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INTRODUCTION.

By W. C. MENDENHALL.

In 1903 the United States Geological Survey began an investigation
of the underground water of California, generally with financial coop-
eration on the part of the State. Since that year ten papers on the
underground water of the State have been issued by the Survey, each

-representing an investigation that has been completed. The field
work which is to serve as the basis for two additional papers has also
been done and the reports are in preparation. Investigations have
been begun in two other areas in the State and their results w111
eventually be assembled and published.

Since a period soon after the inception of the California work those
responsible for its conduct have realized the desirability of a special

_study of the springs, particularly those which yield mineral waters
and which are utilized to a greater or less extent by citizens of the
State and by tourists as recreation and health resorts. It did not
become practicable to begin this work until the summer of 1908,
when Mr. G. A. Waring, who had assisted in some of the earlier
California studies and had investigated for the Survey certain areas
in southern Oregon and Washington, was assigned to the task of
collecting and assembling the necessary data.

California, with an area of 158,000 square miles, is the second
largest State in the Union. It exhibits wide geographic diversity,
since it includes the lowest area in the United States—Death Valley,
276 feet below sea level—and the highest—Mount Whitney, 14,501
feet above the sea; and accompanying this geographic diversity
there is a corresponding range in scenic effects, climate, and vegetation.
The records obtained at meteorological stations in the Salton Sink
indicate a maximum temperature of 130° in the shade, the highest of
record within the continental United States. It is probable that
minimum temperatures on the higher peaks, like Mount Whitney
and Mount Shasta, approach the minimum within our boundaries.
Rainfall records in the most arid sections of the southern deserts of
the State represent the extreme of aridity in the United States,
with averages of less than 3 inches per annum and periods of 12
months or more with only traces of rain, whereas the precipitation
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6 SPRINGS OF CALIFORNIA.

in northwestern California is very heavy, an annual average of close
to 100 inches being recorded at a few stations in Mendocino and Del
Norte counties.

The immensity of the area of the State has made the collection of
the field data required for the report a task of considerable magnitude,
though its diversity has added greatly to the interest of the work. In
the original plan it was estimated that two years of field studies
would prove sufficient. Mr. Waring succeeded in visiting the morc .
important localities during this period, although some of his exami-
nations were, of necessity, rather cursory. In midsummer, 1910,
after the completion of the field work and the assembling of the greater
portion of his data in manusecript form he was called by the Govern-
ment of Brazil to take charge of general water-supply investigations
in the northeastern arid portion of that South American republic.
The task of reviewing, editing, and supplementing in some respects
the results of his studies was thus unavoidably left to others. This
task was rendered light by the systematic form in which Mr. Waring’s
material was left.

It was a matter of regret to Mr. Waring, as it has been to those
associated with him, that the financial limitations which controlled
his work made it impracticable to procure the large number of new
analyses which are particularly important in a paper of this type, in
which waters of unusual chemical characteristics are discussed. Such
analyses as are available have been assembled from all possible
sources and combined with those which were prepared especially in
connection with this investigation. The result, although it is in
some respects unsatisfactory, furnishes a basis for a general view of
the characteristics of the spring waters and serves to permit, their
classification in a general way. Mr. Herman Stabler has reviewed
the chemical data and rearranged and interpreted the available
analyses.

It is hoped that the report, setting forth as it does the results of
impartial observations upon one of the important present and more
important prospective resources of the State, will prove of value to
its citizens as well as to its visitors, and that the assembled material
will not be without interest to physicians, chemists, geologists, and
teachers who may have especial need for the mformatlon contained
in the volume.



SPRINGS OF CALIFORNIA.

By GErALD A. WARING.

PHYSICAL FEATURES OF CALIFORNIA.
NATURAL DIVISIONS.

As a basis for the discussion of springs and spring waters of Cali-
fornia a brief outline of the physical features of the State is here
presented, together with a few notes on the character of the rocks
and their structure. Such an outline will in a measure serve to
explain the topographic and geologic maps (Pls. I and II, in pocket)
and will indicate in a general way the relations of the facts shown on
these maps to the various springs.

Five main physiographic provinces may be recognized in the
State: (1) The Coast Ranges, (2) the Great Central Valley, (3) the
lava-covered region of the northeast, (4) the Sierra Nevada, and (5)
the southeastern desert region. Not all of these provinces are dis-
tinctly separated from one another; neither do they consist entirely
of marked topographic or structural features; but they form fairly
well-defined natural divisions that are convenient in discussing the
general features of the State.

COAST RANGES.

The term ‘“Coast Ranges’ is used in the present paper to designate
the system of mountain ranges between the Great Valley and the
Pacific, to which the term “Coast Range’” has been applied, with
different limitations, by several geologists.! In general, these ranges
lie approximately parallel to the coast, but in the areas of more com-
plex structure a few trend in other directions. To the ridges or
groups that make up the system many names have been applied.
The range in the extreme northwestern part of the State, forming the
divide between the Smith and Klamath River basins and the bound-
ary between Del Norte and Siskiyou counties, is called the Siskiyou
Mountains, and the mountains that extend eastward along the course
of Klamath River are also considered a part of the Siskiyou Moun-

1 See Fairbanks, H. W., Review of our knowledge of the California Coast Ranges: Geol. Soc. America
Bull., vol. 6, pp. 73-75, 1894. Lawson has used the term “Coastal system”’ in speaking of the main por-
tions of the Coast Ranges, in the report of the California Earthquake Investigation Commission (The Cali-
fornia earthquake of Apr, 18, 1906, vol. 1, pt. 1, p. 5).

7



8 SPRINGS OF CALIFORNIA.

tains. To thesouth, trending in general east and west and forming the
northern boundary of Trinity County, are the Scott Mountains. The
Trinity Mountains, and, farther southwest,the Bully Choop and Yolla
Bolly mountains, form the eastern boundary of the same county. In
the southwestern part of Trinity County, along the eastern side of
Mad River, are the South Fork Mountains. Farthersouth, in southern
Humboldt County, an area of sharply cut ridges and eanyons, locally
known as the Wildcat region, forms part of the Mendocino Range.
A similar system of ridges continues southward through Mendocino
County, but the mountains forming this portion of the Coastal system
are not known by a distinctive name.

The name Klamath Mountains was suggested by Maj. Powell as
a general title for this group of ranges in the northwestern part of
the State, and this name has been adopted by Diller ! in his publica-
tions on the region These mountains, generally speaking, are less
than 5,000 feet in elevation, but the higher peaks of Scott and Yolla
Bolly mountains are more than 7,000 feet above sea level. They
are composed mainly of slates, schists, and granitic rocks of Triassic,
Carboniferous, or, perhaps, earlier geologic age,” and of a younger
series of altered sandstones and shales associated with cherts and
schists that probably belongs to the Franciscan formation, which is
believed to be either Jurassic® or Lower Cretaceous in age.* The
Franciscan sedimentary rocks generally contain intrusive masses of
serpentine and of basaltic material that usually has the character
of a diabase. These intrusive rocks are so commonly present in
the Franciscan that they may be regarded as characteristically
associated with that formation, although they do not properly form a
part of it. Granitic rocks and gneisses are also exposed among the
altered sediments of the northern Coast Ranges and are thought to
be in part intruded in the sediments. The sedimentary rocks
throughout the Klamath Mountain region have been sharply folded,
and their structure is intricate and complex, but it is not known in
detail because only reconnaissance studies have been made. of these
rocks.

A few sulphur springs issue from the schists of this region, occa-
sional salt springs yield flows of slight amount from the slates and
shales, and a few small carbonated springs are scattered through the
areas of granitic rocks.

In Mendocino, Lake, and Sonoma counties, south of the region
that is considered to compose the Klamath Mountains, there are

1 Diller, J. 8., Tertiary revolution in the topography of the Pacific coast: U. 8. Geol. Survey Fourteenth
Ann. Report. pt. 2, pp. 404405, 1894.

2Diller, J. 8., op. cit., Pl. XLV.

3 Rranner, J. C., Newsom, J. F., and Arnold, Ralph: U. 8. Geol. Survey Geol. Atlas, Santa Cruz folio
(No. 163), p. 2, 1909.

4Lawson, A. C., The California earthquake of Apr. 18, 1906: Rept. State Earthquake Tnvestigation
Comm., vol. 1, pt. 1, pp. 7-%, 1908,
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other irregular but lower ranges. Perhaps the most distinctive of
these is the St. Helena Range, which forms the boundary between
Lake and Sonoma counties. The northern and western ranges in
these counties are composed largely of altered sedimentary rocks
that probably belong to the Franciscan formation. Glaucophane
schists and serpentine are associated with them. The age of other
altered sedimentary rocks in this area has not been determined.
Some geologists believe that they belong to the Franciscan forma-
tion, others believe that they are of Lower Cretaceous age and are a
part of the formation known as the Knoxville from the type locality
near Knoxville in Napa County, where they are well exposed. As
both series of sediments are more or less altered they are not differ-
entiated on the geologic map (Pl. II, in pocket).

In Napa County and the southern part of Lake County several
peaks and ridges are formed of lava that is probably of Tertiary age.
This lava overlies the altered sediments, and tuffaceous phases of it
form prominent cliffs at a number of localities. Numerous carbon-
ated springs of slight flow issue in this region north of the bay, both
from the sedimentary rocks and from the lavas, and hot springs exist
at several places. A few springs of noticeably sulphureted water
have also been examined but are less numerous and less important
than those of the carbonated type. : ]

The Coast Ranges between San Francisco and Los Angeles in gen-
eral trend nearly parallel with the coast. Among them are the Santa
Cruz Mountains, which lie along the boundary bétween Santa Clara
and Santa Cruz counties; the Diablo Range, which separates San
Joaquin, and San Benito valleys; and the Gabilan Range, which lies
between San Benito and Monterey counties. The Santa Lucia Range
forms a mountainous region in southern Monterey and northern San
Luis Obispo counties, and the Temblor Range is in eastern San Luis
Obispo and western Kern counties. The San Rafael and Santa
Ynez mountains are in Santa Barbara County and trend in a general
northwest direction. In Ventura County, Pine Mountain and, east
of it, the Topatopa Mountains, extend in general from east to west, as
do the Santa Susana Mountains, in western Los Angeles County. The
Tehachapi Mountains trend northeastward through southern Kern
County, and although bridging the gap between the Coast Ranges
and the Sierra are, because of their rock types and structure, properly
regarded as belonging to the latter rather than to the former. Most
of the Coast Ranges south of San Francisco Bay are only 2,000 to
3,000 feet in elevation, but the highest parts of the Tehachapi Moun-
tains attain heights between 5,000 and 6,000 feet. For the most part
these Coast Ranges south of San Francisco Bay are composed of un-
altered sedimentary rocks of Cretaceous and Tertiary age, but con-
siderable masses of the Franciscan formation persist southward from
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10 ' SPRINGS OF CALIFORNIA,

San Francisco Bay, and granite is exposed at several points. Lime-
stone and slate also outcrop at a few logalities near the coast.

The rocks that make up these ranges are usually folded into anti-
clines (archlike folds) and synclines (inverted arches). They are
also faulted in many places, so that their structure is complex. The
deposits of oil and of natural gas in these ranges and about their bor-
ders are of great economic importance, and their occurrence is closely
related to the structure of the rocks.

A few carbonated springs and some scattered sulphur and saline
springs are found in the unaltered sediments. In the arid region in
the southern part of the Temblor Range, along the southwest side of
San Joaquin Valley, a number of surface springs that yield small
amounts of water of poor quality are of local importance because
they furnish watering places for travelers and for stock. The springs
of chief geologic interest in this region are, however, thermal, and like
the others they issue mainly from the unaltered sediments.

The representatives of the Sierran and Coastal systems south of
the Tehachapi are not so clearly differentiated nor so readily recog-
nized as in middle California. At the southern end of the San
Joaquin Valley the Sierra swings westward as the Tehachapi Range,
separating the Great Valley lowland on the northwest from the desert
lowland on the southeast. Mount Pinos, the culminating point on
the divide between the Cuyama, the San Joaquin, and the southern
Santa Clara drainage systems, lies at the center of a mountain
group in which Coéast Range and Sierran characteristics are both
displayed. Extending southeastward from this central point, the
San Gabriel, San Bernardino, and San Jacinto mountain groups
resemble the Sierra, while the Santa Monica and the Santa Ana
mountains are properly regarded as of the Coast Range type. The
Santa Ana Mountains, however, merge southward with the spurs of
the San Jacinto and Santa Rosa groups, to form the Peninsula
Range,! which extends southward through San Diego County and
forms the backbone of the peninsula of Lower California. This range,
although lower than the Sierra, closely resembles it in geologic and
physiographic characteristics.

Moderate altitudes are attained in these southern groups. Mount
Pinos is about 9,000 feet high; San Antonio and San Jacinto peaks,
the culminating points respectively in the San Gabriel and the San
" Jacinto mountains, are each more than 10,000 feet in elevation;
and San Gorgonio, the highest point south of the Sierra, in the
San Bernardino Mountains, is nearly 11,500 feet above sea level.
Those of the southern mountains which have been described as be-
longing to the Sierran type are composed mainly of granitic and

t Fairbanks, H. W., Geology of San Diego County: California State Mineralogist Eleventh Rept.,
p 76, 1893. i
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PHYSICAL FEATURES OF CALIFORNIA. 11

highly altered metamorphic rocks, although limestones and quartz-
ites, only slightly altered, occur in considerable masses in the San
Bernardino Mountains. The rocks in the Coast Range types of
mountains, on the other hand, are usually slates, shales, sandstones,
and conglomerates, ranging in age from Triassic to late Tertiary or
Pleistocene. A fringe of these later sediments lies along the Pacific
border of the Peninsula Range in San Diego and Orange counties,
and a similar belt encircles and probably underlies the Colorado
Desert at the eastern base of this range.

GREAT CENTRAL VALLEY.

The Great Central Valley of California, about 16,000 square miles in
area, includes the Sacramento and San Joaquin valleys, and as its
name indicates, it occupies a central position in the State. The north
end of Sacramento Valley is near Redding, where, at an elevation of
about 600 feet, the lowland along Sacramento River is about 10 miles
wide. The valley increases in width southward to about 20 miles at
Red Bluff and 40 miles at Willows, and it continues at approximately
the latter width to Suisun Bay, into which the Sacramento discharges.
The broad lowland continues southeastward from Suisun Bay as San
Joaquin Valley. Its width is only about 30 miles in the northern
portion, in the vicinity of Stockton, but increases to about 60 miles
at Hanford. Thence it narrows again to its south end at the base of
the Tehachapi Mountains, where the valley floor is about 1,200 feet
above sea level.

The Sacramento Valley drains through Sacramento River and its
tributaries into Suisun Bay and thence to the Pacific. The northern
part of the San Joaquin Valley also drains out through San Joaquin
River, but the more arid southern section is an inclosed basin. A low
alluvial divide that is formed by the delta of Kings River separates the
drainage of the southern half from that of the northern. The Tulare
basin, whose lowest point is occupied by Tulare Lake, receives a part
of the drainage from Kings River and all excess waters from the valley
tributaries south of it. This fluctuating lake, which occasionally dries
up entirely, is merely a great evaporating pan, from whose surface
the excess waters from Kings, Kaweah, Tule, Kern,.and other rivers
pass into the atmosphere.

The only notable interruption in the surface continuity of the Great
Central Valley is formed by Marysville Buttes, a volcanic mass in the
central part of Sacramento Valley. The valley surface is almost en-
tirely covered by alluvium, but unaltered fresh-water and marine
sediments form most of its bordering slopes and outlying hills, although
east of the middle portions of both the Sacramento and San Joaquin
valleys the alluvium of the valley directly overlies the granitic and
metamorphic rocks of the Sierra. Along the northeastern border of
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Sacramento Valley there is a considerable area of lava agglomerate
and tuff that has been described by Diller ! as the Tuscan tuff. It is
considered to consist of volcanic material that was deposited in fresh
water and hence is shown on the geologic map (PL. II, in pocket) as a
sediment, but in some places it closely resembles a lava.

There are very few springs in the Great Valley. Sulphur water
seeps out at a few places along stream channels, and salt water issues
in perhaps three or four localities, while a few springs that are not
noticeably mineralized issue along its eastern margin.

LAVA-COVERED REGION.

The lava-covered region forms an extensive area in the northeastern
part of the State. Its western boundary is formed approximately by
Sacramento River and by Shasta River, a tributary of the Klamath.
The southern boundary extends nearly east and west past the southern
base of Lassen Peak; the northern and eastern limits are beyond the
boundaries of the State. The central and northern portions of the_
lava mass form a plateau that is between 4,000 and 5,000 feet in eleva-
tion. In the northeast the Warner Mountalns reach an altitude of
8,000 feet; onthesouthLassen Peakrises to aheight of more than 10,000
feet; to the west Mount Shasta towers to an elevation of 14,380 feet.
Practically all of this region is covered with lava, which is probably of
Tertiary and later geologic age. In a few places there are lake-bed
deposits of partly consolidated sands and clays, and areas of alluvium
form occasional patches of meadow and valley land.

A number of hot springs issue in the eastern part of this lava region
and in the neighborhood of Lassen Peak; in the western portion there
are many carbonated springs; and in the western and central portions
are several large cold springs.

SIERRA NEVADA.

The Sierra Nevada, the dominating physical feature of the State
and one of the most imposing mountain groups of the United States,
extends east of south from the southern base of Lassen Peak to Tejon
Pass. In the main it forms a great single range which rises in a long
gentle slope eastward from the Great Central Valley to its crest, and
thence descends abruptly to the desert region at its eastern base.
Although as a whole its western side forms a comparatively uniform
slope that is known to geologists as the Sierran peneplain, in detail it
departs far from the character of a plain. Numerous peaks form
prominent irregularities, though their summiits conform approximately
to the mean slope of a peneplain. Deep canyons score this surface
in a westward direction and further add to the ruggedness of its
detailed character. In its northern section the crest of the range

1Diller, J. S., Geology of the Lassen Peak district: U. 8. Geol. Survey Eighth Ann. Rept., pt. 1,
DPP. 422-424,1889.
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reaches an elevation of 9,000 to 10,000 feet and rises southward to
its culmination in Mount Whitney, at an elevation of 14,501 feet.
Thence the elevation decreases southward to Tehachapi Pass.

In its northern and western parts there are large areas of more or
less extensively altered sedimentary and igneous rocks that have
yielded a great amount of gold and are known as the auriferous series.
These rocks are associated with intrusive granitic material that
makes up the larger portion of the range. Lava of Tertiary age
overlies a considerable area in the north, but farther southwazd the
Tange is composed almost wholly of granites and allied rocksgwhose
. massive and homogeneous character has caused it to weathgr into
prominent barren, dome-shaped mountains. -

= A number of small carbonated springs issue in several general
“groups in the Sierra. There are also a few hot springs in iselated
“localities and a number of cold perennial springs that yield large
flows.
SOUTHEASTERN DESERT.

The southeast@n desert region of California consists of a number
of detached mountains and ranges which are separated by arid
valleys and by flat areas of desert alluvium. In the northern section
the ranges trend in general north and south. The White Mountains,
in the southeastern part of Mono County and northern Inyo County,
and the Inyo Mountains, farther west, have this trend. Between
Owens Lake and the eastern border of the State there are several
approximately parallel ranges which also extend from north to south.
The Coso Range, which lies southeast of Owens Lake, is composed
mainly of granitic rocks, though lava covers a small area in its central
part. The Argus and the Slate ranges, which lie farther east, are
composed largely of granitic rocks and altered sediments, as is also
the Panamint Range, which borders the western side of Death Valley.
The Amargosa Range, on the eastern side of the valley, includes the
Grapevine, Funeral, and Black mountains, whose rocks are mainly
quartzite, altered limestone, and other altered sediments. The Kings-
ton Range lies in the northeast corner of San Bernardino County, and
appears to have the same composition as the desert ranges farther
north. To the south, in San Bernardino, Riverside, and Imperial
counties, are & number of isolated ranges that appear to bear little
relation to one another. Most of these are composed of granitic
material, others are largely quartzite and other altered sediments,
and still others are of lava. Elevations of 3,000 to 10,000 feet are
reached by most of these mountain masses, the highest points being
in the White Mountains, which are but little lower than the Sierra,
and in the Panamint Range, where Telescope Peak attains an eleva-
tion of 11,045 feet.
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Among the valley areas the Colorado Desert, in the southern part
of the State, and the Mohave Desert and Death Valley region farther
north, are the principal subdivisions.

The Colorado Desert, an abandoned and dried-out portion of the
valley of the Gulf of California, is a great basin whose sides slope
gently to the lowest point, 2731 feet below sea level, in Salton Sink.
The Mohave Desert is a broken desert area of indefinite boundaries,
lying mainly between the southern Sierra, the San Bernardino Moun-
tains, and Colorado River. Death Valley, lying north of Mohave
Desert, in Inyo County, is one of many similar arid valleys in south-
eastern California and southwestern Nevada and is the lowest point
on the continent, being 276 feet below sea level. There are relatively
few springs in this southeastern region that are worthy of note,
except as their scarcity gives all sources of water in desert areas
peculiar value. A few hot springs in the northern portion are the
ones of chief geologic interest, while several artesian springs in the
Colorado Desert are of considerable economic value. There are also a
few saline springs that are of interest, while many surface springs of
slight flow are of local importance to travelers as watering places.

FAULTS.

Several of the principal structural features in the State are related
to faults, and these features also appear to be the most prominent
ones associated with the springs, especially the hot springs. Of the
major fault lines that have been traced in the State the San Andreas
fault forms one of the principal zones of displacement, and is the one
along a portion of which the movement took place that caused the
earthquake of April 18, 1906. As a structural feature it extends from
Humboldt County southeastward a distance of 600 miles to the
Colorado Desert, and is marked throughout the greater part of this
distance by long, trough-like valleys and steep mountain slopes.
Another great fault extends along the eastern base of the Sierra.
Displacement that took place along a portion of it in 1872 produced
the Owens Valley earthquake of that year. The San Jacinto fault
extends along the western base of San Jacinto Mountains. Along it
also displacement has taken place within recent years, the latest
movement having caused the San Jacinto earthquake of December
25, 1899. Other fault lines are shown on Plate III (in pocket), and
still others that have not been traced probably exist in the Sierra and
the northern Coast Ranges. Their close relation to the hot springs
of the State is shown on Plate ITI by the proximity of the springs
to the fault lines, and the relation of the individual springs to fault
lines is mentioned in their descriptions. This map was originally
prepared for reproduction on a smaller scale, and the positions of a
few of the symbols showing springs are therefore less accurate than
those on Plate T.
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NATURAL WATERS.

'USE OF TERMS “MINERAL WATER” AND “PURE WATER.”

No natural water is chemically pure, even rain water containing
notable amounts of dust, ammonia, and, especially near the coast,
of saline material. All natural waters may therefore be said to be
mineral waters. The terms pure and mineral are often used, however,
to indicate the suitability of a water for some particular use. For
example, a water considered for a municipal or industrial supply is
called ‘“‘pure’” if it does not contain objectionable amounts of foreign
matter. As waters with a markedly mineral taste and all waters
bottled and sold as drinking water, regardless of their mineral content,
are customarily termed mineral waters, it follows that a mineral water
may be so called because it is notably free from mineral or other
foreign ingredients. :

To a greater or less degree water dissolves practically every sub-
stance with which it comes in contact. Temperature and pressure
and the presence of dissolved matter greatly affect the solvent power
of water, tending to increase or to decrease it. As natural waters
encounter many minerals in their journeys through and over the
ground, nearly all waters contain many mineral substances, though
comparatively few of these substances are present in relatively
large amount. Furthermore, many waters are saturated with respect
to some of the less soluble minerals, but a natural water that will
dissolve no more of any mineral is rare.

MINERAL ANALYSIS -OF WATER.

To make a mineral analysis of water is to determine the propor-
tions of the various mineral substances it holds in solution. The
analyst is unable to determine what chemical compounds have been
dissolved by the water, nor can he ascertain by the customary
methods of analysis, what compounds, if any, exist in the solution.
His work is limited, in the main, to the determination, by indirect
methods, of certain roots or portions of compounds, known as radicles.
On account of the indirect methods employed some of the radicles
reported in analyses can not definitely be stated to be such, but are
merely conventional terms for expressing the results of some chemical
reaction in which several radicles may have taken part. With all its
uncertainties, however, the statement of a mineral analysis of a
water is a representation of the composition of the water solution,
and from this statement can be inferred with a considerable degree
of accuracy much of the story of the water’s journey through and
over the earth, and the effects that may be expected in various uses
of the water.

In conformity with the modern form of expression the analyses
are presented in this paper in terms of the radicles, the proportions
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being expressed in parts per million by weight and parts per million
of reacting value. The principal radicles reported are listed below:

Positive and negative radicles.

Positive. Negative.
Alkali: Strong-acid:
Sodium ... .................. Na Sulphate..................... 80,
Potagsium. . ..._._.._......... K Chloride. . ................... Cl
Lithium. .. ... .._........... Li Bromide...................... Br
Rubidium.................... Rb Todide.euumeenmenieiiianes I
Ceesium.... .. ... ... ...... Cs Nitrate. ..... ... .ocevanas NO,
Ammonium. . ... ... ... ..... NH, | Weak-acid and hydroxide:
Alkaline-earth: Carbonate.................... CO;
Barium. .................... Ba Sulphide.. ... .. ........... 8
Strontium..............o. ... Sr Phosphate. . ... e PO,
Calcium........oovveean ... Ca Metaborate................... BO,
Magnesium... ... ... .. ... Mg Arsenate..........o.oiinann. AsO,
Miscellaneous: Hydroxide?.................. OH
Hydrogen'. .. ... . .......... H
TIron. ..ot Fe
Manganese. . ........ ... . ... Mn
Aluminum._ .. ... ............ Al

To the radicles should be added three other determinations—
silica (8i0,), and the gases carbon dioxide (CO,) and hydrogen sul-
phide (H,S)—which are not listed as radicles because they are
generally believed to be present in water in the colloidal state, or as
dissolved gases, and are customarily so reported. Under certain
conditions, however, these three substances may also perform the
function of radicles in the solution.

In the foregoing list the hydrogen radicle represents acidity due
to an excess (in reacting value) of strong-acid radicles over basic or
alkali radicles. The carbonate radicle in many of the analyses
given in this paper represents merely alkalinity due to an excess (in
reacting value) of basic radicles over strong-acid radicles.

The analyses presented have been taken from various sources,
where they were expressed in several different forms. The most
feasible method of unifying these statements with reference to car-
bonate and bicarbonate radicles and carbon dioxide was to report
all carbonates and bicarbonates as the carbonate radicle. It may be
assumed -that where carbon dioxide is reported present, sufficient
so-called ‘‘half-bound "’ carbon dioxide is present to warrant thereport-
ing of all carbonates as the conventional bicarbonate radicle; that
where carbon dioxide is reported absent, a mixture of carbonate and
bicarbonate radicles is represented by the carbonate radicle; and
that where carbon dioxide is not reported, either condition may exist.

1 Hydrogen (H)=true acid radicle. 2 Hydroxide (OH)=true basic radicle.
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SOURCE AND AMOUNT OF SUBSTANCES IN WATER.

In studying the springs of California certain kinds of mineralized
water were noted as occurring constantly with certain kinds of rocks.
For example, salt springs were noted in areas of marine sediments,
strongly magnesic springs in areas of serpentine, the more noticeably
iron-bearing waters in areas of crystalline rocks containing iron
minerals, and the most siliceous waters in hot springs that rise
through granites or acidic lava rocks. This is mentioned in desecrib-
ing the individual springs.

The probable sources of some of the constituents of natural waters
are indicated in the following paragraphs:

Silica is present in most waters in relatively small amount, 50
parts per million being an unusually high proportion. It is con-~
sidered to exist nearly always as colloidal silica (Si0,), though the
presence of a silicate radicle is indicated by some analyses. Silica is
the chief constituent of the earth’s crust and its relative insignifi-
cance in water is accounted for by the fact that it is only slightly
soluble except in strongly alkaline solutions.

Iron and aluminum are widely distributed in nature, though much
less abundant than silica. In most waters iron is present in greater
proportion than aluminum, but the sum of both seldom exceeds 25
parts per million. They are only slightly soluble except in acid
solutions and, as might therefore be expected, are most prominent
in acid waters. A small amount of iron in water may cause rusty
spots on clothes that are Wa,shed in it, and the staining of porcelain

plumbing fixtures.

Manganese, barium, and strontium are relatively rare constituents
of rocks and are seldom present in water in weighable amounts.

Calcium and magnesium are normally derived from feldspar and from
magnesian minerals and are among the most abundant and widely
distributed substances in nature. In most waters the proportion of
calcium is two to five times that of magnesium, and where magnesium
is present in relatively large proportion its source is usually evident.
in near-by magnesia-bearing rocks, mainly serpentine. Magnesium
is also likely to exceed calcium in highly concentrated saline waters.
These two substances cause the ‘‘hardness’ of many waters, and are
the main constituents of the hard scale deposited in cooking utensils
and in steam boilers.

Sodium and potassium are not markedly different from calcium
and magnesium in abundance and distribution in rocks. Their
compounds, with few exceptions, are more soluble than those of
calcium and magnesium, and they are therefore relatively abundant
in the more highly concentrated waters. Both are probably derived

35657°—wsp 338—15——2
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mainly from feldspathic material. Although about equally promi-
nent in rocks, sodium is present in waters in much greater proportion
than potassium. Sodium is usually responsible for the foaming of
steam boilers.

Lithium is considered a valuable medicinal constituent of water
but in most waters is present in too small proportion to warrant
quantitative determination. When present in relatively great
proportion it is often calculated as the carbonate, chloride, sulphate,
or bicarbonate, but 5.3 parts per million of lithium carbonate, 6.1
parts of the chloride, 7.9 of the sulphate, and 9.7 of the bicarbonate,
each contain only one part per million of lithium. Dole ! states that
since the medicinal value is due to the lithium, not to its compounds,
a person would need to drink 200 tumblerfuls of water that contains
one part per million of lithium in order to take a medicinal dose of
this substance.

Carbonates are prominent constituents of limestones and dolomites
and are presumably derived primarily from the action of carbon
dioxide as a carrier of calcium, magnesium, and sodium. Carbon
dioxide is always present in the atmosphere and is dissolved in con-
siderable quantity by water. Its presence in excess greatly increases
the solubility of most of the weak-acid compounds that are the chief
constituents of common rocks. The carbonates are the dominant
negative radicles in most waters.

Sulphate is thought to be usually produced by the complete oxida-
tion of sulphur. Sulphated aluminic waters may be produced by the
oxidation of pyrite (an almost insolubla iron sulphide) in the presence
of moisture, forming iron sulphate, which is soluble. Reaction with
the clay of shales then results in an exchange of part of the iron for
aluminum and magnesium. It is believed that calcic sulphated
waters exchange their calcium for magnesium and sodium in a
similar manner when they pass through rocks containing magnesium
and sodium compounds. Free sulphuric acid is present in a few

. natural waters, and acts as a vigorous corrosive.

Sulphide radicles, of which several more complex forms than the
simple sulphide exist in water, are probably derived in some waters
from the partial oxidation of sulphur and in others from the reduction
of sulphates, especially by means of organic matter.

Chloride radicle is present in nearly all waters, and, since the
chlorides of the bases or alkalies found in water are very soluble, is a
prominent constituent of nearly all very highly concentrated waters.
The chloride radicle in waters is probably derived from the direct
solution of sodium and magnesium chlorides.

1Capps, S. R., Ground waters of north-central Indiana: U, S. Geol. Survey Water-Supply Paper 254,
D. 251, 1910,
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Bromide and iodide radicles are found in a few spring waters. They
are usually present in saline waters that obtain their mineral contents
from marine deposits but seldom in great proportion.

Ammonium and nitrate radicles are usually supposed to be derived
directly from organic matter and therefore to indicate pollution, but
they may be derived from salts produced by organic matter and hence
may not be evidence of direct contamination. They are seldom
present in mineral spring waters, as these usually issue from uncon-
taminated rock sources.

Phosphate radicle is uncommon in spring water, but it may be taken
into solution from phosphate minerals, such as apatite.

Borate is also an uncommon constituent in water, but some springs
contain it in large amount. It is usually accompanied by sodiuin and
is probably derived from the solution of borax.

Boric acid is commonly present in volcanic emanations in many
parts of the world, and as boron is a rare constituent of rock-forming
minerals, the presence in areas of volcanic rocks of waters containing
borate is worthy of especial note in connection with mineral springs.!

Arsenate is a rare constituent of water, though there are many
so-called ‘‘poison” springs that are popularly believed to contain it.
1t is seldom present in measurable proportion, but the water of Owens
Lake, in California, contains 83.8 parts per million ? of the element
arsenic. (Seep.304.) Thisisone of the largest amounts reportedin a
natural water, but it is in a water that contains more than 213,000
parts of solids per million; so if this water were diluted to a more
nearly normal strength, of, say, 2,000 parts of solids per million, there
would be less than one part per million of arsenie.

The source of carbon dioxide, the gas of the ‘“soda-fountain”
beverages, which is also a common dissolved gas in natural waters,
has been the cause of much discussion. In many lava regions there
are strongly carbonated springs, and the source of their content of gas
is plausibly considered to be carbon dioxide that is occluded in the
underlying rocks, for this gas is known to be one of the prominent
constituents of the vapors that are given off by volcanoes during
eruption. The source of carbon dioxide has been treated fully by
Delkeskamp,® whose writings have been reviewed by Lindgren.*

Delkeskamp believes that to some extent the carbon dioxide may be
derived from inclusions of liquid carbon dioxide in the quartz grains
of granite and porphyries and be set free by crushing or heat. It is
also probably generated in some places from limestone (calcium car-

1 8ee Gale, H. 8., The origin of colemanite deposits: U. S. Geol. Survey Prof. Paper 85, pp. 3-9, 1013.

2 Stone, C. H., and Eaton, F. M., A new analysisof the water of Owens Lake, California: Am. Chem. Soc.
Jour., vol. 28, No. 10, pp. 1164-1170, 1906.

8 Delkeskamp, Rudolph, Juvenile and vadose springs: Balneol. Zeitung, vol. 16, No. 5, Feb., 1905, Also
other papers by the same author.

4 Lindgren, Waldemar, Econ. Geology, vol. 1, No. 6, pp. 602-612, 1906.
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bonate) and other carbonate rocks by the action of acids. The de-
composition of organic matter also gives ris» to carbon dioxide.

Hydrogen sulphide (the gas which gives the ““rotten-egg’’ odor to
sulphur waters) is believed to be sometimes derived by the action of
organic matter on calcium sulphate, in the presence of carbon dioxide,
and this seems to be a plausible source for it in many saline meadow
and marsh waters. In hot alkaline waters it may be produced by
the action of steam on metallic sulphides. When present in notable
amount it is apt to cause corrosion, rotting, and discoloration of
articles and fabrics left within its reach.

Organic matter is present in small amount in many waters and is
probably derived from vegetable material in the surficial layers of
soil. Several hypothetical compounds so derived, including crenic
and apocrenic acids, have been calculated by chemists, but it is not
certain that they actually exist. Beregin is a transparent, gelatinous,
mucus-like substa.nce, the product of certain algee that grow in ther-
mal sulphur springs and impart the odor and flavor of flesh broth to
the water. These algw® are probably the peculiar feature of so-called
chicken-soup springs.

Vegetable growths that are characteristic of certain classes of
waters are found in many mineral springs. Perhaps the most
noticeable of these are the varieties of alg® that live in warm and
hot springs and especially in sulphur springs. The color and texture
of the growths vary with the temperature of the water and the
rapidity of the current, as well as with the variety of the organism
itself. The following observations by Weed on the alge in Yellow-
stone National Park illustrate this change.!

The general sequence of colors is well illustrated by the occurrence of such growths
in overflow streams with a constant volume, such as the outlet of the Black Sand [a
spring in Yellowstone Park]. As the water from this spring flows along its channel
it is rapidly chilled by contact with the air and by evaporation, and is soon cool
enough to permit the growth of the more rudimentary forms which live at the highest
temperature. These appear first in gkeins of delicate white filaments which gradually
change to pale flesh-pink farther downstream. As the water becomes cooler this
pink becomes deeper, and a bright orange, and closely adherent fuzzy growth, rarely
filamentous, appears at the border of the stream, and finally replaces the first-mentioned
forms. This merges into yellowish-green which shades into a rich emerald farther
down, this being the common color of fresh-water algee. In the quiet waters of the
pools fed by this stream the algse present a different development, forming leathery
sheets of tough gelatinous material with coralloid and vase-shaped forms rising to
the surface, and ofter filling up a large part of the pool. Sheets of brown or green,
kelpy or leathery, also line the basing of warm springs whose temperature does not
exceed 140° F., but in springs having a higher temperature the only vegetation present
forms a velvety, golden-yellow fuzz upon the bottom and sides of the bowl. This
growth is rarely noticed in springs where the water exceeds 160° except at the edge

1 Weed, W. H., Formation of travertine and siliceous sinter by the vegetation of hot springs: U. S. Geol.
Survey Ninth Ann. Rept., pp. 657-658, 1809,
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of the pool. If the basin is funnel-shaped * * * with flaring or saucer-shaped
expansion, alge grow in the cooler and shallower water of the margin, forming con-
centric rings of yellow, old gold and orange, shading into salmon-red and crimson,
and this to brown at the border of the spring. Around such springs the growth at
the margin often forms a raised rim of spongy, stiff jelly, sometimes almost rubber-like
in consistency, and red or brown in color.

Crenothrix is a small filamentous plant that has a gelatinous sheath
colored by ferric oxide. It grows especially in ground waters that
contain considerable iron, and is probably the brown flocculent
material that is found in some iron springs. It sometimes causes
rusty stains on clothing, and when excessive it may clog faucets and
pipes.

Sulphuraria is a slender green plant that secretes silica and grows in
sulphur waters that have a temperature of less than 122°.

DEGREE OF CONCENTRATION OF NATURAL WATERS.

It is probable that none of the several ways of reporting water
analyses conveys to the nontechnical person a clear idea how much
solid matter is present in solution. The amount of any constituent
stated in parts per million indicates the proportion, by weight, of the
amount of that constituent to the solution. For instance, if the
amount of calcium radicle is stated as 210 parts per million it is to be
inferred that each million pounds of the natural water contains 210
pounds of the calcium radicle. To correlate this form of expression
with better known values, it may be stated that one heaping tea-
spoonful of a substance dissolved in one gallon of water represents
approximately 4,000 parts per million; a rounding teaspoonful, about
2,500 parts; a thimbleful, about 600 parts; and the amount that can
be held on the point of a penknife, 10 to 20 parts. The minimum
‘amount of solid material in solution that is perceptible to the taste
varies greatly with the material, and to a less degree but notably with
the individual. Experiments on taste sensitiveness have been made
by Whipple,! and from his tables and from summaries by Dole? it
appears that as small amounts as 2 or 3 parts per million of iron are
distinetly perceptible to some people, while several times as much
aluminum is barely so. The alkalies and alkaline earths are much less
readily detected by the taste. About 200 parts per million of calcium
and magnesium render a water noticeably ‘“hard;’ but it seems
probable that the negative radicles (chloride, carbonate, and sul-
phate), rather than the positive ones, give the distinctive tastes to
most mineral waters. About 250 parts per million of chloride renders
a water distinctly ‘““salty.” Of the dissolved gases which occur in

1 Whipple, G. C., The value of pure water, pp. 65-67, Wiley & Sons, New York, 1907,
2Capps, 8. R., Ground waters of north-central Indiana: U. S. Geol. Survey Water-Supply Paper 254,
Pp. 237-239, 1910,
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natural waters, 4 or 5 parts per million of hydrogen sulphide is
unpleasant to some people.

The following three analyses of water from Lake Tahoe, California
(which contains relatively small amounts of dissolved solids), of an
average sample from Sacramento River above Sacramento (which is
probably a fair sample of a slightly mineralized river water), and of
ocean water show the general character of natural waters, both as
to nature and amounts of dissolved solids.

Analyses of natural walers of different degrees of concentration.

[Parts per million. ]

1 1 2 3
Constituents.

By Reacting By Reacting By Reacting

weight. | values. | weight. | values. | weight. | values.

Sodium (Na).. 7.4 0.32 10, 550 459
Potassium (K) 3.3 .08 } 12 0.52 { ’381 9.7
Calcium (Ca).. 9.4 .47 12 .60 2 2.5

Magnesium (Mg) 3.0 .24 6.7 .55 1,294 106
Sulphate (SO4).. . 5.5 .11 18 37 2,643 55.0

Chloride (Cl).-.cceuveenn..n e 2.3 .07 7.0 .20 18,084 535
Bromide (Br).. ... ..o e e e 65 0.8
Carbonate (CO3) . 35 1.17 71 2.4
Silica (S102)eee e ieie i . 26 PR 1 PO P,
116.7 [ceeenennnn 34,400 |..evnn-n..

1. Water from Lake Tahoe, Cal. Analyst. F. W.Clarke. U. 8. Geol. Survey Bull. 330, ? 122,

2. Water from Sacramento River above Sacramento, Cal. Average of 10 daily samples June 18-27, 1908,
an average sample for the year. Totalsolids varied during the year from 80 in May 19-28 to 140 in Dec. 25-31.
Analyst, Walton Van Winkle. U. S, Geol. Survey Water-Supply Paper 237, p. 32, 1908.

?;éol)cea,l}1 water. Mean of 77 analyses. Dittmar, Challenger Reports, Physics and chemistry, vol. 1,
p. , 1884.

PROPERTIES OF MINERAL WATERS.

Practically all natural waters contain dissolved substances that
give them both saline and alkaline properties. In some waters the
saline properties are dominant, in others the alkaline, but seldom is
one group of substance present to the exclusion of the other. In the
following paragraphs some of the more important properties of water
are briefly discussed. The properties of reaction are defined sub-
stantially as proposed by Palmer,' and are expressed in per cent based
on reacting values, the sum of all properties (except tertiary alka-
linity) being 100.

Salinity is a property of reaction such as is caused by the solution of
strong-acid salts. (See table, p. 16.) Primary salinity is salinity
such as is caused by the solution of strong-acid salts of the alkalies,
chiefly sodium and potassium chlorides and sulphates; secondary
salinity, by the solution of strong-acid salts of the alkaline earths,
chiefly calcium and magnesium chlorides and sulphates; and ter-
tiary salinity or persalinity by the solution of strong-acid salts of the

1 Palmer, Chase, Geochemical interpretation of water analyses: U. S. Geol. Survey Bull. 479, 1911,
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miscellaneous group of positive radicles, including iron and aluminum
chlorides and sulphates, and free strong acids.

Alkalinity is a property of reaction such as is caused by the solution
of weak-acid salts. Primary alkalinity is alkalinity such as is caused
by the solution of weak-acid salts of the alkalies, chiefly sodium and
potassium carbonates, sulphides, and borates; secondary alkalinity, by
the solution of weak-acid salts of the alkaline earths; and tertiary alka-
linity or subalkalinity* by the solution of weak-acid salts of the miscel-
laneous group of positive radicles, including ‘“free’’ weak acids. Under
this term are grouped the colloids silica, alumina, and iron oxide; the
gases carbon dioxide and hydrogen sulphide; and other similar sub-
stances that occupy an unstable position in the water solution and
which, under favorable conditions, may contribute to one of the other -
properties of reaction. Tertiary alkalinity, because of its rather
indeterminate value, is not included in the summation of properties
to the value 100 and is expressed as a per cent of the sum of all other
properties of reaction.

Hardness is a property of the water solution caused by the posi-
tive radicles other than the alkalies. Hardness is the property
that results in the decomposition of soap. Temporary hardness,
which is dissipated by boiling, is measured by secondary alkalinity;
and permanent hardness, which is not dissipated by boiling, is measured
by secondary salinity and tertiary salinity.

Carbonated is a term applied to waters containing the gas carbon
dioxide.

Sulphureted is a term applied to waters containing the gas hydrogen
sulphide, or sulphureted hydrogen.

Odor in spring water is noticed chiefly in water from sulphur
springs, where it is produced by hydrogen sulphide, which is a gas
that has the odor of decaying eggs. The amount of this gas that
escapes at some springs is so large that it is perceptible at a distance
of hundreds of yards. A slight oily odor is perceptible in the water
of a few springs, but the fishy and musty odors that are often notice-
able in well waters are rarely present in spring waters.

Color is not nearly so common in spring waters as it is in stream and
well waters. A very few strongly sulphureted spring waters have a
clear greenish-yellow color that is probably due to complex sulphides
in solution. The waters of white-sulphur springs may be opalescent
or even milky from the finely divided white, allotropic form of sul-
phur in suspension; and the waters of blue-sulphur and black-sulphur
springs are possibly tinted by other finely divided allotropic forms
of sulphur or by very small amounts of iron sulphide in suspension.

1 The terms persalinity and subalkalinity have been proposed instead of tertiary salinity and tertiary
alkalinity, for tertiary salinity or persalinity represents more than salinity, being an acid property, whereas
tertiary alkalinity or subalkalinity isless than true alkalinity.
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Some spring waters are rendered opalescent or slightly milky by finely
divided silica or calcium carbonate. A few spring waters are ren-
dered black by iron sulphide in suspension.

Radioactivity is a property that is possessed by some waters, and
it has been offered as an explanation of the curative virtues of some
mineral springs. No acceptable proof of its healing value has been
made, however, and it has been shown to be a property that is rapidly
lost.! In connection with it may be mentioned the electrical or
magnetic property that is claimed for some waters, chiefly well waters.
Careful examination, however, has always shown that such prop-
erty, if present, belongs to the well casing, not to the water, and is a
magnetized condition that probably has been produced by the
" action of the drill used in sinking the well.

TEMPERATURE OF NATURAL WATERS.

The temperature of the water of many springs remains nearly
constant throughout the year and practically coincides with the
mean annual temperature of the locality. Springs that are fed by
melting snow are of course noticeably below the normal tempera-
ture; others are considerably above it. Observations of the tempera~
ture in deep mines and deep borings indicate that in regions of
comparatively uniform and undisturbed rock, below the first 50
feet (in which the underground temperature is affected by seasonal
variation in temperature of the air), the temperature increases at
the rate of 1° F. for about each 50 or 60 feet of increase in depth.
In favorable localities this increment may be safely assumed in
estimating the depth from which the heated water rises. In the
greater number of places where thermal springs issue, however, this
increment is valueless as a basis for estimating the depth from which
the water rises. The high temperature of the water of most hot
springs can usually be assigned to faults or displacements in the
rock formations, to volcanic activity, or to chemical action, rather
than to normal increase of temperature with depth. The rocks
along fault zones are probably heated considerably above a normal
temperature by the great pressure and friction that have been
produced. Water from deep sources passes upward along these
zones and is additionally heated by contact with the heated rocks.
In some areas of volcanic rocks there are probably masses below
the surface that have not yet cooled to a normal temperature, and
they heat water which comes near them. Chemical reactions—
notably the oxidation of pyrite—liberate heat and may increase the
temperature of underground water.

1Schlundt, Herman, and Moore, R. B., Radioactivity of the thermal waters of Yellowstone National
Park: U. 8. Geol. Survey Bull. 395, 1909.
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Temperature close to the boiling point is found in many springs.
As the boiling point decreases with increase in elevation, and as the
temperature of the water in several springs in California is at or
near the boiling point although considerably below the usually
assumed boiling temperature of 212° F., the following table of boil-
ing points and approximate elevations is given. The boiling point
also varies with the barometric pressure, but since a variation of
one-quarter of an inch in the barometric pressure, which is extreme,
causes a change of only about one-half degree in the boiling point,
it is not of great importance. Solids in solution increase the boiling
point slightly and gases decrease it, but both of these factorsare
negligible in nearly all thermal spring waters.

The assumption that an increase of 525 feet in elevation causes a
decrease of 1° F. in the boiling point of water gives approximately
accurate results.

Relation of boiling point of water to barometric pressure and to elevation.o

Boiling | Barometric |[Approximate || Boiling | Baromstric ApProximate
point. pressurc. elevation. point. pressure. elevation.
°F. Inches. Feet, °F. Inches. Feet.

185 17.05 14,350 199 22.97 6,825
186 17.42 13,800 200 23. 45 6,300
187 17.81 13,250 201 23.94 5,775
188 18.20 12,700 202 24.44 5,250
189 18.59 12,150 203 24.95 4,725
190 19.00 11,600 204 25.46 4,200
191 19.41 11,050 205 25.99 3,675
192 19.82 10, 500 206 26.52 3,150
193 20. 25 9,975 207 27.07 2,625
194 20. 68 9,450 208 27.62 2,100
195 21.13 8,925 209 28.18 1,575
196 21.58 8, 400 210 28.75 1,050
197 22.03 7,875 211 29.33 525
198 22.50 7,350 212 29.92 0

o Boiling points and barometric pressures taken from Smithsonian physical tables, 3d ed., 1904, p. 170.
Approximate elevations computed from scale used on aneroid barometers, which gives an approximate
rise of 525 feet in elevation for a decrease of 1° F. in the boiling é)oint, up to 10,500 feet in elevation, and a rise
of 550 feet for a decrease of 1° in the higher computed elevations.

CLASSIFICATION OF MINERAL WATERS.

Many plans for the chemical classification of waters have been
proposed. These plans have in general been based on units of
weight, and, since such units are obscure indices to chemical energy,
the class names proposed convey little idea of the character of the
water solution and amount to little more than an enumeration of the
names of the radicles or supposititious compounds included in ana-
lytical statements. Palmer’s classification ! is a rational one, express-
ing the properties of reaction as percentages of their sum, and affords
a serviceable key to the character of waters. In this paper, although
any rigid numerical classification is scarcely warranted because many

1 Palmer, Chase, loc. cit.
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of the analyses presented are proximate only, the properties of reac-
tion are nevertheless tabulated with each analysis to facilitate com-
parison.

THERAPEUTIC VALUE OF WATERS.

The use of mineral waters under the direction of competent physi-
cians at mineral-spring health resorts and sanatoriums is attended by
most beneficial results. It must be admitted that one of the chief
sources of benefit is the change of habits—the throwing off of business
cares, the relaxation, fresh air, and exercise—that usually accom-
panies the use of mineral waters at resorts. This change in itself,
without the associated mineral-water treatment, is sufficient to accom-
plish many apparently wonderful cures. That the use and misuse of
waters is accompanied by marked physiological effects is, however,
well demonstrated. The cases of misuse have been among the most
instructive examples in hydrotherapy and have given point to the
lesson that medicines, whether administered as drugs or as mineral
waters, should be taken under the advice of those who understand
their physiological effects. Anderson?! says:

The indiscriminate use of mineral waters, either for drinking or bathing purposes,
can not be too strongly condemned, for while they look bland and harmless, they are
potent therapeutic agents which may accomplish much good if judiciously employed
but may also do much harm and may be followed by serious if not fatal results in
careless hands.

Crook 2 says:

It may be said without fear of dispute that the most frequent as well as the most
important component of a mineral spring is the water itself. Aside from its absolute
necessity to the preservation of all forms of life, this agent possesses certain very
important therapeutic properties.

Among these properties he mentions the activity of water as a
diuretic. The copious use of water in many afflictions of the kidneys
and genitourinary passages is therefore beneficial. Water tends to
stimulate perspiration in warm weather, thus cooling the body and
assisting in the reduction of fevers. The use of quantities of water
also tends to increase intestinal activity and flush out the bowels.
The foregoing passages indicate in a general way the value of water
as a therapeutic agent, but for a complete discussion of the manifold
functions of water in maintaining and improving the health of the
human system, the reader should consult a physiological treatise.

The mineral substances in natural waters tend to augment or
modify the effects of the water in which they are dissolved. The
scope of this paper does not permit a detailed discussion of the

1 Anderson, Winslow, Mineral springs and health resorts of California, p. 13, Bancroft & Co., San Fran-
<cisco, 1892,

2 Crook, J. K., The mineral waters of the United States and their therapeutic uses, p. 39, Lea Bros. &
Co , New York and Philadelphia, 1899.
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character and amount of these modifications. The following gen-
eral notes on the subject are, however, presented. In preparing
them free use has been made of the works of Gutmann,® Anderson,?
Schweitzer,® Crook,* and Bailey.?

1. Alkaliné waters, and especially waters characterized by primary
alkalinity, are useful to correct acidity of the stomach and therefore
alleviate certain forms of indigestion. Such waters have an aug-
mented diurétic action and are used in the ftreatment of fevers,
rheumatism, gout, vesical irritation, and diabetes.

2. Waters in which salinity, measured by the chloride radicle, is
relatively marked stimulate the appetite and have a general stimu-
lating effect on the organs of digestion, increasing the flow of the
digestive juices. Waters in which salinity, measured by the sulphate
radicle, is relatively marked have a cathartic effect; highly concen-
trated waters of this type are much used as purgatives. The salinity
of waters also serves to augment their diuretic action. Acid waters
are astringents and are useful in the treatment of relaxed conditions
of the mucous membrane, especially when characterized by diarrhea
and dysentery. Such waters are likely to contain relatively large
amounts of iron and then are markedly tonic.

3. The free use of waters characterized by a high degree of second-
ary salinity and secondary alkalinity is believed to have contributed
to the formation of caleuli. For this reason water in which primary
salinity or primary alkalinity is pronounced is generally to be pre-
ferred for use in the treatment of the kidneys or bladder. Waters
containing lithium are generally supposed to be especially efficacious
for such use, but a natural water containing sufficient lithium mate-
rially to affect its character is rare.

4. Waters slightly carbonated are of very common natural occur-
rence. The carbon dioxide not only serves to augment the solu-
bility of many mineral substances, but gives the water an agreeable
taste, aids the flow of saliva, and allays gastric irritation.

5. Sulphureted waters generally contain the sulphide radicles to
which their value is believed to be in great part due. Under the
name ‘“sulphur waters” such solutions are widely used internally
and for bath‘g. Waters of this type are particularly valuable in the
treatment of skin diseases, affections of the liver, and chronic malaria.

6. The concentration of mineral substances probably does not
materially affect the character of their therapeutic action, but it

1 Gutmann, Edward, Watering places of Germany, Austria, and Switzerland, 1880.

2 Anderson, Win.%]ow, Mineral springs and health resorts of California, San Francisco, Bancroft & Co.,
1892. !

® Schweitzer, Paul, A report on the mineral waters of Missouri: Missiouri Geol. Survey, vol. 3, 1892.

4 Crook, J. K., The mineral waters of the United States and their therapeutic uses, Lea Bros. & Co.,
New York and Philadelphia, 1899.

5 Bailey, E. H. 8|, Special report on mineral waters: Kansas Univ. Geol. Survey, vol. 7, 1902.
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determines the quantity of the water that should be drunk. It is
generally believed, however, that the therapeutic action of a certain
quantity of mineral is most effective when it is administered in a
relatively large quantity of water.

7. Hot waters produce more notable effects than cold waters.

In regard to the temperature of waters used for bathing, it is
known that a temperature as low as 66° F. reduces the bodily tem-
perature about 2° within 10 or 15 minutes, reduces the frequency
of the pulse, and produces a flow of blood to the brain, lungs, kidneys,
and other internal organs; but after a cold bath of short duration a
reaction takes place that causes the blood to return to the skin and
the pulse becomes normal or even slightly quickened. Water 88°
to 95° in temperature is considered to be indifferent in its effect on
the body temperature, but baths at this temperature are considered
of value in the treatment of nervous debility and sleeplessness. Hot
baths accelerate the circulation, induce a flow of blood to the surface,
and increase the quantity of blood in the superficial blood vessels,
thereby causing congestions and profuse sweating. Such baths are
beneficial in the treatment of partial paralysis and of rheumatic
troubles. The high temperature is probably the main element of
value in mud and sand baths, though the weight of the material may
help somewhat.

ANALYSES OF CALIFORNIA SPRING WATERS.
SOURCES OF ANALYSES.

Most of the chemical analyses that are given in this report are
taken from a book by Anderson,' who made analyses of most of the
important springs of the State in 1888-89. A few earlier analyses
that were made by Oscar Loew in connection with the Wheeler Sur-
vey ? are available. A number of others have been taken from the
reports of the California State Mining Bureau, and others have been
obtained from advertising folders and from private files. A few
analyses were made by Mr. F. M. Eaton, at Oakland, Cal., for use in
this report.

The source of each analysis is given in the tables, so that the hypo-
thetical forms may be consulted by those who wish. The following
abbreviations have been used to indicate the principal references,
and others are self-explanatory:

Wheelerreport .............. Wheeler, G. M., Annual report upon the geographical
surveys west of the one-hundredth meridian, 1876.
Winslow Anderson ........... Anderson, Winslow, Mineral springs and health resorts

of California, 1892.

lsgéi.nderson, ‘Winslow, Mineral springs and health resorts of California, Bancroft & Co., San Francisco,
2 Wheeler, G. M., U. 8. Geog. Surveys W. 100th Mer. Ann. Rept., 1876, pp.1589-199,
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6thCal. ... ...o.ooeiiiiil.. Sixth report of California State Mineralogist, Sacra-
mento, 1886 (similarly for the other reports).

T. 8. Geol. Survey Bull. 32. ... Peale, A. C., Mineral springs of the United States: U. S.
Geol. Survey Bull. 32, 1889. Similar indications
are given for other publications of the Survey.

Advertising matter........... Analysis obtained from advertising literature relative
to the spring.

OWner......coveviemenncnaann Analysis obtained from the files of the owner of the
spring.

CONVERSION OF ANALYSES.

The tedious work of converting the analyses (most of which were
originally expressed in hypothetical forms in grains per gallon) to
ionic forms in parts per million has been largely done by Gertrude E.
Goodman, to whom credit is due for reducing them to the standard
form and thus rendering them available for comparison. In this
work conversion tables prepared for the various salts by R. B. Dole
from the atomic weights of 1897 (oxygen=16.00) have been used.

In amounts of less than 1 part per million by weight two decimals
have in most analyses been retained; in amounts of 1 to 10 parts, one
decimal; and amounts greater than 10 parts are expressed in the
nearest unit. The totals by summation are given as a check on the
other figures as well as to show the approximate total solid contents.

Where sodium and potassium are reported together in an analysis
the reacting value has been calculated on the assumption that the
figures given represent only sodium; similarly where calcium and
magnesium or iron and aluminum are reported together the values
are assumed to be all calcium or all iron.

The properties of reaction have in each analysis been made to
aggregate 100 per cent without tertiary alkalinity, any excess from
the other properties being combined with this property.

Temperatures are expressed in degrees Fahrenheit in the text and
in both Fahrenheit and Centigrade in the analyses.

A few typographical errors have been corrected by comparing
analyses that appear in two or more publications.

The notes concerning the principal characteristics of the waters,
as shown by the analyses, have been made by Mr. Herman Stabler,
who also calculated the reacting values and the properties of reaction.

Many of the analyses report only the most common substances,
and a few contain questionable figures, but all are believed to show
the general character of the waters and, in the absence of better
analyses, are presented as furnishing the best information available
concerning the chemical character of the springs. Two or more
analyses of water from the same spring are given wherever they are
available, as they afford valuable checks on unusually high amounts
of certain substances. The widely differing results of analyses of
water of the same spring by different persons may be ascribed to
actual differences in the composition of the water at different times.
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Analyses which were originally reported in grams per liter have
been converted to standard form by assuming that 1 gram per liter
is equivalent to 1 part per thousand. This assumption is true only
whén the specific gravity of the water under examination is unity.
As the specific gravity is seldom stated in an analysis, errors from
this source could not be corrected, but they are small. In an analysis
of ocean water, for example, which has an average specific gravity of
1.026,! this assumption would make recalculated figures too large by
about 2.6 per cent, but in less concentrated waters the error involved
is much smaller. Other notes concerning assumptions that were made
appear as footnotes to the several analyses.

CLASSES OF SPRINGS.

It was found impracticable to discuss the springs of California
with any regard to order of importance, for this depends on the extent
to which they are or may be improved. Some of the springs, most
remarkable from the viewpoint of the geologist or the chemist, were
in 1908-1910 unused, while those at several large resorts are of
relatively minor scientific interest. A discussion based on either
geographic or topographic arrangement was also considered impracti-
cable, as it would bear no relation to the character of the springs.
A strictly chemical grouping was not deemed advisable, because
sufficient analyses are not available for that purpose, and also because
according to such a classification, springs that are of different char-
acter according to the popular view, would be brought together.
The plan of presentation adopted therefore has been determined by
the most generally recognized characteristics of the springs and
includes nine groups, which can not, however, be precisely defined,
for some springs may be placed nearly equally well under two or
more heads. The groups are characterized as follows:

1. Hot springs; temperature higher than about 90° F., or 20°
higher than that customarily fixed as the dividing point between
thermal and nonthermal springs.

2. Carbonated springs; contain notable amounts of free carbon
dioxide.

3. Sulphur springs; contain notable amounts of hydrogen sulphide
or other unstable sulphides.

4. Saline springs; contain notable amounts of chlorides or sul-
phates, or both.

5. Magnesic springs; contain large amounts of magnesium ; brought
together under one heading in order to call attention to their magnesic
character.

6. Iron springs; deposit notable amounts of iron; grouped under
one heading on account of this fact.

1Geikie, Archibald, Textbook of geology, 3d ed., p. 35, Macmillan & Co., London, 1893.
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7. Springs of artesian origin; rise in valleys, yield fairly pure,
warm water and differ in origin from most of the hot springs. In
making this class, the customary grouping of the spring waters into
thermal and nonthermal classes, with 70° F. as the division point,
has not been followed. Some artesian springs have higher tempera-
ture than 70°, and some that are locally considered to be warm but
are probably not of artesian origin have lower temperatures.

8. Large cold springs; springs of nearly constant flow, whose
origin is considered to be somewhat different from that of the springs
included in the next group.

9. Perennial springs; sprmgs of perennial ﬂow but essentially of
surface origin, or ‘“hillside” springs. It was impracticable to visit
or to obtain descriptions of all of the many springs of this kind in the
State. In the well-watered mountainous sections many compara-
tively large springs are of little interest because they are so numerous;
in the arid districts small springs of similar character are of much
greater importance. Although the list of perennial springs is by no

"means complete, attempt has been made to include those which
are of sufficient importance to have received names; others which
have not been considered of sufficient importance to indicate on the
map (PL I, in pocket) are discussed more generally.

The foregoing classification is conceded not to be logical from the
usual standpoint, that of the chemist; for relatively unimportant con-
stituents, as carbon dioxide or hydrogen sulphide, may determine
the heading under which a spring is discussed. It is considered justi-
fiable, however, in order best to serve one purpose of this paper as a
popular catalogue of the springs of California.

ORDER OF DISCUSSION.

As the hot springs are most important, because of the extent to
which they have been improved as resorts and of their relations to
the geologic structure, they are first discussed. Within this group
the order is both geologic and geographic. Springs that issue in
areas of granitic rocks, beginning in the south and proceeding north-
ward, are first considered; then those in the older sediments of the
northern part of the Coast Ranges, next the hot springs in the lava
fields of the northeastern part of the State, and last those along the
eastern front of the Sierra and in the desert area to the south. (See
Pls. T and III, in pocket.) As Plate IIT was originally prepared for
reproduction on a smaller scale, the positions of a few of the sym-
bols showing springs are less accurate than those in Plate I.

The carbonated springs are described mainly in geographic order,
beginning with the most prominent group and proceeding north-
ward through the Coast Ranges, and then southward through the
Sierra. (See Pls. I and III, in pocket.)
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The sulphur springs, most of which issue in the Coast Ranges, are
described in an order that takes partial account of their present im-
portance by beginning with those north of San Francisco Bay and
proceeding northward through the Coast Ranges, then considering
those in the western part of the State, south from San Francisco,
next those in the Siskiyous and the Sierra, and finally a few in the
eastern desert region. (See Pls. I and IIT, in pocket.)

The more notable saline springs are taken up in geographic order
beginning in the north. Saline springs and salt licks and desert alka-
line springs worthy of special note are then considered, after which
several magnesic springs and a few iron springs are described. (See
PL 1, in pocket.)

The artesian springs are discussed in geographic order, beginning
in the south, where some of the most noteworthy rise; the large cold
springs are taken up in order from the north, as the most important
are found in that part of the State. (See Pl I, in pocket.)

As the perennial springs have no distinctive features that warrant
their separation into groups, they are taken up in geographic order,
beginning in the north and proceeding southward through the eastern
part of the State and then northward through the Coast Ranges.
(See Pl I, in pocket.)

In the order of discussion of the springs as well as their classifica-
tion it was found impracticable to adhere strictly to definite rules.
Although the arrangement does not permit consecutive numbering
of the springs, the method of numbering by counties is believed to
enable the position of any spring to be readily found on the map
(Pl D).

HOT SPRINGS.

ARROWHEAD HOT SPRINGS (SAN BERNARDINO 36).

Along the western base of the San Bernardino Mountains in southern
California hot springs issue at several places. The largest group,
Arrowhead Hot Springs, is situated on the granitic slopes about 7
miles east of north from San Bernardino and about 500 feet above
the valley land. The approximate position of these springs is marked
on the mountain side above them by an area of scanty vegetation in
the shape of an arrowhead several acres in extent (PL IV, A).
Indian legends associate this peculiar landmark with the springs,
and the early immigrants also attached significance to the remark-
able sign.

At these springs a hotel and baths were early erected. This hotel
was burned several years ago and the present structure, a three-story
building containing 90 furnished rooms, was completed about 1907.
Very good bathing arrangements are provided and the place is easily
reached by electric car from San Bernardino.
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The springs form two groups situated about 400 yards apart. The
upper group comprises perhaps half a dozen springs whose observed
temperatures range from 110° to 145°. The water is confined in two
concrete storage basins that are in part the foundations of the original
bathhouse, and it is thence piped to the baths and to heating pipes
throughout the hotel, which is about 200 yards southwest of the
basins. The Palm Spring, on the mesa north of the hotel, is in this
group. The second group lies in a ravine to the west and also com-
prises about half a dozen springs. Water from one of these is pumped
to the storage basins at the upper group to augment the supply for
the hotel. The hottest water is in the spring known as El Penyugal,
in the lower group. This spring is surrounded by a concrete basin
and the water is used for drinking. A temperature of 187° was re-
corded in the basin and in sampling for one of the analyses the basin
was drained and a temperature of 202° registered. The spring dis-
charges perhaps 15 gallons a minute. Granite Spring is on the mesa
on the west side of Penyugal Canyon.

The total yield of the Arrowhead Hot Springs is hard to estimate,
but it is probably not far from 50 gallons a minute.

Water from a cool spring, Fuente Erio, situated about a quarter of
a mile north of the hotel, was placed on the local market as a table
water during 1909. Agua Fria is the water of Cold Canyon, at the
head of the pipe line leading to the main reservoir on the high mesa
north of the hotel. Analyses of several of the springs are given on
page 34.

WATERMAN HOT SPRINGS (SAN BERNARDINO 35).

About three-fourths mile west of Arrowhead Hot Springs smaller
hot springs rise from fissures in the granite on the eastern side of
Waterman Canyon. These springs have been used to some extent
for bathing, but when visited in 1908 the accommodations had evi-
dently not been kept in repair for several years and there was only a
slight flow of water from a small marshy area and a pool beneath a
bank at the creek side. An analysis of the water of the only spring
that has been walled in is tabulated with analyses of the Arrowhead
Hot Springs.

35657°—wsp 338—15——3
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The analyses indicate that the hot springs of this group are about
equal in concentration, the total mineral content being so high as to
render the waters unfit for many uses but suitable for use medicinally.
The waters are essentially primary saline in character, tertiary alka-
linity, though not fully reported, being noteworthy. The differences
with respect to primary alkalinity and secondary salinity are of
interest but are not sufficient to affect materially the character of
the waters. The cool waters are soft and only slightly mineralized.
Primary salinity, primary alkalinity, and secondary alkalinity, though
not fully reported, are prominent.

WARM SPRING IN LYTLE CANYON (SAN BERNARDINO 34).

About 13 miles in a direct line north of west from the Waterman
Springs, in Lytle Canyon, a hot spring forms a pool in the creek bed.
The water was at one time used for bathing and the place was known
as Tyler’s Bath. It is now unimproved, however, the flow is small,
and the water is only about 90° in temperature. A qualitative test
of the water from this spring was made in 1876 by Loew,! who found
it to contain 568 parts per million of solids in solution.

WARM SPRING AT BALDWIN LAKE (SAN BERNARDINO 33).

Baldwin Lake is a small intermittent water body at the upper end
of Bear Valley, in San Bernardino Mountains. In a marsh at the
western end of the lake warm water rises in a pool about 20 feet in
diameter and has been used to some extent for bathing, but as the
flow is slight and the temperature of the water is only 88° it has not
become important.

HARLEM HOT SPRING (SAN BERNARDINO 37).

Hot water formerly issued at Harlem Hot Spring on the alluvial
slope about 2 miles below the base of the San Bernardino Mountains.
A well casing has been sunk in the former spring and the water is
pumped for bathing, and in summer for irrigation also. During
periods following seasons of abundant rainfall the well overflows,
but the water level usually stands a few feet below the surface.
The property is beside an electric car line and is only a few minutes’
ride eastward from San Bernardino. It has been made a recreation
and picnic ground and the water supplies a swimming plunge and
tub and mud baths. A partial analysis of the water, which has a
local market as a table water, is tabulated beyond, with that of water
from Urbita Hot Springs. Primary salinity is dominant in both
waters.

1 Loew, Oscar, U. S. Geog. Surveys W. 100th Mer., 1876, p. 196.
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TURBITA HOT SPRINGS (SAN BERNARDINO 38).

About 1 mile south of San Bernardino a recreation park known as
Urbita Hot Springs has been built about a group of artesian wells that
yield thermal water. This water supplies a swimming plunge, tub
baths, and a small lake. The warmest well yields about 200 gallons
a minute of mildly sulphureted water that is said to have a tempera-
ture of 106°. The following partial analysis shows that, like the
water at Arrowhead and at Harlem springs, it is not highly mineral-
ized, but small amounts of sulphur and iron constituents in the water
cause it to stain the enameled bathtubs:

Analyses of water from Urbita Hot Springs and Harlem Hot Spring, San Bernardino
County, Cal.

[Analyst, E. W. Hilgard. Authority, advertising matter. Constituents are in parts per million

by weight.]
Urbita. | Harlem.
Properties of reaction:
TIMary Salinity . ..o oo e aaaaaas Domi-| Domi-
) nant. nant
Secondary Salility . « ..o oottt ieeaeeieeaaeaaeaan—a 0 [¢5)
Tertiary salinity. ... oo i 0
Primary alkalinity... .| Small. ?)
Secondary alkalinity.... .- .- . Small. mall,
Tertiary alkalinity . ... ..ottt Present. | Present.
Residue:
Combined Water. . . ... et 80 60
Soluble In Water. . . . ... i 310 260
Insoluble In Water. . ..o oo oot i aeaeieecaea et 25 90
415 410
Portion soluble in water:
Sulphate (SO4). . .. e 133 144
Chloride (Cl). ... ....ooieeiaa e e U 21 10
Carbonate (COs). .. __................... .- - 42 16
Chiefly sodium (Na) and potassium (X). 114 90
Portion insoluble in water:
Silica (8i0g)...u..-.... S e 10 50
Calcium (Ca), magnesium (Mg), carbonate (COs) and sulphate (80s), chiefly
L3 5L 15 40

As has been previously stated, the area along the western base of
San Bernardino Mountains is a faulted zone. The issuance of hot
water within this area therefore seems to be due to a fault or struc-
tural break in the granitic rocks, which allows deep-seated thermal
water to reach the surface. The abnormal temperature of Harlem
Hot Spring is possibly due to leakage into the alluvium of heated
water that rises in the faulted zone. This may also be the source
of the warm water at the Urbita wells, though there is a bedrock
area 1 mile south of these thermal wells that may cause under-
ground alluvial water to rise from a depth sufficient to account for
its high temperature. Warm water is also obtained from other flow-
ing wells in this locality. The sulphurous elements of the water from
the Urbita wells are probably derived from material in the alluvium
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rather than from constituents in deep-seated hot water that may
enter the alluvium.

FAIRVIEW HOT SPRING (ORANGE 1).

A warm spring or well at Fairview Hot Spring, in the coastal plain
south of Santa Ana, resembles in occurrence the Harlem and Urbita
springs. Originally the Fairview Spring was a natural flow, but a
casing that was sunk to a depth of 700 feet into it has converted
it into a flowing artesian well. In 1908 a hotel and cottages pro-
vided accommodations for about 50 people. The water rises with a
temperature of 96° and supplies a swimming plunge and tub baths.
The discharge varies somewhat with the season; in December, 1908,
it was about 15 gallons a minute. An odorless, inflammable gas rises
with the water and is burned for cooking and lighting. The water,
which is colored brown, doubtless from organic stain, has been placed
on the local market for table use under the label ‘“Amberis Water.”
Although the water has a faint oily taste, it is thought to be essen-
tially ground water that here rises through the deep alluvium which
forms this part of the coastal plain. Its origin is probably not re-
lated to the shales of the oil-bearing series of southern California that
form low hills a mile southward, except as these shales act as an
underground dam that forces the alluvial water of the artesian basin
of this region to the surface.

EDEN HOT SPRINGS (RIVERSIDE 8).

Along the western base of San Jacinto Mountains are several hot
springs that have already been mentioned in their relation to the
San Jacinto fault. At Eden Hot Springs, the northernmost group
along this fault, about eight small springs rise within a distance of
100 yards at the base of a steep granitic slope. The water issues less
than 200 yards beyond the southeastern border of a series of shales
and sandstones of Tertiary age, in which there are dislocations that
were probably caused by the uplift of the San Jacinto Range; but the
springs seem not to be related causally to the sediments. The max-
imum temperature of the water is about 110°. It is moderately
sulphureted but does not seem to be otherwise notably mineralized.
During 1909 water from two of the springs was placed on the local
market for table use under the labels ‘‘Iron Lithia” and ‘“White
Sulphur.”

A small resort has been maintained at the place for a number of
years. In 1908 cottages and tents provided accommodations for
about 50 people, and a bathhouse and sma]l swimming pool allowed
use of the water for bathing.
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SAN JACINTO HOT SPRINGS (RIVERSIDE 9).

San Jacinto Hot Springs, formerly known as Relief Hot Springs,
are situated at the valley edge, 6 miles southeast of the Eden springs.
About half a dozen springs here issue from a bank of granitic allu-
vium and form a marshy area several acres in extent.

The place has been a resort for more than 20 years, a frame hotel
and cottages and tents forming a little settlement in a grove adjacent
to the springs. Besides the usual tub baths there are mud baths that
use material from the tule marsh.

The waters are sulphureted and they also taste distinctly alkaline.
Efflorescent alkaline salts form in small amounts on the banks beside
the springs, and the iron and sulphide contents cause the water to
stain the towels and enameled tubs. The following partial analysis
of the water that is used chiefly for bathing shows the general char-
acter- of the water, though the several springs differ scmewhat in
chemical characteristics:

Analysis of water from Black Spring, San Jacinto Hot Springs, Riverside County, Cal.
[Analyst, E. W. Hilgard (?). Authority, advertising matter. Constituents are in parts per million.]
Properties of reaction:

Primary salinity. .......... ... . ... .ooioioiol... Dominant.
Secondary salinity................... L. ?)
Tertiary salinity . ... ... ... ... oLl 0
Primary alkalinity .. ... .. .. ... ... . ..l €]
Secondary alkalinity. . ... .. .. ... .. ... ... ... Prominent.
Tertiary alkalinity. ... ... ... . .. .. .. ..ol Present.
Residue:
Soluble in water. ... .. .. ... .. .oiiiiiiiiiaaiiiil. 3,770
Insoluble in water....... .. .. .. ... ... oiiiiii... 2,120
5, 890
Portion soluble in water.
Sulphate (SO,) .. ooooi e 366
Chloride (C1)....oooo o 1,920
Carbonate (COg).. ... i i 30
Metaborate (BOy)... ... .. L. Trace.
Nitrate (NOg).ovvemnee Trace.
Sodium and potassium (Na-+K), chiefly sodium........._. 1,454
Portion ingoluble in water:
Silica (8105« - - ceeee et 20
Calcium (Ca), magnesium (Mg), carbonate (COj3), and sul-
phate (80,), chiefly calcium............ ... ... .. ... 2,100
Hydrogen sulphide (HyS)...........o....................... Present.

The analysis indicates that the water is highly concentrated, is
chiefly primary saline in character, and has secondary alkalinity as
a prominent property. The water is unsuited for industrial or
agricultural use.



HOT SPRINGS. 39

RITCHEY HOT SPRINGS (RIVERSIDE 10).

Ritchey Hot Springs, about 5 miles southeast of the San Jacinto
springs, are also situated near the base of the mountains, but they
issue along the side of a ravine. Six springs, which range in tem-
perature from 70° to 111°, furnish water for domestic use and irrigation.

Although in 1908 the place had not yet been opened as a public
resort, a few guests were taken care of during the summer, and sev-
eral tubs were provided for bathing. In a tunnel that has been
driven into the hillside for a distance of 55 feet a temperature of 82°
was registered. This unusually high temperature has led to the use
of the tunnel as a sweat chamber. Gypsum and efflorescent alum
salts form on its walls and indicate that the tunnel water may be
mineralized to a notable extent by acid constituents. There was
formerly a sour spring in the ravine above the main group, but at
the time the place was visited it either had been covered by a land-
slide or overgrown by vegetation.

Water from one of the springs was formerly marketed as a table
water as ‘‘Soboba Lithia Water.” Its sale was discontinued when
interrupted by the high-water stage of San Jacinto River in 1904,
but it was placed on the local market again in 1909.

The following analysis of this water has been published:

Analysis of water from *“lithta’ spring at Ritchey Hot Springs, Riverside County, Cal.

[Analyst, L. J. Stabler. Authority, advertising matter. Constituents are in parts per million.]

Properties of reaction:
Primary salinity . ... ... . el 44
Secondary salinity. .. ... ... ... e 0
Tertiary salinity..... . 0
Primary alkalinity... . 54
Secondary alkalinity. ... R 2
Tertiary alkalinity ‘ 18

|

Constituents. Wg?g}ixt Rve:ﬁtelgg
Bodium (NB) . ... i 56 2.37
Potassium (K. ... ... 71 1.8
Lithium (Li). ... ...| Trace. Trace.
Caleium (C8) ... ... i 1.7 .08
Magnesium (M) . ..ot et e e anaae Trace. Trace.
Iron (Fe)....... Trace. Trace.
Aluminum (Al). Trace. .
Sulphate (SO4).. 52 1.08
Chloride (Cl).... . 28 .79
Carbonate (COs) . - . o n it it e et ae e e ittt e eaan 72 2,40
Silica (Si0s) . . ... e .. 23 .76
302.7 [eeeeennnne

Primary alkalinity is the dominant property, and its high percent-
age is specially noteworthy. Primary salinity and tertiary alkalinity
are also prominent, though the latter is not fully reported. The rela-
tively high proportion of potassium is unusual and in the absence of
confirmation by other analyses should not be given weight.
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The ravine in which these springs issue is steep, with narrow,
precipitous sides, and the rock exposed is largely a crushed gneiss.
Recent landslide patches within it also indicate the broken and dis-
turbed character of this area and furnish local evidence that the
thermal character of the springs is due to crushing and slipping of the
rocks.

PILARES HOT SPRING (RIVERSIDE 7).

In the channel of San Jacinto River, about 6 miles west of the base
of the San Jacinto Range, warm water rises and forms a tule area
several acres in extent. The water was formerly piped to a bath-
house on the higher land, but in 1910 a hut among the tules formed
the local bathing place. Though the abnormal temperature of this
water may be due in part to leakage of deep-seated hot water upward
through the San Jacinto fault into the alluvium of the valley, it is
more probable that a buried spur of a granitic ridge that here borders
the valley acts as a dam and forces alluvial water to the surface from
a depth sufficient to account for its temperature. A well that was
drilled a couple of hundred yards west of the spring obtained a warm

artesian flow.
PALM SPRINGS (RIVERSIDE 11).

At Palm Springs, at the southern base of San Jacinto Peak, a rise
of thermal water tends to confirm the topographic evidence that
faulting has taken place in this vicinity. The water, which has a
temperature of about 100°, is used for bathing, and there is a small
health resort here on the edge of the desert. These are the same
springs that were formerly known as Aguas Calientes (hot waters),
and the following partial analysis of the water was early made:

Analysis of water from Palm Springs, Riverside County, Cal.

[Analyst, Oscar Loew. Wheeler report (1876). Constituents are in parts per million.}

TeMPEIAtUTIe. - . oo . oottt et aaaeienaaiae e 38° C. (100° F.)
Properties of reaction:
rimary salinity... ks
Secondary salinity. 0
Tertiary salinity... 0
Primary alkalinity.... .- 23
Secondary alkaliniby . ... ... Trace.
Tertiary alkalinity .. ..o oo ?
; By Reacting
Constituents. weight. | values.
Sodium (Na) 158 6.87
51415050 0 3 (5 S Trace. Trace.
CaleTMm () - e vcereaeananeccsronasonoansacasncencsasacansssaossasascuananneanenns Trace. Trace.
Magnesium (Mg) . ..oeeeim it ittt ciiceetcaiaaaroeacnaennaraaanraanas Trace. Trace.
SUIPhAte (S04)-c ittt e Trace. Trace.
L1153 0 o (- 0 ) 188 5.30
Carbonate (COz) - . emae ettt 47 1.57
SHHCA (S108) . e e veneereeanareesneenreesusraraatoasassascasecacnasonsonssncnsonnanean Trace. Trace.
398 |onnnnnn.
Hydrogen sulphide (Ha8). . ..ttt ittt ecaiairnsveaeeeiaaaanas Trace. Trace.
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MUD VOLCANOES (IMPERIAL 5).

About 7 miles south of west from Imperial Junction, in the alluvium
on the eastern side of Colorado Desert, is an area in which vapor and
hot water vents are numerous. They were submerged by the rise of
Salton Sea! during 1905-1907, but they will become accessible again
as the water subsides. They were early visited by Le Conte 2 and by
Veatch,® who describe them as covering a space of about 350 by 500
yards in an area of blue elay slightly elevated above the desert surface.
Vapor and hot water issued from numerous low conical mounds in this
area, and from some of the vents water was formerly thrown to a
height of 15 to 40 feet. Veatch reports that the water was strongly
saline and had a specific gravity of 1.075. He also reported unmis-
takable evidence of free boracic acid in it. Small amounts of sulphur
and of a salt that was considered by Le Conte to be sal ammoniac
(ammonium chloride), were deposited around the vents, and small,
coral-like stalagmites of lime carbonate were built up by the spray
from several of the more active springs. In 1905, before their sub-
mergence by the rising water of Salton Sea, they had become much
less active, and the locality contained only pools of hot water and
boiling mud, with the usual vapors and sulphur and saline deposits
that are characteristic of solfataric regions. There was a smaller
group of extinet or at least quiescent craters about a mile southeast
of the main group.*

These solfataras are near a row of knobs or small buttes of obsidian,
pumice, and other varieties of volcanic rock which extend southwest-
ward from a point about 6 miles west of Imperial Junction, and the
presence of the hot waters probably represents a final phase of the
voleanic activity that produced the lava knobs. Since the rise of
Salton Sea these have become islets and have been made breeding
places by pelicans.

A similar but more extensive group of mud volcanoes is found on
the western side of Volcano Lake, in Mexico, near the base of the
Cerro Prieto,about 20 miles south of the international boundary, and

1 Salton Sea occupies the central part of Colorado Desert. Normally it receives only the occasional over-
flow from distributaries of this river, and it has been dry during a considerable portion of the last half cen-
tury. Inthespring of 1905 Colorado River during its flood stage greatly enlarged the intake of a canal which
supplied irrigation water to a portion of Imperial Valley, and a large part of its discharge, and finally the
entire stream flowed northward to Salton Sea or Salton Sink. Several attempts were made to close the
break and stop the destruction that was being wrought in the valley, the river finally being forced back
to its natural channel in February, 1907. Since the summer of that year the sea has been gradually sub-
siding as its water has been removed by evaporation.

2 Le Conte, J. L., Account of some volcanic springs in the desert of the Colorado in Southern California:
Am. Jour. Sci., 24 ser., vol. 19, pp. 1-6, 1855.

3 Veatch, J. A., Notes of a visit to the mud volcanoes in the Colorado Desert in the month of July, 1857:
Am. Jour. Sci., 2d ser., vol. 26, pp. 288-295, 1858.

+ Mendenhall, W. C., Ground waters of the Indio region, California, with 2 sketch of the Colorado Desert:
U. 8. Geol. Survey Water-Supply Paper 225, p. 14, 1909.
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60 miles in a direct line south of east from the mud volcanoes near
Imperial Junction.

A great fault extends southeastward through San Gorgonio Pass,
which is eastward from San Bernardino, and this fault is believed to
continue through Colorado Desert, where physiographic evidence of
its existence is buried by the valley alluvium. If it does extend
through the desert, it may have determined the presence of the small
area of volcanic rocks near the mud volcanoes, and hence they may
furnish evidence of more extensive geologic phenomena than the lava
knobs.

GLEN IVY HOT SPRINGS (RIVERSIDE 3).

West of the San Jacinto Range another fault has been traced along
the eastern base of the mountains that border Elsinore and Murrieta
valleys. Heated waters rise along this fault zone at three localities.
The most northern of these is at Glen Ivy Hot Springs, which was
formerly known as Temescal Hot Springs.

One principal spring, having a temperature of 102° and yielding
about 15 gallons a minute here issues at the mouth of a ravine in
which fractured granitic and porphyritic rocks are exposed. Small
warm springs issue at several other points for half a mile northward,
but only the one spring is improved. Its water is sulphureted and
slightly alkaline in taste but is not unpleasant.

The springs were early known to local settlers, but for a number of
years they were in private hands, and more recently were the prop-
erty of an automobile club. In 1908 the place was opened to the
public. The improvements at that time consisted of a hotel con-
taining 10 or 12 rooms, a swimming pool, dancing hall, and tennis
court, all of which were situated in a grove overlooking the valley
land.

ELSINORE HOT SPRINGS (RIVERSIDE 5).

Many small hot springs formerly issued along the northeast side of
Elsinore Lake. In the early nineties, however, a canal was cut and
the water of the lake was conducted northward for irrigation, and
since that time most of the springs have ceased to flow. Hot sul-
phureted water is still obtained, however, from shallow wells. In
1888 a large bathhouse was built near the railroad depot; and in
1908 these baths were still supplied by water pumped from three
wells that were formerly springs. A large swimming plunge and tub
and mud baths were provided, while Lakeview Hotel, under the same
management, furnished accommodations for about 100 people.

Partial analyses of water from two of the wells at this resort are
tabulated on page 43.
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BUNDYS ELSINORE HOT SPRING (RIVERSIDE 4).

Bundys Elsinore Hot Spring is the name of another resort, about
250 yards north of Elsinore depot. One well at this resort supplies
warm sulphureted water for drinking and bathing, and a hotel and
cottages provide rooms for about 75 guests. A partial analysis of
this water is tabulated below, with the two from the Elsinore springs:

Analyses of water from Bundys Elsinore Hot Spring and Elsinore Hot Springs, Riverside
County, Cal.

[Analyst, E. W. Hilgard. Authority, advertising mag,ter‘ Constituents are in parts per million, by
weight.

Properties of reaction:
Primary salinity.... ... i Dominant. | Dominant. | Dominant.
%ec(gldary f_ali?ity .............................................. 8 8 8
ertiary salinity......
g X Small. Small. Small.

Primary alkalinity. ..
Secondary alkalinity . Small. Small. Small.
Tertiary alkalinity. .. Present. Present. Present.
Residue:
Soluble I water.. ... . ..... it 220 225 203
Insoluble in water.. ... .. ... ...l 95 65 90
Combined water and organic matter............................. 15 50 40
330 340 333
Portion soluble in water:
Sulphate (804) ... ..ot i et 55 80 45
Chloride (C1). . ... . e 17 35 52
Carbonate (COs). . .oovo ittt i 60 26 26
Chiefly sodium (Na) and potassium (K)......................... 88 84 80
Portion insoluble in water:
Bilica (8102 oo i 60 32 50
Calcium (Ca), magnesium (Mg), sulphate (8Oy), and carbonate
(COy), chieﬁy ealeium. .. ..o oL 35 33 40
Hydrogen sulphide (HoS)......oooooiii i Present. |...............o..ooL

1. Bundys Elsinore Hot Spring. Temperature, 44° C. (112° F.).
2. Elsinore Hot Springs; original hot spring.
3. Elsinore Hot Springs; white sulphur spring.

These partial analyses show the waters to be very similar in con-
centration and properties. They are soft waters, chiefly primary
saline in character.

It is said that previous to the construction of the irrigating ditch
portions of the land near the present hot wells formed quagmires, but
most of this saturated land has since become dry. Although the
fault through this region is mapped as passing through Elsinore Lake,
2 or 3 miles southwest of the springs, the disturbed zone probably
extends to the eastern edge of the valley and includes the locality
where the heated waters now rise. The sulphureted character of the
waters is possibly derived from beds of tule mud through which they
pass before reaching the surface.
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MURRIETA HOT SPRINGS (RIVERSIDE 6).

About 124 miles in a direct line southeast of Elsinore, on the
eastern side of Murrieta Valley, a third group of hot springs issues
along the Elsinore fault zone. The locality is among rolling hills of
granitic material, that are covered in part by gravels of Quaternary
age. The heated waters, which are distinctly sulphureted in odor
and taste, rise at the base of a gravel bluff, on the border of an
open drainage course. Three springs that rise within 10 yards of
each other, with a maximum temperature of about 136°, furnish an
ample supply of water for the resort that has been built up. In 1908
a frame hotel afforded accommodations for about 75 people, and the
hot baths were patronized largely for their efficiency in cleansing the
system from alcoholic poisoning.

The principal spring is known as Siloam, and one of the others as
Bethesda, while Ramona Spring is also near by. A small cooler
mud pool at the base of the slope, some distance beyond the main
springs, has been occasionally used as a foot bath, and one other cool
spring of slight flow f