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INTRODUCTION

Waters from hot springs, pools, and geysers have been analyzed by numerous
investigators throughout the history of Yellowstone National Park. The chemistry of the more
easily accessible major geyser basins and a significant number of Yellowstone thermal waters on
the eastern side of the Yellowstone River has been compiled by Gooch and Whitfield (1888),
Allen and Day (1935), Rowe and others (1973), Thompson and others (1975), Thompson and
Yadav (1979), and Kharaka and others (1992). The first comprehensive study of Shoshone
Geyser Basin was made by A.H. Truesdell in 1972-73 (Truesdell and Thompson, 1982). Many
of the concepts presented in that report are applicable to other Yellowstone thermal areas.
Locations of the major thermal water basins mentioned in this report can be found in Figure 1.

The collection of data on the hot and cold springs of Yellowstone National Park is
important in understanding the geothermal chemistry of this system. Geochemical changes that
occur over time, the disappearance of existing springs, the appearance of new ones and
geochemical changes in spring waters prior to earthquakes, can be monitored. Especially
important are those springs for which there is little or no data.

Shortly after the release of Thompson and Yadav (1979), a major effort, in cooperation
with the National Park Service, was made to visit many of the back-country thermal areas. This
report contains analyses from Hot Spring Basin and nearby Rainbow Hot Springs, Ponuntpa Hot
Springs, Fern Lake thermal area and Astringent Creek thermal area in the more remote eastern
part of Yellowstone. Extensive collections also were made in the southwestern part of
Yellowstone: the Three Rivers Junction area (Ferris Fork, Gregg Fork, and Philips Fork) and the
Bechler River and the Boundary Creek thermal areas (Southern, Central, and Northern Boundary
Creek and the Silver Scarf thermal area). These hot spring areas, located at the base of the
Madison Plateau, as well as the numerous springs along the south and east sides of the Pitchstone
Plateau may be related chemically to the Hillside Springs group near Upper Geyser Basin. Also,
it is unknown if the Three Forks Hot Springs are related chemically to the Pitchstone Plateau or
the Madison Plateau. On the eastern side of Yellowstone, it is uncertain if Joseph Coats Hot
Springs, Ponuntpa Hot Springs, and Rainbow Hot Springs are related chemically to Hot Spring
Basin. The former hot springs are all at least 65 m lower than Hot Spring Basin and are neutral,
chloride-containing waters as opposed to the acidic, low-chloride waters of Hot Spring Basin.
The northeast-trending Yellowstone hotspot may be the heat source of the boiling acidic waters
of Hot Spring Basin unless it has shifted and is migrating along the Mammoth Corridor. Because
most pH-neutral, high-chloride waters lie inside the Yellowstone Caldera, the significance of the
pH-neutral, high-chloride waters from Norris Geyser Basin, Geyser Creek Geyser Basin and
Heart Lake Geyser Basin, all which lie outside the caldera, is unknown.

FIELD COLLECTION

All water samples were collected using methods similar to those described by Thompson
and others (1975) and Thompson and Yadav (1979). All water samples, except those for silica
and isotope analysis, were collected using a 1 L plastic bottle attached to a 2 m pole. The bottle
was rinsed numerous times before being filled with the sample water. Using a portable hand



pump, the sample water was passed through a 0.45 um or finer filter. Then the samples for anior
determination were put into a pre-cleaned (soaked overnight in 10% nitric acid then rinsed with
deionized distilled water) 500 or 250 mL plastic Lottle. Samples for major cation and trace metal
determinations were put into a pre-cleaned, acid-rinsed 250 or 125 mL plastic bottle and acidified
with trace-metal grade hydrochloric acid. For silich analysis, a 10 mL sample was collected
directly from the hot spring using a pipette and pu- 60or125mL  tic bottle. Ther - "or
100 mL of deionized-distilled water was added. S....;ies for deuterium ... oxygen-18
determinations were collected in a 60 mL or larger flint glass bottle with a polyseal cap. Samples
for carbon-13 determination were collected in a 250 mL glass bottle with a polyseal cap and 10
mL of saturated SrCl, in concentrated NH,OH was added to the sample after filtration (0.45 um)
to remove any atmospherically produced SrCO,

Temperature meas::rements of hot springs were initially obtained using a maximum-
reading, total immersion, mercury-in-glass pocket thermometer (+0.5°C). After 1986, a
thermistor probe (+0.1°C), providing automatic temperature compensation for the pH electrode,
was used. Temperature measurements of cold springs were initially made with a conventional,
mercury-in-glass pocket thermometer. Later the thermistor probe on the pH meter was used also.

In the earlier reports (Thompson and others, 1975; Thompson and Yadav, 1979), latitude
and longitude were determined from either 15' quadrangle maps or from 1:2400 geyser basin
maps. With the assistance of the Deformation Project at Cascades Volcano Observatory, latitude
and longitude of thermal features were determined by Global Positioning Satellite (GPS) using a
Sony IPS-360 GPS receiver. The positions are accurate to about 60 m. The position reported is
the average of ten or more readings.

FIELD ANALYSIS

Determinations of pH were made using a combination, gel-filled, pH electrode and a
portable pH meter (+£0.01) having automatic temperature compensation and a liquid crystal
display. Conductivity measurements were made using a small, compact portable conductivity
meter. Dissolved ammonia and hydrogen sulfide concentrations were determined on site with a
Bausch & Lomb (B & L) minispec 20 spectrophotometer and B & L spectrokits for methods
based on American Public Health Association (APHA) (1975) procedures 418B and 428C for
ammonia and hydrogen sulfide concentrations, respectively.

LABORATORY ANALYSES
Chemical Analyses
Acidity was determined titrimetrically by automated pH titration using standardized sodium

hydroxide, typically about 0.02 N, to an endpoint near pH 7.0 (Fishman and Friedman, 1985).
The pH at the start of the titration was reported as the laboratory pH of the sample.




Aluminum was determined by atomic-emission spectroscopy (AES) in a direct-current argon
plasma (DCP) at a wavelength of 396.2 nm by scanning over the spectral peak. Aluminum was
determined only for samples having no bicarbonate (acidic samples).

Ammonia was determined by spectrophotometry following procedure 428C described by the
APHA (1975).

Arsenic was determined by AES in a DCP at a wavelength of 197.2 nm.
Barium was determined by AES in a DCP at a wavelength of 455.4 nm.

Bicarbonate was determined titrimetrically by automated pH titration using standardized sulfuric
acid, typically about 0.05 N, to an endpoint near pH 4.2 (Fishman and Friedman, 1985). The pH
at the start of the titration was reported as the laboratory pH of the sample. For moderate HCO,
containing waters and for high P, water (P, > 1 atm), some bicarbonate will react (2HCO, =
CO, + H,0 + CO,*) to form CO, and CO,*. This reaction will slowly raise the pH of the water.
Thus, the pH of the water in the field and in the laboratory are different. For equilibrium
calculations, the field pH is preferred.

Boron was initially determined by spectrophotometry using the carmine procedure described by
Brown and others (1970). Because this procedure uses 20 mL of concentrated sulfuric acid per
sample or standard, the procedure was changed in 1986 so that boron was determined by AES in
a DCP at a wavelength of 249.7 nm.

Bromide was determined by ion chromatography using a conductivity detector. The eluent was
2.2 mM Na,CO, and 0.8 mM NaHCO, in a Dionex AS-4 column using a Dionex 2010.

Calcium and magnesium were determined simultaneously by atomic absorption spectrometry
(AAS) in an air-acetylene flame at a wavelength of 422.7 nm and 285.2 nm, respectively, with
added La ion (1% v/v).

Cesium and rubidium were determined simultaneously by AES in an air-acetylene flame at a
wavelength of 852.1 nm and 780.0 nm, respectively, with added ultra pure K ion (0.1% v/v)

Chloride was determined by automated potentiometric titration to an endpoint near 310 mV with
standardized 0.015 N AgNO,.

Copper, at concentrations >0.01, was determined by AAS in an air acetylene flame at a
wavelength of 324.7 nm. At concentrations <0.01, copper was determined by graphite furnace
AAS, also at a wavelength of 324.7 nm.

Fluoride was determined by ion specific electrode using a 1:1 mixture of CDTA in an acetate
buffer at pH 5.5 with 1 M NaCl (Fishman and Friedman, 1985) to sample or standard.



Iron and manganese were determined simultaneously by AAS in an air acetylene flame at a
wavelength of 248.3 nm and 275.5 nm, respectively, with added K ion (0.1 % v/v). After 1990,
speciated irou concentrations were determined using the ferrozine technique described by
Stookey (1970) as modified by D.K. Nordstrom, U.S.G.S. (written communication, 1989). The
manganese procedure remained the same.

Lithium was determined by either AES or AAS in an air-acetylene flame at a wavelength of
670.8 nm with added K ion (0.1 % v/v).

Potassium was determined by either AAS or AES in an air-acetylene flame at a wavelength of
766.5 nm with added Na ion (0.1 % v/v).

Silica was determined by spectrophotometry from reduced molybdenum blue at a wavelength of
640 nm using modifications to the Shapiro and Brannock Rapid Rock technique (1956 and
1962).

Sodium was determined by either AAS or AES in an air-acetylene flame at a wavelength of
589.0 nm with added K ion (0.1 % v/v).

Strontium was initially determined by AES in a reducing nitrous oxide-acetylene flame at a
wavelength of 460.7 nm. The procedure was changed in 1986 to AES in a DCP at a wavelength
of 421.6 nm.

Sulfate was determined by numerous techniques. Initially, the thorin technique described by
Brown and others (1970) was used. Later, the turbidimetric procedure described by Fishman and
Friedman (1985) in which SO, is precipitated by BaCl, in acidic NaCl was employed. Finally, ar
ion chromatograph with a suppressed conductivity detection was used for the 1990 and 1993
samples.

Sulfide was determined by using an iodometric titration for samples collected during and after
1990. A 100 mL sample was precipitated with 2 mL of 20 percent Zn(OAc), to inhibit oxidation.
The sample was later acidified with 10 mL of 12N HCl to dissolve the zinc sulfide. A known
concentration of I, was added to oxidize any sulfide to sulfur. Excess I, was titrated with
standardized S,05” to the starch endpoint (Fishman and Friedman, 1985). Sulfides collected
prior to 1990 were analyzed in the field, using the APHA procedure (1975).

In the process of preparing this report, all samples were checked for cation-anion
imbalance. Well over 90% of the samples had errors less than 10%. Some samples from Cistern
Spring and Echinus Geyser had error significantly greater than 10%. In addition, some cold
waters approach the limit of detection for all major ions. These samples also had high errors.



Isotopic Analyses

Deuterium was determined following the technique of Bigeleisen, Perlman, and Prosser (1952).
Tritium was determined following the technique of Ostlund and Werner (1962).

Oxygen-18 was determined following the technique of Epstein and Mayeda (1953).

Carbon-13 was determined on HCO, precipitated as SrCO, following the procedure described by
Huebner (1981).
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Explanation of Abbreviati

n.o. not observed
n.r. not recorded
n.e. not estimated
-- not determined
fpH field pH

| pH lab pH

Coll. Collector

AHT Truesdell

JC Chadwick
IMT Thompson
LIJPM Muffler

MK Kennedy

RAH Hutchinson
ROF Fournier
ROF& Fournier and Thompson
RS Shields

WH Hamilton

*GPS location determined using a Sony IPS-360 Receiver
**Because the field pH is above 8.6, CO, is present but is calculated as HCOy
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