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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.
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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.
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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).




22

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

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, 4 miles north of 67-97 50 | Sandstone (Miocene)  |o---oooocoooooooo 4 springs. Water used for bathing. Ref.
Gaviota station. faulted(?) against upper 297,
Eocene strata. X
102 San Marcos (Mountain Glen, Cuyama) 89-108 45 | Faulted sandstone (Mio- [--—-o_o._____.___ 6 springs. Campground. Refs. 262, 297.
Hot Springs, 20 miles northwest of cene).
Santa Barbara.
103 Montecito (Santa Barbara) Hot Springs, 6 111-118 50 | Sandstone (upper Eocene)__| 297___._. [ 11 springs. Resort. Source of part of
miles northeast of Santa Barbara, 3l\gé)nteeit,o water supply. Refs. 219, 262,
104 Sec. 4, T. 5 N, R. 25 W., 1 mile east of 90 15 | Shale (upper Eocene) - . |-eooooaooo_o. 3 springs.
Mono Creek and 12 miles northeast of
Santa Barbara.
105 Sec. 1, T. 5 N., R. 25 W, 4 miles north of 90 10 f-eoos s SRSV R Do.
Santa Ynez River and 15 miles north-
east of Santa Barbara,
106 Vicker’s Hot Springs, in Matilija Canyon, 118 5 | Faulted(?) sandstone (upper | 297 coecaeoa o 3 springs. Ref. 234,
9 miles northwest of Nordhoff, ocene).
107 Stingley’s Hot Springs, 8.5 miles north- 76; 100 4 | P U T SN 2 springs. Water used for domestic pur-

west of Nordhoff.

poses and bathing. Ref. 297.
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108 Matilija Hot Springs, 6 miles northwest of 65-116 45 | Sandstone and shale (upper | 234, 297___._._____ 4 springs. Resort. Ref. 128.
Nordhoff. ocene).

109 Wheeler’s Hot_Springs, 7.5 miles north- 62-102 LTV I s T S 234, 297 .. 4 springs. Resort.
northwest of Nordhoff.

110 ‘Willett Hot Spring, in sec. 31, T. 6 N, R. 120 50 |oceen A0 oo e | e ——————— ‘Water used for bathing.

20 W., 24 miles north-northwest of Fill-
more.
111 Sespe Hot Springs, in sec. 21, T. 6 N, R. 97-191 125 | Faulted granite.._.. 4 springs. Campground. Refs. 262, 297.
» 22 miles north-northwest of ¥ill-

112 Elizabeth Lake Canyon, 13 miles north- 100 |7 S— do_..... Ref. 297.
northeast of Castiac station.

112A | Encino Ranch (Seminole) Hot Springs.... 85 5 | Shale (Miocene) 262. 2 springs. Water is carbonated. Used for

g&mgggic purposes and bathing. Refs.

112B | Radium Sulphur Spring, in northwestern 80 Pumbed ‘well. Water used for bathing.
part of Los Angeles. Ref. 297.

112C BlimnilHot Spring, in northern part of Los 104 100 Flfzwfngw well. Water used for bathing.
ngeles, ef. 297.

113 Gli\‘z[veliif Hclolt Springs, 4 miles west of 128-146 100 | Faulted granite. 12 springs. Campground. Ref. 297.

arkleeville.

113A | Valley Springs._ ..o oooooooooiaaaaes 75 1 | Miocene(?) strata near ¢on- {._o.oooeooccecceao—- 2 sprin; Water slightly saline. Bottled

tact with Upper Jurassic for table use.
strata.
114 Fales Hot Springs, in sec. 24, T. 6 N, R. 97-141 300 | Lavanear granite ... oo _looooooooo oot Several sprlngs Deposit of tufa. Resort,
, 13 miles northwest of Bridge Jort. Refs. 125, 297.
115 Buckeye Hot Spring, in sec. 3, T.4 N., R. 140 25 | Faulted granite . ..o oo ofococaccanccmccccmans Water used for bathing. Refs. 282, 297.
24 14% 5.5 miles west-southwest of Brldge-
por:

116 Sec. 27, T. 5 N., R. 25 E., 1.5 miles south- 121-148 10 | Fissured andesite ___._...... . 3 main springs. Water used for bathing

east of Bridgeport. and sheep dipping. Quarries in onyx
marble and travertine nearby. Refs.
235, 236, 251, 282, 302.

17 1.5 miles south-southeast of Bridgeport_... 70-105 1T T YUY P 20 springs.  Refs. 282, 297, 305.

118 ng‘n(:li Springs Flat, 5 miles southeast of 100 5 Lava (Temary) ................................. Wat;r uséd for cattle supply. Refs. 282,

ridgeport.

119 Sec. 20, T. 4 N, R. 26 E., near Mormon 100 5 |aeean do. - ‘Water used for cattle supply. Ref. 297,
Creek 7 miles southeast of Bridgeport. .

120 Paoha Island in Mono Lake . ... 176 100 Lava (Reeent) . Several springs. Refs. 275, 282, 297, 305, 306.

121 Mﬁlo Bis;!lxi ‘Warm Spring, on east edge of 90 (42 DR, 1 S 128, 137, 282, 297

ono

122 Sec. 13, T.3 S R. 28 E., 5 miles northeast 170 5 | Faulted lava (Recent) - o ..o oo oo occacaaaee Refs. 282, 207.
of Casa Diablo Hot Sprlngs (No. 123)

123 Casa Diablo Hot Springs, in sec. 32, T. 3 115-194 35 | Basalt (Quaternary) - .| . 20 springs. Small deposit of sinter. Water

, R.28 E,, on fﬁghway 305, used for vapor baths. Refs. 282, 297, 305.

124 Casa Diablo Hot Pool in sec. 35, T. 3 8., 180 | Intermit- | Faulted(?) lava (Quater- | .. ... Ref. 297
Dl '2;? E., 3 miles northeast *of Casa tent nary)

ablo.

125 The Geysers, in sec. 30, T.38.,, R.20E__. 120-202 500 | Rhyolite (Quaternary). .| coocoommomaaaoena- 5 xtximin ?{nitntgs (gndRZ stream vents. Large

eposit of tufa. Ref.

126 V‘;hétmﬁrezgv%arm Springs, in sec. 18, T. 90 306 | Faulted lava (Quaternary).|-.......oo._.._._. 2 main springs. Resort. Ref 125.

127 Benton Hot Springs, in sec. 2, T. 2 8., R. 135 400 | Granite near Tertiary vol- |..._._.._...__.._._. Water used for irrigation. Refs. 262, 297,
3}ﬁE 300 yd northwest of Benton T post canic tufl. 305, 310.
office.

127A | Bertrand Ranch_._____.___._..____________ 70 100 | Alluvium. o oo eoCios ‘Water used for irrigation.

128 Reds Meadows Hot Springs, 10 miles 90-120 10 | Granitenearlava_____.._._.__ 207 . 5 springs. Campground.
southwest of Mineral Park.

129 Fish Creek Hot Springs, in sec. 9, T. 5 8., 110 5| Grandte. ... oo eciieciiccccnan 2 springs. Ref. 297,

R. 27 E., at head of Fish Valley.

130 Sec. 16, T.7 , R. 27 E., on South Fork 100-112 25 | e . P 1+ SRR DRSS 4 springs. Campground. Ref. 207.
of San Ji oa%uin River.

131 Blaney Meadows Hot Springs, in seec. 10, 100-110 40 | Gneiss_ .- o oeemeoeeeee 207 s 8 springs. Campground.

132 Mer'ce¥ Hot Springs, 25 miles south of 79-109 6 | Fractured greenstone near | 215,207 .. . _.._. 3 sprlngs Water is brackish. Used for

Francisian Formation. bathin;

133 Fresno Hot Sprmgs, on branch of Waltham 88-97 20 | Faulted sandstone andshale |..._________________ 5 springs " Resort. Refs. 250, 207.
Creek, 18 miles west of Coalinga. (Miocene?).

134 South Fork of the Middle Fork of Tule 77 25 | Gramite. - oo oo eceecemmeee Water is carbonated. Used for drinking.
River, 27.5 miles east-northeast of Ref. 297.

Portersville.

135 Jordan Hot Springs, 65 miles north of 95-123 75 | Gravel near lava.. 14 spﬂnﬁS- Large deposit of tufa. Camp-
Kernville. groun . 207,

136 Motngi]:ll‘le ﬁ\leadows, 14 miles southwest 100 2 | Rhyolite (Tertiary). .. .| oo Wﬁt:r is7carbonated Used for drinking.
[ ncha

137 California (Deer Creek) Hot Springs______ 105-126 50 | Faulted granite . | ... 7 springs. Resort. Refs. 284, 207.

138 Keough Hot Springs. 8 miles south of 130 825 | Faulted(?) granite...._.....|-ccoo_o.__________ 3 springs. Water used for bathing. Re-
Bishop. sort. Rei. 297.

139 Saline Valley, 10 miles northeast of Saline 100 5 Aluvium. oo o] e ememan Ref. 297
Valley Borax Mine. .

139A | Skinner Ranch________._._.______._._______ Warm 10 |..--. s S ) PO, W.at;sr tl.1sed for domestic purposes and

irrigation.

140 Staininger Ranch (Grapevine) Springs, 75 30 | Lake beds (Tertiary)euneoco|ccooaeooaacaacaoan Several springs. Water used for domestic
Grr%DeYine Canyon, Igg miles Eortignseast ¢ ary purposes and irrigation. Refs. 207, 399.
of Keeler.

140A | Keene Wonder Spring, at west base of 80-93 30 | Tertiary strata overlying |-...__________._._.. 1 main and several minor springs. Water
Funeral Range. Nevares and Texas Paleozoic strata. contains 3,630 ppm of dissolved solids.
springs are farther south. Extensive deposit of tufa.

141 14 miles southeast of Haiwee ... ..__._._ 150-203 Small | Lava (Tertiary) ..o .ooooooofooooao oo 20 pools and vapor vents. Deposits of

sulfur and alum. Refs. 262, 297,

141A | Devil’s Kitchen, 2 miles northeast of Coso 180 to Small | Lava (Recent) .. .o oo oo|aacommaaonciaccaan Severel small springs and vapor vents.
Hot Springs (No. 142). boiling 2S’;mxll deposits of cinnabar. Refs. 248,

142 Coso Hot Springs, 20 miles northeast of 140 to Small | Lava (Recent) overlying | 297__________._.__._ 3 main springs. Steam baths. Resort.
Little Lake. & boiling granjt(e, ) o Refs. 248, 252, 266, 275, 280, 308.

735-914 O—65——3
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Thermal springs and wells in the United States (excluding Alaske end 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
143 Near Little Lake, 18 miles south of Haiwee_ 80 1 | Basalt (Tertiary).-.. Ref. 262.
144 Panamint Valley, 4 miles north of Ballarat. 80 1 | Alluvium near gran: Wat;r supply for prospectors. Refs. 261,
145 Yeoman Hot Springs, in cec. 1, T. 21 N, 80 100 | Alluvium near Tertiary lava. Several springs. Water used for irrigation.
R. 7 E., 5 miles northeast of Zabriskie. Refs. 289, 290,
146 2 miles north of Tecopa. ......_____.._..._. 108; 109 225 | Faulted quartzite (Cam- |oo_ oo oo __ 2 Ep}‘ll:égs Water supply for railroad.
brian). [
147 Resting Spring, 5.5 miles northeast of 80 260 ... S St A Water used for domestic purposes and
Tecopa. irrigation. Ref. 297.

148 2 miles northeast of Kernville.____________ 98; 113 4 | Faulted gneiss . - oo ooooooooo|oaccomcccccoaaen 2 sz;égmz%% Water used for bathing. Refs.
149 Neills Hot Spring (Agua Caliente), 7 131 115 | Faulted granite and gneiss. - |-—.oocooocoaooooooo Water used for domestic purposes, bathing,
miles south-southwest of Kernville. and irrigation. Refs. 262, 297.

150 Cl2e5arTCr2qiel§ (Ig{ogg) Hot Springs, in sec. 119 20 | Granite. oo 3 springs. Water used locally. Ref. 207.

151 DeBloEeghf? Siprings 45 miles northeast of 104-112 25 | Fractured granite. - o ..occoo|ococoococmmcccaooan 3 springs. Resort. Ref. 297.
akersfiel
152 DeBmtblk".ra}i itj)rings, 40 miles northeast of 100-115 25 | Faulted granite. .o o |ooociacnaees 5springs. Resort. Ref. 297.
akersfield.
153 Williams Hot Springs, 16 miles northeast 60-100 20 | Fractured gneiss and quartz.|.--..____._....._. 5 springs, Water contains HyS. TUsed for
of Caliente. domest}l{: fpux'poses, bathing, and irriga-
tion. el
154 Saratoga Springs, 15 miles west of Sperry 82 125 | Faulted intrusive diorite____| 290_ .. __..___..__. 4 springs. Water supply for prospectors.
railroad station. efs, 271, 289,
155 Paradise Springs, 25 miles north of Daggett.]  85-106.5 30 | Pegmatite. ..o P2 Several springs. Water supply for pros-
pectors. Refs. 269, 289, 297.
156 Soﬂa g%ltion Springs, in sec. 14, T. 12N, 75 30 Faulte‘;it(i?) )limestone (Pre- | 200 oo _.__ 2 springs. Water used for drinking.
. . : cambrian).
157 Newberry Spring, in sec. 32, T.9 N., R. 3 77 300 | Alluvium (Quaternary) Dear |..............._. Pumped, Water supply for railroad.
]?:"t 600 yd south of Newberry railroad tuffaceous lava (Tertiary). Refs. 289, 290, 297.
station.
158 Tylers Bath Springs, in Lytle Canyon, 15 92 51 Granite. oo oo c oo |l Refs. 262, 297.
miles northwest of San Bernardino.
159 Sec. 15, T. 3 N., R. 3 W, in Deep Creek 80-100 [ 3 P U SR K Several small springs.
C%lnyon, 16 miles southeast of Viector-
ville.
160 Sec. 14, T. 3 N, R. 3 W, in Deep Creek 80-100 5 omeo. [ (S, - 6 springs.
Cﬁlnyon, 15 miles southeast of Victor-
ville.
161 Harlem Hot Spring, 5 miles north-north- 120 oo e R -..-| Pumped well. Water used for bathing.
east of San Bernardino. Refs. 268, 297.
‘Waterman Hot Springs, 6.5 miles north- 123 5 | Fractured granite and gneiss_| 297__.____....._...__ Several small springs. Water used for
162 northeast of San Bernardino. bathing. Refs. 262, 284.
Arrowhead Hot Springs, 7 miles north- 110-187 50 oo [ (s T 137, 268, 284, 297_____ 2 groups of springs. Resort. Ref. 262.
northeast of San Bernardino. .
162A | Urbita Hot Springs, 1 mile south of San 80-106 250 | oo - 6 wells. Water used for bathing. Refs.
Bernardino. 268, 297.
163 Sec. 34, T. 1 N., R, 2 W, in Santa Ana 90 3| Granite._ .- oo -
Canyon, 12 miles east-northeast of San
Bernardino. .
164 Near Baldwin Lake, 40 miles southeast of 88 5 o SN Water used for bathing. Ref. 297.
Victorville.
165 Faifr\éiew }}&ot Spring, 7 miles southwest 96 15 | Alaviom. o | Wzsz)ter bottled for table use. Resort. Ref.
of Santa Ana.
166 San Juan Capistrano Hot Springs, 13 miles 121-124 35 | Faulted(?) granite_...______. 297 . 6 springs. Visited by Francisan friars and
northeast of San Juan Capistrano. mentioned in their records. Ref. 262.
167 Glen Ivy (Temescal) Hot Spring, 11 miles 102 15 | Faulted granite. _..._..._._ 291,298 __________ 1 main and several minor springs. Resort.
south-southeast of Corona. Ref. 297.
168 ‘Wrenden (Bundys Elsinore) Hot Springs, 118 [ Alluvium. oo 291, 297,298 _____. Ongmally flowed, now pumped. Resort.
225 yd north of Elsinore depot.
169 Elsinore Hot Springs, 50 yd north of 125 | Quaternary deposits mear | 137,298 _._________ 3 springs which originally flowed but now
Elsinore depot. faulted Mesozoic rocks. are pumped. Resort. Ref. 207,
170 Murrieta Hot Springs, 4 miles east-north- 134-136 75 | Faulted granite__._______.__ 284, 291, 297, 298___| 3 springs. Resort.
east of Murrieta. .
171 Pilares Hot Spring, 8 miles northeast of 100 3 | Alluvium overlying faulted | 208 _______________ Water used for bathing. Also drilled well
Perris. bedrock. nearby. Ref. 297.
172 E%en Hot Et%prings, 9 miles southwest of 90-110 30 | Faulted granite____.________ 201,298 ... __ 8 springs. Resort. Refs. 268, 207.
eaumont. :
172A | Highland Springs_ ... .__.._.__...____ a2 Granite near San Andreas | 291._____._____..._ Several springs. Water used for bathing.
(max) fault, . . Refs. 236, 253.
173 Gilman (San Jacinto, Relief) Hot Springs, 83-116 20 | Alluvium overlying gneiss__| 291,297, 208 _______ 6 springs. Resort. Ref. 268.
6 miles northwest of San Jacinto. X
174 Soboba (Ritchey) Hot Springs, 2.5 miles 70-111 25 | Faulted gneiss_.____.._...__ 291, 297, 298 ______ 6 springs. Water bottled for table use;
northeast of San Jacinto. ;}isso used for irrigation. Resort. Ref.
174A | Desert, insec. 30, T.28., R.5E._._...__. 112-116 | ________ Alluvium near San Andreas | 201________________ 8 vgells about 300 ft deep. Water used for
fault.
174B | Lucky Seven, 2 miles southeast of Desert - 200 {ooooo_. Valley alluvium_____ .. |-coo____._______._ Dréu?dwweu Water used for bathing.
el
175 Paslm Springs, 6 miles south of Palm 100 5 | Faulted granite_._.___._.____ 232,201,297 ______ 2 springs. Resort. Refs. 231, 255, 284.
prings station,
176 Dos Palmas Spring, on northeast side of 80 25 | Alluvium overlying Terti- | 232, 282, 207_______ ‘Water supply for prospectors. Ref. 262.
Salton Sink, 6 miles east of Salton rail- ary strata,
road station.
176A | Hot Mineral Well_._.___._._._.______._____ 186 900 | Alluvium near fault. ... |-_._._.____________ 30% fft ﬁ%epsoz Water used for bathing.
efs.
177 Deluz Warm Springs, 20 miles north- 84-88 5 | Diorite dike in granite_ . ___ |- ... __...__ 3 springs. Water used locally. Refs. 262,
northeast of Oceanside. 297. .
178 Ag(;m T“}(iia Spring, 30 miles northeast of 92 10 | Faulted granite.._..________ 297 Water used for bathing and irrigation.
ceanside.
179 Warner (Las Aguas Cahentes) Hot 131-139 150 | A0 137,232,297 _____.. 6 springs. Water used for irrigation. Re-
Springs, in sec. 3% T.108S.,,R.3E ’ sort. Ref. 218, 222, 243, 255, 287, 784,
180 Agua Caliente Sprmgs, in secs. 18 and 19, 90 20 ... A0 Several springs. Campground Refs.

and 19, T. 148, R. 7E.

232, 269, 297,
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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
181 Jacumba Springs, in secs. 7and 8, T. 18 8., 94; 96 15 | Fractured granite_ __________| .. ______._____ 2 springs. Water used for bathing and
R.8E. irrigation. Refs. 232, 297.
182 Fish Springs, on west side of Salton Sea, 90 280 + Alluvium._ .. ___ 232 e --| Several springs, also wells 260-850 ft deep.
13 miles south of Mecca. Water supply for prospectors. Refs. 269,
182A | Salton voleanoes...____.___________..____. 100 to Small | Alluvium near fault_ .. __|oecoo ool ool 4 mam groups on southeast-northwest line
boiling 2.5 miles long. Refs. 249, 254, 255, 257, 259,
270, 294, 300, 304, 746.
Colorado (See fig. 2.)
1 Juﬁip&r‘}‘r{ot Springs, in sec. 16, T. 6 N., 102-105 25 | Cretaceous strata. . ooo..._. 322 e Several spiings. Resort. Ref. 323.
2 Routt Hot Springs, 7 miles north of Steam- 148-150 130 | Fractured gneiss near €On- |.ocococoveamcooooans 3 springs. Water used for bathing.
boat Springs (No. 2A). tact with granite.
2A Steamboat Springs. oo . .___ 103-150 2,000 | Faulted sandstone | 137,322._.___.._.__ 150 springs. Deposit of tufa. Resort.
(Dakota?). Refs. 313, 325-327.
3 Hot Sulphur Springs. oo 90-118 40 | Cretaceous strata near gran- | 137, 322_..___..._._ 25 springs. Strong odor of sulfur. De-
ite. posit of tufa, Resort and sanitarium.
. Refs. 317, 325-327, 513.
4 Moffat (Eldorado) Spring, 12 miles south- 70 10 | Faulted marl (Jurassic).._.. 322 el Refs. 325, 327.
west of Boulder.
5 Hot Soda Springs at 1daho Springs__...... 98-108 50 | Fractured syenite near | 137,322,335.._._.___ Several springs. Resort. Refs. 140, 317,
gneiss. 325, 327, 333, 334.
6 Glenwood Springs. ... .ocecooo oo 106-150 3,000 | Faulted Cretaceous strata_._| 137,322......_..__. Mauy springs issuing from bank and bed
gIGColorado River. Resort. Refs. 325,
26, 334.
7 Big Dotsero Spring, on north baunk of 84 400 | Limestone (Carboniferous)..| 822 ... oo ... Water used for bathing.
Colorado River 1.5 miles downstieam
from Dotsero.
8 Avalanche Springs, near Avalanche..._.__ 112-134 200 | Diorite intrusion in Car- | 322 . oooceomnoas 5 springs issuing along Rock Creek (Crys-
boniferous strata. liglt Rlzer) Water used for bathing.
ef. 324.
9 C(;{Jundrum Spring, 16 miles south of 100 25 | Decomposed granite___...... 322 e
spen
10 Alkali Springs, near north end of bridge 72 5 | Sandstone (Dakota?)__...... 322 e Several small springs.
over the Gunnison River at Austin.
1 Sesc 21, T, tl% 8., R. 89 W, 10 miles east of 90 3 | Sandstone (Cretaceous) ..___|._.__..___________ 4 springs.
omerset,
12 Ranger (Cement Creek) Spring, 1.5 miles 83 350 | Limestone near granite_..... 322, s Deposit of tufa.
above mouth of Cement Creek.
13 Sec. 18, T. 14 S., R. 84 W., 2.5 miles above 100 1,800 | Limestone (Cretaceous) - .- oo ..
mouth of Cement Creek.
14 Waunita (Tomichi) Hot Springs, on Hot 140-160 1,000 | Sandstone (Paleozoic?)..-_-- 137 e 2 groups of springs totaling more than 100
Springs Creek, 28 miles east of Gunnison. individual springs. Resort. Refs. 144,
15 Cebolla (Powderhorn) Hot Springs (Qjo 79-114 100 | Granite and gneiss_ oo oo_| oo ool 2 groups of springs totaling about 20 in-
gelos Caballos), 6 miles south of Powder- dividual springs. Resort. Refs. 322, 330.
orn.
16 R%odesl Spring, 8 miles southwest of 79 300 | Alluvivm_ ... 322 e Water used locally.
alrplay.
17 Hsgtsgll Hot Springs, 25 miles east of 105-134 10 | Mesozoic strata near granite_| 137,322...___._..__ 5 springs. Resort. Refs. 138, 317.
eadville,
18 Mound Soda (Currant Creek) Spring, 20 (-3 Granite. - -] ----| Refs. 138, 335.
miles northwest of Parkdale.
19 Cottonwood (Buena Vista Hot) Springs, 120-144 150 | Granite near monzonite in | 322 .. .____ 5springs. Campground.
6 miles west of Buena Vista. trusion.
20 Mount Princeton (Heywood Hot, Chalk 98-150 50 [-eow- s T (PRI 4 main and about 30 other springs. Resort.
cl\JTret(g( Hot) Springs, 3 miles west of Refs. 322, 325, 335.
athrop
21 Poncha Springs ........................... 80-168 500 | Granite. oo 137 e About 100 springs. Water contains 12 ppm
of fluorine. Resort. Deposit of tufa.
Refs. 109, 315, 317, 322, 325, 326, 331.
22 Wellsville Warm Spring, 5 miles north- 94 150 | Carboniferous strata. ...____ 822 el Water used locally. Ref. 138,
west of Howard.
22A Canon City:
Near east end of Royal Gorge of B 1) S N ORI URNS PO Pumped well 10 ft deep. Ref, 317
Arkansas River.
Fremont Natatorium._.__________.____ 100 140 | Sandstone (Dakota?) ..o .| oo ____ Flowing well 1,665 ft deep.
23 Chamberlain (Mineral) Hot Springs, in 116-133 50 | Lava overlying sedimentary |- .. ... _______ 30 springs. Deposit of tufa. Resort.
sec.12, T. 45 N., R. 9 E., 6 miles south of strata. Refs. 322, 332.
Villa Grove. :
24 Valley View (Orlent) Hot Springs, in sec. 72-99 200 | Quartzite near granite._..._. 332 e 5 springs. Water used for bathing. Ref.
31, T. 46 N., R. 10 E., 7 miles southeast 322,
of Villa Grove .
25 Red Creek (Siloam, Parnassus) Springs, 12 59-73 5 | Contact of Upper Creta- | 322,328 ________.__ 5 springs. Water used locally. Deposit
miles southwest of Pueblo. ceous strata and gneiss. of tufa.
26 Geyser Warm Syring, at Placerville.______ 94 5 | Mesozoicstrata____________. 322 ol Water used for bathing. N
27 Oryis (Ridgway, Uncompahgre) ot 132 300 | Alluvium overlying faulted |-o—-o.cooooo_______ Water used for bathing and irrigation.
Spring, 2 miles southeast of Ridgway. Pennsylvanian strata. Refs. 316, 317, 322, 330.
28 Ouray Hot Springs.....--- - _.____-___. 100-158 200 | Faulted Hermosa Formation { 137, 316._._...__.__ 3 zroups of springs. Water supnly for 2
(Pennsylvanian). sanitariums and municipal swimming
pool. Resort. Refs, 312, 317, 322, 332.
29 Sec. 33, T. 41 N., R. 1} W, 200 yd south- 110 20 | Limestone (Cretaceous) .- }-——ooocccoooooon Water used locally.
east of Dunton Store.
30 Iron Spring, 0.75 mile north of Rico.___.._. 82 30 | Sandstone and shale (Per- | 322 ______...____ Deposit of Jimonite.
mian).
31 ‘Wagon Wheel Gap Springs____..._________ 132-150 100 | Granite cut by dikes.__--___ 137, 318, 319, 328___| 3 springs. Large deposit of tufa. Resort
Refs. 109, 128, 315, 317, 322, 325.
32 Sec. 26, T. 38 N, R.1 W, 26 miles north- 100;120 50 | Granite. . | 2 springs.
east of Pagosa Springs.
33 Shaw’s Spring, 6 miles north of Del Norte. 88 10 | Sandstone (Tertiary) near | 322__..__...____.__ Water used locally.

igneous rock.
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No. Tempera-~ Flow .
on Name or location ture of (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
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Colorado—Continued
34 Pinkerton Srrings, in sec. 26, T. 37 N, 87-95 8 | Sandstone (Paleozoic) ... 822 s 5 main and several small springs. Resort.
R. 9 W, 14 miles north of Durango. . .
35 Tripp Syprings, 10 miles north of Durango. 90-95 50 | Sandstone (Cretaceous).._-_| 322 ... _._..._. Several springs. Water used for bathing.
36 Trimble Sgrings, 9 miles north of Durango. 90-110 50 | Folded and fractured Paleo- | ... ___.________ 5 springs. Large deposit of tufa. Resort.
zoic and Mesozoic strata. Refs. 322, 325.
37 Sec. 8, T. 35 N, R. 4 W, 30 miles west of 120 3 | Limestone (Carboniferous?) |- cco-oocoooouoooo._ 5 small springs. Campground.
Pagosa Srrings (town).
38 12 miles northeast of Pagosa Springs £ P, Lava overlying shale (Colo= |occccocomoemmcnaas Ref. 138.
P (town). @ rado Group).
39 agosa Srrings (town): .
Pagosa Hot Sprinzgs ................... 110-160 600 | Fractured shale (Colorado | 139,328 .. ..._..._ Several springs. Much evolyed H20, CO:
Group). Large deposit of tufa. Resort. Refs.
317, 319, 322, 325, 326, 335, 526.
Well . e 140 B Flowing well.
40 3 miles southeast of Pagosa Springs (town). 120 Small | Shale (Colorado Grour)___.. Ref. 138.
41 ‘Warm Suly hur Spring, on the South Fork 80 Small | Lava overlying Cretaceous | 144,328 __.__.._.___
of the Navajo River, 7 miles east of strata.
Chromo.
42 Agua Caliente Srring, in T. 35 N, R. 8 90 50 | Alluvium near lava (Quat- |-.__..o___o._...__ Refs. 328, 332.
E., 2 miles southwest of Capulin. ernary). . .
43 Meclntyre (Los Ojos) Warm Srrings, in 62 100 | Lava (Quaternary). ... .| cooooo coamacmaoooo Several srrings. Water used for irrigation.
sﬂec.lw, T.35N., R.10 E., 8 miles east of Refs. 322, 332, 526.
a Jara.
44 Dexter Spring, in sec. 9, T. 35 N., R. 11 71 5 | Lava (Tertiary) . __.__.____ 332 o Ref, 322.
E., 12 miles east of La Jara,
Florida (See fig. 3.)
1 Warm (Bj alt Spring, iles north- , 900 | . 337,338 .. ____.__ Rises in deep pool 250 ft in diameter.
west ér I\%)ur%ock.sp g 8 m 8 4900 ’ ‘Water used for bathing.
Georgia (See fig. 3.)
1 Lifsey (Pine Mountain) Spring, 6 miles 77 83 | Faulted quartzite and schist | 137, 341, 344, 543___| Water used for bathing.
south of Zebulon. g)Cam)brian or Precam-
rian).
2 ’I‘@\}{ilor Stptil)lgs, 2Ilgile(s §ast of Lifsey (Pine 75 385 |____. A0 F:Z > SO Supplies pool.
Mountain) Spring (No. 1).
3 Thundering Springs, near Thunder sta- 74 30 | QO 137, 341, 344, 543___| 2 springs. Water used locally. Ref. 339.
tion, 3 miles south of Molena. .
4 60(()Nyd3) south of Thundering Springs 69-72. 5 25 |.___. A0 341 ‘Water used for bathing.
0.3).
5 Bfi\r/lkeir Spring, 8 mies south-southeast of 73 30 ... 3 S, 341 ... Do.
olena. X
6 Warm Springs, 0.5 mile west of Warm 87 600 | Contact of schist and | 137, 341, 343, 344, 1 main spring. Resort and sanitarium.
Springs (town). quartzite. 543. Refs. 339, 340, 342.
7 Parkman Spring, 3 miles southeast of 77 20 | Faulted quartzite______.__.__ 341 .. Supplies mill pond.
‘Warm Springs (No. 6). .
8 Tom Brown Spring, 2.5 miles northeast of 69 25 ... A0 e 341__..___...___._..| Supplies pond.
Chalybeate.
Idaho (See fig. 4.)
1 Wli\?r (I.T{reia{< ]§Iot Springs, in sec. 13, T. 36 Hot 5| Granite...______ | . 6 springs.
2 Colgate Springs, insec.9, T.36 N., R. 12 E. 105-120 20 |.___. 6L N P Do. )
3 Je?z;néy NTohnson'% Hot Springs, in sec. 7, T. 100-130 450 |~ A0 . 3 gggmg& Water used for bathing. Ref.
L, R.I3E. 3.
4 Horse Creek, 4 miles southeast of Jerry 80 200 | ... [ [ T I T, Ref. 383.
Johnson’s Hot Springs.
5 Stanley Hot Spring, in sec. 6, T. 34 N, Hot 2 . [« T S U
R. 10 E., near Boulder Creek 4 miles
upstream from junction with Lochsa
River.
6 Stuart Hot Spring, in sec. 4, T. 32 N., R. Hot 35 |.___. dooooo e
11 E,, on Link Creek 5 miles upstream
from junection with Selway River. 5
7 Sec. 4, T. 33 N., R. 14 E., 11 miles south- Warm 40 |_.__. L 13 S D 2 springs.
west of Elk Sumr mit ranger station.
8 Martin Creek Hot Springs, in sec. 25, T. Hot 15 | Lo (o Y K, 6 springs and seeps.
31 N, R. 11 E., 3.5 miles west of Wylies
Peak.
9 Sec. 14, T. 28 N., R. 12 E., 2 miles south Hot
of Grouse Peak. .
10 Red River Hot Springs, in sec. 10, T. 28 120 15 | s [+ T R 4 springs. Resort. Ref. 383.
N., R. 10 E., 10 m’les northeast of Red
River ranger station. )
11 Barht’s Hot Springs, in sec. 13, T. 25 N., R. Hot 200 |._._. s 1 N Several springs. Water used locally.
11 E., on Salmon River 200 yds below
mouth of Hot Springs Creek. .
12 Sec. 7, T. 24 N., R. 4 E., 2 miles north of 110 10 ... 5 (s T PR Water used for bathing.
Salmon River,
13 Riggins Hot Spring, in sec. 13, T. 24 N, R, Hot || s N [ Water used locally.
E., 10 miles east of Riggins,
14 Bl;rEg:dortHot Spring, insec.1, T.22N., R. 113 150 |- A0 e Resort.
15 Sec. 13, T. 21 N., R. 1 E., on east side of Hot {oooooeo | s o SN U, ‘Water smells of HoS.
Little Salmon River 3 miles north of

Round Valley.
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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)
1daho—Continued
16 Yoghann Hot Sulphur Spring, in sec. 26, T. Hot |.___._.___.__ Columbia River Basalt |__.__.___._._._______
20 N., R. 1 E,, on west side of Little (Tertiary).
Salmon River 10 miles northwest of
Meadows, .
17 Sec. 22, T.19 N., R. 2 E., 3 miles northeast 100 50 | Granite_ .. .| ‘Water used for bathing.
of Meadows. .
18 Sec. 2, T.15 N., R. 1 E,, 1.25 miles north of Hot 100 |._.__ Ao 6 springs.
mouth of Warm Sprmg Creek. .
19 Sec. 33, T. 16 N., R. 2 E., 15 miles east Hot 25 1. Ao e 8 springs.
of Cottonwood
20 T.17N., R. 5 W,, in Snake River Canyon Hot | Columbia River Basalt ... ... Water smells of HzS. Ref. 482.
%pstfam from mouth of Brownlee (Tertiary).
Teek.
21 T.11 N., R.5 W., on Monroe Creek 6 miles Warm |________._.. Payette Formation (Terti- {_.._ .. ____.___.__ Several springs. Ref. 492.
northeast of Weiser, ary). .
22 Sec. 11, T. 21 N., R. 5 E., 12 miles west of Hot 100 | Granite. ... . . )i 10 springs.- Water smells of H;S. Ref. 483.
Shiefers.
23 Sec. 15, T. 20 N, R. 5 E., 15 miles south- Warm ;20 P— Ao .
west of Shiefers, .
24 Sec. 35, T. 20 N, R 7 E., on South Fork of 90-136 100 |- 6 o U F About 25 springs in 40-acre area.
Salmon River 7 miles south of Shiefers. X
25 Sec. 25, T.18 N,, R. 6 E., on South Fork of Hot 10 springs.
Salmon River 25 miles north of Knox.
26 Sec. 17, T. 18 N., R. 8 E., near mouth of 90
Riordan Creek.
27 T.15N., R. 3 E., 10 miles north of Cascade. Hot Several springs.
28 T. 16 N., R. 4E., on Gold Fork River 25 Hot Do.
miles north of Cascade. .
29 Sec. 1, T. 16 N, R. 6 E., on South Fork of Hot 2 springs.
Salmon River 15 miles north of Knox,
30 Sec. 17, T. 15 N., R. 6 E., 6 miles north of Hot 100 j..__ Ao el
0X. .
31 Secf 14, T. 15 N,, R. 6 E., 6 miles northeast Hot 250 |.___. L 1o Y Y 2 springs, 0.5 mile apart.
of Knox. i
32 Selc{. 11, T. 14 N, R. 6 E,, 4 miles east of Hot 450 |.____ Ao |l 6 springs.
nox.
33 Sec. %é, T.14 N, R. 6 E., 4 miles southeast Hot 100 |_____ L 10 Y SO
of Knox, .
34 T. 14 N, R. 3 E,, 0.25 mile from Cascade. Hot 20 | s (s 2 springs, 0.25 mile north and 0.25 mile south
of Cascade. Water supply for town.
35 Sec.2, T.12N., R. 5 E.. on Middle Fork of Hot 35 oo QO
Payette River 12 miles east of Alpha.
36 Sec. 11, T. 12 N., R. 5 E., near Middle 100 15 fooooo 6 ) FO
Fork of Payette River.
37 Sec. 15, T. 12 N, R. 5 E., near Middle 90 15 ... o Y [
Fork of Payette River. .
38 Boiling Springs, in sec. 22, T. 12 N., R. 5 Hot 150 | Faulted granite______ . _|ocoo oo 18 springs. Water supply for Forest Serv-
E., near Middle Fork of Payette River. ice station.
39 Sec. 28, R. 13 N., R. 6 E., near Bull Creek Hot 15 | Granite.._.________________ |- 3 springs.
15 miles east of Alpha. i
40 Sec. 31, T.12N., R. 6 E., near Silver Creek 90 250 {_____ A0 4 springs.
15 mlles southeast of Alpha
41 Sec.23, T , R. 10 E., 0.5 mile south- Hot 10 |- QO e
west of mouth 'of Bear Valley Creek.
42 Sec. 30, T. 14 N, R. 10E., 0.25 mile from Warm 2 P & RS H U
mouth of Dagzer Creek.
43 S(-)(cJ 13k T. 14 N, R. 9 E,, on Sulphur 80-110 b2 A0 3 springs.
reel
4“4 Sec. 34, T. 15 N, R. 10 E., near mouth of Hot 25 | A0 e Do.
Sulphut Creek. N
45 Seec. 26, T. 15 N., R. 10 E., near Middle Hot | 3 — [ L ) F 2 springs.
Fork of Salmon’ River. .
46 Sec. 17, T. 16 N., R. 10 E., on branch of Hot 10 | Lava (’I‘ertm.ry) overlying |._.________________ 4 springs.
Indian Creek near Chinook Mountain. granit
47 See. 20, T. 16 N., R. 12 E., 10 miles north Hot 40 Gramte _________________________________________ 2 springs.
of Gre hound.’
48 Sec. 15, T 17 N., R. 11 E., 8 miles south of Hot 50 | Lava (Tertmry) overlying | __________________. 10 springs.
Roosevelt. granite,
49 Sec. 28, T.17N., R.13 E., on Middle Fork Hot 10 ... dOo e 3 springs.
of Salmon Rlver 2 miles upstream from
mouth of White Creek.
50 Sec. 17, T.25 N, R. 17 E., on Horse Creek 110 10 {QGranite_..__ .l ... Ref. 383.
25 miles northwest of Shoup.
51 Sec. 32, T. 24 N, R. 17 E., 17 miles west Warm 25 ... QO oo 5 springs.
of Shoup
52 T.22 N.,, R. 18 E., on west side of Copper Hot |- lo s (o SO RN
King Mountain, :
53 Sec. 22, T. 23 N, R. 22 E., 5 miles north of Hot 80 |..... L L TN R 14 springs.
Carmen.
54 Sec. 26, T. 19 N, R. 14 E., 1 mile east of Hot
Mormon Ranch.
55 Sec. 19, T. 17 N., R. 14 E., near Cache Warm
Creek 4 miles upstrea.m from its mouth.
56 Se(cJ lok’l‘ 15N, R.14 E., on Warm Spring 80-190 400 | Lava (Tertiary) .. ... _| . _________ 9 springs.
reek.
57 Sec. 1, T. 15 N., R. 15 E., 5 miles north- Warm 75 | [ 10 YU AR 4 springs.
west of Parker Mountain.
58 Sec. 15, T. 15 N., R. 16 E., near Parker Hot 200 ... L R 7 springs.
‘Mountain.
59 Salmon Hot Springs, in sec. 3, T. 20 N., Warm 400 | Altered lava (Tertiary)______|.___________________ Severa) springs. Water used for bathing
R.22 €., 7 miles south of Salmon. and irrigation.
60 Sec. 24, T. 20 N., R. 24 E., 7 wiles north- Hot 200 | Belt Series (Precambrian) | .____________._____
east of Tendoy .
61 T.18N.,,R.22 E , 27 miles south of Salmon_ Hot 200 ... do- oo 2 springs.
62 T. 17 N R. 21 E in Kronk Canyon of Hot 100 | Belt Series (Precambrian)___| . ____.____...

Salmon River 40 miles south of Salmon.
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63 Sec. 18, T. 16 N, R. 21 E,, at upper end of Hot 100 | Belt Series (Precambrian)- |- ocococoomomcaocaaoo 6 springs.
Kronk Canyon of Salmon River 3 miles
downstream from mouth of Pahsimeroi
River. .
64 ‘Warm Spring Creek, 4 miles southwest of Warm |ococeeeeouas Lava (Tertiary) overlying | oooooooeeooo Several springs. Ref. 144.
Lemhi Indian Agency. Precambrian strata. h
65 Sec. 4, T. 15 N., R. 25 E., 10 miles west of 87 3 | Belt Series (Precambrian) . _|--ocooooocomooooon Water used for bathing.
Leadore,
66 Sec. 9, T.7N., R.1E., 1 mile southwest of Hot |ooocoaaee. Lava (Tertiary) overlying | . oo oooceooo
Sweet. granite. .
67 'I‘.Rl N., R. ]3 w., 0;1 Eeast si?e of Snake 67 |occcaaeeaas Payet)te Formation (Terti- |-ccooooooomocamoacan Refs. 364, 371.
iver 1 mile east of Enterprise. ary).
68 T.4N., R. 2 E, on west bank of Squaw Hot Large |..._. P 1 YO B Water used locally. Ref. 363.
Creek 3 miles north of Boise.
69 T, 3ﬂN., Rt. 2‘1%, ion Cottonwood Creek 1 Warm |._ O do. - R Do.
mile west of Boise. .
70 Boise Hot Springs,in T.3N.,R.2E,, 4.5 90-140 255 | Faulted Payette Formation |- ..o About 16 springs. Resort. Refs. 113, 150,
miles southeast of Boise. (Tertiary). 363, 370, 371. .
71 Sec. 29, T. 5 8., R. 4 E., near Grand View.__ 109 100 | Faulted lava (Quaternary) |- —-ccococcemaas Water used for irrigation.
72 Sec. 20, T. 10 N., R. 3 E., 14 miles north Warm 30 | Granite. .o owocoo-occcoco oo eeae
of McNish ranger station,
3 Sec. 3t2, ;I‘(.}IOdN.,vR.Hfl E., 3 miles north- )2 (5] 0 I, I s SR R
west of Garden Valley.
74 Sec. 6, T. 8 N., R. 5 E., on South Fork of Hot 20 | P U TN H I, 2 springs. Campground.
‘P}aﬁette River 10 miles east of Garden
75 Se]c) 2, g‘ SCN.,kR. 5 E., 0.5 mile west of Hot
anskin Creek, .
76 Sec. 11, T. 8 N, R. 5 E., 1.5 miles east of Hot 2 springs. Water used locally.
Boston & Idaho power plant
77 Sec. 31, T. 9 N., R. 6 E., 0.25 mile west of Hot Campground.
Pine Flat
78 Sec. 31, T. 9 N., R. 8 E., on north side of ‘Warm
South Fork of Payette River.
79 Kirkham Hot Springs, in sec. 32, T. 9 N., 90 5 springs.
R.8 E., on South Fork of Payette River.
80 Bonneville Hot Sprints, in sec. 31, T. 10 100 6 springs.
, R. 10 E., on Warm Spring Creek.
81 Saca;awealgot Springs, 11? sfe](; 30, C’I‘ k0 100 3 springs.
1 near mouth of Bear Cree
82 T. C5N R. 5 E., 6 miles southwest of [daho 110-115 900 |_____ U4 YU HOL N 6 sﬁ;{ngs. Water used Iocally. Refs. 133,
it 3
8 Nevm %pr}n(% sec. 1, Tdaé\T 11{1 5 E., near Hot 200 |..... 5 15 YOS SRR
mouth of Cottonwoo ree. s i
84 Twin Springs, on north side of Middle Hot 350 |..._. ' U YGRS KRR 2 main and several smaller springs.
Fork of Boise River downstream from
mouth of Browns Creek.
85 Bassett Hot Spring, upstream from Log- Hot 30 |__._. ' 1) YUY HR U,
ging Gulch, on north side of Middle
Fork of Boise River.
86 Sec. 1, T. 14 N., R. 11 E., 2 miles northwest Warm 4 (. s YUY H
of Greyhound
87 Sec. 2, T. 12 N., R. 13 E., 6 miles east of Warm 200 |...__ s 1 SO DU SR
Cape Horn
88 Sec. 33 T, 14'N., R. 13 E., 10 miles south- Warm 3| L 1 YRS AU
west of Casto. .
89 Sec. 15, T. 10 N, R. 12 E,, near Stanley___ Hot 200 |...__ P 0 Y F 2 springs.
90 Sec. 36, T. 11 N., R. 13 E., near mouth of Hot 250 |-co-o 2 U] PR 5 springs.
Yankee Fork of Salmon River, R
91 Sec. 20, T. , R. 14 E., 4 miles east of Hot 200 |_.... 1 SRR SOOI 10 springs.
mouth of Yankee Fork of Salmon River.
92 Secs. 22and 27, T. 11 N., R. 14 E., 6 miles Warm [ - 1+ T OO (S,
%?st of mouth of Yankee Fork of Salmon
1ver. o
93 Sec. 19, T. 11 N., R. 15 E., on Salmon 168 200 ... s 15 YUY U, 6 springs.
1I;rver 1 mile upstream from Sunbeam
am, R
094 Sec. 3, t’}l: ]tOY N o R. 1«1‘3 11«:( 2 Smliles SOIlilth of Warm 400 1____ (s 1) YOSt U 5 springs.
mouth of Yankee Fork of Salmon River.
95 Robinson Bar Ranch Hot Springs, in sec. 130 40 ... P R (N 3 springs. Resort. %150 kOthel’ springs
34, T.11N,, R. 15 E., at mouth of Warm along Warm Spring Cree
Sprmg Creok. 5 mile 1
96 T. 10 N R. 15 E., near mouth of Hot 134-147 | Limestone (Carboniferous)._ |--...o_ccoooaeooo Several springs along line 0. e long.
97 Loon Creek Hot Springs, in T. 11 N., R. 115-136 700 | Faulted greenstone. ... _{-coocooooaoccoooo- 20 springs. Water smells strongly of HyS.
E ..
98 T. 10 N., R. 15 E,, near head of Loon Creek_ Hot |ocooeoo_ Granite . - oo oo | Several springs.
99 Sec. 19, 10N R 16 E., on Sla%e Creek Hot 200 Lara ((’Eert;}l)ary)f ovel;lymg .................... 10 springs in 2-acre area.
6 miles upstream from its mouth. slate (Carboniferous
100 Sullivan Hgt Springs, in sec. 27, T. 11 N., 107 5,000 | Contact of lava (Tertiary) |-_____.._..._______. Water used locally. Smells strongly of
R. 17 E., on Sullivan Creek 3 miles west with limestone (Carboni- H.S.
of Clayton. ferous)
101 Sec. 18, T. 9 N., R. 14 E., on the Salmon 105 150 | Granite. . oo oo
River.
102 Piersi):n Hot Spring, in sec. 27, T. 8 N., R. 120 300 |- s (e TR F RN Resort. Ref. 375.
103 Secs. 30 and 31, T. 8 N., R. 17 E., on East 70-120 450 | Limestone (Carboniferous) |---.c--cooo.o....__ 8 springs.
Fork of Salmon River. near lava. .
104 Sec. 6, T. 7 N., R. 17 E., on East Fork of 75-110 300 |..... [ U O Ao 6 springs.
Salmon River.
105 Beardsley Hot Springs, insec. 23, T. 14N, 123 1,500 | Faulted limestone and |-_...._...._._... Several springs. Resort,
R. 19 E,, on east bank of Salmon Rlver (max) quartzite (Paleozoic). L.
106 Sulphur Creek Rpring, in sec. 26, T, 14 57 1,500 | Paleozoic strata. .. ... ...__ B 1] S, Water used for irrigation.

R.21 E., 15miles northwest of Goldberg
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107 T.13N.,R.20 E,, on Warm Springs Creek ‘Warm 100 | Basalt (Tertiary) - Several springs.
10 miles southeast of Challis, .
108 T. 9 N., R. 27 E., in Little Lost River LT P Paleozoic strata___.__ Ref. 365.
Valley.
109 South side of Middle Fork of Boise River, Hot 200 | Granite.. R
0.25 mile downstream from mouth of
Sheep Creek.
110 Sheep Creek Bridge Spring, on Middle Hot 100 j----- do_ ...
Fork of Boise River at Sheep Creek
Bridge.
111 Reed Shpring, on Sheep Creek near its HOt {oceomccca]aaan [« 1
mouth, o
112 Smith Cabin Springs, on both sides of Hot 900 |..._. s (4N RO Several springs in 2-acre area.
Middle Fork of Boise River upstream
from junction with North Fork.
113 Loftus Spring, on north side of Middle Hot 100 (. A0 o e[
Fork of Boise River downstream from
mouth of Loftus Creek.
114 Crevice Spring, on north side of Middle Hot 20 .. A0l
Fork of Boise River downstream from
mouth of Vaughn Creek,
115 Vaughn Spring, on south side of Middle Hot 200 |-t e
Fork of Boise River upstream from
mouth of vaughn Creek. .
116 Ninemeyer Springs, on south side of Hot 900 |.__.. A0 el 10 springs.
Middle Fork of Boise River downstream
from mouth of Big Five Creek.
117 Pool Creek Spring, on north side of Middle ‘Warm 50 .. A0
Fork of Boise River upstream from
mouth of Pool Creek.
118 South side Otf Middle tI«}"]or}(sof ]}olilsteCRivir Hot 180 | .- Lo (TR, (A
upstream from mouth of Straig| reek.
119 Dutch Frank’s Springs, on south side of Hot 1,800 |- A0 Many springs in 3-acre area.
Middle Fork of Boise River downstream
from mouth of Dutch Frank’s Creek. .
120 Granite Creek Springs, on Middle Fork 130 50 |- L T SR 7 springs.
gf B(l)ise Rivelf-, insec. 4, T.5N.,R.9E., (max)
miles east of Narton. .
121 T.5N., R.9 E,, on both sides of Middle Hot 200 |- 1 U S About 40 springs in 2-acre area.
‘Fork of Bglilse fR(_;ver,_ ?28 mi%(e upstream
rom mouth of Granite Creek. .
122 Sec. 36, T. 6 N., R. 9 E., on south side of 130 T N (U Several springs in 1-acre area. Water used
Middle Fork of Boise River, 0.5 mile (max) for bathing.
%ow%stream from mouth of Granite
Teek.
123 Sec. 32, T. 6 N., R. 12 E., 2 miles east of 100-130 50 | LY S 6 springs. Water used for bathing.
Atlanta. .
124 Sec. 10, T. 3 N, R. 10 E., 0.5 mile north- Warm 45 | s (U R Water used for bathing.
east of Featherville,
125 Sec. 9, T. 3 N., R. 11 E., 7 miles east of Warm Small {-..__ L 1 USSR
Featherville.
126 Sec.24, T.4 N., R. 11 E,, on Willow Creek, Hot 45 |- A0 Several springs.
10 miles northeast of Featherville.
127 Sec. 13, T. 3 N., R. 11 E,, on South Fork Hot 30 |- do e 4 springs.
ofﬂ }Boise River 10 miles east of Feather-
ville,
128 Sec. 5, T. 2 N., R. 10 E., 6 miles south of Hot 50 | s (N, 12 springs in 5-acre area. Water used for
Featherville, bathing. a
129 Sec. 33, T. 3 N., R. 10 E,, 4.5 miles south 128 12 springs in 1 acre area. Water used for
of Featherville. bathing. Campground. .
130 Sel‘c‘. 151, T.1N., R. 10 E., north of Fishing 164 Se;gesral springs, Water used locally. Ref.
alls. - max - . s
131 Hot (Ranch) Springs, in sec. 16, T. 3 S., 10(3—167) Several springs. Water used for bathing.
R. $ E., 10 miles east of Mountain Home. Refs. 370, 371. 4 irrigati
131A Dau§herty’sh (}%tltie's) FHot Spring, 15 146 ‘Water used for bathing and irrigation.
miles north o enns Ferry. .
131B | Hot Spring, 1 mile east of King Hill_______ 125 20 .. (T AR Also a drilled well. Water used for bathing
and irrigation.
132 Sec. 1, T. 4 N, R. 14 E., on Big Smoky Warm 10 | Granite____________ . fee o C
Creek 8 miles north of Carrietown. .
133 Sec. 32, T. 4 N, R. 14 E,, on Big Smoky Hot 20 | Granite_ ... | . About 30 springs.
Creek 8 miles northwest of Carrietown. .
134 Sec. 18, T.3 N, R. 13 E., on South Fork of Warm 15 ... 4 L R DR 15 springs.
Boise River near mouth of Bear Creek.
135 se&' 30,k 'lg. 3 1;1 R. 131 E., onILétt]e Smoky Warm 10 |- A0 e Ref. 144.
reek 8 miles southwest of Carrietown. i
136 Wasewick Hot Springs, in sec. 28, T.3 N, 125-150 250 |- @O About 50 springs. Water used locally.
'1;2. 14 E., 6 miles southwest of Carrie- Ref. 375.
own.
137 Wardrop Hot Springs, in sec. 29, T. 1 N., Hot 100 | Lava (Tertiary) - .o |ooeeooeeeameee About 25 springs. Resort.
R.13 E,, on Corral Creek 2 miles north of
Corral.
138 SeC.ll'}, T, 1N.,, R. 15 E., 5 miles north of Warm 15 |ooooo A0
aine.
139 Seé. 34, T.18., R. 13 E., 5 miles south of Hot 25 |- s U ) N, 20 springs.
orral, .
140 Russian John Hot Springs, in sec. 33, T. 6 102 50 | Lava (Tertiary) overlying f-........__._....... 4 springs. Ref. 375.
N., R. 16 E., near Wood River 18 miles Paleozoic strata.
northwest of Ketchum.
141 Easly Warm Springs, in sec. 11, T. 5 N., 99 100 |.____ 16 £ YN IR Do.
R.116 E., 21111 southfs}ge o{] Wood River 16
miles northwest of Ketchum, . .
142 Guyer Hot Springs, in sec. 15, T. 4 N, R. 160 450 | Faulted black limestone.____ 376 s Several springs. Resort. Deposit of tufa.

17 E., 2.5 miles west of Ketchem.
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143 Sec. 36, T.4 N., R.16 E., on Warm Spring Hot 450 | Lava (Tertiary) overlying 6 springs. Water used for bathing. Ref.
Creek 11 miles southwest of Ketchum. Paleozoic strata. 144. .
144 Clarendon Hot Springs, in sec. 26, T.3 N, 125-150 100 | Black limestone (Paleozoic). 3 springs. Water used for bathing.
I};. _117 E., on Deer Creek 6 miles west of
alley. . :
145 Hailey Hot Springs, in sec. 18, T. 2 N., R. 146 50 | Slate (Paleozoic).- ... ... . Several springs. Water piped to baths and
18 E., 2.5 miles southwest of Hailey. hotel in Hailey.
146 Lava Creek Hot Spring, in sec. 24, T.18., 96 130 | Snake River Group (Quater-
R. 17 E., near Magic Reservoir, nary overlying rhyolite.) . i
147 Condie Hot Springs, in sec. 14, T. 1 8., R. 124 450 | ... A0 .. 2 springs. Water used for bathing and
21 E., near Carey. irrigation.
148 Se]c‘:. d2_5, T.11 N, R. 32 E,, 10 miles south of 80 3,000 | Limestone (Carboniferous).. 2 springs.
1e.
149 Sec. 34, T. 10 N., R. 33 E., 18 miles west of Hot |-.....___... Lava (Tertiary) overlying
Dubois. limt)astone' (Carbonifer-
ous). .
150 Lidy Hot Springs, in sec. 2, T. 9 N,, R. 124 300 | Faulted rhyolite overlying Several springs. Water used for bathing
33 E., 16 miles west of Dubois. carboniferous strata. and irrigation.
151 Sec. 6, T, 9N, R. 44 E., near Warm River_ Warm 50 | Laya (Tertiary).___ 3 springs.
152 Heise Hot Spring, in sec. 25, T. 4 N., R. 120 400 | Faultedlava._______..__.____ Resort. Ref. 373.
%(I) E., on South Fork of Snake River at
else.
153 Pincock (Lime Kiln) Hot Spring, in sec. 6, Hot 65 | Limestone (Paleozoic)....._. Resort.
5N., R. 43 E., 6 miles south of Can-
yon City. .
154 Sec. 29, T. 1 N., R. 43 E,, on Fall Creek 4 Warm | ___________ Faulted Paleozoic strata_____ Several springs. Water used locally.
miles northwest of Trwin. ef. 373. i
135 Alpine Hot Springs, in secs. 18 and 19, T. 120-150 25 | Limestone (Carboniferous).. 2 main and several small springs. Water
S., R. 46 E., on east side of South Fork smells of HeS. Deposit of tufa. Resort.
(Xl Snake River 5 miles northwest of
pine. .
156 Secs. 13 and 24, T. 2 8., R. 45 E., on west 88-144 | ___________ Faulted limestone (Carbon- 6 springs. Water used for bathing. Refs.
side of South Fork of Snake River 3 miles iferous”). 372, 373, 667.
southwest of Blowout. .
157 Lincoln Valley Warm Springs, in sec. 36, 69-87 |-ceeoonos Limestone (Carboniferous?) 5 springs. Water used locally. Refs. 138,
%‘. ?{%'IIR' 37 E., 3 miles south of old 144.
ort Hall, i .
158 Enterprise,in T.1N,, R.8W____._._.___. 128 3,000 | Payette Formation (Terti- W;t(}r 3u6s:d37£or bathing and irrigation.
ary). efs. 364, 371.
159 Given’s Hot Springs, in T.18, R.3 W., 98 35 | Miocene sediments near 2 springs. Water used for bathing. Refs.
on south side of Snake River near mouth Tertiary lava. 133, 137, 144.
of Reynolds Creek. . s
189A | Toy Ranch, insec. 29, T.5S., R.1E______ 115-120 50 | Aluvium. oo oooeeees Several springs. Water used for bathing.
160 Sec. 14, T. 6 S., R. 3 E., on Shoofly Creek ‘Warm 300 | Payette Formation (Terti- 2 springs. Water used for irrigation. De-
near Grand View. ary). posit of tufa.
161 Rosebrier Spring, in sec. 32, T. 6 8., R. 5 68 Small | Alluvium near fault in Pay- Also a drilled well. Water used locally.
E., on Little Valley Creek 10 miles ette Formation (Tertiary). Ref. 368.
southeast of Comet. .
162 Sec. 24, T. 7 S., R. 4 E., near head of 99 135 | Payette Formation (Terti- Also 5 drilled wells. Water used for irri-
Little Valley Creek. ary). gation. Ref.368. .
163 Bruneau Hot Spring, insec. 21, T.78S., R. 105 1,200 |_____ do.._.. Water used for bathing and irrigation.
6 E., near Hot Springs post office on Refs. 368, 370, 371.
west side of Bruneau Valley.
164 Sec.22,T.78., R.6 E., in Bruneau Valley__ 111 35 |____. s (o S Water used locally. Ref. 368. .
165 Trammel’s Hot Springs, in sec. 22, T. 7 §., 114 1,000 |_____ A0 e Several springs. Water used for bathing
R. 6 E,, in Bruneau Valley. and irrigation. Ref. 368.
166 Sec. 35, T. 7 S., R. 6 E., on east bank of Warm Large (... s 1 Ref. 368.
Bruneau River. .
167 Hot Creek Springs, in sec. 3, T.88., R. 6 94-98. 5 1,800 | Basalt (Eocene) overlying Several springs. Water used for irriga-
E., 11 miles south of Bruneau. tuff. tion. Ref. 368.
168 Sec. 3, T.8 8., R. 6 E., in Bruneau Valley 100 [ Payette Formation (Terti- Several springs. Water used locally. Ref.
downstream from mouth of Hot Creek. ary). 368.
169 Sec. 29, T. 8 8., R. 7 E., 100 yd down- 105 | do. —— Ref, 368,
stream from Buckaroo diversion dam in
Bruneau Valley. X .
169A | Indian (Bat) Hot Springs, in sec. 33, T. 12 145-158 2,000 | Basalt (Tertiary) overlying 2 main springs in deep canyon. Water
%i’ R. 7 E., on West Fork of Bruneau rhyolite. used for bathing. Refs. 148, 377.
ver.
169B K;It‘%y's IéIot 1I{{ole, 10 miles southwest of Hot Small | Basalt (Tertiary) Water used for bathing. Ref. 148.
ree Creek, .
170 White Arrow Hot Springs, in sec. 31, T. 4 149 1,200 | Lava (Pliocene). ... 4 springs. Water used for bathing and
S., R. 13 E,, near Blanche. irrigation. X
171 Blanche Crater Warm Springs, 1.5 miles 80 Small | Lava (Quaternary)_ . ....... Maintains Soda (Lye) Lake having area of
?ortligg)st of White Arrow Hot Springs of 3 acres.
no. .
172 Tschannen Warm Springs, 2 miles south- 110 Small | Lava (Pliocene)_.._.__._.... Nearby artesian well flows 200 gpm. Water
ﬁg)t of White Arrow Hot Springs (no. used locally.
173 Sec. 30, T. 8 S,, R. 14 E,, on island in 130 5 i Lake beds (Tertiary) over- Water used for bathing.
Salmon Falls Creek near Austin. lying lava. . .
174 Ring’s Hot Spring, in sec. 31, T.8 8., R. 14 125 200 | Faulted lake beds (Miocene). Forms pool bubbling with odorless gas.
E., on south side of Snake River. Water used locally.
178 Banbury Hot Springs, in sec. 33, T. 8 8., 131 600 |_____ s 1, Y 2 springs and flowing drilled well. Ref. 370.
R. 14 E., on south bank of Snake River 4
J}w‘liﬂes upstream from mouth of Salmon
'ver.
176 Poison Spring, in T. 9 S, R. 13 E,, in Warm Small Ref. 370.
canyon of Salmon River 8 miles up-
stream from mouth of river. i
177 Sec 10, T. 13 8., R. 18 E,, on Rock Creek 90 1,300 3 springe
10 miles south of Stricker. )
178 100 Small Also several flowing wells discharging 500

Artesian City Hot Springs, in sec. 6, T.
128, R.20E. e ’

gpm. Water used for bathing and irriga-
tion.
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figure water (°F) per chemical quality
minute)
Idaho—Continued

179 Poulton Warm Spring, in sec. 6, T. 13 8., 72 |eeceeeae Limestone (Paleozoic).....-- . i (R, Also flowing wells. Water used locally.
R. 21 E,, 9 miles northwest of Oakley.

180 Land Spring, insec. 7, T. 13 8., R. 23 E,, 60 2,000 | Faulted rhyolite (Tertiary) . | 367 . ccooeoameoas ‘Water used for irrigation.

6 miles northeast of Oakley. X

181 Thoroughbred Springs, in sec. 21, T. 16 S., 69 200 | Miocene strata overlying | . ... oo Several springs. Water used locally.
R.19E. faulted Paleozoic strata. Ref. 367,

182 Oakley Warm Spring, in sec. 27, T. 14 8., 114 10 | Quartzite (Carboniferous?)..| 367 _.aooceoooo. Also flowing well. Water used locally.

R. 22 E., 5 miles south of Oakley.

183 Secr. jﬁﬁg 14 8., R. 25 E., 1 mile southwest Warm | ... Carboniferous strata________
of Kiba,

184 Frazier Hot Spring, in sec. 23, T. 15 8., 204 120 | Alluvium near fauited Car- Also well 400 tt deep. Water used for irriga-
R. 26 E., 5 miles southwest of Bridge. boniferous strata. tion.

185 Bridger Hot Spring, in sec. 11, T. 11 8, 120 4 | Faulted lake beds (Bridger { ... _.occooooeooucs Also 3 flowing wells. Water supply for
R. 25 E., 6 miles northeast of Albion. Formation). cattle.

186 Sec. 22, T. 11 8., R. 25 E., 4 miles north- 100 0 P— 0 ‘Water supply for cattle.
east of Albion.

187 Sec.tth, T. 9 8., R. 28 E,, near Lake Wal- 70 700 fouen- [ L TN ARSI 5 springs.
cott,

188 Fall Creek Warm Springs, in sec. 29, T. 62 9,000 | Lake beds (Eocene) faulted |- oocooceoacoans Several springs. Deposit of tufa.

9 8., R. 29 E., 8 miles northeast of Yale. ggai;‘xst li)mestone (Car-
oniferous).

189 Indian Hot Springs, in seec. 19, T. 8 S,, 140 1,000 | Faulted limestone (Paleo- |- -.o-oceccececeacnn- Several springs. Water used for bathing.
R. 31 E,, on south side of Snake River. zoic). Resort.

190 Lava Hot 8prings, in T.9 8., R.33 E., on 100-144 4,200 | Faulted quartzite (Paleo- |--oceooocooeonoucun Several springs. Water used for bathing.
both sides of Portneuf River 2 miles zoic). Resort. Ref. 374,
south of Lava.

190A | 6 miles northwest of MeCammon. ..____. ‘Warm Small | Lava (Tertiary) . oo |omo oo ‘Water used for bathing.

191 T. 10 S., R. 40 E., on west side of Bear 125 | ees Lava overlying Paleozoic | 3627 . ... § springs rising in pools. Ref. 144.
River at south end of Gentile Valley. strata. .

181A D«i;)wnata Hot Springs, 4 miles southeast of 112 470 | Gravel (Quaternary)._.___... Water used for bathing and irrigation.

owney.

192 T. 6 S., R. 42 E., in canyon of Blackfoot 82 Small | Limestone and shale (Car- Deposit of tufa. Refs. 366, 374.

River. boniferous). i ,

103 Bear River Soda (Beer) Springs, in 7688 |ooceocceae Limestone (Carboniferous) . |..oo_ o coccermeeoas Several springs, of which the main spring
T.9S,R.42E. is Steamboat Spring. Resort. Refs.

366, 374, 413, 625, 666.

194 T. 14 8., R. 36 E., 2 miles southwest of 85 | eeeas Carboniferous Strata. ..o |- cceceococoomomaonac Several springs. Water used locally.
Malad. Ref. 144,

195 TN}S.I S(.i, R. 36 E., i2 miles southeast of Warm |- oooeeeiaifeneas s [ TR I, Do.

ad.

196 Bear Lake Hot Springs, near northeast 83-134 150 ... o 1T U 3 springs. Resort. Ref. 124,
shore of Bear Lake and 16 miles south of
Montpelier.

Massachusetts (See fig. 3.)
1 Sand Spring, 2milessouth of Williamstown_ 76 400 | Schist (Precambrian).____._ 137,378, ... Water bottled for table use. Also used in
manufacture of soft drinks. Refs. 135,
144, 378.
Montana (See fig. 2.)
i ‘ Camas Hot Springs, in sec. 3, T. 21 N, 110-114 §___________. Diorite sill in Belt Series | 137, 885 _._._.._ 7 springs. Resort. Ref. 391.
R.24 W, (Precambrian).
2 Sec. 4, T. 21 N,, R. 24 W, 1 mile west of Warm |______._..__ Belt Series (Precambrian)___{ 385_.__._______._._ ‘Water used locally. Ref. 391.
amas.
3 Se}c,. 9, dT 18 N, R. 25 W., 4 miles south of 114 20 |oeee. 16 (s YRR I 7 springs. Water used for bathing.
aradise.
4 Granite (Lolo)Hot Springs, 8 miles south- 135 25 | Granite. .. ooooo_.. B E: 7 3 springs. Resort. Refs. 144, 383.
west of Woodson,
5 Wérm_Springs Creek, 6 miles north of Warm |._.___...... Folded Cretaceousstrata____| ... .__._________ Water used locally. Refs. 144, 148.
arrison.
6 Sun River (Medicine) Hot Springs, on 84 500 | s (0 SN SR Resort. Refs. 144, 395.
North Fork of Sun River 30 miles by
road west of Augusta. .
7 HeEl{ellm Hot Springs, 2 miles west of 122;141 30 | Lower Paleozoic strata...___ 128, 137409 .__ 2 springs. Water used for bathing. Refs.
elena, , 393.
8 Big Warm Springs, in sec. 24, T. 26 N, 72-86 10,000 | Shale and limestone (Creta- |..__ 7 springs. Water used locally.
R. 25 E., 6 miles south of Lodgepole. ceous).
9 Little Warm Springs, in sec. 32, T. 26 N., Warm 3,500 | G U S Water used locally.
R. 26 E., 9 miles south of Lodgepole. . .

10 Warm Spring, insec. 19, T.17N,,R. 18 E., 68 80,000 | Faulted Kootenai Forma- |..__..___._...._.._. Water used for mining and milling, also for
on Warm Spring Creek 12 miles north of tion (Early Cretaceous). irrigation. Large deposit of tufa. Refs.
Lewistown, 141, 379, 397.

1 Sec. 19, T. 12 N,, R. 23 E,, on Durphy 71 15,000 | Folded Elis Formation {.........o.ccoocceoe 8 springs in area of several acres. Water
Creek, 3 miles south of Tyler. (Jurassic). used for irrigation.

12 Medicine Rock (Weeping Child) Hot Hot 4,500 | Granite. - oo |om e mem Several springs. Resort. Refs, 382, 383.
Springs, on Weeping Child Creek, 15
miles southeast of Hamilton.

13 Sec, 31, T. 1 8,, R. 22 W., 4 miles east of Warm 330 |..__. L [+ SRR FEUN U 5 springs.

Slate Creek station. 3

14 Gallogly (Ross’ Hole, Medicine) Hot 110-125 150 |oo.o. 1S N 3 springs. Resort. Ref. 144.
Springs, in sec. 15, T. 1 8,, R. 19 W., 4
miles south of Camp Creek station.

15 ‘Warm Springs, near Warm Springs rail- Warm |--_.._.____. Tertiary strata overlying | 137_.._ . ......_. Resort. Ref. 144.
road station, 10 miles northeast of granite.

Anaconda. .

16 Anaconda Hot Springs, 3 miles east of Travertine overlying lime- | . oo._ooc._oo.. Severalsprings., Water used locally. Refs.
Anaconda. stone (Jurassic). , 390,

17 Gregson Hot Springs, 15 miles west of Lava (Tertiary) overlying Several springs. Water used to heat

Butte.

granite.

greenhouse. Refs. 144, 395.
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Thermal springs and wells in the United States (excluding Alaske and Hawaii)—Continued

No. Tempera- Flow
on Name or location turg";)! (gallons Associated rocks References on Remarks and additional references
figure water (°F) per chemical quality
minute)
Montana—Continued
18 A]]lslla;nbra Hot Springs, 17 miles south of 90-134 |_.ooo___. Granite____ 137 22 springs. Resort. Refs. 133, 393.
elena, R
19 Bou]de5 Hot Springs, 3 miles southeast of 125-187 Large | Fissured granite__._.________ 133, 137, 393....._. Many springs. Resort. Refs. 109, 395.
Boulder.
20 Pipestone Springs, 20 miles southeast of Hot | Granite._ . 137 Several springs. Resort. Refs. 393, 395.
utte.
21 Bedford Springs, on l;]orth sitfigr of Indian 74 1,400 Gn:vetl overlying Tertiary | 384,387 ... ______ 3 g;%gxfgfgr?gzgﬁll other springs. Water
Creek 3.5 miles northwest of Townsend. strata. s .
22 Kimpton (Warner) Warm Springs, on 65 100 | Lake beds (Miocene) . .._...| 384,387 ... 2 springs. Water used locally. Ref. 144,
%raléch of Crow Creek, 7 miles west of
oston. . .
22A Bigi Spring,lon east ba.nl;qpf Missouri 50 29,000 Madisoni Limestone (Mis- | 384, 387....._.._... Water used for irrigation.
River 4 miles southeast of Toston. sissippian). . :
23 Plunket’s (Mockel, Nave’s Warm) 62 4,000 |.___. opp 384,387 . Several springs. Water used for irrigation.
nging, 8{;'1;1 hezzd Io’f‘ Vgarm Creek, 10
miles southwest of Toston. .
24 White Sulphur (Brewer’s) Springs.._..___ 95-125 500 | Lake beds (Miocene) over- | 128, 133, 380, 392, | 9 springs. Resort,
lyin% .Be)lt Series (Pre- .
cambrian).
25 Big Hole Hot Springs, at Jackson_ .______. 132 1,500 | Tertiary strata overlying [.___________________ About 100 springs. Resort. Refs. 144, 386.
(max) Belt Series (Precambrian). "
26 Elkhorn Hot Springs, in sec. 29, T. 4 8., 120-150 110 | Granite._. --- 7springs. Resort.
Rf .621W_,, on Miller Creek ¢ miles north
of Polaris, .
27 Ziegler Hot Springs, near Apex........_.__ HOb | Folded Cretaceous strata____|..._______.oo.coeoC Se?:;elral springs. Water used locally. Ref.
28 Lovell Springs, in see. 21, T. 8 8., R. 9 W., 72 1,125 | Lava (Tertiary)  -oooooooooccococcoooaeoeos 4 springs. Water used locally.
9 miles southwest of Dillon. . w 4 locall:
29 Brown (Ryan Canyon) Springs, in sec. 30, 72 360 | Lava (Tertiary) -overlying |.._...ocoocoocooee 6 springs. Water used locally.
%.m 8., R. 9 W, 11 miles southwest of limestone (Carboniferous).
on.
30 Barkel’s Hot Springs, at Silverstar...._... Hot 50 Lzlxk_e beds (i'{ertiary) over- 4 springs. Water used for bathing.
ying granite. .
31 Clark’s Warm (Potost Hot) Springs, on 100-120 550 | Granite. . - About 10 springs. Refs. 133, 389.
south branch of Willow Creek, 5 miles
south of Pony. Water used for bathing. Refs
32 Hapgood (Norris) Hot Springs, on Hot 80-122 50 | Syenite.... 5 springs. 93 er used lor bathing. .
Spring Creek near Norris. 138, 388, 389. & Refs. 133, 144
33 Puller’s Hot Springs, on upper Ruby 95; 108 150 | Schist and gneiss (Pre- |occeeeccooocmoecoas 2 springs. Resort. Refs. 133, 144,
g;}aek, 10 miles northwest of Virginia cambrian).
y.
34 See. 1t8, ;I‘él}é %’kR‘ 1 E,, 3 miles south- Warm 100 | Lava (Quaternary)
west 0 ake.
35 Bozeman (Ferris, Matthews) Hot Springs, 137 250 | Tertiary strata._............ 128, 133, 137, 144, | Resort. Ref. 389.
%n West Gallatin River, 7 miles west of 380.
ozeman.
36 Hunter’s Hot Springs, 20 miles northeast 148-168 1,500 | Faulted Livingston Forma- | 1287, 133, 137, 409?_| 3 groups, totaling about 25 lndgldliz;l
of Livingston, tion (Upper Cretaceous springs. Deposit of gypsum. Resort.
and Paleocene). Refs. 109, 389, 394, 395.
37 Emigrant Gulch Warm Springs (Chico 102 240 | Lava(Quaternary)overlying | 128, 144,409 ___.___. ‘Water used for bathing.
Spring), on Emigrant Creek near Chico. Precambrian rocks. rt. Ref. 391
38 C(gw;nE Hot Springs, in sec. 25, T. 8 8., } 1 12()1 ____________ Lava gvprl})ring schist (Pre- |oooococccooaccmoaon Several springs. Resort. Ref. 391.
. . max, cambprian),
39 Beai. Cgseki lSpringsﬁ mt sec. (119, T.98, R. 90 30 Lava(Qu%)tqrnary) l({werlylng -------------------- 2springs. Water used locally.
9 E., 3 miles south of Gardiner. Precambrian rocks.
40 Anderson’s Spring, in sec. 29, T. 3 8., R. 70 90 | Limestone (Cretaceous) - - - .- |eeeocmoocooomecmcnae ‘Water used for bathing. Ref. 390.
13 E., near Boulder Creek 3 miles south-
west of Hubble.
Nevada (See fig. 8.)
1 T.F 46 Nt.,RR. 27 E., 12 miles west of Pine 108 Small | Lava (Tertiary)_........... - Ref. 441.
orest Range. .
2 Bog Ranch Hot Springs, on north side of |  130; 190 20 | Intrusive granite (Jurassic) ... .._..oo........ 2springs. Refs. 144, 403, 441.
Th%us?,%d Qreeg( Valley 6 miles south-
west of Denio, Oregon. N
3 T.t 47 N, R. 31 E,, south of Steens Moun- 178 § oo doo | 2 springs. Refs. 144, 441.
ain,
4 T. 45 Né R.i32 Ei’ éZ imileﬁ north of Ma- 118 Small | _do. |
son’s Crossing of Quinn River.
5 T 45 N.,( R. 32)E., 11 miles north of Quinn 130 150 | S F Deposit of Ssill)i;egusiif‘;t,gfr-m gRef - 440, also
ver (town), i i :
6 T‘R4'5 N"alﬁ" 33 E., on west side of King 76;80 | ____ Lava (upper Tertiary).._.._| ... ________._..._.. 2 s‘llﬁmgs. Water used locally. Refs. 144,
iver valley. .
3188 | @Ol 2 pumped wells, 550 and 580 ft deep. Water
6A CorderoMine____..______________________ 118;138 | ________._ .l {6 (. l:lse dP:t mine.  Ref. 451,
7 T.45N., R.41 E,, at head of North Fork of Hot {.__.______.__ Lava (Tertiary).......o.__|._.____._____.._. Ref. 144,
Little Humboldt River. Ref. 144
8 T. 4(; N, R. hzs fE.I,datC So]diel{{Mé:adows, 15 Hot | _.__.____|.____ A0 oo Several springs. Ref. 144.
miles south of o amp MeGarry.
9 T.40 N, R. 28 E., west of sink of Quinn 60 | .o Alluviumnearlava_ ...l ___ 2 springs. Water supply for prospectors.
River, at west edge of Black Rock Desert. Refs. 144, 418. Ref. 144: also fleld notes
0 T.43 N., R. 31 E., 7 miles west of Mason’s 158 | .. Lava (upper Tertiary)...___| ... Several springs. Ref. 144; a
Crossing of Quinn River. by G. A. Warmgt. by G. A. Warin
10A Near south bank of Quinn River_.________ Warm Small | Allavium____________ | ... Data from field notes by G. A. g.
1 T.41 N., R. 41 E,, on bank of Little Hum-| 130 | L £ S N
boldt River, 12 miles southeast of Para-
dise Valley post office.
11A Near North and South Forks of Little Hot Small ... QO e oL
Humboldt River, 25 miles east of Para-
diso Valley. Refs. 144, 418, 451
12 Double Hot Springs, in T.37 N., R. 24 E., 165-191 5 | Faulted(?) lava (Tertiary) |....__._.._.________ Several springs. Refs. 144, 418, 451.
on west flank of Black Rock Range. overlying granite.
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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)
Nevada—Continued
12A Near base of west flank of Black Rock 130-150 3 | Faulted (?) lava (Tertiary) | - o occomcooooees 3 springs, 1-2 miles apart. Ref. 451.
Range. overlying granite.
13 T. 37 N R. 25 E., on southeast side of Hot | oo QO e el Several springs. Ref. 441.
Black Rock Range
14 T.D37 N{‘, R. 26 E,, in arm of Black Rock Hot | ... ... Alluviumnearlava. oo Ref. 441.
esert.
15 Van Riper, in T. 36 N., R. 24 E., on south- 145 50 | Lava (Tertiary) overlying | __._ .. ... ___._ 3 springs. Ref. 144.
west side of Black Rock Range. granite.
16 T. 36 N, R. 25 E., at south end of Black Hot |- Lava (Tertiary) oo oo oo |l Several springs. Ref. 144.
Rock Range, 10 miles southeast of Divi-
sion Peak. .
17 Secs. 16, 21, 24, 34, T. 36 N., R. 26 E., on Hot | .. Alluvium (Quaternary) |- .ooeoooooooeon Several springs. Refs, 144, 438.
west border of Black Rock Desert. near lava (Tertiary).
18 2 miles north of Winnemucea.... ... Hot Small | Mesozoie Strata. - - - oooeoofoocoocceeeeoo- Water used locally. Ref. 386.
19 Golconda Hot Springs, in T. 36 N., R. 40 120-150 250 | Alluvium____ | A?ggt;& 2; springs. Resort. Refs. 109, 144,
19A Blossom Hot Spring, in sec. 10, T. 35 N, 107 70 | A0 Rises in broad deep pool. Water supply
R. 43 E., 8 miles north of Valmy for cattle.
100
{gg Humboldt River Valley__._..______._______ Warm Small {_____ A0 e Data from field notes by G. A. Waring.
19F
19G
20 T.39N., R.40 E., at head of South Fork of Hot Small | Lava (Tertiary)..oo- oo oo ofomoceccccceeeee Ref. 144.
Little Humboldt River. .
21 Secf. %0/[, T.45 N.(,_JR. 54 E., 5 miles southeast 104-106 20 | Limestone (Paleozoie). .-~ -| oo oL 4 springs. Water used for bathing.
of Mountain City. .
22 Sec. 23, T. 46 N, R, 56 E., 15 miles east of 104 55 | Limestone (Paleozoic) - - o |ococwmcccomcmooaooan Several springs. Water used locally.
Mountain City.
22A 1.5 miles north of Contaet_._..____._._.____ 133 5 | Lava (Tertiary) oo mccccccacun- .
22B Mineral (San Jacinto) Spring._ . __.__.__.._ 78-126 1,200 | Lake beds (’I‘eruary) OVEL oo Several springs and shallow wells. Water
lying Paleozoic strata. used for bathing.
23 Se& 22, ’1;) 47&\1., R. 68 E., on west side of 57 850 | Cherty limestone (Paleo- |- o ooocoocoo_.__- Water used locally.
oose Creek. zoic
24 Nile Spring, in sec. 30, T.47 N,, R. 0 E., 106 (] Auuvgum___ - Forms boggy area at edge of Goose Creek
on east side of Goose Creek. Meadow.
25 Gamble’s Hole, in see. 10, T. 46 N, R. 69 103 8 | .. A0 - e e Do.
E., on east side of Goose Creek.
26 Sec. 26, T. 46 N, R. 69 E., at head of main 62 200 | Rhyolite (Tertiary) .. .oocoo|oooovemccmomaaoaoae Several springs in 1-acre area.
fork of Spring Creek.
27 T. 41 N, R. 69 E., at south end of Thou- Boiling {._..._..._.. Carboniferous strata_ _ ..o |ooceoooomaoooooool Ref. 144,
sand Springs Valley.
28 Hot Creek mining district in T. 39 N., R. 110-122 30 |._... do______ - .| 4 springs. Water used for sheep dipping.
60 E., on Marys River 15 miles north of Large mound of tufa. Refs. 138, 430;
Deeth. also field notes by G. A. Waring
29 Cress Ranch, in sec. 14, T.38 N, R. 59 E,, Hot Small | Near lava (Tertiary) . ..o c-|-coooccccaccaaaaanan Data from field notes by G. A. Waring.
8 miles north of Deeth.
30 Sec. 21, T. 38 N., R. 62 E., in Emigrant 98 50 | Faulted quartzite (Carboni- ... o.____._.__ Water containg much H,S. Used for
Canyon, 4.2 miles north of Wells. ferous). léatgmg.mRef. 144, also field notes by
LA ng
30A 5.5 miles north of Wells_____________...___ 113-122 10 | Carboniferous strata. - o oo ccccecocemcccen 3 main springs. Large deposit of tufa.
Water supply for cattle. Data from field
notes by G. A. Waring.
30B B (577 003 oT0) 102 800 | Limestone (Carboniferous). - |-e-cvocecoccoccooooe Several springs in canyon. Water used for
irrigation. Data from field notes by
G. A. Waring.
30C Johnson Raneh. ... 73 30 | Lava (Tertiary) oo oocco-|occecoccccccmmcmane Water used for domestic supply and for
irrigation. Ref. 451.
30D H.D.Raneh_ ... ______.._..__ 142-154 600 |____. A0 - e el Many springs. Deposit of tufa. Ref. 451.
31 Hot Sulphur Springs, T.33 N., R.53 E., 9 98 16 | Quartzite (Carboniferous) - |- ---oocooecoeooc 3 springs. Water used for bathing. Refs.
miles northwest of Carlin. 138, 144; also field notes by G. A, Waring.
32 Elko Hot Springs, in T. 3¢ N, R. 55 E,, 1 192 | oL Carboniferous strata__._____ 137 ieeeee Several springs. Water used for bathing.
mile west of Elko. Ref. 138.
33 TF%tI\{IaJ{{ k58 E., 8 miles southwest of Warm |-........._. Alluvium near Java_ ___ .o |oceooccccccmaecae Sev:&ral springs. Water used locally. Ref.
or ec]
34 T. 34 N, R. 62 E., near Warm Creek in Warm 250 | Alluvium (Quaternary) near |- __......oooo_____.. Water used locally. Refs. 138, 421.
Independence Valley ) Carboniferous strata.
34A Near east side of Ruby Lake ______________ Hot Small | ANUVIRI . - o oo oo Several springs. Refs. 415, 418, 424.
35 Miller’s Hot Springs, in T.30 N, R.59 E., 170 | oo Alluvium (Quaternary) near |~ - oooc.ocoocoooooooc Several springs. Refs. 144, 418,
at northeast end of Franklin Lake. lava.
35A Hill’'s Warm Spring, in sec. 18, T. 44 N, 83 10 | ALUVARI - - oo e ceeeeeemm Water irrigates meadow.
R. 20 E., 10 miles north of Vya
35B Hill" sSprIng insec.11, T.43N,,R.19E,, 66 8 |enn. 15 1o YRR (O Do.
5 miles north of Vya N
35C 'I‘wu{’ Springs, in sec.4, T.42N.,, R.19E,, 70 200 | Lake beds (Pliocene?) .. ... |---cccooooceaon Water used for irrigation.
36 T‘;SB1 ]N ,B 18 E., at south end of Surprise HOb |oooo. Lava (Tertiary) .- feooococcccee Ref. 441,
ey,
37 Wards’ (Fly Ranch) Hot Springs, in T. 34 60t0 |..ooo______ Alluvium near granite___..__ 128 . Many springs in 75-acre area. Largest hot
., R. 23 E., at northwest end of Alkali boiling springs in northwestern part of Nevada.
Flat and 5 miles northeast of Granite Water used for irrigation. Sandy
Peak. mounds and deposits of tufa. Refs. 144,
409, 418.
38 Gerlach Hot Springs, 1 mile northwest of 188-194 | ._... Y, U 144,409, .._________ Many springs. Water used for bathing.
Gerlach. Ref. 436.
39 Mud Springs, 2 miles west of Gerlach_____ Hot |- @0 Several springs. Ref. 441.
40 Deep Hole Spring, in sec. 25, T. 33 N, 62 30 | Lake beds (Quaternary) |- ___________ Also several ﬂowmg wells Water used for
% 22 tE at north end of Smoke Creek irrigation. Ref. 4
eser
41 Wall Spring, in sec. 3, T.32 N, R.21 E,, Warm | ..o s T (R Do.
on northwest side of Smoke Creek
Desert.
42 Buffalo Spring, in T. 31 N., R, 20 E., on Warm {.___________{..___ A0 oo Ref. 441,

west side of Smoke Creek Desert
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Nevada—Continued

43 Buckbmshigprifng. inkT. C29 I\II(.,D R. 1% E., Warm |_______..___ Lake beds (Quaternary)_.___|-.._._...__.._._.__. Ref. 441,
on west side of Smoke Creek Desert.

44 Rotten Egg Spring, in T.29 N.,, R. 19 E,, 92 10 | L L T Water smells strongly of HsS. Ref. 441.
%1 sotuthwest side of Smoke Creek

esert, .

45 Round Hole Spring, in sec. 31, T. 29 N., Warm | .| ___. L 1 U FS S AlYso several flowing wells. Ref. 441,
R. 19 E., on southwest side of Smoke
Creek Desert. .

46 Ross Spring,in T. 28 N, R.20 E., at south Hot |._.._______ Lava (Tertiary) o oo oo Kefs. 144, 441.
end of Smoke Creek Desert.

47 T. 28 N., R. 21 E., near north end of Hot | | A0 Several springs. Refs. 144, 441,

Pyramid Lake.

48 Fish Spring, in T. 26 N., R. 19 E., 10 miles Warm |____________|_____ o 1o T DA Ref. 441.
northwest of Pyramid railroad station. .

49 T. 26 N., R. 20 E., on northwest side of 206-208 |_______..... Faulted lava (Tertiary). .| ... Several springs. Refs. 144, 441,

Pyramid Lake. . .

50 T. 27 N., R. 23 E., on northwest shore of Warm | ______ . ___ Lava (Tertiary) .| Several springs. Ref. 44},
Winnemucea Lake.

51 T. 26 N, R. 23 E., on west shore of Warm |____________{_____ A0 e Do.
‘Winnemucea Lake.

52 T. 24 N, R. 22 E,, on Anaho Island in 120 | s ' 1 U FOTS SR Several springs.
Pyramid Lake. .

53 Cottonwood Spring, in sec. 26, T. 23 N, Warm Lava (Tertiary) overlying | . ________._____ ‘Water used locally.
R.21 E., in Warm Spring Valley 3 miles granite.
south of Dewey. X

54 T. 21] N, R. 1?4 E., in Dead Ox Canyon 12 Warm |_.___________ Lava (Tertiary) .o oo
miles south of Dixon. X

55 Lawton Hot Springs, 6 miles west of Reno. 120 250 | Faulted granite_____._______ 137 2 Il%easuolr tfprings. Water used for bathing.

55A Moana Springs, 2 miles south of Reno_.___ 100200 |____________ Metamorphicroeks. ... {.ooooo . ________ Wells. Water used for bathing. Ref. 35}

5B Huffaker Springs, 5 miles southeast of 79-81 10 | Allavium_ - el Several springs on bank of creek. Ref. 451,
Moana bathing resort. X

55C Zo}lfg%i kSprsings, 3(miles southwest of 103 125 | .. s (s Y (N Several springs. Ref. 451.

uffaker Springs (no. 55B).
55D Das Monte Springs, 1.5 miles east of Zoleggl 130 40 [ s [ Y S On bank of creek. Ref, 451.
prings. 3

55E Mount Rose, 10 miles south of Reno._____ Hot Erupting wells. Resort. Ref. 451.

55F Reno Hot Springs, 10.5 miles south of Reno_ Hot Drilled wells. Resort. Ref. 4511.1

56 Steambhoat Springs, in sec. 33, T. 18 N., 167-203 300 | Granite_ .. ....__.._..._____ 20:1 51228,5 61237, 427, Mag%t%pralﬁgs.sgllﬁglg% 3 5152 453“25?’

s 3 8 . . ] 4
R.20 E., 11 miles sonth of Reno, ’ 404-406, 413, 4167, 418, 420, 424, 426, 436,
57 Bowers Mansion (Franktown Hot) Spring; 448-450, 453-456.
10 miles north of Carson City. e; 115-118 75 | Faulted Granite..____..____ 137. Resort. Ref. 144, )

58 T‘vglrgé\j" R.h 23 E., 10 miles southwest of 78 | Lava (Tertiary) . .o | eeooe oo Water used locally Refs. 144, 418.

adsworth.

59 Carson (Swift’s, Shaw’s) Hot Springs, 2 120 75 | Metamorphic roeks__ ___..__ 137 e el Water used for bathing. Resort. Ref. 144.
miles north of Carson City,

59A | Nevada State Prison..._.____._....______ Warm |_.______.___ Lake beds (Pleistocene) . ....|--..oococcoo. oo Water used locally. 125, 144

60 Walley’s (Genoa) Hot Springs, 6 miles 136-160 Large | Faulted granite_____________ 133,137 . .______ Many springs. Resort. Refs. 125, 3
northwest of Minden. . 428. irrizati

61 Hind’s Hot Springs, in see. 16, T. 12 N., 60-143 550 | Alluvium overlying granite. |_...___.__.. _.._.__ Several springs. Water used for irrigation.
R. 23 E,, near Simpson. . Resort. Refs. 144, 429. Iy, Ret

62 Wabuska Springs, in T. 15 N., R. 25 E., 138-162 |_________.__ Lava (Tertiary) overlying |---ceccoooooooooo. Several springs. Water used locally. Ref.
1 mile north of Wabuska. granite(?). 3

63 Butte Spring, in T. 33 N., R. 26 E., at 182 20 | Granite . oL Refs. 144, 441.
north end of Hot Springs Butte, 25 miles
southwest of Sulphur. X

63A N%%rmHCuimboIdt River, 2 miles north of Warm Small | Alluvium. ..o | Several springs.

'ity. )

64 Leach’s (P}l’easant Valley) Hot Springs in 158-202 200 | Alluvium overlying Meso- {--oooooo____.___. Several springs. Water used locallsz"i. I?e~
sec. 35, T.32 N., R. 38 E., in Grass Val- zoic strata. posit of siliceous sinter. Ref. ; also
ley 25 miles south of Winnemueca. field notes by G. A. Waring. | other

65 Guthrie (Nelson) Springs, in sec. 36, T. 139-204 250 | Allavium near basalt (Qua- | 412...._____ ______ 8 pools in l-acre area; also severg. S «fe
32 N., R. 38 E., 25 miles south of Win- ternary). springs. Water is sulfurous. Used for
nemucca. irrigation. Deposits of tufa and siliceous

sinter. Ref. 144 and field notes by G. A.
Waring.
66 Kyle’s Hot Springs, in sec. 2, T. 39 N, R. 100-160 Small | Alluvium .ol Several springs. Deposit of sinter.
654 M:is E., 25 miles southeast of Humboldt, ) - a sgﬁiﬁigﬁg?’ ‘g:{é: tted for irrieation
i e ey %0 Onnmraes Data from fleld notes by G. A. Waring.
67 Seé:. l1, ’11\;[ 25 ‘I‘Q(, R. 36 E., near north end of Hot |...____._.__ Contt%ct ofdMlesozoic strjatta .................... Ref. 438.
alt Marsh (Osobb) Valley. with underlying granite. . .

68 Sou (Gilbert’s) Hot Spring};, in see. 29, 160-185 |.._______.__ Faulted(?) lava (Tertiary) |- .o _.._._..__ Several springs issuing from tufa Eguzgs
T. 26 N., R. 38 E., near north end of in 12-acre area. Refs. 144, 418, , .
Salt Marsh (Osobb) Valley.

Cone Spring, in sec. 26, T.25 N, R.38 E., 125 Small | Lava (Tertiary). . o |coeieao.
in Salt Marsh (Osobb) Valley.
89 Sec. 35, T. 25 N.,, R. 38 E., 0.25 mile from |._._.____.___|...__ .\ .
%‘IOﬁe Spring, in Salt Marsh (Osobb)
alley. s

70 T. 24 N., R. 36 E., on northwest side of Warm Small | Lava (Tertiary) overlying |- Ref. 441.
Salt Marsh (Osgbb) Valley. granite. . .

n T. 23 N., R. 35 E., on northeast side of Hot Small | Alluvium near granite_ . _._|.._..o.__.____._____ Several springs.

A |5 P?lh Utetrf ountt}?ins.t ? No. 71 w Small | Granit
miles south-southwest of sprin: 0. S arm ma. Tanite . L . . .

72 Springer’s (Brady’s, Fernleyr)) Hogt Springs, 158-209 50 | Lake beds (Quaternary) _! Severalsprings. Deposit of siliceous smtfr.
in sec, 12, T. 22 N., R. 26 E., on U.8. near lava (Tertiary). Water used for bathing. Also as water
Highway 40, supply for auto station. "

73 Eagle Salt Works Springs, in T.20 N, R, | ... | .____._____ Alluviom. __ . . Several springs. Water used locally.

27 K., 15 miles northwest of Fallon.

74 Borax Spring, in T. 17 N., R. 30 E., 3 178 | o Allavium near lava (late ... ... _____.__ Ref. 144.
miles east of South Carson Lake. Tertiary).

T4A 172 25| .. do-. |

Lee Springs, 18 miles south of Fallon______

Deposit of siliceous sinter. Also a well.
Ref. 451.
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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)
Nevada—Continued
75 Sec. 6, T.16 N, R. 32 E., 20 miles southeast Hot | ... Lava (Tertiary) oo oo |eeo . Several springs. Water smells of HjS.
of Fallon. Ref. 144.
76 Izzenhood Ranch Springs, in T. 36 N., 83 1,000 |____. 6 (0 J N (EOS Water level lowered 4 ft by trenching,
45 E., 25 miles north of Battle Mountaln thus doubling original discharge. Water
used for irrigation. Ref. 425.
77 ‘White Rock Spring, in sec. 8, T. 33 N., R. Warm |-oocooooooofoeeos A0 o e Water used locally. Refs, 144, 434,
47 E., 2 miles west of Rock Creek.
77A | Beowawe Geysers, in sec. 5, T. 31 N., R. 120 to 100 | Faulted basalt (Tertiary).._| 435, 562...._._____. About 50 springs and mud pools on hillside
48 E.,in Whirlwind Valley 8 miles West boiling tufa terrace 0.75 mile long, also 3 springs
of Beowawe. in nearby lowland. 2 or 3 springs show
true geyser action, 1 spouting to height
of 30 ft. Refs. 410, 414, 434, 435.
78 Sec. 24, T. 29 N, R. 41 E,, in Buffalo 130 5 | Lava (Tertiary) ... __.__ 446 .. . Several springs. Ref. 438.
Valley 25 miles southwest of Battle
Mountain (town).
79 Mound Spring, in sec. 7, T. 28 N, R. 44 110 3 - A0 o Water used for roadside watering.
E., in Reese River valley 25 miles south
of Battle Mountain (town).
80 Sec. 23, T.27 N., R. 43 E., 1 mile north of 124 450 |.._.. [+ 1s Y M6 Several springs. Water used for irrigation,
Hot Spring Ranch in Reese River valley. Ref. 418. .
81 Sec. 26 T.27N., R.43 E., at Hot Spring 122 50 |- 5 (O 446 . Several springs. Water used for domestic
Ranch purposes and irrigation. Ref. 418,
82 T.27N., R. 47 E., 10 miles south of Lander. Hot |- ____. Lava intrusive (Tertiary) {....___.._..______. Water used locally. Refs. 138, 435.
in Carboniferous strata.
83 ’I‘G22 NV l{{ 47 E., near north end of 181 oo Devonian strata. . .o joccooooooo_o Water used locally. Refs. 144, 424.
rass Valley.
84 T.18 N, R. 39 E,, in Smith Creek valley Warm Small | Lava (Tertlary) oo oe oo Wa.ter used locally. Refs. 128, 144, 409,
6 miles north of Hot Springs.
85 Sec. 25, T. 17 N., R. 40 E., on west side of Hot |- oo o 1o S SR Several springs., Ref. 144,
Smith Creek valley
86 Spencer Hot Springs,in T.17N.,R.46 E., 117-144 [ 30— A0 482 . Several springs. Water used locally.
18 miles southeast of Austin. Refs. 433, 447. .
87 Sec. 14, T. 16 N., R. 45 E., 20 miles south- Hot [ 3 A0 o oo 7 springs. Water used for bathing.
east of Austin .
88 Horseshoe Ranch Springs, 1 mile north- 125-132 30 | Faulted lava (Tertiary) ... |-cccccooooo_o 2 springs. Water used for bathing and
east of Beowawe. irrigation.
88A | Sec. 2, T. 29 N., R. 48 E., in Crescent 122 40 | Lava (Tertiary) overlying |---.. ... ... _____ 2 springs. Water supply for cattle.
Valley 12 miles south of Beowawe. Paleozoic strata.
89 Sec. 12, T.28 N, R. 52 E., at head of Hot: 84 5,900 | Lake beds (Pliocene) over- |-.o_......._..__.__. 6 springs. Water used for irrigation.
Creek, 14 miles north of Mineral. lying Paleozoic strata. .
90 Carlotti Ranch Springs, in sec. 24, T. 28 95; 102 D 4 o YOO A 2 springs, 0.25 mile apart. Water used for
N., R. 52 E., 10 miles north of Mineral. irrigation, .
99A | Bruffey’s (Mineral Hill) Hot Springs, in 108-152 50 | _. A0 e e 6 springs. Water used for domestic pur-
sec. 14, T. 27 N, R. 52 E., 7 miles north- poses and irrigation. Ref. 144,
east of Mineral.
91 Flynn Ranch Springs, in sec. 5, T. 25 N, 69-78 10 | Allavium. - oo e Deep pool and minor springs. Water used
R.53E., in Dlamond Valley for irrigation.
91A | Siri Ranch Spring, in sec. 6, T. 24 N, R. 87 300 ... 0 (o T U RN Water used for irrigation.
- 53 E., in Diamond Valley. . .
91B | Sadler (Blg Shipley) Springs, in sec. 23, 103-106 5,000 | Alluvium near faulted Pa- |- ... ____._ Several springs. Water used for irrigation.
T. 24 N,, 52 E., in Diamond Valley. leozoic strata. Refs, 138, 144, .
91C | Sulphur Springs, in sec. 36, T. 23 N, R. 74 20 |- L T A 2 main springs. Water used for irrigation.
52 E., on Sulphur Springs "Ranch in Dia-
mond Valley. i i
91D | Jacobson Ranch Springs, on east side of 71-75 900 |__._. A0 e Several springs. Water used for irrigation.
Diamond Valley R
92 Sec. 15, T. 24 N, R. 47 E., on west side of Hot Small |.___. A0 e Several springs. Water supply for cattle.
Grass Valley.
93 Sec. 33, T. 24 N., R. 48 E., on east side of Hot Small Several springs.
Grass Valley,
93A | Bartine Hot Springs, in sec. 5, T. 19 N., 105; 108 10 | Lake beds (Tertiary) near |--c.ooooooooo ... 2 springs issuing from large mound of tufa.
R. 50 E., in Antelope Valley 35 miles faulted Tertiary strata. Also a flowing well. Water used locally.
west of Eureka.
93B | Clobe Hot Spring, in sec. 28, T. 18 N, R. 142 100 | Alluvium near hills of fault~ | __________ Water supply for cattle.
50 E.,in Antelope Valley, 45 miles south- ed lava.
west of Eureka.
93C | Sara Ranch Springs, insce. 7, T. 16 N, R, 66 4,000 | Alluvium ... | About 20 deep pools in area 0.5 mile in di-
53 E., at head of Fish Creek. ameter. Water used for irrigation.
94 Collar and Elbow Spring, in sec. 27, T. 26 92 20 |.._.. e (s Y 406,408___.________ Deposit of tufa.
¥ ll . 65 E., near north end of Steptoe
alley,
95 Cherry Creek (Young’s) Hot Springs, in 118-135 40 | Alluvium near Paleozoic | 406, 408____._.._._. 3 springs. Water used for bathing.
T, 23N,, R. 63 E., 1.2miles southwest of strata.
Cherry Creek (town) in Steptoe Valley. . .
96 Shellbourne Hot Springs, in T. 23 N., R. 124; 135 §ooo | A0 e e 408 _ . ... 2 springs. Water used for bathing and ir-
63 E., about 100 ft from Cherry Creek rigation.
(Y oung ’s) Hot Springs (No. 95). L
97 Borchert John Spring, in sec. 16, T. 22N., 66 800 | Talus deposit_ ... . ______ 408 .. ... Water used for irrigation.
R.63 E., in Steptoe Valley. L. .
98 Monte Neva (Goodrich, Melvm) Hot 173-153 625 | Alluvium near Paleozoic | 406,408.___ .. _____. 6 springs issuing from mound of siliceous
Springs, in sec. 24, T. 21 N., R. 63 E., 1 strata. sinter.
mile northwest of Warm Sprmgs railroad
station in Steptoe Valley.
99 MZI Nt R. 70 E., at east base of Kern Warm |._..___..._. Faulted Paleozoie strata_ |- .____._ Ref. 138.
suntains.
100 | See 5t Tf 1\1{9 g 11R 63 E., 10 miles north- 58-76 200 | Carboniferous strata_ ... 408 ... Several springs. Water used for irrigation.
west of MeGl
101, %icGil *arm Springs, in sec. 21, T. 18 N,, 76-84 450 | Alluvium near Paleozoic | 406,408._ .. ______ 3 main springs. Water used for irrigation.
: 64 K., 0.75 mile west of McGill. strata.,
w2 oy ¢ .m Spring, in sec. 10, T. 16N, R. 85 23 ... A0 406 . ... Water used for bathing. Ref. 408,
) . 1.5 miles northeast of Ely. . e
1024 | baoore’s Ranch Springs, in T. 23 N., R. 56 65-70 200 | Alluviwm. o oo | . Sevural springs. Water used for irrigation.
E., in Newark Valley. .
103 Big Blue Spring, in sec. 23, T. 14 N, R. 56 Warm .. .._._____ Paleozoic strata. . ... M4 Water used for bathing.
E., near the north end of White Pine

Val ley.
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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)
Nevada—Continued

103A | Willjams Hot Springs, in sec. 33, T. 13 N., 124; 128 185 | Alluvium. - - 2 springs. Water used for irrigation.
R. 60 E., 12 miles northwest of Preston. Ref. 431. .

104 Preston Springs, in sec. 1, T., 12 N., R. 61 72 5,700 | Alluvium near Paleozoic |- oo Several springs. Water used for domestic
E. strata. pulrposes and irrigation. Refs. 407, 421,

43
105 Lund Spring, in sec. 33, T. 12N, R. 62 E__ 66 2.400 ... do.. Water supply for town. Also used for
irrigation. Refs. 407, 421, 431.

106 Warm Sulphur Springs, in T. 11 N., R. Warm 972 | Paleozoicstrata. . oo |ocommaoas Several springs. Water used for irrigation
65 K., at head of Warm Creek. R-fs. 138, 144, 421.

107 Big Spring, in T. 11 N, R. 69 E., in Snake 64 ,000, | Limestone (Cambrian)_ ... ___ ‘Water used for irrigation. Ref. 141.
Valley, 15 miles south of Baler. 12,000 e e

107A | Sec. 30, T.10N., R. 70 E., at head of Big Warm 2, Alluvium.._..._. ‘Water used for irrigation.

Sprmgs Creek.

108 Double Spring, in T. 13 N,, R. 29 E., 3 Warm |._oooooooo.. Lava (Tertiary) . .o ocramccameees Refs. 144, 441.
miles north of Walker Lake, . .

109 Sec. 4, T. 7N., R. 27 E,, on East Walker HOt |- Granitenear 1ava. - .o focccccmccececceees Several springs. Water used for bathing.
River, 20 miles west of Hawthorne. State reserve.

110 T.6N., R.35E., at Sodaville...____....._ 80-101 100 | Allavium. .ol Sel‘%exial uspinggs Water used locally.

ofs

111 ‘Waterworks Sprines, in see. 22, T.2 8., R. 69-118 500 | Lava (Tertiary) .- ccccooeee-- 432 oo 11 Springs. Water supply for town. Refs.
39 E_, at Silver Peak. . 411, 444, 445.

112 Alkali Spnng, insec. 26, T.18., R.41 E., 120-140 50 | Alluvium near Paleozoic 399, 432,439 ______ Deposit of tufa.

11 miles northwest of Goldfield. strata.

113 ‘Wedell Springs, in sec. 7. T. 12 N, R. 34 129; 144 60 | Alluvium overlying lava | .. ___.._...____ 2 main sprmgs Water used locally.
E., 12 miles southeast of Rawhide. (Tertiary). Refs, 138, 1.

114 T.14N., R.43 E,, 1 mile east of McLeod’s Hot |occeeeeae . Alluvium near Paleozoic  |-cooocooocoooooooo Issues from ]arge mound. Ref. 432.
Ranch in Big Smoky Valley. strata.

115 Gendron Spring, in T. 14 N, R. 43 E,, 61 10 [ do 432 Water used locally.
near Millett in Big Smoky Valley

116 Charnock (Big Blue) Sprines, in T. 13 N., 80 450 | Alluvium overlymg lava |oooecaiC Several springs issuing from larege mound.
R. 44 E,, near Charnock Ranch. (Tertiar, Water used for irrigation. Ref. 432.

117 Sec. 14, T, 11 N., R. 42 E,, in Big Smoky Boiling 600 | Faulted !a.va (Tertiary) - e |oocmccemmccmccecae Water used locally. Refs. 144, 432,
Valley, 14 miles south of Millett, . .

118 Danouzh Hot Springs, in see. 17, T. 160-207 200 | Alluvium near Paleozoic 432 oo Several springs. Resort. Ref. 433.

, R. 43 E., on Darrough Ranch in Big strata.
Smoky Va]ley .

119 Secfi: T. 14 N., R. 47 E., 2 miles southeast Warm | Lava (Tertiary) B U Several springs. Water used locally.
of Potts.

120 Diana’s Punch Bowl, in sec. 22, T. 14 N, Hot Small | Alluvium (Quaternary) | oeooooooooooo
R. 47 E., 5 miles south of Potts. near lava (Tertiary).

121 Fish Sgrings in secs. 26 and 35, T. 11 N, Warm |._ ... Lava (Tertiary) .o oocooeco|oeocoocmcccccaaaace Several springs. Water used locally.

in Fish Creek valley. Ref, 144, N

122 Se]c) 32k'1‘ 13 N.,R.56E., 5m11es north of Warm Large | Alluvium. _.oocoooooeooe e ———— Several springs. Water used for irrigation.

uckwater. .

123 Indian Springs, in T. 7 N., R. 42 E., near Warm |.._.o_______ Lava (Tertiary) overlying | __ ... _o..co._.... 3 springs. Water used locally. Ref. 138.
San Antonio. Paleozoic strata. .

124 T.7N., R. 51 E.,, on Hot Creek 8 miles Warm | .. [ L SO DA Several springs issuing from terrace of tufa.
northeast of Tybo. . .

125 . ., R. 50 E., near south end of Hot Boiling |.______._.__ Lava (Tertiary) overlying | . _.........._._. 2 springs. Ref. 144.

Creek valley. Silurian and Devonian
strata.

126 Lock’s Springs, in sec. 15, T. 8 N., R. 55 93-99 2,000 | Alluvium near faulted(?) |.ooo oo 2 springs issuing in pools on terrace of tufa
E., on west side of Railroad Valley 20 lava (Tertiary). and 2 springs in meadow at base of ter-
miles southwest of Currant. race. Water used for irrigation.

127 Chimney Springs, in sec. 16, T. 7 N., R. 130-160 100 | Alluvium near faulted(?) | cooocccccaoaocaaos 3 springs issuing from mounds of tufa.
55 E., in Raijlroad Valley 6 miles south lava (Tertiary). Water supply for cattle.
of Lock’s Springs (No. 126). i . L.

128 Blue Eagle Springs, in sec. 11, T. 8 N., R. 82 1,385 | Alluvium.. 2 main springs. Water used for irrigation.

57 E., on east side of Railroad Valley 18 Ref. 407,
miles south of Currant.

129 Kate Spring, in sec. 14, T. 8 N,, R. 57 E., 73 14 |..... do... - Water used for domestic purposes and
(275 Iinlf)e south of Blue Eagle Sprmgs irrigation.

No.

130 Butterfield Springs, in sec. 27, T. 8 N., 64 227 |...__ s £ YN U (SRR 2 springs. Water used for irrigation.
R. 57 E., on east side of Railroad Valley. .

131 Bacon Sprmgs in sec. 34, T. 8 N., R. 57 57 2 .. do.. .. JU (N 2 springs. Water supply for cattle.
E., on east side of Railroad Valley

132 Buliwhacker Spring, in sec. 28, T. 7 N., 59 10 |..... ' 1o SRR F USRS Water supply for cattle.

R. 57 E., on east side of Railroad Valley .

133 Willow Springs, in sec. 5 T.6N., R. 57 60 30 |.___. s U O 2 springs. Water supply for cattle.
E., on east side of Railroad Valley

134 Mormon Springs, in sec. 33, T. 9N, R. 61 100 100 |___._ P (s S SR, Several sprmgs Water used for irrigation.
E., 5 miles west of White River. Ref. 4

134A | Moon River Springs.-... ... ... 92 900 |_____ do._. - Water used for irrigation. Ref. 431.

135 Riordan Ranch (Emlgrant) Springs, in T. 70 20 | ____ P S Several springs. Water used for irrigation.
9 N., R. 62 E., near White River. . e e

136 White' River Valley (Flag, Sunnyside) 65-75 2,000 |_____ 1 YR A 6 springs. Water used for irrigation.
Springs, in secs. 28, 31, and 32, T. 7 N., Refs. 144, 407.

g. 62hE., on Whlpple and Hendncks
anches PR—Y :

137 Hot Creek Ranch Springs, in sec. 18, T. 85-90 5,000 |__._. 1S O] P Several springs. Water used for irrigation.
6 N., R. 61 E., in White River val]ey 8 Refs. 144, 407, 431, 443.
miles southwest of Sunnyside. i .

138 Hicks Hot Springs, in T. 11 S., R. 47 E., 110 40 | Lava (Tertiary) overlying | .ccooooooooo___ 5 springs. Water used for bathing. Ref.
5 miles north of Beatty. Paleozoic strata. .

139 Aslg Me%dow Springs, in seec. 22, T. 17 8., 76-94 450 | Alluvium near Cambrian |._..__.._._____._____ 4 springs. Refs. 144, 399.

strata. RS

140 Pahrump Springs, in sec. 14, T. 20 8., R. 77 2,200 | Alluvium near faulted Pale- | 447 .. .___.__.__ 2 springs. Water used for irrigation.
53 E., on Pahrump Ranch, ozoic strata. Refs. 398, 443.

141 Manse Springs, in sec. 3, T. 21 S., R.54 E,, 75 1,500 | e 447 el 2 springs. Water used for irrigation.
on Manse Ranch. Ref. 269. .

142 Geyser Ranch Springs, in T. 8 N., R. 65 65-70 50 | Alluvium near lava (Terti- | 407 .. ....ocoo._._ Several springs. Water used for irrigation.
E., 5 miles east of Patterson. ary). Refs. 138, 144.

143 T.5'N., R. 70 E., on Hammond Ranch. __ 84 | Limestone (Paleozoic) ..o |ooceooceeececaeas Seﬁzrial Sgrmgs Water used for irrigation.
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Nevada—~—Continued
144 Bennetts Springs, in T. 2 8., R. 66 E., 9 70 Small | Alluvium near limestone 2 springs. Water supply for cattle. Ref.
miles west of Panaca. (Paleozoic). 407.
144A | Delmue’s Springs, 10 miles north of Panaca 70 200 | Lava (’I‘ertiary) 2 springs. Water used for irrigation.
144B | Flatnose Ranch 70 100 |- do. - .. ‘Water used for irrigation.
145 Panaca Spring, in sec. 4, 85-88 2, 500 Several springs. Water supply for town.
146 Caliente Hot Spring, in T ‘4 S., R 67 E., 110 | oo A0 o e Formerly flowed, now pumped. Water
0.25 mile north of Caliente. used for bathing.
147 Hiko Spring, insec. 22, T.48., R.60 E___ 90 4,000 |..._. s [ T, Water used for domestic purposes and
irrigation. Refs. 141, 144, )
148 Crystal Spring, 1 mile northwest of Hiko__ 90 9,000 |-____ A0 ‘Water used for domestic purposes and ir-
rigation. Ref. 141. .
149 Ash (Alamo) Spring, 4 miles south of 90-97 9,000 |._.__ A0 6 main springs. Water used for domestic
Hike purposes and irrigation. Ref, 141.
150 T.14 S R. 65 E., 3 miles west of Moapa__ 90 .. . Limestone (Paleozoic) .| .. ____________ Several springs. Water used for bathing
and irrigation. Ref. 407,
151 Indian Spring, in sec. 16, T. 16 S., R. 56 78 410 | A0 407,443 __ Water supply for railroad; also used for
E., 1 mile south of Indian Spring rail- irrigation. Ref. 398.
road station.
152 Las Vegas Springs, in T. 20 8., R. 61 E,, 73 2,600 { Pleistocenestrata......___._ 407,421 . ____.____ 2 springs. Water used for domestic and
2 miles west of Las Vegas. industrial purposes, also for irrigation.
Refs. 144, 269.
New Mezxico (See fig. 2.)
1 Sec. 32, T. 11 N., R. 2 W, 10 miles south 68 3 | Mancos Shale (Upper Cre- | 144,328,460________ Water smells of HsS. Water supply or
of Shiprock. taceous) intruded by por- cattle.
phyry dike.
2 Sec. 8, T. 7 N., R. 2 W., 5 miles north of 65 3 A0 oo Do.
Newcomb.
3 Sec. 16, T. 7 N., R. 2 W, 4 miles north 67 T do. o Do.
of Newecomb.
4 Sec. 23, T. 25 N., R. 8 E., 0.75 mile north- 80 10 | Lake beds (Tertiary) ... |- .o ... Several springs.
west of La Madera.
5 Sec. 24, T. 25 N., R. 8 E., 1 mile north- 100 5| Granite____.________ |
east of La Madera.
6 Sec. 25, T. 25 N., R.8 E., 0.25 mile north of 90 15 | Lake beds (Tertiary) ... |-cooooaoooooo.
La Madera.
7 Sec. 35, T. 25 N, R. 8 E., 1 mile south- 100 5| Granite___ .. ool
west of La Madera. . X .
8 Ojo Caliente Springs, 12 miles northwest 98-113 350 | Gneiss intruded by dikes_._.| 133, 137, 328, 458, | 5 springs. Tufa deposit contains fluorite.
of Barranca. 460, 463, 464. Resort.
9 Togay Springs, in sec. 33, T. 19 N., R. 15 65 65 | Mesaverde Group (Late |.---—-.—._____.____. Many small pools. Water supply for cat-
‘W., 20 miles east of Tohatchie, Cretaceous). tle.
10 Murray Spring, in sec. 29, T.20 N., R. 3 130 150 | Basalt (upper Tertiary). .| .. . . . ..
E., 15 miles north of Jemez Springs
(town).
11 San Antonio Springs, in sec. 7, T. 20 N., 120 50 {__._. do......_._. [ PO Refs. 461, 465.
R. 4 E., on San Antonio Creek 20 miles
north of Jemez Springs (town). i
12 Sulphur Springs, in sec. 3, T. 19 N., R. 3 76-167 500 | Andesite and rhyolite (Ter- | 461,466.___________ 8 springs. Water smells of HsS. Refs. 460,
E 12) miles north of Jemez Springs tiary). 465.
own
13 Soda Dam Springs, in sec. 15, T, 18 N., 75-105 10 | Limestone (Carboniferous) | 461,465 . . ______ Several springs. Large deposit of tufa.
R. 2 E,, in Canyon de San Diego, 3 faulted against granite. Refs. 457, 460, 466.
mgles north of Jemez Hot Springs (No.
14 McCauley Spring, in sec. 4, T. 18 N., R. 100 110 | Lava (upper Tertiary) . . | oo ...
?t N )7 miles north of Jemez Springs
own),
15 Jemez Hot Springs (Ojos Calientes), in 94-168 200 | Faulted Chinle Formation | 137, 144, 460, 461, | 1 group of 10 and another group of 40
sec. 22, T. 18 N., R. 2 E., 12 miles north (Triassic). , 466, springs. Resort. Refs. 133, 328, 457,
of Jemez (pueblo). 464
16 Phillips Springs, in T. 16 N., R. 1 W., 10 70 Small | Fault contact between | 466 ... _____.___ About 40 springs in 30-acre area. Deposits
miles west of Jemez (pueblo) and 1 mile Chinle Formation (Trias- of travertine. Refs. 457, 461, 465.
northeast of Rio Salado. sic) and Carboniferous
strata.
17 Indian (Jemez) Springs, in T. 16 N., R. 2 120 |% oo Fanlted Chinle Formation |- -o--coooeeeeea .. Several springs. Water used locally.
. , 2 miles north of San Ysidro. (Triassic). Refs. 457, 461, 465, 466.
18 San Ysidro Hot Springs, insec. 8, T.1§ N., 86 d 460, 466 40 springs. Water is strongly carbonated.
R.1 E,, 7 miles southwest of San Ysidro. (max) Used locally. Refs. 457, 461.
19 Sa’i} 3{:1%}'0 Wan% Springs, in secs. 3, 9, 10, 68 Several springs.
20 Las Vegas Hot Springs, 6 miles northwest 80-140 100 | Contact of Carboniferous | 133, 137, 144, 335, | 6 springs. Water smells of H,S. Used for
of Las Vegas. sttata with Precambrian bathing. Refs. 328, 459, 464
ocks. B
21 Ojo Callente Springs, in sec. 21, T. 8 N, 80 500 Sandstone and shale..__..__ 328 e 2 springs. Water used for bathing and
R. , 12 miles southwest of Zuni. (Triassic). irrigation. Refs. 144, 460.
22 Quehtes Mineral Spring, in T. 8 N., R. 2 80 3 | Sandstone (Cretaceous). .- 137 e Water used locally. Deposit of tufa.
W., on north side of San Jose River 2 Ref. 460.
miles northwest of Quelites.
23 Socorro Warm Springs, 1.5 miles southwest 93 500 | Lake beds (Tertiary) near Several springs. Water supply for Socorro.
of Socorro. lava. Refs. 460, 464, 467.
24 Ojo Caliente, in sec. 31, T.88., R.7W., 15 85 1,200 | Rhyolite (Tertiary). ... .__ 7 springs. Refs. 144, 460.
miles northwest of Montlcello.
25 Seiz’ 123 ’l‘t12 8., R. 20 W., 1 mile south of 80-124 50 | Lava (upper Tertiary)....._ 8 springs. Water used locally.
easanton
26 Sec. 30, T. 11 8., R. 12 W, 1 mile south of 80 50 | Lava agglomerate (Quater-
DL 3ar Ranch nary).
27 8ec. 19, T. 12 8., R. 13 W., on Diamond 151 30 | Lava (Tertiary) .. ....__... Refs. 138, 144, 460.
Creek near its ‘mouth.,
28 Seé. zng. 13 8., R. 16 W,, near Turkey 80 20 [._._. L o T
reek.




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

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)
New Mexico—Continued

29 Sec.3, T.14 8., R.16 W., on Turkey Creek Hot 20 | Lava (Tertiary) .o o ooooo|omiooomcccciaooas
3 miles above its confluence with the
Gila River.

30 Gila Hot Springs, in sec. 5, T. 13 8., R. 13 90-100 900 |____. s Lo TR PR 4 springs. Water used for bathing. Refs.
(V;V" gn the Gila River near Diamond 138, 144, 460.

reek.

31 Sec.3, T.138., R.13 W, on the Gila River. Hot 30 |- (o (o SR PUPUNT NN ‘Water used locally.

32 Sec 20 T. 13 W R. 13 W., on the Gila Hot 30 ... {5 £ Y B

33 Seﬁ 8 16 ‘T. 14 8., R. 14 W., on the Gila Hot 20 .. s [T BN

34 Hudson Hot Springs, 4 miles northwest 142 | |oeo o 1o Y, 183 e Several springs. Water used for bathing.
of Mimbres. Refs. 135, 144,

35 Apache Tejo Warm Springs, 7 miles north 97 2,000 | Alluvium nearlava. . ... | ... Several sprmgs Water used locally.
of Whitewater. Refs. 1

36 Faywood Hot Springs, in T. 20 8., R. 11 142 120 | Lava (Tertiary).. .. _.__.... 345 .. Several springs issuing from mound of tufa.
'W., 6 miles northeast of Faywood Resort. Ref. 526.

37 Hot Sprlngs (Palomas), near Truth or 90-105 10 | Limestone (Pennsylvanian) | 137 . _...___ Several springs and wells. Water used for
Consequences. faulted against granite. bathing. Resort and State Hospital for

crippied children. Refs. 460, 468.

38 Radium Hot Springs, near Radium 165; 185 Small | Rhyolite (Tertiary) ... ...} ... 2 springs. Water is brackish. Used for
Springs rajilway station 17 miles north of bathing and heating hotel. Refs. 133,
Las Cruces. 137.

New York (See fig. 3.)

1 Leébanon Warm Spring, 27 miles southeast 76 500 | Faulted limestone (Paleo- | 137, 144, 469, 471___| Water hottled and marketed. Resort

of Albany. zoic). since colonial times. Refs. 469-472.
North Carolina (See fig. 3.)

1 Hot Springs, on French Broad River 40 92-117 30 | Shady Dolomite (Cam- | 137, 144, 473,476, | About 20 springs issuing at river edge.

miles northwest of Asheville, brian). 478, 543. Resort. Refs. 473-478.
Oregon (See fig. 6.)

1 Sec.29, T.28., R.9 E,, in crater of Mount 120-194 Many fumaroles emitting steam and gases,
Hox d including HsS. Refs. 479, 484, 485.

2 Mount Hood Warm Springs, in sec. 24, T. 60-80 25 . P s TN E Several small springs in 3-acre area. Re-
?:IS 5 . 81% E., on south side of Mount sort.

3 Sec. 25, T.6 8., R.6 E., on the Clackamas 188 4 oo Columbia River Basalt |- oo Several springs, Water used locally.
River. (max) (Tertiary) Ref. 481.

4 Carey (Austin) Hot Springs, in sec. 30, T. 176-196 |- oo oo @O o Several springs. Water smells of H,S.
6S., R.7 E., on the Clackamas River. Used for bathing, Ref. 481.

5 Bagsby Hot Spnngs, in sec. 26, T.78S., R. Hot 50 |___.. [ [+ S 8 springs in 5-acre area. Campground.
5 E., on Hot Springs Creek 4 ‘miles south Ref. 481.
of Thunder Mountain.

6 Breitennbush Hot Sprlngs, in sec. 20, T, 9 140-198 About 40 springs in 10-acre area. Resort.
S., R. 7 E., on the Breitenbush River. Ref, 481.

7 ‘Warm Springs, in secs. 19 and 20, T. 8 8., 138-145 Large | Lake beds (Tertiary) over- Many springs for 2 miles along river.
R.13 E.,on Warm Springs River 9 miles lying lava. Water smells of H3S. Campground.
tiorth-northeast of Warm Springs Indian Refs. 133, 483.

gency.

8 Lehman Hot Springs, in sec. 1, T. 5 8., R. Hot 75 | Columbia River Basalt |.__. . __ .. .______ 10 springs. Resort.
33 E., on Camas Creek. (Tertiary)

9 Hideaway Springs,in T.58., R.33 E,, 7 Hot | @0 e Several springs. Water smells of HsS.
l(mles 8s)outhwest of Lehman Hot Sprmgs

10 Sec. 6, T. 18, R. 39 E., 2 miles northeast Warm {-ooo ool (s (TN B, Several springs. Water used locally.
of Summerville. Ref. 144.
11 Hot Lake, in T. 4 S, R. 39 E., 10 miles 180 175 |-ooee e (N B ‘Water used for bathing.
southeast of La Grande
12 Medical Springs, in sec. 24, T. 6 S., R. 41 140 50 | Greenstone (Carbonifer- | 482...__ ... ____ 2 springs. Water used locally.
E., 20 miles north-northeast of Baker. ous).
13 Ritter (McDuffee) Hot Spring, sec. 8, T. 110 35 | Faulted Columbia River | .. ... Resort. Refs. 109, 480.
8 8., R. 30 E., on north bank of Middle Basalt (Tertiary).
Fork of John Day River. R
14 Hot Sulphur Spring, in see. 35, T.108., R. 120 | oo P [+ SO U Resort. Refs. 144, 482,
2 E., on Camp Creek 6 miles south of
Susauville
15 Bear Gulch Spring, in sec. 11, T. 15 8., R. Warm 2 | Lava (upper Tertiary)._ ._..|.. ... ____.___.__.
31 E., near Canyon Creek 10 miles south
of Canyon City.
16 Blue Mountain Hot Springs, in sec. 13, T. Hot | Carboniferous strata. .- . __|.oooo oo .. Several springs., Water used locally.
14 8., R. 34 E,, near mouth of Reynolds Ref. 482.
Creek 10 miles south of Prairie City.
17 Sam-O Mineral Springs, in sec. 2, T. 12 8., 80 | . Faulted (?) Jurassicor Trias- | 481 _.__.______ 2 springs. Water used locally. Ref. 482.
R. 43 E., 4 miles southeast of Durkee. sic strata.
174 Radium Hot Spring, in sec. 28, T.7 S., R. 135 Small | Jointed diorite. ..._.__..___ Also 2 ﬂowing wells. Water used for
39 E., 10 miles northwest of Baker. bathin

17B Sam-0 Spring insec.16, T.98,, R.40E., 80 400 | Alluvium overlying Terti- Water used for irrigation.

near Baker. ary volcanic and sedimen-
tary rocks.
18 Belknap Hot Springs, in sec, 11, T. 16 S., 147-180 75 | Conglomerate near lava | 133,481 _..._._._._. 3 main springs. Water used for bathing.

R.6 E., 6 miles east of McKenzie Bridge

(upper Tertiary).

Resort. Refs. 137, 488.
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Thermal springs and wells in the United States (exrcluding Alaske end 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)
Oregon—Continued
19 Foley Springs, in sec. 28, T.16 S.,, R.6 E., | 162-174 25 | Columbia River Basalt | 137,144 . ______ 4 springs. Resort. Ref. 481.
4.5 miles southeast of McKen-ie Bridge. (Tertiary).
20 Sec. 7, T.17 8., R. 5 E., on the South Fork 130 60 ... A0 4 springs.
of McKen-ie River, 8 miles southwest (max)
of McKen-ie Bridge.
21 Wall Creck Hot Springs, in sec. 26, T. 20 98 3. A0 e 3 springs. Water used locally.
Si& R. 4 E., 10.5 miles northeast of Oak-
ridge.
22 Winino (MecCredie) Springs, in sec. 36, T. Hot 20 .o.._ O 15 springs in l-acre area, Resort.
21 8., R. 4 E., 11 miles east of Oakridge.
23 Kitson Springs, insec. 6, T.22S.,R.4 E,, 114 35 ... L 1o U SR Y 2 main springs. Resort.
8 miles southeast of Oakridge.
24 Umpqua Warm Spring, in sec. 20, T. 26 105 5 | Andesite (Tertiary). ... .| . .o..__ 2 springs.
8., R. 4 E., on Umpqua River 5 miles
south of Potter Mountain,
25 Jackson (Bybee) Hot Springs, 2 miles 104 70 1 Granite. . 8 springs. Resort.
northwest of Ashland. (max)
25 Seﬁ. ]il'VThM 8., R. 5% E,, in Summit Warm |____.._______ Lava (Pliocene) ... __|_o_______.__________ Selxﬁral springs. Water used locally. Ref.
ake Valley. .
27 Klamath Hot Springs, at Klamath Falls_ . 185 150 |.____ L U AN [ Water used for bathing. Also several
wells supplying hot water for heating of
residences. Refs. 113, 150.
28 0.5 mile northeast of Olene._._._._________ 130 8 Several springs. Water from one is used
for domestic purposes.
28A Taylor Warm Spring, 2 miles east of Olene_ 75 500 Water used for irrigation.
28B Crystal Springs, 1 mile south of Olene_____ 76 1, 350 ‘Water used for bathing and irrigation.
29 Oregon (Turner) Hot Springs, in sec. 10, 148 35 ‘Water supply for sanitarium. Water used
T. 40 S., R. 13 E., 10 miles southeast of for bathing. Resort.
Bonanza.
29A Smith’s Hot Spring, in sec. 10, T. 40 8., R. 146 2 — L6 (TP Water used for bathing. Also water sup-
13 E., 9.5 miles southeast of Bonan-a. ply for cattle.
30 Wilkerson’s Warm Springs, in sec. 6, T. 76 20 | Lava (Tertiary) . oo} 2 springs. Water used for domestic pur-
g) S., R. 14 E., 13 miles southeast of poses and irrigation.
onan-a.
31 Robertson’s Springs, in sec. 18, T. 38 S., Hot |._._._._._._ Lava (upper Tertiary) ... .| .o ... __ Several springs. Water used locally. Ref.
R. 15 E., in Horsefly Valley 8 miles 144.
south of Bly.
32 Paulina Springs, in sec. 26, T. 21 S., R. 12 65; 70 10 | Andesite and tuff (UppPer |--coooooeeooooo. 2 springs. Ref. 487.
E., near north shore of Paulina Lake. Tertiary). R
33 East Lake Hot Springs, insec. 29, T.218., | 110-141 | ___________ Lake beds (Tertiary) near |..._..._______._._.__ Meany small springs. Water used for
R. 13 E., on south shore of East Lake. lava (Tertiary). bathing. Ref. 487.
34 Sec. 36, T. 19 S., R. 32 E., near Twelve- 60-87 o] o QO e Several springs. Water used locally. Ref.
mile Creek 20 miles southwest of Paul- 487.
ma.
35 Sand Springs, in sec. 35, T.258,, R.19E., 62 30 | Alluvium overlying lake | ... ... _......__ 3 springs, of which the southernmost is
5 miles northeast of Fossil Lake. beds. called Mound Spring. Water supply for
cattle. Ref. 490.
36 Sec. 32, T. 26 S., R. 18 E., on west shore 62 - 30— QO | e Water used for domestic purposes. Ref.
of Christmas Lake. 490.
37 Ana River Springs, in sec. 6, T. 30 8., R. 66 48,000~ | Lake beds overlying faulted | 489 ... ___________ 5springs, Water supply for Summer Lake
17 {Z., ﬁ;/ niiles north of Summer Lake 75,000 basalt., Irrigation District. Refs. 489, 490.
post office, L
38 Buckhorn Creek Springs, in see. 5, T. 30 68 1,000 {____. 6 S SR Several springs. Water used for irrigation.
8., R. 17 E., 9 miles north of Summer Ref. 490.
Lake Post Office.
39 Johnson Creek Springs, in sec. 34, T. 29 8., 56 9,000 |.__._ [+ Lo SN A Do.
R. 17 E., 12 miles northeast of Summer
Lake post office. X
40 Thousand Springs, in sec. 19, T. 30 S., R. 66 200 ... A0 e Many small springs. Water used for
{1;3 1?3., on east side of Summer Lake irrigation. Ref. 490.
alley. e
40A R.AQ FRnster‘s Spring, 2 miles southwest of 66 2,500 |..___ QO e Water used for irrigation. Ref. 489.
na niver.
40B W. O.Grisel'sSpring______.._____________ 60.5 10 | Faulted lake beds (Pliocene) .- ......_...__.__ Water used for domestic purposes and
irrigation. Ref. 489.
40C Russell Emery’s Spring. ... ... _______ 64.5 2 6 o SN (E Water used for domestic purposes; also
water supply for cattle. Ref. 489.
40D J. G. Foster’s Spring___________________._. 65 50 | - [ 0o N 5 Rspfn?sgg Water used for irrigation.
ef. 489.
40E Lost Cabin Spring. . ..._...._____________ 67.5 100 |..___ A0 Water supply for cattle. Ref. 489.
41 Paertixé I‘\,:’Va»rm Spring, in sec. 35, T. 30 8., 76 40 Lz}ke] bgdls (Pliocene) near | __._______________. Water used locally.
- . aulted lava.
42 Summer Lake (Woodward; J. W. Far- 116 21 | Lake beds (Pliocene). _____ 489 3 main springs. Water smells of HoS.
leigh’s) Hot Spring, in sec. 11, T. 33 8., Used for bathing and irrigation. Deposit
R.17E. of siliceous sinter. Ref. 490.
43 Sec. 12, T. 30 8., R. 22 E., on west shore of 59 25 | Alluvium overlying lake |- .. _._....___.__ ‘Water used for domestic purposes; also
Alkali Lake. beds (Pliocene). water supply for cattle. Ref. 480.
44 Sec. 22, T. 328, R. 21 E., on XL Ranch 3 63 10 | Lake beds (Pliocene) over- |._________..____.___. Water used for domestic purposes and
miles north of Abert Lake. lying basalt. irrigation. Ref. 490.
4A Northeast shore of Abert Lake ... _____ 65 20 | Lake beds (Pliocene) near |___._________..__.__ Water supply for cattle.
faulted lava (Tertiary).
4B East shore of Abert Lake ____._._______.._ 63 10 | do . ... Do.
4C Southeast shore of Abert Lake.. . __...____ 80 30 | Lake beds (Pliocene).._. Do. .
44D White Rock Ranch Springs, 10 miles north 63; 71 10 | Basalt (upper Tertiary). .. 2 springs. Water used for domestic pur-
of Lakeview. poses and irrigation.
H4E Russell Bean’s Spring..._..______________. 69 Small | Alluvium . oo oo Water used for domestic 1gumoseS; also
water supply for cattle. ef. 489.
45 Hunters Hot Springs, 2 miles north of | 128-162 600 | Faulted Jake beds (Pliocene)_|. ... . ____ 12 main springs, also a flowing well 200 ft
Lakeview. deep and discharging 120 gpm. Water
%om well used to heat hotel. Resort.
ef. 490.
46 Leo Hank’s (Leithead, Joyland Plunge, 157 50 | Faulted lava (Tertiary). ... 489 .. Water smells of HsS. Used for bathing.

Lakeview) Hot Spring, 1.5 miles south
of Lakeview.

735-914 0—85—-—4

Refs. 133, 144.
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Oregon—Continued
47 Gus Allen’s (Barry Ranch, Down’s, Lake- 175-185 50 | Faulted lava (Tertiary).____ 480 e 3 springs. Water smells of H;S. Used
{ie;v) ‘Hot Springs, 2 miles south of for irrigation.
akeview.
47A F. 8. Longfellow’s Spring._.___.._______._ 63 20 | s 1 Y A Water used for domestic purposes and
irrigation. Ref. 489.

48 Sec. 16, T. 35 8., R. 26 E., on upper Rock 105-115 50 | Interbedded tuff and lava |-.._.__.._____.__._. Several springs. Water supply for cattle.

griek 4 miles east of North Warner (Miocene). Refs. 144, 491.

ake.

48A Antekﬁe SPring. oo 104 30 | Faulted alluvium.____._____ 489 ... Water used for bathing. Deposit of tufa.
49 Hart Mountain Hot Spring, in sec. 7, T. Hot Small | Interbedded tuff and lava [..___.._____._____ ‘Water supply for cattle.

36 S., R. 26 E., on the north side of Hart (Miocene).

Mountain about 200 ft below crest. .
49A Fisher’'s Spring_ ... ______________________ 144 20 | Lake beds (Pliocene) near Wﬁtefr 45&8151ells of HjyS. Used for bathing.

ava. el . .

49B ‘W. D. Moss Ranch, on west side of South 72; 83 500; 30 | Faulted lava (Tertiary).____ -| 2 main and several smaller springs. Water
Warner Lake. used for irrigation. Ref. 489.

49C Charles Crump’s Spring.._.____.._____.__ 104 5 | Faulted lake beds (Tertiary). Water smells of HyS. Water supply for

cattle. Deposit of tufa. )

49D Warner Valley Ranch_____________________ 98; 107; 20;2;10 |_____ QO 3 springs. Deposit of siliceous sinter. Also

164 a pool of sulfurous water. Ref. 489.

50 Adel Hot Spring, in sec. 23, T. 39 S., R. 160 10 |- QO Water used locally.

24 E., 1 mile east of Adel post office.

50A Pat Hallinan’s Spring, 1 mile southwest 1.3 20 | Lake beds. o oo 4 springs. Water smells of HjS. Water
of Houston Spring (No. 51). supply for cattle. Ref. 489.

51 Houston Hot Springs in sec. 27, T. 40 S., 160 5 | Faulted tuffand basalt______{____________________ Water smells of HzS. Used locally. De-
R. %4 f%)., 3 miles east of Warner Lake posit of siliceous sinter. Ref. 489.
post office. . .

51A Sec. 14, T. 22 S., R. 8214 E., 17 miles north- 72 225 | Alluvium_ . ____..__.______ 486 .. Water contains 72 ppm of dissolved solids.
east of Burns. Ust:il for irrigation; also water supply for

cattle.

52 Millpond Spring and other springs in secs. 73-80 1,200 | Interbedded tuff and basalt | 486_____....________ 3 springs. Water contains 121 ppm_of
35and 36, T. 23 S., R. 30 E. {Quaternary). dissolved solids. Flow maintains log

pond for saw mill. Refs. 371, 491.

52A 0.75 mile south of Millpond Spring (No. 78 300 | ... O Water used for irrigation; also water
52). supply for cattle.

52B Goodman Spring, 1 mile south of Millpond Warm 300.__.. L L U (R Do.

Spring (No. 52).
52C 3‘5( I\lrmlesz)southwest of Millpond Spring 64 75 | Lake beds, tuff, and rhyo- |....__________._____ ‘Water supply for cattle.
0. 52). ite. .
52D 1.5 miles east of spring No. 52C_...._______ 72 485 |.____ A0 e Water contains 113 ppm of dissolved solids.
Useil for irrigation; also water supply for
cattle.
52E Balf\?r Sé)lgng, 1.5 miles southeast of spring 62-70 50 | s U 5 springs. Water supply for cattle.
0. .

53 Crane Hot Spring, in sec. 34, T. 24 8., R. 122-126 180 | Alluvium overlying lake | 486_____________... 2 main springs. Water contains 427 ppm
33 E.,, near Crane Creek Gap 4 miles beds (Pliocene). of dissolved solids. Used for bathing.
northwest of Crane. Refs. 371, 487, 491. )

54 Sec. 23, T. 22 8., R. 36 E., on the west 138-144 90 | Faulted interbedded tuff | ___________________ Several sorings. Water used for bathing
side of Middle Fork of Malheur River and basalt. and irrigation. Ref. 491.

8 miles northwest of Riverside. .

55 Sec. 16, T. 25 8., R. 35 E., on the west 104-108 300 | Faulted(?) lava (upper Ter- | . ____________.__ Several springs. Water used for irriga-
side of South Fork of Malheur River tiary). tion. Ref. 491.

8 miles north of Venator. .

56 Sec. 12, T. 26 S., R. 27 E., near south 68 45 | Alluvium_ oo | . Water used for irrigation. Ref. 491.
shore of Silver Lake.

57 Sec. 33, T. 26 S., R. 28 E., 3.5 miles east 68 10 | [ 1 Y F S Water supply for cattle. Ref. 491.
of Iron Mountain. .

58 Double-O Spring, in sec. 34, T. 26 S., R. 4 5,350 | Interbedded tuff, rhyolite, | __ . _______________ Water used for irrigation; also water supply
28 E., 1.5 miles west of Double-O Ranch. and lake beds (Pliocene). for cattle. Refs. 141, 486, 491.

59 Doublé-O Barnyard Spring, in sec. 33, T. 72 1,750 | .. QO Water used for irrigation: also water supply
26 8., R. 28 E., on Double-O Ranch. for cattle. Ref. 486. o

60 Basque (East Double-O) Springs, in sec. 67-74 1,800 |._.__ A0 486 Several springs. Water used for irrigation;
31, T. 26 8, R. 29 E., 1 mile southeast also water supply for cattle. Ref. 491.
of Double-O Ranch. -

61 Johnson Springs, in sec. 5, T. 27 8., R. 29 72 900 |..... do. Several springs. Water used for irrigation;
%‘, 2;15 miles southeast of Double- zl)slo water supply for cattle. Refs. 486,

anch. .

62 Hughet (Crane Creek) Spring, in sec. 8, 68 5,900 |._._. do. Water used for irrigation; also water supply
T. 27 8., R. 20 E., 3 miles southeast of for cattle. Refs. 141, 486, 491.

Double-O Ranch. .

62A Sizemore Upper Spring, in see. 9, T. 27 S., 67 1,160 |.._.. do. ‘Water used for irrigation; also water supply
%. 29hE., 5 miles southeast of Double-O for cattle. Ref. 486.

anch.
62B | Sizemore Lower Spring, in sec. 15, T. 27 66 410 |._... do. —— ——— Do.
S., R. 29 E., 0.5 mile southeast of Size-
more Upper Spring (No. 62A).

62C Hurlburt Spring, in sec, 15, T. 27 8., R. 29 Warm 25 | Alluvium. ..o oo oo oo Water supply for cattle. Ref. 486.
E., 1 mile southeast of Sizemore Lower
Spring (No. 62B). .

62D Between high- and low-water boundaries 66-108 30 |.ooo. < (T R Several springs in southern and eastern
of Harney Lake. parts of lake. Ref. 486.

63 Lynch Spring, in sec. 8, T. 27 8., R. 30 E__ 65 25 Water smells of H2S. Ref. 486.

63A Dunn Spring, in sec. 4, T. 27 S, R.30 E., 65; 70 10; 25 2 springs 0.5 mile apart. Water supply for
on south side of Mud Lake. cattle. Ref. 486.

64 Sec. 36, T. 27 8., R. 291% E., 0.5 mile from 154 180 | Lake beds, tuff, and rhyolite | 486___._.__________ Refs. 371, 491.
southeast shore of Harney Lake. (Pliocene). )

64A Sodhouse (Springer) Spring...__....._..__ 54 [1,800-5,200 | Lake beds and playa de- |-oooooeooooooomaoos Water contains 226 ppm of dissolved solids.

posits. Used for irrigation; also water supply for
cattle. Refs. 486, 491,
65 Hoghouse Spring, in see. 13, T. 31 S., R. 78-80 1,800 | Alluvium near faulted bar |-wooeecocoooeneoooo Water used for irrigation. Refs. 486, 491.
E., on west side of Donner and salt (Tertiary).
Blitzen River valley.

66 Sec. 5, T. 32 8., R. 3214 E., 1 mile north- 83 100 ... S 1 Y Water supply for cattle. Refs. 486, 491.
east of P Ranch, .

67 Sec. 12, T. 32 8., R. 32 E., 1 mile south- 89 500 |--ooo s L TR O Water used for irrigation. Refs. 486, 491.

west of P Ranch.
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68 Sec. 33, T. 34 S., R. 34 E., on west border 168-177 135 | Faulted lava (lower MTel- |ocooccecccoococaoaan Several springs. Water used locally. Refs.
of the Alvord Desert 6 miles south of tiary).
Alvord Ranch.
69 Sec. 15, T. 37 8., R. 33 E., 2 miles south of 160 6 | Lake beds (Pleistocene) | oo ococeoceoocaaos Several springs. Ref. 491.
Alvord Lake. near fault zone.
70 Sec. 15, T. 37 S., R. 33 E,, at old borax 97 900 | Lake beds (Pleistocene) oo |- ccoccecccoccomamaan Several springs. Water supply for aban-
works 2.5 miles south of Alvord Lake, doned borax works. Ref. 4
71 Sec. 24, T. 38 S, R. 37 E., 5 miles north- 96-100 30 | Interbedded tuffs and lava | . ___._______.__._ 4 springs. Water supply for cattle Ref.
east of Flagstaff Butte (Miocene). 491,
71A 5 miles southwest of Whitehorse Ranch___ 114 Water used for bathing.
72 Sec. 16, T'. 39 8., R. 37 E., on north side of 128 Several springs. Water supply for cattle.
Trout Creek 0.5 mile downstream from Ref. 491.
mouth of Little Trout Creek.
73 Sec. 4, T. 16 8., R. 43 E., near Willow HOot |ocomoeees Payette Formation (Mio- Also a nearby drilled well. Ref. 492.
Creek 20 miles northwest of Vale. cene and Pliocene?).
74 Sec. 11, T.19 8., R. 37 E., in Warm Creek 185 Small (_.__ do. e Several springs. Water used locally.
valley near Beulah. Ref. 371.
75 Neal Hot Spring, sec. 9, T.18S,, R.43 E,, 168 24 | Faulted(?) Payette Forma- | . . . __.___.__ ‘Water used locally. Also a small warm
12 miles northwest of Vale. tion §Miooene and Plio- spring nearby. Refs. 371, 492.
cene?).
76 Sec. 18, T. 19 8., R. 43 E., on the Malheur HObt |occmvceeaes Payette Formation (Mio- | oo oo Several springs. Ref. 492.
River 15 miles southwest of Vale. fene and Pliocene?) near
ava.
7 Vale Hot Springs, in sec. 20, T. 18 8., R. 45 198 20 | Payette Formation (Mio- |...o____._________ Also a nearby well 140 ft deep. Water used
E., on the south side of the Malheur cene and Pliocene?). for bathing. Resort. Ref. 371.
River 0.5 mile east of Vale.
78 Sec. 31, T. 17 8., R. 47 E., on the Malheur 164 |ocoooooeao)ooas 0. e e Water used locally. Refs. 144, 667.
River 3 miles west of Ontario.
79 Mitchell Butte Hot Springs, in sec. 12, T. 122-141 oo L 1o RN IR, 3 main springs. Water used locally. Ref.
21 8., R. 45 E., on the Owyhee River. 492.
80 Deer Butte Hot Spring, in sec. 14, T. 21 8, 5 2 Interbedded tuff and lava. .| oo coiomaao ‘Water used locally. Refs. 371, 492.
R. 45 E., on the Owyhee River. .
81 North Black Willow Spring, in sec. 25, T. 67 |acmmcmans TFaulted Payette Formation | ..o ...._._ Water used locally.
21 8., R. 45 E,, on the Owyhee River (Miocene and Pliocene?).
near Sniveley’s Ranch.
82 South Black Willow Spring, in sec. 35, T. 71 Water used locally. Ref. 492.
21 8., R. 45 E., on the Owyhee River. .
83 Sec. 10, T. 23 8., R. 44 E., on the Owyhee HOt |oeeee Alluvium overlying lava Several springs. Ref. 492.
River 2 miles downstream from mouth (upper Tertiary).
of Dry Creek. T
84 Sec. 20, T. 24 8., R. 37 E., near South Fork 106-143 60 | Faulted(?) lava (upper Ter- |- oco_oooo._ Several springs. Water used for irrigation.
oifdMalheur River 5 miles south of River- tiary). Ref. 491.
S|
84A Sec. 18, T. 27 8., R. 43 E., on the Owyhee Hot Large |.--.. s Vo RSN DRSSO
River 30 miles northwest of Jordan
Valley.
84B Near north end of Saddle Mountain 25 Warm Small |-_-_.. ' L4 TSSO SO,
miles northwest of Rome. :
85 Canter’s Hot Springs, in sec. 2, T. 30 S,, 120 10 | Lava (lower Tertiary) .. co . |oooocoomamacaoas 3 main springs. Water used for bathing.
R. 46 E., 0.5 mile west of Jordan Valley. Ref. 144. .
85A Scott’s Springs, 6 miles southwest of Rome. 68 5,000 Basalt (Tertiary) - -« oo oo |ececciae oo Several springs. Water used for irrigation.
85B Tlﬁlor’s Springs, 24 miles southwest of 68 6,000 | oGO - oo Do.
ome.
85C South Fork of Owyhee River, 40 miles 88-95 1,000 | Basalt overlying rhyolite |- ooeoooooo About 15 springs within a distance of 0.5
south of Jordan Valley. (Tertiar mile. L
86 Sec. 36, T. 40 S., R. 42 E., 6 miles north of 130 200 | Faulted lava (Tertiary) . oo |-ceececccaccmcomaae Several springs. Water used for irrigation.
McDermxtt, Nev Ref. 144.
Pennsylvania (See fig. 3.)
1 Perry County Warm Spring, near Sher- 72 90 | Folded Paleozoic strata. ... 493 .- Water used locally. Former resort.
man Dale 14 miles northwest of Harris-
burg.
South Dakota (See fig. 2.)
1 Hot Springs, in western part of Hot 80-90 5,000 | DeadwoodFormation(Late | 133,137, 500-...__-. 8 springs, including Minnekahta and
Springs (town). Cambrian and Early Or- Kidney. Resort, sanitarium, U.S.
dovician). Army hospital. Refs. 145, 148, 496 498,
501.
2 H?E Brc;ok 3 miles west of Hot Springs 90 50 [ooeoe A0 e Water used for irrigation. Refs. 148, 496.
own,
3 Cascade Springs, at head of Cascade Creek 68 7,200 {-—-_ [ Lo T 499 oo 3 springs. Water used for irrigation.
}? mi)les southwest of Hot Springs Refs. 145, 498, 501.
own).
4 Buffalo Gap Springs _._...._..___._.._._. Warm Small | Carlile Shale Member Of |.cc. _ocooooaooon Ref. 498.
Colorado Shale (Cretace-
ous).
Texas (See fig. 2.)
1 Near bank of the Rio Grande, at south 100 [<coemaamae Faulted(?) Trinity Group Water used for bathing. Ref. 144,
end of Quitman Mountain. (Early Cretaceous).
2 Near bank of the Rio Grande, 2 miles east 18 || L S S OO Pool on river flat. Overflowed until earth-
of the south end of Qumnan Mountain. %ua;ke in 1922. Water used for bathing.
ef. 144
3 Hot Spring Creek, 5 miles east of the Rio 114 45 | Alluvium (Quaternary) |---occeeoeeoceacanoo

Grande and 7 miles northeast of Ruidosa.

overlying faulted(?) Cre-
taceous strata.

Water used for bathing. Refs. 73, 138, 502-
504.
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Thermal springs and wells in the United States (excluding Alaska and Hewaii)—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)
Utah (See fig. 7.)
1 Warm Springs in sec. 20, T. 12 N, R. 15 Warm 900 | ANlUViWm . - oo oo ‘Water used for irrigation. Ref. 508.
'W., 17 miles north-northwest of Terrace
railroad station.
2 Blue (Honeyville) Springs,in T. 13N, R. 86 [-wmemmmcon]mmen s T 508 o eeecmemmaan 6springs. Refs. 144, 521.
5 W., 18 miles southeast of Snowville. . . .
3 Udy’s Hot Springs, near the Malad River 90-122 3,500 | Carboniferous strata near .. ... ___.._._ 8 main springs. Water is saline. Used
2 miles southwest of Plymouth. Wasatch fault. for bathing. Resort. Refs. 144, 508.
4 Crystal Springs, in T. 11 N., R. 2 W, 12 121-134 oo (6 I 117 S, About 30 springs. Water used locally.
miles north of Brigham City. Refs. 124, 133, 144, 505, 521.
4A Near south end of Little Mountain, 7 Warm Small | Paleozoic strata. . -..o.._. 10—
miles west-northwest of Corinne,
5 T.6N., R. 5 W, on easbside of Promon- 84 | . Faulted(?) schist and gneiss Ref. 144,
tory Point. (Precambrian). . .
6 Utah (Bear River) Hot Springs, in T. 7 131-144 110 | Faulted quartzite (Cam- 12 springs. Water is saline and ferrugi-
N., R 2 W, 8 miles northwest of Ogden. brian). nous. Ref.138.
6A Clay’s Hot Springs, 10 miles north of 140 50 | Quartzite on Wasateh fault. . 2 springs. Water is saline and ferruginous.
Ogden. Used for bathing., Ref. 512,
7 Patio Spring, 12 miles northeast of Ogden.. 68 Lake beds (Quaternary)_ .. Water used for bathing. .
8 Ogden Hot Springs,in T.6 N., R.1 W, at 121; 150 Small | Syenite on Wasatch fault___ 2 springs, Water used for bathing. Refs.
mouth of Ogden Canyon. 138, 144, 418, 505. .
8 Big Springs, in T. 2 8., R. 8 W, on the 2 Carboniferous strata near |- ..oocoooooooono. 2 springs. Water is brackish. Ref. 144.
west side of Stansbury Range. ault. .
10 Grantsville Warm Springs, 5 miles north- 74-91 50 | Wasateh Formation (Fo- |oceomocmomoceeens 6 springs. Water is brackish; used for
west of Grantsville. cene). bathing, Deposit of calcareous tufa.
Refs. 138, 144, 508. .
10A Morgan’s Warm Springs, 4 miles south- 80 500 |ooo. . s (s YN U Water is ponded. Used for bathing and
west of Stockton. irrigation. L
10B Russell’s Warm Springs, 4.5 miles south- a0 200 ... e (s R DA Water is ponded. Used for irrigation.
west of Stockton.
1 Beck’s Hot Springs, 4 miles north of Salt 1281 ... Paleozoicstrata on Wasatch | 128,133, 137, 418, Several springs. Water smellsof H;S. Re-
Lake City. fault. sort. Refs. 124, 144, 511, 512, 521, 686,
11A Wg({n Springs, 2 miles north of Salt Lake 118 350 ... A0 - 525 . W532t§r used for bathing. Refs. 137, 511-513,
ity. 3. . .
12 Wasatch Springs, in the northwestern part 130 350 | Limestone (Carboniferous) | 525.... ... Water used for bathing. Sanitarium.
of Salt Lake City. nesr Wasatch fault. Refs, 133, 137, 144, 513, 523. .
13 Crystal Springs, in T. 48., R. 1 W, 4miles 70| Alluvium. - ..ol Several springs. Water used for bathing.
southwest of Draper. Refs. 138, 144, 523.
it Schneitter’s Hot Pots, 4.5 miles northwest 85-116 20 | Wasatch Formation (Eo- | 133,187 ____. .. ___ 20 main springs. Water used for bathing.
of Heber. cene) near Carboniferous Extensive deposit of tufa. Refs, 138, 144,
limestone. 418,514,526, )
14A Ltﬁte’s Hot Pots, 4 miles northwest of 78-110 30 | £ S B, Selgerlal5 1s;)rmgs. Water used for bathing.
eber. ef. 514. .
14B Buhler’s Springs, 3.5 miles northwest of 80-108 10 ... Q0 Ml Several springs. Water used for bathing.
Heber. Extensive deposit of tufa. Refs. 137, 510,
514.
15 Saratoga Springs, on northwest shore of 111 211 | Wasateh Formation (Eo- j..__._.._. .._....___ Several springs. Water used for bathing.
Utah Lake. cene). Resort. Ref. 523.
16 T. 8 8., R. 1 E,, on south shore of Utah 88 200 ¢ AUNGVIUM . e Water used locally. Ref. 523.
Lake 8 miles northwest of Payson. .
17 T. 10 8., R. 1 k., near the north end of 70 2,000 | Faulted Carboniferous __|__._..__.. .. _______ Several springs. Water used locally. Ref.
Long Ridge 2 wiiles east of Goshen. strata. 523,
S Castilla Mineral Springs, in T. $ S, R. 3 111145 | .. Carboniferous strata near |._._ .. ____._.__.___ 3 springs. Resort. Refs, 138, 144, 526.
E., in Spanish Fork Canyon 15 miles Wasatch fault.
south of Provo.
19 Sec. 14, T.88., R. 5 E., on Diamond Creek Warm 700 | Wasateh Formation (Eo- |.._.___ ... ... 2 springs. Water smells of sulfur.
15 miles east of Springville. cene). L 3
19A 12 miles northeast of Jensen, in canyon of 90 10 | Paleozoic or  Mesozoic | o .. ... 2 springs issuing at river edge.
Green River. strata. i
20 Hot Springs, in T, 11 8,, R. 14 W, at north 478 Alluvium near faulted Pale- | .. ____________._____ Several springs. Water used locally. Refs.
end of Fish Springs Mountains and 3 ozoic strata. 138, 144, 506, 515, 520.
miles north-northeast of Fish Springs
(town).
21 Big Spring, in T. 11 8,, R. 14 W,, 1 mile | 85 | | A0 oo [ 3 springs. Refs. 144, 506, 520.
southeast of Hot Springs (No. 20). Q
22 Fish Springs, in T. 11 8,, R. 14 W., 4 miles 80-140 | i .do_ . . 406 ... 7 springs. Water smells strongly of HiS.
southeast of Hot Springs (No. 20) and 3 Large deposit of tufa. Refs. 144, 406, 506,
miles east of Fish Springs (town). 515,520 L
23 Sec. 33, T. 14 S., R, 18 W., on Miller’s 64 500 | Alluvium . . .. Several springs rising in pools. Water used
Ranch 8 miles south of Trout Creek. for irrigation. Refs. 506, 520.
24 Abraham Springsin T. 14 8., R. 8 W., on 100-205 1,200 | Fractured lava (Tertiary)._.| 507.__.._.__..._.__ 20 springs. Deposit of manganese. Refs.
Fumarole Bufte, 19 miles north-north- 109, 144, 509, 512, 516, 520.
west of Delta. i .
25 Sec.31, T. 15 8., R. 19 W, in Snake Valley 82 Large | Limestone (lower Paleozoic) |- ... ...._._...___ Several springs. Water used for irrigation.
1 mile west of Gandy. Deposit of tufa.  Ref. 520.
26 Sec.9, T. 168, R. 18 W., in Snake Valley 2 68 1,000 | Allavium .. oo l.. Several springs rising in pools. Water used
miles south of Foote’s Ranch. for irrigation. Refs. 144, 520. .
27 Knoll Springs, insec, 11, T.18S,, R. 18 W., 6871 . ... ... Alluvium near Carbonifer- | . ___.___________ Several springs. Water smeiis of H.3.
‘n @rﬂakﬁ Valley 12 miles southeast of ous strata. Used locally. Refs. 144, 520.
Smithville,
28 Sec. 24, T. 22 S, R. 6 W., 3 miles north- 94 Large | Interbedded tuff and lava | ... _. . __ Water used for irrigation. Ref. 520,
west of Hatton. (Tertiary). . .
29 Brewer’s Springs, in secs. 13 and 24, T. 15 57-62 400 | Alluvium near faulted Wa- }_ 3 springs. Water .used for domestic pur-
8., R.2 E., 1 mile northwest of Wales. satch Formation (Eo- poses and irrigation. Ref. 524.
cene). ..
30 Lowry’s Spring and Squires’ Spring, in 59; 62 40 | Faulted Wasatch Forma- |- ... __.______ Water used for irrigation. Ref. 524.
ie/y[c. 2?_, T.188., R. 2 E., 3 miles south of tion (Eocene).
anti, .
31 Livingston Warm Springs, iu see. 13, T. 62; 73 285 . 0. e | 2 main springs. Water used for domestic
18 S., R. 2 E., 1 mile south of Manti. purposes and irrigation. Ref. 524.
32 Manti Springs, in sec.17, T.18S., R.3 E., 59; 65 30 |..._. A0 Do.
2 miles southeast of Manti. .
33 Morrison Spring, in sec. 35, T. 18 8., R. 61 2,500 | oo Water used for irrigation. Ref. 524.
2 E., 2 miles northeast of Sterling.
34 61 8 Alluviam. ...l Water supply for cattle. Ref. 524.

Guné]ison Spring, in sec. 18, T. 19 8., R.
1E.




DESCRIPTION OF THERMAL SPRINGS

43

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

35 Ninemile Warm Spring, in sec. 4, T.19 8., 72 900 | Alluvium near faulted Wa- {___.____.__________. Water used for domestic purposes and
R.2 E. satch Formation (Eocene). irrigation. Ref. 524.

36 Sec. 32, T. 20 8., R. 2 E., 8 miles northeast 58 15 | Faulted Wasatch Forma- | oo oo ... Water used for irrigation. Ref. 524.
of Redmond. tion. .

37 Redmond Springs, in secs. 11 and 12, T. 70 6,000 {_____ A0 o e e Several springs. Water used for domestic
218, R.1 W, near Redmond. purposes and irrigation. Ref. 524.

38 Salt Spring, in sec. 17, T. 21 8,, R. 1 E,, 72 2 | Faulted Jurassicstrata_ ... {o..o. ... Ref. 524
2 miles northeast of Salina.

39 Oak Spring and Christianson Spring, in 60 20 | Faulted lava (Eocene). _____{________.______._____ Water supply for cattle. Ref. 524,
sec. 1, T.22 8,, R.2 W, 2 miles west of
Aurora. L

40 Herrin’s Hole Spring, in sec. 23. T. 23 8., 63 450 |_____ Lo L T P Water used for irrigation. Ref. 524,

R. 2 W, 1 mile north of Glenwood. . e .

41 Cove Springs, in sec. 27, T.23 8., R.2W,, 60 4,000 |__.__ do. . e Several springs. Water used for irrigation.
1 miles west of Glenwood. Ref. 524.

42 Richfield Hot Springs, in sec. 26, T. 23 8., 74 1,500 | Faulted limestone (Eocene).| ..._._.___..._____. Several springs. Water supply for town;
R.3W. also used for irrigation. Ref. 524.

43 Indian Spring and Parcel Creek Spring, in 60 130 | Faulted lava (Eocene) .. . .{ oo Water used for domestic purposes and
sec.25,T.23 8., R.2 W, near Glenwood. irrigation. Ref. 524. K .

44 Sec. 5, T. 24 8., R. 2 W., 2 miles southeast 52-61 4,500 | Lava (Tertiary). .. . | Several springs. Water used for irrigation.
of Richfield. Ref. 524 .

45 Sec. 25, T. 24 S, R. 3 W., 6 miles south of 59 25 | Alluvium overlying Wa- | ... ... __ Water used for domestic purposes and
Richfield. satch Formation (Eocene). irrigation. Ref. 524.

46 Jericho Spring, insec. §, T.258.,, R.3W,, 65 700 { Allavium._ o ... Water used for irrigation. Ref. 524.

2 miles northeast of Joseph.

47 Johnson Spring, in sec. 27, T. 25 8., R. 80 200 | Faulted lava and tuff (Eo- | __..._.__.___.___ Do.

3 W., 2 miles southeast of Monroe. cene). . .

48 Cooper Hot Springs, in sec. 15, T. 25 S., 144-156 100 | Faulted tuff (Tertiary)...._. 524 ... Several springs, Water used for irrigation.
R.3 W., 0.5 mile east of Monroe. . . .

49 Joseph Hot Springs, in sec. 23, T. 25 S, 135-146 30 | Lava (Tertiary) ... ... . __.__ Several springs. Water used for irrigation.
R. 4 W, 1 mile southeast of Joseph. Deposit of tufa. Ref. 524.

50 Sevier Spring, in see, 32, T.258.,, R. 4 W_ 59 100 | Allavium. ... .. Water used for domestic purposes; also

water supply for cattle. Ref. 524.

51 Roosevelt (McKean's) Hot Spring, in 192 10 ! Granite. ... ...___...__.____ 518 . Water smells strongly of HaS. Water
T. 27 8, R. 9 W,, on west slope of supply for cattle, Deposits of tufa and
ﬁiﬁergl Mountains 15 miles northeast of sinter.

ilford. .

52 ‘Warm Springs, secs. 21 and 28, T. 30 8., 90-175 20 | Alluvium near faulted(?) | 518._ ... ________ About 16 springs issuing from a low ridge.
R. 12 W., 2 miles south-southwest of lava (Tertiary). Deposits of dense calcareous tufa. Water
Thermo railroad siding. i supply for cattle. 3

53 Radium (Dotson’s) Warm Springs, in 97 57 | Quartzite_ ____.._.__._..___. 518 i | 3 springs. Water used for bathing and
sec. 7, T. 30 8., R. 9 W., 1 mile east of i irrigation.

Minersville. .

54 La Verkin Hot Springs, on Rio Virgin 2 108-132 1,000 | Faulted Triassicstrata. .....f . . ... ... ... Several springs. Refs. 133, 144.
miles north of Hurricane.

55 T. 37 S., R. 7 W., 25 miles southwest of Warm |___________. Lava (Tertiary) overlying |.._.___.____.___.___ Ref, 138.

Panguitch. | Was;xtch Formation (Eo-
i cene). .

56 Undine Springs, in T. 25 §., R. 17 E., in |  Warm | _______| Sandstone (THassic) ... ... _{ooooooooooooo Many small springs. Deposit of tufa.
Labyrinth Canyon of the Green River. ! Ref. 138.

57 Warm Spring Canyon near its junction | 127 T N L0 RN SR Ref. 138.
with “Narrow Canyon" or “Dark |
Canyon” of the Colorado River, | I |

i {
Virginia (See fig. 3.)
1 Limestone Springs, near Compton__.______ 61-66 | ... ... Folded or faulted Paleozoic | ... ... . .__.__ 3 L ;g)rgggs._ﬂWater used locally. Refs.
strata. 3 y 041,
2 Warm Spring, 1 mile south of Bridgewater_ 84 ¢ - Water used locally. Ref. 538.
3 Dice's Spring, 1 mile southeast of Burke- 65 0.
own.,
4 Fitzgerald Spring, near Middle River 81 B0 doe . [ Do.
Bridge, 2.25 miles west of Fort Defiance.
5 Bragg Spring, 2.25 miles northeast of Bolar. 75 Do.
6 Bolar Spring, 3 miles northeast of Bolar___ 72 -- Do. ;
7 W?rm S)ulphur Springs, at Warm Springs 91-96 133, 144, 541, 543.__| 4springs. Resort. Refs, 529, 538.
town).
8 Hot Springs, at Hot Springs (town)_. . __. 72-106 20, 4128110133, 4137, 3 7 springs. Resort. Refs. 529, 538, 542.
144, 409, 541, 543. i
9 Healing (Rubino Healing, Sweet Alum) 82-88 133, 137, 139, 144, | 4 springs. Water bottled and marketed.
Springs, at Healing Springs (town). 409, 543. Resort. Refs. 538, 541.

10 Mill Mountain Springs, at Panther Gap | 60 65; 66 | 50;800; 500 | oo oo 3 springs. Water used locally. Refs. 538,
1.5 miles west of Goshen, 541,

1 Rockbridge (Rockbridge Alum, Strick- 72 137,139 ... 3springs. Resort. Refs. 144, 520, 538, 541.
ler’s) Springs at Rockbridge Baths 10
miles north of Lexington, . - .

12 Layton (Keyser's) Springs, on the Jackson 63:72 200 d0...._ . 2 springs issuing on opposite banks of the
{{iver 2 miles soath of Falling Spring ;ﬁer. Water used locally. Refs. 538,

No. 13). .

13 Faqlling Sp(riNng. 8 miles south of Healing T4 7,000 | _do.. e Water used locally. Refs. 538, 541.
Springs 0. 9. .

14 Sweet Chalybeate Springs, 3 miles north £3-68 280 | _ do.___ .. ... 133, 144, 541_ . __ 3 springs. Resort, Ref. 538.
of Sweet Chalybeate.

Lee Carter Spring, 1.5 miles northeast of 63 2 | ... A0 Water used locally.
Sweet Chalybeate.
C. B. Hunter Spring, 0.5 mile north of 60 10§ Q0o Do.
15 Sweet Chalybeate.
R. O. Stone Spring, at Sweet Chalybeate. 73 100 [_____ Ao Do.
S“éeﬁtl gha{lybeate Spring, at Sweet 76 1,000 |_.___ 5 0 S D Do.
alybeate,

16 Lithia (Wilson Thermal), on Mill Creek 65 300 ... A0 B41 ... Water used locally. Ref. 538.
3.25 miles east of Gala.

17 Blueridge (Buford’s Gap) Springs, at 66-75 | ... . |.____ L6 o Y I

Buford’s Gap.

3 springs, Water used locally. Refs. 138,
541,
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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)
Virginia—Continued
18 New 1River White Sulphur Springs, at 85 3 Fo!de(ti or faulted Paleozoic |.____________.______ 3 springs. Resort. Refs. 144, 541,
Eggleston. strata. .
19 Hunter’s Pulaski Alum Springs, at Sassin, 72 |l QO 2 springs. Resort. Ref. 133.
8.5 miles north of Pulaski.
20 MecHenry’s Spring, near the North Fork [ P I A0 144,541 ____ ‘Water used locally.
of the Holston River.
Washington (See fig. 2.)
1 Baker Hot Spring, in sec. 30, T. 38 N, 108 7 | Lava (upper Tertiary) over- |.____.______.._._....
R. 9 E., on east side of Mount Baker. lying granite. . . .
2 Sol Duc Hot Springs, in sec. 32, T. 20 N., { 100-132 50 | Metamorphic rocks (pre- |._____________._____ 3 main and 8 smaller springs in 1-acre area.
R.9 W, 14 miles (by road) southwest of Tertiary). Resort.
Crescent Lake. .
3 Olympic Hot Springs, in sec. 27, T. 20 N, | 120-125 135 | do oo 17 springs in 5-acre area. Resort.
R. 8 W., 11.5 miles (by trail) southwest
of Elwha post office.
4 Sulphur Creek Spring, in sec. 30, T. 32 N., 98 4| Granite___________ |
Sffli 11% E., 1 mile north of Sulphur Creek
elter. .
5 White Chuck Hot Springs, in sec. 1, T. 30 | 100-110 30 ... s 1 AU 4 springs. Water used for bathing. De-
Il;ri, R. 12 E., near the White Chuck posit of iron-stained tufa.
ver.
6 San Juan Hot Springs, in sec. 25, T. 28 N, 100 25 (.. [+ 0o T 3 springs. Ref. 548.
R. 11 E,, on the North Fork of Skyko-
mish River 5 miles east of Galena.
7 Scenic (Great Northern) Hot Springs, in 122 30 [.___. [« (U 546, 548__ .. ______ Several springs. Water is sulfurous; is
s«;cs. 28, T. 26 N., R. 13 E., 5 miles west piped 2 miles to hotel. Resort.
of Scenie.
8 McDaRniels Igot Springs, in sec. 15, T, 23 | 114-127 30 (.___doo. . . 4 springs. Resort.
., R.11 E.
9 Hot éprings, insec.21, T.20N,, R.9E,, | 120-122 |____________ Basalt (Tertiary) 5springs. Resort.
at Hot Springs railroad station. o
10 Clerf Spring, in sec. 5, T. 17 N., R. 20 E., 68 1,100 | Basalt (Tertiary) overlying | ____. ______________ Water used for irrigation. Refs. 544, 549,
8 miles east of Ellensburg. sandstone (Miocene). 550. L
1 Ohanapecosh Hot Springs, in sec. 4, T. 14 | 109-120 60 | Basalt (Tertiary)____________| . __________ 5 springs. Resort and sanitarium. Ref.
N., R. 10 E., near south base of Mount 3
Rainier. .
12 Sec. 9, T. 11 N., R. 15 E., on the North 90 40 | Ao e Several springs. Water used for bathing.
Fork of Simeoe Creek. Ref. 546.
12A North slope of Mount St. Helens__________ 142-190 | _______ Lava (Quaternary) .. _.______| ... Small fumaroles. Ref. 547.
12B Crater of Mount Adams._________________ Ho Steam vents and small fumaroles. Ref.
547.
13 Nicolai Spring, in sec. 15, T. 11 N, R. 23 66 300 | Ellensburg Formation | ___________________ Water used for irrigation. Ref. 551.
E., 10 miles north of Sunnyside. (Miocene). i .
14 Sec. 16, T, 6 N., R. 13. E., 5 miles south- 76 Large | Basalt (Tertiary) - - - v |wommomocmeccmaooes Several springs. Gas rises with water.
east of Glenwood Water used for irrigation, Ref. 546.
15 Blockhouse Mineral Springs, insec 12, T. 67 50 |oo._ [ 1 TP 137,546 _____.___ 2 springs. Resort.
2111;1., R. 14 E., 8 miles west of Golden-
ale,
16 Cascade Warm (Moffet’s Hot) Springs, 96 20 | s (Y 187 e 4 springs. Resort. Refs. 133, 546.
insec. 16, T.2N., R. 7 E., near Cascade.
West Virginia (See fig. 3.)
1 Manacea (Irondale) Spring, at Irondale..__ 63.6 |- cmmemeas Allegheny  Formation | 554 .. ___._______ Water marketed for table use.
(Pennsylvanian).
2 Gillis (Iron Magnesium) Spring, at Terra 64 40 | Chemung Formation De- |...._ doooeiils Formerly the source of water supply for
oral Mgl d (Barly | 133, 137, 144, 554, | 2 Te{m Altg' Ref'f 52't pply for town
3 Berkeley Springs, at Berkeley Springs 73.5 [1,000-1,230 | Oriskany Sandstone (Early , springs. Source of water su
(town3)7. prings, ¥ Spring ’ ’ Devoxﬁan). 5. ’ ’ of Berkeley Springs. State Park. San-
itarium. Refs. 538, 541, 552.
4 Svg_aanond Spring, 5 miles east of Mar- 72 100 | Ordovieian strata._ .- -] ool Ref. 552.
insburg.
5 North Branch of Walker Spring, 1.5 miles 62 36 | Cambrian strata.. . -ooocooo|ooecooooiaoi Do.
south of Harpers Ferry.
6 Shannondale Springs, 5 miles southeast of
Charles Town: .
Blue (Black) Sulphur Spring..__.___.._ 64 1 | Waynesboro Formation | 554 ___.__.___
(Early Cambrian). Former resort.
Red Sulphur Spring. ___......_.___.._ 64 1] s L 5757 SR
7 E\I'grett Fruit Farm, 5 miles southeast of 64 20 | Devonian strata. ... ____ . .__________ Ref. 552.
omney. . .
8 C%l? Stre?m R)un, 1 mile west of Cold 64 700 |o oo O oo Water is slightly cloudy. Ref. 552.
ream (town).
9 Capon (Cacapon) Springs, at Capon 64 170 | Oriskany Sandstone (Early | 133, 137, 144, 554__.| 4 springs. Water marketed for table use;
Springs (town). Devonian). als20 used for bathing. Resort botel. Ref.
552.
10 Warm (Boiling) Spring, 4 miles south of 61 100 | Devonian strata. ..o oco oo }oooocoomaooiooos Ref. 552.
Wardensville,
11 Big Spring, 0.5 mile southwest of Harman_ 61 2,290 | Carboniferous strata. .- | ... .__ Do.
12 Trﬁut Rﬁck Spring, 3 miles south of 61 510 | Silurian strata. .. oo ool Do.
opeville.
13 Arbogast Farm, 3 miles north of Onego. .. 61 500 | Carboniferous strata Do.
14 Roaring Springs, 1 mile north of Onego. __ 61 850 |.__._ QO e e - Do.
15 Roaring Springs, at Circleville_..________ 65 5,500 | Silurian strata__.. -| Several springs. Ref. 552.
16 Near mouth of Thorn Creek, 2 miles south 71 7,700 | Devonian strata.._......___ Ref. 552.
of Franklin.
17 Big Spring, on 63 1,140 | Carboniferousstrata_.___._ | ___________________ Ref. 552.

Big Spring Fork 2 miles
west of Linwood.
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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)
West Virginia—Continued
Dunmore Drinking (Reece Prichard) 63 30 | Contact of Bossardsville | 554 _______________ Refs. 538, 552.
Spring, 0.8 mile southeast of Dunmore. Limestone (Silurian) and
18 Helderberg Limestone
(Early Devonian).
MeadowSpring, 0.5 mile east of Dunmore._ 66 200 |._._. (£ L Y, 554 e Ref. 552.
Upper Spring, at Dunmeore____.._.__._____ 62,5 | oo |ocees AOe oo 554 oo Water used for bathing, also used for
growing water cress. Ref. 552.
19 M{_‘}l Rtun Spring, 2.5 miles southwest of 65 400 | Devonianstrata_____________| ... __....____..__ Several small springs. Ref. 552
Tost.
20 Guy Run, 4 miles southwest of Frost__.___ 69 240 |.___.do_ oo |eeee. Do.
21 Peter McCarthy Springs on Erowns 63.5 230-300 Bossardsvﬂle Limestone | 554 __________.___. 2 springs. Ref. 552.
Creelk, 5 miles northeast of Huntersville. (Silurian).
22 8. P. Curry (Nap’s Creek) Spring, at 64 230 | Silurian or Devonian strata_|._______..__________ Refs, 538, 541, 552.
Huntersville.
23 Rucﬁman Run, 6 miles east of Hunters- 62 300 [._.__ s 1o N F U, Several springs. Ref. 552.
ville.
24 Minnehaha Springs, at Camp Minne- 72 550-600 | Marcellus Shale (Middle | 554 . _...____ Water used for bathing. Hotel. Refs.
haha, 4 miles southeast of Huntersville. Devonian). 538, 552.
2 ow"ifls) Cave Spring, 2 miles northwest 68 1,630 | Carboniferous strata._ _______|-ooooooooooo_. Ref. 552.
of Asbury.
26 ‘White Sulphur Springs (town):
Black Sulphur Spring______________.__ 62.5 25 | Marcellus Shale (Middle | 854 . ... _. .
Devonian). Water used for medicinal drinking and
‘White Sulphur Spring. . ______________ 64 d bathing. Resort hotel. Ref. 538.
White Sulphur Chalybeate Spring..__ 64 Water bottled and marketed for table use.
BigSpring.________________________ 62 Ref, 552,
Sterett Spring 61 R Do.
27 Old Sweet Springs, at Sweet Springs 73 Large | S ‘Water used for bathing. Resort. Ref. 538
wn). (Middle Ordovician).
28 Salt Sulphur Springs (town):
Salt Sulphur Spring 61 60 | Greenbrier %;imestone (Mis- ‘Water used for bathing. Hotel.
sissippian
Jodine Spring_________________________ 61.5 50 ;_’P_ ________ Water used for drinking.
29 Right Fork of Trout Branch, 6 miles 64 310 | Ordovician strata._ Several springs. Ref. 552.
southeast of Gap Mills.
30 Upstream from Ewin Run (cold) Spring, 72 66 |__.__ L 1 Y Do.

7 miles southeast of Gap Mills.

Wyoming (See figs. 2, 5.)

[Data for Nos. 1-96 are chiefly from ref. 562; in those areas in Yellowstone National Park where thermal springs are numerous and closely spaced, only the more noteworthy

are listed]

~ OO

B

9A
10
10A
1

Boiling (Hot) River, 0.8 mile north-
northeast of Yellowstone Park Head-
quarters.

Mammoth (White Mountain) Hotsprings,
0.5 mile southwest of Yellowstone Park
Headquarters.

0.5 mile southeast of Lake of the Woods. ...

Amphitheater Springs, 0.8 mile west of
Lake of the Woeds.

Clearwater Springs, 1 mile southwest of
Amphitheater Springs (No. 7) and 0.5
mile northwest of Roaring Mountain.

Pool in crater of Semi-Centennial Geyser,
near Obsidian Creek 0.6 mile south of
Clearwater Springs (No. 7A).

‘Whiterock Springs, 1 mile south-southeast
of Lake of the Woods.

Bijah Spring, 0.4 mile northwest of
Fryingpan Springs (No. 10)

Fryingpan Springs, 2 miles northwest of
Norris Junction.

Congress Pool, 0.3 mile southwest of Norris
Junction.

Crater of Monarch Geyser, near Congress
Pool (No. 10).

Geysers in Noms Geyser Basin:

Ebony Geyser. oo oeoeeeas
Echinus Geyser....o oo
Emerald Spring. ... ..
Fan Geyser- ... ...

Ledge Geyser. ... omeeans

Mud Geyser_ . eeeaee
Steamboat Geyser____. ... ________

Valentine Geyser

Vixen Geyser___..______._____________
‘Whirligig Geyser............__________

100 ft northwest of Valentine Geyser .

10, 000

225-1,152

Small

Rhyolite overlying Meso-
zoic strata.

Several springs, the flows combining to
form stream, 6-8 ft wide, flowing into
Gardiner River. Refs. 592, 625-628, 672.

Several springs. Extensive dep051ts of
travertine. Refs 140, 557, 558, 574, 608,
617, 620, 625, 634 636, 637 642 645,
655, 664, 667, 679 692 697 698.

_| Also solfataras.

Several boiling springs and fumaroles.
Ref. 562.

Erupted violently in August 1922, but
ceased geyser action soon thereafter.
Refs. 637, 667.

2 springs. "Ref. 561.

Rises in large clear pool. Ref. 561.

Many bubbling vents on both sides of
Mammoth-Norris Junction Road.

Muddy pool, sometimes boiling and some-
times quiescent.

Formerly erupted to height of 100-200 ft.
Ceased activity in 1913. Ref. 637,

Erupts to helght of 25-50 {t at intervals of
8-48 hr 637.

Erupts to helght of 75-100 ft at intervals of
1-1.5 hr. Ref. 637.

Erupts occaswnally to height of 20-30 ft.
Ref. 637.

Erupts to maximum height of 25 ft at
intervals of 7-19 hr. Ref. 637, 647.

Erupts to height of 60-75 it several times a
day. Ref. 637.

Erupts to helght of 8-60 ft at intervals of
20 min. Ref. 6

Erupts to helght of 25-30 ft at intervals of
2-5 min. ef. 637.

Erupts to height of 60-75 ft at intervals of
18-72 hr. Ref. 637.

Ell']llpts to helght of 20-35 ft several times an

r. Ref.

Erupts to height of 18-30 ft several times
a day. Refs. 566,

Erupts to height of &15 ft once or twice
a day. Refs, 576, 63
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Thermal springs and wells in the United States (excluding Alaska and Hawaii)—Continued

No. l Tempera- Flow "
on , Name or location ture of (gallons Associated rocks References on Remarks and additional references
figure | water (°F) per chemical quality
| minute)
W yoming—Ceontinued
12 Sylvan Springs, in Gibbon Meadows 3.5 190 Small |- [i1: 7 Several springs and fumaroles; also large
miles southwest of Norris Junction, (max) shallow pool. Ref. 561.
13 Gibbon Hill Geyser, near east side of 188-198 | ___________ Rhyolite (Tertiary). ....___ 562 e Erupts to height of 1525 ft several times
Gibbon Meadows at foot of southwest a day. Ref. 637.
side of Gibbon Hill,
14 Artists Paintpots, at foot of northwest 178-199 149 | .. [ L Y, L1 Pools of bubbling mud; also fumaroles.
side of Paintpot Hill. Ref. 576.
15 Geyser Springs, at foot of east side of |.___________{ ___________{.____ 1S S N Several springs including an unnamed
Paintpot Hill. geyser that erupts to height of 25 ft at
intervals of 6 min. Ref. 637,
16 Monument Geyser in Monument Geyser 197 5,400 |_____ s () Y 562 . Erupts to height of 4-9 ft almost constantly.
Basin 1 mile west-southwest of Painpot Also several springs issuing from small
Hill, cones.d Barren area 240 yd long and 50
yd wide.
18A Beryl Spring, 1.5 miles north of Gibbon 197 54 1. s 1 Y, 562 eiiaceeee Pool 20 ft in diameter. Water in constant
1 Falls. ebullition. Ref. 576.
17 . Queen’s Laundry (Red Terrace) Spring, 160 | oo s Y 562 e Large pool. Terraces of sinter. Ref. 561,
l.t5 gﬂles southwest of Fountain Ranger
Station.
18 River Group Springs, on both sides of 119208 || s L 562 e Numerous springs including 6 that are
Firehole River 1.5 miles south of Foun- superheated and 3 small geysers. Ref.
tain Ranger Station. 561
19 Morning Mist Springs, near Nez Perce 201 Small {._.__ 1 TSI P Numerous springs.
Creek 1.2 miles east-southeast of Foun- {max)
tain Ranger Station.
20 Fairy Springs, 2.7 miles south-southwest 184-202 || 562 .. ool 4 groups of springs Includes Boulder
of Fountain Ranger Station. Springs, the water of which is in constant
. ebullition. Ref. 561.
21 Fountain Paintpot_.._ . _________..___.___ Large cauldron of white, pink, and pale
orange clay. Ref. 557.
31A Clepsydra Geyser-_.__......___._.__._..__. Erupts to height of 5-25 ft at intervals of 3
R min. Refs, 576, 637.
21B Fountain Geyser, 2.2 miles southeast of Erupts to height of 50-75 ft at intervals of
Fountain Ranger Station. 6-12 hr. Refs. 557, 576, 637, 665.
21C Morning Geyser, near Fountain Geyser Erupts to height of 50-60 ft at intervals of
(No. 21B). i 2 5 days. Refs. 576, 637.
22 Great Fountain Geyser, 1 mile south- Erupts to maximum height of 90 ft at
southeast of Fountain Geyser (No, 21B), intervals of 8-15 hr. Large deposit of
sinter. Refs. 557, 637.
2A Pink Cone Geyser_ .. oo Fs J YU S Erupts to height of 12-17 ft once a day.
Sinter cone is 18 in. high and 5 feet in
diameter. Ref. 637.
23 White Dome Geyser, 0.8 mile south of |.__.._______|.___________|._.__ s SN A Erupts to height of 18-30 ft at intervals of
Fountain Geyser (No. 21B). 30 min. Ref. 637.
24 Spray Geyser, at base of southend of Twin | _._________ 72 | 11 T AN Erupts to height of 5-20 ft at intervals of
Buttes 4 miles southwest of Fountain 2-31 min. Ref. 637.
Ranger Station.
24A Pool in crater of Imperial Geyser, 0.2 mile |.___________ 690 | Rhyolite (Tertiary)__._._.._. 562 oo Began erupting in 1928 to height of 100-125
west of Spray Geyser. ft; ceased erupting in 1929, Ref. 637.
25 Prismatic Lake in crater of Excelsior Gey- 146 2,700 j-.-.. A0 e 562 . . eeeee Formerly the largest geyser in Yellowstone
ser, about midway between Upper Basin Park but dormant since 1888. Lake is
Ranger Station and Fountain Ranger 370 ft long and water is blue-green.
. Station, Much steam. Turquoise and Opal
1 Pools nearby, also several hot springs.
{ ; Refs. 557, 576, 587, 611, 617, 637.
26 Flood Geyser, 0.5 mile southeast of Pris- 201 L Q0 eeeee - R — Erupts to height of several ft at irregular
matic Lake (No. 25), intervals. Ref. 637.
26A Rabbit Creek area, 1 mile east-southeast of 201 | e 5 [ T 562, o ememeans Several springs and large pool of blue water;
Prismatic Lake (No. 25). (max) ) also paintpots and fumaroles. Ref. 637.
27 Tributary of Juniper Creek, 6.5 miles east |__...____.__|..._..___.__|._.__ s (s SO
of Fountain Ranger Station,
28 Juniper Creek Springs, 1.1 miles southeast |._..______._|._____._____1_____ s (N R,
of No. 27.
29 Biscuit Basin, 2.2 miles northwest of Old
Faithful Inn:
Jewel Geyser. ... oo ... 190 foo ool s 1o 562 e Erupts to height of 12-22 ft at intervals of
) 5-10 min. Ref. 637. -
Sapphire Pool (Soda Geyser)_..____... 201 o [ Y 562 e Erupts to height of 4-12 ft at intervals of
10-20 min. Water is exceptionally clear.
. Ref. 637.
30 1.7 miles northwest of Old Faithful Inn, on
northeast side of Firehole River:
Gem P00l e A0 | e Water is clear and quiescent.
Artemisia Geyser-_.________ .o [< (- T 562 e Erupts to height of 15-35 ft at intervals of
! . 24-30 hr. Ref. 637.
i Atomizer Geyser. . ... oo e s [ TS S Erupts to height of 20-40 ft once a day.
. Ref. 637.
30A 1.2 miles northwest of Old Faithful Inn, on

northeast side of Firehole River:
Sentinel Geysers.___..___.__.__._.__...

Morning Glory Pool.-. -
Fan Geyser-.____

Mortar Geyser. ... ... ool

Riverside Geyser. ... __.______________

2 geysers. Erupt to maximum height of
20 ft at intervals of 2~3 days. Ref. 637.

Refs. 576, 677.

Erupts to height of 6-100 ft two or three
times a year. Refs, 637, 612.

Erupts to maximum height of 30 it two or
three times a year. Ref. 637.

Erupts obliquely to height of 80-100 ft at
intervals of 6-9.5 hr. Refs. 637, 665.
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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)
Wyoming—Continued
31 1 mile northwest of Old Faithful Inn, on
southwest side of Firehole River:

Chain Lakes (Bottomless Pit) Geyser. Rhyolite (Tertiary) - | ccmomeeeee Erupts to height of 35-75 ft at intervals of
2-3 weeks. Refs. 566, 637.

Spa Geyser [ S ' [ e Ex;ttxptsR r?rely to maximum height of 50

ef.

Grotto Geyser- .o oooocooooom oo s SN E Erupts to he ht of 20-30 ft at intervals of .
2-8 hr. . 576, 644, 647, 651, 655, 660,
661, 677, 689

Grotto Fountain_ ... | e ]aae P [ SRS A Erupts to maximum height of 65 ft at

. intervals of 6-12 hr. Ref. 637.
Daisy Geyser .. cooaao 108 | oooeoeaae A0 e 562 immeeee Erupts obliquely to maximum height of
. 75 ft at intervals of 1.5-3 hr. Ref. 637.

Splendid Geyser.......oooooeo________ b1 I (R A0 562 enas Ené?ts rarely to height of 125-150 ft. Ref.

Giant Geyser. . .o ooceoooa.o. 205 | las [+ e 562 o oo Erupts to height of 150-180 ft at intervals
of 6-16 days; sometimes inactive for long
periods. Refs. 574, 579, 637, 648, 649,
652, 655, 665, 672, 679 689

Oblong Geyser-«- oo eoueeooo 202 ilfoeae 1 562 e Erupts to height of 20-40 ft at intervals of
5-8 hr. Ref. 637.

32 0.5 mile north-northwest of Old Faithful
glin, on northeast side of Firehole

ver:

Grand Geyser.....__. - JEUSR N R do R Y E Erupts to height of 180~200 ft at intervals
of 8-80 hr. Refs. 579, 637, 652, 663, 672.

Turban Geyser. . ... oo ieame ] ceccmccea ] eccme e e eee s 1 Y] KOS Erupts to maximum helght of 25 ft simul-
taneously with nearby Grand Geyser.
Refs. 645, 663.

Sawmill Geyser_ - o] aaee ' 1) O 582 e Erupts to height of 17-32 ft at intervals of
3 hr. Refs. 637, 652.

32A 0.3 mile north of Old Faithful Inn, on
northeast side of Firehole River:

Lion (Niobe) Geyser..______.........__ p-1) I R . do SRS A Erupts to height of 50-60 ft several times
a day. Refs. 5 7.

Lioness GeySer-. o oo ceeoeoae 208 | o] emen [« [+ T 562 ... Erupts rarely to mammum height of 80 ft;
sometimes inactive for long periods.
Refs. 637, 645.

Big Cub Geyser- .. ..o b1} N R [ S P Erupts rately to maximum height of 30 ft;
sometimes inactive for long penods
Refs. 637, 645.

Little Cub Geyser. . o oeo e cmmmem oo s L R I, Ref. 645.

Giantess GeySer--.. ... .ccooeoooo_ 202 | oo P U R 562 e Erupts rarely to height of 150-200 ft; some-
times inactive for long periods. Refs.
579, 626, 637, 647, 652, 665, 672, 679, 689.

Midget Geyser. .| cmeme || me s (o YR R ErrgptsR rareﬁ%y to maximum height of 30

ef.

Beehive Geyser- .. oo e e e [ 1s S 562 o eeeeae Erupts to height of 200-220 ft two or more
times a week. Refs. 579, 637, 645, 647,
649, 652, 661, 664, 672, 689,

32B Solitary Geyser, 0.6 mile north of Old 200 | ecan]emans F 1 Y 562 ... Erupts to maximum height of 25 ft at inter-
Faithful Inn. vals of 2-6 min. Ref.

33 Black Sand Basin 0.8 mile west of Ol1d
Faithful Inn

Clift Geyser ___________________________ Erupfts t;) height of 40-50 ft once a day.

Whistle Geyser Erupts infrequently to maximum height
of 40 ft. Ref. 637.

Rainbow Pool...... ... ... __ Erupts to maximum height of 40 ft at
jrregular intervals; sometimes inactive
for long periods. . Ref. 637.

Sunset Lake. - .o oo -| Pool 45 yd in diameter.

Emerald Pool

33A Castle Geyser, 0.4 mile northwest of Old Erupts to height of 65-100 ft at intervals of
Faithful Inn. 12-16 hr. Large deposit of sinter. Refs.
227 617, 637, 644, 647, 648, 652, 655, 661,
5, 689.
34 Old Faithful Geyser, near Old Faithful {______._..._{ ____.._._..| ... s S [ U Erupts to height of 116-171 ft at intervals
Inn. of 65 min. Large mound of gray sinter.
Refs. 108, 563, 566, 576, 579, 590, 599, 617,
637, 648, 652, 659, 660, 677, 688, 689, 602.
34A Pipeline Creek Springs, 0.5 mile south- |- ..o |ocoocoeoaoofooo o 1 562 e
east of Old Faithful Inn.
35 1 mile west of Summit Lake and 7 miles {___ oo oot A0 e 15 shallow, muddy springs. Deposit of
west-southwest of Old Faithful Inn. sulfur. Ref. 5
36 0.5 mile south-southeast of Summit Lake__|____.___..._| . . . _|-cce- A0 oo
37 Lone Star Geyser, 2.7 miles south-south- |_______.____|____________|..___ e N Erupts to maximum height of 25 ft at
east of Old Faithful Inn. intervals of 20-180 min. Cone of gey-
serite 12 ft high. Refs. 587, 637.
38 Shoshone Geyser Basin, 7.5 miles south-
southeast of Old Faithful Inn:
Bead Geyser. -oov oo e P 0 S SR Erupts to height of 10-20 ft. - Abundant
“geyser eggs.”” Ref. 637,

Lion Geyser._.....___... [ IR R 0 L SN IO Erupts to height of 10-12 ft. Ref. 637.

Little Giant Geyser-. . e e A0 e e Erupfts 6;? height of 10-50 ft twice a day.
Ref. .

Minute Man Geyser. .. ..o i eeiceeea ] A0 e e Erupts to maximum height of 20 ft at
intervals of 1-3 min. Ref. 637.

Union Geyser. oo oo oo s 1 ORI B 3 cones erupting simultaneously several
times a week. Maximum height of erup-
tion is 66 ft for northern cone, 114 ft for
center cone, and 3 ft for southern cone.
Ref. 637.

39 Bechter River Springs, 12.5 miles south- | .. . ooooo|ooe |l 1 YU A

southwest of Old Faithful Inn
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Thermal springs and wells in the United States (excluding Alaske 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)
‘Wyoming—Continued
40 Three River Junction Springs, near con- {...._____.___|____________ Rhyolite (Tertiary) cc--oceowleoemacecocacacacaaen
fluence of Phillips, Littles, and Ferris
Forks of Bechter River.
41 Tendoy Falls- Springs, on Ferris Fork of |._____ .. . |oooooo____|._._. 1 SN PSS
the Bechter River.
42 Near northwest shore of Lewis Lake_____. 501 O (RN (N Large pools. Ref. 561,
42A 0.5 mile west of west shore of Lewis Lake.__ 190-198 SMall |- m e mcmecm e cc e eeen Several springs. Ref. 561.
43 Near south outlet of Lewis Lake.....__.__ ; 1 4 Small Deo.
max;
44 D«;}u&e %eyser, ﬁearmWitch Creekin Heart |__....______ Rhyolite (Tertiary). Erupts to height of 10-15 ft. Ref. 637.
ake Geyser Basin.
44A Spike Geyser, near Witch Creek in Heart |._.._.______|____________|..._. s Erupts almost continuously. Ref. 637.
Lake Geyser Basin.
45 Rustic Geyser, 0.25 mile west of north end 201 | A0 e | ————— Erupts to maximum height of 30 ft at
of Heart Lake. intervals of 26-90 min, Ref. 637.
46 Near confluence of Snake and Lewis 158 |l Limestone - ..o _.c_..o__. R
Rivers, 0.5 mile north-northeast of (max)
South Entrance to Yellowstone Na-
tional Park.
47 Snake Hot Springs, near the Snake River 120-163 | oo . Limestone near rhyolite.___. 562. < ceccemcecnan Several groups of springs, Terraces of
5 miles upstream from confluence with travertine. Refs. 561, 621.
Lewis River.
48 Near mouth of Basin Creek, 3 miles south | . ] o | e e
of Heart Lake.
49 Near Snake River, 0.5 mile downstream |..__._.._.__|.__.________ Rhyolite overlying lime- |.__________.._______
from mouth of Basin Creek. stone.
50 ‘Washburn Hot Springs, 1.8 miles south- 178-198 | . ______ Basaltic gravel or breceia____| 562 _.._._.____ Several springs, including Inkpot Spring,
east of Dunraven Pass Ranger Station. and fumaroles in marshy area. Water
from Inkpot Spring is black. Deposits
of iron sulfide. Ref. 561.
51 Sulphur Creek Springs, 1.3 milesupstream |_______._.._|...._.._____ Rhyolite (Tertiary) - ocoeoeooleoooccoacmaamceaes
from mouth of Sulphur Creek and 2
miles south-southeast of Dunraven Pass
Ranger Station.
52 Near mouth of Sulphur Creek, 8 miles | ... ___|oocoecooooo_|oaee A0 - oo e ean
south-southeast of Dunraven Pass
Ranger Station.
53 0.5 mile northeast of Inspiration Point, on | .______..__j____________ ... L 1o
both sides of Yellowstone River.
54 Forest Springs, 1.2 miles east-southeast | _.....ooo|oocoooooooo_|oooo. [ T, 2 large mudpots and several small springs.
of Canyon Lodge at the Yellowstone Ref. 561.
River Falls.
56 0.5 mile south of Norris-Canyon Road and ... .| oo _|eaao_ do....
4 miles west-southwest of Canyon Ran-
ger Station. .
56 Violet Springs, on tributary of Alum Hot 740 |oeeooo s [ T 561,562 .- Deposit of sulfur.
Creek 6 miles southwest of Canyon
Ranger Station.
57 Highland Hot Springs, on tributary of |._._._______|.__.co_...__|-o.__ s L, 561, 562. - oo
Alum Creek 3.5 miles southwest of
Violet Springs (No. 56) and 1.1 miles
north-northeast of Mary Lake.
58 Alum Creek Springs, 2 miles east of High- 104 Large |--.-. do-. - Ref. 561.
land Hot Springs (N 0. 57). (max) .
59 1 mile southeast of Highland Hot Springs | .. _{ocooceoooo_louo [ {s Y ]2 s%rmgs, one ric<ing in shallow basin and
£Ng. 57) and 1 mile northeast of Mary the other a small geyser. Ref. 561.
ake.
60 Elk Antler Creek Springs. ..o o |ooooo oo faeees do.._.
61 Sulphur Spring- ( rategr Hills Geyser), 194 Small |__.__ do--.. 562 oo Pool 20 ft in diameter; erupts to height of
1 mile west of Yellowstone River and 5-6 ft at short intervals., Deposit of
4 miles south of Canyon Ranger Station. sulfur. Refs. 561, 576.
61A Cr}gterd Hills Mudgot?,E?E Lakle-C(ajnyql;n _____________________________ ¢ o USSR OO 5 small mud pools. Ref. 561.
oad near mouth o Antler Creek.
61B Dragon’s Mouth Spring, on Lake-Canyon b 1" 2 D A o L S 562 e ceaeean Pulsating pool of clear water. Ref. 561,
?515;;;1 6 ﬁn;}ies (by road) northwest of
ishing Bridge.
610 Méldl'i Volcano, ﬁaear Dragon’s Mouth 185 | |ecee s Lo S, 562 emeeceos Pool 30 ft in diameter. Ref. 561.
ng (No. 61B). max
Mu‘:l Geg;y(ser___ ) .___.(.____) ___________________ s £ YOS AU Erupts to maximum height of 12 ft every
few sec. Ref. 561.
61D Sulphur Caldron, on northeast side of Yel- |- {ooooooiooo|oonon A0 e e Pool. Water contains much sulfur in sus-
lowstone River nearly opposite Dragon’s pension. Ref. 637.
Mouth Spring (No. 61B).
62 Near west shore of West Thumb of Yel- [._..._______ . P — do JEVE OO
lowstone Lake, 2 miles north of Thumb
Ranger Station.
63 Near west shore of West Thumb of Yel- 200 oo eeees 5 0 U USSP, .-
lowstone Lake, 1.5 miles north-north-
west of Thumb Ranger Station.
64 Near Thumb Ranger Station, on west
sholge of West Thumb of Yellowstone
o:
a"I‘humb Paintpots. .o oo 200 oot |eees s S, 562 oo Pools of pink and white mud. Also several
(max) ssmx:lltgeyser?. Ref]s;. isftixlt' 5-[72,13337';.l
__________________________________________________________________________ outs t0 maximum heig! (o) rreg-
— . S, B L B
....................................................... rupts to height o at intervals o
B I do 35pmin when lake level is low and at
intervals of 2-4 days when submerged by
Eraps el e of 55.60 ft at irregul
ional Geyser_ .. e 0 e e e ceean - rupts to height ol at irregular
et . ovoore rupting, to Helont of 100-125 ft at
Twi ¢3RRI IPURURIN S R [ L SO PO U, 2 geysers erupting to height o a
win Geyse intervals of 4-5 hr. Refs. 561, 637.
Fishing Cone Spring, offshore from |..._....____|..o.o___.___|o.._. 5 (. Y S (R Refs. 561, 637.
Thumb Paintpots.
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Thermal springs and wells in the United States (ewvcluding Alaske 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)
‘Wyoming—Continied
65 Near Yellowstone River, 1 mile down- Rhyolite (Tertiary) ..o cocloocmmooocoocaaacane
stream from mouth of Lamar River, .
65A | Calcite Springs, in canyon of Yellowstone Breccia of andesitic and | 562______________.. Issue near veins of calcite and gypsum.
River 1 mile downstream from mouth of basaltic fragments. Also {fumaroles, Deposit of sulfur.
Tower Creek. Ref. 561.
66 Near Lamar River, 1 mile north-north- (... ___|._..______.. Rhyolite (Tertiary). .o ooooloooomococcmcceeaeee
west of mouth of Cache Creek.
67 ‘Wahb Springs, in Death Guleh 2.2 miles |____________{o_oooo_.___|_____ o L SR U Much Co;. Ref. 637.
upstream from mouth of Cache Creek. .
68 Near Deep Creek, 0.4 mile upstream from Hot 100 | ____ A0 e e e mmm Several springs. Ref. 561.
mouth of Shallow Creek.
69 Near Deep Creek, 3 miles upstream from |________ oo | o 1o YRR DU Do.
mouth of Shallow Creek.
70 Near Deep Creek, 4 miles upstream from |._..__.__.___|c.ooooo_____|_____ ' [« U FSO U U Do.
mouth of Shallow Creek.
71 Near Deep Creek, 5 miles upstream from (... _ |- _____{ ____ 5 (s YV EEOT RO S Do.
mouth of Shallow Creek.
Whistler Geyser, near west bank of Broad 198 fooocccccc| o [ 1 O, 3737 Erupts frequently. Ref. 637.
72 Creek 3 miles upstream from its mouth. . )
Joseph’s Coat Springs_..-.._..._....._____ 032 R R LSRN N Several springs. Scorodite deposited as
coating on siliceous sinter. Refs. 609,
611, 620, 637, 702.
73 Near head of tributary to Broad Creek, 1.5 | ... |eeeoooo oo _|oooo. & o U SO UMY LU U
miles east of Whistler Geyser and
Joseph’s Coat Springs (No. 72).
74 Near head of tributary to Broad Creek, 2 |____________| __________)_____ s L RN F
}niles lslgmaheatsts of 'Whi?%er %e)yser and
oseph’s Coat Springs (No. 72).
75 Hot Springs Basin, 1.5 miles north of |____________j___._.._____[_____ (s £ YO F O Numerous fumaroles. Ref. 561.
Wapiti Lake.
76 Near tributary of Miller Creek, 2.7 miles |____________J______.____|.____ A0
northwest of Saddle Mountain,
7 Near tributary of Lamar River, 2.6 miles {____________|._____.___._|.____ QO e
west-southwest of Saddle Mountain.
78 Near head of Moss Creek, 3 miles south- {_._________|..__________| ____ A0 e e
southwest of Whistler Geyser and
Joseph’s Coat Springs (No. 72).
79 Bog Creek Springs, near head of Bog |....___.___.|.___._.._.__|.____ s T DA
Creek, a tributary of Sour Creek.
80 Head of unnamed tributary of Sour Creek, |___________ | ___________|.____ U (s YR PR
1( I\? milg)s northeast of Bog Creek Springs
0.79).
81 Along unnamed tributary of Sour Creek, |____________|______._____| ____ o (0 YOOI (RO
ggl)niles east of Bog Creek Springs (No.
82 Soin' élreek Springs, 2.3 miles west of Fern |__________._| __________ | ____ Q0|
ake.
83 Ponuntpa Springs, 0.6 mile southwest of 113-180 || A0 e e e Ref. 561.
Fern Lake.
84 Near east end of Fern Lake_______________ Do.
85 Near northwest end of White Lake. - Do.
86 Near southeast end of White Lake._______ Do.
87 The Mudkettles, near Pelican Creek 1.5
%illss east of southeast end of White
ake.
88 The Mushpots, 1 mile southeast of the
Mudkettles (No. 87),
89 Near west end of Sulphur Hills, 1.8 miles
south of Stonetop Mountain.
90 Ebro Springs, 2.5 miles south-southwest of
Stonetop Mountain,
91 Vermilion Springs, near Pelican Creek,
2.3 miles south of Stonetop Mountain.
92 Pelican Springs, at confluence of Pelican
and Raven Creeks.
93 Be{;c]ki Sprtngs,L 0111( shore of Mary Bay of |- .. __| . |-_._. L0 S
ellowstone Lake. . .
94 Turbid Springs, near south end of Turbid Hot Smail |- AOmeeoe 562 ... Deposit of sulfur. Also boiling mud pots
Lake. 0.5 mile west. Ref. 561.
95 Steaniboat Springs, on émrthebast sil)ore of 186-198 | ofooo. Q0ccemm [ Also powerful steam vents. Ref. 576.
Yellowstone Lake at Steamboat Point. .
96 Butte Springs, on northeast shore of 190 10 | . _ QO 562 o Several deep pools of clear watﬁr fm5 %rea
Yeélowstgne Ii’ake, 1.5 miles southeast (max) 300 yd long and 250 yd wide. Ref. 561.
of Steamboat Point. . .
97 DeMaris (Cody) Hot Springs, 4 miles 76-100 | _.____._ Deadwood Formation (Late | 137, 564, 598..._.__ Several springs. Deposit of sulfur. Resort
southwest of Cody. Cambtrian and Early Ordo- and sanitarium. Refs. 144, 592, 594, 597,
vician) or Tensleep Sand- 703.
stone (Pennsylvanian and
Permian). . Ref
98 T. 55 N., R., 9 W., in Sheep Canyon of Warm {__.___....._. Folded Carboniferous or {...._._....._._...._ Several springs. Water used locally. Ref.
the Bighorn River near mouth of Five Triassic strata. 597.
Springs Creek. .
99 T. 53 N., R. 94 W., near upper end of Warm Small | Folded Carboniferous or Ref. 597.
Black Canyon of the Bighorn River. Triassic strata.
100 Sec. 8, T.48 N., R. 115 W, near the Snake Hot 100 | Lava (Tertiary) overlying Refs. 144, 373, 564.
%iwl'ler 2 mil%s_ soutli gf goundary of shale (Cretaceous).
ellowstone National Park. R
101 T.39 N., R. 116 W., near the Snake River 94 100 | Chugwater Formation (Per- |__..__.__..__....___ Several springs, Water smells of sulfur.
4 miles downstream from mouth of mian and Triassic) near Used for bathing and irrigation.
Hobak River. fault. . .
102 Granite Hot Springs, in sec. 6, T. 39 N, 110 360 Wasat;}h Forma.ttmn (BEo- | 2 springs.
R. 113 W. cene) near granite, . . .
103 Near west bank of Salt River, 2.5 miles 68-140 38 | Limestone (Triassic or Ju- | 676._______________ Many springs. Water is salty. Deposit
north of Auburn. rassic). . of tufa. Ref. 144,
104 Sec. 2, T. 38 N., R. 110 W,, on the Green Warm Large | Limestone (Carboniferous)._| ... ... _..._..... 6 springs.

River near Wells.
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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)
Wyoming—Continued

105 T.32 N., R. 107 W_, near Fremont Butte_ Hot Small | Granite. ... Water used for bathing. Ref. 514.

106 Near Warm Spring Creek 4 miles north- 84 | . Tertiary strata overlying | ... __________ Several springs. Deposit of tufa. Refs.
west of Dubois. (max) limestone (Carboniferous). 144, 442.

107 Near mouth of Little Warm Spring Creek, 68 | ... Carboniferous strata mnear |- --.___..____ Do.
8 miles southwest of Dubois. granite. . i

108 Fort Washakie Hot Springs, in sec. 2, T. 110 2,000 | Chugwater Formation (Per- | 137, 564..._______.__ Several springs rising in deep pools. Re-
18., R.1 W., 24 miles west of Riverton. mian and Triassic). sort. Refs. 126, 144, 592, 594, 646.

109 T. 30 N., R. 97 W, 4 miles southwest of 100-120 100 |...__ 1S LS Several springs. Water smells of H,S.
Hailey. g%ed for irrigation. Refs. 144, 564, 594,

110 T.29N., R.96 W., near Sweetwater River Warm |____________ Sandstone (Oligocene) ... |- ooocooooooeo_. Several springs. Water used locally. Ref.
12 miles southwest of Myersville. 623. i .

111 Big Horn (Thermopolis) Hot Springs, on 135 >12,600 | Tensleep Sandstone (Penn- | 137, 575, 585, 597, | 1 large spring and several small springs.
the Bighorn River at Thermopolis. sylvanian. and Permian). 598. Large deposit of tufa. Resort. Refs.

126, 144, 148, 564, 577, 586, 592, 638, 646, 704.

111A | 3.5 miles northwest of Thermopolis, near Hot Small | Red beds (Triassie) ..o} oo ... Deposits of tufa and sulfur. Flow formerly
sulfur deposits. much greater. Ref. 704.

112 Sec. 35, T.32N., R. 86 W., on Horse Creek Warm Large | Oligocene strata near Chug- |-._..___.._____.______ Severalsprings. Water used locally. Refs.
near Independence. water Formation (Per- 144, 623

mian and Triassic). .

113 Alcova Hot Springs,in T.30N.,R.83 W, 139 75 | Faulted Upper Cretaceous | 564.. . ___._..___ Several springs. Resort. Refs. 144, 623.

LﬁliFremont Canyon of the North Platte strata.
ver.

114 T.31 N, R, 71 W, near the North Platte Warm |__ . Folded Oligocene strata.. _..|.._ . ___..__________ Water used for bathing and irrigation.
River 9 miles south of Douglas. Ref. 564.

115 Sa.{%toga Hot Springs, in T, 17 N., R. 84 120 10 { Sandstone (Tertiary).._.___. 564 _| 6springs. Resort. Ref.144.

116 10 miles northwest of Laramie___.__ . __ __ T4 | . Faulted Mesaverde Group {------ [, Refs. 124, 144.

(Late Cretaceous).

Although Alaska and Hawaii have recently been ad-
mitted as States, their geographic separation from the
48 conterminous States warrants their consideration
here as separate entities. Alaska may be divided
broadly into five geographic provinces: (1) the Pacific
mountain region, which includes the coastal mountain
ranges and islands of the southeastern “panhandle,” the
Alaska Range and subsidiary ranges in the southern
part of the State, and the southwestern extension con-
sisting of the Alaska Peninsula and the Aleutian Is-
lands; (2) the Central Plateau region, which is mostly
within the basins of the Yukon and Kuskokwim Rivers;
(3) the Rocky Mountain region, embracing subsidiary
ranges in the northern part of Alaska; (4) the Arctic
Mountain region, consisting of the Brooks Range and
subsidiary ranges, all nearly parallel with the Arctic
coast; (5) the Northern Plateau, which descends to a
broad coastal plain that extends north to the Arctic
Ocean.

The thermal springs in the southeastern part of
Alaska are generally associated with shear zones in
granitic rocks which are present as batholiths or intru-
sives of Mesozoic or later ages in the Coast Ranges.

Few hot springs are known in the Alaska Range and
other ranges in the southern part of the main area, al-
though the rocks of that region are intensely folded and
faulted. Nearly all the known hot springs in the Alaska
Peninsula and Aleutian Islands are associated with vol-
canic rocks, and most of them are near volcanoes that
are still active.

Several thermal springs in the Yukon River basin
are in three general areas: between Circle and Fair-
banks; the Hot Springs-Rampart area; and north of
the Yukon, between Ruby and Fort Hamlin. These are
areas of intrusive granitic rocks, of Mesozoic and pos-
sibly later age, fractured by post-Eocene movements.
On the Seward Peninsula are also several hot springs
in areas of intrusive rocks of Mesozoic or Tertiary age.
Although Quaternary volcanic rocks are present at
numerous places in the Yukon River basin and Seward
Peninsula, no thermal springs seem to be associated with
these rocks.

Information concerning the various thermal springs
is given in the table below. The locations of the springs
and volcanoes are shown on figure 9.
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THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs in Alaska
[Data chiefly from refs. 172 and 178. Principal chemical constituents are expressed in parts per million]

No. Temper- Total dis- chs
on Name or location ature of Flow solved | Principal chemical constituents Associated rocks Remarks and additional references
fig. 9 water (gpm) solids
(°F) (ppm)
1 | Near head of Reed River____ 100 | oo e el Probably schist_ .___..___. Pool 20 ft in diameter. Small de-
posit of tufa. Ref. 176.
2 | On upper course of Alatna Warm Large - Paleozoic schist and lime- | Numerous springs near river
ver. stone. channel.
3 | Near head of Selawik River.| Warm |.._...__ - - .-| Probably Mesozoic or
older strata.
4 | Arctic, on Hot Springs Creek_ 150 10 |. I DS Probably granite intrusive | Several springs issuing along creek
in gneiss. for distance of 0.5 mile. Small
amount of H;S. Large mounds
(l)(tistufa. Bath cabin. Refs. 154,
5 | Near Inmachuk River.______ 100 Large |.. B SN Crystalline limestone...... Ref. 170.
6 | Kruzgamepa, 70 miles north | 100; 156 8 15,955 | Si0: (87); Ca (545); Na (1,587); | Alluvium overlying gran- | 2 main springs; also much seepage.
of Nome. K (61); 804 (25); Cl (3,450); ite. Small deposit of salt. Water used
small amount of free HS. {(ég bathing and irrigation. Ref.
7 | Near Kwiniuk River__..._._ HOt || Probably Paleozoic strata_| 2 %méall groups of springs. Free
20.
8 01:(13 trﬂ];utary of Sweepstake HOt | oo e e (6 [ Y,
reek.
9 | Horner, 0.75 mile north of 86-120 45 2292 | 8i0; (29); Na+K (58); HCO; | Fractured granite....._.._ 1 main and 7 smaller springs.
Yukon River. (22); CO3 (32); SO4 (45); Cl Temperature of water from main
(39); small amount of free H,S. spring, 117°F. Water used for
domestic supply and irrigation.
10 | Melozitna, 16 miles north of 131 130 442 | Si0, (78); Na+K (107); SO4(61); | Granite, probably in- | Issues on creek bank. Small de-
Kokrines. C1 (92); small amount of free truded into Paleozoic pogiits of tufa and sulfur. Bath
H,8. strata. cabin,
11 | Little Melozitna, 27 miles | 82-99.5 60 1350 | 8i0; (80); Na; HCOs; Cl; free | Granite intrusive in schist.| Mainand 4 smaller springs. Water
north of Hub roadhouse. 03, from main spring is hottest.
Bathing pool.
12 | On_ Ray River, 35 miles 130 feomom e el - Granite intrusive.___._____ Free H2S. Water used for bathing
above its mouth. and irrigation.
13 01%{ : tributary of Innoko Hot Moder%tely .......... Probably Mesozoic strata.
ver. arge
14 | Baker, near north bank of | 101-136 145 417 | SiOy (59); Na (121); HCO; (86); | Granite intrusive...._.____ 3 springs. Analysis is for water
Tanana River. S04 (48); CI (120). having temperature of 125°F.
Waiter used for bathing and irri-
gation.
15 | Hutlinana, 8.5 miles east of 114 50 634 | Si0; (44); Na+K (208); HCO; | Lower Cretaceous quartz- | Bathing pool; cabins.
Eureka post office. (64%4); S04 (67); Cl (38); free ite.
2.
16 | Near Little Minook Creek... Hot Small | | . Granite, probably in-
t{udted into Paleozoic
strata. .
17 | Near Tolovana River_..__.__ 130 Small (.| Granite intrusive in schist. Wﬁtesr tastes alkaline. Free CO;,
.
18 | Chena, 62 miles east-north- 72-153 220 338 | Si0O2 (77); Na+K (94); HCOs |.____ o Y 10 main springs. Analysis is for
east of Fairbanks, (118); 804 (78); free HaS. water having temperature of
149°F. Water used for bathing
and irrigation.
19 | 42 miles southwest of Circle..| 100-134 130 1813 | 8i0y (82); Na (248); HCO3 (178); |...-_ (s (s O 11 main springs. Small deposits of
S04 (98); Cl (252); free COs. tufa, sulfur, alum. Water used
for bathing and irrigation.
20 | On Big Windy Creek, in Hot | Moderately |- oo o] mmam QGranite intrusive....._.._. 2 main and several smaller springs.
canyon, large Free H,S.
21 | On upper Flat Creek__._____ Warm |ocooeeovo oo e oo Schist. -
22 | About 20 miles north of Warm || e e Qravel, probably over- | Supplies pool which does not freeze
Qlacier. lying granite. over in winter.
23 | About 8 miles west of Warm || e Quaternary gravel over- Do.
QGlacier. lying gneiss.
24 | On Otter Creek, 10 miles | Warm |-.oo._____..__ - [, Granite, at contact with | Several springs; flow all winter.
southeast of Iditarod. slate. Iron oxide stains on rocks.
25 | Near Tuluksak River, in HoOb | oo e e e Probably granite intrusive | Several springs. Free HsS.
‘Whitefish Lake area. in Cretaceous strata.
26 | Near head of Ophir Creek, 150 5 L N I Granite intrusive in Car- | Small amount of free HoS. Water
in Whitefish Lake area. boniferous volcanic tuff. used for bathing. Large mound
of siliceous sinter 13.5 miles
farther southeast marks site of
former thermal springs.
27 | On Twelvemile Creek._...___ HOt |oveooeeee — _— - Altered Paleozole strata...
28 | AttuIsland._________ _-| Water rises in pools. Ref. 177.
29 | Little Sitkin Island.... - Near solfataric volcano. Ref. 171.
30 | Semisopochnoi (Semisei- |  HOL |- oo oo | T o Ref. 171.
sopochnoi) Island,
31 | At Hot Springs Bay on HOb {oeeeeoo . J N D U DU L (o T Ref. 172.
Tanaga Island.
32 | At base of voleano on 8219 o] U IO, s Y, Hot springs and fumaroles. Water
Kénaga Island. used for cooking food. Refs. 160,
166.
33 | Near White volcano on HOt | e | e s [T Refs. 155, 160, 166, 171.
Adak (Adakh) Island.
34 | Great Sitkin Island._______._ 190-208 | m oo e e s L S, 12 main springs, also mud pots and
fumaroles, at altitude of 2,000 ft.
Refs. 153, 171, 173.
35 | Near Conical volcano on HOt | e e e s 1 Y, Mud pools, some boiling. Water
Atka (Athka) Island. is sulfurous. Ref. 155.
36 | Near Kliuchef volcano on Hot |..o_.____ Y O SR [« Lo T Ref. 160.
Atka (Athka) Island.
37 | About 5 miles from Kordvin 167 |oee.oe - [ A0 Ref. 155,
Bay on Atka (Athka)
Island.
38 | Seguam Island..___.____.___ Springs and hot mud pools. Ref.
160.
39 | At base of volecano on Ref. 160.
Chuginadak Island.
40 | Kagamil Island__________.___ Springs and fumaroles. Ref. 160.

See footnotes at end of table,
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No. Temper- Total dis-
on Name or location ature of Flow solved | Principal chemical constituents Associated rocks Remarks and additional references
fig. 9 water (gpm) solids
Q)] (ppm)
41 | Northeast of Vsevidof vol- 43-68 52,000 | oo e oo eeae Lava. oo 16 springs, including 1 geyser; also
cano on Umnak Island. fumaroles. Water contains as
much as 159 ppm of B3O;. Refs.
83, 153, 171,
42 | Central part of Umnak 214 | oo 1,377 | 8i0; (150); Ca (39); Na (350); |----- L [ T, Small geyser.
Island. E%Oz (29)) S04 (130); C1 (483);
2VU3

43 | Near Hot Springs Cove on 95-215 | oo o 2,282 | Si0, (88), Ca (164); Na (606); |._.-. U (1 Y 28 springs, including several small

Umnak Island. HC (67); 8Os (88); Cl geysers. Analysis is for water
1, 133) Baos (92). 11?‘}“{%3 temperature of 192°F.
ef. 153,

44 | Bogoslof and New Bogoslof S o] R Y (RN JOUR RO P 0 (s Intermittent and steady jets of

Islands. steam from many vents. Refs.
156, 157, 160, 169, 175, 177.

45 | Makushin volcano on Un- L U SO DU R L () Several springs. Solfataras in the
alaska (Unalashka, Oona- crater. Refs. 155, 160, 166, 168,
lashka) Island.

46 | Akutan Island, including 8181 |- 1952 | Si0; (129); Ca (10); Na (288); | Lava oo Several springs and steam vents.
springs at head of Long HCOs (192); S04 (39); C1(350); Refs, 152, 155, 159, 171.

Creek and in Hot Springs B30s (36).
Bay valley.

47 Is]etl ngrthwest of Akutan Hot [ e L4 Ref. 160.

sland.

48 | Islet southeast of Akutan HOb | oo e e e o 1) Several springs issuing on beach
Island. between tide levels. Ref. 155.

49 | Near Pogromni volecano on HOt |- oo e | e 15 () Many springs; also hot marshes.
Unimak Island. Refs. 160, 166.

50 | Near Morzhovoi (Morshe- HOt § oo et | e 4 (S, ‘Water is sulfurous. Refs. 160, 171,
voi) village.

§1 | Amagat Island, near Mor- Hot | ] e | e U U S Refs. 155, 160, 166.
zhovoi Bay. X .

52 | Near Pavlov voleano......._ 140 Large |- ool do - . Several main springs; also fumar-

oles on southwest slope of
Mount Hague.
53 | Near Balboa Bay..._........ 08 | e . Ref. 160. .
54 | Port Moller_ .. __.______.____ 150-180 |- oo oo m e e e eem Recent lava overlying | 1 main and several minor pools.
limestone. Water tastes alkaline. Much
free gas. Refs. 160, 166
55 | Near Port Heiden..____...__ HOb |- e el Pr(t)bably Cretaceous | Water issues near shore.
strata.
56 | Southwest shore of Becharof |__________| _____ ______ .l . Jurassic sandstone prob-
Il;akiai l:1ear base of Mount ably intruded by lava.
eulik.
57 | Near Katmai Pass._._.._____ Hot LArge |- oo | e Lava. .. Mouch free H3S. Deposits of ocher
and sulfur. Refs. 161, 174,

58 | Near Mount Katmai, in- HoOb | e Lavaand tuff_..___.______ Several springs and many fumar-
cluding those in Valley of oles. Refs. 119, 151, 158, 161 163,
Ten Thousand Smokes. 164, 182, 183.

59 | West Fork of Douglas River, Hot Large |- oo Jurassic strata.........__

25 miles west of Cape
Douglas.

60 | Near shore of Lituya Bay- o Warm | e Tertiary strata__________._

61 Paleozoic strata.

62 do

63 N;)rtth shore of Lisianski In- |  Hot | |
e

64 | 4 miles above head of 81-179 10 1592 SiOz (119); Na (137) S04 (226); | Diorite intrusive in gran- | 12 springs issuing near creek
Tenakee Inlet. Cl (33); free I ite. Small deposits of tufa.

65 | Hooniah, 75 yd from shore_..| 84-111 30 1276 | Si0O; (96); Na + K (59); HCO3 | Sehist. ... 3springs. Water used for bathing.

(18); COs (25); 8Os (35) Cl
(42), small amount of free Hns

66 | Near North Arm of Peril | 101-103 3 4786 | Na (206) S04 (329); C1 (133)._.._. Fractured diorite......____ 4 main springs issuing on shore
Strait. between low and high tide levels.

67 | Tenakee, on north shore of 56-106 22 1787 | SiOz (94); Na (201); SO4 (302); | Graniteintrusivein gneiss.| 10 main springs. Bathing resort.
Tenakee Inlet. . Cl (99); free CO3, HjS. Ref. 180.

68 | 3 miles east of head of Fish 62-117 25 1393 | 8103 (110); Na + K (69); HCO3 | Faulted schist.._.....____. 24 springs issuing along bank of
Bay. (43); CO3(63); B4O1 (34);small small creek. Water used for

amount of free H,S bathin;

69 | Baranof____________________. 60-122 80 1268 | 8i0, (96), Na + K (58); HCOs | Faulted granite and dio- | 9 Rspring%s. Bathhouses; cabins.
(93) Oy (49). rite.

70 | Sitka, near shore 16 miles 95-149 13 14,877 O3 (96), Ca (378); Na (1,440); | Granite cut by diabase | 3 main springs, 124°—149°F Bath-

south of Sitka, 804 (88); Cl. (2,745); free HS. ikes. ing resort. Ref. 166, 180.

71 | Near north side of Gut Bay..| Warm Paleozoic limestone and | Water is sulfurous.

schist.
72 | North side of Stikine River, Alluvium overlying intru-
18 miles northeast of sive granite.
‘Wrangell.

73 She}k&;s, 20 miles northeast 3125 100 1409 | SiQg (108); Na (87); HCO; (43);| Granite..._._____._______. Several springs. Bathhouse.
of Wrangell.

74 | South side of Stikine River, Hot Small .. Probably Paleozoicstrata,

8 miles north of Wrangell. near granitic batholith.

75 | South end of Vank Island, Hot | e L L O, Issues on beach between low and
8 miles west of Wrangell. high tide levels. .

76 | Bailey Bay.. .. ... ... 145-191 83 413 | Si03 (142); Na + K (54); HCOs | Granite. _._._________.____. 9 main springs. Analysis is for
(27); COs (52); small amount water having temperature of
of free H,S. lRalif"I;80 Water used for bathing.

ef. 180,

77 | North bank of Unuk River..] Warm Ref. 181

7815 éuiles southeast of Saks 150 -

ove.

79 | BellIsland. ... __. 109-162 10 1674 | Si0 (105); Na + K (201); SO4 | Granite cut by pegmatite | Temperature of water from 5 main
(129); Cl (188); small amount dikes. springs ranges from 125° to 162°F.
of free H,8S., Bathhouse.

1 Hottest. 8 Maximum,

2 Main spring. 4 Coolest.
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The eight main islands and several smaller islands
that constitute the State of Hawaii are composed al-
most entirely of volcanic materials, overlain in a few
places by deposits of coral limestone and alluvial mate-
rial. Active volcanism is limited to the largest and
easternmost island, Hawaii, which includes the great
volcanic craters of Kilauea and Mauna Loa, both of
which erupt occasionally with the outpouring of molten
lava. Because the volcanic materials of all the islands
are largely fragmental and porous, the water table is,
in most places, only a few feet above sea level and
springs are not common.

The location of thermal springs and wells is shown on
figure 10, and information concerning them is presented
in the table below.

OTHER NORTH AMERICAN COUNTRIES
CANADA

More than half the area of Canada slopes gently to
Hudson Bay, but the two main streams of the country
have other outlets. The St. Lawrence River flows north-
eastward to the Atlantic Ocean, and the MacKenzie
River flows northwest to the Arctic Ocean. Most of
the eastern part of Canada is within the great region
of Precambrian rocks known as the “Canadian Shield.”
Farther west the broad plains are underlain by gently
dipping Paleozoic and Mesozoic strata which rise
through foothills to the Rocky Mountains, where the
strata are upthrust, faulted, and folded, and the under-
lying granitic and metamorphic rocks are exposed. In
the western Coast Ranges the rocks are largely granitic
and metamorphic. These are overlain by ancient sedi-
mentary strata in many areas.

160° 158°
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Thermal springs and wells in Hawaii
[All issue from or tap Tertiary or Quaternary lava}

No. Temper-
on Name or location ature of Remarks and references
fig. water
10 (°F)
Maui County
1 | West part of Molokai 93 | Drilled well. Water contains Ca (393
Island. ppm), Mg (395 ppm), Na+K 820
ppm), HCO; (44 ppm), Cl (2,890
ppm). Ref. 359
2 | Mouth of Ukumehame 95 Drﬂledwell Ret 357,
1Cal(xiyon on Maui Is-
and.

Hawaii County

1| On shore at Kawaihae_..| Warm | Ref. 347.
2 | Near shore at Kailua.._.| Warm | Water vapor but no definite flow. De-
%os}t gf 7Glauher salt (NasSO410H;0).
ef
3 | In and near crater of Hot | Steam issuing from crevices. Incrusta-
Mauna Loa volcano. tions of sulfur. Refs. 347, 348, 358,
4 | Crater of Kilauea vol- Hot | Steam issuing from crevices on north
cano. edge; used as vapor baths. Also
solfataras in bottom of crater. Refs.
345, 346, 348-351, 353-355, 358.
5| 0.5 mile northwest of 83 | Smal) spring-ied pool at foot of fault
Puu Kukae, scarp. No outflow. Ref. 350 and
personal communication from Q.
Macdonald to G. A. Waring (1950)
6 | Near north base of Puu 84 | Small flow. Ref. 350
Kukae hill.
7 | Or shore 3 miles south 91 Do.
of Kapoho.
8 | Near Waiwelawela Point.] Warm | Small flow. Probably on southwest

rift zone of Kilauea volcano. Refs.
350, 356, and personal communica-
tion from G. A. Maedonald to G. A.
‘Waring (1950).

No thermal springs have been recorded in eastern
Canada; a number are present in the southwestern
part of the country, where they seem to be associated
chiefly with faults in ancient sedimentary strata or
with fissures and fractures in the granitic and meta-
morphic rocks.

Data on the thermal springs are presented in the
table below. The locations of the springs are shown on
figure 11.
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F16URE 10.—Hawaii showing location of thermal springs and thermal wells.

From refs. 347, 350, and

357-359.
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Fiecure 11.—Part of southwestern Canada showing location of thermal springs. Chiefly from refs. 711 and 712.

Thermal springs in Canada

[Data chiefly from refs. 711, 712. Principal chemical constituents are expressed in parts per million]

No. Temper- | Flow (im- Total .
on ﬁg Name or location ature of |perial gallons| dissolved | Principal chemical constituents Associated rocks Remarks and additional references
water | per minute) solids
(°F) (ppm)
Alberta
1| Jasper (Miette), on Sulphur | 70-120 |._____________ 503;1,825 | Ca, SO4; free HaS .o oo Paleozoic strata. ... ... 6 main springs. Resort. Refs.
Creek, 10 miles from Jasper 708, 709.
Park Station.
2 | Bank of Fortymile Creek, 4 Warm Small ||l Upper Banff Shale (Mis- | Ref. 723.
miles northwest of Banff. sissippian).
3 | Near south base of Stoney Warm 1330081 | N ) DR Pennsylvanian strata_ ... Do.
Squaw Mountain, 2 miles
north of Banff.
4 | Auto Road, near Vermillion 67 100 434 | Ca (95); Mg (23), HCOa (155); | Upper Banff Limestone | Refs. 710, 722, 723.
%ak% 3 miles northwest of 804 (147) Cl (42 (Mississippian).
anff.

735-914 0—65——5
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Thermal springs in Canada—Continued

No. Temper- | Flow (im- Total
on fig. Name or location ature of |perial gallons, dissolved | Principal chemical constituents Associated rocks Remarks and additional references
11 water per minute) solids
(°F) (ppm)
Alberta—Continued
5 | Banff:
Basin, near valley floor__ 94 150 1,905 | Ca (400); Mg (71); HCO; (175); | Triassic strata faulted | Piped to bathhouse. Refs. 710,
S04 (1,120); gas, 97 percent Na. against Devonian lime- 711, 722, 723.
stone.
Cave, near valley floor __ 85 250 1,107 | Ca (217); Mg (39); HCOs (140); |-..__ Lo 1o Refs. 710, 711, 722, 723.
. S04 (580); gas, 97 percent Ns. . . .
Kidney, on northeast 101 20 1,064 | Ca (230); Mg (39); HCO3 (154); |----- L (s Piped to swimming pool. Refs.
flank of Sulphur SOy (587). 710, 711, 722, 723.
Mountain.
Middle, on northeast 92 100 1,059 | Ca (228); Mg (39); HCO; (128); |-.--- Lo 11 S Issues in small cave. Refs. 710,
{\ldank " of  Sulphur S04 (610); gas, 97 percent Na. 711, 722, 723
ountain.
Upper Hot, on north- 115 130 1,098 | Ca (239); Mg (40); HCOs (133); [----- A0 Piped to bathhouse. Refs. 710,
east flank of Sulphur SOy (634); gas, 98 percent Na. 711, 722, 723.
Mountain.
British Columbia
1 | North bank of Liard River, Warm Small ||| e Ref. 717.
2 miles below mouth of
Coal River.
2 | Bank of Liard River, 1 mile | 121-125 |______________ 1,195 | Si0; (57); CaO (292) MEO (68); |-cmmmecommomccm e Water issues in tufa-lined basins.
northwest of bridge on (hottest) 804 (505); C1 (23). Refs. 717, 724.
Alcan Road.
3 | West bank of Toad River, Hot | e e About 15 springs. Refs. 717, 720,
1.5 miles aboveits junction 724.
with Racing River; 8 miles
from Alcan Road.
4 | South bank of Prophet HOt o e e | e Several springs. Deposits of tufa
River, 35 miles west of Ref. 717.
Alcan Road . i
5 | East side of Stikine River, | 120-150 700 800 | CaSOy (202), NasSO4 (154); | Fractured schist and | 18 main springs. Ref. 714.
x(l}e]arl'y opposite  Great NaCl (423). granite,
acier.
6 | North bank of Peace River Ot | oo oo e e Several springs. Large deposits of
at Hudson Hope. tufa. Ref. 717.
7 | 0.5 mile east of southeast 185 | oo e e e Several springs; probably the hot-
corner of Lakelse Lake and test in Canada. Resort. Ref.
10 miles south of Terrace. 718.
West side of Bishop’s Cove 112 | e Fissured quartz diorite... | Ref. 707.
on Ursula Channel.
9 | Near QGardiner Canal, 12 112 Small || Sehist. oo ________. Do.
miles above Desolation
Channel.
10 | Near southeast bank of Brim 100 | oo o e Fissured quartz diorite.. .. Do.
River, 200 yd above mouth
of river.
11 | Shore of Ursula Channel..___ 112 Small |||l doo . Do.
12 | Head of Klekane Inlet__ - Do.
13 | Shore of Nascall Bay._.____. Several springs.
14 | Shore of Eucott Bay on west Ref. 707.
side of Dean Channel.
15 | Shore of Brynildsen Inlet Warm || .
on Labouchere Channel.
16 | Northwest of Bella Coola....] Warm |.____________ | b o Several springs.
17 | Shore of South Bentinck Warm Large |- oo Fissured quartz diorite.___| Water used for bathing. Ref. 707.
Arm, 25 miles south of
Bella Coola.
18 H?d of South Bentinck | Warm |._..__.___ || Ref, 707.
m,
19 | 1 mile from Fair Harbour on Hot | oo e e e Several springs. Ref. 706.
Kyuguot Sound, Vancou-
ver Island.
20 | Sharp  Point, between 125 100 483 | SO4 (47); Na (137); C1 (217).mee oo Fractured diorite__..______ May be mixed with sea water.
Sydney Inlet and Refuge Refs. 706, 713.
Cove, west side of Van-
couver Island.
21 | Skookumchuck, 20 miles 130 oo 1,280 | Ca (169), Na (119); S804 (413); |-ccooooo
northwest of boug]as 1 (338
22 | Bank of August Jacob’s 120 Small 367 Ca (32), Mg (41); SO4 (162); | Metamorphic rock_._.._.__
Creek, 11 miles northwest C1(39).
of Douglas.
23 | Bank of Sloquet Creek, 10 160 Large 742 | Ca (94); Na (108); SOs (360); [ Sedimentary strata (Ju-
miles above junction with C1 (63). rassic?).
Lilooet River. .
24 | Harrison, near south end of | 140;145 |______________ 1, 285; Ca, Na, 804 Cl___.._.______. Fractured ancient sedi- | 2 main springs. Water is radio-
Harrison Lake. s mentary rocks. active. Resort. .
25 | Halcyon, on east shore of | 120-128 |__.._ __ ___ ____ 788 | Ca (57); Na (161); HCO; (48); | Gneiss..____._____________ 3 main springs. Water is radio-
Upper Arrow Lake. SO, (433). %{:tfivgm Resort; sanatorium.
ef. 716.
26 | Ainsworth, on west shore of 101.5 60 1,766 | Ca (150); Na (200); HCO3 (1,144).| Metamorphosed sedimen- | Several springs. T.arge deposit of
Kootenay Lake. (max) tary and volcanic rocks. tufa. Resort. Rozf. 721.
27 | Radium (Sinclair).._________ 114-116 330 696 | Ca (140); HCO; (216); SO (306) .| Fractured Jubilee Forma- | Several springs. Water is strongly
3 tion (Cambrian). radioactive. Resort. Ref. 705.
28 | Fairmont, 1.5 miles north- 86-113 |______________ 1,218 | Ca (228); Mg (75); HCOj3 (230); | Cambrian(?) strata..__.___ 2 main springs (91° and 113°F) and
east of north end of Colum- S04 (570). 4 smaller springs. Analysis is
bia Lake. for water having temperature of
91°F. Water is radioactive. De-
posits of tufa. Resort. Ref. 705.
29 | Bedrock, on_west bank of | Warm Small oo i o T Extensive deposits of tufa. Prob-
Kootenay River 9.5 miles ably several springs.
northeast of Canal Flats.
30 | East shore of Columbia | Warm Small ool Jubilee(?) Formation (Up- Do.
Lake, 2 miles north of per Cambrian).
Canal Flats.
31 | Bank of Lussier (Sheep) 108 { oo L Beaverfoot Limestone | Several springs. Water is sul-
River, 11 miles east-south- (max) (Upper Devonian). furous. Used for bathing. Ref.
east of Canal Flats. 715,
32 | Bank of Ram Creek, 13 miles 90-100 |- e e Jubilee Formation (Up- | Many small springs. Deposit of

southeast of Canal Flats.

per Cambrian).

tufa. Water is alkaline. Ref. 715.
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MEXICO

The main part of Mexico consists of a great plateau
region bordered on the east and west by mountain
chains and comparatively narrow bands of lowland
between the mountains and the coasts. In the northwest
a chain of barren mountains traverses nearly the entire
length of Baja California. These mountains have
steep eastern slopes but a gentler descent to the Pacific
coast on the west. In southeastern Mexico there is a
detached mountain region, but in the extreme southeast
the greater part of Yucatan consists of low sandy
plains. Inthe main plateau region the Valley of Mexico
near Mexico City and the Bolson de Mapimi in the
States of Chihuahua and Coahuila, are floored by de-
posits of former lakes, of which many small lakes and
marshy lagoons are remnants.

Most of the eastern and central parts of the plateau
region are underlain by Cretaceous strata. In western
Mexico much of the upland region is covered by Ter-
tiary volcanic rocks, which also extend nearly to the
east coast in the southern part of the plateau region.
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Farther south much of the upland is of ancient crys-
talline rocks. Marine Tertiary strata form bands along
much of both coasts and along a large part of Baja
California.

Popocatepetl volcano southeast of Mexico City, and
several other great volcanic peaks, are along a nearly
east-west line.

Some of the craters are still semiactive. The new
volcano of Paricutin, which began to develop in Feb-
ruary 1943, is in the western part of this band, about 60
km northwest of Jorollo volcano, which developed in
a similar way beginning in September 1759.

Most of the thermal springs of Mexico seem to be con-
centrated in or near the middle part of the principal
band of volcanic activity, which extends westward
across the country from Orizaba volcano 120 km west of
Vera Cruz.

The table below is a summary of the available data
on thermal springs in Mexico. The locations of the
springs and the principal volcanoes are shown on figure
12.

Thermal- springs and wells in Mexico
[Data chiefly from ref. 744. Principal chemical constituents are expressed in parts per million]

No. Tempera-| Total dis- . .
on Name or location ture of | Flow (liters | solved | Principal chemical constituents Associated rocks Remarks and additional references
fig. 12 water | per minute) | solids
(°C) (ppm)
Aguascalientes
1| Ojo Caliente (Cantera), 4 28-30 | Moderately |..c.....-. [ R O Several springs. Water used for
km southwest of Aguas large bathing. Refs. 732, 750.
Calientes.
2 | In_valley east of Aguas 40§ e e Refs. 727, 750.
Calientes.
Baja California
1 | East border of Lagunsa 44-53 | Moderately 24,890 | CaSO4 (5,222); NaCl (21,960)....| Alluvium___._._______.__. Several springs. Ref. 746.
Salada (LagunaMaquata). arge
2 | West side of Voleano Lake, 42-77 | Moderately | oo | e | e [ 1T, Several springs and mud volcanoes
at base of Cerro Prieto. large in northwest-trending band 1
mile long and 0.5 mile wide.
Refs. 746, 759, 770.
3 | Volcan, 8 km east of El Warm Small {_ . - - Several springs in ravine. Large
Marmol onyx quarries. deposits of tufa. Ref. 768
1| Ojo Caliente______.._...__.._. Warm | Moderately Issgis at base of hill. Refs. 740,
large
2 | Several km north of Llanos._ Hot Moden;tely Ref. 740.
arge X
3 | 6.5 km east of Santa Rosalia. Hot | Moderately U USRI 6 springs issuing at base of bluff.
large Water is sulfurous. Used for
bathing. Ref. 749.
Colima
1 | Barcena volcano, on San 5 (01 O i Recent lava.___.____.__... Many steam fumaroles produced
Benedicto Island. by eruption in August 1952.
Refs. 754, 769.




58

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

Thermal springs and wells in Mexico—Continued

No. Tempera- Total dis-| ips
on Name or location ture of | Flow (liters | solved | Principal chemical constituents Associated rocks Remarks and additional references
fig. 12| water | per minute) solids
(°C) (ppm)
Durango
1 | Near Agua Caliente railway Warm - - -
station.
Guanajuato
1| Comanjilla, 20 km west of 104 | Moderately |- | Decomposed fractured | Group of spouting springs and
Guanajuato. (max) large granite. several small geysers, including
Geyser Humboldt., Large
amount of H3S. Deposits of
sinter and opaline silica. Refs.
727, 771 .
2 | Aguas Buenas, 20 km south- 45 | Moderately High | 8i032; Na3SO4; free HaS__________ Tertiary conglomerate | Several springs. Deposit of sili-
east of Comanijilla. (max) large faulted against Triassic ceous sinter. Water used for
slate; near basalt and bathing. Refs. 727, 771.
andesite.
3 Tlél;fta-l’oy 50 km west of | Warm O, LaVa. oo Water used locally. Ref. 771.
amanca.
4 | San Gregorio, 14 km north- Tepid Large 960 | 8iOz (79); Na:O (246) K:0 (50); | Basalt and rhyolite_.._____ ‘Water used for irrigation. Ref. 763.
:fiﬁst of Cuitzeo de Abasolo S03 (165); C1 (17
age.
5 Mgnguiai, 10 km east of San Hot Small N U RV A0l Water is muddy.
regorio.
6 | Cuitzeo de Abasolo........_. 75 | 2, 900 604 | SiOs (81); NagO (167) K30 (95); |- 15 (T 2 majn springs. Water used for
803 (54); C irrigation. Ref. 763.
7 | Pueblo Nuevo______________. Warm Small |- e e 6 (S, Ref. 771.
Jalisco
1 | Atotonileo, 2 km from Hue- Hot |._. S e | e e Water used locally.
jucar.
2 | Embocadero and Zapotan, | Warm; |- ol e 2 springs. Water used locally.
75 km west of Ameca. hot
3 | Laguna de Magdalena_._____ 25 | 119 | Ca, HCOy; free COs__. U U Several springs. Waterusedlocally.
4 | Agua Caliente, near Teu- Hot | e e e 1 main and 2 smaller springs.
chitlan. Water is sulfurous. Used locally.
5 | Tala municlpio
Agua Caliente Grande, 45 Small || Water used locally.
28 km east of Tala.
20 km from Tala.._.._ ... Hot Small JE RS DR 2 springs. Water used locally.
10km from Tala..____.__ Warm Small Water used locally.
6 | Agua Caliente Chica, near Hot Small Do.
Zapopan.
7 | Agua Caliente, 4 km from Warm | Moderately |- || e 4 springs. Water used locally.
Zapotlanejo. arge N
8 | Near Ixtlahuacan, 22 km Warm | Moderately |- oo |oom oo e e 2 groups of springs. Water used
northeast of Guadalajara large locally.
9| Agua Caliente de la Co- Warm Moderately 139 | Ca, COs;free COao oo | Water used locally.
fradia, near Cuquio. large
10 | Agua Caliente de la Cuna, Warm |___ - SR USRS Do.
20 km from Yahualica.
11 | E1 Terrero, 8 km west of Hot | oo .. i . O D Water used for drinking.
Tlajomulco.
12 | Tototlan munieipio____._____ Warm 3 springs. Water used locally.
13 {12 km west of Atemjac_...___ Hot Water used for drinking.
5 km northwest of Atemjac._ Hot Do.
14 | Near Santa Ana Acatlan: .
Ojo de Agua Caliente....| Warm Moderalately ........................................................................ ‘Water used for bathing.
arge
Baiio de Guerrero....___ Warm | Moderately |- oo oo | oo | e Do.
large
15 | Ixtlahuacan de los Membril- ‘Warm O e Y LSOO 2 groups of springs. Water used
los municipio. locally.
16 | Agua Tibia, at Chapala.____ Warm | Moderately R S 2 groups of springs. Water used
large for bathing.
17 | Tacotan, in Union de Tula Hot JEN S S U Water probably sulfurous. Used
municipio for drinking.
18 A%uja Caliente, 8 km from Warm | oo e Water used locally.
utla.
18 | Agua Caliente, in Juchitlan Warm |- femmm e e O Water used for drinking.
municipio.
20 | Agua Caliente,in Chiquilist- |-.__._____ Moderately Low | 08, CO8eumcmmmmcmcceem e e Water used locally.
lan mumclpio large
21 | Agua Caliente, south of Ot [ oo e e e et e Do.
Amacueca. i
22 | North of Manatla pueblo__._| Warm | ool e Water is mineralized; used locally.
23 | San Cristobal de Barranca Warm e e R S 2 springs. Water used locally.
municipio.
24 | Atoyac municipio:
Isla Grande .- .oceeno_.___ Warm Moder?bely __________ SO4;free HoS | e Bathhouse.
arge
Isla Chica. oo . __ Warm | Moderately || oo | e m e ————— e Do.
large
Molino__._________.._.._ Warm Moderalxtely ........... - Do.
arge
25 | San Sebastian municipio..._.| Warm Small || e e 2 lgrmhps of springs. Water used
ocal
Apazutlco, 4 km from the Hot Moderately ........................................................................ Water used for bathing.
coast. lar
Atotonilco, 60 km from Puri- Hot Moderately ________________________________________________________________________ Do.
26 ficacion municipio. lar|
Achiotes, 20 km from Puri- Warm Moderabely ........................................................................ Do.
ficacion municipio. large
San Miguel, 16 km from | Warm | Moderately | | e e Do.
Purificacion municipio. large
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No. . Tempera-| Total dis- .
on Name or location ture of | Flow (liters | solved | Principal chemical constituents Associated rocks Remarks and additional references
fig, 12 water | per minute) | solids
(°0) (ppm)
Jalisco—Continued
27 | Near base of Celima volcano._ HOt | N S Recent basalt___.._.._____ Many large fumaroles. Ref. 743.
28 | Pihuamo munieipio._.__.___ Warm Small | Probably lava..._._..__.._ 2 groups, 4 and 8 km from town.
Water used locally.
Mexico and Distrito Federal
1 | Guadalupe Hidalgo, north
of Mexico City:
Pozito____ 215 Small 603 N?iocst))af(m:«x) NaCl (108); KCl | eimmecceeeeee Water used for drinking.
ree C
Artesian well__._________ b2 K Y R MR _| Water used for bathing.
2 | Bafios de Aragon, south of 25 Moderately 345 | Ca, Na, HCO3 _| Near early Paseo Grande. Water
Guadalupe Hidalgo. large used fcr batbing. Ref. 750.
3 | Barfios de Pefion, 4 km north- 47.5 Moderately 2,216 | SiOz (182); CaCO; (404); MgCO3 | Limestone and shale._.___ ‘Water used for bathing by Aztecs;
east of Mexico City. large (429); NazCO3 (183); K3CO3 now supplies modern bath estab-
(294,; NaCl (737); gas, 63 per- lishment. Refs. 731, 751, 753.
cent CO3, 29 percent Na.
4 | Popocatepetl volcano..._.____ 72 U S Recent lava_.._...__.____ 7 main fumarcles exhaling water
(max) : vapor, some with considerable
force; also about 60 solfataras.
Refs. 726, 743, 749.
5 | Between Ixtapan de la Sal | 35-40 Moderately 6,500 | Ca (646); Mg (83); Na (1,615); K |- oooomiiioccaamcneat Several spnngs Water contains
and Tonatico. large (86); G0, (890); S04 (8%4); C1 11 ppm of Li, 8.6 ppm of Fez0s+4
(2,200); BOs (105) free COa. Al303, 7.6 ppm of As, and 6.2 ppm
of Br. Large deposits of tufa.
Source of salt supply for local
residents. Ref. 747.
Michoacan
Agua Caliente, near Yurecu- B0 | e e e e e ‘Water used for drinking.
aro municipio.
1 [}JEl Nacimiento, 6 km from b1 N DO e em e mmmmmmmmmm—m——————— e —————————————— e Do.
Yurecuaro municipio.
La Buena Huerta, 4 km from b7 T ] A, Na, 8O4eeenn.. —- Do.
Yurecuaro mumclpio
2 | Near Ixtlan de los Hervores:
Pozo los Bafios ... 88 Tra/chyte. ................ Refs. 728, 755, 758, 762, 766, 767.
Pozo del Carbén 22 S U PR POPU NSO A Spouts to height of 3 meters. Refs.
, 7556, 758, 762, 766, 767.
Poze del Coyote (Pozo 100.8 |ocoomoamaees 18,000 | Ca (HCO3)a (7,287); Mg oo _dooeoocooo L Spouts to height of 2 meters at in-
Grande). (HCO3): (5,806); NaHCOs; tervals of 2 hr. Refs. 728, 755, 758,
(935); NaCl (3,437). 762, 766, 767,
Other hot springs, INCIUAINEG |c v v oon] oo oo oo e e m e mmn | mme e do. Refs. 728, 755 758, 762, 766, 767.
Pozo Blanco, Geyser de
Salitre, Geyser Tritubular,
Pozo Verde, also hot pools
and well
3 | Agua Caliente, 30 km south- Tepid - .-| Water used for drinking.
southeast of La Piedad.
4 | Agua Caliente, 16 km from Hot Large Do.
Angamacutiro.
5 | Near Puruéndiro....._.._._. 64-86 Moderately S U, 4 springs, some distance apart.
large 7V‘7llater issulfurous. Refs. 728, 763,
6 | Near Huaniqueo, 48 km Warm | Moderately 2 springs. Water used for bathing.
northwest of Morelia. large
7 | Near west end of Lake
Cuitzeo:
Bafio de las Arenas__.... 37-41 Large |occcoecaes Caczgs (36); CaSO4 (14); free ‘Water used for bathing.
C?amiquel and Tricui- Hot Modersl,tely Ca, SO 2 springs. Water used for bathing.
uca. arge
San Sebastian. _____.__._. 45 Laée [ P Water used for bathing.
8 | Near southwest shore of
Lake Cuitzeo:
Bafio Prieto, 4 km from Hot | Moderately Water is sulfurous. Used for
San Augustin. large bathing.
4 km from Hacienda Hot Moderately ______________________ Do.
Huandacareo. lar,
San Juan Tararameo, Hot Moderately ______________________ Water is sulfurous. Used for
near Cuitzeo village. large bathing. Ref. 758.
9 | Zinapecuaro municipio, 8 | 30-34 Small || e - 4springs WaterLS°d for drinking.
km south of east end of Refs. 7
Lake Cuitzeo.
10 {4 km south of Ucareo........ Hot Small . 3 springs. Water used for bathing.
Sierra Uecareo_..___.________. Hot Small High | Fe, Ca, Na, SO4 - -- Seﬁerral . 2s8p1;14r(1)gs and solfataras.
efs
11 | Ojo de Agua de Arumbaro.__ Hot Moder?tely S -- Water used locally.
A arge
12 | Ojo de Agua Caliente, 8 km Warm | Moderately |________..|__________. . ‘Water used for bathing.
from Los Reyes. large
13 | Parfeutin voleano._.._.._.... 5 00 A N O o Recent lava and tuff__.___ Many fumaroles. An estimated
17,000 tons of water per day
;amlt;gd as steam. Refs. 734—737,
51, 761.
14 | Agua Tibia, in Taretan mu- Warm | Moderately S PGP ‘Water used for drinking.
nicipio, 18 km southeast of large
Uruapan.
15 | Atzizindaro, near northeast Warm | Moderately O e e ‘Water is sulfurous.
shore of Lake Patzcuaro.

large
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No. Tempera- Total dis- . . ipe
on Name or location ture of | Flow (liters | solved | Principal chemical constituents Associated rocks Remarks and additional references
fig.12 water | per minute) solids
°0) (ppm)
Michoacan—Continued

Arumbaro, near Morelia Hot | Moderately 2,040 | Na, 804, Ol memeees --| Water is saline and sulfurous.
municipio. large Used locally.

16 Barreno, near Morelia mu- 26 Moderately 130 |..._. - Water 1is sulfurous. Used for
nicipio. arge bathing. .
Cuincho, 10 km northwest 37.5 | MoAerately [.ooumo oo |oooo oo | e Water used for drinking.
of Morelia municipio. large
17 | Pila de Agua Caliente, 25 | Warm |______________ = .- ‘Water used locally.
km south-southwest of
Morelia municipio.
18 | Tajimarao municipio: )
Agua Fria, 20 km south | Warm | Moderately 3 springs. Water used for drink-
of Ucareo. large ing. .
Los Hervideros, 10 km | Warm | Moderately |ooooooo | o oomoo oo Evolved gas causes ebullition.
_ from Tajimarao. large ‘Water used for bathing.
19 | Bafios de Purua, 50 km 34 Moderately | Moder- [ HCOs; 8Oy; free COg, HaS_______ Water used locally.
southeast of Morelia mu- large atel
nicipio. hlgf‘;
20 { 2 _km northeast of San Hot. ‘Water used for drinking.
Fernando.
21 | Rancho Salitre, west of Hot | e e e Water used for drinking. Some
Jorullo volcano. HiS. Ref 727.
22 | Huacana municipio, 55 km Hot | e e e 2springs. Water used for drinking.
south of Uruapan. Some H,S.

Hacienda Agua Frfa, at | 88-102 Moderately |- e Decomposed rhyolite...... Many hot springs, fumaroles, and
north base of Cerro de las large solfataras. Refs. 762, 765.
Humaredas. .

Bafios del Chino, west of | 70-89 Moderately High | . Lava_ . .. 8 main springs, 1 of which isa geyser
Hacienda Agua Fria. large that spouts to height of 2 meters;

also fumaroles. Some H3S. Refs.
729, 765.
Laguna Verde, north of 28 Small [ ] A0 Many sulfurous vents on border of
Baiios del Chino. lagoon 80 by 200 meters. Refs.
729, 758, 762, 765.
23 |{ Nopal, near Bafios del Chino. 85 Small | e A0 Saline pool 6 by 8 meters; viscous
mud thrown to height of 10
meters. Refs. 729, 765.

Pozos de Gallo, in Marftaro | 80-100 Small _| 2 groups of vapor vents and boiling
area. springs. Refs. 729, 758, 765.

Pozos de Marftaro, near | 92-111 Small Crater with hot muddy lagoon and
Laguna Verde. many fumaroles. Vapor from

largest vent rises to height of 20
meters. Free HsSO4, HCL. Refs.
) 729, 765.
Station de Huingo.._..._____ Warm Small | LAV oo Several springs. Common salt
extracted from adjacent soil. Ref.
765.

Chiflador (Chillador), near | 82-91 Small |-}l QO Sevéral springs and fumaroles.
‘north base of Cerro de Water vapor and sulfurous gases
Azufre. emitted with such force that

stones are cast out. Refs. 728,
. 756, 762, 765. R

Curritacao (Currutaco), on | 90-100 Small |- e QO e Crater with lagoon of boiling mud.

north flank of Cerro de Sulfurous vapors. Refs. 729, 756,
24 Azufre. 765.

La Tacita, in and near | 50-86 Small |- e e [ 1 Evolved gas contains H3S, SOs.
Laguna de Azufre on south Refs. 762, 765.
slope of Cerro de Azufre.

Bafios de Azufre, 3 km | 44-55 Small Ref. 765,
south of Cerro de Azufre.

Taximaroa (Taximarca?), 89 Small Lagoon in crater; also several
several km south-south- (max) springs. Water is acid. Near
west of Cerro de Azufre. form;r sulfur workings. Refs.

729, 756,
25 | El Salitre, near Tuzantla_.__. Hot Ca, 804 oo e Water used locally.
26 | Quetzerio, 50 km northeast 2 1 2 O P S Water used for drinking.
of Huetamo.
27 | Jaripeo, 4 km from Huetamo. Hot Do.
28 | Itucuarillo and La Salada, 30 HOt | e e e e e 2 springs a few km. apart. Water
km south of Tacambaro. used for drinking.
Morelos
1| Agua Hedionda, 3 km north- (25.3-26.1 | Moderately 2,130 | CaS04(1,200); CaCOs; MgSO4; | omm e Water used for bathing.
east of Cautla. large NaCl.
2 | Pozo Hediondo, in Xochite- 22 |___.do-....___ High | e e Free HyS, CO;. Water used for
pec city. bathing.
3 | At Atotonileo, 6 km from | 30-38 |- | Water is sulfurous. Used locally.
Jonacatepec.
4 | Bafios de Tula, 3 km from { Warm | Moderately |- | e Water is sulfurous. Used for
Amacusac. large bathing.
Nuevo Leon
1 | Topo Chico (San Bernate), 98 Moderately |..__.____. Na, Cl, SOy; gas, 97.5 percent | o oo Bathing resort. Tepid “‘arsenic’”
8 km north of Monterrey. large N3, 2.5 percent COs. spring nearby. Ref. 749.
2 Ci}:‘}nen, 20 km northeast of | Warm |____do________{___{ L Water used for bathing.
inares.
3 | San Ignacio, 20 km east of = () O S RS Free HyS. Water used for bathing.
inares.
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No.

Temper-

Total

on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 12 water | per minute) | solids
(°C) (ppm)
Oaxaca
1 | La Chivela Pass, above ford 36.6 | MoOAerately |- ool e Limestone_ __._._ .. .c..._ Several springs. Water is sulfur-
of Rio Verde. large ous. Ref. 757. .
2 | On coastal plain, half a mile (max) |- @0 e | e [ 1o S Several springs.  Deposit of tufa.
from base of mountains. 33 Water is slightly saline. Free
(max) H,S. Water used for bathing.
Refs. 741, 757.
Puebla
1 | Chiguahuapan municipio, 4 83 e CaCO0; (618); free COz, HaS o |o oo cicccciccaaee Water used locally.
km east of Tlacomulco.
2 | Orizaba voleano_..__.__.._._. = (0 O L R (AR Several fumaroles in main erater.
Water is sulfurous.
3 | Paseo Bravo and San Pablo, Hot | Moderately 1,800 | CaCO3 (547) oo | oo Water used for bathing. Ref. 733.
1 km west of Puebla city. large
4 Oj’% de San Pablo, 4 km from 34 Moderz;tely .......... Ca, HCOs.... Water used locally.
ecapa. arge
5 | Axocopan, 5km from Puebla 20 Large_._____ 339 | Na, HCO3, SO4, Cl; gas, 93 Per- | o evoouemcaccccaccccaeee ‘Water used for bathing.
city. cent COs3, 7 percent Na.
6 | Ojo de Rancho Colorado, in Warm | Moderately |ceuemeocso|oomuom oo ceccc e ecmcmeoe | emmemec e mmm e cmemmamm— e Do.
S;m Hueyotlipan munici- large
pio.
7 | Colucan and San Vicente, | Warm; — €8y S04 e | mmm e m e ————— Water used locally.
12 and 16 km from Izucar. hot
8 | Chichipico and Ojode Agua, | Warm JR Ca, 804 Do.
6 and 8 km from Tehui-
zingo.
9 | 2km from Huehuetlan_____. kT J P [0 T 0 7 R OSSR 2 springs. Water used locally.
10 | Ojo de Agua de Tlancualpi- £ 3 1 S e U AU Water used locally.
can, in Chiautla municipio.
11 | Los Hornos and Ixtatlala, in | Warm; | Moderately |- ool o oo cocaef e cmmcc e emmmae Water used for bathing.
Teotlalco municipio. hot large
12 A%ua Santa, at Xixingo vil- Warm |oeeoooeeoo__. ‘Water used locally.
age.
Queretaro
Haclenda Montenegro, 25
km north of Queretaro:
L ElSalto. oo 32 Moderiitely _______________________________ Basalt Ref., 764.
arge
TwWo WellS.c oo cuo__ 26,20 oo % ___________________________________________________ (s [ Pumped wells. Water reached at
depth of 50 meters, Ref. 764.
Pueblo Santa Rosa._.._...... 27 --| Ref. 764.
2 | Near Pate, 70 km east-south- 96 Moderately Porphyry. oo Ref. 727.
east of Queretaro. large
San Luis Potosi
1| El Gato, 40 km south of San 41 316, 000 01 Lake teds in area of | Water is strongly radloactive.
Luis Potosi. faulted rhyolite. Used for bathing, irrigation, and
generation of electric power.
Also flowing wells 200-600 meters
deep. Refs. 752, 772.
Sonora
1| Agua Caliente, between Hot | MOAerBtelY |- oo m oo e e e e e Ref. 740.
Tepustetes [ and Piedras large
Verdes.
Vera Cruz
1| Near Amatlan.____.___.______ 70 LArge |-coooeeooo|ococcoaeees O Ref. 730.
Zacatecas
1} Las Pastoras and La Al-|{ Warm 330171 { I N N (RO Water used for bathing.
moloya, in Rio Grande
municipio.
2 | Atotonilco de los Martinez, ) = 0] 20 DN SR BT o VIR
50 km southwest of Nieves.
3 | La Tinaja, 5 km south of | Warm | Moderately |- |ooooeoo oo ioeoo. Basalt oo ooeoeeoeeee Issues at west base of hill. Water
Sain Alto. large used for bathing. Ref. 738.
4 | Bocas (El Vergel), near Hot | Moderately |- | e L ‘Water used for drinking.
Chalchihuites. large
5 | Near San Andreas de Teul._.! Warm- | Moderately |- o |oo oo e 6 springs. Water from some is
hot large potable, from others too highly
mineralized for drinking. Water
used locally.
6 | Santa Cruz, 12 km south- | Warm | Moderately |- oo ool oo e Trachyte porphyry__..... Small bathing resort. Ref. 727.

west of Fresnillo.

large
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No. Temper- Total cps
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 12 water | per minute) | solids
°C) (ppm)
Zacatecas—Continued
7 | Bafio de Atotonilco, 3 km 48 | Moderately | Moder- |- oo oo e el ‘Water used for bathing.
southwest of Valparaiso. large ala]t.elgv
. igh. i
8 | Ojo Caliente, 35 km south- 35 | Moderately glﬁz ______________________________________________________________ Water is slightly alkaline. Small
east of Zacatecas. large bathing resort.
9 { Agua Caliente, near Momax.| Warm (________._____ R P ‘Water used locally.
10 | Agua Tibia, 2 km west of Warm | Moderately 198 || e Free CO:. Bathing resort.
Sanchez Roman. large .
11 | Ojo de Agua de la Higuera, | Warm Small |...__._... T S Water used for drinking.
in Huanusco municipio.
12 | NearJalpa_ ... ... ____ Warm | Moderately 60 | — -.| Free CO;. Small bathing resort.
large

CENTRAL AMERICA

(Costa Rica, El Salvador, Guatemala, Nicaragua, and
Panama)

The western Sierra Madre of Mexico swings south-
eastward, parallel to the Pacific coast, and forms the
southernmost highlands of that country. South of
Jorullo volcano in Mexico there are very few prominent
voleanic peaks in this range, but in its extension into
Central America the mountains of this range are pre-
dominantly volcanic and there are numerous cones,
some of which are still active or semiactive (solfataric).

East of the main mountain chain, which is composed
mainly of volcanic rocks, most parts of Central America
that have been mapped geologically are underlain by
marine sedimentary rocks of Cretaceous and Tertiary
ages; but Paleozoic strata and a few small, scattered
areas of sandstone and clay containing plant remains
that indicate Triassic age are exposed in northern
Guatemala. Structurally, Central America does not
seem to form a direct connection between South
America and the main part of North America because
the sedimentary beds genarally are folded along nearly
east-west lines, oblique to the trend of the isthmus.
The deep depression that contains Lakes Nicaragua and
Managua may be a graben. Extensive volcanism began
in the main ranges near the close of the Cretaceous pe-
riod and has continued to the present. The lava and
ash are chiefly andesitic and basaltic.

Nearly all the thermal springs recorded in Central
America are in areas of lava, and most of them are on
or near geologically Recent volcanoes. No thermal
springs seem to be reported in British Honduras and
Honduras, which are east of the zone of volcanism.

Costa Rica has considerable lowland along each coast
and extensive plains in the northeast. The northwest-
ern part of the main voleanic chain is formed largely
by a succession of volcanic cones. Farther east the

chain is partly divided into two cordilleras separated
by a central plateau, beyond which the chain swings
farther eastward, nearer the median part of the isthmus.

El Salvador has a narrow coastal plain which is
bordered by the main cordillera. Much of the country
consists of irregular plateau areas which are inter-
rupted by many volcanic peaks in notable alinement
but in several broad groups. Most of the volcanoes are
probably of Pliocene age.

In Guatemala the Pacific Coastal Plain is nearly 80
km wide. The Sierra Madre rises steeply from the
coastal plain, and along its southern base are numerous
volcanic peaks, several of which are still active. The
main ranges of the chain have lesser ranges branching
from them and are interrupted by several depressions.
North of the main chain of the Sierra Madre there is a
region of high valleys enclosed by minor ranges, beyond
which the country slopes to the Caribbean Sea through
the undulating plains of El Peten, which occupy nearly
one-third of the country.

The Pacific coast of Nicaragua is bordered by the
volcanic cordillera which extends into, and is inter-
rupted by, a great depression that is in part occupied
by Lakes Nicaragua and Managua. This depression
is bordered on the northeast by a minor range which is
in part of volcanic rocks, and from it the land surface
descends northeast and east to a wide swampy coastal
belt along the Caribbean Sea.

Panama has a main range which extends eastward
through the central part of the isthmus nearly to the
low pass at the Panama Canal. Chiriqui volcano,
quiet since the 16th century, is near the western border
of the country, and there are other volcanic peaks
farther east. East and south from the canal, a lower
range of mountains continues nearly to a minor trans-
verse range that forms the boundary with Colombia.
Though mineral springs are common, only a few are
noticeably thermal.
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The table below summarizes the available information
on the thermal springs in the several countries of Cen-
tral America. The locations of the springs and princi-
pal volcanoes are shown on figure 13.

Thermal springs in Central America
[Data chiefly from refs. 783, 800, 808, 809, 811, Location of unnumbered springs not

identifed]
No. Tempera- Remarks and additional
on Name or location ture of references
fig. 13 water (°C)
Costa Rica
1 | Rincon de la Vieja voleano. _ Hot | Mud pots on southwest flank and
hot springs 8 km farther south.
Ref. 813.
2 | Hacienda la Cueva, near Warm
Liberia.
3 | Near Bagaces, 23 km south- 71 Hot springs near Salitral and
east of Liberia. (max) warm springs near Santa Ana.
4 | Hornillos des Miravalles.____ Hot | Solfataras in crater; also mud
pots on southwest flank.
Ref. 813.
5 | Muchucatale, 16 km south- 38.8 | Water used locally.
east of Castillo.
6 | On bank of Rio Pocosol, Warm Do.
several km above its junc-
tion with Rio San Juan.
7 | Las Caifias, near head of Rio Warm Do.
Avangares.
8 | On bank of Rfo Pefia Blanca, Hot Do.

25 km above its junction
with Rio Fortuna.

9 | Agua Caliente de la Trin- Warm Do.
chera, on bank of Rfo
Barranca 8 km north of

Esparto.
10 | Poas volcano__._____________ Hot | Lake in lower crater; hot water
and steam thrown to great
heights at intervals of 12 to 20
min. Also boiling springs on
ggfk of volcano. Relfs. 21, 774,
11 | On coast near Hafen Caldera. Warm | Small flow from several springs.
12 | Near San Mateo, 50 km west Warm | Water used locally.
of San José. )
13 | Ojo de Agua, 5§ km south of Hot | Water used for bathing. Ref.
Alajuela. 779,
14 | San Pablo Turrubures, 40 51.5 | Several springs. Water used for
km southwest of San José. (max) bathing.

15 | On or near Rfo Grande:

Salitral del Rayo..

Agua Caliente de
grejal, 4 km west of
Salitral del Rayo.

Warm | Several saline springs.
Warm | Water used locally.

Near junction of Rfio ‘Warm Do.
Virilli with Rfo
Grande.
Paso del Alumbre..._.__ 60-66 Several saline springs.
16 | Near Rio Atarrazu below its Tepid | Small flow.
{uggtion with Rio Cande-
aria,
17 | San Antonio de Desampa- | 45.6-46.2 | Several springs issuing from
rados, 5 km southeast of Miocene sandstone. Principal
San José. chemical constituents: Ca, Cl.

‘Water used for bathing. De-
posit of tufa.

18 E} Saélitre, 2 km east of San 29 ‘Water is saline. Ref. 790,
0sé.
19 | Irazu volcano.___ ___.________ Hot | Springs, fumaroles, and solfataras
on north slope. Refs. 21, 774,
20 | Turrialba volcano .- Hot | Fumaroles and solfataras.
21 | Near Rio Parita._ - 36.6 | Several springs. Water used
(max) locally.
22 | Near Salitral, 1.5 km south Hot | Several springs. Small depcsit
of Cartago. of iron oxide. Refs. 790, 822.
23 | Agua Caliente, 3 km south- 50 Principal chemical constituents:
southeast of é‘artago. CaCcs, NasS04, NaCl. Water
used for bathing. Refs. 790, 822.
24 | San Cristobal, 10 km south- 66-68 Several springs. Water used
southwest of Cartago. for bathing.
25 | Near Orosi:
Orosi Convent.______.___ 34.5-51.5 { 2 springs, Water used for
bathing. Ref. 822.
Hacienda Navarro..._.__ 24.5-38 Several springs. Total dissolved

solids, 500 ppm. Principal
chemical constituents: Ca,
HCOs;, S04, Deposit of tufa.
svgzater used for bathing. Ref.

26 | Near Rfo Macho__ __________ 50-56 Segrergl springs. Water used for
athing.
27 | El General, 80 km southeast 17-36 Small flow from several springs.
of San José. Water is saline.
28 | Near Pejivalle, on north 40-50 Several springs issuing from
side of mouth of Rfo Tertiary strata.  Principal
Diquis. chemical constituents: Na,

50 C1

Thermal springs in Central America—Continued

No. : Tempera- Remarks and additional
on Name or location ture of references

fig. 13 water (°C)

Costa Rica—Continued
29 | North side of Pico Blanco, Warm | Water used locally.
near Rio Uren.
30 | Near Rio Jurquin___________ ‘Warm | Not developed.

...... [071) ¢~ TSI 51-61 | 4 springs issuing from sandstone.
Principal chemical constit-
uents: 804, Cl. Large deposit
of tufa. Ref. 812.

______ Hualealillo __________.______. 23.5; 34 | 2 main springs. Total dissclved
solids, 7,500 ppm. Large de-
pesit of tufa.

______ Los Hervideros____........_. 28-46 | 3 springs. Principal mineral
ggstituents: S04, Cl. Ref.

______ Mount Hato Viejo, Rfo Viejo 70

Gorge.
...... Near Rio La Paloma.__._____ Warm
El Salvador

{Data chiefly from refs, 786, 787, 798, 800, 808, 809.

of Ahuachapan area, see als» refs. 789,

For general inf-rmation on ausoles
796, 801, 807, 819, 821]

(ST

ENT-N

10

11

12

13

Near Tejutla pueblo..______.
Hervideros de El Obrajuel»,
near.Agua Caliente pueblo.

West border of El Paraiso
pueblo.

Bank of Rfo Grande de San
Francisco, 2 km south of
El Paraiso pueblo.

Ahuachapan area:

Playon de Salitre, 8 km
northeast of Ahoch-

apan.
Ausol Valdiviseo, 6 km
northeast of Ahuacha-

pan.
Playon de Ahuachapén,
3 km east of Ahuacha-

pan.
Ausoles de Agua Shuca,
km southeast of
Ahuachapén.
Auscl de Barreal, north
of Cerro San Lazaro.

Ausol El Zapote, south-
east of Cerro San
Lazaro.

Ausol La Labor, south-
west of Cerro San
Lazaro.

Ausol San José, 2 km
northwest of Laguna
Verde volcano.

Ausol San Carlos, 1 km
east of Ausol San José.
Ausol Gerro Branco, 1 km
northwest of Laguna

Verde volcano.

Ausol El Sauce, between
Ausol San Carlos and
Ausol San Jos3.

Ausolde Amaya_._.._____

Ausol Los Termopilas...._
Ausoles de Cuyanausul..__._

Tzalco voleano (active) . ______

Laguna de Coatepeque, at
east base of Santa Ana vol-
cano.

Lake Chammico, at base of
Javal voleano.

Ausol El Boqueron (Quezal-
tepeque), 16 km northwest
of San Salvador.

Ilopango voleano. ... ..

Infiernillos on northeast
flank of San Vicente vol-
cano.

Hervideros de Carolina, near
Rio Torola 3 km northwest
of Carolina.

Bank of Rio Araute, 2 km
northwest of El Rosario.

29-42
72-82

96
(max.)

97

93
(max)

86-97

Hot

99
(max)

100
(max)

50-59

4 small springs.

2 main springs issuing from frac-
ture in decomposed lava.
Ref. 807.

Water used locally.

Several large springs. Water
used locally.

3 springs feeding small lake.
Comtined flow 200-300 liters
per second. Refs. 778, 806,

1 clear and several mud springs.
Refs. 778, 806.

Small lakes from which outflow
is 220 liters per minute. Refs.
797, 799.

Flow 20 liters per minute. Refs.
797, 799.

9 main springs and several vapor
vents. Water is sulfurous.
Ref. 806.

Mud crater 6 meters in diameter,
Noted for clouds of steam.
Refs. 787, 806.

Vapor vents and pocls of boiling
black mud. Refs. 791, 795, 806.

Rel. 799.

Springs of clear water, mud pools,
and vapor vents. Ref. 799.
Weak vapor vents. Ref. 799.

Mud pools and vapor vents.

3 main gas vents issuing from
decomposed lava. Deposits of
sulfur. Refs, 778, 780.

Vapor vents issuing from decom-
posed basalt. Refs. 778, 780.

Springs and vapor vents. Refs.
778, 780, 799.

Many fumaroles. Refs. 778, 780.

Springs along shore of small lake
incrater. Ref. 823.

Small springs along border of
lake.

Several springs in ravine. Refs.
778,780, 807.

Several springs on flank of sub-
sidiary Santa Ana’ voleano.
Ref. 823.

Gas and vapor jets and pools of
acid mud. One, called El In-
fiernillo, spouts boiling water.
Deposits of sulfur. Refs. 778,
780, 795, 806, 807, 817, 819-821.

Springs, including a geyser, and
vapor vents.

Several springs issuing from de-
composed basic lava. Water
used for bathing.
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Thermal springs in Central America—Continued

iti - Remarks and additional
No. Tempera- Remarks and additional No. Tempera
01(; Name or location turgzi references on Name or location ture gf references
fig.13 water (°C) fig. 13 water (°C)
El Salvador—Continued Nicaragua—Continued
1 i6 - Warm | Fumaroles and solfataras near
Los Ausoles, 3 km northeast 89 10 Oré*ggpeoéci"s?:ggmﬁ?)ﬂgf(le the crater.
of Santa Rosa de Lima, (max) . Nica’r aguia
14 |)Pozos Tibios, on margin of 37 | Water used for bathing. Near Tottoa.village __________ Hot | Water used for cooking.
Rio Pasaquina near south | | | —eeeen
})l(;rder of Santa Rosa de
ma. Panama
15 | T 1 :
ecﬁzzﬁ; ?lr;oAlegria ....... Warm | Sulfurous water in small crater
lake. ' Refs. 789, 807, 819, 820. 1 | Caldera on southeast flank Hot | Fumaroles and solfataras. Refs.
El Tronador............. Hot Ful{n?ro;gsh?g;nglgl x%lllgpgg(s)sure. of Chiriqui voleano, 0o, 815, Ret. 515
els. y , N y . everal springs. . .
16 | Falda voleano____________.__ Hot | Fumaroles and solfataras. 2 A%‘ilﬁggee Salud, near Calobre Warm v
17 | Infiernillos de Chinameca, at Hot | 2 main,steam vents (Hervedor .
northwest base of China- and Boqueron): also lesser
meca voleano. vents and mud pocls. Free
Tals Reto oo, poo dor” v WEST INDIES
als. efs. " y .
18 | El Limbo volecano... Hot | Fumaroles and solfataras. Ref. . . .
i so7. The West Indies consist of three main groups, or
19 | San Miguel volcano. _______ 57-90 Fumggolest a.!‘ollltlllld crgger.ahgﬁ- h . f N 1 nds The Bahama. Islan dS in the no I‘th
S g gptur - & - | chains, of 1slands.
Refs. 778, 817. ? . . .
20 | Laguns Agus Caliente, 7km 96-08 | Springs and vapor vents near | are mainly low coral islands in which no thermal
n ast of Jucuaran. crder ol lagoon. . A . .
21 | Conchagus voleano. . Hot | Pumaroles and solfataras. springs have been reported. The Greater Antilles, con-
22 | Plavita, at southeast base of 32-69 | Springs and steam fumaroles T N ! .. D . . R ~
Conchagua voleano. issuing along fracture line. SlStlIlg of Cuba, Hlspanlola (Haltl and Dominican Re
public), Jamaica, and Puerto Rico, are composed of
Guatemala . . . M
[Data chiefly from refs. 800, 803, 809] various kinds of sedimentary and crystalline rocks and
have thermal springs in a few places. The Lesser {&n-
1 | Salcaja, 8 km northeast of Hot | Several springs. Water used . . rm 3 : e trendln
2 Sa%?eﬁ;e?a?zg?éano Hot Fllli;::cl:,ll!gfes and solfataras tllleS, n the SOUtheaSt, fO h 2 cuer;l g llilh A.Hl rics;g
a ria voicano._.___.__ .
3 Almoéongal, on gﬁrro Qltlﬁ- Hot |1 m:liin s%‘éntg and Serveral tfg;gg- southeast and south toward the coast o ou e g
mado volcano m South- roies. ater used for bathing.
west of Quezaltenango. Refs. 775, 778, 821. as shown on figure 14.- ) .
] Pt of Gueattonangor The curving band of islands was considered by Suess
Fi s G inas._ . 45 | Total dissolved solids, 2,212 ppm. o s s . . .
Las Fuentes Georginas %%nc(i;sa‘é chemica! ""’{ii&“‘“"‘? to be divisible into three zones. The inner zone is
1 ppm): Na ppm); . .
. Ts&zy‘sg ppm). Refs. 777, 760 formed by the Lesser Antilles, the middle zone embraces
Los Aguas Amargas....- Principal  chomical constitu | the Greater Antilles, and the outer zone includes the
ts: SiO; (340 : Na (106 .
ppim) S0y 21,495) %%ll)n). *Rete | Bahamas and several islets farther east.
777, 799, . .
5| Agua_Caliente, near Lake Hot | Springs and fumaroles: also fuma- The Greater Antilles generally are considered to be
Atitlan voloane. 2% °f gor [nmaincrater, Res. 718, | g, upper parts of a submerged mountain chain which
1tlan volcano. .
i - w d locally. Ref. 775. .. i . . .
s Lagu%?%'ﬁﬁ“sﬁ?hv%@ﬁf Hot | Water used locally.  Re divides in Hispaniola, one branch extending through
Salama. .
7| About 4 km from San Joss Hot | Large flow of Yery sultarous Cuba and the other through Jamaica. '
Tala Cigy.ca%t of Guate- . Fwa er.] e;i 1} . Cuba has mountainous regions in the extreme east, in
8 | Acatenango voleano__ ot umaroles and solfataras. .
9 | Bl Faego voloano. Hot | Fumaroles and solfataras. Re. the central part, and in the westernmost part, and there
10 | Lake Amatitlan___._____.__.| Warm-hot Selw\fdex:alh sorings near lakeshore. is much rolling to flat country between the uplands.
uchn steam., els. » . . .
11| Pacava (Pecul) voloano, 10 Hot | Fumaroles and solfatarasear the The north coast is bordered largely by hilly lands, but
k theast matit- crater. efs. 3 . .
fan, e ¢ much of the south coast is swampy. Both coasts are
bordered by many islets and coral reefs. Metamorphic
Nicaragua . _ 9
{Data chiefly from refs. 800, 808, 809, 818] and igneous rogks (li’re Cre;;laceou: t) fo?l'fll Partt';s Ofdthg
range that borders the south coast near the east end o
1 | Coseguina volecano. _.__...__ Hot | Fumaroles and solfataras. : : : reas.
2 | El Viejo volcano..........._. 9% 1 xtnain s;{ring :,{mfi :; 'Z(Eimters with the island. Cretaceou; l(;mSSb.one uéld§r!lesbma‘n}i a’T ]
(max, umaroles. ef, N er-
3 | Chichigalpa volcano......._. Hot F%gxaroles and solfataras. Ref. b.ut‘ t’he. greater part Y . u a’l]; u(;l erdalfn ldy;ar y
4 Neaé’l‘eliJca volano: . o | s : — o tiary limestone which is u}é ifte afn 10 ed in tr.na'tzly
an Ja-into, at sout 0 everal pools of varicolored clay 4 3 - :
n Javinte, ai sou and bosting warer. Fres 1, | Areas. Ther:e is little evidence of voleanic activity
aapRosits of sulfur and various | Thermal springs at several places in the Habana (Ha-
Tisate, farther west__._._ Hot T%?lk mud in ebullition. Ref. vana) area have been developed as resorts, but few
5 | Axusco, 3km south of Leon..|  Tepid Large Ao ol avater into large | Gthers seem to be recorded. Cold mineral springs are
6 | Momotombo voleano..______ Hot | Fumaroles and many solfataras. 4
7 | Tipitapa, at outlet of Lake Boiling | Large flow. Free H;S. De- more Wldespread9 and several have been developed as
Managua. posits of sulfur. Ref. 784, resorts,
8 | Masaya-Nindiri voleano.__._ Warm | Vapor vents. *
9 | Lago de Apoyo, near east Warm | Small springs. Water used lo-

base of Masaya-Nindiri
volcano.

cally.

3 Suess, Edward, 1904, The face of the earth: v. 1, p. 542-552.
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FIGURE 13.—Central America showing location of thermal springs and principal volcanoes.

Chiefly from refs. 806, 808, 809, and 818.
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FIGURE 14.—Part of the West Indies showing location of thermal springs in the Antilles.

Cuba from refs. 832 and 834 ; Haiti from refs. 829 and

830 ; Jamaica from refs. 839 and 840 ; Puerto Rico from ref. 837 ; and Lesser Antilles chiefly from refs. 869-878.
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Hispaniola is separated from the eastern extremity
of Cuba by a passage about 60 miles wide. The island
comprises the republics of Haiti and Santo Domingo
(Dominican Republic) and is largely mountainous.
There are three nearly parallel east-west ranges. The
northern range rises steeply from the coast; the central
range is broader, with gentler slopes; the southern
range also rises steeply, but there is a wider lowland
along its eastern part. Between the three ranges are
considerable areas of plain and lowland, and a lake of
considerable size is in the southern part of the island.
A wide central east-west core of pre-Tertiary igneous
and metamorphic rocks extends throughout the island.
This core is bordered chiefly by Tertiary deposits of
Miocene age, but in the west it is bordered in part by
Cretaceous sedimentary rocks. Most of the lowlands
are underlain by Quaternary deposits, including a large
area of coralline beds in the extreme northwest. An
area of Mesozoic basalt forms uplands southward from
Port-au-Prince and also farther west, but there is no
evidence of Tertiary or later volcanic rocks. An early
study by Tippenhauer (ref. 843) indicated that the lava
might be of post-Tertiary age, but later studies class it
as Upper Cretaceous. In the western part of the island
four localities of thermal springs are well known, and
one warm spring has been reported in the eastern part.

Jamaica lies about 90 miles south of the eastern part
of Cuba and has a central east-west range and sub-
sidiary ridges branching from it. The mountains are
highest in the east and merge westward with hills of a
plateau region that occupies two-thirds of the island.
There are some wide plains along the south coast.
Schist and other metamorphic rocks are exposed in the
eastern mountains, but most of the uplands are of Up-
per Cretaceous limestone which is generally much
folded and extensively overlain by lower Tertiary marl
and limestone. These rocks cover the greater part of
Jamaica in large areas of hills and valleys. In the
northwestern part there is much sinkhole country.
Shallow-water Miocene and Pliocene deposits underlie
most of the coastal lowlands, and geologically Recent
uplift has produced coastal terraces and raised beaches.
Tuffs and other volcanic rocks indicate early Tertiary
voleanic activity. There were some plutonic intrusions
in Oligocene time, but no recent volcanism. Thermal
and cold mineral springs issue from the older rocks in
a few places.

Puerto Rico, about 70 statute miles beyond the east
extremity of Hispaniola, has a main east-west mountain
range which lies somewhat south of the median part of
the island. At each end of this range the mountains
descend steeply to the sea. The south flank also de-
scends steeply to a belt of coastal plain. The north

STATES AND OTHER COUNTRIES OF THE WORLD

flank of the range is less steep, and numerous spurs de-
scend to a belt of lowland. Thermal springs have been
reported in only three places, all on the southern coastal
plain.

The Lesser Antilles extend from a few miles east of
Puerto Rico eastward and southward to near the coast
of South America. (See fig. 14.) Some of these is-
lands are considered to be related geologically to the
mainland, as they are composed of schist, crystalline
limestone, and other ancient rocks similar to those
found in northeastern Venezuela. In other islands the
older rocks are overlain by Cretaceous and later marine
sedimentary strata, similar to those found on the main-
land. Several smaller islands are composed largely or
entirely of Tertiary to Quaternary volcanic rocks.

Saba Island, near the northwest end of the Lesser
Antilles, has an area of about 5 square miles. It is
formed by a single volcanic cone that rises to an alti-
tude of 2,800 feet. The town of Saba is in the old
crater and is reached by steps cut in the mountainside.
St. Eustatius Island, about 8 square miles in area, is
composed of several volcanic hills, but no thermal
springs have been reported. St. Christopher (St.
Kitts) is about 23 miles long. It has a central volcanic
range and considerable areas of lowland. Nevis, which
1s separated from St. Christopher by a passage only 2
miles wide, is almost circular, about 8 miles in diameter,
and is formed by a single volcanic cone that rises with
moderate slopes to an altitude of 3,200 feet. Montser-
rat, about 40 miles farther southeast, is 11 miles long
and about 7 miles wide. It is composed of a group of
volcanic peaks, of which Soufriére Mountain is the
highest. Guadeloupe, 40 miles farther southeast, con-
sists of a high western part of old eruptive rocks over-
lain by Recent volcanic materials and of a low eastern
part of Tertiary deposits of conglomerate and shell
limestone. Dominica is separated from Guadeloupe by
a passage 25 miles wide. It has a north-south range
of high mountains, including Morne Diablotin in the
north and Boiling Lake on the side of a mountain in
the south. Martinique is composed chiefly of volcanic
mountains. A group of mountains in the north is domi-
nated by Mount Pelée. There is another group in the
south, and a belt of upland connects the two groups.
St. Lucia is largely mountainous and steep slopes rise
directly from the coast, but it also has large areas of
cultivated plains. In the southwestern part of the is-
land are two pitons, which are conspicuous pyramidal
peaks that are not a definite part of the main mountain
system. A few miles east of them is the Soufriére in
a depression that sometimes has been called a volcanic
crater.
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St. Vincent has a central range of volcanic hills that
culminate in Soufriére volcano in the north. Grenada
is the southernmost of the truly volcanic islands of the
Lesser Antilles. It has a north-south mountain range,
considerable lowland in the southeastern and northwest-
ern parts, and a raised limestone beach at the north
end. The oldest rocks exposed are of schist, porphyry,
and sandstone, which are overlain by much basalt. In
the central part of the island is Grand Etang Lake,
which occupies 13 acres in an old crater where a sana-
torium and health resort have been established. In the
northeastern part is the larger Lake Antoine, also in
an old crater near sea level.

Trinidad is formed for the most part of three nearly
parallel ranges that trend north of east and two inter-

vening wide areas of lower lands. The Northern Range
borders the coast, where high cliffs rise from the sea.
The greater part of this range consists of the Carib-
bean series of schistose rocks, which probably are of
Mesozoic and Paleozoic ages. Also, there are a few
small areas of marmorized and siliceous limestone of
Jurassic and Cretaceous ages, and one small area of
basic intrusive rock. The Central and Southern Ranges
are underlain by marine sedimentary strata of Eocene
through Pliocene ages; Cretaceous sandstone and shale
are exposed in a few places.

The available information on thermal springs in the
West Indies is summarized in the table below. The
locations of the thermal springs are shown on figure 14.

Thermal springs and wells in the West Indies (Greater and Lesser Antilles)
{Principal chemical constituents are expressed in parts per million]

No. . Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 14 water | per minute) | solids
0 (ppm)
Cuba
[Data chiefly from refs. 832, 834, 835]
1| San Diego de los Bafios..-.. 34-38 875 1,280 | CaCO; (141); Mg (HCO;), (0% 1) F 3 main springs (F1 Tigre, El
CaS0, (808); free H: Templado, La Paila) on bank of
Rié¢ Caiguanabo. Water has
fetid odor. Used for drinking
and bathing. Refs. 831, 836, 844.
2 | San Vicente, 3 km north of | Warm |._._......__|__.____.__ CaS0, (143); N2;S0: (39); Ca8S |-ccevmecmecen ---| 6 main and 2 small springs.
Vinales. ~ (679); free HsS, COa. Bathing resort.
3 | San Antonio delos Bafios- .| Warm | ool | e Selx;erfal&springs. Bathing resort.
ef. 836.
4 | Guanabacoa (Santa Rita)__.| 17.5-26 13 1,378 | Mg (HCOs)3 (323); CaS0Qy | Tertiary limestone and | 1 main and 3 smaller springs.
. (hottest) (197); MgSO0y (261). sandstone; serpentine. Resort. Refs. 828, 844.
5 | Santa Maria del Rosario...-. 19-22 6 1,440 C%\?Oé] ((14;), Na3SOs (406); | Voleanic tufl near serpen- | 4 main springs. Resort. Ref. 828.
a tine.
6 | Madruga.......coo..._.__ 22-25 25 | 675-772 | CaCO03, MgCO0s, CaCOq, NaCl.| Serpentine. ....o......__ 3 main springs (Paila, Castilla,
Tigr& Bathing resort. Refs.
828, .
7 | Ban Miguel de Guamacaro..| Tepid 100 2. N I 1 3 main springs. Water is alkaline;
used as table water.
8 | Ciego Montero__....._.__._. LY 3 O N VN F Shall%w wells, Water used for
bathing.
9 | Las Delicias de San Antonio, 22 10 1,722 | Mg (HCOs): (273); NaHCO; | Tertiary sandstone........ Shallow wells. Water used for
201511;; north of Santiago de (636); NazSO4 (196); free COa. table water and bathing.
10 | Sante Fe, on east side of Isla b2 1 P CaCO0;, CaS04, CaCly, NaCl, |oveoommcmoocoocccciecccas Several springs. Resort.
de Pinos (Isle of Pines). 8i0s.
Dominica
[Data chiefly from ref. 874]
1 | North of Portsmouth__.___._ Warm Small |oooooooo oo LAVa. o e Sefveral springs. Water is sul-
urous.
2 | Slope of Morne Diablotm, Warm 53171 O O N VS s 1S Several springs. Water is sul-
near Portsmouth, furous. Ref. 836.
3 | Ravined’Or__.______________ Warm Small Do.
4 | Near Laudat, north of | Warm Small Do.
tGgande Soufriére Moun-
ain.
Grande Soufriére Mountain:

Boiling Lake............ 88 75 -3 ) RS AU U S, Lake in crater, 60 meters in diam-
eter; water usually turbulent;
contains sulfur in susrension.
Much vapor Refs. 847, 853, 856,

. 863, 864, 867
5 Middle Lake...._....... 40-80 ) 273 - Y P SO A s 1 SO Lake in crater fed by 1 spouting
spring and several other springs.
Leposit of sulfur. Ref. 867.
Western Crater, 0.5 mile 83-96 ) 050 -2 R U ER L3 1 Y 4 groups of springs; also large mud
%)Lghwest of Boiling spring. Refs. 856, 864, 867.
a)
6 |-Wotten Waven, 1.25 miles | 83; 96.5 R O N (S 1 mud spring, 1 sulfur spring; also
east of Roseau. several small warm springs.
7 | East of Soufriére village_ ... 48-92 | MOAerately |- oo o oo oo oo cmm oo e Several springs; also fumaroles.
large Deposit of sulfur.
Dominican Republic (Santo Domingo)
1| 35 km southwest of Azua....[ Tepid b | Y 1 main and several smaller springs.
Wateg; gastes and smells of sulfur.
Ref.
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Thermal springs and wells in the West Indies (Greater and Lesser Antilles)—Continued

No. Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 14 water | per minute) solids
°C) (ppm)
Grenada
{All data from ref. 869)

1 | Near Peggy’s Whim___.__.__ 44. 4 Small |..___.._._ Ca,Na, K, HCOs...cococceeen Lava e

2 | Hamnsack, east of Tufton |24.4-48.9 Small [oo oo e [« 1 Y 7 springs. Water from hcttest
Hall. spring canies clay in suspension.

3 | Near Lake Antoine._._...... Warm Small oo e e e Lo L S, Several springs. Free HsS.

Guadeloupe
[Data chiefly from ref. 876]
Soufriére Mouritain:
1 Crater......___.c_.._... 5 N R I R - B 77:2 - Y 3 main fumaroles along a fissure.
Refs. 836, 850, 852, 856.
2 Lac du Soufre, on upper ' 2" v« « R S U Ao F [0 1 S, Water contains sulfur in susyension.
part of north slope. Also sewveral fumaroles. Refs.
835, 850, 852, 856.

3 Lor’er part of north 76-89 B R S --do. --| 3 g\sam fumaroles. Refs. 836, 850,

slope.

4 South slope._._.c._.__.. 95 [ N RS 5 (Y Sevezral fumaroles, Refs. 836, 850,

5 | Lowland south of Souf:idre 80-90 ) 073 7 ] IS HUOR s U S, Several springs (1 spouting) and
Mountain. mud pools. Source of Jaune

Matylise stream. Refs. 850, 852,
856.
Haiti
[Data chiefly from refs. 829, 843])
1 | Eaux Boynes (Terre Neuve), 45-49 200 403 | Ca (51); Na+K (56); HCO; | Faulted upper Eocene | 6springs. Formersanatorium and
i? km northwest of Gon- (277); 804 (68); C1 (36). limestone. Irilltglsry hostital. Refs. 826,
ves. 827, 830
2| Los Pozos. .oeooo_ oo ___ 31.5-42 Small 1,214 | Ca (118); Na+K (223); HCO; | Faulte1(?) Oligocenelime- 5springs Ref. 826, 827, 830.
(260) S04 (62), Cl1 (464); free stone.

3 | Sources Puantes (Arca- 32.7 2,000 12,684 Ca (397) (299); Faulted Miocene strata....| 2 mainsprings. Possibly contam-
hale), west coast at foot of (3,930); HCO; (610); SO4 (872), inated bysea water. Refs. 826,
Mount Terrible. Cl1 (6,627); free HaS. 830, 842, 843

4 | Grand River of Jérémie:

Les Irois (Anse d’Hain- Warm [S307:1 1 [ I Tertiary strata...oooo-.- Ref. 842.
ault), near head of
Right Fork.
Tiburon (La Cahouane), | 34;37.5 Small |o o] e 14 1 T 2springs. Water used for bathing.
near head of Left Fork. Ref. 842.
Jérémie (Dame-Marie, 35-40 Small 515 | Ca (26); Na+K (135); HCO;s; | Cretaceous basalt____._.... 2 springs. Water used for bathing.
Dalmarie), 8 km (93); 804 (117); C1 (121). Refs. 826, 842.
downstream from
Tiburon.
Jamaica
{Data chiefly from refs. 840, 841]

1 | Near head of Cabarita River.| Warm Water is chalybeate. Heat may

he due to decomposition of pyrite.

2 | Bank of White River, in ‘Warm Heat may be due to decomposition
Hanover Parish. of pyrite.

3 | Quebec Estate, in St. Mary Hot
Parish,

4| Bank of branch of Back Warm
River, in Portland Parish.

5 | Golden Dale Estate in Port- Hot Water is sulfurous.
land Parish.

6 | Bed of east branch of Guard 55 Water jets from riverbed; contains
(Guava) River, in Port- Fe, Mg.
land Parish.

7 NeRar mouth of Priestman’s Hot || e | e Water is saline.

iver.
8 [ Bath of St. Thomas, the 52-55 230 441 | CaSOy (71); NaSO4 (91); NaCl | Slate and limestone (pre- | Several springs. Resort. Refs.
Apostle, in gorge near Sul- 197). Cretaceous). , 836,
phur River.
9 | Milk River Bath, 2 miles 20 I 29,650 | CaCly (1,500); MgCla, (4,120); | Miocene limestone. _...... Issues a few feet above river level.
upstfleam from river Na:S0, (3, 100) NaCi (20 770). ggtg;suggg for bathing. Refs.
10 | Shore of Manati Bay....__._ b 0 TR N R M Sever;al springs. Water is saline.
Ref. 839.

11 | Port Henderson, near en- Warm Small || e 2 springs. Ref. 839.

trance to Klngston Har-

bour.

Martinique
Mount Pelée:
1 3 miles southwest of Hot Small |- e e e Recent lava....oooooo___ Refs. 851, 861, 868, 877.
main crater.

2 2 miles south-southwest ) ¢ o] 72 S FR I F SR SR s L T Crater having area of 2 acres.

of main crater.

Refs. 851, 855, 857, 861, 868, 877.
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Thermal springs and wells in the West Indies (Greater and Lesser Antilles)—Continued

No. . Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 14 water | per minute) solids
°0) (ppm)
Montserrat
[Data chiefly from ref. 866]
1 | Hot Pond, near coast about Hot Small | | e Several springs feeding pond.
1 ntxéle northwest of Plym- Refs. 866, 872.
outh.
2 Mulcatir soufriére, on east { Warm | . ||| el Sulfurous vapor. Ref. 866.
coas
Cow Hill, in Tar (Tow?)
River district:
3 01d soufridre . .___.____.. Hot 2 springs; also vapor vents.
4 New soufriére _ Hot -{ Vapor vents.
5 | Gage’s lower soufriére_ . Hot Large group of vapor vents.
6 | Gage’s upper soufriére_ Hot Vapor vents. Ref. 865.
7 | Semiactive soufriére. . Warm Several vapor vents.
8 | Spring Ghaut soufriére .. .| Warm 2 main vapor vents.
9 | Galway’s soufriére..________. 34,2-93.2 13 main sprmgs, 1 spouting. Refs.
862, 867, 8
Nevis
1 | 0.5 mile south of Charleston_. 36 Moderately | | e Several springs. Water is sul-
large furous. Used for bathing. Refs.
836, 838, 8
21025 mile south of farm B0 | e e e Several solfataras Refs. 836, 873,
estate.
(max)
Puerto Rico
[Data chiefly from ref. 837}
1 Qt}x)intana, 15 km north of 34 791 (85), Na (265); SO (125); Seldimentary strata near Water used for bathing. Ref.
once. ava.
2 | Bafiosde Coamo.____._______ 44 1,604 Ca (420) ‘Na (149); SOs (609); | Faulted conglomerate and Issue 50 ft above bed of Coamo
Cl (132), CaCO0s3 (18). volcanic tuff, near post- River. Bathing resort. Ref. 836.
. Eocene volcanic crater. i
3 Virella____.________________. 30 |- 5,827 | Ca (1,688); Na (819); SOy (460); | Coastalplain deposits._.._ Water is unpotable.
C1 (1,358); CaCOs (1,065).
Saba
1 | North end of island Warm Small Lava and volcanic tuff____| Ref. 875.
2 | Southwest shore._ 54.2 30171 | ) SOOI DS P 1 YO Co!;taminated by sea water. Ref.
875.
1 | Near and on Mount Misery. |93.2-95.8 SmMAl | Lava and volcanic tuff____| Springs, fumaroles, and solfataras.
Refs. 838, 856, 867, 873
Saint Lucia
1| La Soufriére (Qualibou), | 22-92.5 | Moderately |- —co oo iiicicamcaaaeae Decomposed volcanic | 10 main springs, 6 pools, and vapor
3 miles south-southwest large rocks. vents in area of 3 acres. Much
of Soufriére village. H;S. Small deposit of sulfur.
Refs. 836, 838, 849, 856, 864, 871.
Saint Vincent
[Data chiefly from ref. 878]
1 | La Soufriére Mountain._____ 2 ) 2 O O U, LaVa. oo e Solfataras in crater and fumaroles
on east slope of - mountain.
Water is clear to black: highly
malodorous. Refs. 838, 846, 847,
855, 857, 863, 878.
2| Head of Larikai River )5 0] N PO e | e e Lo 1 O Small fumaroles. Deposits of sul-
valley. fur. Refs. 870, 878.
3 {Petxt Walllbou Valley....___ HOb oo oo o e e e e [« L Sl}m]l flim?roles Deposits of sul-
ur e
Rouseau Valley - ....._.._.__ B2 (0] 720 N F Y SN U (s T Small fumarcles. Deposits of sul-
fur. Ref. 870.
Trinidad
1 | Plaisance, 1 mile north of 43 600 226 | Si0; (28): Na+K (76): HCOs | Faulted Tertiary strata..| Stopped flowing in 1941 when deep
Pointe-a-Pierre. (146): C1 (54). water wells were drilled nearby.

Refs. 860, 879

735-914 0—656——6
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The ancient granite and other crystalline rocks ex-
posed in the Andes Mountains and the associated table-
lands of northwestern Argentina are overlain in part by
Tertiary and Quaternary volcanic rocks. The region
includes many voleanic mountains and extensive saline
flats in the tablelands between the main ranges. Far-
ther south, the eastern slopes of the Andes are largely
of marine Paleozoic and Mesozoic strata. Folded con-
tinental Tertiary beds underlie the lower slopes and
extend eastward beneath great plains that reach to and
beyond the Parana River. The lower lands are covered
by Quaternary deposits, but some hills of ancient base-

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

ment rocks rise above the plains. Misiones Territory,
in the extreme northeastern part of Argentina, is within
a great region of Mesozoic basalt and intrusive rocks
that includes much of southern Brazil. The arid up-
lands of Chubut and Santa Cruz Territories in the far
south are underlain mainly by ancient crystalline and
metamorphic rocks, but these are covered in many areas
by Cretaceous and Tertiary continental deposits and
Quaternary gravel.

The locations of thermal springs in Argentina are
shown on figures 15 and 16. Sketch maps of the Rio
Hondo and Copahue areas, which are noted for their
thermal springs, are presented on figures 17 and 18.
The available information on the numerous thermal

springs in Argentina is summarized in the table below.

Thermal springs and wells in Argentina

[ Data chiefly from refs. 926, 929, and Geological map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950).

Principal chemical constituents expressed in parts per

million. Locatxons of unnumbpred springs not identified]

No. . Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 15 water | per minute) solids
©C) (ppm)
1 | El Oratorio, at Guera____.__ 35 Small | Quaternary lava. .._______ Wgtc{ﬂls slightly saline. Used for
thin
2 Rf)of qrcgirlg:?a, 30 km southeast 36 Large 2,689 | Na, SO, Cl; free HoS. ... Folded Tertiary strata..._| Water used for bathing.
3 | San Lucas, 10 km east of Rio 48 Large 830 ) N&, 804 e s Water contains 28.7 ppm of Al
Jordan. Used for bathing.
4 | Caimancito, 8 km northeast 41-59 Large 1,080 | Na, 804, Cl___ ... | A0 4 main springs. Analytical data
of railway station. for spring having temperature of
57° Water used for bathing.
5 | Quinta, 20 km east of Yuto 38 | Moderately 872 | Ca, HCOs. oo [+ L Y, 1 main and severa) smaller springs.
rallway station. large Water used for bathing.
6 | Volcan, 1 km west of railway 41 | Moderately 444 | Ca, Na, HCOs; free H:S..______| Lava(?) near Precambrian | 2 main and 4 smaller springs.
station. large rock. Water contains sulfur in sus-
. pension. Used for bathing,
7 | Near Quemado railway sta- |  40-45 500 13,936 |-l Folded Tertiary strata..__| 3 drilled wells (Quemado, Pefia,
tion. (hottest) Moralito). Water is strongly
s saline. Used for bathing.
8 | Paloa Pique, on bank of Rfo b7 2 1,924 | Na, HCO3, Clo_ ...\ ___. Q0 2 main springs. Water used for
San Francisco. bathing.
9 | Arroyoel Rabon._.._.______ 20-43 Large | | Tertiary strata near Ter- | 6 main and several smaller springs.
tiary lava. Water used for bathing,
10 | El Palmar, 4 km south of | 25-49.5 | Moderately 3,577 | Na, SOueoo oo d0- e 5 main springs. Water used for
Rabon. large (hottest) bathing.
11 | Chorro....._...__.__________ 34-53 Large 838 | Ca, 804 Upper Cretaceous strata_.| 4 main springs. Water used for
(coolest) bathing.
12 | Los Reyes, 20 km west of | 28.5-52 | Moderately 895 | Na, 8Os e Tertiary trachyte overly- | 5 springs in 2 groups (Los Reyes
Jujuy arge | (hottest) ing Paleozoic strata. and El Bajo). Bathing resort.

13 Sa;lf }%lfnlllue, 12 km southeast 19 Large 424 | Na, HCOs. ... Tertiary strata__.._....__.. ‘Water used for bathing.

14 Angosto de Cachipuneo._... 31.5; 40 Large 970 Tertiary strata overlying | 2 main springs. Small deposits of
Uppter Cretaceous de- sulfur. Water used for bathing.
posits.

15 AGS‘::I iﬁ%ggi’oa km west of 24 Small 3,043 | Na, HCO3, 804, Clo.._._._.___ Tertiary strata......__.___. 3springs. Water used for bathing.

18 | Near San Antonio__.________ 27 Moder:lztely 226 | Ca, Na, HCOs, SOyoocoo | do. Riagstin l”ﬁ ng{-h irlMuch gas.

arge ater used for ba £,

17 | El Carmen (E} Molino), 26 28 Large 208 | Ca, Na, HCOs._ .. oooee | s T ‘Water used for bathing.

18 | Agua %mith gffiulﬁll Molin ‘

gua Caliente de olino, 22-30 Lai 340 | Na, HCOs_ oo eeaea@O e i ings. i .
e ki Sotthoast of oomo: rge | 207-340 | Na, HCOs._____. do 7 main springs. Bathing resort
railway junction.
Pt}erta del Chanar, in b2 S N Na, HCO3, 804, Clo. oo
ujuy )
Pozo Moralito, in Jujuy. 40 HCO. Clu e e Flowing well.
Pozo Pefa, in Jujuy...__ I I §3’ HCOY 88" Do: Ve
19 | Near Antuco.___._.__.______ 20-35 100 21, 030 c%o (68)2), S03 (1 023); NaCl | Probably Tertiary lava___| 3 drilled wells.
14,909’
20 | Agua Caliente, on border of | Warm |  Small | b O . i ine.
B Caltente, on bor Small |._________{_________ ... do Several springs. Water is saline
21 | Salina de Aguas Calientes, Warm Small | & (T Do.
at south base of Cerro
Aguas Calientes.
22 | Vega de Agua Callente, near | Warm Smalt || 1 DO Do.
Rio Agua Caliente.
Inchachuli, in Los Andes.| 45-46 |.____________ .| _________ Na, HCO;, SO,
Pompeya, in Los Andes.| 38-50 8 4,180 | NaCl (2,312).. 4 flowing wells.
Rio Tugle, in Los Andes.| 38-53 80 ,840 | NaCl (4,080).. -l 4 tf)lozgng wells. Water used for
athing,

o Tucomar, in Los Andes..... 35-63 50 2,736 | NaCl (1,355) . oo ooooeo |l 4 flowing wells.

23 | Rio Lipeo (Lipion).__._.____ Warm Small 422 | Ca0 (40); CO, (185) NaCl(101); | Devonianslate..........__ 4 main springs, Water contains 20

Feg03; free HaS gp{n of Fey03+Al;03. Used for
athing.
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No. Temper- Total s
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 15 water | per minute) solids
©C) (ppm)

24 | Fuente de El Sauce (Parai- 18-31 300 9,504 | Na, 804, Cl; free HyS, CHy___.__ Tertiary limestone________ 5 springs. Water contains 14 ppm
s0), 10 km northwest of (hHttest) of Fe. Bathingresort. Ref. 927,
Campo Santo. )

25 | Termas de Inti (Aguas Cali- 22-30 |- 207 | Ca, Na, HCOs, 804, SiO;3 (24)-._| Tertiary and Upper Cre- | 7 main springs. Water used for
entes del Molino), 18 km taceous strata. bathing. Refs. €06, 920, 927.
northeast of Giiemes. .

26 | Luracatao.__________________ 47 . 1,770 | CaCly, NaCl. ... __.._____ Precambrian(?) rock.__... Wéalt:r contains 6 ppm of F. Ref.

27 | Near Juramento railway 34-38 Small | Tertiary and Upper Cre- | Several springs. Water is sul-
station. taceous strata. furous.

28 Ne%rt' Lumbrera railway Warm Small | || Ref. 919.
statin,

29 | Ojode Agua, 7 km southeast 35-50 Small 692 | SOz (96); NaCl (284); SiO; (40)...| Cretaceous(?) strata..__.__ Several springs. Water contains
of Galpon village. 16 p})))m of FeyO3 + Al Os. Used

for bathing. Refs. 919, 923.

30 | Rosario de la Frontera, at
base of Sierra de la Can-
delaria 10 km southeast of
Rosario, in Salta:

Agua Salada Alta..______ Wgtefl is raédioagtivg. gsed 4&2)5
Silicosa. ___________ athing. Combine ow
Sulfurosa ... ... Faul(tiel(}mCrfta/ceous marl | jitars per minute. Refs. 806, 904,
Ferruginosa______.______ and limestone. 919, 920,923.

Several others__________. .

31 | Ceibal (Puesto de Aguas), 20 207 Precambrian(?) rock______ 3springs. Water used for bathing.
km east of Candelaria. large | (hottest)

Baéfl'i"ts de Fleming, in 29 {ooo ] Ca, Na, HCOa. |
alita.
Cuchiyaco, in Salta...._. B2 | Na, HCOs, S04, Cl. | Ref. 908.
Inti and Porongal, in | . | | e e
Salta.
Qusel%{ada de Luingo, in < O U )
alta. .
32 | Agua Salada de Timbo, 25 Tepld |-ocoooooooooo. 317,000 | SO; (10,400); NaCl (299,300).____ Tertiary strata overlying
kTm south-southeast of Precambrian rock.
rancas.
33 L§I§ Cejas, 30 km east of | 20.7; 32 |...........__. High| Na, HCOs, Clo.eoo_.oo_____.__ Quaternary deposits_...._.| 2 flowing wells.
ucuman.
34 | Near south base of Agua Warm Small | e Tertiary and Jurassic lava.
Caliente Peak. R
35 1 Villa Vil o oomeees 55-64 | Moderately 903 | Na, HCOs_ - oo Pliocene strata. ... 4 main springs. Water used for
large | (hottest) |- bathing. Ref. 908.

36 | Cura Fierro, 2 km south- 21 Small 4,934 | Na, HCOgs; free COa ..o f---- do Medicinal drinking water. Ref.
west of Villa Vil. 908.

37 | Llampa, 10 km south-south- 30 Small 1,889 | Na, HCOs. oo famnan Lo L« Do.
west of Villa Vil.

38 | Nacimientos de Hualfin, 8 37-39 Large 1,144 | Na, HCOso oo |~eeen do. 4 main and several smaller springs.
km east of Llampa. (hottest) 9\gsmer used for bathing. Ref.

39 | La Colpa, 10 km southwest 27 27 2,247 | Na, HCOg; much free COz. ... |---o- [ s N Water deposits sodium bicarbon-
of Llampa. gotg Used for bathing. Ref.

40 | Agua de Dionisio, 30 km 24 | Moderately 1,943 | Na, 8O, Clooooooooo i fmnnn [« 0 YO Several springs. Medicinal drink-
southeast of Villa Vil. large ing water. Refs. 889, 908.

41 | Fuente de Vis-Vis and 34-38 Small 1,225 | Na, SO, Cl . Precambrian crystalline | Several springs. Water used for
Nacimiento de Vis-Vis. rock. bathing. Ref. 908.

42 | Choya de Andalaga (Yaco- 19 Small 1,220 | N&, 804 oo mee LS 1 S Water used for domestic purposes.
chuyo). Ref. 908.

43 Ciﬁm:ﬁ?f on bank of Rio 30 Large 393 | Na, S04 Cl N do. ._| Water used for bathing. Ref. 908.

aulffn. :

44 | Fiambala._......_........___ 54-58 | Moderately 480 | Na, HCO3. ovocomoccccccaanne Granite_ .. ... Water used locally.

large

45 Slgii’acm at border of saline 34 | Moderately High | Na, HCO3. - oceoomoocceeee Quaternary deposits._..... Water used for bathing.

at. large

46 | Chanampas. ... 25-31 | Moderately Low | Na, HCO3. oo |annnn [+ S Do.

large

47 | Las Higueritas, 15 km 30 | Moderately Low | N8, HCO3 ccomcoaaacaaacamaaee Tertiary strata overlying Do.

southwest of Tinogasta. large Precambrian rock.
...... Adentro and Palmas Viejas, - -

in Catamarca.
...... Saugil, in Catamarca...._.... 21 |oeeeceececec|eaceaaeer_| Ca, Na, SOy, Cl1

48 Along1 8Rio Hondo (see also,

Inti-Yacu_ ______________ 3842 |___ | [ Tertiary strata_.__________ 20 springs on island in river. Refs.
Las Termas_ .- - |l e e Several springs. Bathing resort.
Ref. 881.

Condor-Huasi_ _________.|____._____ Large |- oo Several springs. Ref. 881,
Totora Yacu_ ______.___.| _______._ Large - Tro. |
Atacama._______.________ 31 390 370 | Si0s (30); Na (93); K (27); COs 4 main springs. Refs. 881, 892.

. (max) (70); 804 (80); C1 (50). .
Trigo-Chaera.____.______ do Several springs. Ref. 881,
Alto de las Gatitas__..__ Do.

49 | Atacama (Vichy) and Isca Na, HCO3, SO4, Cl 3 main springs and several smaller
Yacu. ones. Water used for bathing.

50 | Near Lavalle railway station_|29. 5-35. 5 Moderalnely __________ Ca, Na, 804, Cl__..___________{.._. A0 3 flowing wells.

arge
...... Remate Iill in Santisgo del | Warm | Ref 917,
stero,

51 | Agua Caliente.._._________.. 60 | Moderately LOW | e e Quaternary and Tertiary | Water used for bathing.

large strata.

52 | Santa Terezita (Mazan), 15 35-87 | oo g 417-572 | Na, HCO3- - oo A0 6 main springs. Water used for
km southeast of Agua bathing.

Caliente. .

53 | Fuente de El Chocoy, near 27 Large 1,200 | oo en Probably Precambrian in- | Several springs. Water contains
Famatina. (max) trusive rock. 30 ppm of FeCOs; much ocher

deposited. Ref. 907. .
54 | 40 km northeast of La Rioja. 23 | Moderately | _________ Na, HCOs. _ oo Precambrian(?) strata____.| Water collected in reservoir for

large

drinking by cattle.
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Thermal springs and wells in Argentina—Continued

No. . Temper- Total cps
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 15 water | per minute) | solids
(°C) (ppm)

55 | ElSaladillo de los Colorados. 34 Moderately 4,560 | Na, 804, Clooooooooo Precambrian(?) strata..._. 1 main spring and several small

large flowing wells.

56 | Surgente de Copai de Guay- 22 Large 8,270 | Na, 804, CL .o________|ceoe A0 Flowing well. Water used for
apa, 15 km southwest of drinking by cattle.

Patquia,
...... Totoritas, in La Rioja_._____ 2 | I NAHCO8 e oo | Watter used for bathing. X

57 | Pismauta, 8 km west of | 40;45 |..__.._.______ 400; 356 | N2, SO4; free HoS__________._____ Paleozoic strata. .________. 2 main springs., Water contains
Jachal. much FesOsand Al,O3. Ref. 912

58 | Quebrada de Huaco (Hedi- | 21-25 100 2,300~ | Na, SO4; much free HaS_____. .. Paleozoic limestone._.__.._| Several springs. Deposits of sul-
onda). 2,868 %rf Water used for bathing.

3

59| ElVolean_ . ___.______________ 18 W IR Moder- | Na, 8O, Cl; free HaS___________ Tertiary(?) deposits.-.__. Water used locally.

60 | Near bank of Rfo Blanco Probably Jurassic lava._..

61 | Talacasto._.....______ X Tertiary strata

62 | Bafios de la Laja, 24-27 Moderately | 6,610 | Na, 8Oy, Cl; free HaS___________|-.__. O e e 3 main springs. Bathing resort.
?orth-northeast of Sa.n large Ref. 928.

63 | Bafios de El Salado (San |21.3-27 240 9,234 | Ca (HCOs), (397), Mg (HCOq)z _____ dooooo Water used for bathing. Ref. 928.
Bernardo), 5 km east of (350); CaSO: (418); MgS0,

Bafios de la Laja. (523); NaS04 (766) K804
(492); NaCl (6,329). .

64 | Salados Albardon, 20 km | Warm Small |- . Quaternary and Tertiary | Water is saline.
northeast of San Juan. strata.

65 | Zonda, 25 km southwest of 23,2 | e e Quaternary deposits over- | 2 main and several smaller springs.
San Juan. lying Paleozoic strata. Free H:S. Water used for bath-

ing.

66 | Bafios del Inca (Puente del | 35-38 Large 16,350 | Ca (1,028); Na (5,552); HCO; | Jurassic lava and Paleo- | 5 main springs near Bridge of Incas,
Inca), near Trans-Andean (743); SO4 (1,838); Cl(7,100). zoic limestone. anatural bridge. Resort. Refs.
gﬁiﬁway and border of 886, 891, 895, 899, 904, 911, 914, 915,

e 918.

67 | Canada del Monte (Carri- 21.5 Large 500 | Nay 804 oo Mesozoic or Paleozoic | Water used for bathing and irriga-
zal de Arriba). strata, tion.

68 | Villa vicencio 26. 4-36. 8 Large 1,200 | NaHCO; (876); Na.SO4 (309); | Tertiary strata overlying | 2 groups of 5 springs each. Water

KC1 (126); free COa. Permian strata. Water bottled and sold. Bathing re-
may rise from Devonian sort. Refs. 882, 883, 914.
graywacke. .
69 LaR Peria (gascada), south of 21 Moderately 1,604 | Na, SO4ocoomoooooooee Tertiary strata_ . ........ ‘Water used for bathing.
fo La Pefia larce
70 | Higuerita de Callao_.______. 18. 5;20.2 Large 1,056 | Na, HCO3, 8O4-c oot Tertiary strata overlying | 2 springs. Bathing resort.
Triassicor Permians‘ra‘a.

71 | Zapata, 15 km northeast of 22.4 Large 980 | Ca (108); Na (183); SO (468); | Quaternary and Tertiary | Several flowing wells 25-30 meters
Mendoza. Cl (121). strata. deep. Water used for bathing

and irrigation.

72 | Borbollon, 14 km northeast [24.5; 25 6, 000 1,061 | Na, K, SO4 e ooommmccacaaeen Quaternary and Tertiary | 2 springs. Water used for bathing
of Mendoza. strata, and irrigation.

73 | Las Totoras, about 10 km 19.3 | Moderately 871 Ca (111), Na (125); HCO; (50);] ----- A0 o Several springs. Water used for
northeast of Mendoza. (max) large Q4 (408); Cl1 (99). bathing and irrigation.

74 | Cacheuta, on right bank of [35.6-50, 1 Large 1, 540 s;o, (48); Ca (131); Na (387); | Graniticrock.....___._.___ 4 main springs. Water is radio-
Rfo Mendoza. HCO; (97); 304 (525); C1(368). actwei3 ;;?ed for bathing. Refs.

894, 9
75 A\%o Verde, 15 km north of 23.4 Moderalately 334 | Ca, N2, SO4eooimocccceeeees Folded Tertiary strata_.__| Water used for bathing.
‘unuyan. arge

76 | Bafios de Capis and Serafim 26 Large 410 | Na+X (62); HCOs (49); SOy [--—-- 0. e 2 groups of springs. Water used
Dias, 15-20 km northeast (130). for bathing and irrigation.
of San Carlos,

77 | Las Peflas._________._.______ 19 | Moderately 5,970 Na (1,325); HCO; (1,229); Cl 2 main springs. Deposits of salt

large and ocher. Ref. 925,
78 | Agua Poca. ... ___ 29 Small 620 | N2, SO4ee oo
79| ElSalado....______._________ 29 Large 7,900 Na (2 $i557 80, @ 0s0; al Wfa.te{) colxlnams 7 ppm of Br. Used
,40 or bat!
80 | La Vigorosa._._.____________ 20.5 Large 12, 260 Na. ' (4,789); %Cos (1,258); C1 Water used for bathing. Ref. 925.
(5,254); free COq
81 | Paloma, 2 km southwest of 21,4 | Moderately 2,780 N;, 502 ______________________________ A0 . Water used for bathing.
Vlgorosa spring. large
82 | Arroyo del Tigre_____.______ 30.4 Large 578 | Na, SOy, Cl_____. e Upper Permian strata__... Segerﬁl springs. Water used for
. (max) athing

83 | Cerro Bola, in bed of Rfo 19 Large 4,840 [ Ca (500); Na (363); SOy (3,265); | Jurassic voleanic rock..._. ‘Water used for bathing. Ref. 925.
Cafiada Seca. Fe (58); Al (115); Mn (44). .

84 | Los Burros.____._____.______ ¢ 21.% Large 520 | Na (149); SO4 (185) .o oooooae Paleozoic strata___________ 4 sipr'mgs. Water used for irriga-

max; tion. .

85 | Sosneado. .. ____._.._.______ 31; 33 24,000 | 10,205 | Ca (972); Na (3,127); HCOj; (218);| Tertiary voleanic rock_._| 2 main springs, Water contains

80 (2 184), 01 (3,690); much 14 ppm of Al Deposit of sulfur.
. free Hz Bathing resort.

86 | Agua Caliente, 5 km north- Warm Small || e Quaternary deposits._..___ Water is potable.
east of Sosneado village.

87 | Volcan Peteroa (Bafios de [20.3-49.5 Large 640 | Na, HCOs_ ... .~ —ooo- Quaternary lava_ .____.___ 8 main springs. Analytical data
Aczufre), at east base of the for spring having temperature of
voleano. 38°C. Water contains 8 ppm of

. Fe. Bathing resort.

88 | Aguas Amarillas.____________ 20 Large 1,030 | Ca (293) HCO; (836); SO4 (460); | Carboniferous schist_._____ Deposits of sulfur.

free

89 | Peralito, in canyon of Rio |32, 5-46 Large 42,254 | Ca (1, 210), Na (15,176); HCO; | Lower Cretaceous strata__| 6 springs. Bathing resort.
Salado. (hottest) (146); SO, (2,644); Cl (22,365). )

90 | Los Molles, 2 km below Per- | 36-49.5 Large | 55,100 | Ca (1,324); Na (21,785); HCOs |-._.. A0 oo 4 main springs. Bathing resort
alito springs. (hottest) (113); SOy (2,930); C1 (29,900). .

91 | La Kiki, on left side of Rio 22 Small 2,966 | Ca (625); Na (163); HCO; (113); | Upper Cretaceous strata_.| 1 main spring. Deposit of tufa.
iglaﬁlo 12 km east of Los S04 (1,636); Cl (167); much Water used for bathing.

free HsS.
92 | Alfalfalito, on left side of Rio | 26; 35.5 | Moderately 832 | Ca (70); Na (277); HCOs (45); |-—-_.do. ... ______ 2 springs 2 km apart. Water used
ls\glaﬁio, 18 km east of Los large | (hottest) C1 (389); free HaS. for bathing and irrigation.
olles.
93 | La Vista, 33 km southeast of 25 | Moderately 11,370 | Ca (780); Na (3,103); IICO; (158); | ----- A0 o Water used for bathing.
Las Molles. large S04 (2,134); C1(4,963); free H:S.
94 | Cajon Grande (Companario) 51 Large 1,300 | Na, SO¢, CI______ 1. ... Tertiary volcanic rock | Many springs in area of 600 sq mi.
(max) overlying Lower Cre- Deposits of salt and ocher.
taceous strata. Water contains 12 ppm of Fe.
Used for bathing.
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No. Temper- Total . .

on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 15 water | per minute) solids

or 16 (°C) (ppm)

95 | Quebrada de Zapallar.______ 28 Moderately High | Na, HCOs, 80y, Cl Quaternary deposits.....__

large

96 | San Marcos, on right bank of 21 Moderatelgy 2,208 | Na, HCOs__ .. Precambrlan(?) rock____._ Deposits of opaline silica and iron
Rio San Marcos. large oxide. Water contains 4 ppm of

Fe. Used for bathing.
97 | La Magdalena, at Barreto 28 450 1,127 | Na, 804 Quaternary deposits_....__ Flowing well 221 meters deep.
railway station. W{tttler used for drinking by
cattle.
98 | Barreto, 10 km east of rail- 32 6, 000 522 ) Na, SOqoeooo . O Flowing well 320 meters deep.
way station. W':;attler used for drinking by
cattle.

99 | Salto Argentino........_.__.. 21 8 3,283 | Mg, Na, SO ... |eee. [ T, Flowing well 100 meters deep.
Bottled and sold as mineral
water.

100 | Villa Albertina, 10 km south 21.5 140 3,863 | Na, 804, Clo_ o[- A0 o Flowing well 88 meters deep.
of Buenos Aires. Bottled and sold as mineral

water. Contains 2.5 ppm of Mn.

101 | Punta Lara, on bank of Ri6 | Warm | Moderately 7,050; | Na, 8Os, Clo_. .. |-__. 5 [ S 2 flowing wells 84 and 87 meters
de la Plata. large 7,524 deep. Bathing resort.

No.
on
fig. 16|

102 | Alsina de la Noria, at west 215 3 15,864 | Na (4,455); SO4 (6,267); Cl(4,020).| Plio-Miocene strata.___._.. Flowing well. Bathing resort.
end of Lake Alsina.

103 | Viticola, 27 km north of 55 800 704 | Na, HCOs_ .. ... Quaternary deposits over- | Flowing well 654 meters deep.
Bahia Blanca. lying Plio-Miocene | Water used locally.

strata.

104 | Argerich, at National Fish 63.7 |ceeceeee 1,017 | Na, HCO3, 8O4__ oo | [ Flowing well 711 meters deep
Hatchery. ‘Water used locally.

105 | Puerto Militar, 20 km south- 55 |eemooo 9,466 | Na, (2,786); SO, (1,138); CI1 |.___. A0 Flowing well 787 meters deep.
east of Bahia Blanca. (4,90%).

106 | Ombucta: \

Depth of 300-304 meters . 32 18,837 |

Depth of 568-570 meters. . 33 ,865 |__Na (8,886); SO; (3,800); Cl | oo .. Flowing well 850 meters deep tap-
12,400). ping 3 water-bearing zones.

Depth of 840-847 meters. . 63 4,264 |__

107 | Los Gauchos, at Villalonga

mi]])wa{hstatsigil ; 0il test well yield ter at rat
epth of meters..._. & O ) U : test wel elding water at rate
Depth  of 1,085-1,115 I 144,560 | Ca (4.240); Mg (3,060); Na ||Quaternarg deposits over- | “or7 500 liters per minute. Water
meters. (44,204);  8O4 (1,535); Cl e o ¢ from upper zone is saline. Water
,425). strata. from lower zone contains 387
ppm of Br and 5 ppm of I. Used
to supply bathing pool.
108 Cléaﬁra,hi llnln lilltlmhwest of 20 Small 2,373 | Na, 804, Cl; free HoS_.__....__. Lower Cretaceous strata__|{ Water used for bathing.
0s Malal village.

109 | Agua Hedionda, 4 km north- 18 Small 560 | Na, HCOs, SOy; free HaS_ . _o___|--... (S Do.
east of Chos Malal.

110 | Bafios de Copahue, in Na-
tional Reserve on east
slope of Cerro Copahue
(see also fig. 18, showing):

Aguas de Fierro...._____ 68  |occemiceoo. 396 | SiO2 (118); Na (35); HCO; (130). Quatelrlnary andesite and | Water ctf)t:\tixins 10 ppm of Fe, 13
trachyte. ppm o .
Norte del Correo___ 67 - ds
Two other main 18-63  |ococooooo o Analysis is for spring having tem-
several smaller springs; perature of 40°C. Water con-
also a few fumaroles. tains 23 ppm of Fe, 8 ppm of Al

11 | Las Maquinas and Las | 28-95 Moderately Hgh |- A0 e eicaee 3 main _and several small springs;
Maquinitas, on both sides large also fumaroles. Water used for
of Arroyo Blanco, 2.5 km bathing. Ref. 903.
south-southeast of Bafios
iig Copanue (see also fig.

112 | Laguna del Volcan, 7 km 35 | Moderately 6,941 | Na, 804, Cloooooooooofenen Q0o Lake having area of 3 hectares in
southwest of Bafios de large crater 0.5 km in diameter. Water
Copahue (see also fig. 18). contains 25 ppm of NHy, 33 ppm

of Fe, 195 ppm of Al, is heated
by escaping gases. Used for
bathing. Deposits of sulfur.

113 | Chanchoco, south of Laguna 26.5 Small 200 | S04 (97); S102 (35)ceeccn o |omeas s (o T, 2 main springs. Water used for
del Volcan. bathing.

114 | Cerro del Domuyo, south of [ TR S A R Quaternary lava_.____.___ Sulfurous fumaroles on hillsides.
Chanchoco. (max) Escaping gases contain SOz and

HaS.

115 | Plaza Huineul, near Huincul 35 |l 88, 000 |« oo o oo e Upper Cretaceous strata__| Well No. 23. Thermal water en-

railway station. countered at three main horizons.
Analytical data for strongly sa-
line water from depth of 805-857
meters. Ref 912. =~

116 | Colluco (Huechu-Laufquen), 60 Small 2,000 | Ca, Na, HCO3, SOy, Cl...._.... Probably Cretaceous in- | Many small springs issuing from
2 km south of small lake. (max) trusive rock. {)nqxﬁt_lds of tufa. Water used for

athing.

117 | Queni, west and south of| Warm I S ) Alluvium overlying Cre- | Several springs. Water used for
small lake. taceous intrusive rock. irrigation.

118 | Southwest of Telek village. .| Warm Smal | e Probably- Quaternary ba- | Several springs and shallow wells

salt. near area of smoking ground
. (solfataras?). Ref. 916.

119 | Gran Bajo, 18 km north of | Warm 77 X R I Probably Eocene-Oligocene | Several springs on north border of

San Julian. strata. lowland. Water is Dpotable.

Used for irrigation. Also a few
saline springs on lowland.
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FIGURE 16.—Southern parts of Argentina and Chile showing location of thermal springs.
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FIcURE 17.—Rfo Hondo area, Santiago del Estero Province, Argentina, showing location of springs. From ref. 881.
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BOLIVIA

The Western (Occidental) and Eastern (Oriental)
Cordilleras of Peru extend southeast and south through
western Bolivia where they are separated by a wide
plateau region that is called the Central Cordillera, or
Cordillera Real (Royal). The Central Cordillera ex-
tends southward from Lake Titicaca and contains many
large saline flats. The Western Cordillera is composed
largely of marine Jurassic and Cretaceous rocks over-
lain in part by volcanic materials. Nearly all the vol-
canic mountains of Bolivia are in this belt; two on the
southwest border are solfataric. The northern part
of the Eastern Cordillera is chiefly of Devonian and
Carboniferous rocks; the southern part is of Cambrian
and Ordovician rocks and some intrusive granite. The
great upland between the two cordilleras is underlain

by continental Tertiary beds covered largely by Quater-
nary deposits. Much of this region may have been a
lake basin.

More than one-half of Bolivia lies east of the Andes
and within the basin of the Rio Mamore which is tribu-
tary to Rio Amazonas. The extreme southeastern part
of the country drains southward to the Rio Paraguay.
Within this part are large areas of ancient crystalline
and metamorphic rocks which are overlain by Devonian
and Silurian rocks similar to those of the Kastern
Cordillera.

Thermal springs are common in the central moun-
tainous regions. The locations of those which have been
recorded are shown on figure 19. The information con-
cerning them is presented in the table below.

Thermal springs in Bolivia
[Data chiefly from refs. 931, 932. Location of unnumbered spring not identified. Principal chemical constituents are expressed in parts per million]

No. Temper- Total

on Name or location ature of | Flow (liters [dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 19 water | per minute) | solids
©C) (ppm)
1 | Putina, 15 km east of Cojata.| Warm Cretaceous strata faulted | Deposits of sulfur and pyrite.
against Devonian slate.
2 | Charasani Warm d
3 | Chuma... Warm
4| Nabaya..._.________._______ ‘Warm
5 | Bank of Rio Suches, 4 km Warm
from Escoma.
6 | Carabuco, 5 km from Ma- 65
tilde mine.
7 | Poquea, east of Ancoraimes..| Warm |-_._ .| oo |eo ol Quaternary deposits over-
lying Devonian strata.
8 | San Francisco, south of Warm | Faulted Devonian strata.--
Ancohuma.
9 | Viscachani, near La Paz- 26 | Moderately |- oo |ooco Devonian(?) strata._....__ Much free CO;. Water used for
Oruro railway. large bathing.
10 | Urmiri, near Sapahaque..__. 42-73 Large 1,794 Devonian strata........_.. 14 springs. Large deposit of tufa

(62!

11 Chigtuacato, near Rio Cara-

cato.
12 | Aguas Calientes, 20 km
north of Quime.
13 | Valle Colquiri, near junction
of Rfos Colquiri and Ayo-

paya.
14 | Kami, on bank of Rio

Very Small || __

Ayopaya. hot

15 | Lanza, 5 km below Leque... 69 240,000 ||

16 | Liriuni, at base of Tunari Warm | Moderately |- .. _ |-
Mountain. large

17 | Incuyo, 10 km south-south- Warm || |emimeoiol
west of Tapacari.

18 | Putina, between Suticollo Warm | ||
and Parotani.

19 | Cayacayani, east of Santi- ‘Warm | Moderately |..._______[-.__________.
vanez. large

20 | Aguas Calientes, near Oruro-|_.____.____ Moderately |- _f-- _._______
Cochabamba railway. large

21 | Coleha, near Colcha railway Warm | oo
station.

22 | Near Arque....____.__.____. Warm {-oooooooo o e e

%3 | Carapari, in bed of Rio Warm |- e

Grande.

24 | Paja, east of Totora....______
25 | Base of Pomarape volcano. ..
26 | Capachos, 12 km east of
Oruro.

27 | Obrajes, near Paria..__..____

Moderately
large

28 | Machacamarca, 26 km
southeast of Oruro.
29 | 6 km from Huanuni...._.___

30 | East of Poop6.........___.._

Moderately
large

8103 (73); Na (310); K (65); S804
9); C1 (64).

and small deposits of gypsum,
sulfur, and pyrite; incrustations
of hyalite, realgar, cinnabar.
Water used for bathing.

In area of antimony mines.

__________________________ d0.coe o one———_...| Water is sulfurous.
__________________________ A0eeeeooo o --...| Water is sulfurous and alkaline.
__________________________ do.. o ———___| Water is sulfurous and alkaline.
Used for bathing.
__________________________ (o (o
_____________________ Upper Cretaceous sand-
stone. .
_____________________ Probably Upper Cretace- | Water used for bathing.
ous strata.
__________________________ Lo (s Y, Do.
,,,,,,,,,,,,,,,,,,,,, Upper Cretaceous sand-
stone. .
_____________________ Devonian strata...........| Water is sulfurous and alkaline.
Near antimony mines.
__________________________ 0 Lo P,

Quaternary lav: Several springs and solfataras.

Devonian(?) strata

Issues from pyrite-bearing vein.

Devonian strata...._......
Water is sulfurous. Used for

bathing.
..... Q0o ooeeenn--..| Issues from quartz vein.
Probably Quaternary de-
posits overlying Devo-
nian strata. .
............... « ---.| Faulted Devonian strata_.| Water used for bathing.
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No. Temper- Total

on Name or location ature of | Flow (liters [dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 19 water | per minute) solids
(°C) (ppm)

31 | Northof Pazma_____________| ________ | | Faulted Devonian strata__

32 | Urnuri, near Pazna__________ 55 ds ‘Water is saline; contains Fe.

33 | Ajata, southeast of Condor.. 4 T e P st Water is sulfurous and alkaline.
In area of antimony mines.

34 | 2 km south of Challapata....| Warm |.______ . | .. | |aaea (5 (T, W%ter is strongly saline; contains

e.

35 | Mojotoro, in Rio Chico....__ Warmn | e e el Probably Upper Creta-
ceous strata overlying
Devonian slate.

36 | Compania, 30 km north of | Warm | Moderately | ... | |eeeea L ‘Water used for bathing.

Sucre. large
37 | Huata, north of Sucre__.___. [ U T
38 | Talulu, in bed of Ro Pil- |_ Upper Cretaceous sand-
€oIayo near Quila Quila. stone. .
39 | Aguas Calientes, in valley of 68 | L Probably Quaternary | Near an antimony mine.
Catavi. rhyolite overlying De-
vonian strata .
40 | Catavi, near Victoriamining | Warm | Moderately |. .. {~- oo emeee L, Deposits of tufa, pyrite, and man-
mill. large ganese dioxide. Water is sul-
furous and alkaline. Used for
bathing.
41 | Uncia, 3 km below Uncia tin 60 600 |- e e Folded Devonian slate._._| Several springs. Large deposits of
mine, tufa and small deposits of opal,
calcite, barite, limonite, psilo-
melane, wolframite. Similar de-
posits 2 km north of Uncia.
Water is slightly saline. Free
CO3, H:8. Ref. 937,
42 | Rfo Huntuma, 30 km south- j___ . . |.ooo oo | ooc e (s Y, Deposits of CaC0s, MnO,.
west of Uncia, . .
43 | Luluni, in valley of Rfo 68-75 LArge |- oo fom oo | e A0 e Several springs. Large deposits of
Blanco. tufa. .
44 | Near Chiuta_._.___._._______ L2 3 1 Y U SO FEU U] DR 0 (. Y Several springs.
45 | Chayala, in bed of Rio WaArm |- oo | e e L 1 T,
Grande.
48 | Tacarani, in bed of RIO | Warm (oo e oo e e Probably Upper Creta-
Grande. ceous strata overlying
Devonian slate. .
47 | Zepelin, 2 km from Luluni..| Warm |- oo o oo el Devonian strata........... Water is sulfurous and alkaline.
In area of antimony mines.
48 | Guadalupe, southeast of | Warm |- o || eeea L [ Y, Water is sulfurous. In area of
Colquechaca. antimony mines.

49 | Yurimata, 12 km down- 45 | e e e e o (s Y In area of antimony mines.
stream from Maragua.

50 | Churifia, in bed of Rio 79 || Probably Quaternary | Water is sulfurous. In area of
Salinas de Macha. rhyolite. antimony mines.

51 | Tinguipaya, near Tacopapa.] Warm |___ | oomm ool Probably Quaternary
rhyolite overlying Up-
per Cretaceous strata. .

52 | Miraflores, near Potosi_.___.| Warm ) 7 T N (R Upper Cretaceous strata | Large deposit of tufa. Much free
feiulted against Devonian COs. Bathing resort. Ref. 936.
slate.

53 | Tarapaya (San Tomés), near 24-34 LArge |- eoo oo || e QOee e Several springs. Deposit of tufa.

Potosi. Ref. 935,

54 | Totora, near Potosi__________ Warm | oo fe e s L Y Water contains Fe.

55 | Tirispaya, near Bartolo....._ Warm | Moderately Upper Cretaceous sand- WIatteir xgs 3s4ulfurous. Bathing resort.

large stone. ef. 934. |

56 | Don Diego, near Potosi- 48 | Moderately |- .| - oo feeos [ Water is slightly sulfurous. Used

Sucre railway, large for bathing. X

57 | Chaqui, north of Cotagaita... 1 R R Probably Tertiary intru- | Several springs. Deposits of sulfur.
sive in Devonian shale. Ref. 934,

58 | Rio Mulatos, in riverbed Tepid | oo L Folded Tertiary(?) strata..| Much free COs.

near railway station,
59 | Rio Mu’'atos-Potosi, at km Mepid | o e e Probably Quaternary rhy- Do.
20 on the railway. olite. N

60 | Rio tYura, near its head- | Warm | . || e [ Deposits of tufa.

waters.

61 C%‘m%_,nin bed of Rfo Agua | Warm | ... | Devonian strata............

astilla.

62 ) Near Cayza. . ceoceo ... Warm | oo e e A0 2 groups of springs. Water is sul-
furous. Near antimony work-
ings.

63 | Asiento, southeast of Rio | ... |\ Probably Quaternary rhy-

Mulatos. olite. R
64 | Pulacayo, in Veta Tajo mine. 59 | Moderately | oo | Devonian(?) strata._...... Issues from silver-lead-zine vein at
DE:1 420 N AU [OOSR USRI depth of 500 meters. .
65 | Near Caite, on shore of Salar 62-79 | Moderately 18,608 | CaO (869); MgO (373); SOs { Probably Quaternary de- | 3 main springs. Analysis is for
de Empexa. Jarge (2,370); C1 (9,376); Alz Oz (216); posits overlying Terti- spring having temperature of
free Hs80,4 (1,578). ary lava. 74°C. X

66 | Touca, west of Caite_..._._.. do.. ‘Water is saline.

67 | Empexa, southwest of Caite.] Warm |______________ Water is saline and sulfurous.

68 | Near shore of Salar de Laguna.{ Warm [ Moderately Do.

large

69 | At north base of Ollca vol- Hot | Moderately |- |oo e Quaternary lava__._____..| Several springs and solfataras.

cano, large

70 | Chocaya, 15 km west of | Warm | Moderately || ... ... .. ________ Folded Tertiary deposits | Deposits of tufa, partly aragonite.

Chocaya la Vieja. large overlying Devonian
strata.
71 | In bed of Rio San Juan, 15 | Warm |...__________| ..\ ... Devonian strata......_.... Deposits of sulfur.
_km below Esmaraca. R

72 | Near Sud Lopez Mountains..| Warm | Moderately |_________{ ... _______________ Quaternary deposits over- | Several springs issuing on saline

large lying Tertiary lava. flats and also in shallow lake.

Chinchillani...____.._.____..
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BRAZIL

The principal mountain ranges in Brazil are in the
eastern and southeastern parts; some of them rise
abruptly from the coast. They are composed largely
of granite, gneiss, and other crystalline and metamor-
phic rocks, all probably of Precambrian age. These

Bolivia
Peru from refs. 1061 and 1066.

rocks also underlie most of northeastern Brazil, where
they are covered by continental Upper Carboniferous
beds in the basins of Rio Tocantins and Rio Parnaiba
and by marine Cretaceous limestone and sandstone in
some upland areas. Most of the Amazon River basin
in northern and northwestern Brazil is underlain by
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Tertiary deposits that are covered largely by Quater-
nary alluvium that extends to the bordering uplands of
ancient basement rocks. On both sides of the middle
and lower parts of the Amazon River valley, marine
Cambrian to Carboniferous strata overlying crystalline
rocks are exposed.

Cretaceous formations extend far south along the
highlands in eastern Brazil, but in the main valleys of
Rio Sao Francisco and its tributaries, marine Silurian
deposits and also Cambrian and Precambrian strata, in-
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South of the area of outcrop of the marine Cretaceous
deposits is a region of Mesozoic basalt and some intru-
sive rocks. This region is bordered on the east and
south by Paleozoic and Mesozoic deposits which lap
against the coastal mountains of gneiss and granite.
No areas of Tertiary or later volcanic rocks have been
recorded in Brazil.

The locations of thermal springs in Brazil are shown
on figure 20, and the available information concerning

cluding the iron-bearing Minas quartzite, are exposed.

them is summarized in the table below.
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FI16URE 20.—-Brazil showing location of thermal springs.

Chiefly from refs. 940-949 and 964.
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THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs and wells in Brazil
[Data chiefly from ref. 964, and Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950). Principal chemical constitutents in parts per million)

No. Temper- Total i
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 20 water | per minute) | solids
°C) (ppm)
1| 25 km west of Xapury..._... Warm Modersl;tely ____________________________________________ Tertiary strata.. ... ‘Water is saline.
arge

2 | Uricurituba munieciplo, on | Warm- ||| Quaternary deposits_..__. Several shallow wells. Free HaS.
south side of Rio Ama- hot Small deposit of iron oxide.
zonas.

3 | Everé, 8 km west of Monte 35 Moderately |- - - oo | e Tertiary strata..._....... Water is saline Free H:S. Water
Alegre. large used for bathing.

4 | Near Marcanan__.._._.._... Warm Small |- o e | s (Y Several springs. Water is potable.

5 | Itaituba, on west bank of 38 140 912 | Ca (63); Na (20); K(29); CO;(60); | Upper Cretaceous strata_.| Test well for oil. Water used
Rito Tapajos. C1 (434). locally. )

6 | 3 km southwest of Itaituba .| Warm | _____._.__.__ 5,500 |- oo 1S Y Test well for oil. Water is saline.

7 | 1'km south of Conceicdo do | Warm | Moderately | ... | o mcccececceeeean Pliocene-Miocene strata._.| Water is brackish. Free COs.
Araguaia. laree Water used loeally. .,
8| Rosario ... _.._ooooocooooo Warm Small |- e e [+ £ Y Water is moderately mineralized.
Used locally.
9 | Caxias municipio..........-- Warm Small || e Upper Carboniferous | Free HzS. Water used locally.
strata.

10 | Fervedouro da Fstiva, 2 km Tepid [ 300 T:0 | O I [ Upper Cretaceous sand- | 1 main spring. Much free HaS.

northeast of Riachéo. stone. Other springs reported a_few
kilometers farther west. Refs.
967, 976, 988.

11 | 12km south of Terezina._.._. Warm Small |_ - [, Upper Carboniferous | Water is potable. Used locally.

strata

12 | About 30 km west of S8o | Warm Small || [ Do.

Benedicto.
13 | 5 km west of Palma .._.... Warm Small || Granitic(?) rock. ... Water Is potable. Free COa.
Water used locally.

14 | Aguas do Pagé, 45 km south- 31.5 | Moderately |- oo e 1 S 2 springs. Free HzS. Water used
east of Soktral. arge for bathing.

15 | Near Brejo dos Santos.._..-- Warm Small |- oo | e [ S Several springs. Water is brackish

Free CO3. Water used locally.

16 | Olho d'Agua do Milho 39 | Moderately |-.ooooo|oooo el Upper Cretaceous strata..| Water 1is brackish. Used for
(Aguas Termalis do . large bathing.

Apody), 7 km west of
Caratibas.

17 | 42 km south of Touros..._.._ Warm Small ||| e 1o T Water is gotable. Used locally.

18 | Macaiba oo R N TR DR N Teritary strata_........_._ Segemllds‘x allow wells. Water is

rackish.

19 | Brejo das Freiras, 9 km from 38 100 522 | Si03 (33); Na (179); SO4 (26); | Lower Cretaceous sand- | Spring; also 3 wells drilled in 1933
Antenor Navarro. C1 (124); free CO3. stone faulted against and 1 in 1939. Water used for

quartzite. baghmg. Refs. 947, 953, 954, 957,
976.

20 | At base of Serra do Sab4, 13 25.5 20 68 | Na (22); Cl (28); free COa-..__._| Precambrian sandstone. | Water marketed for table use.
km from Custodia. Ref. 978.

21 Br(%'o dei ;\/I)adre de Deus 30 20 1,478 | Na (405); 8Oy (262); C1 (599)..._. Granite. . oeocceocccooooan Water used for bathing.

‘oncei¢do). .

22 | In and near Ribieropolis..... A'£Y 5 1 Y R PO AU .| Tertiary strata.........._. Manyb 1shallow wells, Water is

otable.

23 | Cailas do Bamburral, 20 km 35 Small |.- N SO R s O S F;%e H,S.
north of Aracajd.

24 N:la!‘ Salgado railway sta- 29 Large 261 | Ca, Mg, Na, HCO3, 804 ____.__ Upper Cretaceous strata__| Water used for bathing.

on.

25 { 180 km north-northeast of | Warm LArEe | oo e s (e T Several springs supplying Rio
Mato Grosso. Agua Quente. Ref. 962.

26 | Bafa do Frade, on left sideof | 30; 42 17 104 | Si0; (49); CaO (14); S0s (19); | Minas series (Precam- | 2 main and 2 smaller springs sup-
Rio Cuyaba near Taman- Cl (74). brian). plying lake 10 km long. Water
daré. high in Fe, Mg. Water used for

bathing. Ref. 962.

27 | Palmeiras (Serro de Pau- | 80-41 280 86 | 8103 (57); CaO (7); 803 (8) ... Granite-porphyry...___.__ 8 main springs within area 30

lista). meters in diameter. Water used
locally. Ref. 962.

28 | Termas do Podro, on north | 32-42 2,100 82 | 8103 (29); CaO (12); SOs (13)-...| Devonian quartzite_.._.__ 3 groups of springs. Ref. 962.
side of Rio Potiro 20 km
north of Sa0 Lourenco.

29 | Tardariau...___.._________. 40 Large || e L [ S, Ref. 962.

30 | Paikidjagure, 18 km north- | Warm | Moderately | .. | oo | 0 Lo S Do.
east of Tardariau springs. large

31 | Near Registro de Araguaia, | Warm S | ] e Precambrian crystalline | Water is sulfurous. Used locally.
on west bank of Rio Ara- rock. Ref. 962.
guaia.

32 | 18 km from Barreiro Grande.| Warm Water used locally. Ref. 962,

33 | 25 km north of Coxim._______ Warm Water is potable. Used locally.

34 Agga Santa, 120 km south of | Warm Small Do.

oxim,

35 | Near west bank of Rio| Warm Small | Probably Mesozoic lava.__| Several springs supplying small
Aporé. lake. Ref. 962. .

36 | 30 km south of Boa Vista de | Warm | Moderately |- _| e Triassic deposits. .. ....... Several springs. Water is brack-
Tocantins. large ish. Free I18.

37 | 60 km east of Conceicdo do Warm | Moderately |- _| . Precambrian rock___.___.__ Water is brackish. Free HaS.
Norte. large Water used locally.

38 | Near Cavaleante.___________ wWarm | e b [ T 8 shallow wells. Water is potable.

) Free H.S. Water used locally.

39 | On bank of Riberdo de | Warm | Moderately |- _|cooooooooooo e Upper Cretaceous strata__| 3 springs. Free HiS. Water used
Crixa, several km north- large for bathing.
east of Formosa.

40 | Salobro__._____._____________ WA | oo e e Precambrian roek_ .. ____ .

41 | Capellina Santa Barbara, 1 22 2 78 | Ca, 804 GDeisS. - - oo Water used for bathing. Ref. 955.
km north of Goiaz.

42 | Caldas Velhas____._.._______ 27 10, 500 39 | Ca,Na, HCOs. ... ..___..______ Precambrian schist_...____ Bathing recort. Refs. 861, 979.

43 | Caldas Novas, 12 km east of | 3645 1 65| Ca, Na, HCOs. _.__o._.________ Precambrian gneiss. ... 23 main springs. Bathing resort.
Caldas Velhas. Refs. 961, 979, 989.

44 | Caldas de Pirapetinga, 8 km | 42-51 900 128 | Ca, Na, HCOgoooo o Precambrian schist._____._ 9 main springs supplying pool be-
northeast of Caldas Novas. side Rio Pirapetinga. Bathing

resort. Refs. 961, 979,

45 | 3 km from Pires do Riorail- | Warm Small | .. Upper Cretaceous strata_.| Water moderately mineralized.

way station. High Mg content. Ref. 950.
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No. Temper- Total .
on Name or location ature of | Flow (liters ldissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 20 water | per minute) | solids
°C) (ppm)
46 | Right bank of Rio Corrente. 38 Small | oo | Tertiary or Triassic strata. Wia]alter is potable. Used for bath-
g.
47 | Near Rio Apuré_ ... __.__ 38 Small | e e s 1o Do.
48 | Near Pildo Arcado__.__..____ Warm | Moderately |- ..o {oomm oo Precambrian rock.___...._. Water is brackish. Free COa.
large Water used locally.
49 | Campo Formoso Antonica...] Warm | Moderately | ... oo e L 1 Several springs. Water is brack-
large ish. Free COi. Also shallow
warm-water wells at Lagoa de
Rocha and Panellas.
50 |Near Tucano village_._..._._. Warm 3350 ) ) D Upper Cretaceous strata...| Several springs. Water is brack-
ish. Used locally.
51 | Caldasdo Cip6,45kmnorth- | 33-40 Large 1,685 | Ca (354); Mg (56); Na (817); |.___.. (6 (s 4 main springs. Water used for
west of Itapicurd. HCO; (43); C1 (955); gas 98 bath&gg. Refs. 941, 947, 960, 976,
percen .
52 | Cajazeiras, 21 km northwest | 33-37 30 3,987 | Na, Ol icacna]emees (s L 3 main springs. Water used for
of Itapicurd. bathing. Also several small
springs 5 km farther south.
Ref. 941,
53 | Fervente, 2 km southeast of 33 840 o] e Probably Upper Creta- | Water is slightlv saline. Free gas.
Itapicura. ceous strata. Water used for bathing. Refs.
941, 976, 990.
54 | 3 km north of Soure....__... 2" o o O DO ) PO Tertiary strata____._..___. Water is brackish. Free H.S.
Water used for bathing.
55 T?lrec(?i; 36 km from Morro | Warm T O Granite. ... Water issues at base of hill.
o Chapeo.
56 | Agua Quente, 15 km from Warm | Moderately |- oo|oomm oo e Cambrian strata......._.. 2 springs. Water is saline. Used
Paramirim. large for bathine.
57 | S8antarem and Barra, 30 km Warm Moderately __________________________________ do. ----] 2 springs. Water is brackish.
from Paramirim large Used for bathing.
58 |.3 km north of Monte Alto | Warm SMAll | oo o (s 1) Y Water is brackish. Free COa.
village. Water used locally.
59 | Agua Quente. 60 km north 29 2, 000 111 | Na, HCO8 e m oo Precambrian crystalline | Water used locally.
of Rio Pardo city. schist.
60 | Serra Neegra, 19 km east of 23.5 | Moderately 5,695 | NasCOs (3,339): NaHCOj3 (151); | Precambrian nepheline | Water marketed for table use.
Patrocinio. arge K3COz (1,898); NasSO4 (214). rock. Also used for bathing. Ref. 994.
61 [ Tapira (Sacramento), 50 km | 16-26 Moderately |-......... Na, HCOso oo Precambrian rock.,........ 3 springs. Soda extraction works.
northeast of Araxé. large Ret. 970.
62 | Araxf__ ... ____._________ 21.7-34.1 840 4,470 | Na2C03(2,352); NaHCO1(1,583); | Faulted Minas series (Pre- | 10 main springs. Water is radio-
(hottest) NazS04 (218); K2804 (368). cambrian). active. Bathing resort. Refs.
940, 942, 946, 976, 982-984, 994
63 | Agua Quente, 63 km north- 21 £ T O S Minas series (Precam- | Ref. 951.
west of Ibiracy. brian).
64 | Agua Salus, 40 km west- 24 60 180 | Ca (34); Mg (12); COa (75) eumcceu]aaeen L5 S Water used for bathing. Ref. 977.
southwest of Belo Hori-
zonte.
65 | Bebedouro,3km from Salitre 20.3 Small [___..._... Na, HCOs3, SOy; free CO2.____|_._.. A0 Deposit of barite. Ref. 988.
railway station.
66 | Fontes do Girfu, in Muni- | Warm Small 7,32 U (S s (S Ref. 949.
cipio de Presidente Vargas.
67 A%ltlab'qltlente’ 13 km from 28.7 2,000 |- oo s 1 T Water used for bathing. Ref. 951.
tabirito.
68 | Aguas Santas (Santa Luzia | 21-27 b N P S Granite. . ..o oooooooo 8 springs. Water is potable.
de Carangola). ~ Usel locally.
69 | S#o Sebastiio do Paraiso..._ y 30 ) Moder&lxtely 62 | Ca, HCO3, SiOgeceoooo o oo Minas )series (Precam- | 5springs. Water used for bathing.
max arge ’ brian).
70 | Itad, between Sfo Sebastido Warm Small Low | Ca, Na, HCOz. oo | ____ A0 3 groups of springs. Water is
and Jacuf. slichtly radioactive. Used
locally. Ref. 971.
71 Ttnerm[opolis, 12 km east of 30 Small |- o] e s o U — ‘Water marketed for table use.
Jacuf.
72 | Aguas Santas de Tiradentes, | 21-28 770 46 | 8i02 (13); CaO (8); MgO (8); | Quartzite and phyllite of | 4 main springs. Water used for
ﬁl km from S&o Jodo del Naz0 (7); HCO; (35); C1 (4). t1:/11'iina)s series (Precam- bathing. Ref. 968.
Rey.
73 | Pceos de Caldas, 25 km | 41-46 290 575 | NaCO; (345); NaHCOs (123); | Minas series (Precam- | 7 main springs, including Pedro
northwest of Caldas. NagS0y (57). brian). Botelho, Chiquinha,  Mari-
qumha, and Macacos. Water
marketed for table use. Bathing
resort. Refs. 956, 960, 965, 966,
. 976, 986-988, 993-996
74 | Poginhos, 4 km west of Cal- 24 Moderately Low | Ca, BOOseeeooo oo 5 (Y, Several sprmgs Water used for
das. large bathing. Ref. 994.
75 | Lambarf _..____________..___ 21 Moderately Low | Ca, HCO8ecmm oo |l [ ( Y, 6 main springs. Water marketed
{max) large for table use. Also used for
bathing. Refs. 956, 965, 976, 986,
988, 9! X
76 | CaxambBoooo ..o ... 21-29 Moderately 494 | CaO (113); NagO (55); K30 (63)_| Minas series (Precam- | 9 springs. Water is radioactive.
large brian) intruded by peg- l\garketed for table use. Bath-
matite dikes. ing resort. Refs. 947, 956, 959,
963, 965, 9€6, 969, 976, 986—988,
994—996
77 | Contendas, 4 km east of | 20-22 Moderately Minas serles (Precam- | 4 main springs. Free HsS. Water
Conceigéo do Rio Verde. large brian). used locally. Ref. 995.
78 | Baependy . oo 20-23 Moderately f-c ool oo e A0 e e Several springs. Marketed for
large table use. Refs. 959, 987.
79 | S#o Lourengo (Aguas de Vi-
anna), near Pouso Alto:
Five main springs, in- (17.5-19 |__.____.__.___ 1,407 | 8i0s (38) Ca (87); Mg (50); Na
cluding Fonte Vichy. 115); K (90); HCO3 (990); Water marketed for table use. Also
free COq. SR s [ SO used for bathing. Refs. 945, 947,
Well 21.75 meters deep. . 22 7 948, 973, 976, 987, 988, 994.
Well 45.7 meters deep....| 22 6
80 | Salvaterra, 12 km from Juiz 23.5 | Moderately 4 main springs. Water used lo-
de Fora. (max) large cally.
81 | Cambuqueira.__.____..______ 20-21.4 20 4 main springs. Water marketed

for I:abe use. Bathing resort.
Refs. , 958, 966, 976, 986-988,
994, 995.
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No. Temper- Total K
on Name or location ature of | Flow (liters [dissolved] Principal chemical constituents Associated rocks Remarks and additional references
fig. 20 water | per minute) | solids
(°C) (ppm)
82 | Marimbeiro, 4 km from | 19-20 Moderately 2,194 | Ca, Na, HCO3._.co__oooeo - Probably Minas series | 3 springs. Water marketed for ta-
Cambuqueira. large (Precambrian). ble use. Refs. 988, 994.
83 fobatﬁo, 11 km west of | Warm - 20 [ O, I PR [ 1o ‘Water used for bathing.
taperuna.
84 | Muribeca, near Santa Ma- Warm Small |_. . SRR IR do. Water used locally.
ria Magdalena.
85 | Inge, near Niteroi_.__.__.___ 20-24 75| 145807 | Ca, Na, HCOs._._._____._.___. Gneiss. oo ooooooooo_. 4 %qungs. ‘Water marketed for ta-
e use.

86 Sﬁ; Jorge, 18 km north of | Warm Small Low | Ca, Na, HCO3. ... Syenite_ ... ‘Water marketed for table use.

ranca.

87 | Valley of Riberdo Canoas...| Warm Small Low | Ca, Na, HCOs; free HaS_...____|____ s 1 YO Sel\)ve:a}nsprlngs Water used for

g.

88 | IbiraCy oo Warm 2, 800 Low | Ca, Na, HCOg3; free HaS_._______ Nephaline syenite_......__ 2 sprlngs Water used for bath-

89 | Fonte Seixao, at Ibira_..___.| Warm A S . Upper Cretaceous strata.. Water used for bathing.

90 | 4 km north of Mococa.__._.__ Warm Small LOW e e SYEMbE . e Water marketed for table use.

91 | Agua de Java, 3 km from 22 Small 118 | Na, HCO3_ . oo Triassic strate..._.________ ‘Water marketed for table use Ref.

Java railway station. 975.
92 | 7 km from Lindoia.____..___ 27;28.5 1,000 52 | CaCO; (7); CaPOy (14); MgCls | Lower Permian strata_.___ 2 springs. Water is radioactive.
(24). Marketed for table use. Also
used for bathing. Refs. 939, 974,
93 | 6 km from Séio Pedro.__.____ 30 28 1,982 | Na;COs (356); NasSO4 (186); | Jurassiec and Triassic 011 test well 350 meters deep; drilled
. NaCl (1,262); free HaS. strata. in 1932. Water used for bathing.
94 | Near Gioconda, in Piraci- Warm | Moderately |._________| e feeees F L T Test well for oil (“‘Aragua 1127).

caba municipio. large ‘Water moderately mineralized;

glgh Mg content. Used for

ath

95 | Near ?oaiVista, in Itapira 26 Small 176 | Ca, Na, HCOs. ..o Metamorphic rock_ _______ Water marketed for table use.

municipio.

96 | Campinas.________..________ Warm Small || Precambrian rock._________ Water is radioactive. Ref. 972.

97 | Somia_______ .. ... . .. __ 21 Small 90 | Ca, Na, K, HCO3.______ |- [V Water marketed for table use.
Bathing resort. Also similar
springs at Juventude, Santa
Teresa, Sete Quedas, and Tres
Barras.

98 | San Antonio, at Serra Negra.| Warm Small LOW | oo Faulted Minas series (Pre-| + spril;gg. Bathing resort. Refs.

cambrian. , 988.
99 P%‘:HQuilombo. near Pedre- 29 Modenlately 192 | Nag0 (109); HCOs______________ Jurassie strata__.....___.__ ‘Water used for bathing.
as. arge
100 | Santa Barbara do Rio Pardo. 27 480 | ... e .| Triassic basalt. .._..._.___. 1 main and 6 smaller springs.
(max) Bathing resort. Ref. 938.
101 | Cerqueira Cesar (Esmeral- 2 600 | e 0 L T Water is potable. Used locally.
da), 5§ km south of Santa Also well 9 meters deep. Ref.
Bérbara. 938.
102 | Piaol, near Prata railway 22 35 2,370 | MgSO0, (60); NaHCO (1,977); | Nepheline syenite in- | 2 springs. Water marketed for
station. NasSOy4 (169); NaCl (44). truded into schist and table use. Also used for bathing.
quartzite. Group of 3 other springs about
3km distant. Refs. 974, 976, 999.
103 | Platina, 4 km from Prata....| 24-3L.5 Small 694 | Na, HCOg- o oo Metamorphie rock________ W&ter%%sed for drinking. Refs.
4, .
104 | 12 km south of Bofete village.| Warm | Moderately || Upper Carboniferous de- | Test well for oil drilled in 1896.
large posits. gater is saline. Used for bath-
. g.
105 | Serrito, 20 km from Itapeti- | Warm Precambrian bitumi- | Pumped well. Free H3S. Water
ninga. no"s(?) schist. vsed for bathing.

106 | Colonia Teresa, near Rio 30 Upper Cretaceos strata | Several sp-ings. Also similiar

Ivaf. overlying Triassic basalt. ?rixllgs of Goio-En and Serra
zul.

107 | 4kmsouthof Piraf. __________ 29 Moderatelv |...._._... Na, HCO- o oo Devonian(?) strata______._ Water moderate Fy mineralized;

large gigg i]c;cment; of Fe203. Used for
athing
108 | Agra Mineral Parani, at 20 Moderately 826 | Ca, Na, HCOa. oo Lateritic diabase. ... Flowing well 36 meters deep.
Castro. large Water marketed for table use.
Also used for bathing.
109 Neai RlodCavemoso:
ourdes..._.________..__ 30 Small 154 | Ca, Na, HCO
Candoi________________T_ 30.5 Small 216 | Ca, Na, HCO' } Water used locally.
110 | Along Rio Jordso ............ 29-31.5 Small 405 | Na, K, HCOs3 3 main springs: Jacn, Santa Clara,

Boa Vista. Other dprmgs in
same district reported at Algo-
ddeiro, Araras, I%re&rinha , Juquia,
Reserva, Sao and So-
brado. Ref. 952,

111 | 30 km north of Clevelandia..| Warm £3417:1 | N R E Y R P U Y Water is saline; high content of
Fes0;.  Free H3S. Water used
for bathing.

112 | 80 km north of Palmas____.__.| Warm Small || e A0 e Several springs. Water is brackish.
Free H;S. Water used for
bathing.

113 | On left bank of Rio Chapecd |31.3-34.2 75 732 | Ca; Na; S04 (448); C1 (143) _____|.____ (s [ 3 main springs. Also 3 other
(Xapecd), 9 km above similar springs (Ilha Redonda,
jtnetion with Rio Uruguai. Prata, and Tarquarugu) in same

district.

114 | Caldas de Imperatriz, 24 km | 35-39.5 | Moderately 97 Ca(HCOs)g(IG), NaHCO; (17); | Pegmatite dike intruded | 4 main springs. Water is highly
southwest of Florianopolis. large | (hottest) | KHCO; (10). into granite, gneiss, and | radioactive. Marketed for table

schist. use. Bathing resort. Refs. 943,
944, 947, 998.
115 | Aguas Mornas (Caldas do 30 Moderately || . Precambrian rock_._______ Bathing resort. Ref. 943.
Sul), 5 km sovthwest of large
Imperatriz springs.
116 | 30 km north of Imaruf_______ Warm Small |ocoooo e s Water is bitter; high content of

MgSO4. Free HS, Water used
for bathing.
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117 | Sangra Morta_.._.___....___ 34-40 Small |______.__. Na, HCO g oo Quaternary deposits over- | Several springs, Water moder-

lying Precambrianrock. %teilym mineralized. Used for
ath:

118 | 12 km east of Tubario -| 3240 Small Na, HCOj3.

119 | Near Rio Bravo_...... -] 3540 Small Na, HCO;.. Water moderately mineralized.
Used for bathing. Also 3 other
spr s (Bittencourt, Cubatao,

anto Anjo da Guarda) in
same district.

120 | Fontes de Iral (Aguas do [24.5-36.5 280 1,3 NaHCO; (353); Na sS04 (457); | Triassic basalt ... ._.._ 4 main springs. State bath es-

Mel), near Rio Uruguai. (hottest) NaCl (442). tablishment.

121 | Prado. .o o 20. 8-31 ) O Y O S [ (s S, Water moderately mineralized.

Used for bathing.
CHILE

The Western Cordillera, which forms the boundary
between Bolivia and northern Chile, approaches the
coast as it extends southward. The main parts of the
ranges are chiefly of Mesozoic intrusive granite and
other crystalline rocks, but there are some altered vol-
canic rocks. These older materials are covered in many

areas by Tertiary lava.

[Data chiefly from ref. 1002 and Geological map of South America, scale 1: 5,000,000, (Geol. Soc. America, 1950).

Farther south, the older rocks
constitute both the coastal mountains and the numerous
islands offshore, including Horn Island (Cape Horn).
The northern and middle parts of the main Andean

Quaternary

Thermal springs in Chile

deposits.

Principal chemical constituents are expressed in parts per million}

Cordillera along the east side of Chile are covered
largely by Miocene to Quaternary lavas and contain
many volcanic mountains, but in some places the under-
lying marine Mesozoic strata are exposed. Valleys be-
tween the mountain chains generally are underlain by
In the far south, ancient crys-
talline and metamorphic rocks form the principal
mountain ranges.

The locations of thermal springs in Chile are shown
on figures 15 and 16, and the available data concerning
them are summarized in the table below.

Locations of unnumbered springs not identified.

No. Temper- Total
on ature of | Flow (liters | dissolved
lgg.r Name or location %ag)r per minute) (sollds) Principal chemical constituents Associated rocks Remarks and additional references
[» m)
16 PP
1 | AguasdePica,eastandsouth | 22-35 Large uaternary rhyolite 5 main springs. Water is potable.
of Aldea de Fica. Q Used for irrigation.
2 | Ojos de Agua de Ascotan....] Warm ----| Quaternary lava_.___._____ Several springs near small lake.
‘Water contains borate.
2A Tastii),dnear head of Rifo | Bolling 7,000 o do - Many small springs and fumaroles. !
alado
3 | Termas de Mejillones, on 37 | Moderately O Granitic intrusive rock....| Issues at high-tide level. Water is
harbor shore. large more saline than sea water.
4 | Lago Aguas Calientes, at Warm Quaternary lava_. ...
southwest border of Salar
5 S£ guadC agente Calient
ina de Aguas Calientes, Warm |._-____..____. - uaternary deposits......_| Ref. 1007,
gntborder of small saline Q v depo
a
6 | Aguas Termales, 50 km | Warm - Jurassic voleanic rocks_ ... Do.
north-northwest of Salar
de Pedernales.
7 | Bafios del Toro (Estero de | 26-60 Moderately 4,800 | Ca, Na, HCOs, 804, Cl; free COs.[ Granite near kaolinized | 4 main and several small springs.
Los Bafios). large sedimentary strata. Deposits of tufa and salt. Bath-
ing resort. Ref. 1004.
8 | Aguas del Volcan, 17 km 22 SmAl || Jurassic voleanic rocks_...| 3 springs. Water is brackish.
§19utheast of Bafios del Used for bathing.
oro.
9 | Agua de Catapilco, 10 km 19 | e e Pyritiferous Mesozoic | Water used for bathing.
north of Quillota. marl.
10 | Bafios de Jahuel, 20 km east- | 20.7;21.8 400 | e Metamorphie rocks_....__ 2 main and 5 smaller springs.
northeast of San Felipe. Bathing resort.
11 | Bafios de Higuera, 5 km east 18,0 | oot e e Porphyry and metamor- | Large de] gosit of tufa. Water used
of Bafios de Jahuel. phic rocks. for bat
12 | Bafiosde Colina (Peldehue), | 26;32 | Moderately 428 | CaS04 (120) CaCls (77); NasSO4 | Jurassic voleanic rocks__._| 2 main sprlngs Bathing resort.
30 km north of Santiago. large (89); NaCl (142). Ref. 1
13 | Bafios de Apoquindo, 10 km | 17.7-23.3 48 2,743 | CaCly (1, 555) NaCl (1,008)...__|-..-. LT 4 main sprmgs Bathing resort.
east of Santiago. (hottest) Ref. 1009,
14 | Termas de Tupungato (Rio |38.5;44.6 | Moderately |.._.__._._f _________ ee)ee._do 2 main springs. Water is saline.
Colorado). large Mugch free COz2. Deposit of iron
oxide. Bathing resort.
15 Sal.l\}lnas de Maipu, on Rfio ¢ 41.? _____ do Water is saline. Used for bathing.
‘max
16 | Bafios de Cauquenes, 20 km | 40-50 Moderately 3,032 | CaCl: (2,168); NaCl (1,081).._.._ Faulted porphyry and al- | 4 main springs. Bathing resort.
east-southeast of Ran- large tered sedimentary rocks. Refs. 1001, 1003, 1008, 1009.
cagua.
17 | Los Baifiitos, 70 km south- 61 S O S Jurassic Strat@..........-- Several springs. Large deposit of
east of Rancagua. (max) tufa. 5
18 | Aguas de la Muerte, 38 km e e e Jurassic voleanie rocks....| Several springs. Water is astrin-
southwest of Los Bafitos. (max) gent. Deposit of ochre.
19 | Bafios de San Fernando | 70-96 |- oo fommo o Porphyry. oeceeomccaeeeoo Many small springs on riverbank.
(Tinguiririca).

13 groups, 100 km south

735-914 O0—65——7

of No. 2, have total of 72 fumaroles, 40 geysers, 62 thermal springs, 13 solfataras, 5 mud springs; total flow of
7,000 liters per minute (Zeil, Werner, 1959, Das Fumarolen- und Geysir-Feld westlich der Vulcangruppe des Tatio, Provinz Antofogasta, Chile:
Bayer. Akad. Wiss,, Math.-Naturw. K1 Abh. no. 96, p. 5-14).



88

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

Thermal springs in Chile—Continued

No. Temper- Total

on ature of | Flow (liters | dissolved .

fig. Name or location water | per minute) solids Principal chemical constituents Associated rocks Remarks and additional references
150 (°C) (ppm)

16

20 | Bafios de Mondaca, on Warm | Moderately | .. _______| Gravel overlying Quater- | Several springs. Water used for
welst side of Descavezada large nary lava. bathing.
volcano. ’

21 | Bafios de Panimévida, 25 | 32-33 Moderately 380 | 8i0:z (34); CaCO; (22); CaS04 | Jurassic voleanic rocks. . __| 5springs. Bathing resort. Water
km east-northeast of large (80); Na2SO4 (134); NaCl (92); marketed for table use. Ref.
Linares. KCl4 (14). 1006.

22 | Aguasdelos Volcanes,east | 2844 | _____________ Low | oo L (o Several springs. Deposit of sulfur.
of Cauquenes.

23 | Bafios de Catillo, 30 km | 20-36 Moderately |- |l [ L T 4 springs. Bathing resort.
east-southeast of Parral. large

24 | Bafios de San Lorenzo Warm || e e 6 L TN ‘Water used for bathing.
(Vilicura), near base of
Sierra Velluda.

25 | Baiios de Trapa Trapa, on Warm |- e e A0 Do.
tributary of Rio Pinco. . .

26 | Bafios de Longavi_________ 66-71 340 | | e o [ SR Many springs in 10 groups. Water
is sulfurous. Much COQ: De-
posit of ocherous tufa. Bathing
resort.

27 | Bafios de Chillan, 75 km | 40-62 Moderately || .. Quaternary lava_ ... 5 main and several minor springs;

southeast of Chillan. large also fumarole. Bathing resort.

28 | Termas de Villarica, at Warm Large |- ool [« U T, 2 main springs.
base of Villarica voleano. . .

29 | Termas de Ranco, near Hot | Moderately |- ___| o ... Quaternary deposits over- | 4 springs. Water is sulfurous.
ngest end of Laguna de large lying Quaternary lava. Used for bathing.

anco.

30 | Bafios de Puyehue, 10 km |55. 5-70 Moderately |- . | e (3 Y, 5springs. Bathingresort.

iouth of Laguna Puye- large
ue.

31 | Termas de Rupanco | 45-70 Moderately | .. | i |ieas A0l Several springs.
(Llanquihue), on east large
shore of and in laguna. . :

32 | Bafios de Petrohue, 15 km 60 Moderately || ... Quaternary deposits_ _____ Issues below high-tide level. Water
east of Puerto Montt. large is potable. Used for bathing.

33 | Termas de Sotomo, om [22.5;41.7 | |oooo | (4 1 T, 2 %}rmgs issuing near tide level.
northwest bank of Es- ater is potable. Free COq,
tero Reloneavi. HjS, . .

34 | Termas de Ralun (Llaul- 82.2 | i Y e A0 e Several springs issuing below high-
haupi), on east bank of (max) tide level. Water is potable.
Estero Reloncavi. Much free HsS. .

35 | Termas de Cochamo, on | 25; 28.7 | Moderately |- __{ ___ ... .| s s S 2 springs issuing near tide level.
east bank of estero 10 km large Much free H2S. Water used for
south of Ralun. bathing. . .

36 | Terma de Llancahue, on 58 Moderately |___.._____ Na, S04, Cl; free HsS___________ Metamorphic rocks_ ... Water is moderately mineralized.
north shore of island. large i i i

37 | Termas de Cahuelmo, on 55 Large |-----ooo_ Ca, HCOs- - oo L Water is moderately mineralized;
east bank of Estero de cements adjacent sand with
Camau. calcium carbonate.

38 | Terma de Leteu, on west Hot LArge |--oooooo || s [ Y Issues above low tide level.
shore of Ensefiada de
Leteu.

39 | Terma de Renihue, south Hot | Moderately |- | | A0
of Boca Camau. large i

40 | Termas de Quinchao, on Warm | . |ecceeeooo Ca,Na, 804, Cl..___.__________ Quaternary deposits. _ ...

Quinchao Island. B
41 | Barios de Aysen, on shore Warm SMAIL - - — o oo o e Cretaceous intrusive rocks. Se.veral springs; others on nea’,rby
of Ensefiada de Aysen. islets. Water used for bathing.
______ Termas de Yungai, at warm | e oo} W ater used for bathing.
Itatinos, near Rio Papal.
...... Termas de Cuptana, at Warm || | e Do.
base of Cerro de Cup-
tana.
...... Bafios Morales_ . ___________ Hot e aaeao--| Ref, 1005.

Colombia and Venezuela comprise the northernmost
part of South America, extending from the Pacific
Ocean, along the south border of the Caribbean Sea, to
the Atlantic Ocean. This great region was the subject
of studies by several early scientific observers, some of
whose reports on the natural phenomena describe ther-

COLOMBIA AND VENEZUELA

mal springs in parts of both countries.

Western Colombia is traversed by three cordilleras
of the Andean mountain system, many of whose peaks
are covered perpetually with snow. The cores of the
ranges are chiefly of granite, gneiss, and schist, but t}'le
western and central cordilleras are largely of Paleozolc
intrusive rocks and pre-Cretaceous metamorphic rocks.
The low mountains along the west coast and the narrow
western and northern coastal plains are underlain
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Thermal springs in Colombia

[Data on associated rocks mainly from Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950). Principal chemical constituents are expressed
in parts per mllhon]

No. Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and references
fig. 21 water | per minute) solids
(°C) (ppm)
1 | Near Cabo Corrientes. ..____ WM ||t e Cretaceous strata_ . ____.__
2 | Termales de Ruiz, on Ruiz
voleano:
Near hotel on west slope.| 45-69.4 |._______._____ 15,740 | Si02 (1,085); SO;3 (6,448); NaCl | Quaternarylava__________ Several springs. Analysis for
(1,843); Al03+-Fe203 (5,838); water having temperature of
much gas. 59° C. Water used for bathing.
Refs. 1013, 1019.
1 km west of hotel_______ 45 | e ] e do__ .. 10 small springs. Ref. 1015.
3 | Tolima volcano:
A%ua Caliente, near east Hot |- e e do_ . ISS%%; near deposit of sulfur. Ref.
ase.
Azufral Quindit, on 85.5 || e e Ao. . Issues at altitude of 1,955 meters.
slope. Fumaroles emit CO3 'and H3S0,.
Ref. 1012.
Azufral San Juan, on | 32-50 |- fo | eemeoeoees Ao L Several springs and fumaroles at

upper slope.

4 | 8 km east of Santa Rosa de

altitude of 4,000 meters. Fuma-
roles emit CO2 and H3SO4.
Refs. 1012, 1013,

Cabal:
Acimaipa._________.__.___ 57167 410 || o Pre-Cretaceous metamor- [ 15 springs. Large deposit of
phic rocks. stained travertine. Ref, 1016,
Caleras..______________.. 53. 6-61 907 || e | e Ao, 15 springs. About 100,000 tons of
travertine available for agricul-
. tural use. Ref. 1016,
Termales. .. ._____.__.__. 61-72 227 1,488 81&27 5?49); Ca (72); Mg (48); C1 {.._.. Ao. o 7 springs. Ref, 1016.
El Disparate, 2 km east {3 U N PO Diorite porphyry. ________ Fumaroles exhahng aqueous vapor,
of Termales. COs. Ref, 1016,
5 | Near Rio Coello (Toche). ... 252 RS DO PO RN Probably Cretaceous | 2 mam springs. Free COs; HaS.
strata. Deposit of iron-stained tufa.
Ref. 1017.
6 | Tabio, 30 km mnorth of 45,8 | o | el Quaternary deposits over- | Water used for bathing. Ref. 1017.
Bogota. lying Cretaceous strata.
7 | Suba, 15 km north of Bogata.| Warm |- .| | A0 - e Do.
8 Caﬁluezta" 25 km south of 7 Z Y O Cretaceous strata_____.___ Water is sulfurous. Much gas.
ogatd.

9 | Puracé (Coconuco) volcano:

lvgater used for bathing. Ref.

Near quarry at base_____ 36 Large |- oo |o oo .. Trachyte __________________ Deposit of tufa. Ref. 1013.
Cobalo (Coconuco), at 72.8 | oo 7,430 | NaHCOj; (690); NazSO4 (3,890); |- __do-_ o oooooi oo Refs. 1012, 1013.
base. NacCl (2,750).
Azufral, onslope._____._ 86.6 |- Quaternary lava_ . ______-- Ref. 1013.
{0 S U IS (RS A0 o Water is saline. Free CO: and
sulfurous vapor. Refs, 1013,
1038.
Grand and Petit Vinai- Hot |- _.________ 2,959 | CaS04 (248); NaCl (232); Al |_____. A0 - e 3 springs. Ref. 1013,
gres, east of Azufral. ggf)a (1,343); free H2SO4 and
10 | Pasto voleano_______________ 101.6 Small |l A0 Several springs and many fuma-
(max) roles, Deposit of aluminum

11 | Pandiaco, 2 km northwest of | 20-37 Moderately
Pasto village. large

12 | Tuquerres voleano:
Lakein crater. ._________ 27 o

Guachal, on slope__._.__ 70

sulfate. Refs, 1013, 1023.

__________________________ do. . oooceeeoo..__._| Group consists of El Tablon and

6 other springs at altitude of 2,571
meters. Water is saline; much
CO;. Large deposit of iron-
stained tufa. Water used for
bathing. Refs. 1012, 1023.

,,,,,,,,,,,,,,,,,,,,,,,,,, d0. o oeu____| Lake is 150 by 500 meters in size.

Free Hi804 and HCI1. Deposit
of aluminum sulfate. Ref. 1013.

........................... d0. - oooccoc.--__| 1 main spring and several acid

fumaroles. Free HS0s and
COs. Ref. 1013.

largely by Quaternary deposits of sandstone and marl.
The Cordillera Oriental [Eastern range] is chiefly of
folded marine Cretaceous strata, but some older rocks
are exposed in the crests of anticlines. Nearly one-half
of the country lies east of this mountain chain and is
within the basins of the Orinoco and Amazon Rivers,
in a region of continental Tertiary deposits which are
covered largely by Quaternary alluvium.

The western border of Venezuela is marked by a
branch of the Andean mountain system. Another
branch swings northeast and north, along the north
coast, and separates the basin of Lake Maracaibo from
that of the Orinoco River. The cores of these moun-
tains consist chiefly of gneiss, crystalline schist, and
ancient sedimentary strata. Both flanks of the western
mountains and the south flank of the eastern range are
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composed largely of Lower Cretaceous sandstone and
shale and of Middle Cretaceous limestone. These
strata are overlain in some areas by marine Tertiary
deposits.

Nearly four-fifths of Venezuela is within the Orinoco
River basin, whose great plains and rolling uplands are
underlain by marine Tertiary strata that are covered
in large part by continental Quaternary deposits.
There is a great region of swampland in the Orinoco
River delta.

The southern and southeastern parts of Venezuela are

80° 75°
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within the region of the Guiana Highlands, which con-
sist of granite, gneiss, and other crystalline rocks over-
lain in part by continental Triassic deposits. The
Triassic rocks are exposed just south of the Orinoco
River, which marks the areal boundary between them
and the overlying Tertiary and Quaternary deposits
farther north.

Several thermal springs are scattered through the
mountainous parts of both countries. Data concerning
them are given in the two tables below, and the loca-
tions of the springs are shown on figure 21.
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Ficure 21.—Colombia and Venezuela showing location of thermal springs and solfataric volcanoes,

Colombia chiefly from refs. 1013 and

1015-1017 ; Venezuela from refs. 1012, 1018, 1019, 1021, and 1022.



[Data chiefly from ref. 1018 and Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950).

DESCRIPTION OF THERMAL SPRINGS

Thermal springs in Venezuela

chemical constituents are expressed in parts per million

91

Locations of unnumbered springs not identified. Principal

No. Temper- Total . .
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 21 water | per minute) solids
°C) (ppm)
1 | Las Trincheras, near Puerto- { 90-97 | _____| | . Mica schist and coarse- | Several springs issuing in ravine
Cabello. grained granite. near sea level. Water is mod-
erately mineralized. Free H,S.
Refs. 1012, 1020, 1026.
2 | Onoto, between Turmero 84,5 |- el Mesozoic metamorphic | Issues at altitude of 702 meters.
and Maracay. rocks. Water is moderately mineralized.
Free HzS8. Water used for bath-
ing. Ref. 1012.
3 | Aguas Calientes, 5kmnorth | 56-64 |.o—-——ooo_ || do_. . Several springs at altitude of 476
of Mariara (Mariana?). meters. Water is moderately
mineralized. Free Hj;S. Refs.
1012, 1024 .
4 | Plain near Lake Maracay 42 | e Q0o Supphes pool 5 meters in diameter
(Valencia) fgzsfer used for bathing, Ref.
5 | San Juan de los Morros.__..._ 37 115 541 | Si0O2 (81); Nagcos (127); NasSOy4 | Faulted Cretaceous lime- | Water used for bathing. Refs.
86); NaCl (29); NaHS (31); stone. 1022, 1027.
II:IIMB407 (47); gas 82 percent
2.
6 | Aguas Calientes de Bergan- 43,2 | e e Quartzose sandstone over- | Water i8 moderately mineralized.
tin, 35 km east-southeast lying limestone (Mio- Free H3S. Deposit of sulfur.
of Barcelona. cene). Ref. 1024,
7 | Gulfof Cariaco.-...._.._.___ Hot Jom oo e e Cretaceous(?) strata_._____ Several springs issuing from sea
bottom in area about 250 meters
in diameter. Ref. 1024
8 | 18 km south of Carfipano: .
Chaguaramal (Provisor)_ 90 Small | Cretaceous limestone._.____ Several springs. Deposits of tufa
and sulfur. Ref. 1024,

Azufral Grande (Salse of Hot |- Cretaceous sandstone._ ... Several solfataras, Deposits of sul-
Cumatar), 1 km from fur and silica. Refs. 1010, 1011,
Chaguaramal. . 1024, 1026.

9 | Irapa, at northeast end of Hot Small | . Mesozoic metamorphic
New Andalusia. rocks. . . .
10 | Santa Ana de los Bafios, 25 | 32; 37 6; 30 608 | Si0s (33); Na (180), K (70); | Quaternary deposits over- | 2 springs. Water contains 8 ppm
km northwest of Guanare. (hottest) HCO;3; (250); COs (58). lying Miocene(?) strata. ?f Pb04t,h 12 pmeoffF1 gVater used
for bathing e
11 | Agua Caliente (Sierra Ne- | 2662 1, 000 331 | SiOz (29); Caz (50); Na (42); | Miocene sandstone and | About 50 springs. Refs. 1021, 1024.
vada of Merida), 28 km (hottest) HCO; (167); SO4 (95); Cl (12). shale overlying Creta-
northeast of San Cristobal. ceous limestone; faulted.
...... LaCuiva__ || e e Water ch in color and tem-
perature; has peculiar taste.
Ref. 1024.
...... Cabrera.________ || R S [ Possibly the same as spring No. 1
or 2. Ref. 1024.
ECUADOR

The Andes Mountains in Ecuador consist of a Cor-
dillera Oriental and a Cordillera Occidental, each of
which trends nearly north-south. Many peaks have
perpetual snow far down their slopes, and there are
Between the

several active or solfataric volcanoes.

mountain chains are extensive plateaus which become
The higher parts of the Cor-
dillera Oriental are largely of gneiss, schist, and other
metamorphic rocks that are overlain in some areas by
Tertiary and Quaternary volcanic materials. The Cor-
dillera Occidental has some areas of Mesozoic eruptive
rocks, but is composed chiefly of Cretaceous sedimen-
The plateau regions between the mountain
chains are covered largely by Tertiary and later vol-
The coastal zone is widest in the northern
and central parts, where it is underlain by marine
Tertiary deposits and alluvium. Northeastern Ecua-
dor extends east of the Andes far into the basin of the
Amazon River, where continental Tertiary deposits
are overlain extensively by Quaternary alluvium.

The location of thermal springs in Ecuador is shown
on figure 22, and information concerning the various

lower toward the south.

tary rocks.

canic rocks.

springs is presented in the table below.

80°
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Figure 22.— Ecuador showing location of thermal springs

and prinecipal volcanoes. From refs. 1036, 1046.
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Thermal springs and wells in Ecuador

[Data chiefly from refs. 1036, 1046, and Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950). Locations of unnumbered springs not identified-
Chemical constituents are expressed in parts per million]

No. Temper- Total
on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 22 water per minute) solids
°C) (ppm)
1 | Near Tulfino village, west 50 0 O Quaternary lava._________ Water rises in walled basin; used
of Tulean. for bathing.
2 | E1 Baiflo, 12 km from San 21.5 Small 1,311 | Ca; Mg; HCOs3; NaCl (123); |._.._. A0 . Water used for bathing.
Gabriel. free CO2.
3 | Near Cotocachi, 10 km north )
of Otavalo:
El Tinte (Yana-yacu)..-|19.5-27 Moderately 2,734 | Ca; Mg; Na; HCOs;, FeHCO3 |.__.. [ Lo S, Several springs. Water used for
large (146). bathing.

Quebrada Caparossa..._ Wat]e)r used for bathing.

Potrero. ..o - 0. X

San Antonio, near Rio Water is weakly alkaline, ferrugi-

Pomasqui. il&)zus. Used for bathing. Ref.
9.

4 | El Neptuno, at Otavalo. ... 19 Large Deposit of iron oxide. Bathing

resort.

5 | Yana-yacu, near Otavalo. ... 26.2 Large Water supply for municipal bath-

house. Ref. 1029.

6 | Termas de Peguche, 2 km 20 Large Several springs, Water used for
from Otavalo. bathing.

7 | Rio. Blanco (Bosque de 27.1 | Moderately Water is alkaline, bicarbonate,
Pinto), 4km from Otavalo. large ferruginous.

8 | E1 Salado, beside Rio | 26-31 Moderately
Blanco, 6 km mnorth of large
Otavalo. X

9 | Tangli (Cachi-yacu), beside 26.7 2,200 | oe oo [ Quaternary lava____...._. Water is calcic bicarbonate, fer-
Rio Blanco 15 km from ruginous. Free CO,. Water
Otavalo. _ used for bathing.

10 | Laguna San Marcos, 25 km |46.1-65. 5 400 ... e e QGravel overlying meta- | Several springs at south end of
north-northeast of Cay- morphic rock. lake. Free H3S. Gravel is iron
ambe volcano. stained. Refs. 1044, 1045.

11 | Agua Caliente, near south | Warm 800 | Cretaceous(?) strata...._._ Issues from cave at base of cliff.
bank of Rio San Pedro 40 Free H:S. Deposit of tufa.
km east of Cayambe Water used for bathing. Ref.
voleano. 1045,

12 | Reventador, near west base Warm | Moderately |- o | e Quaternary lava _...._._ Ref. 1045.
of E1 Reventador volecano. large

13 | Pichincha volcano (Guagua- HOb |- e e e [ 0 T Fumaroles. Ref. 1035.
Pichincha).

14 | Palmira, near Lloa and 10 30-40 | Moderately 2,098 | Ca; Na; HCO3; NaCl . _._._.—-|__... QO Several springs. Water is fer-
lémmwest-southwest of large ruginous.

uito.

15 | Ura-ureu, near Lloa..___.__. Warm Small |||l [ 1

16 | Fuente de San Juan, 10 km 25.6 Small 5,892 | Ca, Mg, Na, HCOs3, Cl;free COz- | ____ [+ L S,
southwest of Quito.

17 | Guangopolo (Cumbaya?), 27 2 519 | 8i02 (77); Ca (130); Na (37); 8 |.____ s 1 O Ref. 1037.

13 ki east of Quito. (17); C1(99); free HoS. X

18 | Cunuc-yacu, on bank of Rio 27 Large 436 | Ca, HCOs3, SOy, Cl; free COgom |- 5 1 Y Water supply for municipal baths.
au;?baco 15 km east of Ref. 1029.

uito.

19 | Salados de la Calera (Cachi- |20.7;23 | _____________ 4,520; | Ca, Mg, Na, HCOs, Cl; free CO2.| Matamorphic rocks. ... Water is turbid. Deposit of iron
yacu), on river plain, 3,610 oxide.

20 | El Quitasol, 8 km from Aloag- 2 | 1,928 | Ca, Mg, Na, HCOs; free COa___ Water used for bathing.

21 | San Pedro del Tingo, 24 km | 38-42 180 1,657 | Ca, Mg, Na, HCOj3, Cl; free CO.. 4 springs. Water supply for
east-southeast of Quito. municipal baths. Ref. 1040.

22 | La Merced (Alangasi, Los 35 | Moderately 1,546 | Ca, Mg, Na, HCOs- - Ref. 1029.

Belermos), 24 km south- large
east of Quito.

23 | La Calera, on bank of Rio [20.7-26.2 |..____________ 3,609- | Ca, Mg, Na, HCOs...__________|.____ s T
San Pedro 25 km southeast 5, 892 -
of Quito.

24 | Near Macachi (Machachi),
40 km south-southwest of

Quito:
Guitig (Hervedero, Fer- 24.3 | Moderately 1,622 | Ca, Mg, Na, ICO3, FeCOs_____ Probably Quaternary lava.| Also flowing artesian well. Water
ruginosa). large used for drinking and bathing.
. Refs. 1029, 1043.
Hacienda Tesalia (Santa 22 Moderately 2,710 | Mg, Na, HCOs, Cl_ ____..______|...._ QO e Refs. 1029, 1042.
. Emelia, Timpuc). large .

256 | Sillunchi, at west base of Warm | Moderately | ____.____ Ca, Mg, Na, HCO;3, Cl; free CO2.| Quaternary lava_______.__ Several springs; also drilled wells,
Pasochoa volcano 30 km large Water used for drinking and
south of Quito. bathing.

26 | Antisana volcano:

Tysco (Lysco?), on 27.2 | Moderately | __{ e A0 e Much free COz. Deposit of iron-
west slope. large stained tufa. Ref. 1013.
Inerater-_______________ - R Solfataras. Ref. 1035.

27 | Belermos, on west slope of .7 | Moderately || ____ | A0 o Also fumaroles in crater of voleano.
Cotopaxi volcano. large Refs. 1012, 1035.

28 | Near Banos village, at north-
east base of Tunguragua
voleano:

AguaSanta.____________ 545 |- 7,440 | e eaee o (o S Free CO2. Water used for bathing.
B;)c;rruginous deposit. Refs. 1029,
1041.

Badeung.________________ 4 6,252 | el dOo . Water is saline. Used for bathing.
Refs. 1029, 1041.

Cumanda___.___________ 28 | T8 |l A0 - Free CO;. Water used for bathing.
Ref. 1041.

Saéatilodd)e Badcung (E1 35.5 | 1,466 | Mg, Na, HCOs_________._______|._.._ s (s

alado).
Santa Clara (Cangrejo, 22 | 848 | o0 Free CO2. Water used for bathing.
Pangora). Ref. 1041.
Ulg)gg; valley of Bad- 4 6,252 | Ca, Mg, Na, SOq_____________|.____ s [+ S
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No. "Temper- Total

on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 22 water per minute) solids
°C) (ppm)

29 | Cunuec-yacu, at northwest 46 || el Decomposed andesitic tuff.| Water used for bathing. Ref. 1035.
base of Chimborazo vol-
€ano. .

30 | Cubijies, on bank of Rio WA |- ceoemee e Quaternary lava. .. ... Water used for bathing.

Guano 10 km northeast of
Riobamba.

31 | Los Elenes, on bank of Rio 22,5 e e e QO Water is alkaline and radiocactive
Guano 13 km from Rio- Bathing resort. Ref. 1030.
bamba.

32 | Cicalpa (Cunue-pugyo), 8 Hot Small || RSSO R A0
km west of Riobamba.

33 Plﬁ\;({)la, ‘21()) km southeast of 50 Small || e Probably Quaternary lava.

lobamba.

34 | Quillu-yacu, 3 km northeast 20.1 Small 4,136 | SO4; AlyOs (1,085) . ____________ Decomposed Quaternary | Several springs near Tixon sulfur
of Alausi. andesite. mi}(lie. Water is astringent and

acld.

35 | San Vicente, 20 km east of
Santa Elena:

Main springs___..___.__.-- 32-40 80 14,083 | CaCl: (7,304); NaCl (4,720); | Quaternary deposits over- | Several springs and 3 large pools.
(hottest) | KC1 (991); NaBr (783); gas lying nearly vertical Water used for bathing. Refs.
. chiefly CH4 and CoHs. Cretaceous strata. 1029, 1034, 1039.

El Volcancito, 100 meters 30.8 Small 22,400 | CaCly (11,520); NaCl (7,590); |_.__. QO Mud voleano having cone of hard-
from main springs. NaBr (3,010). ened mud 30 ft in diameter and
6 ft high. Water is turbid and
saline; traces of petroleum. Refs.

1034, 1039.

36 | Aguas de Guapan, 3 km 45.2 | Moderately | oo |ooo e Tertiary limestone. ... Water is saline, strongly alkaline.
from Guapan. large Free CO3. Water used for bath-

. ing. Ref. 1032.

37 | Aguas de Opar (Chaqui- 20.1 150 3,644 | Ca, Na, HCOs; free COa_ ... T S Water used for drinking.
maillana), 3 km northeast
of Azogues.

38 | Fuentes de Bafios, 9 km 87 Large 2,300 | Ca, Na, HCOs, 804, Cl._.______ Tertiary(?) strata near | Bathing resort.
gomb Cuenca del Tome- Quaternary lava.

amba.

39 | Cullqui-yacu, north of Loja-.| Warm | Moderately |___ .| e Probably metamorphic | Water used for bathing. Ref. 1041.

large rocks. .,

40 | Agua Hedionda, 5kmnorth- 25 Large High | Ca, Na, SO4, 8; free HzS________| Metamorphic rocks near | Water supply for municipal baths.
east of Loja. Tertiary strata. .

41 | Cerro de Colambo, 7 km 25 Moderately |- ool [ Probably Quaternary lava.| Water used for bathing.
from the cerro. arge .

42 | 1 km from Cariamanga.__.___ 20-22 10 [oeeo o Ca, HCO3, S04 oo Cretaceous Strata......... Small deposits of tufa, gypsum,
ochre, and sulfur. Water used
for bathing.

,,,,,, Chinangachi, in Yaruqui_.--|__________| || oo | Reef, 1028,
...... Chufata, Cubi, and S e o S Do.

Chico, in Perucho.
...... Cuchibianda and Pilgaran, |1 e e | e Do.

in Atahualpa.
...... Hacienda Cachuca, in Pue- || |l | e Do.

1laro.
...... Irubi, in San Jose de Minas_|--________| oo || e Do. .
,,,,,, Oyacachi. || o) W ater is sulfurous and ferruginous.

Ref. 1028.
______ Papallacta - _____ o e - Do.
...... Pueblo Tumbaco, in Chichi_|.— | e | e Ref. 1028.
PERU

Peru has a Cordillera Oriental, a lower Cordillera
Between the

Occidental, and a wide coastal belt.

ranges are plateaus and mountainous country. The
eastern part of Peru is drained by the Rio Ucayali and

other tributaries of the Amazon River.

The Cordillera Occidental is composed largely of
marine Cretaceous strata and much intrusive granite.
It also includes a long belt of volcanic mountains, sev-
eral of which are still active.

The Cordillera Oriental

is chiefly of Devonian and Silurian slates and pre-
Cretaceous metamorphic rocks.
side by marine Lower Cretaceous strata. The two cor-
dilleras merge southward into a wide series of ranges.
The northeastern part of Peru extends far into the
upper basin of the Amazon River.

It is flanked on each

The available information on the various springs is
summarized in the table below, and the locations of the
springs are shown on figure 19.
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[Data chiefly from refs. 1050, 1061, 1066, and Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950).
parts per million]

THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES

Thermal springs in Peru

OF THE WORLD

Principal chemical constituents are expressed in

No. Temper- Total

on Name or location ature of | Flow (liters |dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig, 19 water per minute) solids
(°C) (ppm)

1 | Los Bafios del Inca, 5 km | 62;74 Moderately 725 | 8102 (392); CaCO3 (84); CaSO4 | Sandstone and limestone | 2 main springs. Water used for
east of Cajamarca. large (30); NaCl (172); free HsS. (Lower Cretaceous). bathing. Ref. 1055, 1067, 1071.

2 | Cachicadan, 8 km from 71 Large 302 | CaSO4 (59); MgSOs (27); Nag | Trachyte intrusion in | 2 large springs. Deposit of iron
Santiago de Chuco. (max) S04 (28); NaCl (103); Fe:0s; Lower Cretaceous strata. oxide. Water used for bathing.

free COs. Refs. 1067, 1071,

3 | Pampa, 50km east of Truiillo. 24 Small || Lower Cretaceous strata__

4 | Huaranchal, near Pampa 75 Small 418 | CaCO;3(60); CaSO4(41); MgCOs |_____ 0. - e
spring. (30); MgSO0, (30); NaCl (214);

Fe30; (28); free CO3, HaS. )

5 | Tablachaca, on river bank 53 Moderately 1,257 | CaSO: (75); NasSO4 (325); |----. [ 1 T Small deposit of iron oxide. Water
at Pallasca. large NaCl (760); KCI (39). used for bathing.

6 | Ninabamba and Pacatqui...| 60-80 Large | oo | e Probably intrusive rock._.| Several springs issuing from tufa

mound. Much free COs.

7 | Jocos (Sihuas), on river bank | 40; 43 Moderately LOW |- e e Limestone (Lower Creta- | 2 main springs. Deposits of tufa,
30 km northwest of Poma- large ceous). gypsum, sulfur. Water used for
bamba. bathing.

8 | Santa Clara, on bank of Rio Tepid Large 866 | CaCOs (75); CaSOs4 (306); | Lower Cretaceous strata__| Water is light yellow.

Rupac. I&Igg?e §132); MgCly (102);
a 85).
9 | Andaimayo. . ._._._.___._.__ 38 Moden]a,te]y LOW | Sandsto)ne (Lower Creta- | Free Hs8. Deposit of sulfur.
arge ceous).
10 | Pomabama, on right bank | 22-52.5 | Moderately | . | oo eeeiiai|eeens (s I, 3 main springs. Free HjS. De-
of river. large posit of iron oxide. Water used
for bathing. .
11 | Shangor, 6 km from Caraz. .. 36.5 Small 801 | CaCOs(95); CaSO; (65); NasSO4 | Probably Lower Creta- | Water used for bathing.
(30); NaCl (554); FesOs (19). ceous strata.
12 | Colca, 6 km below Shangor_.] Warm Small ||| e A0- - e F)ige C()igd Deposits of tufa and
on oxide.
13 | Pato, 12 km from Caraz._.._. Warm Small 950 | NaCl. _ . oo [+ T
14 | Santa Julia, near Mancos.__. . 50 Moderately 5,565 | CaCOs3(236); MgClz (280); NaCl | Sandstone (probably | Much tufa above present outlet.
large (4,319); KC1 (454); free COs, | Lower Cretaceous). Small deposits of iron oxide and
H,8S. common salt.
15 [ Tactabamba, 4 km from Warm |- 300 | CaCO;3 (87); CaCl; (33); NaCl {..... [+ 1 N
Carhuaz. (164); LiCl (26); FeiOs (12);
free CO3.
16 | Near Rfo Chancos, 4 km
above Carhuaz: i
Aguas de Chancos.._.... 70; 74.5 25 3,340 | CaCO3(208); CaS04 (174); NaCl | o e 2 main springs. Large deposits of
(cooler) (2,592); KC1 (212); much free tufa. Water used for bathing.
COs. Refs. 1055, 1067, 1069, 1071.
Monte Rey. ..o 47.8 225 3,424 Nsé (772); K (303); HCO3 (549); [----- s [ ef. 1069,
4729). . X
17 | Brioso, 5 km northwest of | Warm 125 3,500 | CaCOs (90); NaCl (3,278); KCI |..._. s 1 Y, Several springs. Deposits of iron
Huaraz. (76); Fe:Os (18); much free oxide. Water used for bathing.
. COy, small amount free H2S. Refs. 1067, 1071.
18 | Chavin, on river bank near 45.5 Large |\ Steeply dipping sandstone | Small deposits of sulfur, alum,
Chavin de Huantar. (Lower Cretaceous). ironsulfate, and common salt.
19 | Olleros (La Ceuva), 18 km |19.2-46.2 35 14,068 | Mg (1,757); Na (1,782); K (3,241); | Probably Lower Creta- | 3 springs. Ref.1069.
southeast of Huaraz. (hottest) HCOs (1,860); SO4 (1,334); ceous strata.
C1(3,899).
20 | Near Rfo Chiquian, 2 km 49.2 Small |__________|._____ (_ _____ ) _____________________ Folded Tertlary sand- | 2 springs. Water is brackish.
above Llaclla. stone. Small amount of free gas. Small
deposits of iron oxide and com-
mon salt.
21| Oyon_.___________________.. Warm Small 1,674 c% (1350); HCO; (467); SOy (501); [----- Aol
273).
Churin______________________ 34 Large 956 CaC(()g (275); CaSO0s (136); | Graveloverlying Tertiary | Several springs, 2 of which issue
MgSOs (162); NaCl (257); lava. from tufa movnds. Water used
22 much free COg, HzS. for bathing, irrigation. Ref. 1055.
Andages ... . . _______ 55 Modertlately 1,869 | Ca,Na, S804 Cl. ... Probably Tertiarylava....| Deposit ofiron oxide.
arge
Tingode Huacho..._..__.... 58 Moderately 2,135 | Ca,Na, 804, Cl oo A0 Ref. 1055.
arge
23 | Near Agua Caliente village | Warm Small || Tertiary deposits overly- | Ref.1068.
and oil field, 40 km south ing Lower Cretaceous
of Pucallpa. strata.
24 | 2kmsouth of Aquamiro_.___ 41 Moderately |....______ Ca, HCO3. oo Conglomerate overlying | Deposit of tufa. Water used for
large : I',;ov{er Cretaceous bathing.
strata.
26 | Bank of Rfo de Nupe 8 km | 56; 61 Moderately || oo Sandstone (probably | 2springs. Water isslightly brack-
north of Bafios. large Lower Cretaceous). ish, Much free H3S. Water
used for bathing.
26 | Chaccha,nearCaina_._._____ Warm | Moderately 4,363 | CaCO; (290); CaCl, (116); | Probably Lower Creta- | Waterused for bathing.
large MgCl; (252); NaCl (3, 678). ceous strata overlying
Devonianslate,
27 | Cocha,near Tangor__________ Warm Moderi;tely 500 | CaSO04(284); MgS04(210) - .. _|-——_. Y, Waterused locally.
arge
28 | Near Rfo Perene____._.._____ Hot Moderslstely ____________________________________________ Sandstone (Lower Creta- | Severalsprings. Ref.1051.
arge ceous). )
29 | NearYaul ... _________ 38-52 Moderately 2,306 | CaS80, (176); MgSOs: (167); | Sandstone (probably | 5 springs, 1 known as the Hervi-
large | (hottest)] NaySOs (958); NaCl (958); Lower Cretaceous). dero. Ref. 1072,
LiCl1 (93). : . .
30 | Acaya, 5 km from Llocclla 30 Small |- Lower Cretaceous strata___| Water is saline. Free H;S. Large
pampa. deposit of tufa and small deposit
. . of sulfur. Ref. 1073.
31 | Chiuchin, in Checra district.| Warm | Moderately 2,791 | CaCO; (344); CaSO4 (1,166); | Intrusive rocks (Creta- | 2 main springs. Water used for
large MgSOs (432); NasSOs (104); | ceous). bathing. Ref. 1071
NaCl (689); free HaS.
32 | SanJosédelos Bafios_...___. Hot | Moderately 1,030 | CaCOs3 (88); CaSOs4 (73); MgSO04 |_____ s S Several springs. Deposit of cal-
large (127); NagSO04 (260); LiCl (23). careous concretions containing
iron oxide and trace of arsenic.
Water used for bathing.
8 Saélits’: © :' taling, in Pacraos | Warm | Moderately 1,146 | CaCOs (196); CaSOs (160); [--.-- A0 Water used for bathing.
rict. large

MgClz (92); NaCl (584); LiCl
@3.




DESCRIPTION OF THERMAL SPRINGS

Thermal springs in Peru—Continued

95

No. Temper- Total . X .
on Name or location ature of | Flow (liters {dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 19 water | per minute) solids
(°C) (ppm)
4 | Tingo, 2km from C lea_.| Tepid | Moderatel 2,456 | CaCO;z (200); CaSOs (235); | Red sandstone (probably | Water used for bathing.
3 g0, asapalea 19 largX Eaé?o, ()633); NaCl (1, 080§; Lower Cretaceous).
iCl (119).
35 a Calients km from 31 Moderately |- oo o oo Red sandstone (Lower | Several springs. Water is slightly
A%uasapalca. e, 3 ° larg}é Cretaceous). brackish, Free HzS. Water
used for bathing.
36 | Near Tambo-Viso_ _______.__ 31 Moderately 903 | CaBSoq (94);MgCos (151); MgSO4 | Intrusive rock (Creta- | Water used for bathing.
large (183); NaCl (300); KC1 (90); ceous).
Fea0s (25).

37 | Bellavista, on bank of Rio 33 Moderately Low | CaCOj3(8); CaSO04 (60| QO oo Do.
Rimac above Chilea. large

38 | Bank of R fo Mantaro, 12km 43.2 | Moderately | oo oo |oc s Probably Lower Creta- | Issues from large mound of iron-
from Coris, ’ large ceous strata. stained tufa. Water is brackish

and astringent, Used for bathing

39 | San Cristobal (Potochi), | 28;29 Moderately 873 | CaCO;(75); CaSO04 (313); MgSO4._.._. QO 2springs. Water used for bathing.
near Huancavelica. large | (hottest) (75); MgC1i (118); NaCl (264). L Ref. 1071.

40 | 4 km south-southwest of 25.2 | Moderately |- . o |-ooolioo ... Steeply dipping limestone | Water used locally.

Juleamarca. (max) large gvamgmn of Tertiary

41 | Nifiobamba, 40 km south- 43.3 | Moderately |---ooooo|-ooomoooo Porphyry inregion of Ter- | Several springs. Water is slightly

west of Ayacucho. (max) large tiary lava. astringent and ferruginous. Free
CO2.  Water used for bathing.

42 | Sancos, mnear Pueblo de 20 Small LOW | ool Sedimentary rock in | Several small springs. Much free
Sancos. region of Tertiary lava. H,8. Large deposit of sulfur.

43 | Colpani, near right bank of 59 Moderately 3,048 | CaCO;(350); MgCls (120); NaCl | Probably Cretaceous in- | Deposit of iron-stained tufa. Water
Rio Vileanota. large g,:éam; KCI (120); free COs, | trusive rock. used for bathing.

20,

44 | Andiguela, at Yanatilde____. 35; 42.5 | Moderately 1,335 | CaCOs (250); KyS04 (152); NaCl | Slate or Cretaceous intru- | 2 springs. Small deposit of tufa.

large | (hottest) |  (791); free COs. sive rock. Water used for bathing,

45 | 1 kin southwest of Lares.. ... 30-45 | Moderately 3,1 CaCOs (551); CaSOy (442); | Igneous. intrusive rock | Several springs. Small deposits of

large MgCOs (165); MgCls (245); (Cretaceous?) in Perm- iron-stained tufa. Water used
NacCl (1,599). ian strata. for bathing. Ref. 1071,
46 | 300 meters from Yaurisque. 32 Moderately 3,800 | CaSO4 (146); CaCly (2,787); | Tertiary conglomerate_..| Water used for bathing.
large MgCl; (60); NaCl (856). . . .
47 | 1 km from Marcapata.______ 60-75 | Moderately |------— |- ... Alluvium overlying Devo- | Several springs. Main spring
large nian(?) slate. issues from mound of iron-stained
tufa, Free HsS. Water is brack-
ish. Used for bathing.

48 | 1 km from Posta de Agua [41.5-55 Large 4,220 | CaCOs (532); CaSOs (765); Nag- | Permian strata____________ 3 main springs., Deposits of iron-

Caliente. S0 (65); NaCl (2,719); FesO3 stained tufa.
(15); much free COs. . .

49 | Quelcata, between Anta- 75 | Moderately |------_.__ Ca, Mg, HCOg; free COg, HoS__| Jurassic(?) strata_.________ Several springs issuing from tufa
bamba and Oropesa. (max) large mound. Water is moderately

mineralized. Used for bathing.

50 | Lucha, 8 km from Catahuasi | 34-45 Moderately 1,000 | NaCl (500); free COg._..__._.___ Quaternary lava._______.__ 3 main springs. Small deposits of

large iron-stained tufa. Water used
for bathing. i

51 | Antaura, 15 km west of 49.2 - e Quaternary trachyte______ Free H2S. Deposit of sulfur.
Viraco. ‘Water used for bathing.

52 | Viques, 3 km north-north- 26 Moderately |- ooo| oo | A0 . ‘Water is slightly astringent. Free
west of Viraco. large COs. Deposit of iron-oxide.

‘Water used for irrigation.
53 | Taparza, 8 km east of Vir- [46.6~50.3 | Moderately |-----e--c|wwee oo . Steeply dipping Creta- | 2 main and several smaller springs.
aco, large ceous sandstone near Deposits of sulfur and alum.
. Tertiary lava. ‘Water used for bathing.
54 | Agua Caliente (Ullupampa), Warm | Moderately |---------—|«ouoomm o Tertiary lava_......_.____ ‘Water used locally.
12 km north of Yura. large

556 | Chachani volcano:

Termas de Yura, 28 km [29.6-33.9 340 1,054 | CaCOs; (149); MgCO; (326); | Crotaceous strata mnear | 5 main springs including El Tigre
northwest of Are- Na;COz (124); NaCl (198); Tertiary lava, and Fierro Viejo. Analysis for
quipa. free COg, HjS. water having temperature of

32°C. Deposits of tufa and iron
oxide. Water used for bathing,
Refs. 1054-1058, 1064, 1067, 1071,

Aurora, at Socosani 5 | 30-35 145 3,187 | SiOz (222); Ca (205); Mg (125); |-.___ do_ . Water is bottled. Refs. 1056, 1067,

1§{m downstream from g?) (304); C1 (222); much free
ura. 2.

56 | Bafios de Jests, on slope of | 22-23 330 2,511 | Ca (127); Na (364); HCO; (400); | Tertiary lava.___._._______ Several springs including Pozo
Misti and  Pichupichu S04 (185); C1(794). Negro. Water used for bathing.
mountains 7 km east of Refs. 1053-1056, 1058, 1059, 1062,

. Arequipa. 1067, 1071,

A7 | Chucani, 8 km from Carineli_ 27.5 Moderzitely ____________________________________________ Pret-l(}retacl:(eaous metamor- | Water used for bathing.

arge phic rock.
58 | Near Ollachea_._____________ 66; 69.4 | Moderately 280 | NasCOs (60); NasSO4 (42); NaCl | Devonian strata intruded | 2 springs. Water used for bathing.
large %7%); small amount of free by porphyry.
20,
59 | Near Cuyo-Cuyo...__.._____ 44.8 | Moderately |-—~-—-oo-| Devonian slate_._._________ Several springs. Water is slightly
(max) large brackish. ~ Free COj; HjS.
. Water used for bathing.

60 | Fraylima, 8 km from Azan- 36.1 | Moderately 2,562 | CaS04 (1,564); MgSO, (296); | Probably Cretaceous | 2springs. Water used for bathing.
garo. large gngO4 (445); NaCl (220); free st'ratal c;;verlying Devo-

. 2. nian slate.

61 | Putina-Punco, 4 km west of 70 1S3 10T Sandstone (probably Cre- | Free HsS. Deposit of iron-stained

62 San José. taceous). ufa. N

Putina______________________ 37-49.1 Large 4,439 | CaSO,4 (768); MgSO, (135); | Steeply dipping red sand- | 4 main springs issuing from silico-
NayS0; (287); NaCl (3,195); stone (Cretaceous). calcareous tufa. Water used for
Feq03 (15); free COa. bathing. .
63 | Near Huancane_ _______.____ 18 Large Low | .. Cretaceous sandstone.____| Issues at base of a hill. Water is
. potable. Used for bathing.
64 | Near Ayaviri_.______________ 36 Moderately 4,975 | CaCO3 (909); CaSOs (218); | Steeply dipping red sand- | Small amount of free HzS. De-
large MgSO0; (730); NazSO, (654); stone (Cretaceous). posit of iron oxide. Water used
iI;IaC(l)g,aso); Fe303 (19); much for bathing.
. ee COy.

65 | Near Ocubiri________________ 37.8 | Moderately |-~--------|________ ... Probably Devonian strata.| Water is brackish. Free COs,

large H3S. Deposit of iron oxide.

66 | Tangolaya, 12 km west- 18.2 | Moderately 1,087 | CaCly (220); MgCly (278); NaCl |._.__ A0 Several springs. Water used for
southwest of Puno. (max) large (210); free COs. bathing.
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67 | Near Acora__ . ... _________. 69 Moderately 1,307 | CaS0, (317); MgCl; (131); NaCl | Limestone (Cretaceous) | Main spring near antimony mine;
(max) large (736). and intrusive lava. several small springs 14 km
farther northwest. Water used
for bathing. Ref. 1047.
Omate. ... 71; 74 Moderately |- oo iiims Quaternary lava__._._____ 2 main and several smaller springs.
. large Water is sulfurous.
68 |{Oleocan ___._____.___________ 32.8 |oeoe 2,011 | CaCO3 (187); CaSO4 (227); |..__. {6 1 TN Deposit of iron-stained tufa.
MgCO3 (50); MgClz (1,488);
Fez03 (19).

69 | Putina (Carumas), 55 km Near | Moderately 1,939 | CaCO3 (91); CaS0Os (121); |- do_ .. Several spouting springs. De-

southeast of Arequipa. boiling large NasS0s (403); NaCl (1,120); posits of silico-calcareous tufa
free COa. and iron oxide. Water used for
bathing. Refs. 1048, 1071.

70 | Caliente, on Rfo Candarve | Boiling | Moderately 1,141 | SiO; (140); CaB80, (150); NasSO4 | Pliocene strata overlying | Several springs, including 5 geysers,
12 km above Candarve large (168); NaCl (591); much free trachyte (Quaternary). Deposits of siliceous sinter and
springs. COa iron oxide. Water used for

bathing. Ref. 1048.

71 | Candarve, at base of Yucu- [42.7; 44 Moderately 3,305 | Si03 (160); CaSO4 (245); NasCOs |..__. [ T, 2 springs. Water used for bathing.
mani voleano. large |(hottest) (386); NaCl (2,456); free COs.

72 | 4 km from Ticaco. . .-...._ 49.8 | Moderately ,768 | CaSO4 (559); NagSOs (539); | Diorite or Pliocene-Mio- | Water used for bathing.

large NacCl (601). cene strata,

One principal group of islands in the eastern At-
This group comprises 9 main and
2 minor islands about 830 to 1,200 statute miles west of
There are hot springs in four of the islands,

lantic is the Azores.

Portugal.
as shown on figure 23.

All the islands are volcanie, with generally precipi-
tous coasts, and rise to high peaks, several of which
have erupted within the past few hundred years. The
main hot springs are in Sao Miguel Island (fig. 24) 0
and are chiefly in the Valley of the Furnas (fig. 25).

The available data on the several springs are sum-

marized in the table below.

ATLANTIC REGION
AZORES

20

20
l

3'0 MILES
30 KILOMETERS

F1GURR 24.—S#0 Miguel Island, Azores, showing location of thermal

39°

springs. From ref. 2272.
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FIGURE 23.—Azores showing location of thermal springs.

FIGURE 25.—Springs at Furnas, S#o Miguel Island, Azores.

ref. 2272,
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Thermal springs in the Azores

[Chemical constituents are expressed in parts per million}

No. on Temperature of | Flow (liters | Total dis- Principal chemical
fig, 24 Name or location water (°C) per minute) | solved so)]ids constituents Remarks and additional references
(ppm
Sido Miguel Island
[Data chiefly from refs. 2271, 2272]

1 Mosteiros. .. _____.________.__ 38,44 ... 5, 500-10, 000 |- . Lowest mineral content at low tide. Small bath-
house. Ref. 2272,

2 Ferraria_.._.________________.__ 62.5 | 20,960 | Na, Clo.____ .. ____.______ ,Ngg;;ocky shore; mixed with sea water. Ref.

3 Ladeira da Velha_ . _.___________ 30.3 46 354 | Na, HCOs, 8i0Oz- .. .._______ Sali.ne; carbonated; free COj; pH 5.30. Water
bottled for table use. Small bathhouse.

4 Ribeira Grande_ ________________ 62.1; 65 || 2 walled pools. Sulfurous. Small bathhouse.

5 Caldeira Velha.__.._.______ ____ 90.2 | . _. R 1 - Water and mud in ebullition; sulfurous. Nearby
spring flows 390 liters per minute; temperature
25.2° C. Ref. 2272,

6 Lombadas_ ... ______________ Warm Carbonated. Water bottled for table use.

7 Castelinhos Warm Do.

8 Lagoa de Furnas 81.2;89.9; 96. 2 3 main caldeiras near northeast margin of small
lake. Sulfurous. *

9 Furnas:

Letter

on
fig. 25

Agua Prata
Agua Miguel Henriques.- _
Caldeirfio..__._____________..___

AgunaSanta___._._______________
Agua Azeda.____._________
{Caldeiras de Inhames._.__

Vimes. ___________________
Esquicho_ _______.____.___
Caldeira Pero Botelho__ _.
Caldeira Graude..______
Caldeira Pequena_______
Caldeira do Asmodeu-
Agua do Padre Jose___
Quenturas_.._______
Agua de Morangueira_

HREOWOZ 2 H K W= ZQWEEaw b

3 -
41.5;43.5; 44.5 |
44

|Slightly saline. Free COs.
FreeDCOz. Source of supply for mineral bath.
0

Free COs.

Supplies bath.

Slightly sulfurous.

Free COs.

Actively Dboiling. Contains 5.5 ppm H3BOg;
pH, 6.36. Ref, 2272,

Slightly saline; mueh COs.

Siliceous, sulfurous; free CO;. Sulfur deposits.
Mud pool.
Supplies bath. pH, 8.34.
Supplies bath.
Do.
Saline, bicarbonate. Supplies hath,
Na, HCOs, SiO2z. Saline, sodic bicarbonate; pH, 6.45. Supplies bath.
Na, Cl, SOs.___._

Issues from base of cliff. Ref, 2272

Water vapor and much CO; and H2S. Deposits
ggnsulfur. Rocks greatly decomposed. Ref.

________ Small crater at summit_ .- |-\ |

_________________________________ Water vapor and much CO:2 and H2S. Ref. 1080.

GREENLAND

Greenland, the largest island in the world (839,800
sq mi), is sometimes called a continental island. It is
separated from Ellesmere Island of North America by
a narrow strait. Except along the coasts, Greenland
is covered by a thick ice sheet whose surface forms a
great plateau. Seismic exploration in recent years indi-
cates that the bedrock surface is irregular; it has deep
valleys that extend below sea level and probably divide
the region into two or more bedrock islands.

Ancient gneiss and schist underlie most areas that are

bare of ice. Sedimentary rocks are exposed in some
places. Marine sedimentary strata of Silurian age are
exposed on the northwest coast, Devonian strata in the
southwest, and Jurassic and Cretaceous strata at several
places. Marine Miocene sandstone and shale have been
recognized in Disco (Disko) Island, off the central part
of the west coast. Basalt is associated with schist along
the shore of Scoresby Sound on the east coast. The
five recorded thermal-spring localities in Greenland
are given in the table on page 98. The three principal
ones are shown on figure 26.
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FIGURE 26.—Greenland showing location of thermal springs.

ICELAND

The eastern coast of Iceland is about 500 statute miles
beyond the northern tip of Scotland and 600 miles from
the coast of Norway. The island is nearly 300 miles
long east-west, and about 200 miles broad north-south
through its central part. It consists mainly of moun-
tains and plateavs and comparatively little lowland.
Around most of the coast are deep fiords which extend
far inland, and beyond their limits, narrow valleys
extend still farther into the uplands. Except in the
southeastern part, where small mountains of gabbro are
present, the island is composed chiefly of basaltic lava
of early Tertiary age. This lava is considered to be
part of vast subaerial effus'ons that took place over an
extensive region in the North Atlantic, including the
Hebrides Islands, Faroe (Faeroe) Islands, and parts of
Greenland. After a long period of relative quiescence,
fissure flows and volcanic activity began in the early
Pleistocene Epoch, and have continued to the present.

Great amounts of brecciated volcanic material and
palagonite (altered volcanic tuff) were ejected beneath
ice sheets and are interbedded with later lava flows.
Palagonite, breccia, and tuff cover nearly one-third of
the island and overlie earlier lava. Large areas are
covered by Quaternary lava, which extends in a broad
band from the southwest coast northeastward and
northward across the island. A great lava field in the
east-central part has keen built up by many eruptions
from more than 20 vo’canoes, of which Askja, the larg-
est, was active in 1875. Mount Hekla, in the south-
western part, has hal many eruptions during historic
time. Some narrow valleys are underlain by glacial
deposits. Higher plateaus are covered by great snow-
fields or by glaciers, from which many tongues of ice
extend to lower lands.

Hot springs issue in nearly all parts of the island, but
they are most numerous in the western part, as shown
on figure 27. They are especially numerous in the

Thermal springs in Greenland
[Location of unnumbered springs not identified, Principal chemical constituents are expressed in parts per million]

No. on Name or location Temperature of | Total dissolved | Principal chemical | Associated rocks Remarks and references
fig. 26 water (°C) solids (ppm) constituents
...... On Disco Island__________ 14 oo |eeee—o______| Severalsprings. (Encyclopedia Bri-
tannica, 11th ed. article on
“Greenland.”’)
______ Cape Hold-with-Hope___. Warm |.___._______|._.____.______{| Basalt and tuff_| Several springs. Refs. 1095, 1096.
1 | Scoresby Sound:
East side of Cape | 45.5-62 6,667 |____________.__ Gneiss_______ 4 springs near shore. Small sili-
Tobin. ceous deposit. Refs. 1095, 1096.
2 km northeast of | 34.7;41.8 5441; | Na, Cl______ | ___________ Some gas. Refs. 1095, 1906.
Cape Tobin. 6,666,
8,902
2 | Henry Land. ____ ___ | | e Several springs. Refs. 1095, 1096.
3 | Unartok Island, mnear | 32 5-41.9 |1,024;1,080 | Na, Ca, Cl, Granite_ _____ 7 springs. Small deposits of
Julianehaab. SO;. calcareous-siliceous sinter. Refs.
1092-1094.
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Hengill-Olfus area, about 50 km east-southeast of
Reykjavik, as shown on figure 28.
. |
Q
o,
Mt Hengill 0% .
. .201 o
&2 %.198 ':.
o o Geysir
0¥ 4183
L] .18
191 188 87 (incl 2 alk sprs) o
R o o .317977 - Q ° Konungshver
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F1eURn 28.—Hengill-Olfus area of thermal springs, Iceland.
From ref. 1115,
o Littli Strokk
0o
: S i Moldi
One of the earliest descriptions of the principal gey- o, 50
sers was by Olafsen (ref. 1206), in an official report of a °:
. . . (0]
study of the resources of Iceland, published in Danish. O Smidhur
.. . . . . o
A condensed edition in English was published in 1805 R
. , R o
as “Olafsen’s Travels,” with some of the original illus- ° °
o
trations, including a curious representation of Geysir Siciodh 0 °5,
isjodhandj (e}
or the Great Geyser. o Thykkuhverar
Geysir (The Gusher, or Spouter)-—from whose name Approximate scale
. : : ) 0 100 20 300 FEET
all other intermittently erupting hot springs have been — '
. . 0 50 100 METERS
called geysers—is in Haukadalur (Hawk Valley), | . | I
about 80 km east-northeast of Reykjavik, in a group of
other hot springs as indicated on figure 29. F1GURE 29.—Geysir group, Haukadalur, Iceland. From ref. 1115.



DESCRIPTION OF

The available data on the principal thermal springs
and geysers in Iceland are summarized in the table
below.

Thermal springs and wells in Iceland

[Data from Barth, 1950, ref. 1115. Some of Barth’s map locations are of extinet springs,
which are not included in the present table; not all localities are numbered on fig.
2& Stg% a{]lsi) refs. 1109-1114, 1152, and 1283. Locations of unnumbered springs not
identified.

Temper- | Flow
No. on Name or location ature of | (liters Remarks and additional
fig. 27 water per references
(°0) secon)

1 | Hitalaugar, southeast 41-70 . About 10 springs.
of Svartahnuksfjo-
kull.

2-4 | Southeast side of 50-72 .. About 20 springs, includ-
Laugahraun, near ing Kaffihola. Also
Storihuer, fumaroles, solfataras,

and mud pools. Large
deposit of sulfur. Refs.
1136, 1165.

5 | Along Boykjadalir,  |-ooo___|oocooooos Many mud pools and
north of Hrafntinnu- sulfur springs. Refs.
hraun. 1136, 1165.

6 | Southeast of Hrafn- |- __.___|.___..____ Many boiling springs,
tinnuhraun. roaring steam vents, and

solfataras. Refs. 1136,
1165.
11 | Seljavallalaug, near 50 oo Well,
Seljavellir.
13 | Svinhagi______._________ 30 | 4 springs,
Thjérsartun Small
15 |{Heidhi Small
Marteinst Small
16 | Hjallenes.__...__.___..| Warm |.__.._____ Several springs.
18 | Near Btudhafoss on the 49-58 . ______.__ 5 springs. Some formerly
Thjorsa (near were geysers.
Vindas).

19 | Kaldarholt. . ____ | | ...

22 jorsa - 32,4 | ..

23 | Reykir, in Skeidh - 62 .. Water formerly boiled.

2% {H Gsatoptir.._.__ - 38 oo Well.

Hlemmiskeidh__ - 32 | Do.

25 | Hellisholtahverar. ______ 60 .. Several springs. Water
from one is used for
laundering.

26 [ Gravarhver_____________ 100. 3 3 Water used for heating
the Grof farm,

31 } Vadhmalahver._________ 9 Constantly boiling.

33-45 | Basahverar_____________ Boiling 10-15 | 3large basins of quietly
boiling water. Water
from one is used for
heating the Hvam
farm.

36 | Draugahver.____________ Boiling | _________ Smal% basin of boiling
water.

37 | Laugarhver_____________ Boiling 1 Formerly a geyser.

‘Water used for launder-
ing. Deposit of siliceous
sinter.

39 | Jotulaug. ... ________ 20 |eoceooo Well.

40 | Skipholstlaug. .-l Warm |__________

41 | Hiljalaek____ - 39 2 Large amount of gas.

42 | Hrunalaug.. _ 43 2 ‘Water used for bathing.

43 | Horgsholt_______________ Warm |-__.______

44-54 | Near Haukadalur:

(fig. 29) Geysir (Stori Geysir) - 100 2.5 | Spouts irregularly to a
height of as much as 60
meters. Circular basin
is 14 meters in diameter.
Best known of Ice-
land’s geysers; the word
“geyser’’ originated at
this site. Water con-
tains 8iO; (519 ppm);
Na (254 ppm); SO, (108
ppm); C1 (144 ppm); CO3
(207 ppm). Refs. 65, 106,
1098, 1101, 1107, 1111, 1118,
1119, 1126, 1127, 1129, 1130,
1132, 1134, 1137, 1138, 1140~
1148, 1150-1152, 1154, 1156,
11601162, 1165, 1174, 1178,
1182, 1185, 1188, 1190, 1195,
1197, 1198, 1200, 1202, 1203,
1205, 1206, 1208-1210, 1213,
1217, 1227, 1234, 1235, 1242,
1250, 1254, 1257, 1258, 1260,
1262, 1265.

Konungshver...____ 8 | Formed in 1896. For-
merly a geyser, now
inactive.

Blesi..._ ... 70 6 2 round basins. For-
merly a geyser. Refs.
1138, 1210, 1234.

Fata__ ____._._.______ 99.8 | Elliptie basin, 2 meters

across, filled with
quietly boiling water,

THERMAL SPRINGS
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Thermal springs and wells in Iceland—Continued
X Temper- | Flow
No. on Name or location ature of | (liters Remarks and additional
fig, 27 water per references
(°C) second)
44-54 | Near Haukadalur—Con.

Strokk__.____.______ 70 |l Formerly a spectacular
geyser shooting a solid
column of water to
height of 60 meters.
Refs. 106, 1098, 1107, 1126,
1127, 1129, 1130, 1134, 1137,
1138, 1143, 1144-1148, 1156,
1160, 1178, 1182, 1188, 1190,
1196, 1197, 1205, 1208-1210,

X 1234, 1235, 1242, 1250,

Otherrishola..____._ 100 | Jets to height of 4 meters
several times a day.
Can be induced to erupt
by clogging orifice with

e turf.

Littli Strokk_.__.___ 100 | . Constantly boiling, pro-
ducing large quantity of
white foam. Erupts
irregularly. Refs. 108,
1098, 1137,

Moldi. .|l

Smidhur___ o |eaol Constantly boiling, pro-
ducing large quantity of
white foam. Erupts
irregularly. .

Sisjodhandi_________ 98-100 | . Constantly boiling, erupt-
ing occasionally. Water
contains SiO; (222 ppm);
Na (107 ppm); SO4 (118
ppm); Cl (83 ppm);
COs3 (69 ppm).

Thykkuhverar______|..________|__________ Constantly boiling, erupt-

. ing occasionally.

Many other springs_ |- ________joo_oo_____ Includes Stjarna and Littli
Geysir, both formerly
active geysers,

556 | Hjalmastadhalaugar, 5876  |oo.______ Several springs.
north of Laugavatn.

56 | Utey, on southeast 93-94 | ...__.__ Several springs, including
shore of Laugarvatn. Efrihver and Nedhrih-

ver. One of the springs
formerly was a geyser.
Refs. 1137, 1147.

57 | Laugarvatn (farm), on |- oo __|ooooo_.__ Several springs, including
west side of Laugar- Reykjalaug and Vig-
vatn. dalaug. Site of mass

baptisms in A.D. 1000,
when Icelanders were
converted to Christi-
anity. Ref. 1147,

57 | Littldhverir, 100 meters |- ... __|-c_._____ Several springs, two of
;outh of Laguarvatn which are boiling.

arm,

58 | North end of Apavatn..{ Warm |.___._____

59 | Efri Reykir_____________ 75-80 Small La.rgg deposit of siliceous

sinter.

60 | Sydhri Reykir_______.._ 97 30 | Boils constantly; formerly

a geyser.
61,62 | Reykjavellir____________ 84 Large | 2 springs.

63 | Reykholtshver, at 97-100 Boils constantly; spouts
Reykholt, near to height of 1 meter.
Tungufljot.

65 | Spoastadhir_____________ 57 T

Laugaras, near confiu-
ence of Hvita and
Stoéra-Laxa:

A

vottahver..______|94. 5~

68 Hildarhver .. 94 _ Refs. 1181, 1192,

69 Sudhuhver _________ 98.5

70 | At and near Reykjanes:

Brandhahver_______| .. __\._________ ‘Water used in breadmak-
ing.

Tjornhver__________

Rimahver._ _ - Large pool; some gas.

North of Rimj

Thoérlakshver, on Several other hot springs

east side of nearby.
Braara.

71 | South of Hverakot, on
north side of Hest-
vatn:

Eyvik_ . ____________

Ormsstadhir._.______

Klausturholar___.__

Near Sudhurkot. __

Vadhnes____________

Kidhjaberg, near

southwest end of
Hestvatn, 3

72 | Hverakot, 2 km south- 94 60 Main spring in group.
west of confluence of Much gas. Group also
Braara and Hyit4, includes Littla Laug.

73 | Laugar, near Storu |- fooooo o
Reykir.

74 | Laugardaelir____________ 20 |oeemeoo Water formerly much

warmer.
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Thermal springs and wells in Iceland—Continued

Thermal springs and wells in Iceland—Continued

i Temper-| Flow Temper-| Flow
No. on Name or location ature of | (liters Remarks and additional No. on Name or location ature of | (liters Remarks and additional
fig. 27 water per references fig. 27 water per references
((®)} second) °C) second)

;g g}%‘;g}?k‘)t """""" I R Do. 193 | Sleggjubeinsdalus._._.__ 99 | . Sever%l stfa{n ven(tis.ul})e-
m | T orgarhaklens on "7 = pm T posits of clay and sulfur.
7 | Laugarbakkar, on 50 -7 | Well. Water used for 194 | Hveradalir, at west end 97 el Several springs.

north bank of Olfusa. bathing. of Hellisheidhi.

78 | Selfosslaug, on south L B 195 | Hverahlidah, on south 96 fooooiooo Steam vents and mud

bank of Olfusa.» side of Hellisheidhi. pools. Large deposit of

80 [ West side of Varma clay.

near Reykir: 196 | Nesjavallalaugar,at | _________| . __.____
Hveragardhi._______|__________|..___.__ 10 springs, including a Nesjavellir.
ﬁeyser spouting to 197 | Kaldalaugargil | o |ooeia_ Fumaroles. Steam clouds
eight of 2 meters. can be seen from a great
Isstue from large deposit distance.
of sinter. Water used 198-202 | Northern and eastern  |__________joeooooo . Solfataras andmud volean-
for heating houses and a (fig. 28) slopes of Mount oes.
dairy. Described in Hengill.
many old legends. 204 | Brennisteinsfjoll.._.____ 26-78  |-acceoo—- Springs and solfataras,
Water contains SiOz Large deposits of sulfur.
(324 ppm); Na (236 ppm); 205 |Seltun, 8 km north |- ... Many solfataras, powerful
Cl (173 ppm). Refs. Krisuvik. steam vents, and mud
1149, 1141. pools. Water from
Fagrihvamm P _} Water used to heat large Nyihver contains SiOs
greenhouse. (290 ppm); Al (58 ppm);

81 | Fosshver, near Reykja- |___.______} ... Also several submerged Fe (35 gpm); Ca (129

foss. springs. %)m); 04 (665 ppm).

98 | East and west of Varma: ater from spring at

Littli Geysir, near 100 {omeccmeae Quiet springs that formerly old sulfur mine contains
Reykir. was one of the best SiO; (399 ppm); Al (190
known geysers in Ice- ppm); Fe (168 ppm);
land. Water used for Mg (60 ppm); Ca (132
heating a sanatorium. ppm); SO, (1,603 ppm).
Ref. 1231. Large deposits of sulfur.

99 Tungardhshver_____|__________[.-_____.__ Formerly a geyser. Refs. 1133, 1161, 1195,

100 Ljotu-hverar.. 80.2 |ceoooo Several muddy springs. 1197, 1208, 1217, 1234, 1250

107 Bogil ...__... 1 | Formerly a quiet spring; 214 | Svartsengi. .. ----oooooo|ooceeeooo] o QGas and steam vent in
now an artificial geyvser. lava field.

108 Badhstofuhver..____ [+ S (R Well-known geyser. Sev- 216 | Cape Reykjanes: High {--—co.__
eral other hot springs Brennisteinshverar,
nearby. Water contains on northern slope
810, (263 PJJHI)': Na of Skalarfell.

(188); 804 (48); C1 (155). 217 et er T WU [NV P, Several springs and mud
. Refs. 1140, 1141. pools. Refs. 1181, 1195.

121 Svadhi- ... 01 N O Geyser having circular 218 Geysir. ... Boiling |- Formerly jetted to height

basin 9 meters in di- of 6 meters; now a pool.
. ameter. Water contains S8i03 (124
122 Stekkjatunshver____| 74-75 | _.__._.__ 2 circular basins. Large ppm); Mg (105 ppm); Ca
deposit of siliceous sinter. (1,862 ppm); Na 13,470
Gryla....o....._. 97 |eomees Geyser jetting to height of ppm); K (1,409 ppm);
6 meters. Also several SOs (250 ppm); 1
125 other springs nearby. (25,740 ppm). Refs. 1181,
Baulufoss___...____. 76;89 oo 2 sg)rm%s. 1‘xissuing near dia- 1195,
ase dike. . z B
130 Eldbdlshver.. ... 92 e Quiet spring in circular a9 Hg‘calxlllislll:glgé. on AUBDES | .. ojooreemso Isfgs,,s_tﬁf: viv::&;nigh and
basin 2 meters in di 20 | Breidhholtslaugar....___. 2536 |----- e L —
i basi i augarneslaugar 40-88 main springs and 2 wells.
131 Spytir- oo R Ciggliﬁ?]r };Vazlb‘e}r"f %ﬁ%%?fs (Thvottalaugar). Water used by laundry.
g - DU Water from 1 spring con-
as large as 5 cm in di- tains Si0s (153 m);
ameter. Several other 221-223 LIRS et
: Na (62 ppm); SO4 (15
hot springs nearby. ); CI (30 ppm)
Between Reykjakot ppm); Cl (30 ppm).
: Refs. 1140, 1141, 1147,
and Dalafell: ’ J
150 Reykjakotshver, at 65 3.9 Raudhard............_. 30 oo 1159, 1185-1187, 1162.
Reykjakot. 224 | Grafarlaug, near Grafar- 20 Small
151 Brénnisteinstindar, 100 |oceoooo. Numerous steam jets and holt. .
on southwest boiling mud pots. Large Nordhur Reykir:
slope of Tindar. deposit of clay. 225 Northernmost 79 femooieo
158 Hofmannaflét, on 31-99.6 {______..__ Sevzral springs and solfa- spring.
%)ulﬂ; sﬁope of targ.s. “Deposits of clay 228 Brendihver. . _______ (T P Much gas.
alafell. and sulfur. -
168 Hvtelx;amoal;ver and 90 . Geysgr, stteam Ig'ents, an(} 29 Ng’iﬁ%"f‘ of Bren S
other springs on mud pots. eposits ol
west side of day e inter 230 Soﬁthk'm Nordur 57 |
Graendalsi. eyXir.
Havera Kjalkur: 231 Sudhurd_ ... _____ 88 |-
175,176 Southslope...______ 97-100 2.5 | 20 to 30 springs, some of 232 Aesustadhalaug, & A P,
which are in bed of near Nordhur
stream. Much gas. Reykja4.
Deposits of sulfur. Sudhur Reykir: . .
East slope_ . ____.__ 84-98 .8 | Several boiling pools and 233-235 South of Sudhur 37.4-55.0 |- ________ 4 springs, including Horn-
mud pools. Much gas. Reykir. laug. Wate! from 1
North slope, at and | 97-100 |.______.__ Many boiling pools-and spring contains SiOs (22
near Falkaklett. mud pools. Much gas. ppm); S04 (14 ppmj; C1
184-187 | Divide between Reyk- 97 Many springs, mud pools, (12 ppm); CO;s (35 ppm).
jadalsd and Thverd and fumarols. Much Near Reykjahvoll___| 21-80 3 springs.
drainages and north gas. Deposits of clay Adhalthver___.____.__ 78
side of Okelduhnu- and sinter. Braudhahver____.__ 81.5 i . .
kur. Along Varma_______ 31.3-79.5 7 springs, including Blom-
Upper Hengladadalsa vanglaug, Bensillaug,
drainage basin: lBruarla.ndhver, and Loa-
188-190 Fremstiddalur______ 60-90 |.o..__.._ Several springs. Deposits aug.
of clay and sultur, Amsterdamlaug. .- .[44.5-83.0 |-—--_-—-—- 4 springs. Water used at

191 Midhdalur_____.____ 98,5 |oa . Several small springs and Alafoss mill.
stfeal;n vents. Deposits 236 | Kollarjardharlaug___._.__ 56 [---oomooa-
of clay.

192 Innstidalor. .| _________ Large | Large spring issuing at North side of Reykja- 99 |250;50 | 2springs forming 2 boiling
bottom of pool. Also dalsé south of Deil- streams that flow into
many small springs, dartunga. the Reykjadalsé.
fumaroles, and solfataras. 238 |{ Kleppjarnsreykir 99 150 Several springs. Water
Former site of powerful (Klephisreykir), on used for heating a hos-
steam vent that could be south side of Reyk- pital, a farm and, &
seen and heard for miles. jadalsa. greenhouse.
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Thermal springs and wells in Iceland—Continued Thermal springs and wells in Iceland—Continued
. Temper- | Flow Temper- | Flow .
No. on Name or location ature of | (liters Remarks and additional No. on Name or location ature of | (liters Remarks and additional
fig. 27 water per references fig. 27 water per references
) (°C) second) ((®)] second)
Sturbureykir__.._______ | . _______ | ______ Several springs, one of Dréapsker Island—Con.
which jets to height of 0.5 289 Near Drapsker- Tepid |- -.____ Well. Water used for
, meter. shver. bathing.
Arhver (Aahver, Vel- Boiling |_...._.__ Several springs, one a gey- 280 East of Drapsker- Tepid |- .o Several wells.
lineshver), in bed of ser that jets to height of shver.
Reykjadalsa. 1 meter. Refs. 1165, 291 On low rock north Boiling {.._....___ Exposed only at low tide.
1167, 1217. of istand.
292 | Small uninhabited is- Boiling |---ca--o. Ref. 1165.
lands near Flatey Is-
6 springs, one of which jets land in Breidhafjord-
to height of 15 cm. hur.

238 Large deposit of sinter. 293 | Near Sandey Island in 100 |- Submarine spring. Water
Leira. ... _._______ [i S Ref. 1192, Breidhafjordhur. boils noisily; much
Fitgar, near east end of |_______.__ Small steam.

Skorradalsvatn. 295 | Near Reykey and Urd- |..____.___|-._______ Submarine springs.
Sydhstufossar near west 50 4.5 holmur Islands in Steam rises from sea
end of Skorradals- Breidhafjérdhur. surface.
vatn. 310 %}Vjﬁrfudal
Snartastadhir. .. - 40 Small est side of Vatns!
Brautarunguhver. - 100 2.5 jordbur:
Krosslaug.._____________ [ T Reported to have been 314 Near Hellg farm___ . 3 springs.
site of baptisms about 315 South of Hella farm_ Several springs.
A.D. 1000 316 | Mérudalur:
3 springs. 1 km west of Kross_. Much gas.
240-243 4 springs. Near head of valley_ 2 springs.
Mentioned in Sturlunga 317 | Stori Laugardalur.__.___ 2 springs, one known as
245 Saga. Gvondarlaug.
Do. 319 | Dufansdal__._.__._..___| Tepid |-...___.__ Several springs.

247 |Englandsshver.._._______ 74; 89 3 2 springs. 320 | Reykjarfjordhur -| 8 springs. X
South side of Reykija- 50-73 |- 3 springs. 323 | Laugabdl. _.____ _| Several small springs.

252 Jl dalss at Klettur. 324 | Dynjandi..__.__ _| Well.

Stérikroppur 87 - 325 | Laugabdl ... -

257 | Skrifla, near Reykholt__ 97 8 ‘Water supplied Snorralaug 335 | Muli__ _ .
(Snorri’s bath) in 13th 339 | Nauteyri -| Several springs.
century, Water con- 340 | Reykjafjordhur. - Do.
tains SiO: (166 ppm); 343 | Near Krossnes..__._____ _| 3 wells.

Na (71 ppm); K (26 344 | 2 km northeast of
ppm); SO4 (66 ppm); G&?,g""
Cl1 (81 ppm); CO;3 (106 345 | Veidhileysa, at head of
ppm). Refs. 1160, 1165, Veidhileysufjordhur. .
1188, 1233. 346 | Hveratunga__.._____.__ Several springs.
263 | Haegindi (Haeginda- 80-96 6 4 springs. 347 | Bjarnarfjardhara Valley. X
kot). 348 | Klaka_ .. ___..______.__ 3 springs.
Ulfstadhir, east of {1 S I, Large deposit of sinter. 349 | Svansholl.______
Reykholt. 350 | Godhdalur.._.._
Stafholtsveggir._________ 99.5 10 Several springs called 351 | Asmundarnes._ i

264 Veggalaug. Water used 352 | Kaldrananes____ 2 springs.

for bathing. Ref. 1165. 353 | Shore of Hveravik__.___ Several springs. Water is
Lundahver___..___._..__ 80 (oo salty. Deposit of sili-
Braarreykir_______..____ 37 16 ceous sinter.

265 | Hurdarbak__.__________ 92;100 50 2 springs. 355 | Reykir, on east side of 66-96.5 |- .. Several springs near shore.
Sidhumahi. ... 65 | Water reported to have Hritafjordhur. Hottest water is used for

been boiling in 18th bathing and heating

266 century. farmhouse.

Suddalaug, near Hvita 60 Small 356 | Reykir, at head of [ 2 -
between Sidhumili Midhfjiirdhi;lr.
and Nordhurreykir. 357 | Nordur Reykir, near kT S,

267 {Nordhurreykir .......... 70-97 30 springs. Ytri and Karasstad-
Sudhurhverir___________ 80-97 -| 20 springs. hir on east side of

268 | Dynk, 40 m south of .5 | Jets to height of 1 meter. Midfjérdhur,

Skrifia. Large gas bubbles burst 358 | Reykir, 2 km west of i1 T T
with thumping sound. west end of

269 | Strokk.... Jets to height of 0.5 meter. Svinavatn.

272 | Storiés... Large amount of Ny. 359 | Reykir 4 Reykjastrond, |- {____.____ Issues from basalt, Water

276 | Near Hiisal Several springs. Temper- on west side of formerly used for bath-
ature and flow are for Skagafjordhur. ing. .
the largest spring. 361 | Reykir, in Hjaltadalsa__| 4090 |.__.______ Several springs and 5 wells.

277 | Haedaspordh, near | _________.| _______._ Water used for launder-

Nordhlingafljot. ing.
278 | Giljar.. oo 363 | Fosshver, near Reykja- <7 S U Much gas.
279 | Stadharhraun.__________ velir, in Skagafjord-
Hritsholtslaug, on hur.

280 Haffjardhara. 368 | Reykjaholl, 2 km north | 50-89 |-_._______ Large group of springs.
Near Landbrot_.__.____ 52 1 of Vidhimyri in Site of 13th century

281 | Sydri Raudamelur._____ 40 Skagafjérdhur. baths and laundry
Bardharlang, 2 km 25 | Well. building.

northwest of Hellnar. 369 | Skidhastadhir, 1 km 7/ Several springs.
282 |4 Lysuhdlslaug, 8.5 km 32 0.5 | Large deposit of siliceous northwest of Reykir

east-northeast of sinter. Refs. 1165, 1182, in Skagafjrdhur.

Badhir. 1192 377 | Godhdalir, on both 55656  |--ooooao

283 | Hamrar, in Haukadalur.,, Warm Water is saline. sides of river in

284 | Laugar in Saelingsdalur.| 40-50 Several springs. One at Vesturdalur. .
Saelinsgdalstunga is 378 | Hofsdal, in Hofsdalur.__ -| 2 groups of springs.
mentioned in several 379 | Near Laugakvisl____ -| Several springs.

Icelandic sagas. Water 380 | Laugaland______________
formerly used for 381 | Bardh, 1km east of
hathing. Flokadalsvatn.
286 | Near Oddbjarnarsker |__________|..________ Several submarine springs. 382 | Stori Reykir, oneast |- o oo|oaoooo_.
Island in Breidhaf- side of Flokadalsa.
jordhur. 383 | Lambanesreykir________ 41 | .

287 | At and near Laugaland.| 5766 |..___..._.. Several springs: one near 384 | Reykir, in Olafsfjordhur.| 4042 |-__....__ Several springs. .
farm, two on seashore, 385 | Laugaland, in Horgar- 20-30 Small | 2springs. Large deposit
and ‘several below sea dalur, of siliceous sinter near-
level. - Y.

Drépsker Island: 387 | Glerargilslaugar, near 40 2.5 | Several springs issuing

288 Drapskershver_.____ 100 | Issues on shore between Akureyri. from wall of gorge.

high and low tide levels. Water used for bathing.

735-914 0—65——S8
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Thermal springs and wells in Iceland—Continued

Temper- | Flow
No. on Name or location ature of | (liters Remarks and additional
fig. 27 water per references
°0) second)

388 | Gislaug, on slope west 48.4 .4 | Much gas.
of Sydhra-Gil.

West side of Eyjafjard-
ara:

389 Reykhiisalaugar_ . __ 42.5 .2 | 2springs. Water used for
laundering.

394 Kristneslaug...._.__ 61 ... .. Much gas. Water used
for bathing.

395 Grisardrlaug. ... __.__.__.|_._______

396 Hrafnagilslaugar_.__ 40 .2 | Mentioned in Sturlunga
Saga as early as 13th
century. Water used
for bathing. Ref. 1207,

404 Botnslaug......_.__ 49.3 .1

East side of Eyjafjard-
hara:
405 Grytulaug.._..____ 33 Small | Some gas.
406 Brunhisalaug, at 64,1 (. Water used to heat green-
Klauf. house.
407 Laugalandslaug.____ 54 |
408 Hollslaugar, at 37.5-47.5 | .. __ 8 springs.
Haagerdhi.
409 ngrkarlaugar, at 20 {aceemeooo Pools of water.
ork.

410 | Gardhsarlaug, in 20 |
Gardhsérdalur.,

411 | Holsgerdhislaugar, in 2344 | ______.__ Several springs.
Eyijafjérdhur, 20 km
south of Akureyri.

412 | Reykir, on west side of | 8889 |__________ Do.

Fnjoska River, 3.5
km southeast of
TNugastadhir.

413 | Stérutjarnir, 1 km west | 26-53 |____._____ Do.
of Ljosavatn.

418 | Stratshver____._..______ 85-86 |.___....__ Pool fiooded by brook.

Also boiling mud pots.
‘Water contains SiO:
(110 ppm); Na (85 ppm);
S04 (561 ppm); CO; (91
ppm).

417 | Uxahver____ oo 5 Geyser spouting to height
of 2 meters. Known as
the Ox Spring, Water
contains SiO; (160 ppm);
Na (30 ppm); SOy (50
ppm); Cl (20 ppm);
CO; (24 ppm). Refs.
i%gg, 1160, 1165, 1192, 1206,

418 | Ystihver (Badhsto- 98.8 50 Largest geyser in northern
fuhver, Iceland. Jets to height
Nordhurhver). of 12 meters. Circular

basin of siliceous sinter
10 meters in diameter
and 8 meters deep.
Water in basin boils
continuously. Sub-
sidiary vent (Strokk).
Ref. 1160.
419 | Thvottahver_._________. 92.1 .1 | Water contains SiO; (125
’ ppm); Na (102 ppm);
S04 57%%1)12‘); Cl (7)0
. ppm) CO; (49 ppm).

421 | Stéru-Laugar, 3 km 48-57 1.8 | Several springs. Water
southeast of Breid- used for irrigation of
hamyri. meadows, for heating

hotel, and for swimming
pool in hotel.

423, | Theistareykir,on |_____.____ | ________. Several solfataras and pools

424 northwest slope of of mud.

Baejarfjall.

425, | Near Helviti, west and |___.______|__________ Several steam vents and

426 southwest of Krafla, small springs near T'win
and along east slope Lakes. Refs. 1133,
of Leirhndk. 1138, 1165, 1221.

433, | East slope of Naméfjall 87-94 | _________ Many mud pots. Water

434 and_Hvera;?ind from one mud pot con-
(Hlidharnimar) at tains SiO; (214 ppm);
base of slope. Al (344 ppm); ¥e (310

ppm); Mg (74 ppm);

Ca (94 ppm); Na (24

ppm); S04 (4,023 ppm).

%\/{uch gas. Refs. 1138,
56.

435 | West slope of Namafjall.|._________|_._________ Several springs. Water
from one spring contains
SiO; (417 ppm); Al (50
ppm); Fe (30 ppm);

Mg (215 ppm); Ca (374

ppm); Na (87 ppm);

K (61 ppm); 80, (2,812
- N ppm).

436, | Jardhbadhshélar (Bjar- |_________ | ________. Many vapor vents and

437 | narflag). solfataras in craters.
Southernmost crater

. named Hitur. Ref. 1265.

438 | Stoéragja, near 25-43 |- Water used for bathing.

Reykjahlidh.

Thermal springs and wells in Iceland—Continued

Temper- Flow
No. on Name or location ature of | (liters Remarks and additional
fig. 27 water per references
(°0) second)

456 | Ketildyngja. . .o o _|oooiao oo Many solfataras. Large
deposit of sulfur.

459 | Hrathalsar (Hratshal- | _|-ooooo__ Several fumaroles and

sar). solfataras.

460 | Crater of Askja voleano_|_.._._.._.__|._..__..__ Many hot springs and
fumaroles on inner wall
of Rudloffkrater of
Oskjuvatn.

463 | Kverkfjoll, near edge of | . ______|..____._.__ Several craters exhaling

Vatnajokull. water vapor and gases.

464 | Hitalaug, 1 km west of 33 |- Several springs at altitude

Hrauna River. of 660 meters.

465 | Marteinsflaedha____.____ 35.5 |occmcee Altitude of 720 meters.

466 | Gaesavotn_ ... _____ -7 .. Several springs at altitude
of 900 meters.

467 | Gunnarstadhir_____._.___ Warm | ...

468 | Both sides of Sela 3044 j__________

River, 1.5 km south
of Hroaldsstadhir.

472 | Laugarvalladal. ________ 4.5 | Several springs. Deposit
of sinter. Ref. 1165.

475 | Near Hrafnekilsstadhir, | . _______{ _________

on east side of Jokulsa
Leirur.

476 | Near Laugafell ___.______ 51 Altitude of 500 meters.

477 | Near Jokulfell, on west 50-60 Several springs. Ref.

side of Morsardalur.
Hveravellir:

481 Boéluhver..____.____ [ 1 N D Formerly a noisy steam
vent. Deposit of sulfur.

486 Goshver._..._..._. 97,5 |ooaoo Jets to height of 20 cm.
Ref. 1250.

491 Eyvindarhver_.____ Boiling |.-.---____ Formerly a geyser. Water
used by Mountain-
Eyving, an outlaw, for
cooking in 18th century.
Ref. 1250.

492 98.5 5 noisy steam vents. De-
posit of sulfur. Ref. 1250.

493 Boiling Deep-blue water in circular
basin 8 meters in diame-
ter.

494 Graenihver (Mey- Boiling |-__...____ Light-blue water in circular

jarauga). Fasin 4 meters in diame-
er.

496 Fagrihver. ________. Small geyser spouting from
cone of silica.

497 Braedhrahverir | 2 springs 6 meters apart.
One is a geyser.

503 Djupihver__._______ _ X .

510 | Beljandarkvislar, 10 km 4 springs, one of which

north of Hveravellir. spotuts to height of 0.5
meter.

511 | Nauthagi and Blagny- | . |-cccoo_—oo Several springs.

paver, 20 km south
of Hveravellir.

512-516 | Hveradalir... .. ___ | |__.__ Myriad springs, solfataras,
and fumaroles. One
steam vent called
Oskran’ki is extremely
noisy. Deposits of sul-
fur and gypsum. Ref.
1165.

________ Near Hofs6S_ -__________ 58 oo .

________ Upper part of Thverd |.____.____|[--________] Powerful and noisy fuma-

drainage basin. role, many solfataras,
mud volcanoes, and
mud pots.

________ Near head of ceceemmcmefeeeame----| Refs. 1136, 1165.

Torfatindar.
MINOR ISLANDS—CANARY, CAPE VERDE, FAROE
(FAEROE), JAN MAYEN, AND SPITSBERGEN

(SVALBARD)

In addition to the Azores and Iceland, several other
voleanic islands or groups of islands are situated on the
mid-Atlantic Ridge, which is considered by some geolo-
gists to extend, with interruptions, from Jan Mayen
Island in the north to the South Sandwich Islands east
of Cape Horn, as indicated on the map of the world
showing volcanic zones (fig. 1).

The Canary Islands, about 60 miles west of the coast
of northern Africa, form a group of seven small islands
and several islets, as shown on figure 30. All the islands
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F16URE 30.—Canary Islands showing location of thermal
springs.

are of volcanic rocks, chiefly basalt and trachyte. The
easternmost two islands and several islets rise from a
submarine platform. The five western islands rise as
separate peaks from the deep ocean.

The Cape Verde Islands, off the west coast of north-
ern Africa, are an archipelago of 10 islands that are
spread over an area about 200 miles in diameter. (See
fig. 1.) The principal islands are about 320 to 350 miles
west of Cape Verde; all are volcanic. Fogo Island, next
to the most southwestern of the group, is nearly circu-
lar, about 15 miles in diameter with a volcanic caldera
and a large active inner crater.

The Faroe (Faeroe) Islands comprise 21 small vol-
canic islands and several islets, about 300 miles south-
east of Iceland. (See fig. 1.) Most of the islands in
the group are hilly and rocky and are bordered by sea
cliffs interrupted by fiords. Thick sheets of basalt in-
terbedded with tuffs are intruded by dolerite and, on
some of the islands, are overlain by clay, sandstone, and
beds of brown coal. Barth (ref. 1115) stated that Noe-
Nygaard (ref. 1274) examined a spring of water, 20°C,
on the east coast of Ostero Island. It is the only re-
ported thermal spring in the islands, but is not con-
sidered to be of volcanic origin.

Jan Mayen Island is about 370 statute miles north-
northeast of the northeast tip of Iceland, as shown on
figure 1, and is about 9 by 34 miles in extent. A volcanic
mountain in its northeastern part has been observed at
times in eruption, and deLaunay (ref. 30) noted that
there are hot springs. There also may be fumaroles and
solfataras.

Spitsbergen (Svalbard) lies north of Norway and
northeast of Iceland. (See fig. 1.) It consists of four
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islands of unequal size and several other much smaller
islands. West Spitsbergen, the largest island, is deeply
indented by fiords, and Wood Bay occupies Wood Fiord
in the north end of this island. The surface of Spits-
bergen is very rough, because there are several large
glaciers on the island and because the rocks are much
folded and faulted. The island is underlain by rocks
which range in age from Precambrian through Ter-
tiary, but the largest areas are underlain by rocks of
Precambrian and Triassic age. The Wood Bay area is
underlain by rocks of Silurian and Devonian ages,
which are faulted on the west against rocks of Precam-
brian through Ordovician ages. The hot springs of
Wood Bay and Rock Bay, an inlet of Wood Bay, issue
in nearby areas close to the faultline.

OTHER SMALL ISLANDS

Ascension Island (fig. 1) is 1,700 statute miles south-
southeast of the Cape Verde group and is about 6 by
714 miles in extent. It consists of a volcanic mass on a
submarine platform and contains numerous volcanic
cones, one of which has a great elliptical crater. Hot
springs or fumaroles have not been reported but may
be present.

Gough Island in the South Atlantic is about 4 by 8
miles in extent. It is mountainous and volcanic, but
no thermal springs seem to have been reported.

St. Helena Island, about 8 by 10 miles in extent, is on
the Atlantic Ridge, 800 statute miles southeast of Ascen-
sion Island. St. Helena is composed of voleanic rocks,
chiefly basalt, andesite, and phonolite, and is deeply
weathered and eroded. The culminating summit is the
remnant of the north rim of a large crater. The island
receives considerable rain. Springs of fresh water are
plentiful, but no thermal springs seem to be present.

South Sandwich Islands form a scattered group
about 1,600 statute miles east of Cape Horn. They
probably are volcanic, and thermal springs may issue
in one or more of them.

Trinidad Island, 700 statute miles east of the Bra-
zilian coast, is 2 by 4 miles in extent and is composed of
volcanic rocks. It has fresh-water springs, but none is
reported to be thermal.

Tristan da Cunha Tslands comprise three small vol-
canic peaks in the South Atlantic, about 2,000 statute
miles west of the Cape of Good Hope and 4,000 miles
northeast of Cape Horn. These islands rise from the
same submarine platform as the Azores and Ascension
Island. Sea cliffs in the Tristan da Cunha group expose
several varieties of lava, chiefly basalt, andesite, palag-
onite, and dolerite. Tristan Island, the largest and
northernmost, is 7 miles in diameter and contains a vol-
canic cone in whose crater is a small fresh-water lake
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that is reported never to freeze. Hot springs and fuma-
roles may issue there. [A volcanic eruption in late 1961
necessitated the evacuation of all the residents of the
island.]

EUROPE

AUSTRIA

Most of Austria is mountainous. Part of the western
border with Germany is formed by the Bavarian Alps.
The eastern part of the Central Alps and the Eastern
Alps occupy much of central and eastern Austria.
(See fig. 31.) These ranges form a wide belt of intense-
ly folded and greatly faulted rocks. The central core
of the mountains is of gneiss and schist and infolded
Paleozoic sedimentary rocks. On each side are Triassic
beds of marine limestone and minor areas underlain by
Jurassic and Cretaceous limestone, marl, and sandstone.
All these beds are intensely folded in higher areas, but
deformation is less on the lower slopes. In the Tirol
region in the westernmost part of the country large
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areas are underlain by faulted igneous rocks. The Car-
nic Alps along part of the southern border are composed
chiefly of Triassic rocks, but they contain some Jurassic
and Cretaceous strata. In the northeast, along the val-
ley of the Danube River, are some wide areas of lowland.

Numerous mineral springs issue throughout the moun-
tain areas. It isestimated that more than 1,500 individ-
ual springs are present, but only a few have tempera-
tures noticeably above the mean annual temperature,
which ranges from about 10°C in the Danube Valley at
Vienna to less than 8°C in the populated higher areas.
All the principal thermal springs and many of the cold
mineral springs have been developed for bathing, the
water from the cold springs being heated artificially.
The mineral springs are used also for medicinal
drinking.

The location of the thermal springs is shown on figure
31, and information concerning them is presented in the
table below.

Thermal springs and wells in Ausiria
[Datachiefly from ref. 1304. Principalchemical constituents are expressed in parts per million]

No. Temper- Flow Total .
on Name or location ature of (hecto- | dissolved Principal chemical Associated rocks Remarks and additional references
fig. 31 water (°C)| liters solids constituents
per day) | (ppm)
1| Scharten.. ... || |eee_ [ Ref. 1828.
2 | Schallerbach.____......._..__ 36.6 8, 640 564 | Sulfide; gas, 78.8 percent Na, |- -~ - coooooooeoecae 1 main spring. Ref. 1310.
21.2 percent H3S and COa.
3 | Baden:
11 main springs........_. 27-36.7 |.-________ 1,978 | Ca, 8Os Na, Cl, HCOy; | Triassic dolomite ___..____.. On exltension of I{‘ischgu—%(fl:grgg;r-
ottest as, 98 percent Nz. mal zone. lesort; sanal .
® ) gas, %o ' Refs. 1310, 1336, 1339, 1342, 1345,
1347, 1355, 1358.
Well near Krozingen..._ 40.3 | 70,000 4,006 |- | QO Do.
4| Voslau_ ... 20;23.3 |..______ 686 | Ca, COs; gas, 95 percent Ns_| Contact of Tertiary breccia | 2 main springs. Resort. Refs. 1298,
with underlying Triassic 1324, 1335, 1344.
dolomite. .
5| Fishau.....oo.____ 21 |ee. 426 | o Tertiary strata___....._._.. 1 main spring. Developed A.D. 865
as bathing resort.
6 | Brennerbad:
Mainspring.........__._ 21,6 oo 476 | Near contact of ancientlime- | Inuse about 600 yr as bathing resort.
stone with schist. Radioactive. Ref. 1316.
Others......_..___.___.__ 228 |oco e .
. (max) .
7 | Hintertux.__._______________ 22.5 | 15,550 204 |- __| Limestone and schist________ 1 main spring. In use about 700 yr as
bathing resort. Radioactive. Refs.
1297, 1316, 1337.
8 | Haring (Francisbad).._.._.__ 38.8 (... 2,371 | CaSOu e Tertiary st{ata including | Resort.
brown coal.
9 | Mittendorf____ 23.4 | 26,000 | Ca, Mg, 8Os, HCOs Shallow well. Resort. Ref. 1306.
10 | Bad Gastein.. 24.4-49.4 2,600 398 | Na, SO, HCOy___________ 18 springs, from galleries. Developed
A.D. 678 as resort. Also supplies
baths at nearby Hofgastein. Refs.
1296, 1301-1305, 1307-1309, 1312,
1319-1321, 1323, 1325, 1326, 1328—
1330, 1332, 1337, 1338, 1350, 1353,
1356, 1359.
1| Linod_ - e e
12 | Kathrininbad bei Kleinkir- 22.5 900 QAT | Carboniferous dolomite______ Early developed as bathing resort.
cheim. Ref. 1337.
13 | Bleiberg. ... Warm ||| Triassic dolomite___.._.._.__ In gallery of tin mine on Bleiberg
graben. Ref. 1311,
14 | Warmbad Villach..__.______ 2429 | 561 | Ca, HCOs_____._____________ Conglomerate overlying Tri- | Severalsprings; Aquae Villacenses of
assic limestone. the Romans. Resort. Springs of
Bad Villach nearby are cold. Refs.
1346, 1349, 1350.
15 | Reifnitz-am-Worthersee ._._. ; 16.8 | Small Low | Ca. HCOs. ool Locally classed as thermal. Ref. 1313.
max) .
16 | Weisenbach b2 J P 2,250 | Na, Ca, HCOs; free COs.__.| Schist and erystalline lime- | Resort. Minor chemical constit-
stone. uents: Cl, 8SOs.
17 | Tobelbad. ... ._..________ 27.8-36.3 6, 900 663 | Upper Tertiary strata over- | Several springs; earthy, acidulous.
lying Devonian limestone. Known to the Romans. Resort.
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FIGURE 32.—Belgium, France, and Luxembourg showing location of thermal springs and thermal wells. Belgium chiefly from ref. 1368 ;
France chiefly from ref. 1685 ; Luxembourg from refs. 1361 and 1365



DESCRIPTION OF THERMAL SPRINGS

BELGIUM AND LUXEMBOURG

Belgium, for the most part, is underlain by marine
Cretaceous and Tertiary strata. These strata lap onto
older rocks exposed in the Ardennes Mountains in the
southeastern part of the country. Along the north side
of these mountains, coal beds and other rocks of Car-
boniferous age are faulted and infolded with strata of
Devonian age.

The southeast flanks of the Ardennes Mountains de-
scend to the hilly lands of Luxembourg, which is
drained mainly by tributaries of the Moselle River,
which marks part of the eastern boundary of the coun-

109

try. Throughout most of Luxembourg the outcropping
rocks are of Devonian, Triassic, and Jurassic age. In
some of the lower areas, however, sedimentary deposits
of Tertiary and Quaternary age overlie the older rocks.
In places, the older rocks are greatly faulted, the fault
systems trending northeast-southwest.

In Belgium, thermal springs have been recorded at
five places, and in Luxembourg one deep well that yields
thermal water has long been in use. Their locations are
shown on figure 32.

The available information on the several thermal
water supplies is summarized in the table below.

Thermal springs in Belgium and thermal well in Luzembourg

[Data chiefly from ref. 1368. Principal chemical constituents are expressed in parts per million]

No. Temper- Flow Total
on Name or location ature of (liters dissolved Principal chemical Associated rocks Remarks and additional references
fig. 32 water (°C) | per min- solids constituents
ute) (ppm)
Belgium
1 | Sirault, 13 km northwest of 81,25 ot e el Water temperature measured in 1779.
Mons. Apparently has ceased flowing or
has been covered.
2 | Chaudefontaine, 8 km south- 32-35 Large 352-488 |Ca, Na, HCO3, Cl._________ Condruzien strata (Upper | Several springs and shallow wells
east of Liege. Devonian). early developed. Large bathing
resort, Refs. 1362-1364, 1369, 1371.
3 | Juslenville, 25 km southeast | 17.5-21.5 Large |-ccocoeooo-- CaCOs (144); MgCOs (35); |----- Lo 1 6 springs. Chemical analysis made
of Liege. NasSO04 (36); NaCl (19); in 1827. Used as source of water-
$102 (27). power for mill,
4 | Ernonheid, 5 km east of |-........___ - e Coblentzien strata (upper
Ferrieres. part of Lower Devonian). i
5 | Epgrave, § km southwest of JE N S Condruzien strata (Upper | Several springs at foot of mountain;
Rochefort. Devonian). much vapor in cold weather.
Luxembourg
1 | Mondorf-les-Bains, 15 km 24.5 670 14,460 | NaCl (9,400) - _.cocceeeooe Permian. ..o 712 meters deep. Temperature of
southeast of city of Lux- water from lowest strata 28°C.
embourg. Drilled in 1946 to replace well
drilled in 1844, which had become
clogged. Original well, 730 meters
deep, flowed 600 liters per minute;
water temperature 25°C. Refs.
1361, 1365, 1366, 1370, 1372.

BRITISH ISLES

In Scotland and the northern part of England, the
ancient sedimentary and crystalline rocks exposed are
greatly folded and faulted in some areas and intruded
by volcanic rocks of Mesozoic to early Tertiary age.
In these districts no thermal springs have been re-
corded. Part of the northern half of England is oc-
cupied by the great anticline of the Pennine Hills,
whose core of Lower Carboniferous strata is flanked by
the Coal Measures and Permian and Triassic forma-

tions. Triassic beds also cover extensive areas in the

Midlands region. A thick succession of Jurassic and
Cretaceous rocks is exposed in eastern and southern
England, but these rocks are overlain by Tertiary de-
posits in the London and Hampshire (Hants) synclinal
basins. Sedimentary rocks of Cambrian to Devonian
age and some gneiss and ancient volcanic rocks occupy
much of Wales and southwestern England. Nearly all
the thermal springs reported are in areas of Carbon-
iferous or younger marine strata.

The locations of thermal springs and wells in the
British Isles are shown on figure 33. Data on these
springs and wells are given in the table below.
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Thermal springs and wells in the British Isles

[Principal chemical constituents

are expressed in parts per million]

No. Temper- Flow Total
on Name or location ature (imperial |dissolved| Principal chemical constituents Associated rocks Remarks and references
fig. 33 of water gal per solids
°F min) (ppm)
England

1 | Buxton, 20 miles southeast 82 129.5 378 | Ca, Na, HCO3, Cl___.________._ Carboniferous limestone, | Originally 9 springs. Bathing re-

of Manchester. (max) probably faulted. sort. Refs. 1374, 1391, 1403,
1413, 1416, 1435, 1442, 1443, 1450,
1452-1454, 1456-1459, 1468, 1474
1477, 1490

2 | Bakewell, 25 miles southeast 60-62 Variable || Carboniferous limestone__.| Water quality similar to springs
of Manchester. at Buxton. Bathing resort.

Refs, 1468, 1490.

3 | Matlock, 37 miles southeast 68 415 478 | Ca, Mg, Cl ... o] Lo Lo T 3 main springs. Resort. Refs.

of Manchester. 1391, 1403, 1421, 1443, 1456-1458,
1468, 1490,

4 | Chatteris, 12 miles northeast 6074 | oo mm i m e [ e e mmmm | e e mm Shallow wells in fenland. Water

of Huntingdon. may be from deep-seated source.
Refs. 1406, 1407, 1462, 1489, 1490.

5 | Stoney Middleton, 15 miles 63 20 230 | Mg, Na, SO4.o oo oo Carboniferous limestone___{ Bathing resort. Refs. 1468, 1490.
north of Oxford.

6 | Clifton Wells, on bank of b T I 660 | Mg, Na, HCO3, S04, CY______.__|. oo . Bathing resort. 2 original sprmgs
Avon Rlver 2 miles west temperature 66° F and 72° F,
of Bristol. were at St. Vincent's Rocks in

the Avon River gorge. Refs.
1403, 1404, 1450.

7 | Bristol hot well, in Bristol.._ (T P 1,092 | Ca, SOy oo Carboniferous limestone._.| Original spring near river: tem-
perature, 76° F; total dissolved
solids, 630 ppm; prmmpal chemi-
cal constxtuents, Ca, Na, HCO3,
804, Cl. Refs. 1381, 1382, 1391,
1409, 1437, 1439, 1450, 1457, 1471,
1487, 1490.

8| Bath ... 110-117 350 1,820 | Ca, Na, SO4. Gas, 96 percent | Contact of Keuper marl | 3 main springs. Developed by

Na. (Jurassic) with Triassic Romans. Large bathing resort.
strata. Water proba- Refs. 1373, 1377, 1378, 1381,

bly rises, along faults, 1383-1391, 1393, 1395, 1396,

from Carboniferous 1398-1405, 1408-1410, 1412, 1415,

strata. 1419, 1422, 1424, 1427-1429, 1433,

1434, 1436, 1438, 1440, 1441, 1444,

1446-1449, 1455-1457, 1461, 1463,

ﬁgg—lciﬁ‘a, 1478-1484, 1486, 1488

9 | Batheaston, 3 miles north- Tepid | Moderately | .| e Coal Measures (Upper | Chalybeate. Water issues in coal
east of Bath, large Carboniferous). shaft. Refs. 1411, 1489, 1490.

10 | Tunbridge Wells, 30 miles L PR (RS, Ca, Ng, Ma, 8O, Cl.____.._._ Cretacous strata. Water | Originally 2 small springs. Bath-
southeast of London. may rise from Jurassic ing resort. Refs. 1376, 1380, 1426,
strata. 1457, 1458, 1473.
11 | Redruth, 28 miles southwest 125 150 9,200 | Ca,Na, Cl__ oo ... Contact of granite porphry- Water issues in Weal Clifford cop-
of Bodwm ry with ancient slate. per mine, at depth below 1,500 ft.
Refs. 1430, 1431, 1464,
‘Wales
12 | Taafe’s (Taff’s) well, near 6570 |cmemmeeeae 137 | Mg, 804. Gas, more than 95 | Coal Measures (Upper | Bathing resort. Refs. 1472, 1490.
Cardiff. percent N, Carboniferous).
Ireland (Erie)
13 | Mallow, 18 miles north- b (155 N T 212 | Ca, 804 Clo Carboniferous limestone | 1spring and 2 shallow wells at base
northwest of Cork, near contact with De- of hill. Bathing resort. Refs.
vonian sandstone. 1414, 1445

BULGARIA

Bulgaria has the Danube River for most of its north-
ern boundary and the Black Sea for its eastern bound-
ary. The Rhodope Mountains, with sharp peaks and
steep slopes, extend along part of its southern border.
Smaller ranges form most of the western border.
Through the central part of the country the Balkan
Mountains, with rounded crests and generally moderate
slopes, extend east-west. Northward from these moun-

tains, long and gentle slopes interrupted by hills descend
to the Danube, along whose lower course are extensive
plains. In the southeastern part of the country, the
wide plain of eastern Rumelia extends southward from
the Balkan Mountains.

According to Bourchier (ref. 1494), Archean gneiss
and crystalline schist form most of the Rhodope Moun-
tain area and also underlie much of the Rumelian plain.
Carboniferous rocks overlain by marine Triassic and

Jurassic strata are exposed in the western Balkans, and
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Permian sandstone occupies parts of the Sofia basin.
Lower to Upper Cretaceous strata cover nearly the
whole extent of northern Bulgaria, from the crest of
the Balkans to the Danube. FEocene deposits form both
flanks of the eastern Balkan Mountains, and late Ter-
tiary strata underlie lands near the Black Sea. Most
of the Danube plain is covered by loess of Quaternary

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

age. Some intrusive masses of granite and other
coarsely crystalline rocks, also lavas, are present in the
Balkan Mountains and in the Sredna Gora Mountains
in the southwestern part of the country. Most of the
thermal springs are in the southwestern part, as shown
on figure 34. Available information on the springs is
given in the table below.
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FIGURE 34.—Bulgaria showing location of thermal springs.

Thermal springs in Bulgaria

From ref. 1493,

[Springs numbered in accordance with ref. 1493. Data chiefly from refs. 1493, 1502, and 1506, Nearly all are developed for bathing, Principal chemical constituents are ex-

pressed in parts per million]

No. Temper- Flow Total
on Name or location ture of | (U.S. [dissolved| Principal chemical constituents Associated rocks Remarks and additional references
fig. 34 water (°F)| gpm) solids
(ppm)
Balkan Mountain area
1 | Vrshets (Vershetz)..______._ Ref. 1494,
2| Zanozene_ . . .. _._.___ ...
3| Lataknik____________________
4 | Jelenovdol________.__________
5 | Glava-Panega.___._._.______
6 | Shipkovo.._______.._________
7} Viadislavtsi. ... ... __
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No. Temper- Total
on ature of | Flow dis- .
fig. Name or location water (U.S. solved | Principal chemical constituents Associated rocks Remarks and additional references
34 °F) gpm; solids
(ppm)
Balkan Mountain area—Continued
8 | Bankya (Banki)._..____...__ 99 300 245 |_... ----| Pliocene stata  overlying | Refs. 1495, 1507.
faulted andesite.
9 | Malko-Bueino. ... ...
10 | Gorna-Banya (Gornia- Refs. 1495, 1501.
Bania).
11 | Knyazhevo (Kniajevo)_.____ Do.
12 | Sofia___._____ e Refs. 1494, 1505,
13 | Cepinei___ e
14 | Xladnitsa. . R
15 | Pancharevo _—-
16 | Zheleznitsa. -
17 | Kalkovo.__
18 | Pangyuris -
19 | Strelcha_.__ -
20 | Karasarli_ -
21 | Stoletovsk.. -
22 | Bota-Banya__ e Issues from fault zone.
23 | Starosel____ J—
24 | Xrasnovo
25 | Khisar (Hissar; Kuptchez Refs. 1500, 1501, 1507.
bath),
26 | Davadzhov.___.______________
27 | Pesnopoi.__._
28 | Karlovo-Banya, Refs. 1498, 1499.
29 | Pavel __ _____ ... Faulted granite____
30 | Ovoshtnik. Faulted alluvium. .
31 8ulica. coooemomoeol] L8] 160 oo m ot |
32 | Gorno-Panicherevo HCO; (259)
33 | Korten. .. 804 (467)-
34 | Dzhinovo.._ _ .
35 | Sliven (Slivno).._........_.| 112 90 {_______.__ 804 (736); COz (2,370); Faulted Cretaceous Water used for bathing. Ref. 1495.
40). near andesite.
36 | Markovo-Banya.......__.__. 73 40 | HCO3 (977) - e oo |
37 | Adtos. .. £ Faulted andesite. ... .
38 | Burgas (Bourgas)-Banya__..{ 106 | 860 .| memeeecoceoees Water used for laundering. Refs.
1491, 1495.
39 | Medovoooeo oo o] TB | B | e e m e mm
40 | Kyustendil.______.._________
41 | Katrishte__. R
42 | Nevestino._ [
43 | Kadin Most___.____.____..__ Issues from fault zone.
44 | Chetirtsi_ . . . _________._.__
45 | Rakovets..____ . __.___.__.__
46 | Baltchin....._....__________ Alluv%um overlying faulted
strata. . .
47 | Saparevo (Zaparevo).._...._ Faulted sehist_:.o..o._.._.._ Hottest spring water in Bulgaria.
Refs. 1491, 1494.
48 | Pchelin... ... _______ Faulted granite_ . ._.__....- o
49 | Solu-Dervent (Momina | 150 | 270 | - |l Tl s Radioactivity 560 emans per liter.
Banya). Refs. 1491, 1500, 1501.
50 | Dolna-Banya....o.___._..__ Faulted schist. ...
51 | Kostenets__.________________ Faulted granite__
52 | Gorna-Djumaya. Faulted schist. .
53 | Osenova..
54 | Simitli___
55 | Hustava_.._
56 | Gorna-Gradeschnitsa.___
57 | Sveti Vrach.__________ Ref. 1496.
58 | Polenitsa__..._________
59 | Levunovo_..___.___..___
60 | Marikostenovo.._____.__ Faulted Tertiary strata_.____._
61 | Gulina-Banya.___._.____ Alluvium overlying schist__ Local water supply.
62 | Eleshnitsa_.__________. Faulted schist.
63 | Dobrinishki_...___.__.__.._.__| 100-104 | 225 [__________| Small amount of HaS____________{-.___ [ T
64 | Kanina__.. RS S Ui+ 2 N v/ J (N E S SUN RO
65 | Bashmitsa___..__..___________| 100 | 130 ||| e
66 | Vetren__.__.________________ 147
67 | Malo Belov_____ - 75 Issues at base of bluff,
68 | Varvara._.__._. 90-150
69 | KOorovo..co..oo__.__ 129
70 | Kaménitsa (Kamenitza) 172 -_--| Refs. 1500, 1501.
71 | Velyuva-Banya 11 ---.| Issues from fault zone.
72 | Ludzhene..__..__. R Do.
73 | Tshepino
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Thermal springs in Bulgaria—Continued

No. Temper- | Flow
on Name or location ature of (U.8.
fig. water °F)i gpm solids

34 (ppm)

Total

dissolved| Principal chemical constituents

Associated rocks Remarks and additional references

South-Central Bulgaria

Shiroka-Lika
80 | Narechen. . o ..______

83 | Khaskovo
84 | Makhalata_ ..___.__
Shipkoveni__.._...._

Much iron._ ..

Small amount of HaS

, Ca, Mg, Na, HCO3.._
Small amount of HaS____.______

Issues from fault zone.

Noted resort.
Pumped. Water for medicinal use.
Local water supply.

-| Coarse sandstone.

Salt works nearby.

Syenite___
Alluvium overlying granite.
............................ --| Town water supply.

_| Noted resort.

CZECHOSLOVAKIA

The western part of Czechoslovakia consists of the
province of Bohemia, which formerly was a part of Aus-
tria. This province is chiefly rolling upland drained
by the Elbe River and its tributaries. It is nearly en-
closed by mountain ranges—the Erzgebirge on its north-
western border, the Riesengebirge and other ranges of
the Sudetes (Sudeten) Mountains on the northeast be-
yond the valley of the Elbe, and the Bohemian-
Moravian Mountains on the south and southwest. All
these ranges are formed chiefly of marine Paleozoic
strata, much folded and faulted, but the central basin
is underlain largely by Cretaceous deposits. Moravia,

in the central part, also formerly a part of Austria,
consists mainly of a plateau area that descends south-
ward from the Sudetes Mountains and is drained chiefly
by the Morava, or March, River, which is a tributary
of the Danube. The province of Slovakia in the east,
which formerly was a part of Hungary, consists largely
of hilly lands that extend southward from the Beskid
Mountains. The region is drained by several large trib-
utaries of the Danube River.

In the mountains of Czechoslovakia there are numer-
ous mineral springs, but only a few are thermal. The
springs on which published data were found are shown
on figure 31, and data concerning them are given in the
table below.

Thermal springs and wells in Szechoslovakia
[Data chiefly from ref. 1304. Principal chemical constituents are expressed in parts per million]

No. . Tem- | Flow (hecto-| Total
on Name or location perature | liters per |dissolved, Principal chemical constituents Asscciated rocks Remarks and additional references
2, of water day) solids
31 °C) (ppm)
1 | Karlsbad (Carlsbad; Karlovo| 42-71.1 25, 000+ 6,353 | Na, HCO3, SO+, Cl; much free | Ancient granite; Tertiary | 4 main springs in north-south line
Vary). COas. strata including brown 1,325 meters long; also 7 wells.
coal. Developed in 13th century.
Bathing resort. Refs. 1511, 1514,
1515, 1517, 1521-1525, 1533-1535,
1537-1540, 1542, 1548-1551, 1554,
15’?2, 1557, 1562, 1564, 1568, 1570,
1572.
2 | Teplitz (Toeplitz)-Schonau. - 49 30, 000 1,058 | Na, HCOg. oo Porphyry near Cretaceous | Used by the Romans; redeveloped
(max) strata. A.D.” 762. Bathing resort.
Radioactive. Refs. 1509, 1519,
1520, 1526, 1536, 1541, 1544, 1549,
15.;3, 1558, 1563, 1565-1567, 1569,
. 573.
3 | Johannisbad...........______ 2.6 10,000 354 |l Schist and dolomite.____.. Used since about A.D. 1000.
Resort. Refs. 1304, 1571, 1892,
4 | Gross Ullersdorf_....______. 25.3-36 ... 3,650 | NaHCO; (1,195); HsSi0; (1,187); | Schist and gneiss_ ... 3 springs; hottest has small flow.
gas, 94 percent Ne. Developed A.D. 1576. Bathing
N N resort. Ref. 1543. L.
5 | Pistany (Pistyan)..._._____| . Sulfur . e Thermal mud baths. Radioactive.
Refs. 1510, 1513, 1515, 1646.
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Thermal springs and wells in Czechoslovakia—Continued

No. Tem- | Flow (hecto- | Total
on Name or location perature | liters per |dissolved| Prinecipal chemical constituents Associated rocks Remarks and additional references
fig. of water day) solids
31 0 (ppm)
6 | Trencin (Trencsen, Trenéian- | 36-52 90, 000 2,450 | Gas, 76 percent No__..___.._____ Mesozoic strata. ... Radioactive mud baths. Refs.
ské, Trentschin)-Teplice. 1515, 1516, 1545, 1559.
7 | Sztubnya (Stubnya-fiirdo, | 40-43.7 | ______ .\ _________ SO o 5 main springs. Bathing resort.

Lower Stubnya, Bad Stu-
ben).

Lucky-les Bains.__
Szliacs (Sliac) ___.______
Schemnitz (Selmeczban

Skleno (Glashuette).____

[=0-% ]

Vichnye (Eisenbach)____
1 Kiralyl .. ______
12 | Banko, 5 km north of Kassa_

According to ref. 1293, includes
Rajecz Toplice in Rajecer Mits.,
temperature 33°C; contains iron
and alum.

Bathing resort. Refs. 1515, 1547.

Bathing resorts, 5 km apart.
Water deposits much tufa.
Ref. 1531.

Do

- Earthy. caleie.
Alkaline ferruginous water. Bath-

ing resort.
13 | Rank-Herlany (Rank Her- 23 Intermittent 4,504 | NagCO3, NaCl; much free COa |- _________.. Well 404 meters deep. Used for
lein). municipal supply. Refs. 1512,
1552, 1553, 1574.
FRANCE Pleistocene time. The northern and western lowlands

The Maritime Alps, along the southeast border of
France, consist partly of granite and other ancient
crystalline rocks but chiefly of intensely folded and
faulted marine Paleozoic and Mesozoic strata. Farther
north along the border, the Jura Mountains of Paleozoic
strata are flanked by extensive areas of Mesozoic rocks.
Beyond them the Vosges Mountains are largely of crys-
talline rocks, their flanks covered by marine Permian
through Jurassic strata. The Ardennes Mountains on
the northern border are lower and largely of Mesozoic
strata. Lower ranges of ancient sedimentary rocks
form the mountainous uplands and woodlands of Nor-
mandy and Brittany in the northwest. Along the
southwest border of France, the Pyrenees Mountains
have a core consisting chiefly of Paleozoic rocks that are
greatly folded and faulted. More gently dipping Cre-
taceous and Tertiary strata are on the northern flanks.
The Central Mountains, or plateau region of the
Auvergne, sometimes called the Central Massif, is
largely of ancient crystalline rocks. Extensive areas of
these rocks are overlain by lava of Tertiary age. Some
craters probably are the result of volcanic activity in

of the basins of the Seine, Loire, and Gironde Rivers,
and also the valley of the Rhone River in the southern
part of the country, are underlain by gently dipping
Cretaceous and Tertiary formations.

Nearly all the thermal springs and also cold mineral
springs in France are grouped in the four principal
mountain areas—the Alps, the Vosges, the Pyrenees,
and the Central (Auvergne) Mountains. No thermal
springs seem to be recorded in either the Jura Moun-
tains or the main part of the Ardennes, although there
are some cold springs in these areas. Only one thermal
spring of note (Bagneres-de-1’Orne) issues in the moun-
tainous part of Normandy. The similar highland re-
gion in Brittany has no recorded thermal springs.

The northeastern part of the island of Corsica con-
sists chiefly of schist, with some marine coastal deposits
of Cretaceous to Recent age. No thermal springs have
been recorded in this part of the island. The southern
and western parts are underlain almost entirely by
granitic rocks.

The locations of the springs are shown on figure 32,
and information concerning them is presented in the
table below.

Thermal springs and wells in France
[Data chiefly from refs. 1685 and 1745. Some geologic data from Internat. Geol. Map of Europe, scale 1:1,500,000. Principal chemical constituents are expressed in parts per

million. Chemijcal classification: A,sodicbicarbonate; B, bicarbonates of earthy bases: C, sodicsulfide ; D, sodic sulfide, “degenerees’”; E, calcic sulfurous, ‘‘accidentelles’’;
F, sodic sulfate; G, calcic and magnesian sulfate; H, sodic chloride; I, ferruginous of all classes, and bicarbonate sulfate (nearly all cold)]
No. . Tempera- Flow Total Chemical :
on Name or location ture of | (hectoliters | dissolved | Principal chemical | classifica- Associated rocks Remarks and additional references
fig. 32| water per day) solids constituents tion of
C) (ppm) water
Ardennes Mountain area
i 42 1, 200 2 oil test wells:
1| Meurchin._..___________ { 2% " 500 _| 240 meters deep (1865). Resort.
2 | St. Amand:
Fontaine Bouillon. _ 25 3, 400
Vielle-Chapelle.____ 25 1, 450 Known to Romans. Resort.
2 smaller springs...._ 25 950
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Thermal springs and wells in France—Continued
No. Tempera- Flow Total Chemical
on Name or location ture of | (hectoliters | dissolved | Principal chemiecal | classifica- Associated rocks Remarks and additional references
fig. 32 water per day) solids constituents tion of
©C) (ppm) water
Normandy
3 | Bagnoles-de-1’Orne:
Grand Source....... 27 4,000 [ ool H,F.__._. Faulted Paleozoic sand-
4 other springs...... 2 C: ) R PRI PRI S [N §ttone or underlying gran- | Resort. Refs. 1627, 1718, 1722.
ite.
Vosges Mountain area
4 Bourbonne-les-Bains... . 42-65 5,000 | occomoo|ocmmcicmccecaees ) Triassic strata; granite may | 3 main springs; several galleries. Re-
be present at shallow sort; military hospital. Refs. 1699,
depth. 1727.
5 Fontaines Chaudes.....| 25.4-27.5 Large ds 3 main springs. Resort. Ref. 1606.
6 Bains (Bains-les- 33-50 2,000 LoW | e F,H _____j-._. Lo 1o 3 main springs; 5 smaller springs.
Bains). Resort. Ref. 1627.
7 La Chaudeau._._...____ 22-23 2,000 || Foo el {6 TS Selvﬁ%%alsprings. Not developed. Rel.
8 | Plombiéres.._.__....... 27-70 A (1| OO A F._._......| Granite. ____._....___..____.._ About 45 springs. Large resort. Refs.
1576, 1605, 1607, 1608, 1627, 1632, 1638,
1691, 1699.
9 Chaude Fontaine___..__ 23.6 | Moderate |- _oooo|oococcacoeoooaaoiol Fooo___ Porphyry; granite.......___. Much gas. Resort.
9A | Niederbronn. .. ..._._ 18 3,180 5,400 | Na, Cl, HCOs3; Ho_._._... Muschelkalk limestone. | 2 wells. Resort. Springs known to
gas, 94.7 per- (Upper Triassic). Romans. Wells sunk here for brine
cent N3, 5.3 in A.D. 1565.
percent COa.
9B | Rappoltsweiler (Carol- | 16.9; 18.2 10, 000 2,150 | Na, Ca, HCOs, G, Booe e A0 e 2 shallow wells. Resort. Developed
abad). S0y4; free CO3. in early 15th century.
10 Luxeuil _____ ... 121-52.5 6,300 |-co oo H, F._._._ Triassic strata________._._.__. 15 springs; several ferruginous. Large
resort. Refs. 1691, 1699.
Central (Auvergne) Mountains
11 | St. Honore-les-Bains____ 25-31 | e e H,B..._.. Faulted Jurassic strata______ 5 main springs. Known to Romans.
Large resort. Ref. 1600.
12 | Bourbon-Laney......... 43. 5-56. 5 4,020 |0 H, B _____|-ees Ao . 5 main springs. Large resort. Refs.
1592, 1627,
13 | Bourbon 1'Archam- 53 8,000 {_ | H,A ___._ Jurassic strata overlying | Resort; military sanatorium. Ref. 1639.
bault. Permian strata.
14 | Néris. . oo 50-53 10, 100 |- _ _ A H Granite; gneiss__ ... 6 main springs. Roman ruins. Large
resort. Refs. 1589, 1621, 1627, 1640,
1641, 1643, 1699, 1708.
15 28.8-56.7 | Moderate J N I PR L& o 14 main springs. Roman ruins. Large
resort. Refs. 1621, 1640, 1641.
16 21 144 Granite; gneiss______________ 3 springs.
22. 5-44 4,000 Faulted granite and lava____| Several springs and wells. Tufa and
siliceous sinter deposits, Large re-
sort; military hospital. Refs. 1576,
1593, 1602, 1623, 1625, 1633, 1652, 1681,
17 1699, 1700, 1725, 1735-1737, 1768.
Cusset, Hauterive, and 22-24 || e e Refs. 1581, 1602, 1625.
St. Yorre groups.
Vaisse (Vesse) . _________ 34 5,136 | NasCO; (3,490) .| A_____.___ Granite_____________________ Artesian well. Ref. 1602.
18 | Sail-les-Bains (Cha- 23-34 11,500 ||l AL Ao . 5 main springs. Resort. Refs. 1707,
tteau Morand). 1710.
19 | Chateau-Neuf__________ 20-38.2 11,200 | Ao s (S 22 main springs. Resort. Also cold
in%)rieral springs. Refs. 1600, 1683,
701,
20 | Rouzat (Beauregard- 31 3,000 | oo | B Ao . Resort. Ref. 1600.
Vendon).
21 | Prompsat____________.__ 22.5 Small (. | B Oligocene strata_______..__.__ Water similar to that of Gimeaux.
22 | Chatel-Guyon__________ 27-33 9,000 |- | B Faulted granite_____________ 6 main springs. Large resort. Refs.
i 1581, 1600, 1612, 1645, 1649, 1713.
23 | Gimeaux..._._.._._______ 24-25 | 3,700 | Ca,Na,HCO;,Cl| B, H. ____ Basalt ... _______________ 5 maiﬁ springs. Tufa deposits, Little
used.
24 | Clermont-Ferrand:
St. Ayre spring. ____ 24 Contact of Miocene strata | 15 springs in 3 groups. Much tufa.
Other springs_______ 22-24 and basalt. Resort. Ref. 1600.
26 | Royat:
Eugenie spring._ 34.2 14,400 (oo . .. AH Faulted Oligocene strata, | 4 main springs. Tufa deposits. Large
3 other springs_.____| 20.8-34¢ |___________ | | . .l } e near lava. resort. Refs. 1505, 1600, 1672, 1680,
1697, 1702, 1710, 1760.
26 | La Bourboule:
2 wells____ 19 | . . . 3
3wells.__________~ 53-60 } 10,600 || AH Granite or schist_.___._______ 5 wells 75-137 meters deep; 2 flow, 3 are
pumped. Resort. Refs. 1600, 1672,
1710, 1717, 1766, 1799,
27 | Mont-Dore_____________ 35-45 3,500 || Ao Faulted granite and | 5 main springs. Large resort. Refs,
trachyte, 1576, 1590, 1600, 1642, 1656, 1669, 1672,
. 1677, 1688, 1700, 1723, 1799. ]
28 | St. Nectaire._.__________ 18-46 4,000 | | AH . Faulted granite, near basalt_| 5 main sprlngs and many small springs.
i Resort. Refs. 1591, 1595, 1679.
29 | St. Maurice.____________ 18-32 oo ... 17,100 | NaCl (2,269); A,B,H._|..__. s Y 3 springs and artesian well.
NaHCO;
(2,043);
Ca(HCO3);
(1,157).

See footnotes at end of table.
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No. Tempera- Flow Total Chemical
on Name or location ture of | (hectoliters | dissolved | Principal chemical | classifica- Associated rocks Remarks and additional references
fig. 32 water per day) solids constituents tion of
©C) (ppm) water
Central (Auvergne) Mountains—Continued
30 | Martres-deVeyre________ 15.2-24.8 | )| AH ____. Faulted granite, near basalt-| 5 springs. Ref. 1683.
30A | Martres d’Artieres______ 31 e AH . Oligocene strata__._.__._____ il test well 415 meters deep. Water is
radioactlve, contains much CO
Refs. 1625, 1649, 1673, 1678, 1710.
31 Salt-en-Donzy_.__.__.__ Warm | | oo Ao Basalf or Cretaceousstrata__| Not developed
32 Montrond-geyser ... 26 2,520 4,824 | NaHCO3 (4,577) - .| A ________ Creti%ceous strata, near ba-
salt.
33 Chandes-Aigues__.__.__ 53-81.5 6,300 | oo Ao Granite; gneiss_.____________ 3 main springs; total about 25. Much
gas. esort, Refs. 7, 1587, 1588,
1599, 1600, 1642, 1669, 1733.
34 La Chaldette_..__.__._. 31 Granite.._____.____________ 1 main sprmg Resort.
35 Bagnoles-les-Bains_ 342 Faulted gneiss__ Several springs. Resort, Ref. 1642.
36 St. Laurent._____._ - 53.5 Gneiss; schist. . Resort.
37 Néyrac (Meyras)...____ 27 neiss. ..o 1 tgerf'msi}] sever&l cold springs. Resort.
efs.
38 Celles-les-Bains____.____ 25 1, 000 1,887 | NaxCOs3 (531); Cretaceous strata, near | Artesian well. Resort.
CaCOs3 (905). basalt.
39 Lacaune Paleozoic strata, near gneiss_| Several springs. Resort,
40 Sylvanes.___ Paleozoic or Meso~oic strata_| 2 main springs. Resort.
41 Avene Paleozoic strata, near basalt.| Resort.
41A | Capus Paleooic strata___.________.
42 Fonsanges Oxfordian limestone (Juras- | Resort.
sic), faulted against Creta-
ceous marl.
43 Lamalou-les-Bains______ 23.747 Small |______ . Ao Paleozoic strata_ . .._._______ Several springs in 3 groups and 1
artesian well. Well water, 30°C.
Resort. Ref. 1617.
44 Foncaude______.________ 25.5 1,296 286 | CaCO;3 (188)_ ____ Miocene or Mesozoic strata.| Resort.
45 Montpellier-geyser_ 35 .- 1,646 | Ca(HCO3)2 (618); Cretaceous strata _________ Artesian well 25 meters deep. Ref.
CaS04 (377); 1750.
NacCl (279).
46 Balaruc-les-Bains._.____ 48 3,000 || Ho ... Mesozoic near Miocene | Also minor spring. Resort. Refs,
strata. 1578, 1586, 1617, 1676.
Western and Southern Alps
47 LaCaille...____________ 230 || e e E_ ... Miocene or Cretaceousstrata.| Several springs; HzS. Resort.
48 Petit-Bornand__________ 20 | Coee Allaviem_. .. ______________ uéfurgted equivalent to 21.8 ppm
ag
49 | St. Gervais__.__________ 38.5-39.5 ||| H,G.___.. Granite_.______._._____._.____ 3 springs. Resort. Refs. 1622, 1629,
1671, 1699, 1751-1753, 1757.
50 Aix-les-Bains:
Source Soufre. ... 45 10, 300 Free HyS D Faulted Cretaceous lime- | 2 main springs. Large resort. Refs.
Source Alun. _._____ 47 20, 000 |------=--~ e HoS-oooooeef Do stone. 1596, 1617, 1618, 1628, 1692, 1699, 1716,
1737, 1754, 1758, 1759, 1781-1789, 1704,
1795.
Bonneval (Bourg-St. Resort.
51 Maurice).
L%veg, at St. Maurice Ref. 1658,
Tl
51A | La Lechére—les Bains [ N I High | G,H..____ Triassic gypsiferous shale___| Highly radioactive. Ref. 1709.
(Notre Dame de
Briangon).
52 Saline-Moutiers_....____ 34;384.5 85,000 || H_o_._ ... Paleozoic strata.__._...__.__ 2 springs. Strongly saline. Resort.
. . Refs. 1596, 1627, 1630, 1695.
53 Brides-les-Bains. ______. 35 4,000 || H,G. . |____ A0 - e Resort. Refs. 1630, 1695,
54 L’Echaillon de Veurey__ 191 | H,G._____ Cretaceous or Miocenestrata.
55 Valle du Gresivaudan:
Combettes ala Ter- 19 |... - - From gallery; resort.
asse.
Spring near Laval_. 207 [eomeeee - Not develo ed.
Spring near Domene. 16 Moderate Faulted Triassic strata-__.__ P
Allevard spring in 16.9 1, Well 6 meters deep, pumped. Resort.
Breda Valley. Ref. 1671.
56 | L’Echaillon (Savoie). .. 30 936 S, Paleozoic stra Several springs.
57 | Uriage-les-Bains..._____ 27 4,200 |, Free HaS____ - _| Alluvium._.__. Gallery.  Strongly saline. Resort.
Refs. 1504, 1620, 1671, 1739-1741.
58 LaGarde. ... ___._____ Tepid | Moderate 5,258 | MgSO0, (2,000): H,G...... Schist or Paleozoic strata....| 2 springs.
NasS04 (1, 540);
frep GOy, B4
ee 2, 2,
59 | Le Monestier-de-Brian- | 30; 45 ’ Alluvium. . oo 2 springs. Resort.
con (Barrangon).
60 | La Motte-les-Bains_..___ 56; 61 | 3,760 || .. Liassic limestone______.___.. 2 springs. Large resort. Ref. 1671.
61 | St. Bonnet, 33 | K000 ool Jurassic strata.
62 | Plain-de-Phazy. 28-36 Gas, 79.5 percent Triassic strata Several springs. Resort. Refs. 1598,
I(\JI 8 20.5 percent 1737, 1796
: 2.
62A | Réotier ________________ Warm oo |eoooooi b . (e - S s L I Ref. 1598,
63 | Aspres-les-Veynes ...__. 234 |eooeeoo 5,980 | NaCl (3, 270); H,G. | QO e Several springs.
CaS80;4 (2, 270).
63A | Serre Pongan____________ 49 345,600 | .. _foo ol Tl F,H.__.__ Liassic limestone__._.._..._. Gallery at depth of 60 meters. Ref.
1693.
64 | LaSaulee......_._______ 16-23 Small 2,516 | NaCl (2,135); b2 Alluvium_ .. Several springs.
. CaCOs (237).
65 | Digne . _.______________ 35-43 2, 200 Upper Triassic strata__..__. Ref. 1631. .
66 | Berthemont-Roquebil- | 29.5; 30.5 864 Cretaceous or Jurassicstrata_| 2 springs having equal flow; baregine
liere (St. Martin deposit. Resort.
67 Gléantosque) 37 Resort. Ref. 163
TéOoux. 17,000; 300 |- oo E,H .____ Upper Triassicmarl ..______ 2 springs. Resor e
68 | Aixo_._._ .. 36.5 3,700 LOW |- . BT OlliJgocene strata_______..___. Sextius Gggrmg Resort. Refs 1624,
1634-1

See footnotes at end of table.
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No. Tempera- Flow Total Chemical
on Name or location ture of | (hectoliters | dissolved | Principal chemical | classifica- Associated rocks Remarks and additional references
fig. 32 water per day) solids constituents tion of
(°C) (ppm) water
Pyrenees Mountain area
60 Saubusse .. ______.__.__ 24-38  |occiicaas Ollgocene or Miocene strata_| Several springs. Resort.
69A | Fosse de Capbreton.____ 29 do Refs. 1647, 1648.
70 Tereis ... 37.5 Resort. Ref. 1778,
71 Dax:
Fontaine Chaude.... 61
Bastion spring....__ 59 Resort. Refs. 1576, 1627, 1644, 1647,
1651, 1738, 1778, 1790, 1801.
Smaller springs.._.._ 38-54.3
72 Prechacq des Landes - 52-63 do. Resort. Refs. 1647, 1778, 1801.
72A | Garmarde. Warm |...._.__.___ 613 | 8Os, Cl_________. H,E ____. Triassic strata___.____.___.____ Ref. 1801.
73 Pouillon 20 Large| 1,951 N%Cls 8 3259), H,G...... Triassicmarl. ... Ocher deposit.
aS 0y (492
74 Eugenie-les-Bains__._... 20 800 o B Micoene strata.........___ Als.;)7 8wells 16°-19.5°C. Resort. Ref.
75 Barbotan._...____....___ 31,2-38.7 2,500 |- oo e O do. . 5 main springs; also ferruginous spring
21° C. Resort. Refs. 1647, 1684, 1801.
76 Castera-Verduzan.______ 23.5;23 (1,339; 1,087 |- feccaee Tertiary strata. ... 2 springs. Resort. Refs. 1684, 1801.
77 Lavardens..____________ 19 . 467 caco), (190); SO | B, G |eeeudoo
78 Cambo—les-Bains_._...- 21.8 | 432 | ____ 804, free Hgs___,_ Cretaceous strata_____._.._.| Resort. Refs. 1657 1760, 1778.
79 22 e | Gy B a0 Resort. Ref. 1
80 24, 2-36.2 T?asglc-Cretaceousfault con-| 6 %)Or‘iings Resort Refs. 1604, 1699,
81 Eaux Bonnes..___._..__ 22-32.7 (011 P I C,H. ... Triassic strata_ ..._._.__.___ 8 springs. Resort. Used for table
water. Ref. 1699.
82 Cauterets_.._.___.___.._ 30-56 18,000 focmeoomoo oo [ o J— Alluvium over granite and | 22 springs, for 3 km along valley. Large
schist. resort. Refs. 1675, 1699, 1724, 1726,
1770, 1798.
83 Labeourat_ . .__..._____. 22 N IR (S Coeeeee Sehist oo 2 springs, 3 km apart; much COg;
R reported arsenic. Resort.
84 Baréges. ... __..__._.__._ 2445 | . BOEPITET) Coeeee Paleozoic strata. ... 12 springs; baregine de% osited. Resort;
military hospital. efs. 1620, 1631,
1667, 1674, 1699, 1724, 1726, 1737, 1743
1744 1776 1777.
85 St. Sauveur__________.__ 34.3; 22 1,450; 180 || . [0 R . A0 e ZSprmgs "Resort. Refs. 1620, 1699,
1714, 1724, 1726.
86 Barzun...._.._______.__ ;¢ S T, FUI Gas, chiefly Na.__.| C Resort. Ref. 1620
86A | Bagnéres de Labassére__ Warm N8gS(50) . oo _| Refs. 1663, 1674.
87 Bagnéres-de-Bigorre_ .| 18.7-51.2 33, 700 - - _ 16 main springs; also galleries; more
than 50 outlets. Large resort. Refs.
1610, 1617, 1627, 1699, 1778.
Capvern____..__......._. 24 17, 400 N [c S R [+ [ S, Resort. Refs. 1734 1778.
88 B%uride, 3 km from 21.8 8, 000 1,968 | Ca, SO, Former resort. Ref. 1734.
apvern.
89 Tramezaigues__.._..__._ 22 S N FR Coeeaee Cambrian strata_ ___._______ 1spring. Resort.
90 Bagnéres-de-Luchon._.._ 35-64.5 33,720 |cceommmeee Nag, 8(64)__,..._..| Cooo_.__ Granite; schist__..._.._____ 19 springs; baregine deposited. Refs.
1576, 1609, 1611, 1619, 1662-1665,
1674, 1699, 1710—1712 1716 1763, 1765.
01 21 Resort.
92 3 springs. Resort.
93 Labarthe-Riviere. Resort.
94 Encausse 2 springs. Resort.
95 | Audinac (St. Girons-les-
eaux): .
Main spring_._____. d 3 springs. Water is radioactive. Re-
2othersprings...___| 16;20 | ___ || e | oo 0 e oo sort. Relf,
96 ulus.._ ______ Paleozolc strata. . ._._.___.__ 5 main springs. Resort
97 Ussatocoeeeoooecaeao| 38 | 8200 ool G A0 - e el 1 spri:]tg also pumped wells. Large
resort,
98 Foneirgue._____________ Cretaceous limestone_..._._. Resort.
99 | Ax-les-Thermes___.__.__ Paleozoic schist ..o __ About 55 springs in 3 groups. Silica
unusually high. Large resort. Refs.
1603, 1627, 1646, 1797, 1802.
100 Merens___._..___....._|  36-45 | neeoioom|ecmmeecleeccccccceceeeee]| Cooeeeo__| Faulted schisto..o oo 3 springs.
101 Campagne:
Main spring_.__..__ 3 springs. Water bottled for table use.
2 other springs. Resort.
102 Rennes-les-Bains_.______ 3 maig springs; also well 14 meters deep,
39°C.
103 A]etS: Roch
ource Rocher__.___ 29 Senonian sandstone (Upper
Source Buvette 32 oo sandstone (UPPEr | Resort. Ref. 1673.
104 | Lesquerde.._..__...._._. 25 Cretaceous strata near | 1spring. Resort.
anite.
105 QUL « I, Ing;r near granite.____._____. 3 main springs. Resort. Ref. 1742,
106 Carcanieres do About 12 springs. Resort.
107 Escouloubre 5 main springs. Resort.
108 MOIIi&[g:i
ain spring____.____
4 other springs. Resort. Ref. 1580.
109 2 springs. Resort.
110 11 springs. Resort. Refs, 1580, 1710.
m Several springs; sulfureted, equivalent
to 5.2 ppm NazS. Resort. Ref.
112 | Les Graus-d’Olette 27-79. 4 22,000 |- oo m | Coee e A0 About 42 springs in 3 groups; baregine
‘Thusés). deposited. Resort. Refs. 20, 1287,
1580?, 1710, 1755, 1802.

See footnotes at end of table.
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No. Tempera- Flow Total Chemical .
on Name or location ture of | (hectoliters | dissolved | Principal chemical | classifica- Associated rocks Remarks and additional references
fig. 32, water per day) solids constituents tion of
(°C) (ppm) water
Pyrenees Mountain area—Continued
113 | St. Thomas..occeoceeeae 48-60 Large f-cccooeomo e mmo e o [ &SP RS [ R, 3 springs; sulfureted, equivalent to
27.5 ppm NasS.
Les Escaldas__......__.. 18.3-42.3 11,600 |- e oo femce oot [ © PRI P L 14 T 5 springs, Resort. Rels 1580 1710.
114 |{Dorres, 1 km from Les 40.4 Not developed. Ref. 1
X Escaldas.
115 | La Preste ..-—-occcaeooe 4 2 springs. Resort. Ref. 1580.
116 | Amélie-les-Bains._______ 40-63.5 12,000 |- [ © PRSI F 9 springs. Resort; military hospital.
117 | Sorede (Font Agre) ... 20.9 |ooooooeee 967 CaCOi;] (go(;); B Schlst near basalt___________ Ferruginous.
muc! 2.
118 | Las Caldas (in An- Warm Cooa Silurian strata near granite.
dorra).
Corsica
119 | St. Antoine de Guagno- 37; 51 93; 864 C.. Gganite, probably along | 2 hspnéla{;ls, H3S. Resort; military
ault. 0spi!
120 | Guitera..__..._..._.__. 37 864 C.. Granite and porphyry____._ Resort.
121 | Caldaniccig. - cmmmeooo. 38.7 200 [ Granite. - oo Resort.
122 | Pietrapola. . oo ___ 35-58 3,000 C.. Granite and sandstone_..___ 8 springs. Resort. Ref. 1774,
123 | Urbalacone (Bains de F: 2 PR A [ & JSR N L 1o, Resort.
Taccana, Zigliara?).
124 | Caldane de Baracci L. . | B Granite. . —cecovemcmmccaann Sulfuration from peat deposit. Baths.
(Olmeto).
1 Malin spring. 2 Maximum. 8 12 springs.

GERMANY AND POLAND

Germany formerly included Silesia as one of its east-
ern provinces. The area became a part of Poland after
World War II; but as it contains the only recorded
thermal springs within the boundaries of Poland as of
1958, and the literature concerning them is in publica-

cations on Germany, the two countries are considered
together.

The most mountainous parts of Germany are along
its south and southeast borders, where the ranges are
of ancient gneiss and schist, and of granite and other
cystalline rocks. These rocks are present also in the
Black Forest region in southwestern Germany. They
probably are of Archean age. Northward from these
areas Paleozoic sedimentary rocks form the hilly
and mountainous areas. They are considerably folded
in belts that extend from east-northeast to west-south-
west. Along the north border of the folded area is
the Rhur coal basin of Carboniferous strata, and the
similar basin of the Saar coal fields farther south.

In the south and west, between the valley of the Rhine
River and the mountains southeast of it, a great area
that is underlain by Triassic sandstone and shale ex-
tends from approximately Stuttgart northward to some
distance south of Bremen. In most places the rock
strata are nearly horizontal, but they are faulted in
many districts, especially along the east and west bor-
ders of the area. Along its southern and eastern parts
the Triassic area is bordered by a wide belt of Jurassic

735-914 O—65———9

rocks, which are present also along the north border of
the Triassic area.

In the upper basin of the Ems River in the west and
of the Elbe River in the northeast, large areas are cov-
ered by Cretaceous deposits that directly overlie Paleo-
zoic strata. The great plains region of north and
northeast Germany is underlain chiefly by marine Ter-
tiary beds, which are largely covered by Quaternary
deposits that are in part of glacial material. Much of
the plain of the Danube River in the extreme south-
east, and also the valley of the Rhine from Basel
in Switzerland to Mainz, are covered by Tertiary and
Quaternary deposits. Considerable areas of Tertiary
volcanic rocks, including craters that are possibly of
Quaternary age, cover small areas between Mainz and
Cologne.

Most of the thermal springs in Germany are in its
southwestern part. Many are in areas of Paleozoic and
Mesozoic sedimentary rocks, and some are in areas of
Tertiary volcanic rocks. Some deep wells, sunk origi-
nally to obtain brine for salt production, have also
been developed as thermal bathing resorts.

Western Poland includes mountainous areas of an-
cient crystalline rocks that are considerably folded and
faulted. Within this area are four developed groups
of thermal springs.

The locations of the thermal springs and wells in
Germany and western Poland are shown on figure 35,
and the available information on them is summarized
in the two tables below.
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FIGURE 35.—Germany and western Poland showing location of thermal springs and thermal wells.

e

Germany chiefly from ref. 1914.



[Data chiefly from refs. 1914, 1922, Some geologic data from Internati

DESCRIPTION OF THERMAL SPRINGS

Thermal springs and wells in Germany
ional Geologic Map of Europe seale 1:1,500,000. Chemical classification: A, simple thermal; B, alkaline;
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C, saline; D, bitter; E, iron; F, sulfur]
No. Tempera- | Flow (hec- | Total dis- Chemical
on Name or location ture of | toliters per| solved Principal chemical classifica- Associated rocks Remarks and additional references
fig. 35 water (°C) day) solids constituents tion of
(ppm) water
1 | Rothenfelde...-._____ 18 1,200 61,250 | NaCl; free COzoco- - [0 Turonian limestone (Upper | 2 springs. Baths.
Cretaceous).

2 | Oeynhausen:

Swells.___________ 24.2-33.4 21, 500 44,850 | NaCl; free COs..._.... [0 J—— Muschelkalk formation | 620-707 meters deep. Salt produec-
(largest) (hottest) (Upper Triassic). tion. Baths. Refs 1822, 1876-
1878, 1887, 1956, 1961.
2wells..__...._._. 80  J oo e e Keuper formation (Lower | Pumped, Refs. " 1822 1876-1878,
Triassic). 1887, 1956, 1961.

3| Olheim.______.________ 18.4 oo s 89,670 | NaCl; free COs___..... [ o P O eeeee 0il test well; pumped. Baths.

4 | Schoeningen.__....._. 18.8 focoooome 265,400 | Gas, 98 percent Na..._f Co_.____|[---_- L L Wﬁll t;{ salt works. Pumped.
@sort.

5 | Hermsdorf. ... b I P, 39,250 | Na, Clo_________..____ [ J— Middle Liassic limestone..__| Well 320 meters deep; pumped.

6 | Alstaden (at coal 25.5 16, 000 1,712 | Na, Clo oo [ N Carboniferous sandstone. . .| Several wells 289-330 meters deep
mine). (max) at coal mine; pumped. Baths.

7 | Eickel-Wanne_.____.__ T D 110,700 | Na, Cl; free COs_.___. [ o S I A0 e Issues from fault at depth of 600

meters in Pluto mine. Baths.

8| Werne_....__________ 28.7 26,000 [-__._______ Na, Ca, CI; free COsz..| C_oo_.... 'I‘riassw chalk. ______...._.. Well 550 meters deep. Resort.

9 | Bad Hamm._______..__ 33 , 300 82,600 | Na, Cl;free COz.__.__ [0 J S T T, Well 650 meters deep; original flow

7,500 hectoliters per day.
10 | Konigsborn-Unngooaf oo oooooo| oo oo o R o Several brine wells and_ springs.
Water for baths piped 27 km
N from Bad Hamm, 2 hospitals.
2, 592 1,614 a, Cl, HCOs; free | Coooooo_|ooos do. .
11 | mselbad oo 18.1 { g 4 Gos.”’ 2 islil;;slllow wells. Baths; sanator
270 |oceeoo —- I PP *
12 | Lippspringe__.-_____. 20.8 259 2,624 | 804 (1,048 ppm); Ca; | D. e "_7’| Baths. Ref. 1838.
gas, 86.9 percent N,
13.1 percent COs.
13 | Bernburg...._._._._. b7 S SO, 268,000 | Na, Clo_______________ [oJ— Zechstein formation (Upper | Well of salt works. Baths.
Permian).
14 | Frankenbausen: )
pring...___...._. b1 S P 7,172 | Na, Cl 804; free COz.| Coo... U (Y, Baths.
Well (or spring?). 20 feeooo_o__. 265,000 | Na, Cl._._._.______.__ [ & JA——
15 | Sulza........._ 20-25 2, 500 50,750 | Na, 01 free COs_._.__ [ Muschelkalk (Upper Tri- | 7 brine wells, 250-890 meters deep.
assic), Bunter (Lower Analysis is for well having tem-
Triassic), Zechstein ?erature of 21° C. Salt produc-
t(iUpper Permian) forma- | & ssmce early 10th century.
i ons. aths.

16 | Aachen(Aix-la- 32.8-73.2 39, 000 4,740 | Na, Cl, HCOs; free | F_________ Upper Devonian limestone__| 33 springs; many wells, 1,570-2,200
Chapelle)- (hottest) | ~ HaS. meters deep. Large baths. Refs.
burscheid. 1809-1811, 1815, 1817, 1837, 1882,

1935, 1936, 1945, 1960, 1964, 1978,
) 1984, 1985, 2008, 2013,

17 | Honnef am Rhein..... 18 9,600 8,020 Na, 01 HCOs; free | Boo...__. Lower Devonian slate.... ... Well 250 meters deep. Baths.

18 | Bodendorf.____. - 32 40 1,530 Na, HCO _______ Lo D i i ‘Well 65 meters deep.

19 | Apollinaris-brunnen 7 4,000 | Na, HOOs, irée © o eoman quartte. - 2'wells 16 meters deep; pumped

» Neuanahr: Sprudel 1] : ters d Ref;

rosser Sprudel 40 7,200 [} 2,003 HCOs; f | B . 5 wells 90-377 meters deep. s.
(90 meters deep). ' Soatg | Vo HOOs free COr-—| B Graywacke and quartz..... 1824, 1965, 1966.

21 | H iﬁ%‘;e‘ Yo g 12 9% 2 wells 50 and 150 meters di
oe! gen am 22.5; 32 7,200 6,413 | Na, HCO3; COs.| Booee. S wells an meters deep;

22 ABhei]inl'] A 3 s 3 , HCOg3; free CO2..| B Graywacke. - W38]; ?Soat bg"“”fj‘ Bag‘sth d
rienheller Sprudel. .. 22.4 8,640 4,900 | Na, HCO3; free COs__( B_.._..._. Lower Devonian slate...__.. e meters deep. Datus.

23 | Bertrich __._.._.__.__ 32; 32.9 4,460 2,394 | Na, HCOs, SO4; gas, | Boooo-... Lower Devonian quartzite, | 2 Springs. Known to Romans.

92.2 pei'cgg N3, 7.8 slate. Baths.
percen! 2.
24| Ems ... 29. 9-50 864 3,742~ | Na, Cl, HCO;s. _ B.. __do. 9 springs. Iron spring: 21.3° C;
3,805 total dissolved solids 664 ppm.
Several large wells, large flow.
Water used for drinking and
baths. Refs, 1827, 1850, 1851,
1854-1857, 1859, 1860, 1864, 1865,
;&7)9 1884, 1913, 1924, 1962, 1096,
25 Oberlai.lxnlnstein am 24.8 4,320 4,865 | Na, 31003, CI; free | ; Graywacke and slate_.______ Well 200 meters deep. Water used
. for drinking.
26 | Rhens am Rhein...__ 22.1; 23.2 12’27,82' 4,053 N&, HCOa, CL80s; | Boocoooo. Lo;v:,r Devonian quartzite, | 2 wells 375 (zimd meters deep.
. slate. ‘Water used for
27 | Salzigemmoeoee 18-31 " 350 7, 546 Na, HCOs, Cl, 8045 | B. do. --—-| Springs; also well 263 me%ers deep.
free C Waﬂ;e;lt%nperature at bottom of
wel

3 Asﬁ%m.nmhausenam L1 11,265 | Na, Cl, HCOs; free [ & . s [ T, 5 springs or_wells. Baths devel-

ein, (max) COa. | (I)ped 8%18 Middle Ages. Refs.

861
29 | Kiedrich..........._.. 24.3 1, 500~ 8,900 | Na, Cl, much Li; gas, | C_______._ GNeiss - - e Well 184 meters deep.
1,700 86.7 percent N3, 13.3

30 | Schlangenbad: percent COz.

%chachtqulellle. . gl 806

omerquelle._____ 0.5 417 378422 | Na, Cl; gas, 77.4 per- | A__.______ i .
7 other opings.— .| 1730  |oooooot } 8¢ CgO;, o gg_ Lower Devonian quartzite .| Refs. 1863, 1866, 1892, 1942.

cent Nj.
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Thermal springs and wells in Germany—Continued
No. Tempera- | Flow (hec- | Total dis- Chemical
on Name or location ture of | toliters per| solved Principal chemical classifica- Associated rocks Remarks and additional references
fig. 35 water (°C) day) solids constituents tion of
(ppm) water
31 | Wiesbaden:
Kochbrunnen. .__ 65.7 472
Alderquelle. ... 64.4 2,124 8,567 | Na, Cl; gas, 79.8-83.2 | C._._.._.. Jurassic limestone and T'ri- | 27 springs and wells, Used by
Schutzenquelle. .. 49,2 2, 304 (hottest) percent N2, 20.2- assic slate. Romans. Large bathing estab—
Other springs.__.__ 4049 | ... .. 16.8 percent COa. lishments. Refs. 1827, 1831, 1848,
1849, 1851, 1852, 1858, 1867, 1869,
1871~1875, 1883, 1893-1905, 1907-
1912, 1915-1919, 1931, 1942, 1943,
1946, 1948, 1959, 1973-1975, 1979,
1982, 1983, 2000, 2005.
32 | Soden am Taunus:
Main well_._____. 32 2, 809 } 17,800 | Na, Cl; gas, 97.8 per-| C_._______. Triassieslate. . ...._..___... Numerous springs. 5 wells, maxi-
4 other wells_.____ 20-30  |ooceceeeeas cent COsz, 2.1 percent mum depth 230 meters. Baths
Na. developed in 16th century. Refs.
1820, 1891, 1900, 1909, 1910, 1920,
Igg 1944 1958, 1981 1986 1997
33 | Offenbach am Main__ 19.2 1, 40 4, 543 N%icoa, CJ; free B Lower Permian sandstone. .| Well 276 meters deep.
2.
34 | Nauheim:
3 springs______.._. 17.2-20.1 2, 000 1,307~ | Na, Clo_oooomcaeee Coeeeee Tertiary strata__ ... Baths. Refs, 1816, 1826, 1832, 1835,
18, 000 1890, 1900, 1910, 1921, 1923, 1943,
3wells_._.._..__. 30-34. 4 24, 000 25,000~ | Na, Cl. oo eeeaeene C..-..—...| Devonian quartzite.__.__.... 1949-1951, 987-1991, 2006, 2007,
33, 600 2011,
35 | Kissingen:
Well 96 meters 18.1 15, 000 14,976 | Na, 01, HCO;, 804.__| C__.____._ Bunter sandstone (Lower
dee (max) Triassic). Refs. 1830, 1840, 1843, 1889, 1927,
ngl 584 meters 19.2 15, 000 13,789 | Na, Cl, HCO3, 804 __| C____.____ Zeﬁhste}: f;)rmation (Upper 1994.
ee ermian
36 | Bad Kolberg_.._.__.__ 22-36  |oacem o 17,000- | Na, C), 8O [ o J— Bunter sandstone (Lower | Wells 354-780 meter deep. Ref,
50, 000 Triassic). 1839.
37 | Plave .. _______...__ 19; 22 430 3,287- | Na, G, 804 __...___ [ o U I (O, 2 wells, Sanatorium.
5, 539
38 | Warmbad bei Wol- | 25.7-31.2 2,160 Low | Na, Cl, HCOs..._..._. A Quartzite and gneiss._._____ 12 main springs. Developed for
kenstein. bathing in 14th century. Ref.
1992.
39 | Wiesenbad___.._______ 20.2 3,240 522 | Na, HCOg___.oceee_. F- G [ 1 S, Well 14 meters deep. Used since
" . . early 16th century. Ref. 1992,
40 | Wildstein and Wild- 35-36.2 12, 000 364 | Na, HCO3; free COa-.{ A.________ Quartz veins in slate________ 2 springs from gallery. Also piped
bad-Trarbach. 3 km to Wildbad-Trarbach. Ref
1823.
41| Kreuznach_._____.____ 17-22.8 | _ ... 11,900 | Na, Cl__ ... [ Quartz porphyry. ....______ 5 wells 200-300 meters deep; pumped
for salt production. Large bath-
ing establishments. Refs. 1847,
%8?9, 1900, 1934, 1939, 1943, 1976,
977.
42 | Munster am Stein:
Hauptbrunnen___ 30.6 180 7,224 | Na, Cl; gas, 79.1 per-
cent Nz and CHy, Wells 28-66 meters deep. Salt pro-
20.9 percent COs. L O JNP A0 s duction since early 15th century.
Brunnen No.2..__ 31.2 F:0:10 3% P, F Refs, 1847, 1976, 1977.
4 other wells..
43 | Heidelberg..___._____. Coceeeee Muschelkalk formation | Several wells about 1,000 meters
(Upper Triassic). deep. Refs, 1805, 1880
44 ( Jagstfeld .____________ 20 (oo 264, 000 a, Clooo Coooeee A0 Well 155 meters deep.
45 | Rothenfels_._.._._____ 19.3 29 5,079 Na, Cl; free CO2. ... [o D R?d sa:pdstone, in coal | Well 95 meters deep.
ormation.
46 | Baden-Baden...__.___ 44. 4-68.6 8, 000 2,852 | Na, CI; free CO;...... [0 SN Slate, near gneiss____.-___.__ 11 wells. Analysis is for well hav-
ing temperature 0o£62.8° C. Refs.
1808, 1901, 1980, 1995, 2002
47 | Wildbad .. ..._____ 34.5-39.5 10, 000 706-732 | Na, Cl, HCOs; free | A..._____. Triassic beds over granite | 36 springs; wells 5-56 meters deep.
CO:s. and gneiss. Refs. 1833, 1892, 1943, 1995, 2009.
48 | Liebenzell ________.___ 23.6-26.7 140 1,257 | Na, C], HCO3...._.._. [ A0 e 35§rmgs 3 wells 50-60 meters deep.
Berg
Spring____________ 20.1 21,160 } 5 477 ‘c Muschelkalk formation | Spring on island in Neckar River.
49 Well.o........_. 20.5 24, 000 e kb Bl (Upper Triassic). ;’(Vefll1 83304 meters deep. Resort.
e
Cannstatt........ 18.4-21.2 Large 3,663 | | feeees s Y 7 main wells, 70 meters deep. 4
6, 556 springs developed by Romans.
Refs. 1834, 1844, 1947.
50 | Sulzbach__..._.___.__ 20; 21 360 2,060 | Na, HCO;, 80s; free 2 springs.
51 | Bad Krozingen__.____ Warm | oo e . Refs. 1805, 1836.
52 | Sulzburg. 18.5 144 | Na, S04, HCOs. - do Several wells.
53 | Badenweiler 26.4 16, 000 379 Na, Ca, HCOQs, SO;, A . Muschelkalk formation | From gallery. Known to Romans,
gas, 93.8 percent N, (Upper Triassic). Resort.
. 6.2 percent Oz. :
54 | Saeckingen:__________ 29.6 605 3,294 | Na, Cl Coe Triassic or Jurassic strata, | Several minor springs from depth
near granite. 6 meters. Ref. 1828
55 | Romerbad Kunzing 19 (oo 1,310 oo Coe . Oligocene strata. ... Todide, 0.51 ppm. Ref. 1805.
(Bad Salzbrunn).
56 | Bad Weissee__....____ 17.1; 20 e 13,490 | Na, Cl, HCOg..ocoe_. (o Triassic or Jurassic strata_.._| 2 springs. Iodide 35 ppm. Hydro-
carbon gas. Refs. 1805, 1870,
2008.
57 | Fussing...._._________ 52 22, 600 1,271 | Na, Cl, HCOgoooeeeo_ Coee Massenkalk formation | Oil test well: water at 916 meters;
(Jurassic). crystalline rock at 1,142 meters,
Refs. 1805, 1963.
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Thermal springs in Poland
[Data chiefly from ref. 1914]

No. Tem- Flow Total
on Name or location perature | (hecto- | dissolved| Principal chemical constituents Associated rocks Remarks and additional
fig. 35 of water liters solids references
(°C) | perday) | (ppm)
1 | Cammin (Kammin).__._.._._ 18.1 6, 264 32,000 | Na, Clo oo ceeeee Middle Liassic sandstone..__._ Flowing well 325 meters deep.
Salt production. Baths.
2| Warmbrunn._________________ 24,5-43.1 7,200 | 621-735 | Na, HCOs, SOq4; gas, 65.2 per- | Granite____________ ... 6 wells; maximum depth, 167
cent N2; 32.9 percent COg; and meters. Developed in 12th
. 1.9 percent Oa. century. Baths. Ref. 1802.
3| Reinerz ... 18.4 5,000 2,881 | Ca, Na, HCOs; free COg_.__.._ Schist and gneiss_.....__..__. Several springs. Water contains
(max) 11.5 ppm Fe. Baths. Refs. 1643,
1885, 1892, 1934, 1937, 1957, 2014.
4 | Bad Landeck__________..____ 19.5-29.6 8,000 | 183-223 | Na, HCOs, 80, SiO3; gas, about | Gnelss. Gypsum-bearingstra- | 5 springs. Developed in 16th cen-
equal parts C’O; and N, ta nearby. tury. Baths. Ref. 1543.

GREECE AND ALBANIA

The mainland of Greece, which forms the southern
part of the Balkan Peninsula, has many mountain
chains that are dominated by the great chain of the
Pindus Mountains. The irregular coastline is charac-
terized by many bays and inlets. A few small valleys
lie between the mountain ranges and a few plains
extend along the lower courses of the main streams,
most of which are small and flow rapidly. Several
large streams in areas of limestone disappear under-
ground for considerable distances.

In the eastern part of the country the general strike
of rock strata is east-west ; in the western part the strike
is north-northwest to south-southeast. There is con-
siderable folding in rocks of Carboniferous through
Eocene ages. In the Pindus range and in the Pelopon-
nesus region in the south, Triassic limestone has been
thrust over Cretaceous and Eocene strata, which are
much folded. Neogene deposits along the coast and in
some valleys are not extensively folded, but they have
been greatly uplifted by faulting. In some places
along the coast the land has risen perceptibly in historic
times. Earthquakes are of common occurrence along
several fault zones.

Most of Crete is occupied by four main groups of
mountains. In its western part are metamorphic and
basic igneous rocks, overlain in some places by ancient
sedimentary rocks and in other places by rocks of
Triassic and Jurassic ages, including much dolomite

and gypsum. Lower to Upper Cretaceous limestone

and schist underlie extensive areas in other parts of the
island. In the mountain ranges all these older rocks
are considerably folded, uplifted, and, in places, thrust
faulted. Miocene and later deposits in the coastal low-
lands are comparatively undisturbed. No volcanic
rocks seem to be reported in Crete and the nearby small
islands.

The mountains of northwestern Greece extend into
southern Albania to the basin of the Simen River, which
flows west to the Adriatic Sea. Northern Albania
includes a southeastern prolongation of the Alpine
mountain system. These mountains form part of the
watershed between the Adriatic and Aegean Seas. The
valleys of the larger streams are underlain by Quater-
nary and alluvial deposits. The bordering hills, chiefly
in the southwest, are of marine Miocene strata. By far
the greater part of the plateau and mountain areas are
of Cretaceous strata, largely of limestone.

Many thermal springs in the mainland of Greece are
closely related to volcanism or to faults. In some of
the volcanic islands thermal springs issue close to the
shore, and are sulfureted and generally saline from the
infiltration of sea water. No good description of min-
eral and thermal springs in Albania seems to be avail-
able. Official topographic maps of the country indicate
about 20 principal springs, 3 of which are thermal.

The locations of the thermal springs in Greece and
Albania are shown on figure 36 ; data on the springs are
presented in the two tables below.
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Thermal springs in Greece
[Data chiefly from refs. 2024, 2033, 2040. Principal chemical constituents are expressed in parts per million]

No. Tempera- Flow Total
on Name or location ture of (liters | dissolved | Principal chemical constituents Associated rocks Remarks and additional references
fig. water (°C) per solids
36 minute) | (ppm)
1 -—-| Upper Cretaceous strata...__ Sulfurous.
2 Na, Cl; free COg_ o _ooooooooooo|o o do. L
3 Ca(HCO;)g (359), Mg(HCO3); | Probably Triassic strata. . _.
. (218); NaCl (308). d
_____ —edoo oo
5 Ca(HCO3)s (1,407); Mg(HCO;); Quatema.ry deposits overly-
6 (557); NagSOq4 (98) mg gneiss.
bic] PR —————————y X ) BN RO uuy OSSR (RS R
7 | 8idiro Kastro... Na, HCOs; free COg- - oot
8 | Nigrita (Litza) 13,567 | CalHCOy; (515); Mg(HCOz):
(746); NaHCOj3 (1,688).
9 | Langaza, 18 km from Salon- 37-39.4 840 785 Ca)HCOa): (248) NmSOg (255).| Lake sediments overlying | 3 springs. Bathing resort. Ref.
ika. faulted crystalline schist. 2035.
10 Ne:k )Apolloma (Egri Bou- | 48.549.8 |_______.__ 31,147 Ca(HOgs)x 4l8(87), NaHCOs3; (409);| Crystalline schist
11 | Hagia Paraskevi____.___.____ 2635  focoeooeeo- 47,973 Ca(HCOa), (2 143); Mg(HCOs)s | Miocene strata overlying
(937); NaCl (4,359). crystalline schist.
12 | Souroti- . 19.6 | 2,384 Ca«(nﬂs?oz), (1 &43?), Mg(HCO3)s |------ A0
13 | Elefterai 41,543 oo _._ 42,804 Ca(HCClO,)g (1)031) ; NagS04(118);| Gmeiss. e 3 springs.
Nal
14 | On lﬁgléth shore of Thasos 25 - {1,080 - Crystalline schist.
15 | Thermae Psarotherma, Sam- 45-59.4 |._________ 220,753 | CaCly (1,676); NaCl (9,361); | Volcanicroek. ... Several springs. Baths. Analysis
othrace Island. KCl (1,048). is Ior apting having temperature
16 | Traianopolis (Pherrai)._._.... 48.5-50.6 | ... __ 28,38 | CaS04 (656); CaCl: (1,006); | Probably marine Tertiary
NaCl (5,883), CO;3. strata.
17 | Chanopolo (Kounouple; 16.4 |_.______. 2,718 | Mg (HCOs)3 (207) CaSO. (1,270 | Eocenestrata._.._._..._._._. Ref. 2020.
Arta). (1,270); NaCl (1,129).
18 25-32 Quaternary deposits over- | Sulfurous.
lying Eocene strata.
19 123 Eocene or Upper Creta- Do.
ceous strata.
20 b~ T I P I S do. Do.
21 123 | I I do. Do.
22 Krems,sta Chonis, 135 [ --.--do. Do.
23 | Loutra Stachtis (Stranoma)_ 15.7 (oo 406 | Ca(HCOs3)s3 (357); free COa._.._. Probabl;;l tUpper Creta- | Refs. 2022, 2030,
ceous strata.
24 | Psani (Naupacte)........._. 214 | 924 Ca(HCOa)a§92) NéI(I)COa (674); |----- Q0oL Ref. 2020.
NaCl (169
25 | Smokovo Solanoa......_..___ 29.3-40.2 370 311 | NaHCO; (101); H3sSiO3 (83) .- Eocene flysch . ..._._.____. 6 main springs. Bathing resort.
Analysis is for spring of largest
g&vg, temperature 39.6°C. ef.
26 | Platyst ee-| 25.5-33.6 |_oooo_____ 2409 | NagCOs (41); NaCl (415); HsSiO0s |- __ do. No free gas. Ref. 2020.
27 | Hypate. 33,5 oo 7,703 Ca(HCOs), (1 117) Mg(HCOg)3 |----- Q0m o Refs. 2015, 2039.
& 300;, i 13 (1,347); NaCl
, free
28 | Thermopylae.....__.__._____ 28-41 - Free HaS_.______.___.. Quaternary deposits......... Water is sulfurous and deposits
L. white salts.  Ref. 2015.
29 M{glas Koniavita (Kamena 20-34 100 | 10,078 | Mg(HCO3)3 (654); CaCl, (1,253); |----- L PO 2 main and several minor springs.
ourla). NaCl (7,129); free C Analysis is for spring flowing 77
liters per minute, temperature
32.7°C. Refs. 2035, 2039.
30 Gi;ltt;%, Euboea Island, 80 4 Strong 39, 149 Upper Cretaceous strata__..| Water is saline. Ref. 2019,
m sea.
3l | Aedipsos...._....._.______. 34.6-78.2 ... 232,037 | Free COgemeeeoom oo Lower Cretaceous strata____( 6 groups: 4 main springs. Water
i;o strongly saline. efs. 2017-
19.
32 | Kournou, Lemnos Island._ .. . J PN S, Na, HCOg; free HaS_____________ Tertiarylava.._____.____...
33 | Gavatha (Telonia)__._..____ 25 | Mg, Na, S04, Cl_.______.___.___ Probably Tertiary strata....| Ref. 2038.
34 Efv!;gla;gg, near Molyvo 46.5 83 5, 810 03804 (629), CaCl; (564); NaCl | Tuff: andesite Refs. 2038, 2039,
35 | Thermi - - 46.9 246 | 35,479 Cadlg (4,698); NaCl (26,187)_____. Probably Tertiary lava.._.. Iron oxide deposited. Bathing
;%%grt since ancient times. Ref.
36 Je;go(r(e}olfed Tera), near sea- 309.8 | 5 200-600 1,685 MlgI (glCOs)z (283); CaCls (186); Bathing resort. Ref. 2038.
. [:X .
37 | Kourdji, at Metelin village___| 34.8-38.5 110 1,762 | NaCl (889); Ca; Mg; HCOs..___ 5 spliinmstm?athmg Tt %t since
ancient es .
38 | Hagia Melani_.._.__________ b2 [ (R I Ca, Na, 804, Cl_______________|-_.__ [+ L Ref. 2038.
39 Ll;bonon (Lisvoriou; St. 89 || Na, Cl; free COs__.____________[ ____ do Do.
oannis).
40 | Polychnitos__.._____________ 65.5-87.6 1,000 | 11,179 | CaCly (1,475); NaCl (8,496) .- __|-——__ A0 e 5springs. Baths. Ref. 2038.
41 | Panaghia Krypti._......... i 1000 | 1179 | CaChs AATE); NaCl | ® 40| S Ret, 2088,

See footnotes at end of table.
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Thermal springs in Greece—Continued
No. Tempera- Flow Total
on Name or location ture of (liters | dissolved | Principal chemical constituents Associated rocks Remarks and additional references
fig. water (°C) per solids

36 minute) | (ppm)

42 67 Na, HCOs; free HaS_..___.._____ Probably Tertiary strata.... .

43 67 _| Na, HCOs; free H3S_. do. Water contains considerable iron.

44 2830  [-o e oo Ref. 2035.

45 138 Na, HCO;3; free COsoo_.o____ do

46 28 Free Quaternary deposits over-

lymg Pliocene strata. X

47 21-25 Free HaS_ oo do e mm———— 3 main springs.

48 21 Free HaS_ . feeoeo do

49 Na, HCOs.__.__ o0 _

50 27.4-35.6 Na, C]; free HjS Fault contact between Upper | Bathing resort. Refs. 2020, 2034.

Cretaceous strata and Eo-
cene limestone.

51 | Vromeneri._....._.._______. 125 Pliocene strata.

52 | Loutraki. .- . 19.5-31.5 | oo Na,HCO3, Cl. e Upper Cretaceous strata_-_._| 3 main springs, temperature, 29°-

31°C several minor springs.

53 | Sousaki, near Corinth..._._. Hot CO3, 803, Ha8 .. Tertiary marl near intru- Bolfatams ‘at north end of Aegean

sive gabbro. volcanoes. Ref. 2043,
54 | Epidaurus, near temple of Warm | [ e e Upper Cretaceous strata____| At ruins of ancient baths. Ref.
Aesculapius. 2015.
55 Tll'nergm, Aegina (Egine) Is- 26.5 |ocoeeecaoe 12,824 M11$ISO4l (9 161) Ca(c)l; (1,051); | Probably trachyte___.__..._.
and. aC

56 | Kato Moska..___.__..___._. ./ I P BN Na, HCO3; free COs...._.__... Trachyte. ...

57 | Methana._______.__________. 28.5-41.2 20, 000 14,186 | Mg(HCO3)2 (1 812), CaCly | Upper Cretaceous strata | Several springs. Analysis is for
(1,188); NaCl (9,356); much near dacite. spring having temperature 31° C.
free HsS. Bathing resort since ancient

times. Refs. 2020, 2033, 2043.

58 | Glyphad (Voliagmeni)_____. 120 - Na, CI; free HsS Pli deposits overlying

crystalline schist.
59 Hagxa é&nagyron, Kythnos 38; 52 Na, Cl1 Crystallme schist. ... 2 springs.
60 On Nikaria Island_.._._____. 33.5-65.7 Na, CL. - Probably lava._ 8 springs. Water is highly radio-
active. Refs. 2017, 2019, 2041.
61 | Prassa, Kimolos Island.____. 32 Na, Cl.___
62 A(%zilmgtos, Melos (Milo) 135 Free HaS__ Ref. 2032.
sland.
63 | Halikis, Melos Island_._..._. 130 Na, Cl..__.
64 | Atherma, Santorin (Thera)
Island:
Near shore_._._____.____. 1626 | oo Na, HCO$a oot Quatemary lava. o coeooooo
Near base of volcanic 4560 | |ceeoo Na, Cl. e e Several springs: also fumaroles.
cone. Refs. 2023, 2025.
66 | Plakas, Santorin Island._._.__ 32 | Na, HCOs do.
66 | On south shore of Cos (Kos) Hot ||t Na, HCOs; free COg- oo “Probably Cretaceous lime- | Springs issue at two Places below
Island. stone high-tide level.
67 | On leyros Island.._..___.__ Hot |coeomfommaeeaes COg, 804 Quaternary lava_ . oooo.. Segﬂ(g’gal mmamles Refs. 2027,
68 | Lenta, Crete Island..._.__... 228 | oo Na, HCOs.. .| Pal ic strata.
1 Approximately. 4 Coolest.
2 Hottest. § Seasonal range.
3 Main spring. ¢ Other springs.
Thermal springs in Albania
[Data from ref, 2031]
No. .
%g Name or location Associated rocks Remarks
1 | 1km west of Peskopija_| Lower Tertiary marl and | Sulfurous.
sandstone overlying Paleo-
zoic slate and schist.
2 | 10km north of Rogojna.| Upper Tertiary sandstone_____ Do.
3 | Lixha; 9 km south of | Lower Tertiary marl and | Sulfurous. Large
Elbasan. sandstone, resort.
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FIGURE 36.—Greece and Albania showing location of thermal springs. Greece from refs. 2024, 2038, and 2040.

HUNGARY

Hungary is bordered on the northwest in part by the
Danube River and on the north and northeast chiefly
by southern outliers of the Carpathian Mountains.
The great curve of these mountains to the east, south,
and southwest forms the boundary of the Transyl-

vanian region, whose eastern portion was ceded to
Rumania after World War I. The Drava River marks
part of the southern boundary of Hungary. The west-
ern boundary with Austria extends across uplands.
Hills in the north and northeast are chiefly of Meso-
zoic strata, but on the higher slopes of the Carpathians
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older rocks are exposed. The Bakony Mountains in the
northwest extend to the Danube at Budapest, and
southward to Lake Balaton. They are mainly of Tri-
assic limestone with some Jurassic and Cretaceous
strata, but there are considerable areas of volcanic
rocks. The Mecsek Mountains in the southwest are
also chiefly of Mesozoic rocks, with some volcanic areas.
Much of the country is occupied by the great Central
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Plain which is crossed by the Danube River and several
large tributaries to that stream. Most of the plain is
underlain by Tertiary rocks, and brackish-water Mio-
cene strata are exposed around the borders. Large
parts of the surface are covered by Quaternary deposits,
including Recent loess and alluvium. The locations of
thermal springs and wells recorded are shown on figure
31, and data on them are given in the table below.

Thermal springs and wells in Hungary
[Data chiefly from refs. 2045, 2065. Locations of unnumbered springs not identified]

No. Tempera- Flow Total .
on Name or location ture of (hectoliters dissolved Principal chemical Remarks and additional references
fig. 31 water (°C) per min.) solids constituents
(ppm)
Papa. s 1820 | Ref. 2057.
2 tPet .. - 22.5 480 |- -]-- Several springs.
3 Tata7-'l‘ova.ros
SDTIBES. - 19-22 1,700 oo -
T DOES- - oooooooooomo oo oo z LI — Trmooosoeemmmeeee o[ JRet. 20.
4 | Dunalmaas Ca. Mg, 80, HCO
%;;?1111;3 340 12 i 723,728 | Ca, Mg, 804, Bommmmnom oo }'I‘ravertine quarries. Ref. 2050.
5 | Estergom (
17 springs._ 20-25 1,025 Ref. 2047,
el o 29 1,040 |____ 323 meters deep. Ref, 2047,
6 | Budapest:
60 SPringS. - oo oo oo 21-63.8 193 J D Issue from Cretaeeous dolomite. Resort.
Refs. 2044, 2046, 2056, 2059, 2063, 2067,
2068, 2070-2072 2074 2076 2077 2083-2085
Several wells___________.__._______. 79.5 |_____ P - Refs. 2044 2051, 2053, 2054, 2058, 2063, 2069,
) (max) 2072, 2076, 2081, 2083, 2085,
7 | Bukkszik. - 39.4 33.5 2 wells.
18; Spring.
0 8 wells tapping Triassic limestone.
167 Ref. 2075.
140 228 and 248 meters deep. Ref. 2075.
50 Well,
3 Do.
20 Do.
5 ‘Well 967 meters deep.
20 Well.
2. Do.
20 ‘Well 1,000 meters deep. Resort. Refs.
2048, 2073.
18 | Debrecen__.___________________________ 65 26 fowooo- Well,
19 | Balaton-Heviz:
Several springs_____________________ Resort.
Well
20
21 Well.
22 Do.
23
24 Well B/ef 2082,
% Springs; 07gvell Combustible gas, Refs.
9, .
26 5 springs.
27 Well. ¢
28 | Szeghalom___._. Do.
20 | Mezobereny_ .. _________________.___._._ ‘Well 420 meters deep.
30 | Bekes (Borsod-Tapolcza?):
2springs. ... Slightly sulfurous.
Well 733 meters deep.
‘Well 330 meters deep.
Alklal.lme Ref. 2076.
Alkaline. Ref. 2076,

________ Alvacza (Also-Vacza)

Feredo Gyorgy.....___
Punkasfurdo

2 sprmgs, alkaline earth slightly sulfurous.
Reso!

sulfureted. Issue from strata

o springs; o Ref. 2066

containing brown coal.
_| Earthy calcic. Ref. 2076.
Well 553 meters deep.

ITALY

The mountains that bound Italy on the north are
parts of the several Alpine chains. They include
areas of granite and other crystalline rocks, notably in
Mont Blanc and other outstanding mountain masses.
From the Western or Maritime Alps of southeastern

France, the Apennine Range extends southward
throughout nearly the entire length of Italy and forms
the backbone of the country. The Apennines are gen-
erally considered to be in three parts: the Northern,
Central, and Southern ranges, though these are not
sharply divided. In their northern and central parts,
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FIGURE 37.—Italy and Switzerland showing location of thermal springs. Italy chiefly from ref. 2105 ; Switzerland from ref. 2384.
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these mountains consist almost wholly of marine sedi-
mentary rocks of Mesozoic and Tertiary ages. In the
south, granite and other ancient crystalline and meta-
morphic rocks form considerable parts of the moun-
tains, especially in the Calabrian Peninsula, which
forms the “toe” of Italy. In addition to the ancient
crystalline rocks, lava of Tertiary and later ages covers
considerable areas, chiefly in four districts: (1) the
Euganean Hills, forming an area about 25 km in di-
ameter in northeastern Italy about halfway between
Verona and Venice; (2) the district in the west-central
part near Rome, including the Alban Hills; (3) the
volcanic areas west of Naples, including the Phlegraean
Fields, part of the Campanian Plain, and the island
of Ischia; and to the east, the Apulian area, dominated
by Mount Vesuvius; (4) the district of Monte Volture

north of Potenza in the province of Basilicata in south-
ern Italy.

Many of the principal thermal springs, whose loca-
tion is shown on figure 37, are closely related to the
volcanic areas; others are in areas of sedimentary
strata that possibly are underlain by igneous rocks. A
few hot springs issue in areas of faulted crystalline and
metamorphic rocks.

The extensive plains of Lombardy and other lowland
parts of the Po River basin in the north are underlain
by a great thickness of marine and fresh-water deposits
of Pleistocene and Recent ages. Only a very few
thermal springs are in that area.

Hot springs and vapor vents within an area of 100
square kilometers in Tuscany have been the subject of
considerable attention. At Larderello (fig. 38), wells
were drilled as early as 1837 in attempts to obtain
natural steam for developing power. Other attempts
to use the steam for the generation of electric power
were made in 1897, but the first successful plants were
not established until about 1904. Turbogenerators were
installed successfully in 1916. Boric acid and am-
monium sulfate are obtained as byproducts, and carbon
dioxide is also recovered. Some of the other main
fumarole localities also are shown on figure 38.

The Tuscany area is underlain by a complex of Per-
mian to Eocene rocks, which are much folded and broken
as the result of volcanism and faulting that took place
at the close of Pliocene time. Most of the hot springs
and vapor vents are alined either along lines of geologic
contacts, which may be either stratigraphic or tectonic,
or along faults. The boric acid, ammonia, and perhaps
other substances in the vapor exhalations, may be
derived from laccolithic masses, or from volcanic rocks,
or even from basic rocks intruded into schist.
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FIGURE 38.—Tuscany area, Italy, showing fumarole localities.
From ref. 2171.

On Ischia Island near the Bay of Naples, are several
localities of thermal springs and fumaroles, as shown
on figure 39. Information on the principal thermal
springs in Italy is summarized in the table below.

0 1 2 MILES
L 1 1 i
0 1 2 KILOMETERS

FIGURE 39.—Ischia Island, Italy, showing location of thermal springs.
From refs. 30 and 2105.
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Thermal springs and wells in Italy
[Data chiefly from refs. 2105, 2141, 2168]

No. Tempera- | Flow (hec- Total
on Name or location ture of toliters dissolved Principal chemical Associated rocks Remarks and additional
fig. water per day) solids constituents references
37 ©C) (ppm)
Italian peninsula and small islands
1 P1;1e~S_t.) Didier (San Desi- 35 288 320 | HCOs, 804, Clo_ e e Resort.
erio).
2 17-24 | .. 3,500 | HCO3, SO4cee oo [ e 4 szggilngs. Resort. Refs. 2138, 2191,
3 7 T ) N
4 38.2 864 589 | 804 _.___ Resort.
5 Borm.io ____________________ 35-40 288 1, 000 HCO;, SO4. 7 springs. Resort. Refs. 2088, 2089,
2097, 2144, 2188.
6 | San Pellegrino_..____..____ 27 10, 000 1,500 | HCO;, 804, Clo oo Triassic dolomite_...__ .____ 3springs. Resort. Ref. 2256,
6A | Comano..___ 27.5 720 298 | Ca, HCOj.. Eocene limestone._ Resort. Refs. 1297, 1304, 1316.
7 | Monfalcone.. 379 |oceo. 12,715 | Ca, Na, HCOj, SOy, CO3._| Cretaceous limestone..____. Rgsi%t. Refs. 1304, 2127, 2128, 2147,
8 Sxamione in Lago di 63.5 2,736 2,500 | 8SO4, Cl. .. - I Resort.
arda.
9 | Caldiero 28 288 400 { HCO;, Cl.___ Wells; 2 springs. Ref. 2205.
10 | Abano Ba, 80-87 10, 000 5,500 | Na, S(’.);, Cl, H Several springs. Resort. Refs. 2095,
2104, 2109, 2114, 2129.
11 | Battaglia 58-78 Large 4,920 | Na, 804, Cl_.._..__. - 3 szggngs 'Resort. Refs, 2098, 2104,
12 | Montegrotto_______________ Hot | oo CO3, H3S, CHy, Noo_ | Gases indicate deep source. Refs.
2104, 2114, 2121, 2178,
13 | Monteortone.._____._______ 63 960 3,700 | Na, 804, Clo___ . ________|._____. Resort. Ref. 2104,
14 | ValCalaono.__.._________..\  Hot | ___________ Na, SO4... 3 springs. Ref. 2095.
15 | Lampiano.
16 | Montafia
17 | Calliano__.
18 | San Nazario di Burgundi
(Sannazzaro).
19 | Casteggio ... _....____..__
20 | Voghera (Rivanzzano)._.__
21 Vinadio 30-60 500 | Na, SO4, CL__ Several springs. Resort.
22 | Valdieri_ 38-64 3 100-290 | Na, 8Oy, Cl__ 7springs. Resort. Ref. 1285,
23 | Acqui-_._.____________ 45-73 14,400 |1,168-3,372 | Na, SO, Cl. | . 3 Zg;isngs. Resort. Refs. 2113, 2176,
24 A(iguai Ss;nta (Liguria 22 240 510 | HCO3, 8Oy, HaS_ . Serpentine. ... ... __..____ Resort.
rovince).
25 | Salso Maggiore..._____.___ 20 | e e e Several springs. Strongly saline.
(max) Ref. 2162.
26 | Peglo.._ ... ___._____.__.__ Warmt |-l e e
27 | Sant’Andrea di Medesano. 20 324 1,330 |- e 3 springs, 2 of which are strongly
saline and the other sulfurous.
Resort. Ref. 2263,
28 | Fornove di Taro...._._._..
29 | Lesignano de Bagni_ Ref. 2150.
30 | Miano
31 | Tabiano Resort.
32 | Corniglio_. Saline. Ref. 2149,
33 | Equi, Fivizzano commune. 804, Cl, HS. Several springs. Resort.
34 | Castel San Pietro_.__..____ 20 e Na, 804 Cl ool 3 springs. Resort.
JNax,
35 | Imola... ______._______..__ \(?V )
36 | Riolo._.__.
37 | Pieve Fasciana Issues along fault. Refs, 2123, 2219.
38 | Torrite 32-35 123 7,000 | Ca, Na, HCOs, SOy 4 springs. Resort. Ref. 2125.
39 | Porretta 27-38 14,600 |.__________. Na, HCO3, SO4, Cl_ _ | 6 Is{alimi and 4 sulfurous springs.
€SOor"
40 | Bagnidi Lueca.___..______ 37-54 1,080 | ooooooo- HCO3, 804 Cl_o__.__ Eocene limestone_______.____ 5 ;’fézisngﬁ'75 Resort. Refs. 1285, 2093,
41 | Montecatini.._____..______ 24-33 50,000 | 4, 000~ Na, 804 Cl, COz__.__._____ Liassic and Upper Creta- | 3 main springs. Temperature of
22, 000 ceous strata. water from 18 small springs ranges
from 14° to 19°C. Resort. Refs.
2103, 2137, 2143, 2168, 2200.
42 | Monsummano..._____.____. Resort vapor baths. Ref.2224.
43 | San Giuliano__ 12 springs. Resort.
44 | Agnano Pisano. 2 springs. Resort. Ref. 2231.
45 | Vieaseio._.____ .. _________ 23 Resort.
46 | Pomarance (Val de Cecina)_ 28-50 5 SllH;J!‘OUS and 2 bicarbonate springs.
Ref. 2168.
47 | Montepisani_______________ 2041 oo oo | Quartzitic schist_.______.__ Several springs. Ref. 2231.
48 | Casciana (Montevaso)._ 36 Ca, SO _| Mesozoic strata. . Refs. 2115, 2158, 2202.
49 | Uliveto____._____.__________ 23-34 Several springs. Resort.
50 | Mammialla bei Volterra Warm |.._..________
(Fenga).
51 | Maggiona_..._.._________. Warm |o.._....___.
52 | Bagno di Romagna__ 43 . Several springs. Resort.
53 San Marino_______ Warm |_
54 | Citta di Castello. Warm |-
55 | San Vittore._ Warm |- Resort. Ref. 2235.
5 | Gubbio________ Warm |. -
Larderello district_________ Hot |- 8 areas of fumaroles and steam wells.
Boric. Developed for electric
power. Refs. 2091, 2092, 2111,
57 2112, 2134, 2163, 2185—2187 2190,
2194 2230, 3554 3
Montecerboli, 18kmsouth | 44 | || Fumaroles. Boric. Commercially
of Volterra. developed.
58 | Campiglia Marittima Mesozoic strata____.________ 2 groups. Ref. 2168.
59 | Frassine (Casale)____._____| 26 |ee_o . |oe 1 COs HsS e -
80 | Montioni (Grosseto).._____| 32 || | .
61 | Gavorrano__.____..___._____ Mesozoic strata. - -| Refs. 2168, 2172.
62 | Elba t)Islamd (mortheast |  Warm |- | Ref. 2207.
part).
63 | Caldanello._____.__________| 855 | e Ref. 2168.
64 | Poggetti di Montepescali__
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Thermal springs and wells in Italy—Continued
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No. Tempera- | Flow (hec- Total
on Name or location ture of toliters dissolved Principal chemical Associated rocks Remarks and additional
fig. water per day) solids constituents references
37 {®) (ppm)
Italian peninsula and small islands—Continued
65 | Roselle (Bocenaggio) ... - 3544 || Mesozoic strata; much tufa._
66 | Casacei® e _.______._ Warm Small |.___________ 1 Rhaetic limestone (Upper
Triassic).
67 | Talamone. ... ... 82 e e L 14 .
68 | Ponte a Macereto__ - 2" T USSR RIS PRSI O _| Mesozoicstrata..._..________
69 | Rapolano___.______________ 28-40 HCO;,804, Cl_________.__ Pliocene overlying Mesozoic | 4 main springs. Resort.
strata; much tufa.
70 | Mont’Alceto (Armaidlo). . ¢ 31 ) 1,824 2,600 | Ca, HCOs3, 804 oo _|-___. L [ Several springs. Resort.
max
71 | Petriolo (Montaigne)._._.. 25.5-45 | ... 2,650 | HCO3, 804, Cl_____________ Mesozoic strata__.____..___. Several springs. Resort. Ref. 2168,
72 | Bagni Vignone._____.._____ 36-52 43, 200 4,600 | Ca, HCO3, 804, Cl__.______ Eocene strata; much tufa_._. Sezvi%?-lmmsprings. Resort. Refs.
73 | Chianciano__._____________ 21-39 Large |3,250-3,500 | Ca, HCO3, 804 . _._.._____ Pliocene overlying Mesozoic | 3 bicarbonate springs; 1 sulfur spring,
strata. water temperature 39°C. Resort.
74 } San Filippo_.__.___________ 26; 53 Large (2,190-3,660 | Ca, HCO3, 8Os ... Eocene strata____.__________ 2 springs. Resort. Refs. 2142, 2168.
75 | San Casciano dei Bagni____ 3442 5,400 | 720-1, 970 (’JO;, SOy, Cl_ . ____ Pliocene overlying Mesozoic | 43 springs in area of 2 sq km. Resort.
strata.
76 | San Vito..________________ Warm o e
77 | Saturnia...._.._ ... 31.5 34, 500 3,447 | Ca, HCOs, 804, BOy, HiS___| Mesozoic strata near | Spring and solfataras. Refs. 2168,
trachyte; much tufa. 2203, 2204, 2255.
78 | Acqua Fitusa (San Gio- 28 72 2,500 | Na, Cl, HaS .. __.._______.__ Limestone. ... .—.o_.____ Resort.
vanni Gemini). .
79 | Acquasanta (Ascoli Piceno | 24.5-36 52, 000- 4,000 | Na, HCO3, 804, Cl, CO8, |-ocmo oo Resort. Refs. 1737, 2236.
Province). 104, 000 HS.
80 | Canino____________________ ¢ T PO U D Mesozoic lava; much tufa.__| Resort. Ref. 2168.
81 | Viterbo. oo 30-56. 4 156 2,420 | HCO3;, 8Oy, CO, HaS..___.. F:1 4 S Sevze;:;al springs. Resort. Refs. 2161,
82 | Civita Vecchia.._.__.____. 56 2,018 2, 510 Caﬁ SHCO;, 804, Cl, CO2y | oo Several springs. Resort.
2.
83 | Bassano di Sutri (Il La- Tepid |.cooomom o | COg, HoS e Mud pool, 50 meters in diameter.
ghetto). . Ref. 2234.
84 Viearga)llo (Terme Apolli- ¢ 45 ) 300 .. . Na, HCO3, 804, Cl, COa .| oo Several springs. Resort.
nari). max
85 | Claudia, beside Lago 20.2 960 765 | HCO3, CO2e oo el Resort.
Bracciano.
86 | Stigliano. . .___.__________ 19-56 ... 970-9, 860 | Na, HCO;, Cl, HsS_. 6 springs. Resort
87 { Acqua Albule.._....___.__ 23-24 1, 720, 000 2,240 | Ca, HCO;3, SO4, COg, H. Seﬁeralrtspr§gfs tléavertme quarries.
€S0! ef
88 | Acqua Vergine (Laziali 20 | e Resort. Ref. 2174.
Colli), in Alban hills. (max)
89 | Albano, near Lago Albano. 20 |
90 | Palena.._. 35-48 .|| Several springs.
91 | Sujo (Suio) 29-45 Ca, HCO;, SO Many springs for 5 km along valley.
92 | Telese. ... ... 20-22 Ca, Mg, Na, HCOs, Ser{eral tsprings on Mount Pugliano.
eS0T
93 | Ischia Island:
(1) 2 71 52-55 Large 7, Na, S04, C1 Several springs.
Lago Ameno. 41-66 Large |4,770-19,000 | Na, SOy, Cl 6 springs.
Casmiceiola. . ____ 30-70 Large 5, Na, 804, Cl_. Several springs. Refs. 2100, 2101,
2151, 2206, 2210, 2211, 2215, 2223,
) 2241-2244,
94 | ProcidaIsland_._.._____.__ Hot Several springs. Ref. 2211,
95 | Phlegrean Plain___________ Hot Several springs. Resort. Refs.
2167, 2211.
96 | Pozzuoli and Solfatara.___. 40-43 Large | . __.__.___ Na, HCOs, Clooooe o] Several springs. Resort. Refs. 2119,
2120, 2133, 2146, 2194, 2251,
97 | Agnano, 3 km southeast 20-95 || Na, HCOs3, 804, Cl.ooo | Several springs. Resort. Refs. 2167,
of Solfatara. 2183, 2267.
98 | Bagnoli.__....._.________ 40-50 Large |_.__________ Na, HCOs3, 804, Cl. .| 7 Slianow wells near seashore. Refs.
. 216
99 | Mount Vesuvius crater... Hot [ | Several springs, 14°-26°C; and fuma-
roles. Refs. 2102, 2141, 2167, 2238,
. 2239, 2266.
100 | Atrio del Cavallo on 100 | HoS e Solfatara_del Atrio and 27 main
northeast side of Vesu- (max) fumaroles. Refs. 2177, 2214.
vius crater.
101 | Torre Annunziata near 30 3,600 4,500 | Na, HCOs, Cl____..____..__ LAVE oo 3 springs. Resort. Refs. 2117, 2221.
south base of Vesuvius (max)
102 | Castellammare di Stabbia. ( 20 S Na, HCOs, Cl. | 7 springs. Resort. Ref. 2139.
. X max
103 | Villamaina .. __________ 35 48 | . Ca, HCOs, CO3, HaS________ Limestone_ ... ____.____.___ Resort.
104 | Monticchio, on west slope 20 660 2,300 | Ca, HCOs3, COg_ o oo | Also several cold springs. Resort.
of Monte Vulture. (max)
105 | San Cataldo. 20 Large | o} 804 | Resort.
106 | Contursi- . 2342 || . so4, COy HoS o 3 main springs. Resort. Refs. 2106,
. 2220, 2253.
107 Lat;?ngo (Bagni  della 22; 23 30, 000 500 | HCOs, 804, OL HaS o | 2 main springs. Resort.
108 | Santa Cesarea....._._.__._ 21-32 Large 4,430 | Ca, N a},I HCO;, 8O, Cl, | Yimestone. . ....occcceeeen 4 springs in grottos. Resort. Ref.
. , HoS. 2264.
1(1)8 ! Cassano al Jonio gg Moderate |______._____ 80, (2302,2 oS | 3 springs. Resort.
" Ref. 2233.
i Acquap)essa (T 3942 2 springs. Resort. Ref. 2257,
12 3233 )
N3 N A Several springs.
124 39. 1, 250 2,400 | Ca, SOy, COq, HaS._ -| Resort.
115 37-39 960 | _______.___ S04, Cl, HoS.____. _| 3 springs. Resort.
116 18.3-36.4 4,000 |5,510-11,670 | Ca, Na, SO, Clo____________ 4 springs. Resort.
117 HOb |- Fumaroles. Temperature of gases

exceeds 230°C. Refs. 2087, 2239, 2266.
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Thermal springs and wells in Italy—Continued

No. Tempera- | Flow (hec- Total

on Name or location ture of toliters dissolved Principal chemieal Associated rocks Remarks and additional
fig. water per day) solids constituents references

37 (°C) (ppm)

Italian peninsula and small islands—Continued

118 | Filicuri Island._....________ Hot | e e e e doo . Several springs. Ref. 2207.
119 | San Calogero, on Lipari 3558  |ooceceooaos Large | Na, HCO3, SOy, Cl.o_______|____. A0 e Several springs. Refs. 2099, 2107,
Island. 2135, 2154.

120 | Vuleano Island___.___._._._ Hot |. P — ----| Many fumaroles in lava crater.
Steam. Temperature of gases and
acid fumes exceeds 300°C. Gases
contain H3BO3;. Refs. 2043, 2122,
2131, 2132, 2250, 2266.

Sicily
121 | Aleamo. - oo oo Warm | e ccccmccceacccmecccmec|cmccmme s mmem e mm—m——————
122 | San Lorenzo, near Roc- o1 T O HCO3, S04 o e oo Ref. 2152.
cameno.
123 | Montevago._._.__.._.___... 31 9,760 |____
124 | Sciacca, near the city:
Molinelli 28 230 12,500 | Na, Cl.__._.___________._____
Acqua Santa 32 57 5,820 | Na, HCOgs._ . Limestone__._.____________. Resort. Refs. 2116, 2148, 2240.
Solfurea 52 720 20,500 | Na, SOy, ClL_

125 | Acqua Calda, near Trabia. 26 | e

126 Te{]mini Imerese, near sea- 2 springs. Resort. Ref. 2184,

shore,

127 { Selafani. .o oo ____ 2 main springs. Resort.
128 | Cefalu-Diana.

129 | Castroreale________________ 32; 25 =18 5,350§0(; | 'Na, HCOs..

2 springs. Resort.

130 | Ali-Marina, on sea coast:

5Springs.......-. 28-36 Small [__.___.____. HCO3,804CL HeS. | . Sulﬁ.lr2193 2;§gter. Resort. Refs. 2192,
2springs_._.....___ - HCO;3, COs _| Bicarbonate water.
131 | Mount Etna, on south and Many fumaroles. Refs. 2239, 2266.
east slopes.

132 | Acireale (Santa Tegla)__._.
133 | Grammichelle (Acqua
Calda; Mineo).
134 | Pantelleria Island on
northwest coast.

-| Resort.

Ref. 2145,
4 springs, Also hot springs and
and fumaroles in crater.

Sardinia
135 | La Crucea. oo __ Warm . - ——
136 | San Martino_ _..___.__.___ 25 29 3,000 | HCO3, Clcucmceoocceae Lava. e Seﬁeﬁag%ma. Resort; table water.
ef. .
137 | Ploagre
138 | Thiese_..._-.__.__
139 { Mesumundu - - Ref. 2225,
140 [ Benetutti____.____.________] 8446 |- || e Do.
141 rani.____ - Do.
142 | Conone_ ..o _._oo_..__.___|  Warm |- ||| Ref. 2207,
143 | Casteldoria (Castel Dora) 70-75 Ca, Na, Cl, HoS____.__._._._ Granite porphyry_.......___ Seztéezgal springs.  Refs. 2195, 2196,
144 | Fordongianus._ ____._._.._.. 54 — Water is saline. Refs. 2225, 2227.
145 | Sardara ..o ... 50-60 10, 000 2,500 | Na, HCOs, 804, Cl, COz..._| Schist near basalt....._..... 5 springs. Resort. Refs. 2228, 2229.
146 | Villasor (Acqua Cotta).._.| 40; 62 Ca, Na, HCOs.—_..__._____ Coltlltatzt of granite and tra- | 2 21;:%11 springs. Refs. 2225, 2226,
Cl . 3
147 | San Saturnino___...._..___ 3443 (oo e e S vy 3 springs. Ref, 2228.
148 | Is Bangius 44 Ref, 2228.
149 | Caddas. . .ocoooeoooo .o 55 Do.
Bano dell’Osg._ . .—ocoeo__.. 1~ (SO S e mmemmmreeeemmmaeemmmmem———|ememem—me—mmme———mam——————————
Beveretto_ . _.__.___ 23
Bulgherano 22-25
Florinas 20 Alkaline.
(max)
Monte de Castona.________ 20-42 S U
-| Sigona Grande_ .. 23 35, 400 e e e e —mmmemmmmmmaee
Siligo 20 Jeeoo_- AR HCO3, 804 e | e Do.
(max)
______ Solofrano Torrent_....___. 2125 ||| e
______ Uria Torrent_ . _____.._..__ 2225 ... - o
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PORTUGAL

Portugal occupies an area about 300 miles long, north-
south, and 100 miles wide, east-west, on the west side of
the Iberian Peninsula. The country is traversed by
mountain ranges that trend east-west and are continua-
tions of ranges in Spain. Most streams flow westward
to the Atlantic. The Minho River forms part of the
northern boundary ; the Guadiana River forms part of
the southeastern boundary. The greater part of Portu-
gal is underlain by rocks of Archean and Paleozoic ages,
cut by eruptive rocks of later dates, like the syenite lac-
colith of Serra de Monchique in the south. In the south
also are extensive areas of Lower Carboniferous sand-
stone and conglomerate, with coal beds. Mesozoic de-

10° 8°

6°

133

posits, chiefly of Jurassic age and less extensive areas of
Cretaceous rocks, are present in lower areas. The plain
of the Tagus River and other large areas near the coast
are covered by Tertiary deposits. Great eruptions of
basalt and tuff in early Tertiary time are covered in part
by marine deposits of Oligocene and Miocene age. The
mountains of northern Portugal are mainly of plutonic
rocks flanked by Paleozoic sedimentary strata. Ther-
mal springs are not common, though 34 localities are
recorded, as shown on figure 40. Most of them have
been developed as bathing resorts.

Information on the various springs in Portugal is
presented in the table below.
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i

Adapted from Haml:nond Atlas, 1948 OROCC n
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Fieurs :0.—Portugal and Spain showing location of thermal springs.

Portugal from refs. 2268 and 2272 ; Spain chiefly from ref. 2346.
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Thermal springs in Portugal
[Data chiefly from refs. 2268, 2272. Locations of unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

No. Tempera- Flow Total
on Name or location ture of (liters | dissolved| Principal chemical constituents Associated rocks Remarks and additional
fig. 40 water per solids references
(°C) minute) | (ppm)
1 Mﬁl&ﬁﬁ) (Valaderes de L Y PR I Na, 804 oo et Stronfgly - radioactive. Resort.
0).
2 | Geres (Fonte da Bica)_.._.._ 42,5 | ... 282 | Na, HCO3. oot Granite, faulted . _....___.._ Used since Roman times. Strongly
radioactive and high in fluoride.
2%3%0!1: Refs. 2283, 2292, 2295,
3| Caldelas. ... 21.5; 31,2 foceemaaas 81; 110 | HCO3 (60); 804 (11 PPM) .o o v coo|om e e o cccamccccmeaaee 2 spri:n . Strongly radioactive;
fluoride, 3 ppm. Resort. Refs.
1760, 2276, 2284, 2285.
4| Taipas. . ool 28,7 |omeeeaae 188 | N8, S04 e e St:gmfgly27 6radioactlve Resort.
3
5 | Caldas da Saude (Caldinhas). b1 S I Na, C], S04 Stg)r;gly 7radi%§ctive Resort,
efs. 2273
6 | Vizela and Mourisco......... 54; 62.4 oo 324 | Na (82); HCOs (79); Cl (30); 2 springs. Radioactive. Resort.
fluoride (23.6). Temperature of nearby spring,
31° C. Ref, 2283.
7 | Carvalhelhos 2 N IR 205 e mmemomo | m e e Slightly saline and radioactive.
Resort. Ref. 2276.
8 | Chaves.. 69 Na, HCO;. Faulted zone of Rio Tamega.

10 | Cabres. .__.._.o_oo_..
11 | Vilareltho_.___.____._.__
12 | Pedras Salgadas -
13 | Alfaifio (Braganga) ... ...

14 | Canavezes .- cooocceamaooan
16 | S#io Lourengo. . ..___..___._.

17 | Moledo._____.._______..___._
18 | Carvalhal (Castro Daire)_...

19 | 880 Pedrodo Sul_._..____.__

20 | Fonte Santa (Manteigas). ...
Sdo Gemil
Alcafache.
23 | Sdo Paulo..
24 | Caldas do Cro

33 | Estoril._____________________

34 | Caldas de Monchique (8.
Jodo, Chagas, Fonta Santa).
...... Caldas de Carldo..._.______
...... Monfortinho. ... __.______.__

31.5-40
32.7
30-32.1

Warm
28

Resort. Refs. 2291, 2306.
Faulted zone of Rio Tamega.
Resort. Ref. 2291

Do.
- Do.
______ .| Contact of schist and | Bathing. Ref. 2281.
amphibolite.
Na, NCO;, SO04-- R - W;;;ély radioactive. Resort. Ref.
Na, SO4 e e e Strongly radioactive. Resort.
Refs. 2283, 2300.
Ca; Na; Cl (35.5); 8102 oo |mmmc oo m e ccmemcmceee Strongly ~radioactive. pH, 8.1.
Resort. Also small warm sulfur
‘siprlng at Caldas Velhas 2 km
istant. Ref. 2302,
BT o Y ) F Weakly radioactive. Resort.
SOy free HaS .. Granite. ... ... Saline, alkaline, radioactive. Re-

sort. Ref. 2276.
________________________________________________________________ Strozgagly radioactive. Resort. Ref.
2283.

Na, SO4ce oo e e Resort.
Oon I]J)ank of Rio Dao. Resort.

0.
‘Weakly radioactive. Resort.
Resort.

Much gas. Both water and gas
strongly radioactive. Resort.
Radioactive. Bathing. Refs. 2208,
2299, 2303, 2304.
Highly radioactive Resort.
Resort. Ref. 23
03, Cl Weakly radioactive. Resort.
Ca, Na, HCO;, C1. i Resort.

| Ca,CL 80 | ... Do.

Ca, Na, HCOs, S04, CL.. 5 main springs. High fluoride con-
tent; pH, 6.9; radioactive. De-
veloped in Roman times. Re-
sort. Reis. 2271, 2277, 2279, 2283,
2290, 2305.

HCOs, Cl .o | o 4 springs. Strongly radioactive.
- Resort. Ref.2285.

Na (1,200); Ca (284); HCO3 |- oo oiocaeee Strongly radioactive. Resort.
(284); SOy (290); C1 (2,260). . .
Na, HCO3, 804, Cl. .. ___.______ At border of granitic lac- | 5 main springs. pH, 9.6. Bathing.

colith. Refs. 2271, 2278, 2290, 2293.
Na, SO oo e Radioactive. Ref. 2268.
________________________________________________________________ Ref. 2276.

RUMANIA (ROMANIA)

Rumania extends northwest and west from the Black
Sea and includes parts of the Carpathian and Transyl-
vanian Mountains and high plateaus beyond. The
Danube River forms most of the southern boundary of
the country, and the Pruth River forms most of its
northeastern boundary. The higher parts of the Tran-

lower slopes by flysch of Late Cretaceous and early
Tertiary ages. These formations also extend along the
east base of the Carpathians, being overlain in a trough
farther east by flat-lying to strongly folded Miocene
salt-bearing beds. In thesouth-central part of the coun-
try are oil-bearing beds of Tertiary age. Along the
lower parts of the Pruth and Danube Rivers are exten-
sive areas of marsh and lagoons. Farther up the Dan-

sylvanian Mountains are largely of schist and other | ybe the adjacent lands are somewhat higher, and in some
metamorphic rocks, which are flanked on the south by | places, hills of crystalline rocks rise above the Quater-
marine Jurassic and Cretaceous strata overlain on the nary deposits.
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Many mineral springs issue in the mountains and up- | bathing resorts, some having been in use since Roman

lands, but most of them are cold. Thermal springs are | times.
found at numerous places, as indicated on figure 41. Very little information is available on most of the
Nearly all principal springs have been developed as | springs, as shown in the table below.
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FicuRE 41.—Rumania and Yugoslavia showing location of thermal springs.

Adapted from Hammond Atlas, 1948

Thermal springs and wells in Rumania

No. on Temperature of | Flow (hecto- Total dis- Principal chemical .
fig. 41 Name or location water (°C) liters per day) so]zed so)lids constituents Remarks and references
ppm

1 | Félixfirdo (Felix baths),

8 km southeast of

Oradea:

Well.___ . _______ 48 170, 000 812 | Ca, SOy, CO3_______ 47 meters deep. Ref. 2328.
2 springs____________ 41.3;48.2 |__________ 927; 947 Caécl)\la, HCO;, SO,, | Refs. 2320, 2330, 2331.
2.

2 | Felsobanya, near Sighet___|_________ | || Baths.
3 | Borsod Tapoleza______ __ | ||| Resort.
4 | Baltzatesti (Baltatestii), |_____ | || e__ Resort. Ref. 2308.

near Targu-Neamtu. .
5 | Korosbanya (Altenburg) __ Warm |- oo oo | . Weakly sulfurous.  Ancient

“Thermae- Pannoniae.” Ref.
1293.
Hebe, in Sangeorz-Bai | ___________[ _________| _________| Ref. 2333.
region,
Csikszereda (Katalin)_____ 10.7 | __ 868 Caéga, HCO;, SO, | Ref. 2330.
2.

135614 0—656——10
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Thermal springs and wells in Rumania—Continued

No. on Temperature of | Flow (hecto- Total dis- Principal chemical
fig. 41 Number or location water (°C) liters per day) solv(';% Slo)lids constituents Remarks and references
8 | Tusnad (Tlona)_________. 21; 225 | ... ___ 5,254 | ... Ref. 2330.
9 | Caciulata_ - _ || e . Mineralized. Ref. 2308.

10 | Vizakna_________________ 28.7-45 ||| Saline, iodine.

11 | Herculesbad (Mehadia):
Elizabeth _ _ _ | e el
Hygea____ | | e e Radioactive. Water tempera-
Hercules_ __________. 46 38, 400 3,440 | Na, Ca, Cl; gas, 40 ture, 25°-62.5°C. Ancient

percent N, “Thermae Herculis ad aquas.”

Tleana _ _ _ ||| Refs. 2309, 2323, 2325, 2327,
Regina Maria. . ___ ||l 2329.
Others__ | |

12 | Bahna (Basna) - _ - - || e | e Baths. Ref. 2318.

13 | Govora_ - _ __ __ | e e e Resort. Ref. 2308.

14 | Calimanesti (Calimaneseii) |- - - _ | || Do.

15 | Curteade Argesh_ _ _ _ ____|_ ||| e Used by Romans., Ref. 2308.

16 | Sinaia. _ - __ | | Resort. Ref. 2308.

17 | Slanie_ - _ _ | e | Saline mine water. Baths. Refs.

2308, 2314.
18 | Lake Sarat (near Braila) __|___ . ______ | || Ref. 2308.
19 | Tekir Ghiol, near Con- |_ .| || Do.
stantsa.
20 | Mangalia_ _ _ _ | e | e Radioactive. Refs. 2315, 2319.

Spain occupies about five-sixths of the Iberian Penin-
sula, which consists mostly of a great plateau, limited
on the north by the Pyrenees Mountains and the Canta-
brian Mountains and on the south by the Sierra Morena.
The plateau is traversed by four minor mountain ranges
which separate the drainage basin of the Ebro River
from that of the Duero River.
northeastern part of the country and empties into the
Mediterranean Sea; all the other main streams flow

SPAIN

southwestward or westward to the Atlantic.

The plateau region and bordering mountains are un-
derlain by a massif of ancient rocks, complexly folded

The Ebro drains the

Thermal springs in Spain
[Data chiefly from ref. 2346. Location of unnumbered spring not identified]

and faulted, and form a part of the Hercynian tectonic
region of southern Europe. Archean granite, gneiss,
and schist form much of the Pyrenees Mountains.
Paleozoic sedimentary rocks constitute other main
mountain masses. Sedimentary strata of Mesozoic age
border most areas of older rocks and also cover large
areas in south-central Spain. In the north, northeast,
and southeast, large areas of older rocks are overlain by
marine Tertiary strata. Volcanic rocks are present in
only minor areas. The locations of thermal springs are
shown on figure 40, and the available information on
them is given in the table below.

No. Temper- Flow Total .
on Name or location ature of | (liters | dissolved | Principal chemical constituents Associated rocks Remarks and additional references
fig. water per solids
40 (°C) | minute) | (ppm)
1| Carballo: .
Ba}auotsh ) Viejos (Ol | 3340 [....______ 404418 | .. Granite. ... 3 springs. Bathing.
aths).
B%?otsh )Nuevos (New 26 oo 342:375 | Na, 804 comom oo (3 £ T 2 springs. Bathing. Refs. 2342, 2343.
aths).
21 0rtejo . oo 2842 |__________ 651-2,000 | Na, SO4eomoommooooeo. 4 springs. Resort. Ref. 2343.
3 | Aguas de Bejo....___ 25 261 _| Ref. 2343.
4 | Caldelas de Reyes. 39.4 |___...____ 4 springs. Resort. Ref. 2344.
(max)
5 | La Toja, on island of same 60 400 | LOW |e oo Several springs. Resort. Ref. 2344,
name. ) (max) .
6 | Caldasde Cuntis.____.______ 60 |l LOW | Several sprigns. Resort.
max
7 | Puente Caldas, 15 km east- ¢ 30 A LW | Includes nearby warm spring of San
southeast of Pontevedra. Justo de Sacos. Resort. Ref. 2344
8| Caldasde Tuy...__._._.__.__ 47-50 | LOW | e Several springs in bed of Rio Mifio.
Carballin Resort. Ref. 2344.
ar L [ 28 100 1 Na, SO4cc oL
9 {Pol ______________ o Small | O N 8 BOh-- oo Resort. Ref. 2344,
Parada de Achas_..__ - 32 Small || -
10| Lugo ... 43 120 ) Na, SO4__. _| silurian strata....._._._.____ Resort.
11 | Caldas de Oviedo..__ O 43 Large O] CO3.o— _| Carboniferous limestone_____| Contains nitrogenous matter. Resort
12 | Buyeres de Nava____ el 21-25 62.5 | . . ©8, S04 e 3 springs. Resort.
13 | La Hermida.________________ 50-60 Large | ... Na, Ol Contact of Triassic strata | Several springs. Resort.
vzith Carboniferous lime-
stone.

See footnote at end of table.



DESCRIPTION OF THERMAL SPRINGS

137

Thermal springs in Spain—Continued

No. Temper- [ Flow Total . .
on Name or location ature of | (liters dissolved | Principal chemicalconstituents Associated rocks Remarks and additional references
fig. water per solids
40 (°C) minute) (ppm)
14 | Puente Viesgo..-.o-oococo_. 35 34; 910 [0} Na, HCOs3, Clo | 2 springs. Resort.
15 | Alceda. - 27 2,560 |- Ca, 804 Jurassic strata near Carbon- | Resort.
iferous limestone.
16 Solaﬁs B X
ainspring. __________| 29.8|-..____._| (@ | Na,HCOs. . |l
Small spring. .. e oo g }Resort
17 | Ontaneda. . _______________ Jurassic strata overlying Do.
Carboniferous limestone.
18 | Molinar de Carranza....._.. 30-35 2,150 (oo ___ Na, HCO;3, Cl.._.__________ Cretaceous limestone___.____ Several springs. Resort.
19 | Uberuagade Ubilla__________ 27 544 [ T RN U 3 springs. Water contains nitroge-
nous matter. Resort. Ref. 1293,
20 Ca, HOOs oo oo Water contains small amount of
lithium. Bathing. Ref.1293.
21 Na, Cl_ . 2 springs. Bathing. Ref. 1642.
22 Na, SO4._. 3 springs. Bathing.
23 Na, SOy, Cl._ -| Several springs. Bathing.
24 | Panticosa_..._______________| 26-81 |_________| () femmmm oo 5 main springs. Water contains ni-
%gc;%enous matter. Resort. Ref.
25 | La Puda de Montserrat_____| 27-29.3 | 387 | (1) | Na, 8Os e 4 main springs. Resort.
26 iga.. _.ooo...._.| 60 |.___._____| (@ [NaCl________ | . Bathing.
27 | Caldetas (Bafios de Txtus)__. Do.
28 | Vichy Catalan - Do.
29 | Porvenir de Miranda.___.__.|  22.5) 200 |-..._..____.| Ca,Na, HCOs.__..__.________| _.__ 3 springs. Resort,
30 | Arnedillo..____._.____ - Several springs. Resort.

31 | Fitero, Baflos Viejos
Fitero, Bafios Nuevo

Quartzitic sandstone.
Jurassic strata._.__

Flows from gallery. Resort.

Resort.

Strongly radioactive. Also several
sgggl] springs, 29°-37°C. Ref.
2

6 main springs in two groups of differ-
ing chemical character. Bathing.
Water contains small amount of

Ancient (crystalline?) rocks.

lithium., Resort. Ref. 2291.

36 | Alange____._______.__________ 28 216 | .. Ca,HCO3. .o Miocene strata__ . __..______ Bathing, Ref. 2291.

37 | Fuencaliente._______________ 25-50 ... _____ 170 | Ca; HCOa, H:Si0; (52 ppm); | Siliceous rocks. ... 7 springs. Resort. Ref. 2338,

38 Bathing,

39 3 springs. Bathing.

40 Bathing.

41 Bathmg Refs. 1285, 1576.

42 4 springs. Resort.

43 4 main springs. Resort.

44 | Graena___________ Ca, HCOj3; Fes03 -| Developed by the Romans.

45 | Lanjaron_________ 1630 | -| 7springs. Resort.

46 | Fuente Amargosa__..______.| 21 \__________| @O | ... Water contains nitrogeneous matter,
Bathing.

...... Puertollano..________ ||l Ref. 2348,

1 Results of chemical analysis given in ref. 2349.

SWEDEN

A detailed study of springs throughout Sweden was
made by Wahlenburg (ref. 2353), who used the term
“Quellen-Warme” to refer to their temperature. Iis
report has therefore been included in some bibliog-
raphies on thermal springs. Although some springs
were found to be perceptibly above the mean annual
temperature of the air at their localities, nearly all were
below 10°C, and none were considered to be truly ther-
mal. No other reports on thermal springs in other
parts of the Scandinavian Peninsula seem to be recorded.

SWITZERLAND

The southern part of Switzerland is bordered by the
main chain of the Alps and the western part by the Jura
Mountains. Between them are the Bernese Alps lying
entirely in Switzerland. The valley of the Rhine River
from the Lake of Constance and that of the Rhone River
in the south are deep and narrow, but the basin of the

Aar River and the smaller one of the Thur River con-
tain wide areas of valleyland which form more than
one-half the total area of the country. Most of the
mountains are composed of belts of marine sedimentary
rocks of Mesozoic age, greatly folded and faulted in the
Alps but less disturbed in the Jura Mountains. In the
central plain that forms much of the basin of the Aar,
the bedrock deposits, chiefly of Tertiary age, are partly
marine and partly brackish-water and fresh-water.
These older materials are largely covered by glacial ma-
terial and stream alluvium.

The extensive folding and faulting in the mountain
areas would seem to be favorable to the presence of
thermal springs. However, only a very few of the great
many mineral springs are recorded as thermal ; but per-
haps only those which have been developed commercially-
have received attention. Those springs for which de-
scriptions have been found as shown on figure 37, and
information concerning them is presented in the table
below.
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Thermal springs and wells in Switzerland
[Data chiefly from ref. 2384. Principal chemical constituents are expressed in parts per million]

No. Temper- | Flow Total
on Name or location ature of | (cubic | dissolved |Principal chemical constituents Assoclated rocks Remarks and additional references
fig. water meters solids
37 (°C) |perday)| (ppm)
1 | Hauenstein tunnels._.._____. Warm LATge foooooooee | Mesozoicstrata..._.__.___._ In 2 railway tunnels crossing west
extension of Baden thermal zone.
Ref. 2365.
2 | Zurzach:
el . 27.7 20-29 1,011 | Na (293); HCOs (262); 804 | Bunter sandstone (Lower | 404 meters deep. Used for bathing.
(263); Cl1 (146); free gas, 90 Triassie). Ref. 2362.
percent Ns. i
Well 38 800 f- - Gmeiss_.____.___.__.________ 416 meters deep.
3 | Bad Schinznach.__. 34; 36 720 2,971 | Ca (365); Na (434); Fault between Jurassiclime- | 2 springs, developed A.D. 1658.
(288); S04 (1,076); C1 (604), stone and Triassic strata. | Resort. Refs. 1285, 1201, 1687, 1699,
dissolved COz and H,S. 2366, 2367, 2386, 2387.
4 | Baden-Aargau, in Aar River | 4648 550-850 4,666 | Ca (517); Na (798); HCOs | Keuper formation (Upper About-20 main springs; flow varies
Valley and bed of Lim- (481); S04 (1,418); CI (1,200); Triassic). with the season. Several resorts.
mat River. free gas, 69 percent N3, 30 Refs. 1699, 2368, 2370-2381, 2386,
percent COs. 2391,
5 | Reuss River Valley, a few Warm | e el Probably Keuper limestone.| Bathing.
km southwest of Baden,
6 | Baden-bei-Zurich.__________. 48 7,800 |- Probably Tertiary molasse. . Seﬁerai_twellﬁa})outl ,000 meters deep.
£50] ef. 1285,
7 | Yverdon at south end of 24 540 413 | Ca (31); Na (54); HCO3 (215); | Morainalgravel.____________ 2 shallow wells, developed 1903-05.
Lake Neuchatel. C1(60); and HS (5); free COs3, ‘Water may rise from considerable
H,S. depth. Resort. Refs. 1203, 1294,
8 | Weissenburg_.._.____.____.._ 24-28.7 42 1,628 | Ca (340); Mg (77); HCO3 (125); | Triassicstrata..._.._._._____ ‘Water contains 10 ppm Sr. Resort.
SO (()1,040); dissolved CO; Refs. 30, 1687.
and O.
9 | Heustrich, near Lake Thun. 24 || e cceme Probably crystalline schist_.; Resort. Ref. 30.
10 | Pfaefers (Pfafers). . _________ 3540 5,760 428 | Ca (55); Na (29); HCOs (236); | Mesozoic schist and lime-| Resort; water also piped 4 km north
S04 (30); Cl (34); dissolved stone. to Ragaz (Ragatz) resort. Refs. 30,
Na. 1285, 1291, 1669, 1687, 1699, 1892,
2369, 2386,
11 | Lavey-les-Bains_.._..______. 45-47.3 40 1,148 | Ca (52); Na (275); HCG3 (112); | Base of alluvium overlying | Water obtained from wells, Radio-
(hottest) S04 (423); C1 (181). schist. active. Small amount of free oxy-
gen. Resort. Refs. 30, 1687, 2354,
2355, 2363, 2376.
12 | Bovernier__.__._._ ... _____ b3 S D LOW | Crystalline rock...__________ Bathing.
13 | Saxon.__ .. . __________ 25 200-800 760 | Mesozoic strata. .. ____._____ Fliow valgies lWlf:7h the season. Bath-
ng. ef. 1687.
14 | Leukerbad (Loeche - les- | 39-51.3 | 10,000~ 2,028 | Ca (460); Mg (60); HCOs (149); | Dogger limestone (Middle | The Caand SO4probably arederived
Bains). 12,000 | (hottest) 80. (1,285); free gas, 98 per- Jurassic). from Triassic gypsum; moderate
cent N3 radioactivity from underlying gran-
ite. Resort. Refs. 30, 571, 1285,
g?é, 1669, 1687, 1699, 2364, 2373,
15 Elll)el(llla)lig (former Briger- 30 ... 650 |l Crystalline rocks.... Bathing.
ad.
16 | Acquarossa._________.._.____. 25.3 430 2,551 | Ca (500); Mg (105); HCO (530); | Triassic dolomite Resort. Ref. 1293,
Sl?‘ﬂ (1 303), dissolved gas,
chie:
17 Vals. ... . 25 600 2,075 Ca (473) Mg (60) HCO3(459); |--—-- & U S 2 wells, bored in 1899 to depths of 80
Oy (1 040) free and dis- and 130 meters. Refs. 1203, 1294,
solved COs.

18 | Innerferrera._____________._. 24 | 2804 - o oo Probably crystalline________ Mineral character probably derived
from strata overlying schist. Local
use.

YUGOSLAVIA

Yugoslavia includes Serbia, Croatia, Montenegro,
and Macedonia and covers the northwestern part of
the Balkan Peninsula. The Karawanken Alps extend
along the northwestern border, and most of the coun-
try forms an upland area between these mountains
and minor mountains along its southeastern border. In
the east the Morava, or March, River cuts through the
mountains. Along the Danube River, which forms part
of the eastern boundary, there is much low sSwampy

mountainous areas, as shown on figure 41.

Thermal springs and wells in Yugoslavia
[Data chiefly from refs. 1304, 2410, 2414. Principal chemical constituents are expressed in parts per million]

land: The mountain regions are composed largely of
granite and other crystalline rocks flanked by marine
Paleozoic formations; but some areas between the moun-
tain ranges are of Cretaceous limestone that forms a
karst topography. In these areas there are many
springs, some of which are slightly thermal; but the
principal thermal springs of the country are in the more

Information

on the several springs is given in the table below.

No. Tempera- Flow Total
on Name or location ture of (liters per | dissolved Principal chemical Associated rocks Remarks and additional references
i‘iﬁ water (°C) | minute) solids constituents
(ppm)
1| Veldes...__.___..____________ 26.6 | e Bathing. Ref. 1203,
2| Topolschitz_...______________ 31 3,000 351 | Ca, ECOq. ... Plioccene coal-bearing beds | In Bad Neuhaus thermal zone. Re-
(max) overlying Triassic lime- sort; sanatorium. Ref. 1.
stone.
3 | Bad Neuhaus bei Cllli__..__. 26. 5-37 475 444 | Ca, HCOg oo Tertiary limestone overly- | Known to the Romans. Resort.
ing Mesozoic dolomite. Refs. 1304, 2431.
4| Vhrinka_____________________ Warm | e e Resort.
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Thermal springs and wells in Yugoslavia—Continued

No. Tempera- Flow Total
on Name or location ture of (liters per |dissolved Principal chemical Associated rocks Remarks and additional references
fig. water (°C) | minute) solids constituents
41 (ppm)
5| Gallenegg._ - ——ooo___.__ 26 oo 363 | Ca, Mg, HCOs.oo .. Miocene strata overlying | Developed A.D. 1687, Resort. Ref.
(max) Triassic limestone. 1304
6 | Romerbad__._.._.___._______ 36.3 |cooomioooo 2,808 | Ca, Na, HCO;, 804, Cl. | Paleozoic schist_..___._.._.. 2 spnngs, known to the Romans.
(Reported HleOs 1,128). Refs. 1304, 1310.
7 { Franz Josef-bad (Tuffer) 87.5 |oooeee 452 | Ca, Mg, HCO3_______._____._ Tertiary strata and andesite | Bathing resort. Ref, 1304
tuff overlying Triassic
limestone.
8 | San Stefano_ .._._.__.__._._. 37 360 3,053 | Ca, Na, HCO;3; C1 (1,467).__| Eocene flysch near karst | 3 springs; known to the Romans.
(max) limestone. The water is radioactive. Resort.
Refs. 30, 1304, 2420
9 | Sutinskie Toplice.....__._._ ¢ 36.? 1,100 386 | Ca, HCOs_ oo Jurassic limestone.._________ Resort. Ref. 2431,
max,
10 | Varaidinske (Warasdin) 57 P SO Ca, Na, HCO3, 804, Cl..___ Tertiary molasse._...._....._ Ancient Aquae J: assae Sultur spring
Toplice. . baths. Refs. 2394,
11 | Krapinske Toplice.._..._____ 41.8,43 | ___.__ LOW | oo oo Sulfur baths. Ref. 2431
12 | Stubicke Toplice.._...._.._. 49.8 | ... 470 | Ca, Na, HCOs3, 8Os | Water contains Zn, Cu. Resort.
Refs. 2392, 2412, 2431.
13 | Samobar__ ... Warm |-cocooooooofeoaaooo Ca, Mg, HCO3_____.________ Sulfur baths. Refs. 2402, 2431,
14 | Bukovicka Banja. 25 Ca, Na, HCO;__ Bathing resort. Refs. 2399 2407.
15 | TOopuUSCO.aee oo 50-60. 5 HdOs, SO e 3 1121‘;3?:;1 springs. Resort. Refs. 2425,
16 W AT |~ | e e Water has high fluoride content.
Resort. Ref. 2393
17 42,2;46.6 |- .________ LW o e 2 springs; water has hlgh fluoride con-
tent. Ancient Aqua Balissae. Re-
sort. Refs. 2393, 2404.
18 64 Ca, HCO3 804 Cl. oo |aaeae --| Water has high fluoride content. Re-
sort. Refs. 2393, 2401, 2405, 2431.
19 Warm Ca, Na HCO3, 804 -i Resort. Ref. 2406.
20 34 Ca, Mg HCOs,SO Resort. Ref. 2411,
21 Bathing resort.
22 Sulfurous. Resort. Ref. 2399.
23 Known to Romans. Resort; sana-
torium. Ref. 1304.
24 Resort. Ref. 2409.
25 | Rogatsch (RogaSka Slatina)__ Resort. Refs. 2400, 2415, 2421-2424.
26 | Arandjelovac______________.. Classed as slightly thermal. Resort.
Ref. 2426,
27 { Velika Plana_._.___._____.. Warm |- el Resort. Ref. 2403.
28 | (adak (Tchatchak) _ . .| Sulfurous. Resort. Ref. 2399,
29 | Mokosica_ _..____.._ Resort. Ref. 2408.
30 | Ribarska Banja___._.._.___ Slightly sulfurous. Bathing resort.
Refs. 2399, 2431.
31 | Raska .o ooomooooos Bathing.
32 | Vranjacke Banja.__ Bathing resort. Ref. 2431.
33 | Brestovacka Banja 0.
34 | Hamsigrad (Gamsigrad) .. _. On I}anl;got Timok River. Resort.
Ref. 2399.
35 | Soko Banja_._._..._._______ Water is radioactive. Bathing re-
sort. Refs. 2395, 2418, 2431
36 | Niska Banja (Niss)..._____ 41-46 425 || e ————— Ruins of Roman baths. Resort.
(main- Refs. 2398, 2399.
spring)
37 | Wrntze_ - .. 27 e el M%ch free COj Bathing. Ref.
2399,
38 | Yochanitza. __.____._...____ 76—78 Bathing. Ref. 2399.
39 | Vranje Banja__. _| Bathing resort. Ref. 2399.
40 | Strumicka Banja 72- 72 8 More than 20 wells. Bathing re-
sort. Ref. 2397.

AFRICA
ALGERIA AND TUNISIA

Algeria and Tunisia, which comprise much of north-
ern Africa, border the south side of the Mediterranean
Sea. The two countries have similar climatic and geo-
logic conditions and may conveniently be considered
together.

The rugged range of the Maritime Atlas, or Kabylia
Mountains, closely borders most of the coast of Al-
geria, and cliffs or hills rise abruptly from the seashore.
The mountains are composed almost entirely of meta-
morphic rocks, the most ancient in Algeria. Along
the northeastern part of the coast the mountains recede
a few miles, and there are some low sandy areas. To
the south, and nearly parallel with the coastal range,

the Tellian Atlas Mountains extend eastward from
Morocco.

The Tellian Atlas ranges are composed chiefly of
folded Mesozoic and Tertiary strata. South of these
mountains is a broad high plateau region containing
many undrained saline lakes and marshes. The rocks
in this region are somewhat folded and much faulted,
for there are both downwarps and horst blocks. The
rocks of these uplands consist mainly of marine de-
posits of Cretaceous and later ages, but include some
continental deposits. Beyond the plateau belt is the
Saharan Atlas Range composed of folded Tertiary
strata. The southern front of this range descends
steeply to the Sahara Desert, a vast expanse of plains
underlain chiefly by Miocene and Pliocene deposits.
Tertiary volcanic rocks are present at many places in
the mountain areas.

The northern and northwestern parts of Tunisia are
mountainous and well watered. The central plateau
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region farther south is more arid and is crossed by an
eastern extension of the Saharan Atlas Mountains.
Another branch of the range extends southeastward.
The northern part of the eastern coastal belt is a low-
land region 50 to 100 km wide, which is fertile and
fairly well watered. In its middle part are several
oases, but the belt narrows southward, where there are
brackish marshes and shallow intermittent lakes. The
southern part of the country is within the Tunisian
Sahara, but there are some upland areas, chiefly in the
extreme southeastern part.

The northern mountains are composed chiefly of
marine strata of Late Triassic through Jurassic ages.
Much of central Tunisia is underlain by Lower Cre-
taceous formations. Upper Cretaceous strata are ex-
posed near the coast, and Miocene and Pliocene beds of
sandstone and marl underlie most lowland areas. The
Tunisian Sahara is underlain largely by Quaternary
sand and gravel.

Many noted thermal springs rise in Algeria. Several
were developed as bathing places during Roman times,
and they are still well-patronized resorts. According
to Hanriot (ref. 2455), there are 77 groups of mineral
springs in Algeria; of these, 64 are classed as thermal.

There are several groups of thermal springs in the
mountainous belt that crosses northern Tunisia. The
most accessible of these springs were developed in
ancient times as bathing resorts and have been in nearly
continual use down to the present. Another region of
thermal springs is in the south-central part of Tunisia
where numerous springs, both thermal and of normal
temperature, issue along the borders of saline flats,
especially at Shat-el-Jerid. These and the northern
springs are described in a comprehensive report by
Berthon (ref. 2436).

141

Information on the thermal springs in Algeria and
Tunisia is summarized in the two tables below. The
locations of the springs are shown on figures 42 and 43.
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Thermal springs and wells in Algeria
[Data chiefly from refs. 2448, 2449, 2455. Location of unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

No. Temper- Flow Total e
on Name or location ature of |(liters per| dissolved Principal chemical. Associated rocks Remarks and additional references
fig. 42 water | minute) solids constituents
(°C) (ppm)
1 | Hammam Ben Chiguer (Sidi | 26.3-33 40 3,075 | Ca, Na, HCO3, C1_.__._____ Faulted Miocene strata..___ Many springs. Water used for
Chirgh). bathing.
2 | Hammam Bou Ghrara | 43.4-45.7 720 404 | Ca, Na, HCOs, Cl_ . _______| 4 springs. Water used for bathing.
(Ghara). ' Ref. 2432. .

3| AinBelKheir_______________ 35 200 1,090 | Ca, Na, HCO3, S04, Cl__ | oo Water used for bathing.

4 | Hammam de Sebdou___.__.. 22.5 Large 450 | Ca, Mg, HCOs, Cl__ | e Seﬁ’e{ﬁ’ springs. Water used for

athing. )

5 | Hammam Tihammamine.. 21.8 Large 392 | Ca, Mg, Na, HCOs. ________| . Water used for bathing. .

6 H?‘S"’f"é“a Tahammamit 3.2 _________ 381 | Ca, Mg, Na, HCO3_ | oo 4 springs. Water used for bathing.

ule: aou). .

7 | Hammam Ouled S8idi Ab- [ 33.3-33.7 500 237 | Ca, HCO3, Cl;free HaS, CO2.| oo 3 main springs. Water used for

delli (Les Abdellys). bathing. Ancient Roman baghs.

8 | Hammam Bou Hadjar_._____ 19-75 Large (3,414-4,890 | Ca, Na, HCO3, Cl._____..__ Quaternary deposits over- | 30_springs. Main spring (75°C)

lying Triassie(?) strata. flows 210 liters per minute. Tufa
deposited in mounds. Resort and
infirmary. Refs. 2432, 2477, 2486.

9 | Ain Madagre___________.____ 30.7 20 2,126 | Ca, Na, HCO3, 804, Cl_____| ... . Water contains 1.1 ppm of As:Os.
Used for bathing.

10 | Hammam Sidi Dederop 55 60 10,223 | Na, Clo | Water contains 64 ppm Br. Resort.

(Baips de 1a Reine). Ref. 2432, .
11| AinelOurka _______________ 42.5;46.5 |- ... 5,609 | Ca, Na, 804, Cl______._____ Faulted Triassie strata______ 2 i{)r%nZgiél Water used for bathing.
ef. .

12 | Hammam Selama. __________ 35; 37 38 14,260 | Ca, Na, HCOs, 804, CL. | 2 oil test wells. Gypsum penetrated
at depth of 272 meters. Water
contains 50 ppm of BOs;. Tufa
deposited. Resort.
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Thermal springs and wells in Algeria—Continued

No. Temper- Flow ‘Total
on Name or location ature of |(liters per| dissolved Principal chemical Associated rocks Remarks and additional references
fig. 42 water minute) solids constituents
(°0) (ppm)

13 | Ain Nouissy._ ..o _._.___ 20.2 10 14,765 | Na, C1._____________ | ‘Water used for bathing. Ref. 2432,

14 | Hammam Ouled Kbhaled 45-49 480 1,833 | Ca, Na, 804, CI; free Hs8, | Faulted Jurassicmarl_______ Many springs. Water used for
(Nazereg). COs. bathing.

15 | Hammam Bou Hanifia, 42-66 600 1,314 | Ca, Na, HCO;, Cl.________. Lower Eocene marl.________ 20 springs in 3 groups. Resort.
(Hanéfia, Sidi Hanefiah). gﬁgient Roman baths. Refs. 2432,

16 | Ain Keberta_.._____.__._____ 24.5 5 4,319 | Ca, Na, 804, CI; free HsS__.| Cretaceous limestone________ Water used for bathing.

17 Ha;rﬁngm Sidi Bou Ab-| 44.5-50.5 40 1,025 | Ca, Na, HCOs, C; free HaS_ | .. 4 %rottlllps of springs. Water used for

ah. athing.

18 | Ain Mekeberta_.____.______. 20.5 10 6,658 | Ca, Na, SO4, Cl. oo e Resort. Ancient Roman baths.

19 | Hammam Sidi Mohamed. . _ 30.4 700 23,076 | Ca, Na, K (595), 804, Cl____|__ ‘Water used for bathing.

20 | Ain  Mentila (Mentilla, 33 13 59,522 | Ca, Na, 8Oy, Cl; free HsS...| Upper Cretaceous marl_..___ Several springs. Water used for
Mentil). bathing. Ref. 2486.

21 | Hammam Ouled Ghalia 36-40 100 2,444 | Ca, Na, 8Oy, Cl; free HsS._.| Cretaceous marl_ ___._....... 2 main springs. Water used for
(Beni-Hindel). bathing.

22 | Hammam Righa (R’hira, 37-67 120 2,466 | Ca, Na, 804, Cl______._____ Miocene strata... ... 10 springs. Resort and military
Rira, Rirha, Merega). hospital. Aquae Callidae Colonia

lz)isgiomans. Refs. 2432, 2445, 2486,

23 | Source Leblanc_._.._...__.__. 24 10 1,610 | Ca, Na, HCO3, Cl_.__...._. Pliocene strata. ... ‘Well 80 meters deep.

24 | Ain Garca.___._.. - 17 1 1,710 | Ca, Na, HCO3, SO4.__ ‘Water used for drinking.

25 | Hammam Zerguin. . - 25-42 Small 6,350 | Ca, Na, 804, CI; free COa.__ Water used for bathing.

26 | Hammam de Djelfa__.______ 28-41 |- 1,632 | Ca, Na, HCO3, 804, C1 - 13 springs. Water used for bathing.

27 | Hammam Berrouaghia (Ber- 35; 44 60 1,508 | Na, HCO;, 804, Cl. ... 2 springs. Water used for bathing.
rouaguia). Ref. 2432.

28 | Hammam Melouane, 34 km 27-39. 5 1,220 29,422 | Ca, Na, 804, Cl_......... Faulted Cretaceous marl_.__| 3 springs. Resort. Refs. 2432, 2477,
south of Alger (Algiers). 2486.

29 | Ain M’ta Melah__________.__ 18 20 12,800 | Na, Cloo oo oo ‘Water used for bathing.

30 | Hammam Ksenna - 38-70 Large 5,466 | Ca, Na, SOy, Cl; free H;S___| Upper Cretaceous strata____| 4 springs. Resort.

31 | Ain Ben Haroun_.___._.___.. 19 50 3,312 Cs;‘,_ Nc?b HCO3, 804, CI; | Upper Cretaceous marl____._ Water used for drinking. Ref. 2432,

ee COy,

32 | Ain Souk el Arba___.________ 19 60 120 | Fea03 (B1) - —oc oo o | e m e e

33 Haénﬁntl)aﬁnl) el Biban (Oued 80-90 60 15,435 | Ca, Na, SOy, Cl; free HaS__| Upper Cretaceous marl_____. ‘Water used for bathing.

ebba).

34 Hanll)ma.m Mansourah (Azi- 25; 26 20 | HCOs3; free HoS. .o ______ Faulted Miocene strata__._. 2 springs. Water used for bathing.
gal).

35 | Hammam Guergour (Sidi | 41.2-48 Large 3,521 | Ca, Na, SO4, Cl_.____._.._. Faulted Tridssic strata._._.. 13 springs. Resort. Ancient Roman
el Djoudi). baths. Refs. 2432, 2473.

36 | Hammam Bou  Sellam | 38.5-49 18 1,399 | Ca, Na, SOy, CJ; free HyS___| Fault between Cretaceous | Water used for bathing.

(Ouled Yelles). and Triassie strata.

37 Sollirce )Takitou.nt (Ain 18-21.7 12, 500 2,210 | Ca, Na, HCOs3, Cl___._...__ Upper Cretaceous strata____| Water used for drinking. Ref. 2432,

amza).

38 | Hammam Bou Taleb 49-50 20 3,150 | Ca, Na, SO4, CL___._.______ Triassic strata_.____..___..____ 5 main springs. Water used for
(Thaleb, Ouled Sefian). bathing. Ref. 2432.

39 Hjanm;am Gosbate (Grid- 40.8 Large 4,968 | Ca, Na, HCOs, Cl; free HaS_ | ... ... Water used for bathing.
ima).

40 | Hammam Salahine (Sala- 43-44.9 1,380 9,159 | Ca, Na, HCOs, 804 Cl; | Cretaceouseclay_____________ Tufa deposited. Resort. Refs,
hin). free H3S. 2432, 2468,

41 | Hammam G. Rule, 0.5 km 21.3 Large | o oo Free HsS.
southeast of Hammam
Salahine.

42 | Hammam Sidi el Hadji ___.. Warm |- 3,020 | Mg, Na, 80, Cl____________| .. Water used for bathing.

43 | Ain Sokhna (Sukhna)_______ 42.6-45.4 Small 2,018 | Ca, Na, SOy, Cl; free HoS___| Pliocene strata overlying | Several springs. Water used for

Triassic strata. bathing.
44 | Hammam Bou Akkaz.______ 39.5 50 2,724 | Ca, Na, HCO3, SOy, Cl.____ Upper Cretaceous limestone_| Large deposits of tufa. Water used
{)orthbathing. Ruins of Roman
aths.

45 | Hammam Beni Cuecha (Ro- | 40.7-53.2 15 16,876 | Ca, Na, SO4, C); free H,S___| Oligocene and Miocene | 3 main springs. Large deposits of
cher Rouge). sandstone. tufa.

46 | Hammam Bou Hallouf._____ 45 85 3,260 | Ca, 804, Cl .o | Water used for bathing.

47 Hg{mmam 1)30u Hilip (Ain 33.9 600 500 | Ca,Na, HCO3,Cl; free HoS_ | ______ Do.

asserou).
48 | Hammam Grous...__._____. 33-37.6 Large 1,160 | Ca, Na, SO4, Ck___________ Fault between Cretaceous Do.
. and Triassic strata.

49 Ailll'l ID%Qbel) Leckhal (Lek- 31.7 Large 553 | Ca, HCOs, 8Os Cretaceous limestone________ Do.

al, Tinn).

50 | Ravin du Rummel ____.____ 29. 5-31 4,000 785 | Ca, Na, HCO3, 804, Cl. .| ... Do.

51 Sourt;e du Hamma (Le Ham- { 33.5-36.5 Large 729 | Ca, Na, HCOs, Cl__.__.____ Cretaceous limestone._____ 3 main springs. Ref. 2443.
ma).

52 | Hammam Chaboura_..____. 39 Large 1,430 | Ca, Na. HCOs, 8Os O | oo Sglf&r deposited. Water used for

free HsS. athing. .

53 | Ain Tamersit Keirgis_.._.___ 25.6 100 1,197 { Ca, Na, HCOs, 8Os CY | __________. Wtq,ter used for bathing and irriga-

free HsS. lon.

54 | Ain Tamersit Guerbir_______ 25.6 90 1,320 | Ca, Na: HCOs, S804 CL |l Sub}flﬁ; deposited. Water used for

free HS. athing.

55 | Hammam Kinif..___________ 45 Small |___._.______ _________f __________________________________________________ Vapor vents. Much free COg; de-

posits of BaCOs. X
56 | Hammam des Amamrhas___| 5865 | _______.__ 2,190 | Ca, Na, HCOs, 8Os, Cl; | Lower Cretaceous quartzite.| Water contains 7.3 ppm of Li.
free HaS. Water used for bathing. Aqua

Flaviana of Romans.

57 | Hammam Meskoutine 72-98 6, 000 1,466 | MgCOs (257); MgSO0; (176); | Faulted lower Eocene strata_| 8 main springs; hottest flows 1,800
(Hammam  Meskouten, MgCls (416); NaCl (416); liters per minute. Water contains
Hammam-Mez-Koutin, KC1 (79); gas, 97 percent 6.5 ppm As. Large deposits of
Ham-am-escoutin, Bains COs, 2.5 percent Na, 0.5 tufa containing pisolites of arago-
Maudit), 18 km from percent HoS. nite. Cloud of steam. Bathing
Guelma. resort. Aquae Tibilitnae of Ro-

mans. Refs. 30, 1568, 2432, 2433,
2435, 2437, 2438, 2440, 2447, 2453,
2454, 2461, 2464, 2466, 2467, 2470,
2474, 2476, 2477, 2486, 2492, 2403-
2495,
68 | Hammam Oued Hamimine__| 40.5-47.2 Large 2,301 | Ca, Na, HCOs, SOse— |\ 13springs. Resort. Refs. 2463, 2486.
59 | Hammam du Djendel. ______ 4243 | 2,242 | Ca, Na, SOy, Cl; free COq, | ... Water used for bathing. Ancient
. HS. Roman baths.

60 | Hammam Oued Ali (Ham- | 49.7-56.7; | Large 1,264 | Ca (272); COs, (480); SO4 | oo 2 groups of springs. Water used for

mam des Biban), 12.4 km 90 (618); gas, 80.4 percent, bathing. Ref. 2475.

northwest of Guelma.

N3, 19.6 percent COaz.
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No. Temper- Flow Total
on Name or location ature of [(liters per| dissolved Principal chemical Assoclated rocks Remarks and additional references
fig. 42 water minute) solids constituents
°C) (ppm)
61 | Hammam Bradaa (Braada, 28-29.4 8, 000 371 | CaCOs (200); MgCOs (37); | Faulted Upper Cretaceous | Tufa deposited. Water used for
Ain Berda), at northeast- Nas80,4 (63); NaCl (22); marl. irrigation. Ancient Roman baths.
ern end of Mount Debahr. gas, 86 percent N3, 17 per- Refs. 2462, 2492, 2494, 2495.
cent COq, 2 percent O,
62 | Hammam N’Bails (Nador).. 3042 500 5,839 | Ca, Na, HCOs, 804, Cl_____ Fault between Cretaceous | Large deposits of tufa. Water used
and Triassic strata. for bathing. Ancient Roman
baths. Ref. 2432.
63 | Hammam Reguema.________ 49.8 1. ... 1,090 | Na, HCOs3, SO4, Cl. oo {mccc e ecccmcccccmcacmcmeaee Wﬂter us]c;dt hfox' bathing. Ancient
oman baths.
64 | Hammam Youks les Bains__| 33. 535 50 430 | Ca, HCOj3, SOy; free HoS__._| Upper Cretaceous limestone_ Do.
65 | Hammam Sidi Yahia__._____ 34.6 Small 10,378 | Na, Cl. o oeenan ‘Water used for bathing.
66 | Hammam Tassa_._ oo 39-40.6 Large 1,992 Ca Na HCOOs, Cl; free HzS.| Upper Cretaceous limestone. Wﬁter usgbd tg)r bathing. Ruins of
oman baths.
67 | Hammam Zaid......._..__.. 39-41.4 Large 1,015 | Ca, Na, HCO;s, C); free HaS_ F:}Fl!: bg,tweeix Eocene and | 4 main springs. Resort.
riassic rocks.
68 | Hammam Sidi Djaballah_.__| 31.6;37.1 |__________ 986 | Na, SOy, Cl 2 %)r;nissz Water used for bathing.
ef. N
69 | Hammam 8idi Trad___.__._. 60.7;63.9 | 424 | Ca, Na, HCOs, Cl._________ e Do.
70 | Ain Sidiel Adjene___.._..._. 34.9; 35.6 50 512 | Ca, Na, HCOs;, 804, Cl._.__ 2 springs. Water used for irrigation.
...... Ain Djeraba. PR [ Water is sulfurous.
...... Ain Kear el Tir.._.__ Warm
...... Ain Sfa . _______________
...... Hammam de la Barbinais... Do.
______ Hammam Boughara...._..__
...... Hammam Bou Ilef__
...... Hammam Dalsaa.. - ‘Water is sulfurous.
______ Hammam Ibainen.___._..... ‘Water is saline.
______ H%‘mxg%m Oued Kgob (Sidi ‘Water is sulfurous.
arbi).
...... Hammam Ouled Tebben.._. HOb |- e e | eeme i ceemee e aeeeem----| Water is ferruginous.
...... Hammam 8idi M’Cid (Mes- . T P, 778 | Ca, Na, HCO3, Cl. ... . .-| Several springs. Water used for
cid) bathing. Ref. 2437,
...... MegriS. - oo oo 30 | e R
Thermal springs and wells tn Tunisia
[Data chiefly from ref. 2436]
No. Tempera- Flow Total
on Name or location tare of (liters dissolved Principal chemical Associated rocks Remarks and additional
fig. water per solids constituents references
43 ©0) minute) (ppm)
1 H;amgam Ahmed ben Med- 27 (11520 Ca, Na, S04, Cl__._._______ Lower Eocene strata.._____.
oul
2| Ain Zitouna_________________ 22 Lower Cretaceous strata____
3 | Hammam el Atrous.._______ 47 Cretaceous dolomite_._._____ Several springs.
4 | Hammam ben Abbes_.._..__ 27 Faulted Cretaceous dolo-
5 | Hammam Abd el Kader_____ 27
6 | Hammam el Dherab.......__ 27
7 | Hammam el Chfaa___.__.___ 27
8 | Hammam el Tella Merzoug. 20.5 10, 960 -
9 Aitl} toil Hammam, at ruins of 34 Large 1,840 | Na, Clo___ ... Alluvium. ..o Source of water supply. Ref. 2480.
ca.
10 | Ain Oued EI-Lil_________.____ 21.5 96 4,004 | Ca, Na, HCO3___._.._._____ Upper Cretaceous strata._ .
11 | Hammam Lif (Leef).._______ 43; 50 245 14,825 | Na, 8Os, CL________________ Jurassic strata__..____ ... 2 szggngiél Refs. 2432, 2454, 2459, 2487,
12 | Ain Kalaa Srira (Fguil)._.__ 42; 45 108 11,200 | Ca, Na, 804, Cl....__.____ Faulted upper Eocene strata | 2 springs on seashore.
13 | Ainel Atrous________________ 60 1,150 11,146 | Ca, Na, SO, Cl_______.____ Upper Eocene strata__...___
14 | Ain Chefa, at Korbous..____ 58 75 11,567 | Ca, Na, SO, CI._ do Ancient Roman baths.
15 | Ain Kebira (Kelbia), at 50 557 11,500 | Ca, Na, 8O, Cl_. Ref. 2469
Korbous.
16 | Ain Haraga, at Korbous.... 45.5 25 11,030 | Ca, Na, SOy, Cl
17 | Ain Sbhia, at Korbous...__.__ 50.2 42 11,010 | Ca, Na, SOy, Cl
18 ( Ain Fakroun, 1 km north of 25 14 | e On seashore.
Korbous.
19 | Ain Sidi Messaoud._...._._ 45 1) S N Do.
20 | Ain el Okteur, 5 km south- 22 16 2,475 | Na, CL. Source of water supply.
west of Korbous.
21 | Ain el Hammam (Tabarka). 35 180 Ca,Na, Cl.___._... % uaternary strata__. i
22 | Bordj el Hammam. . __ 39-48.5 92 Ca, Na, C] free HaS. pper Eocene strat: 3 springs. Water used for bathing.
23 | Kef el Hammam ___. 39-51 325 - 3 springs.
24 | Ain el Hammam (Ko 29 21 || eeoe .
25| Hammam Salahine| 46.570 [ S Ca, Na, Cl; free EloS__ ... 2 springs.
(Gouaidia).
26 ng;@lmam des Ouled ben 30-40 Small | Ca,Na, Cl_ .. ____. Lower Eocene strata_..
em
27 | Hommam Sejala, 8 km 46 T Ca,Na, 804, Cl___...._.... Lower Miocene strata. Water supply for town.
southwest of Beja.
28 | Hammam des Ouchtetas__.. 4.5 240 | e Upper Eocene strata Water is sulfurous. Used for bathing.
29 | Hammam des Ouled Ali_ ___ 40 30 . Na, Clo |l A0 oo AtR Colonia Thuburnica of ancient
omans.
30 | Hammam el Fouzoua_______ 30 180 |ocoooeoooos Ca, HCOs, 8Os oo . Lower Miocene strata. Water used for irrigation.
31 | Hammam de Bulla Regia, 26 300 |- Ca,Na, Cl___._ .. Lower Eocene strata_. ‘Water supply for town.
QA 11()m morth of Souk el
rba
32 | Hammam Biada________._.. 45 120 Triassic strata_ ___ 2 springs. Water used for bathing.
33 | Hammam des Ouled Abbed_ 44 18 .| Eocene strata.._.__
34| AinZiga.._._______.__..___ 22 Lower Eocene strata. . Paﬁt of water supply for Tunis.
ef.
35 | Ain Djebel Oust. ..______.__ 54.5 9 17,847 | Ca, Na, 8Oy, Cl_._._.....__. Faulted Cretaceous strata.. Anclent

Large degosits of tufa.

Roman baths.
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Thermal springs and wells in Tunisia—Continued

STATES AND OTHER COUNTRIES OF THE WORLD

Angola has a rather arid coastal plain 50 to 150 km
wide bordering the Atlantic Ocean. From this plain
the country rises in irregular steps to rolling well-
watered plains of the central African plateau. The
northeastern part drains to the Congo River, and the
southeastern part consists largely of sandy desert within
the basin of the Zambezi River. The highest lands are
in the district of Benguela in the southwestern part.

The central plateau is chiefly of ancient crystalline
rocks, which include granite in some areas. These older
rocks are overlain largely by Paleozoic sandstone and
conglomerate, and wide areas are covered by laterites.
An upland zone, approximately parallel to the coast,
is largely of granite and other crystalline rocks which
are covered in many areas by ancient sedimentary
rocks. The coastal zone is largely of Cretaceous and
Tertiary formations overlying pre-Cretaceous red sand-
stone. Recent eruptive rocks form hills at several
places in the district between the cities of Benguela
and Mossamedes not far from the coast. A volcanic

No. Tempera- Flow Total
on Name or location ture of (liters dissolved | Principal chemical Associated rocks Remarks and additional
fig. water per solids constituents references
43 °C) (minute) | (ppm)
36 | Hammam Zriba_..__.._..__. 46 360 5,472 | Ca, Na, 804, Clooo..____ Upper Cretaceous strata_._. Large deposits of tufa. Resort.
37 | Hammam Jedidi (Djdidi)._- 61 830 19,310 | Ca, Na, 804, Cl.____._..____ Faulted Triassic strata___.._ 2 springs and shallow well. Water
used for bathing. Ref. 2469.
38| Ain Garei. ... ... 22 18 |eoccmeeeee Ca, Mg, Cl. e Efper Cretaceousstrata. . __
39 | Hammam Mellegue. ... 38 40 oo Ca,Na, Clo oo iddle Cretaceous strata. ..
40 | Source du Frozza Nord....._ Warm Small Lower Cretaceous strata____| Water is sulfurous. Ref. 2454.
41 | Source du Trozza Sud.__ ‘Warm Small | e[ Lo 1, - Do.
42 | Hammam Sahline.. .. 65 66 Na, CL. uaternary strata_._. -| Water used for bathing.
43 | Hammam Zebbess___ 35 150 oo Ca, Mg, 804, CL_____._______ pper Miocene strata_____.. 0.
44 | Ain Rebaou._.......____..__ 28 4,000  |uemommmem o] mcemmmemm e Contact of Eocene strata | Water used for irrigation.
with underlying Creta-
ceous strata.
45 | Ain Feriana_____.....___.____ Warm Large Alluvium .o W;&eg 24used for irrigation. Refs.
46 | Hammam Djebel Meich_____ 36.5 Large |-ccceeeo--- Ca, Na, 804, Cl__..__._.__|o_doo_ . Water used for irrigation.
47 | Ain 8idi Ahmed Zaroug.._.. 26.5: 29 420 |ooee- Ca, Na, 804, Cl__._______.__ Cretaceous strata____.. -| 2springs. Water used for bathing.
48 | Ain Dar-el-Bey, at Gafsa___. 31-37.5 | 9,000 335 | Ca, Mg, Na, HCOs;, S04, | Upper Miocene strata. 3 main springs. Water used for irri-
ClL gation. Ancient Roman baths.
Refs. 2454, 2456, 2458, 2459, 2480,
2487, 2491.
49 | Ain Faouara._..__.___.____.__ 31 1,800 oo Oaé . Mg, Na, HCOs3, 8O, |- (s [+ Wza;tse; 24used for irrigation. Refs.
50 | Ain Nefta_ .. _.______.___ 27.5-30 70, 000 405 Ca,] Mg, Na, HCO3, SOy, |- L 1 Water used for irrigation. Ref. 2454.
51 | Ain el Hamma du Djerid____ 30; 45 Large | ocooemnas C%l Mg, Na, HCO3, 2 springs. Water used for irrigation.
52 | Ain El Oudiane...__ 360 ‘Water used for irrigation.
53 | Ain Tozeur (Touzer) 60, 000 ‘Water used for irrigation. Ref. 2454.
54 | Ainel Bordj...._______._..__ 10, 800 3,405 | Ca, Na, S04, Cl______ _____|-____ [« (s ‘Water used for irrigation. Ref. 2454,
55.{ Ain Seba, in El Hamma 39-47.5 Large 1,920 | Ca, Na, SOy, Ol _______|.___. L+ 1o I Much free gas. Water used for irri-
oasis. gation. Ref. 2459.
56 | Ainel Hamma_________._.___ 37-57 Large 3,369 | Ca,Na, SOy, Cl__________l____. doo oo Spring and wells. Water used for
. irrigation. Refs. 2436, 2439.
57 | AinSaada. ... 20-30 Large oo e mmmmm | d0-cccveeaeea.-..| Spring and wells. Water used for
irrigation, Ref. 2454.
ANGOLA

mountain called Coculo-Cabaza, south of the Kwanza
(Cuanza) River, probably is the Zambi volcano of

Fuchs (ref. 43).

There probably are other areas of

volcanic eruptions and lava flows.
The available data on the several thermal springs in
the southwestern part of Angola are summarized in the

table below. The locations of the springs are shown on
figure 44.
Thermal springs in Angola
[Data from refs. 2497, 2498]
No. Tempera-
on fig. Name or location ture of Remarks
44 water (°C)
1| Andulo__ .. Hot | In voleanic district of Bihi.
2 | Chieuca. ... Hot Do.
3 | Ochilesa, on banks of Quime__.__ 45 Several s%ings issuing from
(max) fault. ater is alkaline.
Terraces of tufa deposits.
4 | Montipa, 50 km northwest of Warm
Lubango (S8 de Bandeira). . .
5 | Kitewe, 40 km northwest of Lu- Warm | On'south side of Lunda anti-
bango (S& de Bandeira). clinal axis between Mas-
samedes and Montipa.
6 | North of Pediva_____.___________ Warm | At foot of escarpment.
7 | Kambeno, 10 km north of Kunene Warm | Small amount of H.S.
Rlve{hand 85 km above river
mou
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FIGURE 44.—Part of southern Africa showing location of thermal springs in Angola, Bechuanaland Protectorate, Burundi, Kenya, Mozam-
bique, Northern and Southern Rhodesia, Nyasaland, Republic of the Congo, Rwanda, Tanganyika, and Uganda.
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BELGIAN CONGO (REPUBLIC OF THE CONGO) AND
RUANDA-URUNDI (REPUBLIC OF RWANDA AND KING-
DOM OF BURUNDI)

The Belgian Congo or, since gaining its independence
in 1960, the Republic of the Congo, occupies a large
part of south-central Africa and is nearly all within
the basin of the Congo River, which forms a part of
the western border of the country. A comparatively
small area in the northeast is tributary, through Albert
Edward Nyanza [Lake] and Lake Albert, or Albert
Nyanza, to the Nile River. Cliffs several thousand feet
high along the western shores of Lake Tanganyika and
Lake Kivu mark the great Western Rift Valley.

The Mfumbiro, or Kirunga, Mountains consist of
many volcanic peaks, and north of Lake Kivu are lava
flows that extend across the Western Rift Valley and
form the drainage divide between the basins of the
Congo and the Nile Rivers. The highest peak rises to
an altitude of nearly 15,000 feet; this and several other
high peaks are snow-covered during part of the year.
In the southeastern part of the colony are several minor
ranges. The coastal area at and near the mouth of
the Congo River is bordered by highlands through
which the Congo passes in rapids to the ocean. Nearly
all the remainder of the great river basin is of rolling
uplands that form part of the central African plateau.

Ruanda-Urundi or, since June 1962, the Republic of
Rwanda and Kingdom of Burundi occupy a part of
the plateau on the east side of the Western Rift Valley
between Lake Tanganyika and Lake Kivu. It includes
a part of the valley and its eastern escarpment and also
a part of the lava area along the south flank of the
Mfumbiro Mountains.

Crystalline and metamorphic rocks considered to be
of Archaean age are exposed in the mountains of the
southeastern part of the Republic of the Congo and
also near the coast. In both regions the basal rocks
are overlain by sandstone and grit intercalated with
thick layers of lava. These rocks may be part of the
thick Karroo system of Permian through Jurassic ages.
Nearly all the plateau region also is underlain by the
Karroo beds. Near the coast are marine strata of Cre-
taceous and Tertiary ages.

Data on the thermal springs in the Republics of the
Congo and Rwanda and in Burundi are given in the
table below. The locations of the springs are shown on
figure 44.

Thermal springs in the Belgian Congo (Republic of the Congo)

and Ruanda-Urundi (Republic of Rwanda and Kingdom of
Burundi)

[Data chiefly from ref. 2508. Location of unnumbered spring not identified]

No. on
fig. 44

Name or location Remarks and additional

references
Belgian Congo (Republic of the Congo)

1 | Vicinity of Lake Albert:
Kaswa_______________

Water is hot and sul-
furous. Deposits of
sulfur.

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

Thermal springs in the Belgian Congo (Republic of the Congo)
and Ruanda-Urundi (Republic of Rwandae and Kingdom of
Burundi)—Continued

No. on Name or location Remarks and additional
fig. 44 references
Belgian Congo (Republic of the Congo)—Continued
Vicinity of Lake Albert—Con.

Mount Laba_________ Water is hot and sul-
furous.

Goda._.___________ Water and petroleum.

Pandju._____.________ Water is saline.

2 | Semliki River valley:
Zumbia (Kwaniwa?), | Ref. 2590.
on west side of val-
ley.
East side of wvalley
near base of Mount
Ruwenzori:
Molinglingo. . __.._
5;&‘5&6: ~---=--|}Water is sulfurous.
Mutwanga _.______
3 | Bitagoha (Rutchuru), near
Lake Edward.
4 | Lowa River basin_._______ 14 springs.
5 | Lake Kivu volcanic area:

Sake_ . . ____________

Katana (Kakondo), on | Large deposits of tufa.

border of lake.

Luiro________________

Near Kahusi voleano-_| Water, 60°C, rises in
bathing pool. Much
free CO.. Large de-
posit of tufa. Ref.
2501.

6 | Ulindi (Ilindi) River basin:

Nyaluindja___________

Lualatshi_ . __________ Water is sulfurous.

Lubuka______________

Eight other springs____

7 | Ruzizi River valley:

Luwangi_.______.______

Luvungi_____________

Mokindwa._. . ________

Minyove__ . _._.___

8 | Elila River basin:

Mount Kasongo.._._.___

Pene Kabonde._..._____ Water is saline.

Tchavula_ _ .- ______

Kitutu_ _____________ Water is sulfurous.

19 other springs__.___

9 | Lualaba River valley near
Kibombo:
Kibimbi__ . _________
Lufubu, on left bank | Water is saline. Ref.
of river. 506.
Piani Mimba (Pene | Water issues from schist.
Sipo) group, 12 km Total dissolved solids,
west of Lufubu 33,360 ppm. Princi-
spring. pal chemical constitu-
ents: CaSOQ, (1,791
ppm); CaCl, (3,747
ppm); NaCl (18,494
ppm). Ref. 2506.
10 | Luama River basin:
g:iilﬁfﬁffé """"" }Water is sulfurous.
15 other springs_____._
11 | Luika River basin:
Muesse_ - _______
Kilenga______________
12 | West side of northern part
of Lake Tanganyika:
Mutarnbula 7277 777|} Water is sulfurous.
13 | Pakundi, in Lukuga River
basin.
14 | Tshapona, between Lo-

mami and Luembe Rivers.
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Thermal springs in the Belgian Congo (Republic of the Congo)
and Ruandae-Urundi (Republic of Rwaenda and Kingdom of
Burundi)—Continued

Remarks and additional
references

No. on Name or location

fig. 44

Belgian Congo (Republic of the Congo)

15 | Luvua River basin:
}Water is saline.

16 | West side of southern part

of Lake Tanganyika:
Rutuku______________
Kayungwa___________
Kakonta_._.__________
Kianza, near Tampa.___
N'Ganza__.__________

17 | Vicinity of Lake Upemba:

Water is saline. Ref. 2502.

Water is sulfurous.

10 other springs.______
18 | Lufira Rivey basin:

Tanda Mukola_______
Kashiba_ ... ____._._
Basumba__.___.___.___
Manjakito fault___________ Several springs. Water
temperature about 60°
C. Much free CO;.

Ref. 2501.

Ruanda-Urundi (Republic of Rwanda and Kingdom of Burundi)

1 | Mashiosa, in Lake Kivu
volcanic area._ .. ____._.__
2 | Ruzizi River valley:

EGYPT, LIBYA, AND SUDAN

Egypt, Libya, and Sudan comprise a large part of the
desert region of northeastern Africa.

The northwest coast of Egypt is bordered largely by
cliffs, which rise to an uneven plateau on which are de-
pressions occupied by minor oases. Nearly all the re-
mainder of the country west of the Nile River is occu-
pied by the Western, or Libyan, Desert. In this desert
region are several large oases, notably those of Dakhla
and Kharga, within which are natural springs. Water
also 1s obtained from bored wells sunk to depths of
100-150 meters in sandstone. Flowing artesian water
is obtained in some places.

The eastern part of Egypt is traversed for its entire
length by the Nile River. The narrow Nile Valley
below the Aswan (Assouan) dam, the Fayum area west
of the Nile, and the Nile delta lands are supplied by
irrigation canals from the river; these agricultural
lands, however, constitute only about 3 percent of the
total area of the country. The remainder is desert.

147

Between the Nile River and the Gulf of Suez, the
Eastern, or Arabian, Desert consists chiefly of stony
plateaus of Tertiary and Cretaceous strata. Older
rocks are exposed in a few places. A mountain chain
that borders the west shore of the gulf is largely of
granitic rocks and is flanked on the coastal side by a
narrow band of Tertiary strata that contain thick
masses of gypsum in some places. Farther south, be-
tween Aswan and the Red Sea, the coastal mountains
are largely of crystalline schist with intrusions of gran-
ite, diorite, and porphyry. The uplands west of Aswan
are underlain largely by Nubian sandstone that is con-
sidered to be chiefly of Cretaceous age. In northeast-
ern Egypt, the northern part of the Sinai Peninsula
is composed largely of Cretaceous and older strata that
are somewhat folded and are bordered by Tertiary
strata. The surface rises southward to the high gra-
nitic mountains that form the backbone of the peninsula.

Part of the coast of northwestern Libya is low and
sandy, and other parts that border the Gulf of Sidra
are low ; but much of the shore is bordered by cliffs that
rise to coastal mountain ranges. These extend some
distance inland to the plateau areas of Cyrenaica, or
Barca, in the northeast, and Tripolitania in the north-
west. From the eastern uplands the surface descends
to the Libyan Desert, which occupies most of the south-
eastern part of the country. From the Red Hammada
of the western plateau region, the country descends
more steeply to the depression of Fezzan, which occu-
pies the west-central part of Libya. Much of this area
is below sea level, but rises southward to the higher
lands of the Sahara Desert. The Barca plateau region
is chiefly of Miocene limestone whose strata are some-
what folded. The northwestern uplands are largely
of Cretaceous rocks, but Recent eruptives are reported
in some places, including Takut (Tekuk) and Manterus
volcanic peaks. Rocks of late Paleozoic age have been
found in the Fezzan depression.

In the Cretaceous uplands are several oases with
water of good quality at shallow depths. There are
springs and flowing artesian wells at Ghadames and
perhaps in other oases, but none are classed as thermal.
Some oases with shallow water are in a long depression
south of the Barca plateau. In the higher southeast-
ern region, especially the Kufrah district, several large
oases are spaced along a zone that extends for 300 km
northwest-southeast. Water of only normal tempera-
ture is reported to be obtained in these places.

The entire length of the Sudan is traversed by the
Nile River, but away from this stream and its main
tributaries water is very scarce. The Nubian Desert in
the northeast is a southern extension of the Arabian
Desert of Egypt. Much of the northern region is an
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area of rocky mountains and plateaus of crystalline
rocks which are overlain in many places by Nubian
sandstone of Cretaceous(?) age. West of the Nile, a
great plateau region forms part of the Libyan Desert.
This region contains several oases, but water from the
wells in these oases is reported to have only normal

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

Several hot or warm springs are present in Egypt.
Three localities of warm springs have been reported in
Libya, and warm springs issue at one place in the valley
of the Nile near the north border of Sudan.

The available data on thermal springs in Egypt,
Libya, and Sudan are summarized in the table below.

temperature. The locations of the springs are shown on figure 45.
Thermal springs and wells in Egypt, Libya, and Sudan
[Data chiefly from ref. 2521. Principal chemical constituents are expressed in parts per million]
No. Temper- | Flow Total
on Name or location ature of | (liters |dissolved Principal chemical Associated rocks Remarks and additional references
fig. 45 water per solids constituents
(°C) | minute) | (ppm)
Egypt
1} Ain el Sira, near Cairo_ ___._ 40 .. 120,000 | Mg, Na, 8Oy, Clo ... Eocene limestone._ __...___.. ‘Water level in pool varies with height of
inlle River; no surface outflow. Ref.
516.

2 | Helwan (Helouan les Bains), | 23-34 165 4,890~ | Ca, Na, 804, Clo___.__.___ Pleistocene deposits over- | 3 main springs and 15 wells. Springs
25 km south of Cairo and 4 25,126 lying faulted middle Eo- developed before 1600 B.C.; wells
km east of Nile River. cene limestone. drilled in recent years. Bathing resort.
. Refs. 2510, 2517, 2523, 2525.

3 | Ain Sukhna, 50 km south- 33 6, 800 8,840 | Ca0 (750); MgO (424); SO3 | Upper Cretaceous limestone | Springs rise in several pools near base of
west of Suez and 2 km from (981); NaCl (6,142). and Jurassic sandstone; fault scarp. Ref. 2526; also field notes
shore of gulf. faulted. of G. A. Waring.

4 | Ayun Musa, 25 km south-
east of Suez:

NoO Lee ol 17 3,250 | 8i02 (60); CaO (476); MgO Issue from sand dunes. Known as

40 (94); SO; (483); NaCl “Springs of Moses.”” Water used for

(1,755). Alluvium overlying marine irrigation and refreshment of caravans.

NO. 2o 17 5,600 | Si0: (24); CaO (640); MgO | Tertiary clay. Refs. 2512, 2544; also field notes of G.
(373;9) S03; (555); NaCl A. Waring.

5 | Hammam Faraun, on gulf 7 Large | 16,480 | CaO (1,760); Mg (544); SO; | Faulted Eocene sandstone | Many springs for 400 meters along shore,

shore, (max) (598); NaCl (14,320); free and limestone. at base of cliffis. Known as ‘“Baths of
H.S. Pharoah.” Water has petroliferous

odor; may be partly sea water. De-

2'[’)80:*.5“;5 of sulfur. Refs. 2512, 2522, 2524,

6 | Hammam Saidna Musa 25 Small 9,330 | CaCOs (1,034); HaSO4 (1,- | Faulted Cenomanian marl Several springs at base of hill. Known
(Moussa), 3 km north of 036); NaCl (6,347). and limestone (Upper as “Baths of Moses, the Master.”
Tor. Cretaceous). Water used for irrigation. Ruins of

ancient baths. Refs. 2512, 2515.

7 | Bowitti, near El Kasr in [33.7;34.2 [ Moder- I - --| Nubian sandstone (pre- | 2 springs. Water used for irrigation.
1}3,ahar;ya Oasis (Oasis ate Cretaceous?). Refs. 2528, 2805.

arva).

8 | Ain Dalla, 60 km west of | Warm | Consid- |- _o_foceeoo__.___ ---.| Cretaceous strata........... ‘Water issues from top of sandy mound in
Farafra Oasis. erable center of depression; sulfurous but

palatable. Ref. 2511.

9 | Near El Kasr (Qasr), on 1+ T S (N R, Cretaceous sandstone . ... Probably Ain Sheikh Mawhub, 10 km

r(l)ortgh border of Dakhla west of El Kasr. Refs. 2528, 2805.
asis.
Libya

1 | Dugs, near crest of Tarhuna | Warm [-._.._____ | ) e Water is ferruginous. Ref. 2527.
Mountains and 75 km
southeast of Tripoli

2 | Wadi Dernah.__ - e . Extensive deposit of tufa. Ref. 2519.

3 Marzgla Oﬁgis: b

ine Ta - P B .| OO P SO P OEPRUUPRUN (R EP IO
Ain ez Zaugia___ - N }Ref- 2513.
Sudan
1 | Akasha, ;7S S N82804, NaCl. - - oo Several springs. Water used for bathing.
. Ruins of ancient baths. Refs. 2514,
2518, 2520.
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ERITREA, ETHIOPIA, FRENCH SOMALILAND, AND
SOMALI REPUBLIC

Eritrea, Ethiopia, French Somaliland, and the So-
mali Republic form the easternmost part of Africa.

The northern part of Eritrea, which forms a rela-
tively narrow band along the southwest coast of the Red
Sea, widens to include a plateau region west of the
coastal range, but the southern half is limited chiefly to
a belt of hills and coastal plain less than 80 km wide.
This southern part, which lies within the great East
African Rift Valley zone, contains large areas of arid
plains in which are several lakes. Much of the drain-
age from regions farther south and west ends in salt
plains and basins in this region, some basins being
below sea level. In this part of the rift zone are also
many lava flows and volcanic mountains. Southeast of
Asmara a great lava field extends north and south from
Alid volcano; farther southeast are several volcanoes
that have been active in recent years. The mountains
of the northern part of Eritrea are chiefly of gneiss and
schist, whereas the plateaus farther west are largely of
thick formations of sandstone and limestone, probably
of Cretaceous age.

The western half of Ethiopia is a region of high
plateaus above which rise several mountain ranges.
Drainage is chiefly to the Blue Nile River and its tribu-
taries. This high region is limited on the east by a re-
markably straight north-south escarpment that marks
the west side of the great East-African Rift Valley zone.
Within this wide depressed belt much of the country is
hilly. The Harar Hills form an east-west range that
separates the drainage northward toward the Red Sea
from that of the lower region, sometimes called Abys-
sinian Somaliland, whose streams flow south and south-
east to the Indian Ocean. In the higher mountains of
the northwest, Archaean gneiss and schist form the
cores of the principal ranges which are flanked by
Triassic(?) and Jurassic limestone and shale. Large
parts of the plateau regions are covered by igneous
rocks of Mesozoic age. The Harar Hills are largely of
Tertiary limestone. Along the Rift Valley zone are
many areas of Tertiary to Recent volcanic rocks.

French Somaliland is a comparatively small area at
the entrance to the Red Sea and consists chiefly of ele-
vated arid plains, mainly within the great East-A frican

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

Rift Valley zone. Volcanic rocks border the west end
of the Gulf of Tajura on whose shore is the seaport of
Djibouti. A chain of saline lakes inland receives the
flow of the principal river in a depression that is more
than 100 meters below sea level. The saline lake of
Bahr Assal isin this low area.

The Somali Republic, which formerly was British
Somaliland and the Somaliland Trust, forms a scissor-
like band between the eastern section of Ethiopia on the
west and the Gulf of Aden and Indian Ocean on the
north and east, respectively. In the northwestern part,
along the Gulf of Aden, is a coastal plain of considerable
width underlain by marine Cretaceous and Tertiary
strata. This plain is bordered by a coastal range, and
farther inland another range rises to altitudes of more
than 3,000 meters, then lowers southward to plateau
areas. In the northeastern extremity a high range bor-
ders the gulf coast and a rocky coast borders the Indian
Ocean. Farther inland in this area are high plateaus.
Most of the mountain ranges are of granite cut by
quartz veins. The plateaus are underlain mainly by
thick formations of sandstone and limestone, probably
of Cretaceous or earlier age. The central part also
consists chiefly of plateau above which rise several high
mountains. The southern part includes much lowland
along the valleys of the Juba and Shebeli Rivers. The
region from the inland plateaus to the seacoast is under-
lain by granite, gneiss, and crystalline schist. Several
areas of Tertiary volcanic rocks are in the southwestern
part.

Notes on thermal springs in Eritrea and Ethiopia are
scattered through publications of early explorers. More
recent information is available on several springs in the
northwestern part of the Somali Republic, and a de-
tailed report on the hot springs in French Somaliland
was issued by Aubert de la Riie (ref. 2530). No ref-
erence has been found to thermal springs in the eastern
part of the Somali Republic bordering the Indian
Ocean, though the character of the rocks and the geo-
logic structure in the northern and central parts seem
favorable to the presence of thermal water along faults
and fractured folds.

The available information on thermal springs in
Eritrea, Ethiopia, French Somaliland, and the Somali
Republic is presented in the table on page 152. The lo-
cations of the springs are shown on figure 46.
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Thermal springs and wells in Eritrea, Ethiopia, French Somaliland, and Somali Republic
[Locations of unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

No. Tempera- Total
on Name or location ture of Flow dissolved Principal chemical Associated rocks Remarks and additional references
fig. 46 water (°C) solids constituents
(ppm)
Eritrea
1 Ml?dmoullou, 4 km west of b 3 7 O O ) S Shallow wells. Ref. 2549,
assawa.

2 | Ailet (Ailate, Heylate), 36 50-67.4 (. __________ 833 | SiO2 (88); Na (196); HCO3 | Schist and quartzite intrud- | 3 main springs. Water is radioactive.

km west of Massawa. ‘gul); 6%0. (33); Cl1 (77); ed by basalt. 2I§ie£2%05rlbathing. Refs. 2544, 2546,
ree CO3, .

3 | Ali-Hasa, 15 km southwest | 52.5-60 | _______.___ 745 | 8i03 (81); Na (168); HCOs | Schist intruded by igneous | 2 main springs. Water is radioactive.
of Ailet. (276); S04 (102); C1 (80). rock. Used for bathing. Refs. 2550, 2552.

4 | Atzfut, at Hatefete, 3 km 4 || NaSOy, MgSOs. ... __—- Cellularlava_.__.__._..___.. Refs. 2534, 2549.
from ruins of Adulis and
0.5 km from seashore. .

5 | Guel, 3 km east of Adulis { 58.4-69.8 |___________ | oo _ Lava. e 18 springs issuing at base of extinct
and near seashore. volcano. Inundated by high tide.

Refs. 2433, 2549,

6 | Komali (Komalyi), near ' 3 1« Y R ) USRS Shallow wells. Ref. 2634.
Annesley Bay and 10 km
from Zula.

Ethiopia
1 | Bend of Casam River_______ 66 oo D Several springs flowing into grove of
palms. Water used for bathing.
Ref, 2539.

2 | West shore of Lake Tasana Hot | e 25 springs in large crater, Water is
(Tsana, Tana, M’ sulfurous. Refs. 30, 2549,
‘Woutan).

3 | Goramba, near Mahadera 82,5 | e - Ref, 2546.

Mariam.

4 | Wirrus Aggie and Sat Al- 40,60 | el N Y 2 springs. Ref. 2546.
lenga, 15 km from Go-
ramba.

5 | Wayra, in Nile River valley CHot | e el Several springs. Ref. 2546.
below Korata.

6 | Agitta_______________________ HOb | e e Do.

7 | Dlbbi, on east bank of Warm | || Many springs. Water is slightly
I’sser River. saline; much free CO2. Ref. 2533.

8 | Dembitcha (Dembecka), in Warm | e el Several springs. Ref. 2546.

Nile River valley.

9 | St, Abbo (Sidano?) and L7 O I I D P 2 springs. Water is tasteless and
Holy Virgin, near Dofane odorless. Refs. 2532, 2545,
volcano and 80 km north-
northeast of Ankober.

10 | Sirke (Sirge), at base of the HOb oo el Several springs. Refs. 2531, 2545.
Galla Hills near Errur
(Erer). 3
11 | Lake Stefanie_______________ Hot Large | o oo | oo e . Sevelial springs. Water is brackish,
Ref. 2538.
...... Near Aito Hill.______._____. 4548 (e .. ___._| Redsandstone_.__..____.___| 4 wells (Aragawi, Selassie, Mariam,
Abbo). Small amount of H3S,
Water used for bathing. Ref. 2539.
...... Foot of Finfini Mountains... )2 00170 O EN feeem-o--| 3 wells. Water is sulfurous. Ref.
2540.
...... Ta’hou, between Owssa and Hot |- o] Several springs spouting to height of
Gondah. several {t. Deposit of hard white
material (siliceous sinter?) around
outlets. Ref. 2541,
French Somaliland
[Data chiefly from ref. 2530}
1| Alta (Goum) and Halol...__|____________ Water is slightly saline.
2 | Obock, on seashore._________ 69-71 Water is very saline and sulfurous.
Used for bathing.

3 | Near Tajura (Tadjourah), in 33 Several springs. Water is potable
valley of Aiboi.

4 | Ouéah, on Oued Madagala___ 36 Water is potable.

5 [ Near Lake Assal:

East shore._._.._._______ 34.5-35.8 _| About 160 meters below sea level.
ef. 2535.
South shore____._.________ 77 About 160 meters below sea level.
Water is saline. Large deposit of
travertine. Ref. 2535.
5 km from so