  SMOW; Carbon r e l a t i v e  to PDB 1 

Name 4 D 6 l80 

C he 
Soda Springs 

L i t t l e  Wenatchee River -106.5 -13.95 
. L i t t l e  Wenatchee Ford -107.3 -12.78 

oxygen 6 l3C 
c02 s h i f t  

an County 

Olympic Hot  Springs -95 -8 
Sol Duc Hot  Springs -91.8 

Soda Spring Green River -83.5 

Go1 dmeyer Hot Spring -96.2 
Lester Hot Spring -99.0 
Scenic Hot Spring -103 -4 
Money Creek Soda Spring 

K1 i c k i  t a t  Springs -111.1 

Ohanapecosn Hot Springs -120.2 
Summit Creek Soda Spring -96.6 

Longmfre Mineral Springs -100.4 

+ .61 
+1.88 

-13 -32 +.12 
-12 034 +.39 

C1 a1 1 am County 

Cowl i t z  County 

King County 
-11.39 +.30 

-13.61 0.34 
-13 -41 +.23 
-14.32 0.13 

-11.76 
K1 i c k i t a t  County 

Lewis County 
-14 -45 + .68 

-15.00 +1.28 
-11.83 +le50 -12.23 

Pierce County 

Skamania County 
-12.92 +.86 -13.50 

Bubbl ing Mike Spring -79.4 -11.10 +.08 -13.60 
I r o n  Mike Wel l  -81.7 -11.09 4- .37 

Gama Hot Springs - i i i . 4  -14.29 +.89 
Garland Mineral Springs -78.8 -7.37 +3.73 
Garland Mineral Springs -80.0 -8.20 +3.05 

Sulphur Mot Springs -108.1 -14.52 + .24 

Snohomish County 

Kennedy Hot Springs -105.9 -13.21 +1.28 -11.63 

Whatcom County 

Yakima County 
Saker Hot Springs -101 e 6  -13.89 0.03 

Bumping River Soda Spring-122.0 -16.53 0.03 -8.05 
Goose Egg Soda Spring -90.7 -8.93 +3.66 -5 -66 

11 

6 '3, 6 l80 
SrC03 so4 

-9 32 
-6 -28 

-7.72 

-6.75 

-11.29 +.32 
-9.48 

-10.77 

-12 64 

-11.08 
-7 . 51 +4.71 
-7 -89 
-9 . 82 

-7 10 
-2 59 



the s i 1  i c a  concentration and the proportions of sodium, potassium, calcium, 
and magnesium. Oxygen-18/oxygen-16 d i s t r i b u t i o n  between dissolved su l fa te  and 
water has also been used as an ind icator  o f  subsurface temperature i n  
geothermal systems (McKenrie and Truesdell , 1977). 

Temperatures estimated by geothermetric methods are val i d  only f o r  
hot-water systems and only when ce r ta in  assumptions are t rue  (Fournier and 
others, 1974). These assumptions are: 

1. Temperature-dependent reactions a t  depth contro l  the concentration o f  

2. The reservoir  contains an adequate supply o f  the reactants on which 

3 .  Water-rock equi l ibr ium i s  establ ished i n  the reservoir.  
4. The consti tuents used i n  the geothermonieter do not  reequ i l i b ra te  w i t h  

5. Mixing o f  thermal and nonthermal ground water does not  occur. 
Ideal ly ,  the concentration o f  dissolved s i l i c a  i n  water depends on the 

the consituents used i n  the geothermometer. 

the geothermoneter i s based. 

the confining rock as the water f lows t o  the surface. 

temperature o f  the reservoir  and the s o l u b i l i t y  o f  quartz. Pract ica l ly ,  
however, chalcedony rather  than quartz 1 i m i  t s  d i  ssol ved-si 1 i c a  concentration 
i n  cooler systems, and the temperature a t  which chalcedony becomes the 
l i m i t i n g  mineral depends not  only on temperature but  also on rock ty-pe 
(Arnorsson, 1975 1. For exampl e, i n  g r a n i t i c  t e r r a i  ns , quartz 1 i m i  t s  d i  ssol ved 
s i l i c a  concentrations t o  temperatures as low as 70 t o  75°C; i n  basal t ic  
terrains,  chalcedony 1 i m i t s  dissolved s i 1  i ca  concentrations t o  a t  l e a s t  120°C 
and possibly 180°C. An addi t ional  complication i s  t ha t  the spring pH i s  
higher than 8.5 i n  many g r a n i t i c  terrains,  and a t  more a l ka l i ne  pH's, the 
s o l u b i l i t y  o f  quartz o r  chalcedony i s  a funct ion o f  both temperature and pH 

(Mariner and others, 1980). 
Mixing of thermal (h igh-s i l ica)  and nonthermal (low-si1 i ca )  waters can 

sharply reduce temperatures estimated from the s i 1  i c a  geothermometer. 
mixing can be demonstrated, then subsurface temperatures can be calculated 
using mixing model s described by Fournier and Truesdell (1974 I .  
Unfortunately, the thermal springs of Washington general ly occur as s ing le 
springs o r  as small groups of springs t h a t  have the same chemical and isotopic  
composition. Temperature differences are general ly minor w i t h i n  a group and 
are generally a function o f  f low rate. Mixing i s  possible i n  any o f  the 
thermal springs, bu t  It has not  been demonstrated by chlorfde-deuterium o r  
chloride-temperature relat ionships. Mixing models therefore were not used. 

I f  
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The Na-K-Ca dnd Mg-corrected Na-K-Ca geothermorneters are based on 
empirical relationships between the various cations and measured reservoir 
temperatures . Temperatures estimated from the cation geothermometers can be 
sharply increased by loss of calcium after the thermal f l u i d  leaves the 
geothermal reservoir. Near-surface water-rock reaction w i t h  the country rock 
can release appreclable magnesium and can lead t o  excessively low temperatures 
estimated from the Mg-corrected Na-K-Ca geothermometer. 

As always, the chemical geothermoweters should be used w i t h  caution and 
should be treated as indicators, not measurements. Generally, the Na-C1 or 
dilute Na-HC03 waters are less reactive w i t h  the confining rock and undergo 
less change i n  chemical composition as the water moves from the reservoir t o  
the surface. The C02-charged waters give the least re1 fable geothermometry 
because of their reactive nature, either reacting w i t h  the country rock o r  
Precipitating CaC03. Gama, Baker, and Ohanapecosh hot springs we 
apparently associated w i t h  the highest temperature systems (table 5 )  Gamma 
Hot Springs has the highest estimated temperatures (quartz 157"C, and 
Na-K-Ca = 216°C); however, a t  Gamma, d i l u t i o n  i s  possible and precipitation o f  

CaCO3 i s  probable. Not only is  the water supersaturated w i t h  respect t o  
caco3, but  the dissolved carbon (13c/12c) composition i s  relatively 
depleted (-11 " / o o ) .  Thus the Na-K-Ca may indicate excessively h i g h  
temperatures whereas the quartz geothermometer may indicate excessively 1 ow 
temperatures. Dilution may a1 so effect Baker Hot Springs. Sulfate-water 
isotope geothermometer temperatures are not available for either Baker or 
Gamma Hot Springs. Ohanapecosh Hot Springs appears initially t o  be associated 
w i t h  an aquifer a t  a temperature o f  approximately 140°C on the basis of both 
quartz and Mg-corrected Na-K-Ca. However, sul fate-water isotope relationships 
indicate l l O ' C ,  as does chalcedony. In addi t ion,  the water i s  supersaturated 
w i t h  CaCO3 and i s  relatively depleted i n  carbon-13 ( 6  l3C/l2c = -12 
" / o o ) .  Therefore, i t  appears t h a t  CaC03 has been lost from the solution 
as i t  moved from the reservoir t o  the surface. The most probable equilibrium 
temperature a t  Ohanapecosh i s  110°C . Higher temperatures t h a n  those indicated 
from the silica or Na-K-Ca geothermometers are possible i n  some of the 
C02-charged waters. for instance, Garland Mineral Springs (29°C d t  the 
surface) has an indicated sul fate-water isotopic equil i brium temperature of 
149'C. The h i g h  concentration of dissolved silica i n  the cooler C02-charyed 
waters probably i s  a function of the rate o f  silica mineral dissolution and i s  
not controlled by equilibrium w i t h  quartz or  chalcedony a t  elevated 
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E '- '. 
Table 5. Aquifer-temperature estimates f o r  selected springs and wel ls  i n  Washington 

[ Temperatures are reported i n  degrees Celsius("C) 1 
Name Spring Quartz Chalcedony Na-K 

Chel an County 
Soda Springs a t  
L i t t l e  Glenatchee River 
L i t t l e  Wenatchee Ford 

Olympic Hot Springs 
Sol Duc Hot Springs 

Soda Spring Green R. 

Go1 dmeyer Hot Spring 
Lester Hot Spring 
Scenic Hot Spring 

K1 i c k i  t a t  Springs 

7 91 60 141 
9 140 114 200 

48.5 115 86 72 
51 111 81 91 

16 136 109 154 

C l a l l  am County 

Cowl i t z  County 

King County 
50 102 65 92 
46.5 100 56 81 
47 65 42 65 

K1 i c k i t a t  County 

Lewis County 
23 139 112 193 

Ohanapecosh Hot Spring 48 137 110 172 
Summit Creek Soda Spr. 11 137 110 110 

Longmire Mineral Spr. 19 150 125 159 
Pierce County 

Skamania County 

I r o n  Mike We1 1 18 114 86 87 
St.Martin's Hot Spring 48 100 70 78 
Bonnevi l le Hot Spring 36 70 31 37 

Gamma Hot Springs 65 157 133 210 
Snohomish County 

Garland Mineral Spring 29 140 114 160 
Kennedy Hot Springs 35 17 1 149 181 
Sulphur Hot Springs 37 105 65 81 

Baker Hot Springs 44 139 112 138 
Whatcom County 

Yakima County 
Bumping River Soda Spr. 9 134 107 79 
Goose Egg Soda Spring 10 133 105 111 

Na-K- 
1/3Ca 

153 
19 

106 
100 

15 

118 
108 
90 

159 

171 
162 - 

161 

1 05 
104 
63 

216 
190 
189 
117 

162 

92 
121 

Na-K- 
4/3Ca 

105 
89 

91 
91 

85 

87 
75 
52 

48 

172 
161 

96 

57 
69 
24 

178 
196 
145 
108 

140 

32 
60 

Mg-corr . 
Na- K-C a 

81 

53 

7 

140 
42 

46 

53 
89 

196 
80 
68 

162 

23 



temperatures. 
respec t  t o  amorphous s i l i c a  is approached. I n i t i a l l y ,  i t  appears t h a t  the 
quar tz  geothermometer indicates higher reservoi r  temperatures than the Na-K-Ca 
geothermomete'r i n  the d i l u t e  a lka l  ine waters t h a t  discharge a t  Olympic, Sol 
OUC, Sulfur,  Bonneville, Goldmeyer, Lester, and Scenic hot  springs.  However, 
the s o l u b i l i t y  of quar tz  o r  chalcedony i n  waters a s  a lka l ine  a s  these is a 
function of both temperature and PH. Using one of the solution-mineral 
computer models such a s  SOLMNEQ (Kharaka and Mariner, 1977) o r  ENTHALP 
(Truesdell and Singers, 19741 i t  is  possible  t o  es t imate  aqui fe r  pH a t  
sucessively higher temperatures and t o  determine theore t ica l  equil ibrium 
temperatures between quar tz  o r  chalcedony and the respective waters. These 
estimated temperatures agree more c lose ly  w i t h  the temperatures estimated from 
the Na-K-Ca geothermometer. Sulphur Hot Spr inys  discharges the only d i l u t e  
a lka l ine  water t h a t  seems t o  be associated w i t h  an aqui fe r  a t  temperatures of 
more than 100°C (110" t o  117°C). 

In the COl dest C02-charged soda springs, sa tura t ion  w i t h  

DISCUSSION 
Although the thermal spr ings  of Washington a r e  assoc ia ted  w i t h  an area of 

young volcanic a c t i v i t y ,  the chemical data do not indicate the presence of 
numerous high temperature geothermal systems. Baker Hot Springs dnd Gamma Hot 
Springs appear t o  have the highest  temperatures ( a t  l e a s t  150°C). Baker Hot 
Springs appears t o  be the only system w i t h  development poten t ia l .  The system 
may have an aqui fe r  temperature of more than 15o'c, b u t  i t  may also be small. 
Gamma and Ohanapecosh, two of the h ighes t  temperature systems, a r e  i n  
wilderness areas  o r  National Parks and a r e  not ava i lab le  f o r  development. 
Su lphur  Hot  Springs has an estimated aquifer temperature of only s l igh t ly  more 
than 1OO'C; the low discharge r a t e ,  apparently restricted size, i so l a t ed  
loca t ion ,  and moderate temperdture, a l l  combine t o  produce a system of minor 
importance. A l l  other systems appear t o  be associated w i t h  reservoi rs  of 
115°C or less. 

f n the Coz-charged waters. Temperatures indicated by the geothermometers 
f o r  these waters a r e  t o t a l l y  inadequate t o  explain the generation of  the 
amounts of co2 discharged i n  the springs.  The C02 is may be generated i n  
the lower crust o r  upper mantle (Barnes and o thers ,  1978). T h i s  COP of deep 
o r ig in  could be dissolved i n  deeply c i r cu la t ing  thermal waters. Variations i n  
the carbon i so topic  composition of the dissolved C02 i n  the respect ive 

A problem which we have not addressed is the o r i g i n  of the carbon dioxide 



spring water i s  probably due to  reaction with near-surface limestone; to  
isotopic equi l ibrat ion with the limestone i f  residence times are long enough; 

O r  to  isotopic depletion if CaC03 i s  precipi tated from the water d s  it 
migrates from depth t o  the land surface. 

I 
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