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THERMAL SPRINGS IN THE UNITED STATES

By Norau D. Stearns, HaAroLD T. STEARNS, and GERALD A. WARING

ABSTRACT

The earliest extensive studies of thermal springs in the United States were
made by physicians. In 1831 Dr. John Bell issued a book entitled “Baths and
Mineral Waters” in which he listed 21 spring localities. In the edition of his
work published in 1855 the number was increased to 181. The earliest report on
8 geologic study of thermal springs was that of W. B. Rogers in 1840 on the ther-
mal springs of Virginia. In 1875 G. K. Gilbert published a map and table showing
thermal springs in the United States and pointed out that they are present chiefly
in the mountainous areas of folded and faulted rocks. Early geologic study of
them was prineipally inspired by the information which they afford at a few
places on the deposition of minerals. The relation of hot springs to voleanic
action has been studied in the Yellowstone National Park and near Lassen Peak
in California. Studies in recent years have been concerned with the source of
the water as well as of its heat.

All the notable thermal springs in the eastern United States are in the Appa-
lachian Highlands, principally in the region of folded rocks. The Atlantic
Coastal Plain contains no appreciably warm springs. In Florida there are large
springs whose water rises from a depth of a few hundred feet and is about 5°
above the mean annual temperature, but they are not usually classed as thermal.

The only warm springs in the great Interior Plains region are at and near Hot
Springs, 8. Dak., in the vicinity of the Black Hills uplift of erystalline rocks.
In the Interior Highlands thermal springs occur only in the Ozark region, the
largest group being at Hot Springs, Ark.

The Rocky Mountain System includes the Yellowstone National Park, with
its world-famous hot springs and geysers (see pls. 7, 12), and there are many other
hot springs within this great mountainous region. In the Intermontane areas of
great lava plains and faulted lava mountains in Utah, Nevada, southern Idaho,
and eastern Oregon there are many hot springs, closely associated with the larger
faults. In the Pacific Mountain System, including the Cascade Range and Sierra
Nevada, there are many warm and hot springs, some of which issue in areas of
granite, and others in areas of lava. In the Coast Ranges of California many
thermal springs issue from different geologic formations.

Of the total of more than 1,000 thermal-spring localities listed in this paper
more than half are situated in the three States of Idaho, California, and Nevada,
each of which contains more than 150 thermal-spring localities. Wyoming, in-
cluding the Yellowstone National Park, contains more than 100 hot-spring local-
ities. Oregon, Utah, Colorado, Montana, and New Mexico contain several
dozen thermal springs each, of which the prineipal ones are developed as resorts.
The other thermal springs are scattered through 12 States, of which Massachu-
setts, New York, Pennsylvania, and North Carolina contain one spring or group
each. More than half of the total number are developed as resorts or used for
irrigation or water supply, but many have remained undeveloped because they
are not easily accessible.
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60 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1935
INTRODUCTION

Since the compilations and discussions of the thermal springs of
the United States by Gilbert,! in 1875, and Peale,? in 1883, there has
been no general publication on thermal springs for the United States
as a whole, dealing with their geologic relations. A large amount of
literature can be found, however, relating to individual thermal
springs or to thermal springs in specific areas. The present paper is
chiefly a compilation and summary of the available information on the
thermal springs of the United States, but it also contains a large
amount of original data obtained in the field by several geologists of
the Geological Survey and by the United States Forest Service and
the United States Indian Service. It summarizes the work that has
previously been done, presents maps showing the location of the
springs, tabulates the principal data, and includes a selected bibliog-
raphy. An attempt has been made to present in very concise form
as much information as possible regarding the geologic relations of
the springs. Chemical analyses of the water are not included, but
in the annotated bibliography publications that contain analyses of
the water of the springs described are indicated.

For this report practically all the publications of the United States
Geological Survey were searched for references to thermal springs.
Considerable information on thermal springs is contained in geologic
publicatio.xs whose title and even index give no indication that such
information is included. Considerable field work was done to interpret
and supplement the published information. Some miscellaneous
references have been used, but no attempt has been made to compile
a complete or exhaustive bibliography. Such a bibliography would
require a great amount of research and would probably be unsatis-
factory because the mass of casual references would conceal the more
significant ones. However, not all the references included here have
equal relative value. Some writers discuss thermal springs in great
detail, some dismiss them with slight mention, and others discuss
them only in relation to ore deposits or with general reference to
volcanology.

Some information hes been obtained from field notes and unpub-
lished memoranda of geologists of the United States Geological
Survey, and the assembled data have been checked by several of
these men. Ack,nowledgment in this respect is due especially to O. E.
Meinzer, geologist in charge of the ground-water division of the
United States Geological Survey, under whose direction the present
report was prepared, and to Kirk Bryan, Clyde P. Ross, and Arthur
M. Piper, who furnished information on several springs. Much of

1 Gilbert, G. K., U. 8. Geog. and Geol. Surveys W, 100th Mer. Rept., vol. 3, pp. 17-155, 1875. (Map of
hot springs of the United States, pl. 3; table of hot springs, pp. 150-153.)

1 Peale, A. C., U. 8. Geol. and Geog. Survey Terr. 12th Ann. Rept., for 1878, pt. 2, PD. 63-454, 1883, (Ther-
mal springs of the United States, pp. 320-327; table of thermal springs, pp. 324-327.)
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the information on thermal springs in the Western States was fur-
nished by rangers of the United States Forest Service and by superin-
tendents of the United States Indian Service. To all these men
acknowledgment is due for their assistance in collecting the data.

Information on the springs was compiled, part of the text was
written, and the bibliographic references were assembled by Norah
D. Stearns in 1925-27. In later years the text was completed and
many additions were made to the list of springs by Harold T. Stearns
and Gerald A. Waring, and the annotated bibliography was prepared
by Mr. Waring.

Most of the springs called “slightly thermal” in the literature, which
have temperatures only a few degrees above the mean annual air
temperatures of the localities where they issue, have been omitted
from this report. In Gilbert’s report he says: 3-“So far as tempera-
tures are definitely known only these [springs] are included ‘which
exceed the mean annual temperature of the air by 15° F.” In the,
present report some springs are included whose temperatures may not
be more than 10° F. above the mean annual temperature of the
locality where they issue; but the attempt has been made to include
only such springs as are locally recognized to be appreciably warmer
than normal. The approximate mean annual temperature for various
parts of the United States is shown in figure 8.

In some areas of warm springs surface water seems to cause a cooling:
of the thermal water. In many places where a cool spring issues close
to a warm one it is evident that the coolness is due to dilution of the
thermal water by nonthermal water from local sources. In other
places the association of warm and cool springs may be due to geologic
structure, and the springs may have entirely different sources.

Such factors as inaccurate thermometers, lack of records of mean
annual air temperature, and the vague definition or use of the term
“warm’’ have led to the listing of a large number of thermal springs
in early literature which are not now regarded as truly thermal.

LITERATURE OF THERMAL SPRINGS IN THE UNITED
STATES

The earliest interest in thermal springs in the United States lay
in their use as health resorts, and several books and articles dealing
with this phase of the subject were published at an early date.
Peale * summarized the history of these publications in 1894 as follows:

Dr. John Bell was perhaps the first to write anything like a treatise on the
mineral springs of the United States. In his Baths and Mineral Waters, published

in 1831, part 2 is devoted to ‘““a history of the chemical composition and medicinal
properties of the chief mineral springs of the United States and Europe.” He
3 Gilbert, G. K., op. cit., p. 149.

4 Peale, A. C., Natural mineral waters of the United States: U. 8. Geol. Survey 14th Ann. Rept., Dt. 2,
p. 55, 1894,
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enumerated 21 localities for the United States, which list was increased to 181
in The Mineral and Thermal Springs of the United States and Canada, which
he published in 1855. Dr. J. J. Moorman, in his Mineral Springs of North America
and How,to Reach Them, published in 1873, refers to or describes 171 springs.
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This was preceded by his Mineral Waters of the United States and Canada, pub-
lished in 1867, and by several books relating to the Virginia springs, published in
1837, 1846, 1855, 1857, and 1859. Dr. George E. Walton’s Mineral Springs of the
United States and Canada, ete. (third edition), published in 1883, mentions for
the United States 279 localities. Drs. William Pepper, H. I. Bowditeh, A, N.
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Bell, S. E. Chaill§, and Charles Dennison, as a committee of the American Medical
Association, in 1880 made a very complete compilation, which included about 500
localities. Dr. A. N. Bell’s Climatology and Mineral Waters of the United States,
published during the latter part of 1885, enumerated 173 localities. Bulletin No.
32, published by the United States Geological Survey in 1886 (compiled by the
writer), included 2,822 mineral-spring localities (and 8,843 individual springs),
634 of which were utilized as resorts and 223 as sources of commercial mineral
water. One of the most recent enumerations is by Dr. Judson Daland in the list
appended to Gould’s New Medical Dictionary.

Many of the health resorts now most widely known and patronized
are at thermal springs. The chemical analyses and temperature
measurements contained in medical literature form an important
contribution to geologic science. However, not all the analyses or
even the temperature measurements have the same reliability. The
value of such data depends largely upon the person making the
analysis and taking the temperature.

The first contribution to the geologic study of thermal springs in
the United States was probably that made by Rogers ® in 1840-42.
He briefly summarizes the studies of European writers, in which
thermal springs are discussed in relation to geologic structure. He
says, further:

With the exception of brief and rather incidental notices published by myself
and others, and the communications of Dr. Daubeny to Silliman’s Journal and
the Ashmolean Society, no account has yet been given of the peculiarities of
geological structure associated with the thermal springs of the United States.

In 1876 Gilbert ¢ compiled a table and map of the thermal springs
of the United States. Many of the data were obtained from reports
of the exploration parties in the little-known West and from the
various books on mineral springs and health resorts of the better-
known East. In his table Gilbert gives the location and temperature
of each spring and a reference to the source of his information. His
map is practically the only one of thermal springs in the United
States published prior to the present report. It is of interest to note
that the general distribution of thermal springs on plate 8 of the
present report does not differ materially from that of Gilbert’s map.

Peale’s first publication on thermal springs appeared in 1883.7
After an exhaustive description and discussion of the springs and
geysers of the Yellowstone National Park (see pl. 12) he summarized
the thermal springs and geysers of the world and then discussed
‘“thermohydrology.” A bibliography of the thermal springs and
geysers of the United States and the world was included.

Three years later ® Peale gave a table of mineral springs by States,
showing the name and location, number, discharge, temperature,

5 Rogers, W. B., On the connection of thermal springs in Virginia, with anticlinal axes and faults: Assoc.
Am. Geologists Rept., pp. 323-347, 1843; republished in Geology of the Virginias, pp. 575-597, 1884.

¢ Gilbert, G. K., op. cit., pp. 150-153, pl. 3.

7 Peale, A. C., U. S. Geol. and Geog. Survey Terr. 12th Ann. Rept., for 1878, pt. 2, pp. 63-454, 1883.

8 Peale, A. C., Lists and analyses of the mineral springs of the United States: U. S. Geol. Survey Bull.
32, 1886,
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character of water, and remarks regarding commercial sale or use as
a resort. Analyses of many of the springs and a brief summary of
the characteristics of the springs of each State were included. A large
number of thermal springs were listed, but by far the greater number
of the springs included are nonthermal.

In 1894 another report by Peale® discussed the history, origin,
discharge, classification, and geographic distribution of mineral and
thermal springs, the chemical composition and analyses of spring
waters, and the utilization of mineral waters. A list of mineral-
spring resorts was included.

More recently some compilations and discussions of the mineral
and thermal springs of individual States have been published.
Waring ° discussed the mineral and thermal springs of California as
related to geologic structure. As many of the springs, especially the
thermal springs, issue at or near faults, a fault map of the State was
included. A map showing the locations of the springs, detailed
discussions of them, and tabulated data for each spring or spring
group were also given.

In a similar report on the mineral springs of Alaska ' geologic
structure and relations were likewise assigned an important place.
A map and a detailed discussion of the springs and localities were
included. The thermal springs of Alaska and other Territories are
not included in the present report, which treats only of the United
States proper.

A report on the mineral waters of Colorado * dealt chiefly with
the chemical features of mineral waters; but it also contained data
on the general relation of mineral and thermal springs to geology.
A description of the individual springs, or localities, included such
facts as the location, discharge, temperature, use, and for some
springs the kind of rock from which the water issues. The radio-
activity of mineral waters was discussed by O. C. Lester.

In three papers published in 1905 and 1906 Lakes '® gave a very
good presentation of the geology of the hot springs of Colorado and
the origin of their heat. These papers are of importance because
they are among the few published articles that show geologic interest
in thermal springs. In the geologic literature published since the
time of Gilbert and Peale there are many references to and descrip-
tions of thermal springs, but as a rule the springs are noted or de-
scribed only in connection with areal geologic studies. The meager-

? Peale, A. C., Natural mineral waters of the United States: U. S. Geol. Survey 14th Ann. Rept., pt. 2,
DD. 49-88, 1894,

10 Waring, G. A., Springs of California: U. 8. Geol. Survey Water-Supply Paper 338, 1915.

11 Waring, G. A., Mineral springs of Alaska: U. 8. Geol. Survey Water-Supply Paper 418, 1917.

12 George, R. D., and others, The mineral waters of Colorado: Colorado Geol. Survey Bull. 11, 1920.

13 Lakes, Arthur, Geology of the hot springs of Colorado and speculations as to their origin and heat:
Colorado Sci. Soc. Proc., vol. 8, pp. 31-38, 1905; The hot and mineral springs of Routt County and Middle

Park, Colo.: Min. Reporter, vol. 52, p. 438, 1905; Mineral and hot springs in Colorado: Min. World, vol. 24,
pD. 359-360, 1606.
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ness of geologic information regarding thermal springs is surprising;
but even detailed studies of the geology of the springs do not always
clearly show their origin.

Several writers who have published articles concerning thermal
springs are economic geologists who are interested in them in relation
to mineral deposits. Notable among these are Emmons, Lindgren,
and Weed, who have studied present-day spring deposits for the light
they shed on the processes and conditions of ancient spring deposits.
Weed * says:

The origin of metalliferous veins by hot waters ascending from great depths
has always been a favorite theory with the practical miner, however widely the
pendulum of geologic theory may swing away from this side of the arc of thought.
Nevertheless, although hot springs are of as world-wide occurrence as ore depos-
its, examples of ore deposition by hot springs are rare. Indeed, the only examples
generally recognized are the familiar ones at Steamboat Springs, Nev., and
Sulphur Bank, Calif., though the fact that hot waters can dissolve the metals
and form ores is established by the observations of Daubrée.

He then discusses the formation of mineral veins in connection with
hot springs at Boulder, Mont.

Another group of students of thermal springs are the volcanologists,
who are interested chiefly in the relations of thermal springs to prob-
lems of volcanic action. Day and Allen studied the hot springs of
Lassen Volcanic National Park in relation to the volcanic activity of
Lassen Peak,’® and also The Geysers, in Sonoma County, Calif.’®
Daly 17 discussed the thermal springs of Yellowstone Park in relation
to former volcanic activity. Interest in the magmatic and meteoric
origins of thermal waters and the relation of the springs to volcanism
has been expressed in a symposium on hot springs.!®

14 Weed, W. H., Mineral vein formation at Boulder Hot Springs, Mont.: U, 8. Geol. Survey 215t Ann.
Rept., pt. 2, p. 233, 1900.

18 Day, A. L., and Allen, E. T., The volcanic activity and hot springs of Lassen Peak: Carnegie Inst.
‘Washington Pub. 360, 1925.

1Allen, E. T., and Day, A. L., Steam wells and other thermal activity at ‘“The Geysers”, Calif.:
Carnegie Inst. Washington Pub. 378, 1927.

17 Daly, R. A., The nature of volcanic action: Am. Acad. Arts and Sei. Proc., vol. 47, pp. 47-122, 1011.

18 The temperatures of hot springs and the sources of their heat and water supply: Jour. Geology, vol.
32, pp. 177-225, 291-310, 373-399, 449-471, 1924. This symposium consists of the following papers:

Day, A. L., and Allen, E. T., The sources of the heat and the sources of water in the hot springs of the
Lassen National Park, pp. 177-190.

Adams, L. H., A physical source of heat in springs, pp. 191~184.

Van Orstrand, C. E., Temperatures in some springs and geysers in Yellowstone National Park, pp.
194-225.

Morey, G. W., Relation of crystallization to the water content and vapor pressure of water in a cooling
magma, pp. 291-205.

Meinzer, O. E., Origin of the thermal springs of Nevada, Utah, and southern Idaho, pp. 205-303.

Zeis, E. @., Hot springs of the Valley of Ten Thousand Smokes, pp. 303-310.

‘Watson, T. L., Thermal springs of the southeast Atlantic States, pp. 373-384.

Brown, J. 8., The hot springs of the Republic of Haiti, pp. 384-399.

Bryan, Kirk, The hot springs of Arkansas, pp. 449-459.

Day, A. L., Hot springs and fumaroles of *“The Geysers” region, California, pp. 459-460.

‘Washington, H. 8., Notes on the solfatara of Sousaki (Greece), a recent eruption of Methana (Greece),
and recent maccalube at Vulcano, pp. 460-462.

‘Wright, F. E., The hot springs of Iceland, pp. 462-464.

Sosman, R. B., Notes on the discussion of the papers presented in the symposium on hot springs, pp.
464-468; General summary of the symposium on hot springs, pp. 468—471.
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Since this paper was transmitted by the authors, a comprehensive
report by Allen and Day on the results of their intensive investiga-
tions in Yellowstone National Park has been published.?

GEOLOGIC PROBLEMS RELATING TO THERMAL SPRINGS
SOURCES OF THE WATER

There are two main phases of the problem of the origin of thermal
springs, namely, the sources of the water and the sources of the heat.

The water may be meteoric—that is, surface water which has
percolated downward, been heated, and then ascended to the surface;
it may be juvenile—that is, a product from the magma itself which
has reached the surface for the first time; or it may be a mixture of
meteoric and juvenile waters in any proportion.

Clarke ? says:

Until quite recently the prevalent opinion has been that all spring waters,
including those emitted by geysers, were originally meteoric. Modern investiga-
tions into volcanism and upon the subject of metalliferous veins have, however,
led to a reopening of the question. E. Suess, speaking with especial reference to
the thermal springs of Carisbad, has advanced strong arguments to show that
waters of this class are “juvenile’’ and now see the light of day for the first time;
that is, they issue from deep within the earth, from the fundamental magma
itself, and bring up veritable additions to the hydrosphere. * * =*

This subdivision of springs into vadose, or those which represent original
infiltration of surface waters, and juvenile, as Suess terms them, has had wide but
not universal acceptance. A difficulty in applying the proposed nomenclature
arises from the fact that it is not easy to determine where a given water belongs.
Armand Gautier, however, has pointed out several criteria which may make
diserimination possible. He shows that vadose waters, or waters of infiltration,
are characterized by fluctuations in composition, concentration, and rate of flow,
depending upon local and variable conditions, such as abundant rain or drought.
They also contain, as a rule, carbonates of lime or magnesia, chlorides, or sul-
phates. Virgin or juvenile waters, on the contrary, are fairly constant in all
essential particulars and carry sodium bicarbonate, alkaline silicates, heavy
metals, etec., as chief constituents, with chlorides or sulphates only as accessories,
and practically no carbonates of the alkaline earths. The vadose waters, more-
over, issue from faults having no relation to the metallic veins of the surrounding
territory—a lack of relation which is conspicuous as regards juvenile springs.
Gautier holds that hydrogen emitted from the hot interior of the earth acts as a
reducing agent upon metallic oxides and so forms the magmatic waters of the
springs. With the waters thus generated, other water, that of constitution from
minerals like the micas, is commingled.

Regarding the radioactivity of spring waters as a criterion he says:*

A very large number of such waters possess this property, but no distinction
between vadose and juvenile waters can be based upon the observations. Waters
of both classes are radioactive, but the phenomenon is perhaps most common
among waters of volcanic origin, or at least among thermal springs.

19Allen, E. T., and Day, A. L., Hot springs of the Yellowstone National Park (microscopic examinations
by H. E. Merwin): Carnegie Inst. Washington Pub. 466, 1935.

20 Clarke, F. W., The data of geochemistry, 5th ed.: U. 8. Geol. Survey Bull. 770, pp. 213-214, 1924,

2 1dem, pp. 215-216.
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Hague # concluded that the waters of the hot springs and geysers
of the Yellowstone National Park are essentially meteoric waters that
have penetrated downward a sufficient distance to attain an increased
temperature and have been forced to the surface again by ascending
currents. The geologic evidence on which he based his conclusion
consists of “‘the nature and structure of the rocks through which the
heated waters reach the surface, the mineral constituents contained
in the waters, the composition of the associated gases, and the char-
acters of the varied sediments and incrustations deposited around the
springs and pools.”’

Day and Allen ® concluded that the hot springs of Lassen Volcanic
National Park are fed chiefly by surface water that drains the basins
in which they lie, but that a probably smaller portion of the water is
derived from an underlying magma or batholith. The local and
seasonal variations in the volume of the surface water account for the
variations in volume and for the greater part of the variations in
temperature in the springs. In their detailed report on the area they
say: %

Altogether the evidence for the surface origin of water in the Lassen springs is
so convincing to an observer that if the hypothesis of juvenile or magmatic water
had never been proposed the entire adequacy of the simpler theory to account
for all the water would probably never have been questioned.

The magmatic water rises in the form of steam along with other
volcanic gases through clefts in the rock, is condensed by the ground
water, and becomes mingled with it. These conclusions were cou-
firmed by the later work of Allen and Day in Yellowstone National
Park.

Much of the information presented in the symposium on thermal
springs already cited supports the conclusion that at least part of
the water of many thermal springs is of magmatic origin. Morey 2
showed that the amount of water that may be dissolved in a batho-
lithic magma, of the chemical character described by him, may be
sufficient to supply small hot springs for hundreds of thousands of
years without any addition of surface water. He also showed that
the counditions of crystallization of such a magma may yield water
vapor under considerable pressure.

It should not be inferred from the preceding discussion that the
proportion of magmatic water in the discharge of thermal springs is
large. In many places large bodies of hot rock lie at shallow depths

2 Hague, Arnold, Origin of the thermal waters in the Yellowstone National Park: Geol. Soc. America
Bull,, vol. 22, pp. 103-122, 1911.

2 Day, A. L., and Allen, E. T, The sources of the heat and the source of water in the hot springs of the
Lassen National Park: Jour. Geology, vol. 32, pp. 178-190, 1924.

% Day, A. L., and Allen, E. T., The volcanic activity and hot springs of Lassen Peak: Carnegie Inst.

Washington Pub. 360, p. 162, 1925. i
25 Morey, G. W., Relation of crystallization to the water content and vapor pressure of water in a cooling

magma: Jour. Geology, vol. 32, pp. 261~295, 1924;
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but do not give off appreciable quantities of magmatic water. For
example, the amount of steam given off by a body of hot rock at
shallow depth at Kilauea Volcano, Hawaii, is negligible except
immediately after rains. At Klamath Falls, Oreg., it is a common
practice to drill shallow holes to the hot rock and insert coils through
which water is circulated for heating. These holes do not steam,
and yet surface water introduced into them is promptly heated and
returned by convection to the surface. The major part of the dis-
charge of the hot springs near Klamath Falls is doubtless meteoric
water circulating through cracks in a similar way.

SOURCES OF THE HEAT

The heat of thermal springs may be derived (e¢) from the natural
increase in temperature of the earth with depth, (b) from an underlying
body of hot or possibly molten rock, (¢) from zones where there has
been faulting of the rocks with resultant development of heat, (d)
from chemical reactions beneath the surface, or (e) from the energy
derived by the disintegration of radioactive elements.

In most areas where the rocks have been little disturbed the
records obtained from deep wells and mine shafts show that the
temperature increases 1° F. for about each 40 to 90 feet increase in
depth. Hence, surface water that penetrates to a depth of 1,000
feet may have its temperature increased perhaps 20°; and if it rises
fairly rapidly to the surface again, it may issue at a temperature
noticeably higher than normal. Such a condition is believed by
Reeves 2 to account for the warm temperature of certain springs in
Virginia.

The warmth of most deep-well waters is due to this natural increase
of temperature of the earth with depth. Many springs, known as
artesian springs, discharge water warmed by contact with warm
rocks at the depth to which the water has penetrated.

Lava that has not yet cooled to normal surface temperature may
underlie areas of volcanic rocks at moderate depths. Magmas may
underlie some areas at great depth and transmit the heat to the over-
lying materials. Meteoric water that in such areas penetrates near
the heated materials may be thus heated.

In areas of present or very recent volcanic activity the source of
heat of the hot springs is obviously the uncooled lava below the
surface of the earth. In Lassen Volcanic National Park, Calif., the
thermal springs are probably associated with the volcanic activity
of Lassen Peak. Similarly in the Valley of Ten Thousand Smokes,
in Alaska, the hot springs are related to the activity of Katmai
Volcano. Most of the hot springs of Iceland, Java, Japan, New

2 Reeves, Frank, Thermal springs of Virginia: Virginia Geol. Survey Bull. 36, p. 28, 1932.
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Zealand, and other volcanic regions are likewise related to the volcanic
activity.

Hot igneous rocks that now lie at a moderate depth below the sur-
face may be a source of heat for thermal springs, both from heat
radiated by the rocks and from steam given off, which mingles with
and heats meteoric water that has penetrated downward. The
courses by which the heated water returns to the surface, through
ascending hydraulic and convection currents, depend on the local
geologic structure. The temperatures of the springs at the surface
will depend upon the initial heat of the water, the loss of heat as the
water rises, and the admixture of cool ground water.

It is stated by Daly # that in the Yellowstone National Park the
rhyolite probably passes downward into a typical granite batholith
and that this batholith is relatively near the surface and is the source
of heat for the geysers and hot springs. .

Much heat is generated by crushing and shearing that accompany
the movement of large bodies of rock. This heat is probably the
source of the heat of some thermal springs. It is difficult, however,
to determine whether the heat of the thermal water is due to the
heat of metamorphism or to the fact that faulting and shearing allow
the upward escape of heated water from considerable depths.

Chemical reaction as a source of heat for thermal springs has been
much discussed. Some chemical reactions generate heat, but it
seems doubtful whether the heat thus generated is sufficient in quan-
tity for any extensive thermal action. Day and Allen # concluded
that chemical oxidation is in all probability a minor factor in the
heat supply.

In addition to the four principal sources of heat just described,
several minor conditions may be contributing factorsin some springs.
Radioactivity as a source of heat for thermal springs has been con-
sidered by many authorities. Schlundt and Moore * found that the
rhyolites, limestones, thermal waters, gases, and sediments of the
Yellowstone National Park are all radioactive. They say:

These data certainly seem to indicate that the hydrothermal activity so mani-
fest in the park is not connected with localized deposits of radium. In the above
calculations the question of heat lost by diffusion and other factors is not taken
into consideration, but after allowing a generous margin for error we do not see

how more than 1 percent of the heat required for the hydrothermal action can
be ascribed to the radium content of the rock.

% Daly, R. A., The nature of volcanic action: Am. Acad. Arts Sci. Proc., vol. 47, pp. 63-67, 1911.

# Day, A. L., and Allen, E. T., The sources of the heat and the source of water in the hot springs of the
Lassen National Park: Jour. Geology, vol. 32, p. 183, 1924,

2% Schlundt, Herman, and Moore, R. B., The radioactivity of the thermal waters of the Yellowstone
National Park: U. 8. Geol. Survey Bull. 395, p. 35, 1909.
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Regarding radioactivity as a source of heat in the Lassen Peak
area, Day and Allen® say:

While the radioactivity of the gases and waters of the Lassen springs has not
been investigated, tests of this kind have been made in Iceland by Thorkelsson
and in the Yellowstone Park by Schlundt and Moore, with decisive results. The
amount of the emanation in both these famous hot-spring localities is considerable,
but no connection was found between the amount of it and the temperature of
the waters. In fact, the cold waters of the Yellowstone were slightly more radio-
active on the average than the hot waters. In both localities the investigators
were satisfied that radioactivity had nothing to do with the source of the heat.
It is also noteworthy that mineral deposits which are most radioactive are not
found associated with local high temperatures, and we eonclude that further
developments of importance along this line are unlikely.

In the discussion of radioactivity of the mineral waters of Colorado,
Lester  states:

A careful comparison of the radioactivity measurements with the data obtained
from the chemical analyses shows that there is no connection between radio-
activity and any chemical property. Neither is there any connection between
activity and temperature nor between the activity in water or gas and that in
the deposits. Some springs situated near each other have shown activities of
very different magnitude, and again the individual springs of a closely associated
group have shown quite similar activities. In the first case the waters of the
separate springs usually had the appearance of being different in character, but
not always.

Adams * has discussed as a physical source of heat in springs the
effects accompanying release of pressure, or porous-plug expansion.
He shows that the forced flow of a fluid from a high pressure to a
low pressure through a porous plug may develop considerable heat.
For liquids there may result an increase in temperature of as much
as 20° C. (36° F.) for a fall in pressure of 1,000 atmospheres. It is .
said that this process will always be operative to some extent where
water is flowing. It may account for part of the rise in temperature
of such springs as those in Virginia and Georgia, although probably
it is not quantitatively important in these springs.

An interesting local cause of heat in thermal springs is mentioned,
by Daubeny,® who quotes Kastner as stating that in the Westerwald,
in Prussia, the burning of brown coal underground has caused so
much heat in the contiguous rocks as to give rise to several warm
springs. :

30 Day, A. L., and Allen, E. T,, op. cit. (Jour. Geology, vol. 32), p. 180.

3 Lester, O, C., George, R. D., and others in, Mineral waters of Colorado: Colorado Geol. Survey
Bull. 11, p. 188, 1920.

2 Adams, L. H., A physical source of heat in springs: Jour. Geology, vol. 32, pp. 191-194, 1924.

3 Daubeny, Charles, Report on the present state of our knowledge with respect to mineral and thermal
waters: British Assoc. Adv. Sci. Rep. 5th meeting, vol. 5, p. 67, 1837.
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RELATION OF THERMAL SPRINGS TO GEOLOGIC STRUCTURE

An important phase of the problems dealing with thermal springs
relates to the manner of transfer of the heated water to the surface
and, in the springs of meteoric origin, the transfer of the cool mete-
oric water down to the region where the heating occurs.

In areas of voleanic activity where the warm rocks lie at or near
the surface, there is no difficulty in explaining how meteoric water
may reach the source of heat, or how either meteoric or magmatic
water may come to the surface. The heat is near the surface and
may be in the zone of ground-water circulation, and the volcanic
vents and fissures give ample openings for ejection. The thermal
springs of the Lassen Volcanic National Park and the Valley of Ten
Thousand Smokes are illustrative of this condition.

When the magma is at moderate depths in the earth, water prob-
ably ascends from it to the surface through fissures and faults.
Ground-water circulation often occurs at moderate depths over wide
areas, and the presence of a magma below the surface can easily
account for thermal springs in specific regions. The water of such
springs may be meteoric or magmatic, or a mixture of the two. If
the magma is at a considerable depth below the surface, the meteoric
water cannot readily reach it or the associated hot rocks unless there
are favorable structural conditions; below certain depths fissures are
narrow rather than wide, because of the great pressure of the over-
lying rocks. However, magmatic steam under high pressure can
probably penetrate tight faults and fractures.

The position of many thermal springs is definitely related to the
geologic structure. A large number issue along major fault zones.
This is true of many thermal springs in the regions of faulted moun-
tain blocks in Utah, Nevada, California, and Oregon. Other thermal
springs issue along anticlinal axes where minor fractures facilitate the
escape of heated water. In some places, as in Virginia, synclinal
structure produces artesian conditions that carry ground water to
depths where it becomes heated, and thence to the surface.

Meinzer * says:

It is generally believed that thermal springs which do not issue directly from
hot volcanic rocks owe their high temperatures to artesian structure that causes
the ground water to descend to great depths. However, most of the thermal
springs in Nevada, Utah, and southern Idaho do not issue from rocks that have
definite artesian structure, and some issue from granite that almost certainly
has no artesian structure. In the Goose Creek Basin the Tertiary beds form
an artesian system that yields warm water, but the artesian structure apparently
has nothing to do with the rise of the warm water through the underlying older

rocks. Moreover, most of the warm water issues directly from the older rocks,
which are so much broken and deformed that they seem to lack entirely the

3 Meinzer, O. E., Origin of the thermal springs of Nevada, Utah, and southern Idaho: Jour. Geology,
vol. 32, pp. 299-300, 1924.
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structure of an artesian basin. Another typical example of the lack of artesian’
conditions is afforded by the Darrough Hot Springs in Big Smoky Valley, Nev.
These springs are on an alluvial fan on the west side of the valley and issue
from bouldery valley fill, but their water doubtless comes from the underlying
rock. The mountains on both sides of the valley are composed mainly of
greatly deformed Paleozoic quartzite, limestone, slate, and schist and rather
old Tertiary rhyolite and tuff. The mountain front on the west side of the
valley is essentially a fault scarp produced by extensive faulting in Pliocene and
Quaternary time. Obviously such a structure would be considered entirely
unfavorable for artesian water.

AGE OF THERMAL SPRINGS

In many areas thermal-spring activity has apparently been going
on for a long time. Some of the thermal springs that issue along
faults have probably been discharging since the time when the
faulting took place. The springs on the lower limbs of synclines
have presumably existed since the present land forms were pro-
duced. Thus it appears probable that some of the present thermal
springs or spring localities have been active since the beginning of
the Quaternary period. In some places there are extensive deposits
of calcareous tufa or siliceous sinter near hot springs. These deposits
mark a long period of deposition and usually show minor changes in
the position of the springs, as streams have cut down or other agencies
have slowly affected the points of discharge of the water. On the
other hand, permeable volcanic rocks may have such a vigorous
circulation of ground water that their heat is soon dissipated, and
hence their thermal springs are of relatively short duration.

THE SPRINGS, BY PHYSIOGRAPHIC DIVISIONS
DISTRIBUTION

Gilbert * discussed the distribution of the thermal springs in the
United States in relation to the rock deformation and the volcanic
eruptions, making the following statements:

In the region of the Appalachians the phenomena of eruption have always
been subordinate to those of corrugation, and they appear to be in no wise con-
nected with thermal springs. In the western region eruption has been nearly
as universal as corrugation and in places rivals it in the magnitude of its move-
ments.

In examining the map the first thing to note is that the Mississippi region con-
tains no hot springs nor does the plain of the Atlantic coast. The single locality
in Arkansas is referable to the Archean Ozark corrugation. In the Colorado
Plateau but five localities are noted, a number decidedly below the mean of the
western mountain region, which, for the same area, averages 13 localities. It is
true that it (the plateau; is not yet fully explored, but it is nevertheless probable
that the record of its hot springs is nearer complete than that of the mountain
region. The distribution of hot springs is thus shown to coincide very exactly

® Gilbert, G. K., U. 8. Geog. and Geol. Surveys W. 100th Mer. Rept., vol. 3, pp. 147-149, pl. 3, 1875.
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with that of corrugation, there being none in undisturbed regions and few in
regions of little disturbance.

Further, he showed that the range of temperature is far higher in
the western region than in the eastern, and also the number of locali-
ties is far greater. He said in explanation:

The geological relations appear to accord with this hydrothermal contrast.
The corrugation and the eruption of the Appalachian region are tbings of the
past, not known to have continued so0 late as Cretaceous time; while in the West
these actions have persisted to so late a period that we have good reason to
believe they have not ceased. It is dangerous to argue from single coincidences,
but certainly, so far as these facts go, they tend to confirm the explanations of
the phenomena that have grown out of the theories of mountain building. We
may consider the heat of springs in the Appalachians due entirely, as argued by
Rogers, to the normal—we might almost say static—downward increase of
temperature, brought to bear by the means of deep-seated watercourses, follow-
ing faults and curved strata. In the western mountain region a greater heat is
obtained by the same means, because of local upraisings of the geoisothermal
planes, produced by the progressive corrugation, and the intensity of the phe-
nomena is further heightened by the intrusion and extrusion of lavas.

Gilbert found it difficult with the meager data available to com-
pare different portions of the western province. He assigned the
sparseness of thermal springs in some regions to inequality of observa-
tion but recognized that there are several areas of few or no thermal
springs which needed explanation. He stated that he was at a loss
far the interpretation of some of these blank areas.

The United States has been divided into eight main physiographic
or geomarphic regions® each with distinctive geologic structure.
These main divisions are the Laurentian Upland, Atlantic Plain,
Appalachian Highlands, Interior Plains, Interior Highlands, Rocky
Mountain System, Intermontane Plateaus, and Pacific Mountain
System (pl. 8). As the thermal springs are closely related to the geol-
ogy, they may be fittingly discussed according to these physiographic
divisions. In the following discussion the publications of Bowman ¥
and Lobeck ®* have been followed with respect to physiography.

LAURENTIAN UPLAND

That part of the Laurentian Upland which lies within the United
States includes only narthwestern Michigan, northern Wisconsin, and
northeastern Minnesota. It is a peneplain that has been considerably
dissected and glaciated. It is composed of crystalline rocks of com-
plex geologic structure, overlain by glacial drift. No thermal springs
are known in this division in the United States, even where the bed-
rock is naot covered with drift.

3 Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am. Geographers Annals, vel.,
6, pp- 19-98, 1916.

¥ Bowman, Isaiah, Forest physiography, New York, 1911.
3 Lobeck, A. X., Physiographic diagram of the United States, 1922,
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ATLANTIC PLAIN

The Atlantic Plain includes the Coastal Plain area extending south
from Long Island to Florida and west from Florida through southern
Texas to Mexico. This division comprises chiefly lowlands underlain
by sand, silt, and clay, of Cretaceous, Tertiary, and Quaternary age,
in strata that incline gently seaward. In these soft beds there are
many springs, some of which have large flow, but no truly thermal
springs are known. In Florida there are several springs that are
veritable rivers in size. Their source is in shallow water-bearing
beds under artesian pressure, and the water is a few degrees warmer
than that of ordinary surface springs. In some early reports these
large springs were classed as thermal. McGee * mentioned ‘“‘the
deep-seated springs of Florida, of which most are thermal.” Meinzer,*
however, has listed the large springs of Florida and gives their tem-
peratures as ranging from 70° to 78°. As this is hardly 5° above the
mean annual temperature of the State, they are not thermal springs
in the ordinary use of the term and therefore are not listed in the
present report.

Raleigh Mineral Spring, 10 miles north of Memphis, Tenn., in the
northern part of the Mississippi embayment, is listed in some early
records as thermal. It was formerly developed as a hotel resort but
in late years has been used only as a local water supply. In 1934 the
temperature of its water was only 60°, which is practically the mean-
annual temperature of the locality.

APPALACHIAN HIGHLANDS

The Appalachian Highlands comprise a series of plateaus and moun-
tains in which the rocks have been greatly deformed. All the dis-
tinctly thermal springs in the eastern part of the United States are
in this region.

The northernmost warm spring that is known is Sand Spring, near
the northwest corner of Massachusetts. (See pl. 8.) Its water has
a temperature of 76°, which is about 30° above that of the shallow
well waters, and its discharge is 400 gallons a minute. This large
spring has been used since early colonial times, and for the last 30
years or more the water has been used commercially in the manufac-
ture of carbonated beverages.

About 20 miles to the south, in New York, is Lebanon Spring. It
has a temperature nearly the same as Sand Spring and a somewhat
greater discharge. It was developed as a bathing resort in early
colonial days and is still a noted resort. Both of these springs are
near the north end of the Appalachian Highlands and issue from
“_mm, Potable waters of the eastern United States: U. S. Geol. Survey 14th Ann. Rept., pt. 2,
D. 44, 1894,

4 Meinzer, O. E., Large springs in the United States: U. 8. Geol. Survey Water-Supply Paper 557, p.
11, 1927,
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Cambrian rocks, in an area where there has been intense folding and
much faulting. The water of both springs is probably of surface
origin, but it has penetrated to considerable depth and has returned
to the surface along fractures. It is only moderately mineralized.

In an early report of the Geological Survey of Vermont mention was
made of a slightly warm spring at Bennington.** Later reports do not
list this spring, however, and information obtained in 1934 indicates
that the reference was to Morgan Spring, near the center of the city,
whose temperature is about 53°, or only 8° above the mean annual
temperature. Although the water may have a fairly deep source,
similar to that of Sand Spring and Lebanon Spring, not far to the
south, it is not included among the thermal springs in this report.

Fully 200 miles southwest of Lebanon Spring and about 15 miles
northwest of Harrisburg, Pa., is the Perry County Warm Spring. It
was early developed as a bathing resort, but in recent years it has not
been soused. Ithasa temperature of 72° and a discharge of 90 gallons
a minute. The temperature indicates that the water rises from a
considerable depth.

The principal group of thermal springs in the Appalachian High-
lands is in Virginia and West Virginia. These springs are discussed
by Watson * as follows:

The thermal springs of Virginia are the best known and have been the longest
studied in the southeast Atlantic States. The contributions by Prof. William
Barton Rogers on these are the most important. Although Professor Rogers
listed more than a score of thermal springs in Virginia, including several in West
Virginia, giving temperature and other data on each, the thermal springs of the
Warm Spring Valley, including the Hot, Warm, and Healing Springs in Bath
County, have the highest temperatures and are best known. The temperature
of most of the others is only a few degrees above the annual atmospheric mean.

All the Virginia thermal springs are located in the folded Appalachians west
of the Blue Ridge. The waters issue through Paleozoic sedimentary rocks, all of
which have been strongly folded and in places profoundly faulted. Igneous
rocks, both acidic and basie, cut the Paleozoic sedimentary rocks in places, chiefly
as dikes. They occur some distance from the springs, are not later than Triassic
in age, are entirely cold, and have no relation to the thermal waters.

The linear grouping of the springs has long been recognized, and Professor
Rogers early showed that the more decided thermal springs issue along or near
lines of anticlinal axes. They are regarded as due to fractures or zones of crush-
ing which may not always be visible at the surface. Those of the Warm Spring
Valley rise along the west limb of the fold through steeply dipping nearly vertical
beds of Cambro-Ordovician limestones.

Warm Spring Valley has resulted from deep erosion of the crust of Warm
Springs Mountain, a conspicuous anticline of the Appalachian type, composed
of Silurian sandstone or quartzites and shales overlying Cambro-Ordovician
limestones. Steep dips, nearly vertical in places, characterize the west limb.
Structure sections (fig. 9) through Warm Spring Valley near the Hot and Warm

4 Adams, C. B., Vermont Geol. Survey 2d Ann. Rept., p. 250, 1846.

42 Watson, T. L., Thermal springs of the southeast Atlantic States: Jour. Geology, vol. 32, pp. 376~378,
1924,
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Springs generalize the structural relations of the rocks. The sections, adopted
from Darton, show the regular succession of formations and the absence of fault-
ing, although faults may and probably do occur. The waters rise to the surface
along fracture or slip planes in the limestone.

In 1927-29 the thermal springs of the Virginia region were studied
by Reeves,® who concluded that

The springs are produced by meteoric waters entering a permeable bed along
its outerop at a relatively high altitude on the crest or limb of one anticline and
rising to the surface where the same bed crops out at a lower altitude in another
anticline, the temperature of the waters being an expression of the normal earth
temperature in the deep synclinal basins through which the water circulates.

Of the 321 springs examined by Reeves, 45 had temperatures be-
tween 55° and 59.5°, and 40 had temperatures between 60° and 105.8°.
Although nearly all these springs are similar in character and in their
relation to the structure, their temperatures grade insensibly from
cool to warm, and only an arbitrary division can be made; but as the
mean annual temperature of the district is 50° to 55°, only the 20
springs in Virginia and 10 in West Virginia that have temperatures
appreciably above 60° are indicated on plate 9 and included in the
tabulated list of the present report as being distinctly thermal. This
number includes several springs mentioned by Reeves but not listed
in his report.

In an early report by Peale # a warm spring on the French Broad
River near the east border of Tennessee was listed, but inquiry in
1934 failed to verify this report. The thermal springs at Hot Springs,
N. C,, are about 3 miles east of the Tennessee border. These were
early developed as a resort.®

In 1933 a detailed study of geologic conditions near Warm Springs,
Ga., was undertaken by the United States Geological Survey. In
addition to the three well-known thermal springs of the district, five
others were found to have temperatures noticeably above normal.
There may be a few other small springs of warm water along the
north side of Pine Mountain. The positions of the known-thermal
springs with relation to the mountain are shown in plate 10.

INTERIOR PLAINS

The Interior Plains cover practically all the lowland area between
the Appalachian region and the Rocky Mountains and contain nearly
one-half of the area of the United States. In the Black Hills of South
Dakota there are three hot-spring localities, the principal one at Hot
Springs and the others 3 miles to the west and 10 miles to the south-
m, Thermal springs of Virginia: Virginia Geol. Survey Bull. 36, p. 28, 1932.

4 Peale, A. C., U. 8. Geol. and Geog. Survey Terr. 12th Ann. Rept., pt. 2, p. 324, 1883 (table of thermal
springs in the United States).

# Idem. Gilbert, G. K., U. 8. Geog. and Geol. Surveys W. 100th Mer. Final Rept., vol. 3, p. 150, 1875
(table of thermal springs in the United States).
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west (pl. 8). These seem to be related to the Black Hills uplift.
The thermal springs and their geology have been described by Dar-
ton.** The warm water issues from crevices in the Minnekahta
limestone and is believed to rise from the Deadwood formation, which
is about 1,000 feet below the surface. The water is nearly 50° warmer
than the mean annual temperature. The upward escape of the water
has apparently been facilitated by fracturing. The springs at Hot
Springs were early developed as a resort, and a United States soldiers’
home has been established there. The mineral content of the water
is similar to that of artesian wells of the district.

Throughout the rest of the great region of the Interior Plains no
definitely thermal springs are known. In western Kentucky, Gray-
son Springs, in Grayson County, and Linsey’s Mineral Spring, in
Christian County, were listed by Peale ¥ as thermal. These places
were early developed as resorts but have not been so used for a
number of years. The early reported temperatures of their waters
(58° to 71°) could not be verified in 1934. It seems doubtful whether
they are appreciably above the normal for springs of the district, and
they have not been included in the present tabulation.

In the report on a part of northern Texas, Gordon * referred to a
spring near Forestburg reported as yielding a “never-failing supply
of warm water.” In a report on a part of southern Texas, Hill #
mentioned Comal Springs, with a temperature of 75°, and character-
ized them as thermal. Although the springs mentioned by Gordon
and by Hill may be of artesian character and slightly above the mean
annual temperature of the region, they are not considered warm
enough to be included in the present list of thermal springs, as the
mean annual temperature of northern Texas is about 65° and of
southern Texas about 70°.

INTERIOR HIGHLANDS

The Interior Highlands cover southern Missouri, northwestern
Arkansas, and eastern Oklahoma and consist of the Ozark Plateaus
and the Ouachita province. In this area thermal springs are present
only in Arkansas. By far the largest group is at Hot Springs, which
was made a Government reserve in 1838. Several years later a
general hospital was established there for the Army and Navy. The
waters are extensively used by private bathing establishments, and

4 Darton, N. H., Artesian waters in the vicinity of the Black Hills, S. Dak.: U. S. Geol. Survey Water-
Supply Paper 428, pp. 28, 54, 1918.

47 Peale, A, C., Lists and analyses of the mineral springs of the United States: U. S. Geol. Survey Bull.
32, p. 108, 1886.

4 Gordon, C. H., Geology and underground waters of the Wichita region, north-central Texas: U. S.
Geol. Survey Water-Supply Paper 317, p. 44, 1913.

4 Hill, R. T., and Vaughan, T. W., Geology of the Edwards Plateau and Rio Grande Plain adjacent
to Austin and San Antonio, Tex., with reference to the occurrence of underground water: U. 8. Geol.
Survey 18th Ann. Rept., pt. 2, pp. 309-312, 1898.
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the place is a popular all-year resort. The springs are in the Ouachita
Mountains, which consist of a series of ridges formed by the upturned
edges of Paleozom rocks. The geology of the area and the source and
temperature of the water have been discussed by Purdue,®® who con-
cludes that the water collects in an anticlinal valley to the north-
west; penetrates down into a syncline and emerges, owing to hydro-
static pressure, in the crest of the plunging anticline at Hot Springs;
and that the heat is due chiefly to the depth to which the water
descends, where it becomes heated by proximity to underlying masses
of hot rock.

Bryan ® has advanced the theory that some of the water may be of
magmatic origin, but he agrees with Purdue as to the structure,
which he shows as in figure 10.

FIGURE 10.~Geologic cross section showing structure near Hot Springs, Ark, (After Bryan (Jour,
Geology, vol. 30, p. 433, 1922), modified from Purdue.)

Regarding the origin of the water and heat, Bryan says:

There are three principal hypotheses of origin. According to the one having
the greatest number of advocates, the water is entirely meteoric and enters a
porous bed in an anticline northwest of the springs, passes under a syncline, and
emerges in the next anticline because of hydrostatic pressure. Because the
probable depth of the line of travel under the syncline is small and heating of the
water by depth alone seems improbable, it is assumed that here the water comes in
contact with hot rock, perhaps a cooling plug of igneous origin. However, the
lowest part of the anticline in which the water is to gather is lower than the highest
of the springs; therefore, there can be no movement due solely to hydrostatic
head. Evidence is also brought forward to show that there are other springs of
strong flow in the surrounding region of similar mineralization and with tempera-
tures above normal. Therefore, a special mechanism for flow or as a source of
heat is invalid, and a general cause, capable of producing all the springs, must be
sought. On this account the simple hypothesis that the water is derived from
a cooling and crystallizing igneous mass directly under the springs seems un-
likely, for it would be necessary to postulate several such masses distributed
over an area 50 miles in diameter, and there is no other evidence of igneous
activity save the dikes and stocks, previously referred to, which are of Cretaceous

® Purdue, A. H., The collecting area of the waters of the hot springs, Hot Springs, Ark.: Jour. Geology,
vol. 23, pp. 278-285, 1910; U. S. Geol. Survey Geol. Atlas, Hot Springs folio (no. 215), p. 11, 1923.

8 Bryan, Kirk, The hot-water supply of the Hot Springs, Ark.: Jour. Geology, vol. 30, pp. 425~449, 1922;
The hot springs of Arkansas: Idem, vol. 32, pp. 449-459, 1924,

& Bryan, Kirk, Jour. Geology, vol. 32, pp. 450-451, 1924.
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age. It seems more likely that in the Pleistocene uplift of the region deep fissures
or faults were formed of which no surface expression has been discovered. These
fissures doubtless extend into the deep interior of the earth, whence juvenile
water rises and, mixed with meteoric water, comes to the surface through shattered
rock at the end of the Hot Springs anticline.

At three places 35 to 50 miles south of west from Hot Springs there
are small springs with temperatures notably above normal. As the
geologic conditions are similar to those near Hot Springs, these
minor springs probably have similar origins to those of the larger
group.

At Rice’s Spring, near the north border of Arkansas (see pl. 8),
noticeably thermal water issues. The rocks of the vicinity are Ordo-
vician limestone, and the temperature of 82° suggests that the water
rises from a considerable depth, either along fault fissures or from
artesian structure. There probably are a few other springs in this
region with temperatures appreciably above normal, which have not
been reported. Three others with temperatures only slightly above
normal were listed by Bryan.5

ROCKY MOUNTAIN SYSTEM

The Rocky Mountain System comprises the chain of mountains
lying just west of the Great Plains region. It is divided into three
provinces—(1) the Northern Rocky Mountains and (2) the Southern
Rocky Mountains, two areas of complex mountains of various types
with intermontane basins; separated by (3) the Wyoming Basin, an
area of high plains in various stages of erosion with isolated low moun-
tains. In the Wyoming Basin province there are only a few thermal
springs; in the two Rocky Mountain provinces there are a great
many, as shown on plate 11.

NORTHERN ROCKY MOUNTAINS

Of all the physiographic or geomorphic provinces of the United
States the Northern Rocky Mountains is perhaps the least unified.
Irregular ranges extend southward like great tentacles, including
portions of the neighboring plains within their grasp, and detached
outliers rise above the hilly country on both sides. Though it is
chiefly mountainous, it has extensive intermontane valleys and plains,
and it is underlain by a great variety of rocks having complicated
structure. It has been found convenient to consider these different
topographic areas together, even though it is difficult to characterize
the province briefly as a whole; but because of their diversity it is
convenient to discuss separately the outstanding topographic and
geologic features.

% Bryan, Kirk, The hot-water supply of the Hot Springs, Ark.: Jour. Geology, vol. 30, p. 430, 1922,
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The mountain forms of northern Montana are in contrast with
those of central Idaho. The northern group, extending into Canada,
presents a linear arrangement of its elements, so that several parallel
ranges are recognized. The ranges are separated by well-defined
valleys, some of which contain long, narrow lakes. In northern
Montana the easternmost chain facing toward the Great Plains is the
Lewis Range, a. high barrier forming the Continental Divide and
deeply dissected by streams and carved by great valley glaciers.
Mast of the thermal springs of Montana lie within this area and are
associated with faults and igneous intrusions. Among these are the
hot springs near Boulder, which issue from fissures in granite. These
springs are especially noted for the fact that they are depositing
minerals at the present time. Alhambra Hot Springs, Hapgood
Hot Springs, and several others are scattered through the area.

West of the front ranges of northern Montana and parallel with
them is a long valley that extends southward to the Idaho boundary.
This is the Rocky Mountain trench, with a flat floor underlain by
alluvial deposits, allowing easy communication and highly developed
agriculture. The cities of Kalispell, Missoula, and Hamilton lie
in this valley. Conditions are unfavorable for thermal springs, and
none have been reported in this area. Farther west are the Purcell
Mountains, with accompanying smaller ranges and the rather indis-
tinct Purcell trench. Beyond, in northeastern Washington, is the
Selkirk Range. Camas Hot Springs, in Montana, lie in this province
and are said to issue near a diorite sill. Granite or Lo-Lo Hot Springs,
in Idaho, are also within the province. Their water issues from
granite near its contact with sedimentary rocks.

The mountain mass of central Idaho consists of a maze of peaks
with no discernible scheme of arrangement. The Coeur d’Alene,
Clearwater, and Bitterroot Mountains lie near the Montana boundary,
and farther south are the Salmon River Mountains. There are
many hot and warm springs in this area, but few of them have been
improved commercially. Information concerning most of those
listed was supplied by the rangers of the United States Forest Service.
There probably are others outside the national forests, which are
known only locally. A feature of this region is that many of the
springs issue from granitic rocks, as indicated in figure 11. Compara-
tively few of the thermal springs of Idaho issue from the basaltic
lavas, which cover extensive areas. The group of hot springs near
Hailey is in some respects typical of the area. These issue at a maxi-
mum temperature of 136°, from gravel near exposures of slate, and
have long been developed.

East of the Missouri River is the Big Belt Range, which is the
largest of the outlying ranges in Montana. A few warm springs are
found in these outliers, associated with folds and faults.
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In northwestern Wyoming is the Yellowstone National Park which
lies on a plateau surrounded by mountain ranges. On the east is the
high Absaroka Range, through which the Shoshone River Canyon
provides an entrance to the area. On the south rise the majestic
Teton Mountains, In southern Idaho these break into a series of
minor ranges, which extend southward into Utah and form the
Wasatch Mountains. The spur projecting into the Green River
Basin of southern Wyoming forms the Wind River Mountains.

The area was studied in great detail by Hague,* who wrote several
reports on it. He concluded that all the heated water is of mete-
oric' origin and derives its high temperature from contact, in its
underground travel, with lava that has not yet cooled to normal
temperature.

Other papers on the subject have been written by Peale,”® Weed,®
Jagger,’” Gautier,*® Schlundt and Moore,”® Van Orstrand,” and Allen
and Day.®

The central portion of the park may be described as a broad vol-
canic plateau lying between 7,200 and 8,300 feet above sea level, with
an average altitude of nearly 8,000 feet. On the south, east, north,
and northwest of this plateau rise mountain ranges with peaks and
ridges 2,000 to 4,000 feet above the general level of the enclosed area.

All the geysers and most of the hot springs are in the western part of
the park, the most notable geysers being within the areas known ag
Lower, Midway, and Upper Geyser Basins, as indicated on plate 12.
The most notable “paintpots’ are farther north, in Gibbon Meadows;
and the most prominent spring deposits are near the north edge of
the park, at Mammoth Hot Springs, which are shown in plate 7.
It is estimated that there are about 3,000 individual hot springs, gey-
sers, mud springs or ‘“paintpots,’”’ and vapor vents or fumaroles within
the park, but the number is constantly changing as new vents break
forth and old ones cease to flow.

The main areas of volcanic rocks in the park consist of rhyolite,
and within them are the geyser basins and most of the hot springs.

8 Hague, Arnold, Weed, W. H., and Iddings, J. P., U. 8. Geol. Survey Geol. Atlas, Yellowstone National
Park folio (no. 30), 1896; Geology of Yellowstone National Park: U. S. Geol. Survey Mon. 32, 1899. Hague,
Arnold, The origin of the thermal springs in the Yellowstone National Park: Geol. Soc. America Bull.,
vol. 22, pp. 103-122, 1911; Geeclogical history of the Yellowstone National Park, Nat. Park Service, 1912

5 Peale, A. C., U. 8. Geol. and Geog. Survey Terr. 12th Ann. Rept., for 1878, pt. 2, pp. 63454, 1883.

% Weed, W. H., Geysers: Smithsonian Inst. Ann. Rept., 1891, pp. 163-178.

& Jagger, T. A., Jr., Some conditions affecting geyser eruption: Am. Jour. Sci., 4th ser., vol. 5, pp. 323~
333, 1898.

%8 Gautier, Armin (translated and condensed by F. L. Ransome), The genesis of thermal waters and their
connection with volecanism: Econ. Geology, vol. 1, pp. 688-897, 1906.

% Schlundt, Herman, and Moore, R. B., Radioactivity of the thermal waters of Yellowstone National
Park: U. 8. Geol. Survey Bull. 395, 1909.

60 Van Orstrand, C. E., Temperatures in some springs and geysers in Yellowstone National Park: Jour.
Geology, vol. 32, pp. 194-225, 1924.

& Allen, E. T., The classification of the hot areas in the Yellowstone Park and the causes of their devel-

opment [abstract]: Washington Acad. Sci. Jour., vol. 18, no. 19, p.#611,1928. Allen, E. T.,and Day, A. L.,
Hot springs of the Yellowstone National Park: Carnegie Inst. Washington Pub. 466, 1935.
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There is evidence that hot-spring activity has gone on for a long period.
It is stated by Hague that the decomposition of the lavas of the
rhyolite plateau has proceeded on a gigantic scale and has taken place
during a long period of time, which represents the dissipation ot vast
quantities of heat. It is believed by Daly ® that the rhyolite grades
downward into a batholith and that this batholith furnishes the heat
of the thermal activity.

In its underground course through the siliceous rocks the hot water
dissolves considerable silica, and some of the springs and geysers
deposit large amounts of siliceous sinter around their vents. Mam-
moth Hot Springs issue through limestone, and the water has taken
much lime into solution, which is redeposited as the water cools and
evaporates. Thus have been formed Jupiter Terrace, Minerva
Terrace (pl. 7), Liberty Cap, and other notable deposits of calcium
carbonate tufa in the locality.

The reader is referred to the recent report by Allen and Day,
which gives a large amount of original data on the springs and geysers
of the area and critical discussion of the data.
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FIGURE 12.—Geologic cross section through the hot springs at Thermopolis, Wyo. (After Darton (Jour.
Geology, vol. 14, p. 195, 1906).)

Outside of Yellowstone National Park thermal springs are not very
common in Wyoming. Perhaps the best known are the Big Horn Hot
Springs, at Thermopolis, near the center of the State. These springs
issue from Triassic red beds of the Chugwater formation, near the
axis of an anticlinal fold. The geology of the locality has been
deseribed by Darton,® whose cross section showing the geologic struc-
ture is reproduced in figure 12. The temperature of the water, 136°,
and the large discharge indicate that it comes from a considerable
depth and from a large source, probably the Tensleep sandstone.
The springs were included in a State reserve in 1897 and shortly
after were improved as a State park, with ample bathing facilities.
In later years sanitariums have also been established.

82 Daly, R. A., The nature of volcanic action: Am. Acad. Arts Sci. Proc., vol. 47, pp. 47-122, 1911.

6 Darton, N. H., The hot springs at Thermopolis, Wyo.: Jour. Geology, vol. 14, pp. 194-200, 1906;
Geology of the Owl Creek Mountains: 59th Cong., 1st sess., 8. Doc. 219, p. 39, 1906.
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The water is heavily charged with calcium carbonate and has
formed an extensive deposit of calcareous tufa. Several wells were
drilled in the vicinity of the springs to augment the supply and
succeeded in obtaining large artesian flows of hot water without
appreciably affecting the discharge of the springs. The wells were
drilled to the Tensleep sandstone, which was reached at a depth of
less than 1,000 feet.

Fort Washakie Hot Springs, 100 miles southeast of the Yellow-
stone National Park, issue from Quaternary deposits near Triassic
red beds, on the axis of an anticline.

Demaris Hot Springs, near Cody, in the northwestern part of the
State, but 40 miles east of the Yellowstone National Park, issue from
limestone underlying. Triassic red beds. According to Fisher,* the
temperature of the water, 98° F., suggests that it comes from the
Tensleep sandstone, which is there at a depth of about 2,200 feet.
The water is moderately sulphureted but not strongly mineralized.
A sanitarium has been established at the springs for many years.
Near them, and also near the springs at Thermopolis, there are
sulphur deposits, which have been described by Woodruff.*

Structurally the Big Horn Range, which swings in a great arc
through north-central Wyoming, forms a dome similar to the Black
Hills of South Dakota but of much greater size and elongation. For
the most part the sedimentary formations have been eroded from its
crest, so that the core of granite is exposed in the highest peaks. Few
warm springs are known in this region.

In the northeast corner of Utah the Uinta Mountains form another
elongated dome. Unlike most of the mountains of the western United
States, this range trends east and west. It serves as a convenient
line of demarcation between the Wyoming Basin and the Colorado
Plateaus, to the south, but it is considered to be an offshoot from the
Northern Rocky Mountains. Its summit still preserves the sedi-
mentary cover, but the crystalline rocks beneath are exposed in the
great Canyon of Lodore, cut by the Green River across the east end
of the range. No thermal springs have been reported in this area.

WYOMING BASIN

The Wyoming Basin covers most of south-central Wyoming. It
consists of high plains in various stages of erosion, with isolated low
mountains. The plains owe their flatness to the general horizontal
position of the underlying Tertiary and Cretaceous rocks. The flat,
monotonous region is broken at long intervals by hills of eruptive
m:\., Geology and water resources of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Prof.
Paper 53, pp. 61~62, 1906.

8 Woodruff, E. G., Sulphur deposits at Cody, Wyo.: U. 8. Geol. Survey Bull. 340, pp. 451456,
1907; Sulphur deposits near Thermopolis, Wyo.: U. 8. Geol. Survey Bull. 380, pp. 373-380, 1909.
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materials and by lines of sand dunes. The few thermal springs that
lie near the borders of this province seem to be asseciated with the

mountain ranges.
SOUTHERN ROCKY MOUNTAINS

The Southern Rocky Mountains province is usually described as
including the series of lofty elongated ridges extending from Wyoming
into northern New Mexico. This belt as a whole has a dome struc-
ture. The sedimentary strata dip away from the flanks of the moun-
tains but no longer extend over them. Both the Colorado Plateaus
and the Great Plains contain the same f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>