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GEOCHEMICAL IN DI CATORS OF SU BSU RFAC E T EMPERATURE-· 
PA RT 2, ESTI MATION OF TEMPE RATURE AN D FRACTION OF 

HOT WATER M IXED WIT H CO LD WATER 

By R. O. FOURNIER and A. H. TRUESDELL, Menlo Park, Calif, 

A bst ract. - Th e watcr in llIany warm springs with large rates of flow 
consists o f mixtures of hot waler t hat has come from depth and of 
shallow cold water. Undcr favora b lc conditions thc original temperature 
of lhc ho t wat er and th c fra ction of thc cold watcr in th e mixture can 
be estimated by using th e IlI casured tempcrature and silica content of 
t he warm spring wa tcr and th e t cmpcraturc and silica conten t of 110n
thermal waleI' in th e region. T he mclhod has bcen applied with appar
ent success at Y c1lowstonc National Park . 

\Varm «BO°C) springs with large rat es of discharge occur in 
man y places throughout th e ,i'orl el. Som e of th ese warm 
sprin gs o riginale thro ugh deep circulation o f meteo ric water 

that is heated mainl y by co ndu ctive heal transfer from the 

rock to th e water. Olher warm springs ori ginate lhrough mix

ing o f high-tempera ture (> 100° C) water with eold meteoric 
water. 

An dise ll ssed in part 1 b)' F ournier , White, and Truesdell 

(com pani o n arti cle o n p. 259 o f thi s issue) , \vater discharged 
f rom spr ings with rates of fl o w greale r lhan abo llt 100- 200 
l/m in ca n be a ~fi Ul1l c d to have lost lilLi e hc;a t 10 the wallroek 
pcr unit mass o r water d llring th e upward mo vement. For 

nOll Lo iling sp rings, if mi xing has no t occurred , the tempera

tu re of t he spring is el ose to th e hi ghest temperature attained 
by thaI wate r. If mix ing has occurred, ho wever , water 01' very 

h igh tempera lurc lIlay be p resent a t comparatively shal low 
d(·plll. T llc's(; possibl e di ffe re ll cc~ s in slI hsllrfaee (;o ncii t io ns may 

1)(: di fr''I'( :lIlia t (:d ill 111 ;1(1 )' I'la c; , ; ~ on (:JII:lllic:d gro und ,.;. Speei
f ir;:dl)' , Ll ll: c:I,, :/ni cal CO lilp osili o li o f a wa k r h"at (;d o ill y lo il ,.; 

eV(: II I lIaJ t/ ise ll arg(; telilperalu rc: is likc:l y to refl ec t waler-roek 

e lJll ili h r:ll ioll al abo llt th at temp era lure, wh ereas th e composi

I·io ll of a mi x <:e/ wa ler is lik ely to indi eale mark ed no ncqllili
bralio l1 1)c:\ wc;c lI th e wat er and rock at the sp ring temper;llurc:. 

Jf l l,, ; cO lllposi ti on sugg(;s ls th a I th c warJ1l spring wate r is 
p rodlle, ·rI hy th e lIl ix ing of eo lcl m"l(:oric; water wi th high
tC/l1pl'I';lt llr(: wa ll:r, it is poss ibl e Illi t/(: r certain co ndili ons to 

c.I!(·"lall; ti ll: IClIlpcra l urc: alld frac ti o n of th e hot-waler 
(:o Il IIIOn(;II l. 

TEST FOR A MIXED WATER 

I r s(· v.:ra l spri ngs al'l : I'r(;sl' /)l , va ria tio ns in the lem perature or 
il l ('1) 1It.-1I 1 o r chl o rid e , Lorun , or other rc la tively no nreaetivc 

constituen ts may indica te mix ed ,vater. Such water is parti
cularly indicated where there is a regular variation in water 

temperature and ehlorinity. 
Another approach is to tes t whether or not th e composition 

of a large flo wing sp ring indicates chemical equilibration at a . 
t emperature within about ±25°C o f the spring water . Marked 

. nonequilibration suggests a mix ed water. 

The Na-K-Ca geothermom eter (Fournier and Truesdell, 1973) 

app ears to work well for testing chemical equilibration . Water 
compositio n, in molality , is related to temperature by the 
empirically derived equation 

~ 1647 
log (Na/f<) + {3log (V Ca/Na) = 273 -2.24, + l oe 

(1) 

in which {3=1/3 for water equilibrated above 100°C, and {3= 4/3 

for wat~r equil ibratcd belo w 100°C. First, tes t to see if (3=4/3 

y ields a temperalure belo w 100°C ; if it does not, lise {3=1/3 to 
eS lim ate th e eq uilibratio·n ternpcratt·ll·e. 

A more sophis ti ca ted approach is to perform a complete 
ehcmieal anal ysis of th e water and then use a computer and 

appropria te p rogram ( Kharaka and Barnes, 1974; Truesdell 
and .J ones, 1973) t o test various possibl e equilibria at the 
teinpera lure o f th e sp rin g and selected higher temp era tures. 

T hl: sili ca geol he,.,ll o lll cler ( F ourni er and Ilowe , 1966) has 
b(! I!n lil(! 1Il 0s l reliabl e R ill g l( ~ dll;mi ea l illdiell ior of J'I',sc rvoir 

telliperature ill spring systems lhal arc high in sili ca and lire 

charac terized by sinter deposits and boiling waters. There is an 

a mbiguity, ho wever, in using th e silica content of a warm 

spring to tes t fo r water-rock equilibra ti o n at th e spring temper

atu re : a high sili ca eonlenl in the spring water may he due to 
eith er ~o luli on o f quart z a t a Illueh hi gher temperature (wi lh 

or with o u t subseq uen t mi xing o t" hot and cold waters) o r solu

t io n of cris lobali te o r amorpho us silica at th e spring tem pera
Lure . T herefore, the si lica geotherm ometcr (F ournier and 

Ro wc, ] 966) sho ul d be used wi th great cauti on to tes t fo r 

waler-rod, equ ilib ratioll at the spring tem pera t ure. Al tho ugh 
supersaturated sili ca sol u ti.o Ils may occ ur in nature over a wi de 

range in temperatures, the), are not likely to persist for lo ng 
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264 GEOCHEMICAL INDICATORS OF SUBSURFACE TEMPERATURE-PART 2 

periods of time above about 150°C (Fournier, 1973). This is 
critical for the models that we present in this paper. 

MIXING MODELS 

Two mixing models that allow calculation of the tempera
ture and fraction of the hot water component are shown 
schematically in figure 1. In modell, figure lA, hot water 
ascends from depth alOllg a permeable channel, possibly a fault 
or joint. Depending on the initial temperature, the water may 
boil (cool adiabatically) as it rises. In this event, the water and 
newly forming steam ri~e together. At some point, M in figure 
lA, the hot water enCQunters cold water from a permeable 
stratulll. At the deptl1 of mixing the weight of a column of 
cold water extending up to the surface is greater than the 
weight of the warm mixed water. Thus, the pressure relations 
arc such thal cold water enters the hot-water channel and the 
111ixture flows to the surface and is discharged as a warm 
spring. Depending on the proportion of hot to cold water and 
the initial cnthalpies of each,· the spring may have a tempera
ture ranging from very low to boiling. 

In model 2, figure lB we assum.e that boiling occurs in the 
rising hot water and that some or all of the re-sulting steam 
.eseapes from that water (point S) before the hot water mixes 

1 n 1 
A Ho.")t 

Heat 

with cold water. We show a fumarole where the sleam emerges 
and a warm spring where the hot water mixed with cold waleI' 
emerges. Alternatively, the separated steam might possibly 
condense and combine with shallow ground water and give rise 
to other warm springs that are not amenable to the methods 
suggested in this report. 

If the channel above S is filled with steam, boiling at Swill 
be at atmospheric pressure, provided there are few constric
tions in the chal1l)ej or impediments to the escape of stcam (no 
throttling occurs). I! throttling of the steam occurs; or if the 
channel is partly or, completely filled with water, pbiling and 
escape of steam lit S will be at greater than atmospheric 
pressure. , . 

In both models of figure 1 the calculations d~pend upon 
ones knowing the temperatures and silica conteJ1i~f the Gold 
water before mixingl and those of the warm spring ";yater after 
mixing. In addition, it must be assumed that the initial silica 
content of the deep hot water is controlled by the solubility of 
quartz and that no further solution or deposition of silica 
occurs before or after mixing. Numerous observations have 
shown that natural water deep in hot-spring systems generally 
is just saturated with quartz (Mahon, 1966; Fournier and 
Truesdell, 1970; Ellis, 1970; Fournier, 1973). Furthermore, 

B 

Figure I.-Schematic model (11) for obtaining a mixed-water warm sllring in which both the enthalpy and silica content of the hot.water contcr 
arc the H'lllle as in the original deep water (model 1) and schematic model (B) in which the hot-water component has lost steam before mixin 
with cold water (model 2). (Sec text for discussion.) 

1 If the average temperature and silica content of nonthermal groUll 
watcr in the region are not known, we suggest estimating the me,! 
annual temperature and using 25 mgll of silica as a first approximatio: 
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our ob~crvatiolls in Yellowstonc National Park (Fournicr and 
Truesdell, 1970) and elscwhcre (White, 1974) suggcst that 
aRcending boiling watcr gcncrally does not dissolve or precipi
tale silica if the rate of up flow is fast. 

In thc calculations that follow, model 1 gives a probable 
maximum subsurface temperature attained by the hot-water 
component, and model 2, a probable minimum subsurface 

tcmperature. On the basis of the total chemical and physical 
character of the warm spring, its relation to other hot springs 
and fumaroles, and its gcologic cllvironment, it may be possi
ble to choose the temperature that is more likely to be correct. 
Even where this is not possible, information on the range of 
possible subsurface temperatures will be of great interest. 

CALCULATiONS 

Modell 

In this model thc enthalpy of th~ hot water plus steam that 
heals the eold water is the same as the initial enthalpy of the 
deep hot waler. Two equations can be written to solve for the 
1 wo unknowns-the temperature of the'hot water and the pro

portions of the hot and cold water-because the silica content 
and tempel"ature of the warm spring arc different functions of 
the original temperature of the hot-water component. The first 
equation relates the heat contents or enthalpies of the hot 

watcr, J~hot; eO.ld water, Hcold ; and spring water, Hspg; and 
the fractions of cold water X' and of hot water I-X as 
follows: ' , , , 

(2) 

Below 100
0 e the enthalpy of liquid waler coexisting with 

steam (saturated water) ill calories per gram is essentially 
equivalcn t in nlilgni tude to the temperature of the water in 
degrees Celsius. Above 1000 e the relation of temperature and 
enthalpy of saturated waler can be found in steam tables 
(Keenan and Keyes, 1936; Keenan and others, 1969). Selected 
v,dues are briven in table 1. 

Table 1.-I':lItlwlpr'es of liqldd wuter aTld qllurtz solubilities at selected 
/('mpera[un's and prcssun~s appropriate for coexis/.ent ste(Url and 
hi/II/ii ",(lIN 

l EIlI lIa I pi,'" from KC<"Ilan and olh,'rs (19(1<). Quart:!, solubilities at and 
helo\\' 22;J" C from !'Ilorcy and olher,s (1962); above 2250 C from 
unpublished dal:, of H. O. Fournier} 

TcnlJleratlirc Enthalpy Silica Temperalure Ellthalpy Silica 
ee) ( cod/g) (lJlf.\fI) ("e) ( cal/[() (lll[(/l ) 

so :;0.0 I :I.S ~ZO() ZO;I.6 26;; 
7;' 7;).0 2(,,6 225 Z:lO.<) 36;; 

It}11 II)(U 18 ZSO 259,2 ,W6 
I ')~ 
~ .. l~.s.{l, gO 275 211<).0 6J1. 

ISO IS 1.0 12S :-300 321.0 692 
i7S 177JJ IUS 

In a similar manner the second equation relates the silica 
contents of hot water, Sihot ; cold water, Sicold; and spring 

water, SiSpg: 

(Sicold)(X) + (Si hot)(l-X) = Sispg' (3) 

The relation of dissolved silica to the temperature of the aqui
fer supplying the hot-water component is given by the solu
bility of quartz at the vapor pressure of the solution (Morey 
and others, 1962; Fournier, unpub. data, 1974). Selected 
values are given in table 1. 

We use a computer program (Truesdell and others, 1973) to 
solve equations 2 and 3 and obtain the temperature of the hot 
water and the fraction of cold water in the mixture, using 
measurements of the spring temperature and silica content, 
measurements or estimates of the lowest temperature and 
average silica content of cold springs in the area, and tabular 
values of heat content of liquid water and quartz solubilitien. 
Alternatively, a graphical solution can be obtained as follows: 
1. Assume a series of values of enthalpy of hot water for the 

temperatures listed in table 1 and calculate X t for each, 
as follows: 

(Enthalpy of hot wilter) - (Temperature of warm spring) x- . 
t (Enthalpy of hot water) - (Temperature of coldspring) 

2. Plot the calculated values of Xt in relation to the tempera
tures from which the assumed hot-water enthalpy values 
were derived (sec fig. 2, curve A). 
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Figure 2.-Fraetion of cold water relative to temperalure and chloride 
content of hot-water component in Terrace Spring, Triangle" X/ 
values listed in lable 2; circles, XSi values. The horizonlal bars ,how 
the possible error due to uncertaiuly in the ,ilica analysis of Ill(' 

spring watcI'- Points P and Q discussed in text. Curve A, Fraction of 
cold waler based on model 1 cnlhalpy considerations, Curve B, 
Fraction of cold water based on modell silica considerations, Curve 
C, Fraction of cold water based on model 2 silica considerations. 
Curve D, Required chloride contenls of deep water. 
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3. Assume a series of silica contents of hot water appropriatc 
for the temperature Iistcd in table 1 and evaluate XSi for 
each silica content, as follows: 

x . = (Silica in hot water) - (Silica in warm spring). 
SI (Silica in hot water) - (Silica in cold spring) 

4. On the graph prcviously used, plot the calculated values of 
X Si in relation to the tempcratures for which the silica 
contents were obtained (sec fig. 2, curve B). 

5. The point of intersection I,rives the estimated temperature 
of the hot-water component and the fraction of cold 
waler. 

The two curves possibly may not intersect (fig. 3) or they 
may intersect at an unreasonably high temperature. These 
situations would arise if the ascending hot water lost steam or 
heat before mixing with the cold water (model 2) or if the 
mixed water dissolved additional silica owing to contact with 
amorphous silica or rock containing glass. Therefore, we 
rccommend that the mixing model described above be used 
with extreme caution for warm spring water that has silica 
contents about equal to the solubility of amorphous silica at 
the temperature of the spring. For temperatures below 200°C, 
the approximate solubility of amorphous silica can be calcula
ted from the equation 

731 
-logC=T - 4.52 (6) 

where C is "iliea solubility in milligrams per liter and T is 
absolute tempcrature. 
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The actual temperature and silica content of the "cold" 
component at the point of mixing can seldom if ever be 
known with certainty. If either the temperature 01' silica con
tent of the cold water were higher than the assumed value, the 
resulting estimated temperature of the hot-water component 
would be too high. 

Model 2 

The enthalpy of the hot water in the zone of mixing is less 
than the enthalpy of the hot water at dcpth owing to escape of 
steam during ascent. The silica content of the hot-water 
component, however, is fixed by quartz solubility at depth 
and subsequent enrichment in the liquid water fraction as 
steam separates. At the point where steam escapes from the 
ascending hot water and steam mixture, S in figure IB, the 
residual silica concentration in the hot water increases and is 
given by the equation 

R 'd al 'j' Original silica eSl U Sl lca = -...;;;..,----
l-y 

(7) 

where y is the fraction of steam formed during movement of 
water from depth to S. 
If one assumes a temperature, ts , at which steam escapes, it 

is possible to calculate the residual silica for that eonditlOn 
and, using that information, estimate the original hot-water 
temperature before steam separates. In general, we set ts equal 
to the boiling temperature imposed by local atmosplwl'ic 
conditions. This requires that escape of steam at poin t S of 
figure III occurs at atmospheric pressure, and our calculation 
yields a minimum probable temperature for the hot-water 
aquifer. The calculation is carried out as follows: 

1. Use the atmospheric boiling temperature for the value of 
Hhot in equation 2 and calculate the corresponding value 
of X. 

2. Use that value of X in equation 3 to estimate the residual 
silica content of the hot water at ts' 

3. Usc the calculated residual silica content and curve A of 
Fournier and Rowe (1966, fig. 5) to estimate the original 
subsurface temperature before separation of steam. Curve 
A of Fournier and Rowe is roughly approximated by the 
cquation 

-10 C = 1522 -5.75. 
g toC + 273 

(8) 

If superhealed nteam emerges from nearby fumaroles 01' if 
there are other reasons for believing that stearn escapes al 
greater than atmospheric pressure, an alternatc procedure 
·should be used: 
1. Assume a value of ts appropriate for the pressure al whieh 

sleam is thought to esc.ape at point S of figurc lB. 
2. Use steam tables (or table 1) to detcrmine the heat conlenl 

of liquid water in calories per gram al ts and substitute 
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that value in equation 2 to estimate a corresponding value 
ofX. 

3. Usc that value of X in cquation 3 to estimate the residual 
silica content of the hot watcr at ts' 

4. Estimatc the silica content, C, that would have been 
present in the hot-water component if steam had escaped 
at atmospheric pressure using the relation 

C = Residual silica 
x 

1--
1-y 

(9) 

whcre X is the fraction of steam that would be formed in 
going from Is to thc boiling temperature at atmospheric 
pressure (see fig. 4) and y is the fraction of steam formed 
in going from the original temperature to ts' Both y and 
C are unknown in equation 8. However, the value of y 
will generally range from 0 to about 0.3, and as a first 
approximation it can be set equal to OJ. 

S. Use the value of C and Curve A of Fournier and Rowe 
(1966, fig. 5) or equation 8 to estimate the original 
subsurface temperature before separation of steam. 

A more precise estimate is possible if an iterative process is 
used in which the value of y is adjusted to reflect successive 
estimates of the original temperature. In general, we do not 
believe that the overall accuracy of the method warrants this 
additional cffort. 
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Fi[;\ll'(; ·1·.-Fraction of steam that would form by adiabatic cooling 
from Is to 1000e. 

EXAMPLES OF APPLICATION 

These mixing models proposed have heen applied to a few 
large-flowing warm springs in Y cllowstone National Parle The 
results are geolof,rically reasonable but have been substantiated 
by shallow drilling in the proximity of only one (Interchange 
Spring) of the springs in question. 

The average silica content of the non thermal ground water in 
the park was found to he 25±2 mg/l and the temperature of 
the coldest spring was 5° C, in good agreement with the mean 
annual temperature of 4° C. 

Terrace Spring near Madison Junction flows at about 5,500 
l/min, the water temperature is 62°C, and silica content is 140 
mg/l (Allen and Day, 1935, p. 353-354). The sodium, potas
sium, and calcium contents of the water yield an estimated 
aquifer temperature of 200°C, using the method of Fournier 
and Trucsdell (1973). As this temperature is far greater than 
the spring temperature of 62° C, the spring is assumed to he a 
mixed-water type. 

Calculated fractions of cold water, assuming various tem
peratures of hot water and using model 1 and equations 4. and 
5, are listed in table 2, column 1, and are plotted in figure 2, 
curves A and B. The curves intersect at 265°C and a cold water 
fraction of 0.79. This is a very high estimated aquifer tempera
ture and can be thought of as the maximum prohable tempera
ture of the hot-water component. 

Although there are no nearby fumaroles, hoiling pools, or 
other physical evidence that points to model 2 as a reasonable 
possihility, we have applied that model to Terrace Spring in 
order to establish a lower limit to the probable maximum 
subsurface temperature at that locality. 

Cunle C of figure 2 was generated by assuming various values 
of ts and using equations 7 and 9 and other relations as dis
cussed in the section on calculations. If steam escaped at 
atmospheric pressure from an ascending boiling water, the 
hot-water component would have heen at about 92°C at the 
time of mixing with cold water, and the original temperature 
of that hot water would have been 165°C (point Q, fig. 2). 
This is the minimum probahle temperature of the aquifer 
supplying the hot-water component. If higher pressurcs are 
assumed for escape of steam, larger fractions of cold water arc 
rcquired and highcr estimated aquifer temperatures result, as 
shown by curve C, figure 2. Again, the probable upper tem
perature limit is about 265°C where curves A, B, and C intcr
sect at a common point. 

For Tcrrace Spring the aquifer supplying the hot water is 
probably closer to 265° than 165°C. The spring is located 
between Lower Geyser Basin (9 km to the south) and Norris 
Gcyser Basin (14.5 km to the northeast) at a relatively low 
topographic position along thc hounding fault of a large 
caldcra (Kccfer, 1971; Christiansen and Blank, 1972). Recent 
drilling Ly the U.S. Geological Survey has shown that suiJ
surface tcmperaturcs bencath parts of Lowcr Geyser Ba~in 

cxceed 205°C; those beneath Norris Geyscr Basin exceed 
240°C (White and others, 1968). Silica and Na-K-Ca geo-
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Table 2.- Values of Xt and XSi at different assumed temperatures of the !lOt·water component for warm springs in YelloUJstone National Park 
. [Sec text for details 1 

Temperature 1 2 3 4 
(assumed) 

of hot water Xt XSi X XSi Xt XSi Xt XSi t 
(0 C) (t=62° C) (Si0 2 =14·0 mg/I) (t=49° C) (Si02 =100 mg/I) (t=61° C) (Si0 2 =122 mg/I) (t=76°C) (SiO, =270 mg/I) 

50 0.022 
75 0.136 .371 0.200 

100 0401 .537 .. " ... .410 0.253 
125 .527 .635 .534 .410 
150 ...... ; .610 .699 0.250 .616 0.030 .514 
175 .669 
200 

0.230 .744 .531 .674 .394 .537 
.713 

225 
.521 .773 .633 .713 .596 .642 

.H3 .662 
250 

.805 .779 .792 .715 .686 0.279 
.776 

275 
.751 .327 .337 .730 .790 .721 .4.69 

300 
.799 .805 .845 .373 .803 .835 .750 .584 
.820 .328 .361 .833 .823 .855 .775 .633 

l. Terrace Spring ncar i'>ladison Junction. Flow approximately 5,550 

2. 
I/!uin. Data from Allen and Day (19,35). 

Spnng 104 km N. of Biscuite Basin, about 3 m E. of road. Flow 
about 190 l/min. 

thermometers applied to boiling hot-spring water at Norris 
suggest subsurface temperatures of 250° to 270° C. 

The chloride content of Terrace Spring, 64. mg/l is consistent 
with the higher aquifer temperature and correspondingly large 
calculated fraction of cold water. Given the chloride conccn
tration ill the spring and the average chloride in non thermal 
watcr in the rcgion «1 mg/l), the chloride content of the dcep 
hot water can be calculated, assuming any given proportion of 
hot and cold water. Curve 0, figure 2, shows the results of that 
ealeulation_ For a cold-water fraction of 0.79, the chloride 
content of the hot-water fraction would be about 300 mg/l 
(point P, fig. 2). This is close to the chloride content of 
thermal water (before steam loss) found at Lower Geyser 
Ba»in. 

The seeond example is olle in which mixing model 1 fails, 
hut model 2 gives excellent results. Interchange Spring in 
Blaek Sand Basin came into being as a result of an excavatiorl 
for a highway interchange for diverting traffic around the Old 
Faithful area. Th(~ spring had a tcmperature of 76°C, it siliea 
COllt(~llt of 270 mg/l, and a flow rate of ahout 2,000 l/min. The 
Na-K-Ca eontent suggests a temperature of 205°C. The ealcub
[I,d fractions of cold water at given temperatures of the hOl
wat(T eomponenl are li~ted in laLle 2, eolumn 4, and plotted 
ill figme 8. 

Th., lllost lIotahk fcaLurt! of figure 3 is thaL curve A, IJased 
Oil ellthalpy consitier,ltions, <lilt! curve B, based on model 1 
~ilica c()llsid(~rali()lls, do not inLersect. Evidently either steam 
"scaped fnnl1 the hot-waLer COIlJ[lollent before mixing or Lhe 
warlll sprillg wal(,r dissolved exIra silica afu:r llIi;"ing occurred. 
Tire warm water Inay 1)(, picking lip extra silica, for it (,merges 
frolll sand,; and gravels composed IllosLly of fresh obsidian. 
Tlr" ollsitiian glass could difisolv(! and raine aqueous silica to 
caluralioll wilh n:slwct to ilil101Vhollli silica. At 76°C the 
,;t,luIJilily of alllorpholls silica is 2(j6 mg/l, which is within the 

3. Spring 2.25 km N. of Biscuite Basin, about 60 m E. of road. Flow 
abolltl00 I/min. 

4. Interchange Spring, Black Sand Basin. Flow about 2,300 l/min. 

analytical error of the 270 mg/l silica found in the spring 
watcr. 

We favor the first alternative beeause the large rate of flow 
makes equilibration with amorphous siliea unlikely and 
because model 2 gives results in close agreement with what is 
kn ow n ahout subsurface temperatures ncar In"terehange 
Spring. 

The variation of original hot water temperature relative to 
the fraction of eold water in the warm spring, curve C, figure 
3, is bascd on model 2 siliea considerations. If steam escaped 
at atmospheric pressure before mixing of hot and cold watcr, 
the rcmaining hol water would have been at 92°C (hoiling 
temperature at the altitude of the spring) and its original tem
perature would have been about 200°C (point 0, fig. 3)_ 

About the samc temperature is estimated from chloride 
eonsiderations. The chloride content of Interchange Spring is 
224 mg/l, the calculated ehloride eontents of the hot-water 
component, assuming various fractions of mixed eold water, 
are shown by eurve 0, figure 3. The highest conccntration of 
chloride found in dischaq,ring boiling springs and geysers in 
Black Sand Basin was 315 mg/1. Presumably Lhis is the residual 
chloride concentration attained after maximum separation of 
steam owing to adiabatic cooling of the aseending water. 
Therefore, the maximum ehloride eon tent of the hot-water 
compoll!!nt in Interchange Spring is likely to have been 315 
mg/I; the eorresponding maximum fraction of eold water, 
0.285 (point P, fig. 3). This requires that the hol-water eom
ponent have a temperature of 110°C or less at the lime of 
mixing. For a eold water fraetion of 0.285, curve C of figl1l"c 3 
shows an original hot-water temperature of about 208°C 
(point R). 

The silica eontents of hoiling springs and geysers in the 
vieinity of Interchange Spring indicate an aquifer temperature 
of 1 <)0° to 205°C. In adllitioll, two shallow holes drilled Ilem'-
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by indicatc subsurface temperatures exceeding 170° to 1800 e. 
Both holes were terminated before a maximum or leveling-off 

temperature was attained. One hole is about 900 m to the 

southeast and had a bottom-hole temperature of 180° e 
(Fenner, 1936). The other is about 600 m to the west and had 

a bottom-hole temperature of 170° e (White and others, 1968; 
1I0nda and Muffler, 1970). 

Apparently the hydrologic system supplying water La Inter

change Spring is very similar to model 2. We suggest that the 

hot-water fraction of the mixed water in Interchange Spring 

comes from an aquifer at 200° to 208° e. That water cools 

adiabatically, forming steam as it rises towai'd the surface. At a 

shallow level, but before mixing with cold water occurs, the 

high-enthalpy stcam fraction escapes from the remaining lower 

enthalpy liquid water. This low-enthalpy water at 92° to 

110° e then encounters cold ground water and a mixed water 

at 76°e results. The separated steam fraction probably 

emerges 350 111 northwest of Interchange Spring at the Pine 

Springs group, where violently boiling springs occur with little 
or no discharge. 

Ideally, large-flow warm springs in a given locality with dif

ferent temperatures and different compositions should give the 

same estimated hot-water temperature. Such is found for two 

largc-flow unnamed springs located bctwecn Biscuit Basin and 

Midway Geyer Basin in Yellowstone National Parle The 

springs have temperatures of 49° and 61° e and silica contents 

of 100 alld 122 mg/l \'i~spedi\'ely, (table 2, cols. 2 and .3). 
A pplying model I, the intersection of curves A and B, figure 5, 
indicates a cold-water fraction of 0.82 for the 49°e spring and 

24.1°e as the maximum probable tcmperature of the hot-water 

eomponent. The intersection of curves C and D, figure 5, gives 

exactly the same temperature, 243°e, for the high-tempera

ture component of the 61°C water. As expected, the fraction 

of cold water, 0.77, is less in the 61°e water than in the 49°e 
water. Applying model 2, and assuming ts = 100° e, a mini

mum probable temperature of 166°e is obtained for the 

original temperature of the hot-water eompoll~nt in each 

;;pring, whiGh indicates clearly that two waters arc mixing in 

different proportions. Unfortunately, additional data is insuffi

cient to indiGate whcther the higher or lower estimated tem

peratllrc of hot-water component is more nearly eorrcct. 

CONCLUSIONS 

Tit,: waIn ill both boiling and non!Joilillg springs may he 

it Illixtul'l~ of hot wakr cOllling froJll Ikpth and of eold, ncar

"tJrr.J(;,~ lI1et(~()ri(; wakr. Under favorable eonditiollll lion hoi ling 

IIJ(',rlllai "prings with large rat(~s of flow llIay yield informatioll 

al,olll the lo:iIllh,ratu\'(; or range in probaiJle temperatures of 

tl\(, ilol-wal"r cOIlll'onent and the fraction of eold water in the 
nlix tim,. 

Til" a"~IIIII\lli()n~ n'~ccssary for using Jht: mixing models 
d"scl'il)(~d ill this paper proh;i1Jly will not he met in most 

"bees. ll(jw(~vcr, I;vell a IO-pereenL success rale wOlild make 
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X. FRACTION OF COLD WATER 

Figure 5.-Fraction of cold water relative to temperature of hot
water component in two springs located between Biscuit and 
Midway Basins. See figure 2 for explanation of curves and 
symbols; open symbols refer to the 49°C water and solid 
symbols to the 61°C water. 

them valuable adjuncts of other methods for evaluating the 

geothermal potential of an area. 
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