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INTRODUCTION

Analyses of Yellowstone Park thermal waters have been reported by
many investigators extending back almost one hundred years. The first
detailed analyses were reported by Gooch and Whitfield (1888). Allen
and Day (1935) were second. White, Brannock, and Murata (1956) and Morey,
Fournier, Hemley, and Rowe (1961) reported field analyses of dissolved
silica content of hot springs. White, Hem, and Waring (1963) reported six
new chemical analyses. Noguchi and Nix (1963) reported partial analyses
of five geysers. Rowe, Fournier, and Morey (1973) published the analyses
of 166 samples from 89 different locations and the previous analyses of the
same hot springs and geysers from 1888 to their study. The analyses com-—
piled here are from 541 samples from 405 different locations of streams,

rivers, cold springs, warm springs, hot springs, pools, and geysers.

We are indebted to many colleagues at the Survey who have contributed
to this report. These include Manuel Nathenson for his help in writing
the computer program, E. E. Bell and H. S. Cortez for coding the analyses,
R. 0. Fournier, L. P. J. Muffler, A. H. Truesdell, and D. E. White for
collecting and locating the water samples. We are also grateful to the

U. S. National Park Service for their cooperation and assistance.

SAMPLE COLLECTION
Water samples of springs were collected as close to the main orifice
of each spring as was possible or safe. Water samples of known geysers were

collected during overflow just prior to eruption or as close to the fountain-

ing water during eruption as was possible or safe. Water samples of streams



and rivers were collected at convenient points (e.g., gage stations,
bridges, etc.). In 1966 and 1967, the samples of the Firehole, Gibbon,
and Gardner Rivers were checked for uniformity. Samples from both sides
and the middle of the rivers were collected and analyzed. These samples
were found to be the same within 57 error. No depth integrated samples

were collected; all s:mples must be considered "

grab'" samples.

Samples were collected in a one liter narrow mouth polyethylene
bottle fastened to the end of a jointed aluminum rod. The collecting bottle
was rinsed several times prior to sampling. For untreated samples, the
sample bottle was rinsed several times with the water collected. For
filtered samples, the filter chamber was rinsed with collected water and
the filter was pressurized to rinse the filter and sample bottles. Four
sample aliquots were normally collected from thermal springs: one was
filtered and then acidified (pH >2); one was filtered only; one was for

silica only (a diluted sample); and one was for water isotopes.

Prior to 1972, water samples were filtered if filtering equipment could
be easily transported to the collection site. The filtering equipment con-
sisted of a 4 liter stainless steel pressure vessel, a 142 mm stainless
steel disc filter holder, a bottle of compressed nitrogen, and appropriate
tubing. Later a stainless steel milkfilter and small hand pump were used
to filter the samples. This equipment was carried to all springs, pools,
and geysers for filteration. River and stream samples were neither filtered

nor acidified. The effective filter pore sizes were either 0.10 or 0.45

micrometer (um). A separate sample was taken for silica analysis by



pipetting either 5 or 10 ml of sample into 50 ml of deionized water. In
the laboratory these samples were further diluted to a total volume of
100 mls. This collection procedure is similar to that described by Rowe

et al. (1973).

FIELD ANALYSIS

Field determinations were usually made for pH and temperature. Deter-
minations of sulfide, alkalinity, and ammonia were made as the situation
permitted. Direct potentiometric determinations using specific ion
electrodes for sodium (Beckman Instrument #78178) and potassium (Beckman
Instrument #78137) were made early in the study. Potentiometric titrations
for chloride, using standardized silver nitrate, a silver/silver chloride
electrode with appropriate reference electrode, and for alkalinity, using
standardized sulfuric acid with a glass electrode, and appropriate reference
or a combination electrode were also made early in the study. Ammonia that
was determined in the field was measured by specific ion electrode (Orion
Model 95~10). Sulfide was determined by iodometric back titration with
standardized thiosulfate. Silica was determined by the method of Morey et

al. (1961). Al]l field determined constituents are indicated in the table.

LABORATORY ANALYSIS
Silica was determined by either of two methods prior to 1972: 1) reduced
molybdate blue method or 2) atomic absorption spectrophotometry (AAS). Both

methods are described by Brown et al. (1970). Beginning in 1972 the

molybdate blue method described by Rowe et al. (1973) was initiated.
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Boron was determined by one of three methods: 1) the curcumin complex
method, 2) the dianthrimide method, and 3) the carmine method. The first
is described by APHA (1971) and the latter two are described by Brown et al.

(1970).

MAJOR CATIONS

Aluminum was normally determined either by a modification of the Morin
method (Donaldson, 1966) or by direct aspiration A.A.S. techniques. After
1971 all aluminum values were determined by the method of R. B. Barnes
(maﬁuscript in preparation). Sodium, potassium, and lithium were determined
by A.A.S. on either a filtered acidified sample or a filtered unacidified
sample. Calcium and magnesium were normally determined by A.A.S. on a
filtered acidified sample. Generally, if the sample had not been filtered
and acidified, iron, manganese, and aluminum were not determined. The

procedures for these methods are all found in Brown et al. (1970).

A Kjeldahl distillation was initially used to determine ammonia. ‘The
procedure is described by Brown et al. (1970). After 1971 either an
ammonia electrode or direct Nesslerization was used. Direct Nesslerization
can be used on a majority of Yellowstone National Park waters since the

calcium content of these waters is of the order of 1 mg/l.

MAJOR ANIONS
If possible, major anions were analyzed from a filtered unacidified

sample. Alkalinity was determined in the lab as described under field

analysis when it was not determined in the field.



Sulfate was normally determined by either the thorin procedure
(Rainwater and Thatcher, 1960) or chloroanilate procedure (Schafer, 1967).
For the chloroanilate method, cations were removed prior to analysis by a
strong cation exchanger to which an acetate buffer was added. Barium
chloroanilate was then added, mixed, and centrifuged. The color is read
on a spectrophotometer at the 330 ion wavelength (D. B. Bird, unpublished
data, 1972). When using the thorin procedure, the endpoint was detected
either visually or spectrophotometrically. If the concentration of sul-
fate exceeded 120 mg/l, the samples were diluted. In some cases if the
sulfate exceeded 200 mg/l, classical gravimetric procedures were used

(Rainwater and Thatcher, 1960).

Of the halides only chloride and fluoride are reported. If the
chloride concentration was above 10 mg/l, either a Mohr titration (Brown
et al., 1970), or a potentiometric titration using a silver electrode and
a modified saturated calomel electrode was used. Chloride concentrations
less than 10 mg/l were determined spectrophotometrically by formation of
ferric thiocynate complex ion, as described by ASTM (1969). Fluoride
was initially determined by the Zircomium - Eriochrome Cyanide R Method
which is described by Brown et al. (1970). Later fluoride was determined
electrochemically by a fluoride specific ion electrode (Orion 94-09) in
conjunction with either a saturated calomel or double junction reference
electrode. All samples and standards were adjusted to an ionic strength
of ca. 0.5 and buffered at pH 8 by adding an equal volume of an ionic

buffer solution to an equal volume of sample or standard. The buffer



solution contained 0.1 M tris - (hydroxymethyl) aminomethane, 0.058 M HCI,

and 1.0 M NaCl (R. B. Barnes, unpublished, 1972).

When it was to be analyzed in the laboratory, the sulfide was precipi-
tated in the field with either zinc or cadmium acetate and determined by

the method of Brown et al. (1970).

Comparisons of two springs in each of six basins are shown by Stiff
diagrams in Figures 1 - 12. All units are millinormal except those for
boron and silica which are in millimolar. The results of the analyses
are given in Table 1. The order of the analyses is from Heart Lake Geyser
Basin westward to Shoshone Geyser Basin, northward to Mammoth Hot Springs
and southeastward toward Fishing Bridge. All concentrations are in milli-
grams per liter (mg/l) unless otherwise indicated. Any analysis with a
footnoted 1 indicates this value should read 'less than' indicated. All
analyses footnoted with a 2 are field analyses. R. O. Fournier and A. H.
Truesdell performed all field analyses except those for ammonia and sulfide
which were performed by J. M. Thompson. Methods are discussed under field

methods.
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Table 1.--Analysis of the waters.
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