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THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD
A SUMMARY

By Gerap A. Warine.

ABSTRACT

Thermal springs are widely distributed throughout the world
but are most numerous in areas in which there has been vol-
canic activity in late geologic time. A review of the available
literature has revealed much information on the location of the
springs, the temperature of the water, the rate of flow, the
chemical character of the water and evolved gases, and the uses
made of the water. All such information has been tabulated by
countries or geographic areas and is presented in the first part
of this report. Accompanying the tabulated data for each coun-
try or geographic area is a brief description of the geology and
a map showing the location of the springs. The second part
of the report consists of a list of references, some annotated
briefly, to the literature on thermal springs. The references
are grouped by countries or geographic areas and within each
group are arranged in alphabetical order by author. However,
for ease of eitation throughout the report, the references have
been assigned consecutive nwmbers.

INTRODUCTION

During his early work with the U.S. Geological
Survey, the author was assigned to studies of the min-
eral and thermal springs of California and Alaska.
Later he assisted in the compilation of data on thermal
springs throughout the United States. These studies
stimulated his interest in the distribution and character
of thermal springs in other parts of the world, and
during 1954-58 he examined available literature on the
subject and compiled an extensively annotated bibli-
ography. Although he planned originally that the
bibliography, complete with annotations, would be re-
produced in this report, it grew to such size that its
publication in full was not feasible. Accordingly, it
was decided to place the bibliography in the open file
of the U.S. Geological Survey in Washington, D.C.,
where it may be examined by persons interested, and to
publish in this report the titles of the references together
with brief annotations of selected references. As pub-
lished herein, annotations accompany only those titles
that either do not of themselves reveal their relevance
to the subject of thermal springs or seem not to indicate
adequately the scope of the information contained in
the publications. Although numbered consecutively
(from 1 to 3733) to facilitate citation in the tables of
springs and elsewhere, the references are grouped ac-

Revisen by Recinarp R, Buankensuie and Ray BENTaLL

cording to the geographic area or political unit to which
they pertain, and within each group they are arranged
alphabetically by author.

Much information on thermal springs was obtained
through examination of the available literature. For
ease of presentation in this report, the data on springs
have been arranged in tables, each table for a country
or a geographic area. Numbers assigned to the indi-
vidual springs or groups of springs correspond to the
numbered locations on the appropriate maps. The
boundaries of a few countries may have changed some-
what since the maps were compiled and those shown
are not necessarily the political boundaries now recog-
nized officially. Given for each spring or group of
springs, if known, are the name or location and infor-
mation on the temperature of the water, the flow, the
chemical character of the water, and the associated
rocks. Other pertinent information also is given, and
those references that contain data on a spring or group
of springs are identified in the tables by their serial
numbers.

PERSONNEL AND ACKNOWLEDGMENTS

Most of the reports and articles cited in the present
bibliography were examined in the libraries of Stanford
University at Palo Alto, Calif., and the University of
California at Berkeley, to which access was courteously
granted. Through the kindness of Mrs. Florence Yao
Chu, of the Stanford library, many publications were
borrowed from other university libraries and from the
Library of Congress. Many other books and journals
were obtained from the library of the U.S. Geological
Survey.

Assistance in the translation of a number of Russian
publications was given by Dr. Siemon W. Muller, Pro-
fessor of Geology at Stanford. Articles in Turkish
were translated by Miss Sakina Berengian, of the
Hoover Institute and Library at Stanford. Articles in
German, French, and Spanish were translated with the
help of Kathryn Kip (Mrs. G. A.) Waring.

Many of the abstracts in the original bibliography
were adapted from the “Bibliography and Index of

1



2 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES

Geology Exclusive of North America,” issued annually
by the Geological Society of America, and from the
“Annotated Bibliography of Economic Geology,” is-
sued semiannually by the Society of Economic Geolo-
gists. Many abstracts of articles on the chemistry of
foreign thermal springs, especially in Japan, were
adapted from “Chemical Abstracts” of the American
Chemical Society. Each of these societies kindly gave
permission for its abstracts to be reproduced in the
original bibliography, which is in the open file of the
Geological Survey.

Specific data on a number of springs in California
and Nevada were supplied by Mr. Donald E. White, of
the U.S. Geological Survey, and information on several
springs in southeastern Oregon was furnished by Mr.
Frederick D. Trauger, also of the Survey.

The bibliographic titles were verified by Mr. Blank-
enship, assisted by Miss Barbara Coate, Mrs. Mollie S.
Jablow, Miss Susan D. Smith, and Mrs. Mary Ann
Zimmerman, all of the U.S. Geological Survey in Wash-
ington, D.C. Mr. Blankenship reviewed the entire
manuscript and gave it a preliminary editing; he also
rearranged parts of the text and supplied several addi-
tional references. To Mr. Bentall fell the major task
of making the final revision, shortening the manuscript,
and preparing the brief annotations that are included.
Mrs. Frances G. Thompson, of the Washington office,
made the final rearrangement of the order in which the
countries are covered and did the renumbering and
crosschecking that were necessary at this stage. Other
crosschecking during preparation of the final manu-
script was done by Mrs. Mildred P. Martin and Mrs.
Dorothy Lamar in the Menlo Park, Calif., office of the
Geological Survey, and by Miss Guila C. Darling in the
Lincoln, Nebr., office.

As revised, the bibliography unavoidably still con-
tains a few errors and inconsistencies, but these should
not, detract substantially from its usefulness as a guide
to published information on the thermal springs of the
world.

BIBLIOGRAPHIC SOURCES

Various geological and chemical bibliographies, some
of them annotated, were the source of most of the refer-
ences listed in this report. The author examined as
many of the original publications as were available, ab-
stracted therefrom the pertinent data on thermal
springs, and verified the name of the author, date of
publication, title, and other bibliographic data. From
some of these original publications he obtained refer-
ences to others, which were similarly examined. The
bibliographies consulted are listed below.

American Chemical Society, Chemical Abstracts, 1907-58, 52 v.
American Geophysical Union, Transactions, 1920-57, 38 v.

OF THE WORLD

Geological Society of America, Bibliography and Index of
Geology Exclusive of North America, 1933-56, 21 v.

Geological Society of London, Geological Literature Added
to the Society’s Library, 1894-1933, 37 v.

Royal Society of London, Catalogue of Scientific Papers, 1800—
1900, 20 v.

Society of Economic Geologists, Annotated Bibliography of
Economic Geology, 1328-56, 29 v.

U.8. Geological Survey, Bibliographies of North American
Geology : Bulls. 746 and' 747, for 1785-1918; Bull. 823, for 1919-
1928 ; Bull. 937, for 1929-1939; Bull. 1049, for 1940-1949; Bull.
985, for 1950; Bull. 1025, for 19:°’1; Bull, 1035, for 1952-1958;
Bull. 1054, for 1954 ; and Bull. 1465, for 1955.

Publications concerning the therapeutic use of ther-
mal mineral waters deal chiefly with the various spas
of Europe. Some of these publications contain analyses
of the waters, and most inciude information on the de-
velopment and use of the springs. Many pamphlets
have been issued by the principal resorts to describe
their springs and the bathing and medical facilities, but
only a few such publications are included in the geologi-
cal or chemical bibliographies.

The association of algae and other low forms of plant
life with natural thermal waters has received consid-
erable study. The presence of certain types of animal
life in thermal springs also has been investigated.
Some papers on these subjects, which have been pub-
lished in journals of botany and of biology, are cited
in the bibliography.

The geographic coverage of published information on
thermal springs is wreven. Many commercially de-
veloped springs at spa : and health resorts have been de-
scribed in great detail, but other springs that may be
of equal geological and geochemical interest—but are in
remote places—seem to be mentioned only in early books
of travel and exploration or in the accounts of mission-
aries. Many of these rather casual references have
been listed in the geological and other bibliographies
or have been referred to by later writers. However,
an attempt has been made not to extend the present
bibliography unduly by including reports that contain
only casual mention of springs that are described in de-
tail in other reports.

Most technical papers on specific thermal springs
have been published in journals in the countries where
the springs are located. The literature on the thermal
springs of Europe is the most extensive, for many of
the springs there have been developed and used since
early medieval times and some were bathing and health
resorts as early as the Roman period. The Comptes
rendus of the Academy of Sciences, Paris, contain many
articles on the thermal and mineral springs of France
and her colonies. The principal springs and spas of
Germany, Austria, and Czechoslovakia are discussed in
the Sitzungsberichte and the Anzieger, Mathematisch-
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Naturwissenschaftliche Klasse, Akademie der Wissen-
schaften, Wien.

Many papers on the geology and geography of parts
of Asia and Africa, published in the “Quarterly Journal
of the Geological Society of London” and in the “Geo-
graphical Journal of the Royal Geographical Society,
London,” contain descriptions of thermal springs in re-
mote regions. Articles in many other journals and
magazines contain significant infor:uction and are there-
fore cited in the present compilation. Some of the listed
books and articles were not available for examination
but were included in the bibliography because they were
thought likely to contain pertinent data on thermal
springs. Also included in the bibliography are citations
to published abstracts of many of the references.

Most of the books and periodicals cited in the present
bibliography are in the library of the U.S. Geological
Survey and the Library of Congress, both in Washing-
ton, D.C. Most of them are also in the library of the
University of California at Berkeley or in the library
of Stanford University. Some rare books and periodi-
cals are in the libraries of the U.S. Department of
Agriculture, the Catholic University of America, the
Smithsonian Institution, and the National Library of
Medicine, all in Washington, D.C., and in the libraries
of Yale University, New Haven, Conn., and Duke Uni-
versity, Durham, N.C.

FEATURES OF SOME SPRINGS

Many hot. springs have been described as remarkably
uniform in temperature, flow, and mineral content.
Arago (ref. 8) postulated that the temperature of the
earth in Algeria had not decreased more than 4° C. in
2,000 years, because the springs near Bone had supplied
ancient baths and in 1785 still had a temperature higher
than 96.0°C. Little other evidence has been presented
to explain why many springs are so constant in
character.

Some intriguing areas, especially in Asia, have been
brought to notice. For example, Fuchs (ref. 43) men-
tions the solfatara of Urumchi, in the northeastern part
of Sinkiang Province of China, but no additional in-
formation on this solfatara has been found in the avail-
able literature. No good description of the geysers or
spouting springs in southern Tibet, or specific informa-
tion ou the numerous hot springs thought to be in the
mountains of Mongolia, seems to be available. Several
thermel springs are reported in the Himalayas of
Bhutan, but they also do not seem to be described in
public-tions. Marek (ref. 3280) describes the general
beliet ths. the site of ancient Troy was near the present
village of Bunarbashi in western Turkey and suggests
that the springs near that village may be the hot springs

mentioned in the Iliad of Homer (ref.3272). However,
no other available literature contains a discussion of the
evidence afforded by those springs as to the site of
ancient Troy.

The hot springs of Tiberias near the Sea of Galilee
doubtless were used in ancient times for their healing
qualities. In early Biblical times the town near them
was called Hammath (meaning “warm springs”) and
was mentioned as one of several fenced cities (Joshua
19:35). The town was known later as Emmaus (mean-
ing “hot springs”), but no mention of the medicinal
use of these or any other hot springs in the valley of
the Jordan River and Dead Sea is found in Biblical or
other early records.

The construction during 1919-27 of a siphon and
drainage-tunnel system to divert the occasional over-
flow of hot acid water from the lake in Keloed crater
of Xawah Idjén volcano in eastern Java is mentioned
by Tazieff (ref. 94) and is also mentioned and illus-
trated in the “Bulletin of the Netherlands East Indian
Volecanological Survey” (ref. 3724) ; but no detailed ac-
count of the difficulties that must have been encountered
in such a project seems to have been published.

CONVERSION FACTORS

On the basis that 1 U.S. gallon equals 3.785 liters
and that 1 hectoliter equals 26.420 U.S. gallons, a flow
of 1,000 liters per minute is equivalent to 264.20 U.S.
gallons per minute, and a flow of 1,000 hectoliters per
day (24-hr) is equivalent to 69.444 liters per minute,
or 18.347 U.S. gallons per minute.

In each table of this report the water temperature of
the springs is shown according to a single scale, either
centigrade or Fahrenheit. Any temperatures recorded
in the original publications in degrees Réaumur have
been changed to centigrade (1°R=1.25°C). Degrees
centigrade can be converted to degrees Fahrenheit by
multiplying by 9 and adding 32; conversely, degrees
Fahrenheit can be converted to degrees centigrade by
subtracting 32 and multiplying by 3. The equivalence
of the centigrade and Fahrenheit scales within the nor-
mal range of thermal waters is given below.

e °F °cC °F °C °F
15 59 45 113 75 167
20 68 50 122 80 176
25 77 55 131 85 185
30 86 60 140 90 194
35 ‘95 65 149 95 203
40 104 70 158 100 212

In early chemical analyses of mineral waters the con-
stituents commonly were reported as concentrations of
hypothetical salts, and the concentrations of the con-
stituents generally were expressed in grains per U.S.
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gallon or imperial gallon, in grams per kilogram, or
in grams per liter. In the annotations prepared orig-
inally, most of the analyses are reproduced as given by
the author of the article, although a few that were
given in grams per kilogram or grams per liter were
converted to milligrams per liter. In most reports pub-
lished since about 1900, results of analyses are stated
in parts per thousand, per hundred thousand, or per
million, by weight, or in grains per gallon; 1 grain per
U.S. gallon (231 cu. in.) is equivalent to 17.12 ppm
(parts per million) by weight and 1 grain per imperial
gallon (27741) cu. in., or 1.201 U.S. gallons) is equiv-
alent to 14.25 ppm by weight.

Water containing less than about 7,000 ppm of dis-
solved solids has a density close to unity, and the con-
centration values, for practical purposes, are the same
whether expressed in parts per million by weight or
in milligrams per liter. However, water containing
more than about 7,000 ppm of dissolved solids has a
density appreciably above unity, and the concentration
values expressed in one unit cannot be equated to those
expressed in the other. For example, ocean water,
which has a density of about 1.026, has a dissolved-
solids concentration of about 35,000 ppm, and the con-
centration values expressed in milligrams per liter are
about, 2.6 percent greater than if expressed in parts per
million by weight.

ABBREVIATIONS

Abbreviations used for citations and for scientific and
engineering terms in this report are those listed in “Sug-
gestions to Authors of the Reports of the U.S. Geologi-
cal Survey,” Washington, D.C. (U.S. Govt. Printing
Office, 5th ed., 1958).

THERMAL SPRINGS

Strictly defined, any spring or well water whose aver-
age temperature is noticeably above the mean annual
temperature of the air at the same locality may be
classed as thermal. Among European springs that are
developed commercially, only those whose temperature
is higher than about 20°C are classed as thermal. In
the United States, only those springs are called thermal
whose temperature is at least 15°F above the mean
annual temperature of the air at their localities. In
areas where the mean annual air tempcrature is low,
some springs that do not freeze in winter because of
natural protective conditions are considered to be ther-
mal; in tropical areas some springs that are only a few
degrees warmer than the temperature of the air may
be considered thermal.

DISTRIBUTION

The most notable feature of the distribution of ther-
mal springs is their close association with the main belts

and areas of volcanoes of present or geologically recent
activity. (Seefig. 1.)

Thermal springs are common in extensive areas of
lava flows of Tertiary and later geologic age—for ex-
ample, in Yellowstone National Park in Wyoming and
in the great lava-covered areas of Idaho, eastern Oregon,
and northern California. In the lava of the Auvergne
region in France and in areas of volcanic rocks in Italy,
thermal springs are more common than in other parts
of those countries.

Thermal springs are common also in areas where
rocks, regardless of their character and age, have been
faulted and intensely folded in geologically recent time.
The close relation of thermal springs to structure in
such intensely deformed mountain regions as the Alps
and the Pyrenees has been commented upon by many
writers. In regions of faulted block mountains in the
western United States, many thermal springs issue
along or close to the fault zones.

ORIGIN

Most investigators of thermal springs believe that
almost all the water is of meteoric origin but that some
of it may be magmatic. However, few studies have
been made of the origin and movement of ground water
in areas of thermal springs. As most observations of
the temperature and flow of thermal springs have been
made at intervals of many years, no trends in their
changes have been established. Many thermal springs
have been described as artesian, the water rising from
deep strata along faults and fissures.

Allen (ref. 120) concluded that steam given off by
magma is the source of the heat in all the hot springs
he had studied, chiefly in Yellowstone National Park
and Lassen Volcanic National Park. He further con-
cluded that the mineral content of the water is derived
partly from the adjacent rock and partly from mag-
matic sources. Intensive studies by Day (ref.29) seem
to prove that volcanoes, hot springs, and mud geysers
are phases of one and the same kind of terrestrial
activity.

Because nearly all thermal springs are associated
with volcanic rocks, most writers on the origin of such
springs have tended to assume that the heat was of
volcanic origin. However, some writers have suggested
that other possible sources of the heat are chemical re-
actions underground—such as the oxidation of iron
pyrite and a few other minerals—and the disintegration
of radioactive substances. Many thermal springs,
especially in the Alps and Pyrenees, issue in areas of
granitic or sedimentary rocks, and probably the water
is hot because of the great depth from which it rises.
Observations in deep mines and borings indicate that in
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regions of comparatively uniform and undisturbed
rocks the temperature generally increases at the rate
of about 1°F for each 50 to 100 feet of depth. Thus,
the temperature of artesian water in some areas may in-
dicate the approximate depth from which the water
rises. It may be concluded, then, that thermal springs
are of two main classes—those that issue in areas where
the geothermal gradient is abnormally high because of
igneous activity and those that issue where the geother-
mal gradient is “normal.” However, there is a com-
plete gradation between the two classes.

The presence of slight amounts of boron and certain
other constituents in thermal water is considered to in-
dicate that the water has come into contact with magma.
This hypothesis has received increasing attention during
the past half century.

Near many commercially developed thermal springs,
borings have been made to supplement the supply of
water. It is not always easy to distinguish between
the natural and the artificial outlets, and both generally
are classed as springs. Many artesian wells and un-
successful test wells for oil or gas yield thermal water.

MINERAL CONSTITUENTS

The principal mineral substances dissolved in water
of thermal springs are the same as are common in other
natural waters. Their characteristics have been dis-
cussed in numerous publications and are summarized
by Collins and others (ref. 129).

Sodium (Na) and potassium (K) are common con-
stituents of many minerals, chiefly the sodium and potas-
sium feldspars. Because many of their compounds are
highly soluble, these constituents may be present in
considerable amounts in highly mineralized water. In
natural water, sodium is much more plentiful than
potassium. Lithium (Li) is similar to sodium in chem-
ical action but rarely is present in large amounts.
When lithium is determined, it generally is reported as
lithium chloride or carbonate.

Calecium (Ca) and magnesium (Mg) are derived
mostly from limestone and dolomite and some feldspars.
In water from springs the content of calcium generally
is two to five times that of magnesium, but in sea water
and other very saline water the magnesium content gen-
erally exceeds that of calcium. Calcium and magne-
sium cause most of the hardness of water. Hardness
caused by calcium and magnesium equivalent to the
bicarbonate (HCO;) in the water is called “carbonate
hardness”; the remainder is called “noncarbonate hard-
ness.” These terms are approximately equivalent to
the old terms “temporary” and “permanent,” which
were based on the fact that carbonate hardness is partly
removed by boiling the water. Water having noncar-

bonate hardness may contain in solution the sulfates and
chlorides of calcium and magnesium. Barium (Ba)
and strontium (Sr) are similar in action to calcium and
magnesium, but if present, the amounts are very small.

Except in acid solutions, iron (Fe) and aluminum
(Al) are only slightly soluble. The water of many
springs contains several parts per million of iron. Gen-
erally, the aluminum content is less than that of iron
and often is not determined separately. In many
analyses the content of both is reported as the oxides
Fe,0; and Al;O;. An iron concentration higher than
0.5 to 1.5 ppm can be tasted.

Manganese (Mn) is not common, but in natural water
it may be present in association with iron in amounts of
a few parts per million. Manganese dioxide (MnO,)
has been deposited by a few thermal springs in quanti-
ties sufficient to be worked commercially.

Rarely is arsenic found in measurable quantity in
natural water, but it has been identified in a few mineral
springs, both cold and thermal, and usually is reported
as arsenic (As), as arsenic trioxide (As.Q;), or as
arsenic pentoxide (As,O;). Also, some thermal waters
have been reported to contain minute amounts of gold,
silver, copper, lead, zinc, and other metals.

Chloride (Cl) is one of the commonest and most
plentiful constituents in solution. It isderived in large
part from common salt, sodium chloride (NaCl), and
to a lesser extent from magnesium chloride (MgCl,),
which is present in small amounts in some rocks.

Sulfate (SO,) results from the solution of gypsum
and anhydrite and is present in considerable amounts
in many natural waters. It may be derived also from
the oxidation of sulfide minerals, chiefly pyrite and
marcasite. A sulfate drinking water is sometimes
called a “bitter water.” High concentrations of sodium
sulfate (Glauber’s salt) or magnesium sulfate (Epsom
salt) in drinking water are laxative.

Several different forms of sulfides are present in
many “sulfur” waters. They are derived principally
from the reduction of the sulfate ion (SO,) and sulfate
and sulfide minerals, a process that produces hydrogen
sulfide (H.S) ; they may be derived also from the solu-
tion of natural sulfides. Complex sulfides may give
the water a clear greenish-yellow color. “White sulfur”
water may contain a finely divided allotropic form of
sulfur in suspension. “Blue sulfur” and “black sulfur”
water may have slight amounts of iron sulfide in sus-
pension or solution.

Bicarbonate (HCOs), resulting from the action of
dissolved carbon dioxide (carbonic acid) on limestone
and dolomite and many other rocks, forms most of the
anion content of many waters. Carbonate (CQO;), re-
sulting from the solution of the more soluble carbonates
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or from the decomposition of bicarbonate, rarely is
present. Bicarbonate and carbonate are reported in
many analyses as “alkalinity,” which is expressed as
caleium carbonate (CaCos).

Bromide (Br) and iodide (I) are present in very
small amounts in a few saline spring waters that are
mineralized by solution of marine deposits.

Boron (B) is present in appreciable amounts in many
natural waters. As borate (B2Os) it is common in
vapors from fumaroles and other volcanic vents.

Fluoride (F) is present in small amounts, generally
less than 2 ppm, in the water from many springs and
wells. However, most early analyses do not record its
concentration. A concentration of fluoride between 0.6
and 1.2 ppm is beneficial in reducing the incidence of
tooth decay in children, but more than this amount may
cause mottling of the tooth enamel.

Phosphate (PO,) is uncommon but may bo taken
into solution from phosphate minerals, perhaps chiefly
apatite. Generally, the amount present does not exceed
a few parts per million.

Ammonium (NH,) and nitrate (NO,) may be derived
from organic matter and therefore may indicate pol-
lution of the water. However, because they may be
derived from inorganic salts also, they are not neces-
sarily evidence of direct contamination.

Silica (SiO.) is present in nearly all rocks. It is not
easily dissolved in water, but generally is present in
soluble or colloidal form in comparatively small
amounts, ordinarily less than 100 ppm. In the colloidal
form it may make the water opalescent. (The same
color effect may be caused also by finely divided calcium
carbonate in suspension.) In some water analyses the
silica is reported as silicate (SiO,) or as metasilicic acid
(H.Si0,).

Most mineral-spring water that tastes sour contains
free sulfuric acid (H,SO,). Nearly all such water con-
tains relatively large amounts of sulfates of iron and
aluminium (alums), which give an astringent taste.
Water from a few springs contains free hydrochloric
acid (HCI).

The water from many springs contains dissolved
gases. One of the principal gases given off is carbon
dioxide (CO;). It makes the water slightly acid and
gives it a pleasant taste. The carbon dioxide may be
derived from the atmosphere or the soil or from chemi-
cal action on limestone. Next in importance among the
gases is hydrogen sulfide (H.S), which may be pro-
duced by reduction of gypsum and other sulfates or by
decomposition of organic matter. This gas accounts

! Welsh, G. B, and Thomas, J. F., 1960, Significance of chemical
limits in USPHS drinking water standards: Am. Water Works Assoc.
Jour., v. 52, no. 3, p. 289-300.

for the odor that characterizes many “sulfur” waters.
Both hydrogen sulfide and carbon dioxide are common
in volcanic exhalations. Nitrogen (N,), probably
derived from air dissolved in the water, has been noted
as the chief constituent of the gas evolved by some
springs. Similarly, oxygen (O.) may be present as a
constituent of the dissolved air. Slight amounts of
argon (A,) and some other rare inert gases have been
found in many thermal springs. Also methane (CH,),
or marsh gas, is given off from some warm springs whose
water rises through rocks containing organic matter.

The hydrogen-ion concentration, expressed as the pH,
of a water is an index to the possible corrosiveness of
the water. The pH is the negative logarithm of the
concentration of hydrogen ions, in moles per liter. (A
mole, or gram molecule, is the quantity of a compound
or element that has a weight in grams numerically equal
to its molecular weight.) A solution having a pH of
7.0 is said to be neutral. Progressively lower values of
pH indicate increasing concentrations of hydrogen ions
(acidity), whereas progressively higher values of pH
indicate decreasing concentrations of hydrogen ions or
increasing concentrations of hydroxyl ions (alkalinity).

Physicochemical studies of mineral waters, includ-
ing determinations of their electrical resistivity and
radioactivity, are the subject of many papers published
during the past half century.

DEPOSITS

Many thermal and some cold springs deposit large
amounts of caleium carbonate as hard tufa or traver-
tine, and some springs form similar deposits of siliceous
sinter. In places, a mixture of the two forms a silico-
calcareous sinter. Numerous papers describe tufa de-
posits and their method of formation. The deposition
of other minerals has been discussed by White (ref.
109), and the formation of siliceous deposits has been
studied by White and others (ref. 112).

ORGANIC ASSOCIATIONS

Organic matter, which generally occurs as an im-
purity derived from vegetal matter, is reported in many
water analyses. Reported in some early analyses is the
organic substance crenic acid, a pale-yellow uncrystal-
lizable substance believed to be present in vegetable
mold and in ocherous material. By oxidation it forms
apocrenic acid, which in “chalybeate” waters appears as
a brown amorphous deposit. These oxidation products
are reported in some early analyses as crenates and apo-
crenates of sodium, potassium, and iron. Baregine
(named from its first recognition at Baréges in
France), or hydrosin, is a brownish-yellow residue of
nitrogenized organic matter obtained on the evapora-
tion of some sulfur waters. Glairine, or glarin, is a



DESCRIPTION OF THERMAL SPRINGS 9

soft, unctuous amorphous deposit occasionally found in
basins where spring water collects. It contains nitro-
gen and on ignition leaves a siliceous residue.

Sulfur-secreting bacteria, sometimes referred to
under the general name “sulfuraria,” are minute vege-
table organisms and are conspicuous in some thermal
springs. Generally, they are green and are common
in sulfur waters not hotter than 122°F. They prob-
ably secrete silica in addition to sulfur. Bacteria
commonly known as Crenothriz form the rust-colored
gelatinous material found in the water of some cold
iron springs, but they seem not to live in distinctly
thermal water. These bacteria are colored brownish
by iron oxide deposited in their sheaths.

The microscopic siliceous remains of various species
of diatoms have been found in and near some hot
springs, but it is not certain whether this type of algae
actually lives in the water. The most common types
of algae found in thermal springs are filamentous.
Green species flourish in water having a temperature
of about 120° to 140°F (49°-60°C), orange and red
kinds in water of about 140° to 160°F (60°-71°C), and
white kinds in hotter water. In Yellowstone National
Park, Weed (ref. 695) observed algae in spring water
having a temperature as high as 185°F (85°C). Some
writers refer to certain green filamentous algae as
“Confervae.”

Several observers have recorded the presence of ani-
mal life in thermal springs. In springs of Hammam
Meskoutine in Algeria, Blanchard (ref. 2437) noted
crabs, frogs, and tadpoles in water at a temperature
of 31°C, small fish at 39°C, and ostracodes at 51°C.
Brues (refs. 125, 126) examined the fauna of 154 ther-
mal springs in the western United States and found the
upper limit for animal life to be about 122°F (50°C),
which is about 18°F (10°C) above their normal limit.
He found also that the upper limit for plant life is
about the same as for animal life.

In the hot springs of Iceland, Tuxen (ref. 1260)
found animal life in 37 thermal springs or groups of
springs. Of the 6 species found in water above 40°C,
only 3 were common. In thermal springs of lower
temperature, 46 species were found.

BOILING TEMPERATURES

The boiling point of water decreases with increased
elevation above sea level. The rate of decrease is not
quite constant, but below altitudes of about 5,000 meters
(16,400 ft) the boiling point decreases 1°C for each
303-meter increase in altitude, or 1°F for each 550-foot
increase. The approximate boiling point at a few alti-

tudes, as given below, was derived by comparing tables
of altitude-atmospheric pressure.?

Altitude

Boiling point
Meters °c °F

Feet

0 0 100 212
1, 000 3, 280 96. 7 206. 1
2, 000 6, 560 93. 4 200. 1
3, 000 9, 840 90. 1 194. 2
4, 000 13,120 86. 8 188. 2
5, 000 16, 400 83.5 182.3

Below a water surface the boiling point increases
rapidly with depth, owing to the increase in pressure
resulting from the weight of the overlying water. The
boiling point below a water surface at sea level was cal-
culated by Mr. Donald E. White, of the Geological Sur-
vey, to be approximately as follows:

Depth below the water surface Approzimate boiling point

Meters Feet °C °F
0 0 100 212

50 164 155 311
100 328 180 356
150 492 196 385
200 656 210 410

Gases in solution lower the boiling point slightly,
whereas mineral substances in solution raise the boiling
point slightly. Therefore, the effect of gases dissolved
in moderately mineralized water is hardly noticeable.
The boiling point of ocean water, which has an aver-
age mineral content of about 35,000 ppm, is only about
1°F above the boiling point of pure water.

DESCRIPTION OF THERMAL SPRINGS
UNITED STATES

Geologic formations of nearly all ages and types of
rocks are present within the 48 conterminous States.
Although thermal springs are most numerous in areas of
geologically young igneous rocks, some rise from much
older rocks of sedimentary origin. The paragraphs
that follow are a series of thumbnail sketches of the
geologic situations with which thermal springs are
associated in the United States.

The Atlantic and Gulf Coastal Plains are underlain
chiefly by sands, silts, and clays of Cretaceous and Ter-
tiary ages. In the extreme southeast, mueh of Florida
is underlain by nearly horizontal strata of Tertiary
limestone from which many large springs rise in deep
pools. In nearly all of them the water is only slightly
above the normal ground-water temperature, but at
Warm Salt Springs near the west coast, as indicated on
figure 3, the water is about 12°F above mean annual
temperature.

2 Hodgman, C. D., editor in chief, 1944, Handbook of chemistry and
physics : 28th ed., Cleveland, Ohio, Chemical Rubber Publishing Co.,
p. 1449-1451.
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The Appalachian Mountains and subsidiary ranges
extend from western Georgia northward beyond Massa-
chusetts. They are composed chiefly of folded and
faulted sedimentary rocks ranging in age from Pre-
cambrian through Permian. In an area of faulted
Precambrian quartzite in western Georgia several warm
springs rise, the most noted group being at Warm
Springs.

The Appalachian ranges that form the boundary be-
tween Virginia and West Virginia are composed largely
of folded and faulted Cambrian and Devonian lime-
stone and sandstone. Several of the numerous thermal
springs in this general area have been developed as
resorts, one of the most noted being that at Hot Springs,
Va. North of the main Appalachians, in areas of an-
cient schist or limestone, only three small warm springs
are reported.

The Mississippi Valley and the bordering plains are,
in general, underlain by gently dipping strata of Pale-
ozoic and Mesozoic ages. No thermal springs are
reported in this region. In the Ozark uplift in south-
western Missouri and parts of Arkansas and Oklahoma
and the Arbuckle Mountains farther southwest, the
exposed rocks are mainly Paleozoic limestone. The
Ouachita Mountains in western Arkansas and south-
eastern Oklahoma are also composed of Paleozoic strata
which are intensely folded and faulted. Thermal
springs at Hot Springs, Ark., issue from Mississippian
sandstone on a plunging anticline.

A large area in eastern South Dakota and southeast-
ern North Dakota is underlain by an artesian aquifer.
The aquifer, which lies at depths of about 900 to 1,100
feet below the surface, is the Dakota Sandstone of
Early Cretaceous age. Since about 1890 several thou-
sand wells of small diameter have been drilled in this
area for domestic and farm water supply. The water
is distinctly warm, being 20° to 25° above the tempera-
ture of the shallow ground water, but no natural ther-
mal springs are present.

The Black Hills in southwestern South Dakota, as
indicated on figure 2, have been lifted high above the
plains of the Missouri River. The rocks form a broad
anticlinal fold, from the higher parts of which the beds
have been largely eroded, leaving hogbacks of Carbon-
iferous strata nearly encircling the hills. In the east-
ern part a core of granite is exposed. No thermal
springs break out in the hills, but in the plains near
their southern end there are large flows of warm water
at the town of Hot Springs.

In northern Montana the Rocky Mountains consist
of several nearly parallel ranges, but farther west they
are more irregular. They are separated by wide val-
leys and plains. The rocks are chiefly granite, schist,

and other crystalline types overlain by sedimentary
strata of Paleozoic through Mesozoic ages. The princi-
pal hot springs of Montana are in this region in areas
of fractured granite or schist. Several warm springs
issue from folded and faulted Paleozoic strata, and
others from Cretaceous beds. Warm Springs Creek,
which has a water temperature of 68°F and discharges
80,000 gpm, may be the largest natural stream of ther-
mal water in the United States. A few warm springs
rise in valleys bordered by Tertiary or Quaternary lava.

The mountains of central Idaho are of granite and
ancient sedimentary rocks and contain numerous hot
springs, as indicated on figure 4.

Most of southwestern Idaho is underlain by basalt of
the Snake River Group (Pleistocene and Recent),
which is mantled in some places by lake beds of the
Payette Formation (Miocene and Pliocene?). In the
valley of the Bruneau River, a southern tributary to the
Snake, many warm springs rise through overlying lake
sediments or directly from the lava.

The Yellowstone National Park in the northwest
corner of Wyoming (fig. 5) embraces a great lava
plateau largely of rhyolitic rocks. Detailed geologic
studies have shown that the geysers and hot springs of
this region derive their heat from magma that underlies
the thick lava beds.

Central Wyoming is a region of high plains and small
isolated mountains underlain by nearly horizontal Cre-
taceous and Tertiary strata. There are also hills of
eruptive rocks. Several minor thermal springs issue
from faulted sedimentary rocks. Other thermal
springs are in areas of older rocks. The Big Horn, or
Thermopolis, springs issue from faulted Permian and
Triassic red beds, but their water probably rises from
the Tensleep Sandstone (Pennsylvanian and early
Permian). These springs probably rank as the largest
hot springs in the country. According to Burk (ref.
575), the largest spring at Thermopolis discharges 12,-
600 gpm and has a water temperature of 135°F. Out-
liers of the Rockies in southern Wyoming are com-
posed largely of Mesozoic and older strata in which
there are few springs.

The Rocky Mountains have their greatest develop-
ment in Colorado. The Dakota Sandstone and other
formations of Mesozoic age are uplifted along parts of
the eastern front, but most of the Rockies are of Paleo-
zoic strata. There are also many areas of granite and
other ancient crystalline rocks, and many small areas of
Tertiary lava. Thermal springs occur mainly in
faulted Paleozoic and Cretaceous rocks.

The southward extensions of the Rockies in New
Mexico are largely of ancient crystalline and sediment-
ary rocks. The Jemez Plateau, farther south, is cov-
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ered largely by Tertiary lava, which overlies faulted
Permian and Triassic strata. Several warm saline
springs issue from these beds. Southwestern New
Mexico is covered in part by Tertiary lava, from which
many warm springs issue.

The Quitman Mountains, largely of Cretaceous
rocks, border the Rio Grande in western Texas. Small
warm springs issue from Lower Cretaceous sandstone
near the south base of these mountains and also 75 miles
farther downstream.

The plains of eastern Washington are underlain
mainly by the Columbia River Basalt (Miocene and
Pliocene?). No prominent thermal springs have been
noted in this area. The western part of the State is
dominated by the Cascade Mountains, which are com-
posed of granite and ancient sedimentary rocks partly
covered by flows of Tertiary lava and are surmounted
by a chain of volcanic peaks. In this region are several
well-known thermal springs, but none are very hot.
Some issue from granite, others from basalt.

The Olympic Peninsula of northwestern Washington
is composed mainly of metamorphic and sedimentary
rocks of complex structure. In this region two warm
springs rise in areas of crushed and altered rocks.

The Blue Mountains in northeastern Oregon consist
of ancient metamorphic and sedimentary rocks which
are much folded and faulted. Several hot springs issue
inthisarea. (Seefig.8.)

The plateau region of southeastern Oregon is cov-
ered largely by the Columbia River Basalt. Many lava
flows have been somewhat folded and are broken by
faults that have produced extensive tilted block mount-
ains. In the Harney Basin near Burns, and also near
Malheur and Harney Lakes, numerous warm and hot
springs rise through lake beds or the valley alluvium,
probably along faults in the underlying lava. Farther
east, warm springs also rise along the valleys of the
Malheur and Owyhee Rivers, which are bordered for
long distances by basaltic cliffs.

The Cascade Mountains extend southward from
Washington, through western Oregon, and include
many lava flows and lava peaks. Small warm springs
rise at the base of Mount Hood in the north, and small
fumaroles issue from Quaternary lava near its sum-
mit. Farther south, scalding springs are present at
several places in the Tertiary lava.

A large region in southern Utah, northern Arizona,
and adjoining parts of Colorado and New Mexico con-
sists of plateaus that are deeply cut by stream canyons.
These uplands are composed chiefly of gently dipping
strata that range from Paleozoic through Tertiary in
age. The principal thermal springs in the region are
in the upper part of the Sevier River Valley in Utah

along the faulted front of the Sevier Plateau, as indi-
cated on figure 7.

The Wasatch Mountains in northeastern Utah consist
largely of Paleozoic strata from Cambrian through Car-
boniferous in age. The western front of the mountains
is traversed by the Wasatch fault which extends north-
ward and southward from Salt Lake City. On or near
this fault are several large saline thermal springs, in-
cluding Utah hot springs, which issue from Cambrian
quartzite, and Ogden hot springs, which issue from
syenite.

In the plateau region of northern Arizona no impor-
tant thermal springs are reported. The central and
southern parts of the State are occupied largely by
mountains composed of crystalline rocks and by folded
and faulted ancient marine strata. In many areas these
older rocks are covered by Tertiary volcanics, which may
account for the heat of some springs.

Most of Nevada is within the Basin and Range prov-
ince, a region of detached mountains separated by
desert valleys. Many of the ranges are composed of
granite and ancient metamorphic and sedimentary
rocks; others are composed chiefly of lava of Tertiary
age. The structure includes much complex folding,
but in many places it is dominated by block faulting.
Asshown in figure 8, many thermal springs are scattered
throughout the State. The locations of the springs are
shown in more detail on figure 8.

Most of these springs are of moderate temperature
and small flow and are closely related to faults. In the
northeastern part of Nevada there are several mountain
areas of limestone and shale of Paleozoic age from
which several hot springs issue. Near the northwest
border, several warm to hot springs issue from intrusive
granite. The western side of the Black Rock Desert is
bordered mainly by hills and plains of Tertiary lava
where numerous warm and hot springs rise in close rela-
tion to local faults. Farther south, Pyramid and Win-
nemucca Lakes are partly surrounded by lava hills, and
hot springs rise near their bases.

The valley of the Humboldt River east of Winnemucca
is bordered largely by hills of lava. In the valley allu-
vium small warm springs rise at several places and pos-
sibly are artesian. In several areas of faulted Triassic
or Jurassic strata south of Humboldt River valley,
scalding springs deposit much tufa. Boiling springs
also issue in several lava areas south of this valley.

In an area of granodiorite and metamorphic rocks a
few miles southeast of Reno, the Steamboat springs rise
at nearly boiling temperature. Their water has formed
extensive layers of siliceous sinter and is noted for the
presence of metallic sulfide minerals which are still
being deposited.



THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD
100°

12
48° 116 112 108 1Q4
C 4 I’
/ 1] T — N4 D 4 |
1 e~ |
~—~—— |
—_—
—_— .
z R
*3 6 NORTH | DAKOTA
.}_'4 2 IA
o i T
.{ elql7 .2 I‘
% 26, 3'207‘/ \
0o 25 2<743] *40
*12g*; 3837 e — - -
£ ,f.is’ 2873.3 39 —
."’o - ’34 ~\J 1-g il oAberdeen‘(\
% 1 - ‘DAKOTA )
% IDAH 1 )
2\ ! d02 ..11%5 ° Harrold |
. 101104 7 —
4 "y lo3 [fo8 prl
° L% . ! 105 .109 =
40 . \,&‘” 110° \,.-\?
Y N
. ] 1
!
e Jo v ‘T-
[ .'
° .
g . A / ' TSI = = e = =
. .'\‘.‘(' 1101 3 f !
. UT - 109 %.13,19017 i
- AH / Y2y, %208 | ‘
. 3 26,/427 415 21°022 224 |
5 12628 31«32 )
& ' . 3324 25 |
- ) 436, 33 |
N Y
~'e - 4 : ,
tal e — |
— ‘.-32 ; [ ) e i T ——
o9 | 8 | 1 T
16 2
. ’l 1? 54 «20 ’r‘ ’
6 ].21 22 rd I 1
® o7 i
30 R o 0 NEWMEXICo
'9 '» i ’ _
Z O NA 24 /\_‘*
13,15 16 b2522.26 ' MUPN
12e¢ 7@ §o. '23 1 *’\M A
14° " 17 é |
29 33132137 ! I
. 35 '
19 38 J |
21. ! 1
0 N e
——
AR / TEXAS
A
28° K
! ).3
{
' ; R
~ 7/ =
| T~ (o}
! =
i %
o 100 200 300 400 MILES s
| 1 1 L 1 J
0 100 200 300 400 KILOMETERS | N
(ST 1 1 1 ]
24° '\\
/ -
\_‘

Chiefly from ref, 148.

lBase from US. Geologi;al Survey Water-Supply Paper 679-B
FIGURE 2.—Western part of the conterminous United States showing location of thermal springs.



96° 92° 88° 84° 80°

DESCRIPTION OF THERMAL SPRINGS

76°

c A N|A Ll

:

N5 123

\
OKLAHOMA] ARKANSAS

:4...5 5’3
6
AN
-~
oo
:
N
\
\
/
\
0 MEXIC ¢
=

215 TRGIN
e

32°

28°

24°

36°

40°

FiGUrRe 3.—Eastern part of the conterminous United States showing location of thermal springs.

Chiefly from ref. 148.



14

THERMAL

SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

117° 115° 113° 111°
’ T
N | AV l
Z\ \.,---r‘l ‘
8 \ 4 |
1
o 1% p3 / i
= -\\ } o p3 ( l
T o5 1 ‘,
Z o’ J \
Z o6 { |
- 5 )\ |
|
\\ <% ,\ l
. ol0 M|O N T A N A 1‘
‘ |
| \l i ) ,\ |
‘17‘/ i ! / \ |
8 o, \ |
& o13 ; o51 |
53
/ W14 | #52 ° | l
g / ol5 22 ! 5 |
45° ‘_"_g.lb 23424 ’ . 600 . l
! ol7 | 54 j
[ 26 ! st i
l.zo 25 48e 4. o55 62 *6% N\~ i
0 029 o6 Gl . N\ o~
& o199 428 7 56,57 063 65 \ ) \
N 184 o 03l 44,645 | . o \ ;
‘%. ®27 30 032 .za 86 58 _ . \l
< e34  ®33 042 | o88 1054 @106 \ - ,/‘ -
[ 354 @39 ol o 107 . —= ‘|
o2 AN I 293 ‘
®
~— 38 «80 90. . /9?00 . o148 H
' o72 73 _25;' sde g3ty ol0 149¢,150 151, l
L]
% (f 75, 77 o #79 1}01 o 98 99 !
&} 74. 78 07 .103 !
€3] 066 76 1 ’ *D .104 A H 0 “
& (1510 412 ‘
) 'o 2 4123 140 'i
109-111 84. o 125126133 o132 4 s
117 . 142
09.'68 33 x 124 l 134 3e M E
Bmse *70 112_115 .1291 1‘350 ol36 ol =
128% 127 o145 o
130® o137 o138 147 ol
* o139 0146 . 1
131 S131A
]
1
o185 \
H L ]
169A f 178 186 o191A )
¢ | 177 #l79 4180 i |
! 183
| 0182 o194 19(3.
| o184 ¢
Lo _ *l69B o181 0195 _ =
B e —— e e e - — R —— e — —
| NEVADA l UTAH ‘
! 0 50 100 MILES \
' L 1 L T N ] \
| 0 50 100 KILOMETERS
i | I S S T | i
Base from U.S. Geological Survey W.S.P. 679~B

|

F1GURE 4.—Part of Idaho showing lo

The Big Smoky Valley in the central part of Nevada
is enclosed by mountains that consist largely of strata
of Paleozoic age, covered in part by Tertiary lava. Hot
springs issue from both kinds of rocks, along the valley
border, but probably all rise from Paleozoic strata.
Similar conditions are present in Diamond, Steptoe,
and White Pine Valleys. Near the south end of the

cation of thermal springs. From ref. 148.

State several wide flat valleys are bordered by moun-
tains of Paleozoic strata, but warm springs in the valley
lands may be of comparatively shallow ground water
rising under artesian pressure.

Northeastern California is a region largely of Terti-
ary lava flows. Surprise Valley, on the northeast border
of the State, is partly surrounded by lava mountains.
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Several thermal springs rise in the valley alluvium,
Other hot springs, some
at boiling temperature, are in the Honey Lake Valley

probably along buried faults.

farther south, as indicated in figure 8.

The Cascade Mountains of Washirgton and Oregon
extend south into California as far as the Pit River. In

From refs. 148, 561, 566. and 637.

California they consist largely of eroded volcanic moun-
tains that do not form a distinet range. Mount Shasta
is the most prominent of the lava masses. Near its sum-
mit are small hot springs and vapor vents.

South of the deep canyon of the Pit River, the Sierra
Nevada forms a great mountain block.

Its northern
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FIGURE 6.—Oregon showing location of thermal springs.

part is composed mainly of lava, and within this region
Lassen Peak had a period of explosive steam activity
during 1914-17. This activity did not appreciably af-
fect the large hot springs on its southern slopes.

The crestal part of the Sierra Nevada is composed
mostly of granite, and its profoundly faulted eastern
front rises steeply from desert vallays of the Great
Basin region. Along the east front of the Sierra, hot
springs rise chiefly in lava areas near the base of the

range.

Chiefly from ref. 148.

On the western slope of the Sierra Nevada, wide
bands of ancient sedimentary rocks overlie the granite,
but there are minor areas of Tertiary lava. No impor-
tant thermal springs issue on this great slope, but in the
southern part of the Sierra warm springs issue at sev-
eral places from faulted granite or gneiss.

In the coastal ranges of Cretaceous or older rocks
north of San Francisco Bay there are many warm
springs. These springs generally have a high mineral
content but only a small flow. Some of them rise close
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to faults or near volcanic rocks. About 75 miles north
of San Francisco an area of faulted metamorphic rocks
contains a noted group of hot springs and fumaroles
known as “The Geysers,” which deposit sulfate minerals.

The coastal ranges south of San Francisco Bay con-
sist largely of granite and of serpentine and marine
sedimentary rocks of the Franciscan Formation of
Jurassic and Cretaceous age. In large areas these rocks
are overlain by Tertiary sandstone and shale. Several
warm springs that issue from the serpentine contain
considerable quantities of magnesium salts; others from
granite or from Tertiary strata are of more usual
character.

The San Bernardino and San Jacinto Mountains of
southern California are composed largely of granite,
which is extensively faulted. On the western slope of
the San Bernardino Mountains, Arrowhead hot springs
issue at a scalding temperature from fractured granite.
Along the western base of these mountains several warm
springs rise through Tertiary deposits that overlie the
granite.

19

From Tomales Bay north of San Francisco, the great
San Andreas fault extends more than 600 miles south-
ward into the basin of the Salton Sea, and probably
beyond. There are no well-known thermal springs
along the main part of this fault, but near the southeast
border of the Salton Sea are fumaroles and boiling mud
pots that are considered to be on a buried extension of
the San Andreas fault.

About 1,185 spring localities are given in the follow-
ing table. Three States—California, Idaho, and Ne-
vada—have about 200 localities each. Of the 140 spring
localities listed for Wyoming, all but 21 are within the
Yellowstone National Park. Oregon has 126 thermal
springs or groups, and there are several dozen in each of
the States of Colorado, Montana, New Mexico, and
Utah. There is only one thermal spring in each of the
States of Florida, Massachusetts, New York, North
Carolina, and Pennsylvania. The remaining thermal
springs listed in the table are scattered through eight
other States—Arizona, Arkansas, Georgia, South
Dakota, Texas, Virginia, Washington, and Woest
Virginia.

Thermal springs and wells in the United States (excluding Alaska and Hawaii)
[Data chiefly from ref. 148 and files of U.S. Geol. Survey]

No. Tempera- Flow :
on Name or location tu.rgeof (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
minute)
Arizona (See fig. 2.)
1 Pakoon (Pahgun) Spring, on tributary of 100 ooomoeeeeeeo Lava (late Tertiary) -« cco-joceemmmemvocecmomean Ref. 138.
g{and Wash, 18 miles north of Colorado
ver,
2 Sec. 23, T.30 N, R, 23 E., 5 miles south of HOb |eomamecaaaen Lava (Tertiary) o oeooooooo|oammmmmcccecmeeee
Hoover (Boulder) Dam. .
3 Lava Warm Springs, near Lava Falls 89 6,700 | Granite. . . .oococooooooaon oo caiciiameien Several springs. Refs, 138, 144.
Rapids in the Grand Canyon of the
Colorado River.
4 Sec. 33, T.18 N., R. 19 W, 25 miles south- Warm |oceocomanoen Lava (Tertiary) . -coc-ecceee|cemcmumesemmmmacannn
west of Kingman, 3
5 Sec. 32, T. 15 N., R. 6 E., 10 miles north- 72 50 | Lava (Tertiary) overlying |- oco-oommecoacccae 3 springs. Water used locally.
east of Camp Verde. sandstone (Permian).
6 V%c]lgléiot Springs, 0.5 mile northwest of 104 75 | Lava (Tertiary) . .cccocooonfommamomemacancaonae Several springs. Resort.
s.
7 6 miles south of 8t. Johns. ___._._._.___.___ 74 2 | Sandstone (Triassic) . —oceec|eocaammomcoameoaannn Deposit of tufa. i
8 Castle (Monroe) Hot Springs, in sec. 3, 115-122 280 | Lava (Tertiary) ..—occc-——-- JEE TS & 1 A — 2 springs. Water used for bathing. Refs.
T.7N., R.1 W, on Castle Creek, 50 144, 187, 194,
miles south of Prescott. .
9 Salt Banks, in sec, 33, T. 6 N., R. 17 E,, warm | Sandstone (Cambrian). ... R .| Large group of springs. Water used lo-
30 miles west of Whiteriver. cally.
10 Soda Warm Spring, in sec. 13, T. 6 N., [, 70 I Limestone of Supai Forma- |-caceaeoo-
R. 19 E., 23 miles west of Whiteriver. tgon (Pe;msylvanian and
ermian). .
u Agua Caliente Springs, in sec. 19, T. 5 8., 99-104 | oo Lava (Quaternary) Several springs. Resort.
R. 10 W., 15 miles northeast of Palomas.
12 Seg. 35, ’iI‘ 58., R. 19 E,, 3 miles north of 90 6 | Lava (Tertiary) ..coocceeee- Water-used for bathing.
ravaipa.
13 N'eI‘alg Gila River, 3 miles north of Fort |- __ . o _|-cooooo.. Lake beds (Pliocene) ... oo|ocooooommmaaaanaan Do.
omas.
14 Ingi_an Hot Springs, 8 miles northwest of 81-118 300 |- .. A0 o 189, 190__ oo 5 springs and 1 well 600 ft deep. Resort.
ima.
15 Near Bonito Creek, in T. 4 8., R. 27 E,, Warm {..oeoooooo Lava (Tertiary) ..o oocooo o |amammimcaeaeen
25 miles east of Fort Thomas.
16 T.48., R. 28 E., 10 miles west of Morenci. Hot Small |..... do_. .. Ref. 101
17 Clifton Hot SPrings._ .- oocoeoooooeaoo. FUST) ) R s S, 4 springs. Resort. Refs. 188,328.
18 A%ua;dito (Quitabaquito), near Mexican Warm |--eo.._.._. Alluvium near schist. Wta_tir us;{agf "{§6‘7‘“”"e supply and irriga-
order. ion. . 186.
19 H%bkzelt’ls‘: Hot Splrings, iﬁ sec. 6, T, 13 bi" 130 40 | Faulted granite. . ..o ovocoeo|occmccoomammmmmmaee 2 main springs. Water used for bathing,
. ., 10 miles northeast of Cascabel. . .
20 Agua Caliente Spring, in sec. 13, T. 20 S., 90 50 | Gravel (Quaternary) Over- |----cee--e-acemecme- Water used for bathing. Refs. 138, 184, 193.
R. 13 E,, 5 miles east of Amado. lying red shale and sand-
stone (Cretaceous?).
21 Sec.7,T.18,8.,R.31 E,, 6 milessouthwest | .. oooofvocaaocuooo Quartzite dike near 1ava |-ooocoaeooooiemaaooo Water used locally.
of Paradise. (Tertiary).
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Thermal springs and wells in the United States (excluding Alaska and Hawaii)—Continued

No. Tempera- Flow et
on Name or location ture of (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
minute)
Arkansas (See fig. 3.)
1 Rice’s Spring, on Mud Creek _ ____..______ 82 | Limestone (Ordovician).__._|. . ... .__._.__ Resort. Ref. 144,
2 Hot Springs R 102-147 165 | Hot Springs Sandstone | 20,137, 199, 201- 46 springs in area of 20 acres. ot Springs
(Mississippian) overlying 204, 207, 209, 210. National Park, Army and Navy General
Arkansas Novaculite (De- Hospital, sanitariums. Refs. 148, 195-
vpniz)m and Mississip- 198, 205, 206, 208.
ian).
3 Big Chalybeate Spring, 5.5 miles north- 79 185 Ckll)erta.nd shale (Ordovician).|-«coco oo Water used locally. Ref. 197.
east of Hot Springs.
4 Sec. 17, T. 4 8., R, 27 W, near the Little T4 Arkansas Novaculite (De- |._..__._..._._______. Ref. 197,
Missouri River. vonian and Mississippian).
5 Sec. 19, T. 4 8., R. 24 W.. in bed of Caddo 96-100 | oo |- L2 Several springs. Refs 197, 205,
River at Caddo Gap.
6 Sec. 12, T. 5 8., R. 26 W,, at Redland i A P BN 5 1 YU HRR Ref. 197.
Mountain.
California (See fig. 8.)
1 Sec. 29, T. 15 N, R. 8 E,, 14 miles south- 90 2 Granite. ..o Water used for bathing.
east of Happy Camp.
2 Klamath Hot Springs (Shovel Creek 100-152 25 | Faulted lava (Pliocene) ... 297 e 7 springs. Resort. Ref. 284,
Springs), 20 miles northeast of Ager.
2A 4.5 miles northeast of Ager________________ 65-75 6 | Lava overlying Cretaceous |......_..o_....... Deposit of tufa. Water supply for cattle.
strata.
3 Near top of Mount Shasta, 11 miles north- 150 5| Lava (Tertiary) _cueooooooofeommeoccececeeeee 2 springs. Ref. 306.
east of Sisson,
3A | North of Big Glass Mountain_____________ 191 | Altered voleanicash_______ | . ____________ Vapor vents. Ref. 302.
4 Pgthole Spring, 36 miles northwest of Al- 70 10 | Lava (Tertiary) ..o __|ocoo o .. Ref. 297.
uras.
5 NeAalrt Rattlesnake Creek, 9 miles west to 80 10 |oee s 1, Y P Do.
uras.
6 Essex Springs, in sec. 10, T. 42N, R. 11 E_ 80-92 700 |_oo_. s 1 YN PR 5 springs. Water used for bathing and ir-
rigation. Ref. 297. .
7 Wtarm Spring Valley, 15 miles west of Al- 81 275 | .. A0 - enes 297 ... Wts;ter used for domestic supply and irriga-
uras. on.
8 Kelly’s Hot Spring, in sec. 29, T. 42 N, 204 325 | Alluvium near faulted lava__| o ceoooooooooooo.. Water used for domestic supply and irri-
R. 10 E,, 4 miles northeast of Canby. i gation, Ref. 297.
9 NeAa{t Canyon Creek, 15 miles southwest of 80 100 | Faulted(?) 1ava . oo |ccaciiiacaaaoat Do.
uras.
10 1.5 miles southeast of Alturas______._______ 72 1 | Alluvium overlying lava. .. _}cocooooooeceoeaes Water supply for cattle. Ref. 297.
11 LittletH;)tB iSx{)reiug Valley, 25 miles north- 127; 170 225 | Basalt oo 2 springs. Water used for irrigation. Ref.
west of Bieber. g
12 Near Bidwell Creek, 1 mile northwest of 97-108 75 | Faulted 1ava . o ooeooe oo oo 5springs. Water used for domestic supply,
Fort Bidwell. bathing, and irrigation. Ref. 297.
13 Boyd Spring, on east side of Upper Lake, 70 1,000 | AUVIUM - o oo Water used for irrigation.
12 miles southeast of Fort Bidwell. :
14 Near southwest side of Upper Lake, 4 120-207 100 ... s YR PO Several springs at site of spectdcular mud
miles north of Lake City. eruption in March 1951. Refs. 264, 265,
279, 293, 297, 304.
15 Near south end of Upper Lake, 12 miles 170-182 80 | Faulted Cretaceous strata |--oooeeocoooooooe 4 springs. Water used for sheep dipping.
northeast of Cedarville. near andesite dike. Ref. 297, .
16 Sec. 12, T. 43 N., R. 18 E., near north end 140-149 225 | Alluvium near faulted lava_.| ..o ... 3 springs. Water used for irrigation. Ref.
of Middle Lake, 12 miles northeast of 297.
Cedarville,
17 Leonard Springs, in sec. 7, T. 43N, R. 17 150 50 |- s YR PR 3 springs. Water used locally.
E., 11 miles northeast of Cedarville. i
18 Bec. 1, T. 42N., R. 16 E,, and sec. 6, T. 42 130 500 |- s U SO 5 main springs. Water used for bathing.
N., R. 17 E., 5 miles east-northeast of
Cedarville.
18A Oe(xlﬁr Plunge, 5 miles northeast of Cedar- 180; 208 115 [..._ s [ ) PR 2 ;:);lls. Water used for bathing. Ref.
ville. 5
19 Benmac Hot Srrings, in sec. 18, T. 42 N, 120 200 |---_. s 1 YU VS Water used for irrigation. Ref. 297,
R. 17 E., 5 miles east of Cedarville. .
20 Menlo Warm Springs, in sec. 7, T. 39 N., 117-125 425 (... s Y (S, 5 springs. Water used for bathing and
E. }7 .ﬁl., 5 miles south-southeast of irrigation. Refs. 283, 297.
agleville.
21 Near southwest side of Lower Lake, 8 120 100 | Faultedlava_ . oooooooo oo Water used for irrigation. Refs. 283, 297.
miles south-southeast of Eagleville,
22 Bzge lRaI.H’h' 12 miles south-southeast of 70 51 Alluvium. | as Refs. 283, 297.
agleville,
23 Kosk Creek, 65 miles northeast of Redding. 100 5 | Porphyritic quartz diorite |-.-coocoooooo__ .- 2 springs. Ref. 297,
dike in sedimentary strata.
24 Bi.fzL Bler‘n,‘g Hot Springs, in sec. 36, T. 37 N., 100-180 90 |____. D A 6 springs. Resort. Ref. 297.
25 Upper Mill Creek, 1 mile northwest of 120-150 3| Lava (Tertiary) oooooocomoo]ccacooaccmeccccae- 3 springs. Refs. 239, 307.
26 TT(}{\lée(tsHOt Spréngs (I;I%I 26)é 175 di About 10 spri d mud pots. Denosits
4 ophe ouran, Suran) Hot Springs, on to I 3 P 0 meeccccmecmcmmmcmemme | e cec e e oul Springs an .
southwest side of Lassen Peak, 53gmiles boiling of sulfur. Refs. 213, 238, 239, 297, 307, 660.
northeast of Red Bluff.
27 Bumpas Hot Springs, on south side of Boiling 100 | 1Y) A About 20 springs. Refs. 213, 239, 240, 258,
L?s;en Peak, 60 miles northeast of Red 7, 307, 660.
uirl.
28 Bassett Hot Springs, 2.5 miles east-north- 173 175 | Tuffaceous sandstone (late | 207-.-.-.o..._.._.. Water used for bathing and irrigation.
east of Bieber, Tertiary). .
29 Stonebreaker Hot Springs, 6 miles east- 110-165 126 |, S e T 9 springs. Water used for irrigation. Ref.
southeast of Bieber. 297, .
20A Tipton Srrings. . oooooeooo .. 70 925 | Basalt (Tertiary) .. eoooooooo|occcoooemceacoccooan Water used for irrigation. .
30 Shaffer (Branbecks) Hot Springs, near 160-204 250 | Faulted(?) alluvium________ P2 3 srrings. Water used for bathing. Refs.
north shore of Honey Lake. 128, 252, 413, 441, 526.
31 Amedee Hot Springs, near Amedee rail- 178-204 700 |- 16 1. P27 R 7 sorings. Water used for bathing. Refs.
road station. 125, 256, 441. X
32 Highrock Spring, 10 miles east-southeast 86 525 | Basalt (Tertiary) ..o ooooooo|oooommmccccccnas Water used for domestic purposes and
of Amedee. irrigation. _Ref. 297.
33 Mﬁl;ggnB ﬁ% Springs, 53 miles northeast of 90-200 85 |oeees [ 1 YOO 297 e iecaeeaan 26 springs. Campground. Refs. 239, 307.



DESCRIPTION OF THERMAL SPRINGS

21

Thermal springs and wells in the United States (excluding Alaske and Hawaii)—Continued

No. Tempera- Flow e
on Name or location ture of (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
minute)
California—Continued
34 Devil’'s Kitchen, 1.5 miles west of Drake 150-205 50 About 30 springs. Refs. 213, 239, 240, 307,
Hot Springs (No. 36). 660.
35 Hot Spring Valley, 0.5 mile west of Drake 83 8 Water is carbonated. Used for drinking.
Hot Springs (No. 36). Ref. 297.
36 Drake Hot Springs, 6 miles southeast of 123-148 20 4 springs. Resort. Ref. 239, 297.
Lassen Peak and 70 miles northeast of
Red Bluff, i
37 Boiling Srring (Tartarus) Lake, 1 mile 170-190 | Intermit- |...._ ' (o R DR 10 springs. Refs. 213, 239, 240, 297, 307, 660.
south of Drake Hot Springs (No. 36). tent .
38 Terminal Geyser, 3.5 miles southeast of 120-205 [ — o 1YY DN 6 springs. Refs. 239, 297, 307.
Drake Hot Springs (No. 36). . .
39 Kruger Springs, 1 mile east of Greenville._ 90-106 8 | Alluvium overlying faulted .- --ooocccoooomomaan 5 ;g;mgs. Water used for bathing. Ref.
granite. f
40 Secf ’11‘3, T. 25 N., R. 8 E., 2 miles northeast 94 20 | Slate (Carboniferous)._ - .. _|occccoaaoooccaaoo
of Twain.
41 Sec.14, T.25 N., R.8 E,, on Indian Creek, 80-98 35 ... A0 e e 7 springs.
1 mile east of Twain.
41A Marble Hot Wells, 5 miles south-southeast 125-161 850 | e 3 wells. Water used for domestic purposes,
of Beckwourth. bathing, and irrigation. Ref. 297.
42 MecLear Sulphur Springs, 5 miles south- 86 140 | Lake Beds (Pleistocene) .. _|.._._____.__._______ 8 springs. Water used for domestic pur-
west of Beckwourth. poses and irrigation. Refs. 292, 207.
43 Campbell (Upper Soda, Freys) Hot 65-111 80 | Faulted andesite. ___________|.__________.________ 11springs. Resort. Refs. 284, 207,
Springs, 2 miles south of Sierraville. i
44 Brockway (Carnelian) Hot Springs, on 120-140 150 | Andesite overlying faulted | 137_____________.__ 6 springs, Resort. Ref. 207.
north shore of Lake Tahoe and 13 miles granodiorite.
southeast of Truckee. . .
4A Wentworth Springs. _______________.______ 60-75 Small | Granite-slate contaet________|.___________________ 2 groups of springs, Water is carbonated.
Deposits of tufa. Campground.
45 Orrs Hot Springs, 16 miles northwest of 63-104 26 | Franciscan Formation j 263________________ 7springs. Resort. Ref. 297.
kiah, (Jurassic and Cretaceous). .
45A | 0.5 mile north of Laytonville..____________ 70 200 [ L S Water contains HsS. Used for bathing.
45B Tuscan (Lick) Springs.._______.________.. 86 50 |- L 0 S I 20 springs. Water is saline, contains H2S.
Natural gas. Resort. Ref. 306,
46 Vichy Springs, 3 miles northeast of Ukiah_ 50-90 30 | Sandstone (Franciscan For- | 263,284,297 _______ 7 springs. Resort.
mation )near lava,
47 Point Arena Hot Springs, 15 miles south- 110-112 4.5 | Basalt (Tertiary) ... .. oo |occooooooooo_ioo. 2 springs. Resort. Ref. 297.
east of Point Arena.
48 Crabtree Springs, 38 miles north-north- 68-105 15 | Sandstone (Franeciscan For- |.___..____._____.__. 4 springs. Campground. Ref. 207,
east of Lakeport, mation). .
48A Fouts Springs__________.______________.__._. 60~75 20 | Serpentine (Franciscan For- |.________________.__ 4 springs. Water is saline and carbonated.
mation). Resort. .
49 Sec. 35, T. 16 N, R. 8 W,, 2 miles north- 90 5 Water used for bathing.
west of Bartlett (cold) Springs. .
50 Newman (Soap Creek) Springs, 45 miles 70-92 25 9 springs. Water used for bathing. Ref.
west of Williams. . 207,
51 Cc;)x‘lrll%lexion Springs, 28 miles west of 74 1 30 springs.
ams.
51A Chalk Mountain__________________________ 67-70 3 3 springs. Water is saline and carbonated.
Leposit of tufa.
52 Highland Springs, 6 miles southwest of 52-82 20 | Serpentine (Franciscan For- | 137,253,297 _______ 11 springs. Resort.
Kelseyville. mation). L
53 England (Elliott) Springs, 8 miles south- 56-76 8 | Sandstone (Franciscan For- |._..____.___________ 7 springs. Water used for drinking. Ref.
southwest of Kelseyville. mation). 297.
54 Caljlﬁbad Springs, 5 miles south of Kelsey- 66-76 4| s 1o 07 4 springs. Water used locally.
viile,
54A Kelseyville._______________________________ 78 10 | e 3 wells. Water used for irrigation.
55 Soda tBay Springs, at base of Mount Ko- 80-87 400 | Lava (Quaternary)__________ 207 . 5springs. Resort. Ref. 253.
nocti.
56 Near southwest shore of Clear Lake, 10 70-100 5 | Andesite (Tertiary).._._.... 10 springs. Water used for drinking. Ref.
miles east of Kelseyville. 297. . .
57 Sulphur Bank (Hot Bolata) Hot Springs, 83-120 .o ..o._.__ Basalt near faulted Lower 10springs. Deposits of cinnabar and sulfur.
10 miles north-northwest of Lower Lake. Cretaceous strata. Refs. 214, 225, 244, 245, 252, 260, 274-277,
288, 263, 303, 400, 401, 426.
58 Howard Springs, 28 miles north-northwest 48-110 135 | Sandstone and serpentine 26 springs. Resort. Ref. 284.
of Calistoga. (Franciscan Formation). .
59 Seigler Springs, 30 miles north-northwest 58-126 35 | Serpentine (Franciscan For- 13 springs. Resort. Ref. 253.
of Calistoga. mation).
60 Gordon Hot Spring, 28 miles north-north- 92 5 | Lava overlying sandstone ‘Water used locally. Ref. 216.
west of Calistoga. (Franciscan Formation). 3 .
61 Spiers (Copsey) Springs, 24 miles north- 78; 84 15 | Serpentine (Francisean For- |._._____._.________ 2 springs. Water is bottled for drinking.
northwest of Calistoga. mation). Ref. 297.
62 Castle (Mills) Hot Springs, 25 miles north- 65;164 ... __.____ Schist (Franciscan Forma- | 207_________.______ 2 springs. Resort. Ref. 253.
northwest of Calistoga. tion). R
63 Anderson Springs, 22 miles north-north- 63-145 7 | Lavaand schist (Franciscan | 207_._....____.__... 9springs. Resort. Refs. 216, 253, 284, 286.
west of Calistoga. Formation). .
64 Hagl%nuslt)rings, 20 miles north-northwest 90-120 10 Sctt_mist) (Franciscan Forma- | 137, 284, 297_______ 3 springs. Resort. Refs. 216, 253, 284.
of Calistoga. ion). i .
65 Deadshot Springs, 28 miles west-southwest 65-79 11 | Serpentine (Francisean For- |__________..________ 4 springs. Water used for drinking. Ref.
of Williams. mation). 207,
66 Blancks Hot Springs, 27 miles southwest 120 4 | Sandstone (Franciscan For- | ... ... 2 springs. Water used for bathing. Refs.
of Williams. mation). 246, 297. .
67 Jones Hot Springs, 26.5 miles southwest of 125 2 | Serpentine (Franeiscan For- |____________________ Well that flows intermittently. Former
Williams. mation). resort. Refs. 246, 297.
67A Manzanita Quicksilver Mine__.___._______ 110-142 4| ... A0 8 springs. Water is saline and sulfurous.
Used for bathing. Ref. 246.
68 Wilbur (Simmons) Hot Springs, 26 miles 65-140 35 | Serpentine and sandstone { 297._______________ 12 springs. Resort. Refs. 137, 246, 284.
southwest of Williams. (Franciscan Forimation).
69 Elgin Quicksilver Mine, 30 miles west- 140-153 25 | [ 297 e 3 springs. Refs. 109, 216, 246.
southwest of Williams. . .
70 Hoods (Fairmount) Hot Springs, 15 miles 100 5 | Fractured sedimentary | 207 ... .. . ... 2 springs, Water used for bathing. Ref
west-northwest of Cloverdale. strata (Franciscan Forma- 297.
tion) near schist. )
71 Skagg’s Hot Springs, 9 miles west-south- 120-135 15 | Fractured sedimentary | 266._.______._.._._ 3 springs. Resort. Refs. 284, 297.

west of Geyserville,

strata (Franciscan Forma-

tion).
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Thermal springs and wells in the United States (excluding Alaska and Hawaii)—Continued

No. Tempera- Flow "
on Name or location ture of (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
minute)
California—Continued
72 The Geysers, 18 miles east-southeast of 140 to 30-50 | Fractured sedimentary strata | 137, 278, 297_______ About 30 springs, including Iron, Witches’
Cloverdale. boiling (Franciscan Formation). Cauldron, 1 evil’s Teakettle, and Acid.
Water is bottled for drinking. Resort.
Also wells produce steam for generation
of electricity. Refs. 19, 75, 130, 211, 212,
220, 221, 223, 224, 226-230, 233, 237, 241,
242, 267, 284, 285, 288, 296, 306, 400.
73 Sulpbur Creek, 21 miles southeast of 120 5. s o YO R Several springs. Ref. 212.
Cloverdale.
74 Little Geysers, 22 miles east, southeast of 110-160 8| .. L (L Y AU 10 springs. Campground. Refs. 137, 212,
Cloverdale. 228, 230, 288, 207.
75 Marli v‘f,ﬁ ;{Varm Springs, 7 miles north- 60-82 30 | Lava and tuff (Pliocene) .. _|-o.ooooooooo..o__ 9 springs. Resort. Ref. 297,
east o on.
76 Los Guilicos Warm Springs, 3.5 miles 78; 82 5 | Franciscan Formation_ _____|.. .. ._..._____ 2 springs. Resort. Ref. 297.
southwest of Glen Ellen.
77 MIc{Ewan dRanch, 3 miles southwest of 80 50 | Lava and tuff (Pliocene). . _|-cocoocooooomaaonoo ‘Water used for irrigation. Ref. 297,
enwood,
78 Eldridge State Home, 6 miles north-north- 72 10 | Alluvium overlyinglava_ ___ | __.________________ Do.
west of Sonoma.
Ohms and Boyes Hot Springs, 2 miles 14-118 | . Lava and pre-Tertiary sedi- { 207 ... _._ .. ___ Pumped wells at site of springs which
northwest of Sonoma. mentary strata. stopped flowing in 1906. Water bottled
for table use. Resort. Ref. 284.
79 Fetrtgrs Hot Springs, 2.75 miles northwest 100 foo e 4 pumped wells. Resort. Refs. 284, 297,
of Sonoma.
Agua Caliente (Aqua Rica) Springs, 3 97-115 10 | el 5 flowing wells. Resort. Ref. 297.
miles northwest of Sonoma.
80 Aetna Springs, 17 miles north of St. Helena_ 63-92 20 | Franeiscan Formation._____ 266, 297 ... __ 6 springs. Water used for drinking.
Resort. Refs. 216, 284, 311.
81 Calistoga Hot Springs, 225 yds. east of depot_ 126-173 8 | Faulted tuff (Pliocene?)..... 270,297 o 4 springs and several flowing wells. Water
used for bathing. Refs. 212, 267, 276, 284,
285.
82 St. Helena White Sulphur Springs, 2 miles 69-90 6 | Sandstone (Franciscan For- | 297._______________ 5 springs. Resort. Refs. 144, 216.
southwest of St. Helena. mation).
83 Napa Rock (Priest) Soda Springs, 15 79 15 | Altered sandstone and shale | 297___.___________ 2 springs. Water used for drinking. Ref.
miles east-northeast of 8t. Helena. (Franciscan Formation). 284.
83A | Phillips Soda Springs_____________________ 68; 76 10 Serpentil;e (Franciscan For- |... .. .. __________ 2 springs. Deposit of MgCOs.
mation).
84 Rocky Point Spring, 6 miles northeast of 100 5 | Sandstone (Franciscan For- |- ___________________ Ref. 297, 299.
Point Bonita. mation).
85 Sulphur Springs, 2 miles northeast of 75-81 5 | Faulted sandstone (Terti- 6 springs. Water used for domestic pur-
ainut Creek (town). ary). poses. Ref. 297,
86 B)]raron Hot Springs, 2 miles south of 72-120 15 | Sedimentary strata (upper 7 springs. Resort. Refs. 137, 216, 253.
yron. Miocene).
87 ‘Warm Springs, 2 miles northeast of Warm 85-00 15 | Faulted sedimentary strata 4 springs. Water used for domestic pur-
Springs (town). (Teritary). poses and watering garden. Ref. 297,
88 Alum Rock Park Springs, 7 miles north- 62-87 15 | Folded sedimentary strata 17 springs. Water used for drinking and
west of San Jose. eritary). bathing.
89 Gilroy Hot Spring, 14 miles northeast of 110 15 | Faulted(?) Franciscan For- Water bottled for table use. Resort.
Gilroy. mation. Refs. 216, 284.
89A | San Benito Mineral Well, 4 miles south- L 2 I S Pumped well. Water bottled for table
east of Hollister. use.
90 North Fork of Little Sur River, 30 miles 103; 114 | ___________ Faulted granite_..._..______ 2 springs. Ref. 297.
(by road) south of Monterey.
91 Talgsaija]ga Hot Springs, in sec. 32, T. 19 8., 100-140 100 | Gneiss and granite_......__. 207 . 17 springs. Resort.
92 Paraiio %Igtngriélgs, 8 miles south-south- 65-111 10 | Sandstone (Mijocene)_.____._ 270, 272,297 ______ 5 springs. Resort. Refs. 216, 282,
west of Soledad.
93 Slate’s Hot Springs, in sec. 9, T. 21 8., 100-121 50 | Sedimentary strata (Upper |- —._._.__________ 10 springs, Resort. Refs. 247, 272, 297.
R.3E. . Cretaceous).
94 Dolan’s Hot Springs, 7 miles from Slate’s 100 5 eaee e T U PO
Hot Springs.
95 Paso de Robles Mud Bath Springs, 2.5 55-118 100 | Sedimentary strata (Plio- | 207 _______________ 3 springs. Water bottled for table use; also
miles north of Paso Robles. cene). used for bathing. Ref. 216.
96 Paso de Robles Hot Springs, in southwest 105 1,700 |- QO o e 270, 272, 284, 297___1 1 main spring and flowing well. Resort.
part of Paso Robles. Ref. 216.
97 Santa Ysabel Springs, 4 miles southeast of 94 150 |oooo A0 e 270,297 .. ____ 2 springs. Water used for bathing and
Paso Robles. irrigation.
98 Cameta Warm Spring, 30 miles southeast 74 3 | Faulted gravel (Quater- |- ____._________ Water used for bathing. Ref. 207,
of Paso Robles. nary).
98A San Luis (Sycamore) Hot Spring, 8 miles 107 50 | | Well. Resort. Refs. 217, 284, 400.
south-southwest of San Luis Obispo. o
99 Pecho Warm Springs, 15 miles southwest 72; 95 17 | Folded shale (Miocene). . .__{------—-o———._-____ 2 springs. Water used for drinking and
of San Luis Obispo. bathing. Refs. 217, 287.
100 Newsom’s Arroyo Grande Warm Springs, 98 15 | Fractured siliceous shale | 270,297 . ____ . _ Resort. Ref. 216.
2.5 miles east of Arroyo Grande. (Miocene).
101 Las Cruces Hot Springs, 