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THE DATA OF GEOCHEMISTRY.

By F. W. CLARKE.

INTRODUCTION.

In the crust of the earth, with its liquid and gaseous envelopes, the
ocean and the atmosphere, about eighty chemical elements are now
recognized. These elements, the primary units of chemical analysis,
are widely different as regards frequency; some are extremely rare,
others are exceedingly abundant. A few occur in nature uncombined ;
but most of them are found only in combination. The compounds
thus generated, the secondary units of geochemistry, are known
as mineral species; and of these, excluding substances of organic
origin, only about a thousand have yet been identified. By artificial
means innumerable compounds can be formed; but in the chemistry
of the earth’s crust the range of possibility seems to be extremely
limited. From time to time new elements and new mineral species
are discovered; but it is more than probable that all of them
which have any large importance in the economy of nature are already
known. The rarest substances, however, whether elementary or com-
pound, supply data for the solution of chemical problems; they can
not, therefore, be ignored or set to one side as having no significance.
In scientific investigation all evidence is of value.

By the aggregation of mineral species into large masses rocks are
produced; and these are the fundamental units of geology. Some
rocks, such as quartzite or limestone, consist of one mineral only, more
or less impure; but most rocks aré mixtures of species, in which,
either by the microscope or by the naked eye, the individual compo-
nents can be clearly distinguished. Being mixtures, rocks are widely
variable in composition; and yet certain types are of common occur-
rence, while others are small in quantity and rare. The commonest
rock-forming minerals are naturally the more stable compounds of
the most abundant elements; and the rocks themselves represent the
outcome of relatively simple rather than of complex reactions. Sim-

: ) 9



10 THE DATA OF GEOCHEMISTRY.

plicity of constitution seems to be the prevailing rule.  An eruptive
rock, for example, may be composed mainly of eight chemical ele-
ments, namely, oxygen, silicon, aluminum, iron, calcium, magnesium,
sodium, and potassium. These elements are capable of combining so
as to form some hundreds of mineral species; and yet only a few of the
latter appear in the rock mass. The less stable species rarely occur;
the more stable always predominate. The reactions which took place
during the formation of the rock were strivings toward chemical
equilibrium, and a maximum of stability under the existing condi-
tions was the necessary result. The rarer rocks, like many of the
rarer minerals, are the products of exceptional conditions; but the
tendency toward stable equilibrium is always the same. Each rock
may be regarded, for present purposes, as a chemical system, in
which, by various agencies, chemical changes can be brought about.
_Every such change implies a disturbance of equilibrium, with the
ultimate formation of a new system, which, under the new conditions,
is itself stable in turn. The study of these changes is the province
of geochemistry. To determine what changes are possible, how and
when they- occur, to observe the phenomena which attend them, and
to note their final results are the functions of the geological chemist..
Analysis and synthesis are his two chief instruments of research, but
they become effective only when guided by a broad knowledge of
chemical principles, which correlate the data obtained and extract
from the evidence its full meaning. From a geological point of view
the solid crust of the earth is the main object of study; and the reac-
tions which tale place in it may be conveniently classified under three
heads—first, reactions between the essential constituents of the crust
itself; second, reactions due to its aqueous envelope; and third, reac-
tions produced by the agency of the atmosphere. That the three
_classes of reactions shade into one another, that they are not 'sharply
defined, must bé admitted ; but the distinction between them is valid
enough to serve a good purpose in the arrangement and discussion of
the data. Under the first heading the reactions which occur in vol-
canic magmas and during their contact with rock masses are studied ;
under the second we find the changes due to percolating waters and
the chemistry of natural waters in general; the essentially surficial
action of the atmosphere forms the subject-matter of the third.
Furthermore, for convenience of study, the solid crust of the earth
may be regarded as made up of three shells or layers, which inter-
penetrate one another to some extent, but which are, nevertheless,
definite enough to consider separately. First and innermost there
is a shell of crystalline or plutonic rocks, of unknown thickness,
which forms the nearest approach to the original material of which
the crust was composed. Next, overlying this layer, is a shell of
sedimentary and fragmental rocks; and above this is the third layer
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.of soils, clays, gravels, and the like unconsolidated material. The
second and third shells are relatively thin, and consist of material
derived chiefly from the first, in great part through the transforming
agency of waters and of the atmosphere, although organic life has
had some share in bringing about certain of the changes. In addi-
tion to the substances which the two derived layers have received from
the original plutonic mass they contain carbon and oxygen taken up
from the atmosphere, and also a considerable proportion of water
which has become fixed in the clays and shales. Along with this gain
of material, there has been a loss of salts leached out into the ocean,
but the factor of increase is the larger. When igneous rocks are
transformed into sedimentary rocks, there is an average net gain of
weight of 8 or 9 per cent, as roughly estimated from the composition
of the various kinds of rock under consideration. To .some extent,
- then, the ocean and the atmosphere are being slowly absorbed by and
fixed in the solid crust of the earth; although under certain condi-
tions this. tendency is reversed, with liberation of water and of gases.
A perfect balance of this sort, howevel can not be assumed ; and how
far the main absorptive process may go, it is hardly worth while to
conjecture. The data available for the solution of the problem are
too uncertain.

Upon the subject of geochemistry a vast literature exists, but it is
widely scattered and portions of it are difficult of access. The
general treatises, like the classical works of Bischof and of Roth,
are not recent and great masses of modern data are as yet uncor-
‘related. - The American material alone is singularly rich, but most
of it has been accumulated since Roth’s treatise was published. The
science of chemistry, moreover, has undergone great changes during
the last twenty-five years, and many subjects now appear under new
and generally unfamiliar aspects. To bring.some of the data to-
gether, to formulate a few of the problems, and to present certain
general conclusions in their modern form are the purposes of this
memoir. It is not an exhaustive monograph upon geochemistry, but
rather a critical summary of what is now known and a guide to the
more important literature of the subject. If it does no more than
to make existing data available to the reader, its preparation will
be justified. :



CHAPTER I
THE CHEMICAL ELEMDNTS

NATURE OF THE ELEMENTS.

Although many thousands of compounds are known to chemists, .

and an almost infinite number are possible, they reduce on analysis
to a small group of substances which are called elements. It is not
necessary for us now to speculate upon the ultimate nature of these
bodies; it is enough for the geologist to recognize the fact that all
the compounds found in the earth are formed by their union with
one another, and that they are not to any considerable extent reduci-
ble to simpler forms of matter by any means now within our control.
To the geochemist they are the final results of analysis, beyond which
we need not go. It is probable that the elements were originally
developed by a process of evolution from one primal stuff, as shown
by the progressive chemical complexity observed in passing from the
simpler nebule through the hotter stars to the cold planets,* but such
" conceptions have no immediate bearing on geochemical problems.
The transformation of radium into helium indicates an instability
of the elements, but this appears to be so slight that its discussion
here would be inappropriate and premature.? For present purposes
the elements .are our fundamental chemical units, and the questions
of their origin and transmutability may be left out of consideration.

At present the elements enumerated in the subjoined table are
known, all doubtful substances being omitted. The radioactive ele-
ments, polonium, actinium, radiothorium, etc., are also disregarded
for the reasons that they -are imperfectly known and geologically
unimportant.

e See F. W. Clarke, Pop. Sci. Monthly, January, 1873. Also the later, well-known
speculations of J. Norman Lockyer.

® There is evidence to show that the metals uranium and thouum also ble‘lk down into
lower forms of matter, but the change is very slight and very 'slow. The bearing of the
phenomena upon geochemistry is not yet clear.

12



THE CHEMICAL -ELEMENTS. " 13

Elements, symbols, and atomic weights.

Element. Symbol. “,}g’;fl‘g Element. Symbol. $§?£{’
Aluminum ............ ... ... Al 27.1 Molybdenum ................ Mo 96.0
Antimony ...... ceieeedl 8D 120.2 Neodymium ........ ...l Nd 143.6
Argon ...l A 39.9 Neon................ Ne 20
Arsenic.................ool As 75.0 Nickel .............. Ni 68.7

o Barium......o.ooieialll Ba 137.4 Nitrogen............ N 14.01
Bismuth.................... Bi 208.0 Osmium ............ 0Os 191.0
BOron ...o.ooiiiiiiiiiiiiiaa B 11.0 OXygen ............. 0o 16. 00
Bromine...................... Br 79.96 || Palladium .......... Pd 106.5
Cadminm ............oooaali. [ofs] 112.4 Phosphorus......... P 31.0
Ceesinm..........ooooviiaae.. Cs 132.9 Platinum ........... . Pt 194.8
Caleium .........ooooiiuiaan. Ca 40.1 Potassium .......... .. K 39.156
Carbon ... C 12.00 Pragseodymium . .. Pr 140.5
Cerium ... Ce 140.25 || Radium.. Ra 225
Chlorine.. Cl 85.46. {| Rhodium Rh 103.0
Chromium Cr 52.1 Rubidium Rb 85.5
Cobalt...... Co 59.0 Rutheniu Ru 101.7
Columbium Cb 94 Samarium .. Sa 150.3
Copper . Cu 63.6 | Scandium Se © 4.1
Dysprosi Dy 162.5 Seleninm Se 79.2
Erbium. Er 166 Silicon . Si 28.4
Europiu Eu 152 Silver Ag 107.-93
Fluorine ... F 19.0 Sodium Na 23. 06
Gadolinium .... .. Ga 156 Strontium .. .| Sr 87.6
Galliom ...l Ga 70.0 Sulphur............. .. S 32,06
Germanium ...l Ge 72.5 Tantalum........... .. Ta 181
Gluginum .....ooeeiiiiLl Gl 9.1 Tellurium .......... .. Te 127.6
[ 1} (s TN Au 197.2 Terbium ............ .. Tb 159.2
Helinm........coooooiiiiiae.. He 4.0 Thallium ........... . m 204.1
Holmium................. ... Ho (?) Thorium............ ..l Th 232.6
Hydrogen .................... H 1.008 || Thulinm............ .. Tm 171
Indium...eeeeninieiieniian.. In 115 Tin ..o .. Sn 119.0
Todine.....cooooviiiiiio. g 1 126.97 || Titanium ........... Loomi 48,1
Iridivm ...l Ir 193.0 Tungsten ........... .. w 184.0
600+ ... Fe 55.9 Uranium............ . 1) 238.5
Krypton........cooevvnniniion Kr 81.8 Vanadiom.......... v 51.2
Lanthanum .................. La 138.9 Xenon .....cooeinn. .. Xe 128
Lead ..ooooeiiiiiioiiiiiin Pb 206. 9 Ytterbium .. ..l - Y¥Yb 173.0
Lithium ...l Li 7.03 || Yttrium............. .. Y 89.0
Magnesium....... ceeed| Mg 24.36 || Zinc ...l | Zn 65.4
Manganese................... Mn 56.0 Zirconium ......... e Zr 90.6
MErCUIY ..veunvnneeinnennnnnns Hg 200.0

D‘ISTRIBUTION OF THE ELEMENTS.«

The elements differ widely in their abundance and in their mode of
distribution in nature. Under the latter heading the more important
data may be summarized as follows: '

Aluminum.—The most abundant of all the metals. An essential
constituent of all important rocks except the sandstones and lime-
stones, and even in these its compounds are common impurities. Be-
ing easily oxidized, it nowhere occurs native. Found chiefly in sili-
cates, such as the feldspars, micas, clays, ete.; but also as the oxide,
corundum; the hydroxide, bauxite; as fluoride in cryolite; and in
various phosphates and sulphates. With the exception of the fluor-
ides, only oxidized compounds of aluminum are known to exist in
nature. C

Antimony.—Common, but neéither abundant nor widely diffused.
Found native, more frequently as the sulphide, stibnite, also in vari-
ous antimonides and sulphantimonides of the heavy metals, and as
oxide of secondary origin. The minerals of antimony are generally

o For an earlylt:lble showing distribution, see Blie de Beaumont, Bull. Soc. géol., 2d ser.,
vol. 4, p. 1333, 1846-47.
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found in. metalliferous veins, but the amorphous sulphide has been
observed as a deposit upon sinter at Steamboat Springs, Nevada.

Argon.—An inert gas that forms nearly 1 per cent of the atmos-
phere, and is also sometimes found in mineral springs. No com-
pounds of argon are known. '

Arsenic—Found native, in two sulphides, in various arsenides and
sulpharsenides of the heavy metals, as oxide, and in considerable
number of arsenates. Arsenopyrite is the commonest arsenical min-
eral. Arsenic is very widely diffused and traces of it exist normally
even in organic matter. It is not an uncommon ingredient in min-
-eral, especially thermal, springs. In its chemical relations it is
regarded as nonmetallic and closely allied to phosphorus.’

Barium.—Widely distributed in small quantities throughout the
igneous rocks, probably as a minor constituent of the feldspars and
micas, although other silicates containing barium are known. Com-
monly found concentrated as the sulphate, barite, or as the carbonate,
witherite. This element occurs only in oxidized compounds.

Bismuth—Resembles antimony in its modes of occurrence, but is
less common. Native bismuth and the sulphide, bismuthinite, are its
. chief ores. Two silicates of bismuth, several sulphobismuthides, and
the telluride, oxide, carbonate, vanadate, and arsenate exist as rela-
tively rare mineral species.

Boron—An essential constituent of several silicates, notably of
tourmaline and datolite. Its compounds are obtained commercially
from borates, such as borax, ulexite, and colemanite, or from native
orthoboric acid, sassolite, which is found in the waters of eertain
volcanic springs. Some alkaline lakes or lagoons, especially in Cali-
fornia and Tibet, yield borax in large quantities.

Bromine.—Found in natural waters in the form of bromides. Sea
water contains it in appreciable quantities, and much bromine has
been extracted from the brine wells of West Virginia and Michigan.
The bromide and chlorobromide of silver ‘are well-known ores.

Cadmiwm.—A relatively rare metal found in association with zinc,
which it resembles. Occurs generally as the sulphide, greenockite.

Cwsium.—A rare metal of the alkaline group, allied to potassium.
Often found in lepidolite, and in the waters of some mineral springs.
The very rare mineral pollucite is a silicate of aluminum and
caesium. : :

Calcivm.—One of the most abundant metals, but never found in
nature uncombined. An essential constituent of many rock-forming
minerals, especially of anorthite, garnet, epidote, the amphiboles,
the pyroxenes, and scapolite. Limestone is the carbonate, fluor spar
is the fluoride, and gypsum is the sulphate of calcium. Apatite is
the fluophosphate or chlorophosphate of this metal. Many other
mineral species also contain calcium, and it is found in nearly all
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natural waters and in connection with organized life, as in bones
and shells. Calcium sulphide has once been identified in a meteorite.
~ Carbon.—The characteristic element of organic matter. In the
mineral kingdom carbon is found crystallized as graphite and dia-
mond and also amorphous in coal. Carbon dioxide is a normal
constituent of atmospheric air. Natural gas, petroleum, and bitumen
are essentially hydrocarbons. Carbonic acid and carbonates exist
in most natural waters, and great rock masses are composed of carbon-
ates of calcium, magnesium, and iron. A few silicates contain car-
bon, but of these, cancrinite is the only species having petrographic
importance.

Cerium.—One of the group of elements known as the metals of the
rare earths., These substances are generally found in granites or
elieolite syenites, or in gravels derived therefrom. Cerium exists
in a considerable number of mineral species, but the phosphate,
monazite, and the silicates, cerite and allanite, are all that need be
mentioned here.

Chlorine—The most abundant element of the halogen group.
Commonly found as sodium chloride, as in sea water and rock salt.
Also in certain rock-forming minerals, such as sodalite and the
scapolites, and in a variety of other minerals of greater or less im-
portance. Silver chloride, for example, is a well-known ore, and
carnallite is valuable for the potassium which it contains.

Chromium.—Very widely diffused, generally in the form of chro-
mite, and most commonly in magnesian rocks. A few chromates and
several silicates containing chromium are also known, but as rela-
tively rare minerals. '

Cobalt.—Less abundant than nickel, with which it is generally
associated. Usually found as sulphide or arsenide, or in oxidized
salts derived from those compounds.

Columbium.—A rare acid-forming element resembling and associ-
ated with tantalum. Both form salts with iron, manganese, calcium,
uraninm, and the rare-earth metals, the minerals columbite, tantalite,
and samarskite being typical examples. All these minerals are
most abundant in pegmatite veins.

Copper—Minute traces of this metal are often detected in igneous
rocks, although they are rarely determined quantitatively. Also
present in sea water in very small amounts. Its chief ores are
native copper, several sulphides, two oxides, and two carbonates.
The arsenides, arsenates, antimonides, phosphates, sulphates, and
silicates also exist in nature, but are less important. In chalco-
pyrite and bornite, copper is associated with iron.

Dysprosium.—A little-known metal of the rare earths.

Erbéum.—One of the rare-earth metals of the yttrium group. See
“ Yttrium.” '
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Europium.—Another metal of the rare earths, of slight importance.

Fluorine—The most characteristic minerals of fluorine are
calcium fluoride (fluor spar) and cryolite, a fluoride of aluminum
and sodium. Apatite is a phosphate containing fluorine, and the
element is also found in"a goodly number of silicates, such as topaz,
tourmaline, the micas, etc. Fluorine, therefore, is commonly present
in igneous rocks, although in small quantities.

Gadolinium.—Oneof the metals of the rare earths. See “ Cerium ”
and “ Yttrium.”

Gallivm.—A very rare metal whose salts resemble those -of
aluminum. Found in traces in many zinc blendes. Always present
in spectroscopic traces in bauxite and in nearly all aluminous
minerals. '

Germanium.—A very rare metal allied to tin. The mineral argy-
rodite is a sulphide of germanium and -silver.

Glucinum.—A relatively rare metal, first discovered in beryl, from
which the alternative name beryllium is derived. Iound also in the
aluminate, chrysoberyl; in several rare silicates and phosphates;
and in a borate, hambergite. As a rule the minerals of glucinum
occur in granitic rocks. ‘ '

Gold—Found in nature as the free metal and in tellurides. Very
widely distributed and under a great variety of conditions, but
almost invariably associated with quartz or pyrite. Gold has been
" observed in process of deposition, probably from solution in alkaline
sulphides, at Steamboat Springs, Nevada. It is also present, .in
very small traces, in sea water.

Heliwvm.—An inert gas obtained from uraninite. The largest -
quantltles are derived from the highly crystalline uraninite found
in pegmatite. The massive mineral from metalliferous veins con-
tains little or no helium. Traces of helium also exist in the at-
mosphere, in spring waters, and in some samples of natural gas.

Holmium.—One of the rare-earth metals. Little known.

Hydrogen.—This element forms about one-ninth part by weight
of water, and therefore it occurs almost everywhele in nature. In
a ma]orlty of all mineral species, and therefore in practically all .
rocks, it is found, either as occliided moisture, as water of crystal-
lization, or combined as hydroxyl. All. organic matter contains
hydrogen, and hence it is an essential constituent of such derived
substances as natural gas, petroleum asphaltum, and coal. The
free gas has been detected in the atmosphere, but in very minute
quantities.

Indium.—A rare metal, found in very small quantities in certain
zine blendes. Spectroscoplc traces -of it can be detected in many
minerals, especially in iron ores.
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- Todine.—The least abundant element of the halogen group. Iound
in sea water, in certain mineral springs, and in a few rare minerals,
especially the iodides of silver, copper, and lead. Calcium’ iodate,
lautarite, exists in the Chilean nitrate beds.

Iridium.—A metal of the platinum group. See * Platinum.”

Iron—Next to aluminum, the most abundant metal, although
native iron is rare. Found in greater or less amount in practically
all rocks, especially in those which contain amphiboles, pyroxenes,
micas, or olivine. Magnetite and hematite are oxides of iron, limon-
ite is a hydroxide, pyrite and marcasite are sulphides, siderite is
the carbonate, and there are also many silicates, phosphates, arse-
nates, etc., which contain this element. The mineral species of which
iron is a normal constituent are numbered by hundreds.

Krypton.—An-inert gas of the argon group, found in small quanti-
ties in the atmosphere.

Lanthanum.—A metal of the rave- ecu'th group, almost invari iably
associated with cerium, ¢. v.

Lead —TFound chleﬂy in the sulphide, galena, from which, by
alteration, various oxides, the sulphate, and the carbonate are derived.
Native lead is rare. A number of sulphosalts are known, several
silicates, and also a phosphate, an arsenate, and a vanadate. Galena
is frequently associated with pyrite, marcasite, and sphalerite.

Lithium.—One of the alkaline metals. Traces of it are found in
nearly all igneous rocks, and in the waters of many mineral springs.
The more important lithia minerals are lepidolite, spodumene, petal-
ite, amblygonite, triphylite, and the lithia tourmalines.

Magnesium.—One of the most abundant metals. In igneous rocks
1t is represented by amphiboles, pyroxenes, micas, and olivine. Tale,
chlorite, and serpentine are common magnesium silicates, and
dolomite, the carbonate of magnesia and lime, is also found in
enormous quantities. Magnesium compounds occur in sea water and

" in many mineral-springs. The metal is not found native.

Manganese—Widely diffused in small quantities. Found in most
rocks and in some mineral waters. Never native. Occurs commonly
in silicates, oxides, and carbonates, less frequently in sulphides,
phosphates, tungstates, columbates, etc. The dioxide, pyrolusite, and
the hydroxide, psilomelane, are the commonest manganese minerals.
" Mercury.—This metal is neither abundant nor widely diffused.
Exists as native mercury, but is usually found, locally concentrated,
in the form of the sulphide, cinnabar. Chlorides of mercury, the
selenide and the telluride, are relatively rare minerals. Cinnabar
has been observed. in process of deposition by solfataric action at
Sulphur Bank, California; and Steamboat Springs, Nevada.

1439
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M olybdeﬁum.;One of the rarer metals. Most frequently found in.

granite in the form of the sulphide, molybdenite. The molybdates
of iron, calcium, and lead are also known as mineral species.

Neodymium.—One of the rare-earth metals associated with cerium.

Neon.—An inert gas of the argon group, found in minute traces in
the atmosphere.

Nickel.—Closely allied to cobalt. Found native, alloyed with
iron, in meteorites and in the terrestrial minerals awaruite and
josephinite. Very frequently detected in igneous rocks, probably
as a constituent of olivine. Occurs primarily in silicates, sulphides,

arsenides, antimonides, and as telluride, and secondarily in several

other minerals. The presence of nickel is especially characteristic
of magnesian igneous rocks, and it is generally a,ssocmted in them
with chromium.

Nitrogen.—The predominant element of the atmosphere, in which

it is uncombined. Also abundant in organic matter, and in such
derived substances as coal. Nitrates are found in the soil and in
cave earth; and in some arid regions, as in Chile, they exist in
enormous quantities. Some volcanic waters contain nitrogen in the
form of ammonium compounds. ;

Osmiwm.—A metal of the platinum group. See * Platinum.”

Ozygen.—The most abundant of the elements, forming about one-
half of all known terrestrial matter. In the free state it constitutes
about one-fifth of the atmosphere; and in water it is the chief ele-
ment of the ocean. All important rocks contain oxygen in propor-
tions ranging from 45 to 53 per cent.

Palladium.—A metal of the platinum group.

Phosphorus—Found in nearly all igneous rocks, generally as a
sonstituent of apatite. With one or two minor exceptions, it exists
in the mineral kingdom only in the form of phosphates, of which a
large number are known. An iron phosphide occurs in meteorites.
Phosphorus is also an essential ingredient of living matter, especially
of bones, and certain large ‘deposits of calcium phosphate are of
organic origin.

Platmum —Platinum, iridium, osmium, ruthenium, rhodium, and

- palladium constitute a group of metals of which the first named is
the most important. As a rule they are found associated together,
and generally uncombined. To the latter statement there are two
known exceptions—sperrylite is platinum arsenide, and laurite is

> ruthenium sulphide. Native platinum, platiniridium, iridosmine, and
native palladium are all reckoned as definite mineral species. The
metals of this group are commonly found associated with magnesian
rocks, or in gravels derived from them. Chromite often accompanies

~
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platinum, and so also do the ores of nickel. Sperrylite is found in
the nickeliferous deposits at Sudbury, Canada; and has also been
identified in the sulphide ores of the Rambler mine in Wyoming. In
the latter ores palladium is present also, and  possibly, like the
platinum, as arsenide.

Potassium.—An abundant metal of the alkaline group. Found in
many rocks, especially as a constituent of the feldspars, micas, and
leucite. Nearly all terrestrial waters contain potassium, and the
saline beds at Stassfurt, Germany, are peculiarly rich in it. '

Praseodymium.—A rare-earth metal associated with cerium.

Radiwm.—A very rare metal of the calcium-barium group. Ob-
tained in minute quantities from uraninite. Of possible importance
in the study of volcanism. According to R. J. Strutt, traces of
radium can be detected in all igneous rocks. '

Rhodium.—A metal of the platinum group. See “ Platinum.”

Rubidium.—An alkaline metal intermediate between potassmm

-and cesium. Found in lepidolite and in. some mineral springs.

Rubidium is reported as present in the waters of the Caspian Sea.
Ruthenium.—A metal of the platinum group. See ¢ Platinum.”
Samarivm.—A rare-earth metal obtained from samarskite.
Scandium.—A rare-earth metal obtained from euxenite.
Selendum.—A nonmetallic element allied to sulphur, with which it is

commonly associated. Found native, and also in the selenides of

copper, silver, mercury, lead, bismuth, and thallium. A few
selenites exist as secondary minerals. )

Silicon.—Next to oxygen, the most abundant element. Found in
quartz, tridymite, opal, and all silicates. The characteristic element
of all important rocks except the carbonates. Silica also exists in
probably all river, well, and spring waters. From volcanic waters it
is deposited in the form of sinter.

Silver —This metal occurs native, as sulphide, arsenide, antimonide,
telluride, chloride, bromide, iodide, and in numerous sulphosalts.
Native gold generally contains some silver, and the latter is also often
associated with native copper. Oxidized compounds of silver are
known only as artificial products. Small traces of silver exist in sea
water. .

Sodium.—The most abundant of the alkaline metals. In igneous
rocks it is a constituent of the feldspars, of the nepheline group of

minerals, and of certain pyroxenes, such as agirite. Also abundant

in rock salt, and in nearly all natural waters, sea water especially.
Strontium.—A metal intermediate between calcium and barium, but
less abundant than the latter. Strontium in small amount is a com-

¢ Proc. Roy. Soc., vol. 77, ser. A, p. 472, 1906,
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mon ingredient of igneous rocks. The most important strontium
minerals are the sulphate, celestite, and the carbonate, strontianite.

Sulphur—~Found native and in many sulphides and sulphates.
Also in igneous rocks in the sulphatosilicates, hatiynite and nosean.
Native sulphur is abundant in volcanic regions, and is also formed
elsewhere by the reduction of sulphates. Pyrite is the commonest of
the sulphides, gvpsum of the sulphates. Alkaline sulphates are ob-
tainable from many natural waters. Sulphur also exists in coal ard
petroleum.

Tantalum.—A rare acid-forming element akin to columbium, with
which it is usually associated.

Tellurium.—A semimetallic element, the least abundant of the sul-
phur group. Found native, and in the tellurides of gold, silver, lead,
bismuth, mercury, nickel, and copper. Its oxide and a few rare
tellurates or tellurites are known as alteration products.

Terbium.—A rare-earth metal of the yttrium group. See
“Yttrium.” .

Thallium.—One of the rarer heavy metals. Found as an impurity
in pyrite and some other sulphides. The rare mineral crookesite is
a selenide of copper and thallium, and lorandite is sulpharsenide of
thallium.

Thorium.—A rare metal of the titanium-zirconium group, the most
basic of the series. Chiefly obtained' from monazite sand. Also
known in silicates, such as thorite, in some columbo- tantahtes, and’
in certain varieties of uraninite.

T hulium.—A rare-earth metal of which little is known.

Tin—Very rare native. Most abundant as the oxide, cassiterite,
which is found in association with granitic rocks. Traces of tin have
been detected in feldspar Stannite, or tin pyrites, is a sulphide of
tin, copper, and iron, and a few other rare minerals contain this
element .

Titaniwm.—This element is almost invariably present in igneous
rocks and in the sedlmentwry material derived from them. Out of
800 igneous rocks analyzed in the laboratory of the United States
Geological Survey, 784 contained titanium.* Its commonest occur-
rences are as titanite, ilmenite, rutile, and perofskite. The element 1s -
often concentrated in beds of titanic iron ore. '

Tungsten.—An acid-forming heavy metal allied to.molybdenum.
Found as tungstates of iron, manganese, calcium, and lead in the
minerals wolfram, hiibnerite, scheelite, and sto]11te '

Uranium.—A heavy metal found chiefly in uraninite, car notlte, sa-

marskite, and a few other rare minerals. The phosphates, autunite
and torbernite, are not uncommon in granites, and uraninite, although

e« F, P. Dunnington (Am. Jour. Sci., 3d ser., vol. 42, p. 491, 1891) has shown the abun
dance of titanium in soils and clays. He glves about eighty determinations.
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sometimes obtained from metalliferous veins, is more generally of
granitic association. Carnotite occurs with sedimentary sandstones.

Vanadium.—A rare element, both acid and base forming, and allied
to phosphorus. Found in vanadates, such as vanadinite, descloizite,
and pucherite, associated with lead, copper, zinc, and bismuath. Also
in -the silicates roscoelite and ardennite. "Carnotite, which was
mentioned in the precedlno paragraph, is an 1mpure vanadate of
potttssmm and uranium. . :

Xenon.—An inert gas, the heaviest member of the argon group.
Found in minute traces in the atmosphere.

Yittrium and ytterbivm.—Two rare-earth métals, which, with
erbium and terbium, are best obtained from gadolinite. Yttrium is
also found in the phosphate, xenotime, in several silicates, and in
some of the columbo-tantalate group of minerals. The minerals of
the rare earths are generally found in granite or pegmatite veins.

Zine.—Common, but not widely diffused. Native zinc has been
reported, but its existence is doubtful. The sulphide, sphalerite, is
its commonest ore, but the carbonate, smithsonite, and a silicate, cala-
mine, are also abundant. At Franklin, New Jersey, zinc is found
in a unique deposit, in which the oxide, zincite; the ferrite, franklin-
ite; and the silicates, troostite and willemite, are.the chmracterlstlc
ores. :

Zirconium. ——Alhed to titanium and rather w1de1y diffused -in the

" igneous rocks. It usually occurs in the silicate, zircon.

RELATIVE ABUNDANCE OF THE ELEMENTS.

In any attempt to compute the relative abundance of the chemical
elements, we must bear in mind the limitations of our experience.
Our knowledge of terrestrial matter extends but a short distance
below the surface of the earth, and beyond that we can only indulge
in speculation. The atmosphere, the ocean, and a thin shell of solids
are,.speaking broadly, all that we can examine. For the first two
layers our .information is reasonably good, and their masses are
approximately determined; but for the last one we must assume
some arbitrary limit. The real thickness of the lithosphere need not

- be considered; but it seems probable that to a depth of 10 miles

below sea level the rocky material can not vary greatly from the
volcanic outflows which we recognize at the surface. This thickness
of 10 miles, then, represents known matter, and gives us a quantita-
tive basis for study. A shell only 6 miles thick would barely clear
the lowest deeps of the ocean.

"I am indebted to Dr. R. S. Woodward for data relative to the
volume of matter which is thus taken into account. The volume of

the 10-mile rocky crust, including the mean elevation of the con-
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tinents above the sea, is 1,633,000,000 cubic miles, and to. this
material we may assign a mean density not lower than 2.5 nor much
higher than 2.7. The volume of the ocean is put. at 302,000,000 ¢
cubic miles, and I have given it a density of 1.03, which is a trifle
too high. The mass of the atmosphere, so far as it can be deter-
mined, is equivalent to that of 1,268,000 cubic miles of water, the unit
of density. Combining these data, we get the following expression
for the composition of the known matter of our globe:

Composition of known matter of the earth.

Densityofcrust...........:' ........................................................ 2.5 2.7

ACIMIOSPREIE . ..o ettt s . 0.03 0.03
Ocean ........ ....do.... 7.08 6.58
Solid crust 92.89 93.39

100.00 100. 00

In short, we can regard the surface layer of the earth, to a depth
of 10 mlles, as consisting very nearly of 93 per cent sohd and 7
per cent liquid matter, treating the atmosphere as a small correc-
tion to be applied when needed.” The figure thus assigned to the
ocean is probably a little too high, but its adoption makes an allow-
ance for the fresh waters of the globe, which are too small in amount
to be estimable directly. Their insignificance may be inferred from
the fact that a section of the 10-mile crust having the surface area
of the United States represents only about 1.5 per cent of the entire

mass of matter under consideration. A quantity of water equiva-

lent to 1 per cent of the ocean, or 0.07 per cent of the matter now
under’ consideration, would cover all the land areas of the globe to

a depth of 290 féet.  Even the mass of Lake Superior thus becomes a’

negligible quantity.

The composition of the ocean is easily determined from the data
given by Dittmar in the report of the Challenger expedition.? The
maximum salinity observed by him amounted to 37.37 grams of salts
in a kilogram of water, and by taking this figure instead of a lower

.“ Sir John Murray (Scottish Geog. Mag., 1888, p. 39) estimates the volume of the ocean
at 323,722,150 cubic miles. K. Karsténs, more recently (Eine neue Berechnung der mit-

“tleren Tiefen der Oceane, Inaug. Diss., Kiel, 1894), put it at 1,285,935,211 cubic Kilo-
meters, or 307, 496,000 cubic miles. Karstens gives a good summary of previous esti-
mates, which vary widely. To change the figure glven above would be :1 straining after
unattainable precision.

- b'I.‘he adoption of Murray's figure f01 the volume of the ocean would make its pelcent-
age 7.12 to 7.88, according to the density (2.5 or 2.7) assigned to the lithosphere.

< The amount of the so-called *‘ ground water,” which is contained in the porous rocks,
is difficult to estimate. - C. R. Van Hise (Treatise on metamorphism: Mon. U. 8. Geol.
Survey, vol. 47, p. 129, 1904) calculates that the water in the rocks to a depth of 10,000
meters is equal to a sheet covering all the continental areas .69 meters, or 226 feet; deep.

- See also a questionable computation by W. B Greenlee, in Am. Geologist, vol. 18, p. 33,
1896.

41n vol. 1, Physics and chemistry.

-
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average value we can allow for saline masses inclosed within the
solid crust of the earth, and which would not otherwise appear in
the final estimates. Combining this datum with Dittmar’s figures
for the average composition of the oceanic salts, we get the second
of the subjoined columns. Other elements contained in sea water,
but only in minute traces, need not be considered here. No one of

them could reach 0.001 per cent.

Composition of oceanic salts. Composition of ocean.

NaCl o TT.76 | O oo e 85. 79
MgCl, -~ 10.88 | I e 10. 67
MgSO, . e 4T Ol . 2.07
CaSO, o 3.60 | Na oo 1. 14
KuSO, o 2.46 | Mg .14
MgBry . 22 | O L 05
CaCOy oo PR B34 | Ko . .04
S o .09

100. 00 Br oo e 008
C e 1002

100. 00

It is worth while at this point to consider how large a mass of
matter ‘these oceanic salts represent. The average salinity of the
ocean is not far from 8.5 per cent; its mean density is 1.027; and its
volume is 302,000,000 cubic miles. The specific gravity of the salts,
as nearly as can be computed, is 2.25. From these data it can be
shown that the volume of the saline matter in the ocean is a little
more than 4,800,000 cubic miles, or enough to cover the entire surface
of the United States, excluding Alaska, 1.6 miles deep.2 In the
face of these figures, the beds of rock salt at Stassfurt and elsewhere,
which seem so enormous at close. range, become absolutely trivial.
The allowance made for them by using the maximum salinity of the
ocean instead of the average is more than sufficient, for it gives them
a total volume of 325,000 cubic miles. That is, the data used for com-
puting the average composition of the ocean and its average signifi-
cance as a part of all terrestrial matter are maxima, and therefore

~ tend to compensate for the omws;on of f‘mctors which could not well

be estimated directly. : :

The average composition of the htho phere is very nearly that of
the igneous rocks alone. The sedimentary rocks represent altered
igneous material, from which salts have been leached into the ocean,
and to which oxygen, water, and carbon dioxide have been added
from the atmosphere. Ior these changes corrections can be applied,
and their magnitude and effect, as will be shown later, is surprisingly
small. The thm film of organic matter upon the surface of the earth

@ According to J. Joly (Sci. Trans. Roy. Soc. Dublin, 2d ser., vol. 7, p. 30, 1899), the
sodium chloride in the ocean would cover the entire globe 112 teet deep.
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can be neglected altogether. In comparison with the 10-mile thick-
ness of rock below it, its quantity is too small to be considered. Even
beds of coal are negligible, for their volume also is relatively insig-
nificant. Practically, we have to consider at first only 10 miles of
igneous rock, which, when large enough areas are studied, averages
much alike in composition all over the globe. This point was estab-
lished in an earlier memoir, when groups of analyses, representincr
rocks from different regions, were compared.c The essential uni-
formity of the averages was unmistakable, and it has been still further
emphasized in later computations by others as well as by myself.
The following averages are now available for comparison :

A. My original :1ver:1gé of 880 analyses, ;)t' which 207 were made in the labora-
tory of the United States Geological Survey and 673 were collected from other
sources. Many of these analyses were incomplete.

.B. The average of 680 analyses from the records of the Survey labomtones,
plus some hundreds of determinations of silica, lime, and alkalies. The Survey
data up to January 1, 1897.

C. The average of 830 analyses f10m the Survey records, plus some partial
determinations. The Survey data’up to January 1, 1900.

D. An average of all the analyses, partial or complete, made up to January
1, 1904, in the laboratories of the Survey.?

E. An average, computed by A. Harker,c of 397 analyses of igneous rocks from

British . localities. Many of these analyses were incomplete, especially with’

respect to phosphorus and titanium.
F. An average of 1,811 analyses, from Wflslnngtons tables.¢ Calculated by
H. S. Washington. The data represent material from all parts of the world.
Now, omitting minor constituents, which rarely appear except in
the more modern analyses, these averages may be tabulated together,
although they are not absolutely comparable. The comparison as-
sumes the following form:

Average composition of igneous rocks.

Wash-
Clarke. Harker. ington.
A B C D. E F

...................................... 58.50 | 59.77| s0.71| 60.91| 5875 | 58.239
15.04| 15.38| 1541 15.28| 15.64| 15.79%
3.94 2.65 2.63 2.63 5.34 3.334
3.48 3,44 352 3,46 2,40 3874
4.49 440 4.36 413 109 3843
5.99 4.81 4,90 4,88 498 5.921
320 361 3.5 345 3.9 3.912
gg i 2.90 2.83 28| g8l 2 .161
20at100°.. ...l U 7 gp [eereeeea e K .363
H,0 above 1000, . 196|175 152 1,49 }‘ 2.23 1,498
{0 erneernns . 55 153 160 3 12 1,039
ByOgennneoonn LI B o2 2 2 2| - o2 873
99.66 | - 99.14 | 99.22 | 100.61| ©99.56 | 100.583

« Bull, Phil. Soc. Washington, vol 11, p. 131, 188.) Also in Bull. U. 8. Geol. Survey
No. 78, p. 34, 1891.

b See Bull. U. S. Geol. Survey No. 228, p. 17, 1904, for details.

¢ ({eol. Mag., 1899, p. 220.

4 Prof. Paper U. S. Geol. Survey No. 14, p. 106, 1903. In this average and in Harker's
there are data for manganese, which I now leave temporarily out of account.

it
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Although these six columns are not very divergent, there are
differences between them which may be more apparent than real.
Differences of summation are partly due to the omission of minor
constituents; but the largest variations are attributable to the water.
In two columns hygroscopic water is omitted; in two it is not dis-
tinguished from combined water; in two a discrimination is made.-
By rejecting the figures for water and recalculating to 100 per cent,
the averages become more nearly alike, as follows:

Recalculated average composition of igneous rocks.

59.97 61.22 61.12 61.71 60. 36 58.96
15.39 | . 156.75 15.77 15.48 16.07 15.99

4.03 2.7 2,69 2.68 5.48 8.37
3.56 3.53 3.60 3.50 2.46 8.93
4.60 4,51 4.46 4.18 4.20 3.89
5.41 4.93 5.02 4.94 5.12 5.28
3.28 3.69 3.63 3.49 3.34 3.96
2.97 2.90 2.87 3.02 2.83 3.20

.66 .64 .61 .74 .12 1.06

.28 .22 .23 .26 .02 .87

100. 00 100. 00 100. 00 100. 00 100. 00 100. 00

Of these averages, only D and F need be considered any further, -
for they include the largest masses of trustworthy data. A was only
a preliminary computation, B and C are included under D; Harker’s
average contains too many imperfect analyses. D and F, however,
are not strictly equivalent. Washington’s-average relates only to
analyses which were nominally complete and made in many labora-
tories by very diverse methods. My average represents the homo-
geneous work of one laboratory, and includes, moreover, many partial
determinations. For the simpler salic rocks determinations of silica,
lime, and alkalies are generally all that is needed for petrographic
purposes. The femic rocks are mineralogically more complex, and
for them full analyses are necessary. The partial analyses, there-
fore, represent chiefly salic rocks, and their inclusion in the average

- tends to raise the percentage of silica and to lower the proportions of

other elements. The salic rocks, however, are more abundant than
those of the other class, and so the higher figure for silica seems more
probable. This conclusion is in line with a criticism by E. P. Men-
nell who thinks that the femic rocks received excessive weight in my
earlier averages. Mennell has studied the rocks of southern Africa,
where granitic types are predominant, and he believes that the true
average should approximate the composition of a granite. A wider

e Geol. Mag., 5th ser., vol. 1, p. 263, 1904. For other discussions of the data given in
my former papers, see L. De Launay, Revue gén. sci., April 30, 1904 ; and C. Ochsenius,
Zeitschr. prakt. Geol.,, May, 1898. Compare also R. A. Daly, Bull. U. S. Geol. Survey No.
209, p. 110, 1903, who argues that the universal or fundamental magma is approximately
basaltic.
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range of observation would pIOb‘lbly modlfy that opinion, which,
‘however, is entitled to some weight.

So far, my final average has only been partly given ; the minor con-
stituents of the rocks remain to be taken into account. In the labora-
tory of the Geological Survey the analyses of igneous rocks have been
unusually elaborate, and many things have been determined that are
too often ignored. The complete average is given in the next table,
with the number of determinations to which each figure corresponds.
In the elementary column hygroscopic water does not appear, but
an allowance is made for a small amount of iron which was reported
in the analyses as FeS,. When a “ trace ” of anything is recorded, it
is arbitrarily reckoned as 0.01 per cent, and when a substance is

known to be absent from a rock, by actual determination of the fact,

it.is assigned zero value in makin'g up the averages.

Complete avereage of analyses of igneous rocks made in the laboratories of the
United States Geological Suryey.

\g P
I\ug}bcr Reduced
determi. | Average.| o100 In élementary form.
er cent.
nations. P
SI02. i 1,358 60.91 59.87
.. 912 15.28 15. 02
961 | 2.63 2.58
962 3.46 3.40
1,027 4.13 4.06
1,215 4.88 4.79
1,268 3.45 3.39
1,265 L 2.98 2.93
770 .41 40
832 1.49 1.46
870 .73 72
185 .03 03
469 .53 52
884 226 26
575 W11 11
234 07 07
73 .02 02
617 .11 11
520 .04 04
899 .10 10
243 .03 03
246 .05 05
40 -.03 03
550 .01 01

In this computation the figures for C, 7r, Cl, F, Ni, Cr, and V are
only very rough ‘LpprO\lmatlonq They show, however, that these
elements exist in igneous rocks in determinable quantities. The ele-
ments not included in the calculation represent minor corrections,
to be applied whenever the necessity for doing so may arise. For
estimates of their probable amounts, the papers by J. H. L. Vogt®

- fmd J. F. Kemp?® can be consulted. It is probable that no one of

a Zeltschr prakt. Geol., 1898, pp. 225, 314, 377, 413; 1899, pp. 10, 274.

b Science, January 5, 1906; Econ. Geol., vol. 1,'p. 207, 1905. See also a curious paper
by W. Ackroyd, in Chem. News, vol. 86, p. 187, 1902, W. N, Hartley and H. Ramage (Jour.
Chem. Soc., vol. 71, p. 533, 1897), have shown that some of the rarest elements, such as
gallium and indium, ave widely diffused in rocks and minerals.
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them, except possibly copper, would reach 0.01 per cent. The ele-

nments not mentioned in the table can not amount to more than 0.5
per cent altogether, and even that small figure is likely to be an
overéstimate. .

Before we can finally determine the composition of the lithosphere,
the sedimentary rocks are to be taken into account; and to do this we
must ascertain their relative quantity. Iirst, however, we may con-
sider their composition, which has been determined by means of com-
posite analyses. That 1s, instead of averaging analyses, average
mixtures of many rocks were prepared,” and these were analyzed once
for all. The results appear in the next table. :

Composite analyses of scdimentary rocks.

A. Composite analysis of 78 shales; or, more strictly, the average of two smaller com-
posites, properly weighted. N

B. Composite analysis of 253 sandstones.

. Composite analysis of 345 limestones.

.02
none
none

a Includes organic matter.

In attempting to compare these analyses with the average composi-
tion of the igneous rocks, we must remember that they do not repre-
sent definite substances, but mixtures shading into one another. The
average limestone contains some clay and sand ; the average shale con-
tains some calcium carbonate. Furthermore, they do not cover all
the products derived from the decomposition of the primitive rock,
for the great masses of sediments on the bottom of the ocean are left
out of account. The analyses of the latter are too few to give con-
clusive averages, but the data published in the Challenger reports?

@ These mixtures were prepared by G. W. Stose, under the dirvection of G. K. Gilbert.
The analyses were made by H. N. Stokes in the laboratory of the United States Geological
Survey. See Bull. U. 8. (ieol. Survey No. 228, p. 20, 1904.

b Volume on Deep-sea deposits, p. 198,
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1nd1c1te a difference between them and the terrigenous deposits. The -
“red clay,” for example, which covers. 51,500,000 miles of the ocean

floor at its greatest depths, is richer in iron than the average shale.

The thickness of this deposit is.unknown. There are also metamor-
phic rocks to be considered, such as chloritic and talcose schists; am-
‘phibolites, and serpentines; although their quantities are presumably

too small to seriously modify the final averages. They might, how-

“ever, help to explain a deficiency of magnesium which appears in the
sedimentary analyses. Partly on account of these considerations, and
partly because the sedimentary rocks contain water and carbon diox-

ide which have been added to the original igneous material, we can not -

recombine the composite analyses so as to reproduce exactly the com-

position of the primitive matter. To do this it would be necessary
~ also to allow for the oceanic salts, which represent, in part, at least,
losses from the land; but that factor in the problem is perhaps the
least embarrassing. Its magnitude is easily estimated, and it gives a
measure of the extent to which the igneous rocks have been decom-
- posed.

If we assume that all of the sodium in the ocean was derived from
the leaching of the primitive rocks, and that the average composition
of the latter is correct, as stated, it is easy to show that the marine
portion is very nearly one-thirtieth of that contained in the 10-mile
lithosphere. That is, the complete decomposition of a shell of igneous
rock, one-third of a mile thick, would yield all the sodium. in the
ocean. Some sodium, however, is retained by the sediments, and the

~‘analyses show that it is about one-third of the total amount. That

is, the oceanic sodium.represents two-thirds of the decomposition,.

and the estimate must therefore be increased one-half. On this basis,
a rocky shell one-half mile thick, completely enveloping the globe,
would slightly exceed the amount needed to furnish the sodium of the
sea and the sediments. v

In order to make this estimate more precise, let us consider the de-
tailed figures. The maximum allowance for the sodium in the ocean
is 1.14 per cent. 'From my average the mean percentage of sodium in
the igneous rocks is 2.56 ; Washington’s figures give 2.90. Now put-
ting the ocean at 7 per cent and the lithosphere at 93 per cent of the
knowh matter, the following ratios between oceanic sodium and rock
sodium are easily computed: Clarke, 1:29.8; Washington, 1:33.9.
Hence the sodium in the ocean corresponds to a volume of igneous
rocks, according to the first ratio, of 54,800,000 cubic miles, or, for
the second estimate, of 48,200,000 cubic miles.

Suppose, however, that the average analyses do not represent the
true composition of the primitive lithosphere. We may then test

e For an elaborate attempt in this direction, see C. R. Van Hise, Treatise on meta-
" morphism : Mon. U. S. Geol. Survey, vol. 47, pp.- 947-1002, 1904, :
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. our figures by another assumption, namely, that the real average

lies somewhere between two-evident extremes—the composition of
a rhyolite and that of a basalt. In 100 rhyolites, as shown in Wash-

- ington’s tables, the average percentage of sodium is 2.58, while for
220 basalts it 1s 2.40. These figures give ratios of 1:30.1 and 1: 284,

corresponding to rock volumes of 54,200,000 and 57,500,000 cubic
miles, 1espect1vely—quant1t1es of quite the same order as those pre-
viously calculated.

From the composite analyses of the sedimentary rocks the cor-
rection for their retained sodium can be determined. This sodium is
chiefly, but not entirely, in the shales, and its amount is less than
1 per cent, with a probable value of 0.90. This is 85 per cent of the
total sodium in the average igneous rock, and the oceanic sodium

represents the 65 per cent removed by leaching. Allowing for this -

sedimentary sodium, the total sodium of the ocean and of the sedi-
mentary rocks is represented by the ratio 65:100 = 54,800,000:
84,300,000, the last term giving the number of cubic miles of igneous
rock which has undergone decomposition. This quantity is that of a
rock shell completely enveloping the globe and 0.4215 mile, or 2,225
feet, thick. If we accept the highest ratio of all, that furnished by
the average basalt, the thickness may be raised to 2,336 feet; while
Washington’s data will give a much lower figure. A further allow-

-ance of 10 per cent, which is excessive, for the Increase in volume due

to oxidation, cwrbonatlon, and absorption of water, will raise the
thickness assignable to the sedimentaries from 2,225 to 2447 feet,
an amount still short of the half-mile estimate. No probable change
in the composition of the lithosphere can modify this estimate very
considerably ; and since the ocean may contain primitive sodium, not
derived from the rocks, the half mile must be regarded as a maximum

~ allowance. If the primeval rocks were richer in sodium than those of

the present day, a smaller mass of them would suffice; if poorer, more
would be needed to account for the salt in the sea. Of the two
suppositions, the former is the more probable; but neither assumption
is necessary. If, however, we assume that our.igneous rocks are not
altogether primary, but that some of them represent re-fused or
metamorphosed sedimentaries, we must conclude that they have been
partly leached, and have therefore lost sodium. That is, the orlgmal
matter. was richer in sodium, and the half-mile estimate is conse-

~ quently much too large. -

From another point of view, the thinness of the sediments can be
simply illustrated. - The superficial area of the earth is 199,712,000
square miles, of which 55,000,000 are land. According to Geikie,® the
mean elevation of all the continents is 2,411 feet. Hence, if all of the
land now above sea level, 25,000,000 cubic miles, were spread uni-

e Text-book of Geology, 4th ed., vol. 1, p. 49, 1903,

1

\
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formly over the globe, it would form a shell about 660 feet thick. If
we assume this matter to be all sedimentary, which. it certainly is not,
and add to it any probable allowance for the sediments at the bottom
of the sea, we shall still fall far short of the half-mile shell, which, on

chemical evidence, is a maximum. In the following calculation this

maximum will be taken for granted.

The relative proportions of the different sedimentary rocks within
the half-mile shell can only be estimated approximately. Such an
estimate is best made by studying the average igneous rock and deter-
mining in what way it can break down. A statistical examination of

about 700 igneous rocks, which have been described petrographically,

leads to the following rouah estlmate of thelr mean mineralogical
composition : .

Quartz ______._____ e 12.0

Feldspars_ 59.5
Hornblende and pyroxene___________"' ______ S 16. 8
MiCa - 3.8
Accessory minerals. . __ ... _______________ . ________ 7.9

100.0

The average limestone contains 76 per cent of calcium carbonate,
and the composite analyses of shales and sandstones correspond to
the subjoined percentages of component minerals:

Average composition of shale end sandstone.

Shale. |Sandstone.

[T 7 22.3 66.8
Feldspars 30.0 1L5
Clayb...... 25.0 6.6
Limonite.. 5.6 1.8
Carbonates..... e 5.7 11.1
Other minerals .................... L 11.4 2.2
100.0 100.0

a The tOt‘l] percentage of free silica.
b Probably sericite in part. In that case the feldspal figure hecomes lower.
If, now, we assume that all of the igneous quartz, 12 per cent, has
become sandstone, it will yield 18 per cent of that rock, which is
evidently a maximum. Some quartz has remained in the shales.

One hundred parts.of the average igneous.rock will form, on decom-

position, less than 18 parts of sandstone.

The igneous rocks contain, as shown in the last analysis cited, 4.79
per cent of lime. This would form 8.55 per cent of calcium carbon-
ate, or 11.2 per cent of an average limestone. But at least half of

the lime has remained in the other sediments, so that its true propor-

tion can not reach 6 per cent, or one-third the proportion of the
sandstones. The remainder of the igneous material, plus some water

~
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and minus oceanic sodium, has formed the siliceous residues which
are grouped under the vague title of shale. Broadly, then, we may
estimate that the lithosphere, within the limits assumed in this me-
moir, contains 95 per cent of igneous rock and 5 per cent of sedimen-
taries. If we assign 4.0 per cent to the shales, 0.75 per cent to the

" sandstones, and 0.25 per cent to the limestones, we shall come as near

the truth as is possible with the present data.t On this basis, the
average composition of the lithosphere may be summed up as shown
in the subjoined table. The analyses of the sedimentary rocks are

‘recalculated to 100 per cent.

Awverage composition of the lithosphere.

Sandstone | Limestone ’
Igneous Shale .

(0.75 per (0.25 per Average.
(95 per cent).| (4 per cent). cent). cent). .

58.10 . 178.33 5.19 59.79
15.40¢ 4.7 81 . 14.92
4.02 1.07. it 2.63
2.45 B0 Jeeei 3.33
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The final average differs from that of the igneous rocks alone only
within the limits of uncertainty due to experimental errors and to the

" assumptions made-as to the relative proportions of the sedimentaries.

If the work were ideally exact, the last column of figures should dif-
fer from the first symmetrically, being higher in water and carbon
dioxide and lower in all other constituents. Lime and potash, how-
ever, show small gains, which are abnormal and indicative to some
extent of the errors above mentioned. "It is possible that excessive
weight has been assigned to the limestones, but on that theme it is
hardly worth while to speculate. -The values chosen for the sedi-
ments are approximations only, and nothing more can be claimed for

aC. R. Van Hise (Treatise on metamorphism: Mon. U. 8. Geol. Survey, vol. 47, p. 940,
1904) divides the sedimentary rocks into 65 per cent shales, including all pelites and
psephites, 30 per cent sandstones, and 5 per cent limestones. . J. Mead (Jour. Geol.,
vol. 15, p. 238, 1907), by a graphic process, distributes the sedlmentmies into 80 per cent
shales, 11 per cent sandstones, and 9 per cent limestones.
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them. They seem to be near the truth—as near as we can approach
with data which are necessarily imperfect—and so they may be
allowed to stand without further emendation. )

Now, with the help of this new average, we are in a position to
compute the relative abundance of the chemical elements in all known
terrestrial matter. IFor this purpose, the column isrestated in elemen-
tary form, with an arbitrary allowance of 0.5 per cent for all the ele-
‘ments not specifically included in it. As for the atmosphere, it is
represented in the final result by 0.02 per cent of nitrogen, which is a
little too low. The mean composition of the lithosphere, the ocean,
" and the atmosphere, then, is as follows: '

Average composition of lithosphere, ocean, and atmosphere.

Average,
including
nitrogen.

Lithosphere Oéean (7 per
(93 per cent). cent),

OXVBEIL . vvmeeeeeeeeeee e e eeeee e e e 47.00 - 85.79 49.78

Aluminum ......... ..oiieeeel..

B 60 + RN
Caleium oot e e
Magnesium. ... .. .. oottt
[0 75 F U £
Potassium ....... e e
Hydrogen ....... ettt
Titanium....... [ s
Carbon .....
Chlorine..
Bromine..

Manganese..... et
Strontium ......

Nitrogen .......

Fluorin€.................

All other elements

The briefest scrutiny of the foregoing tables will show that in
the lithosphere the lighter elements predominate over the heavier.
All the abundant elements fall below atomic weight 56,2 and above
that, inthe analyses given on page 26, only nickel, zirconium,
strontium, and barium appear. The heavy metals, as a rule, occur
in apparently trivial quantities. Since, however, the mean density
of the earth is about double that of the rocks at its surface, it .has
sometimes been supposed that the heavier substances may be con-
centrated in its interior, a supposition which is possibly true, but
unprovable. If the globe is similar in constitution to a meteorite, we
should expect iron and nickel to be abundant in its mass as a whole;

but this, after all, is nothing more than a suspicion. One fact only ,

seems to shed a clear light upon the problem. A mixture of all the
elements, in equal proportions by weight and in the free state,
would have a density greater than that of the earth. Combination

¢ The atomic weight of iron is 55.9 when O=16,

A
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would increase the density.of the mixture, and the effect of internal
pressure would make it greater still. It is therefore plain that in
the earth as a whole, whatever may be the composition or condition
of its interior, the lighter elements are more abundant than the
denser. Thus far we can go, but no ifutheL Of ‘the actual propor-
tions we know nothing.

Although the chemical elements are mnalytlcally distinct, they are
by no means unrelated. On the contrary, they fall into a number of
natural groups; and within each one of these, the members not only

~ form similar compounds, but also exhibit, as a rule, a regular grada-

tion of properties. This relationship has led to an important gen-
eralization—the periodic law, or, more precisely, the peLiodi(,
classification of the elements; and in its light some of their associa-
tions become extremely suggestive.

When the elements are tabulated in the order of their atomic
weights, the periodicity shown in the following scheme at once
becomes evident:

14399—Bull. 330—08——3
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In each vertical column the elements are closely allied, forming
the natural groups to which reference has already been made. The
alkaline metals; the series calcium, strontium, and barium; the car-
bon group, and the halogens are examples of this regularity. In
other words, similar elements appear at regular intervals and occupy
similar places. If we follow any horizontal line of the table from
left to right, a progressive change of valency is shown, and in both
directions a systematic variation of properties is manifested. Broadly
stated, the properties of the elements, chemical and physical, are
periodic functions of their atomic weights, and this is the most gen-
eral expression of the periodic law. At certain points in the table
gaps are left, and these are believed to correspond to unknown ele-
ments. For three of the spaces which were vacant when Mendeléef

announced the law, he ventured to make specific predictions, and his
prophesies have been verified. The elements scandium, gallium, and
germanium were described by him in advance of their actual dis-.
covery, and in every essential particular his predictions were correct.
Atomic weights, densities, melting points, and the character of the
compounds which the metals should form were foretold, and in each
case with a remarkable approximation to accuracy. This power of
prevision is characteristic of all valid generalizations, and its exhi-

- bition in the periodic system led to the speedy adoption of the latter.

Even radium, the youngest member of the elementary series, falls
into its proper place in line with its near relative, barium.

An elaborate discussion of the periodic law would be out of place
in a memoir of this kind, and its details must be sought elsewhere.
Only its-application to geochemistry can be considered now. In the
first place, on looking at the table vertically it is noticeable that
members of the same elementary group are commonly associated in
nature. That is, similar elements have similar properties, form
similar compounds, and give similar reactions, and because of the
conditions last mentioned they are usually deposited together. Thus
the platinum metals are seldom found apart from one another; the
rare earths are invariably associated; chlorine, bromine, and iodine
occur under closely analogous circumstances; selenium is obtained
from native sulphur; cadmium is extracted from ores of zine, and
so on through a long list of regularities. The group relations govern
many of the associations which we actually observe, although they
are modified by the conditions which influence chemical union. Even
here, however, regularities are still apparent. In combination unlike
elements seek one another, and yet there appears to be a preference

« See especially F. I’. Venable, Development of the PPeriodic Law, Easton, Pennsylvania,
1896. The larger manuals of chemistry all discuss the law somewhat fully. T. Carnelley
(Ber. Deutsch. chem. Gesell., vol. 17, p. 2287, 1884) has especially studied the bearings of
the periodic law on the occurrence of the elements in nature.
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for neighbors rather than for substances that are more remote. For
example, silicon follows aluminum in the order of atomic weights,
and silicates of aluminum are by far the most abundant minerals.
The next element in order is phosphorus, and aluminum phosphates
are more common and more numerous than the precisely similar arse-
nates. On the other hand, copper, whose atomic weight is nearer
that of arsenic, oftener forms arsenates, although its phosphates are
also known. An even more striking example is furnished by the
compounds of the elementary series oxygen, sulphur, selenium, and
tellurium. Oxides and oxidized salts of many elements are found in

the mineral kingdom, and most commonly of metals having low:

atomic weights. From manganese and iron upward, sulphides are
abundant; but selenium and tellurium are more often united with
the heavier metals silver, mercury, lead, or bismuth, and tellurium
with gold. The elements of high atomic weight appear to seek one
another, a tendency which is indicated in many directions, even
though it can not be stated in the form of a precise law. The general
rule is evident, but its significance is not so clear.

We have already seen that the most abundant elements are among

those of relatively low atomic weight, and this observation may be .

verified still further. In general, with some exceptions, the abun-

dance of an element within a group depends on its atomic weight,

but not in a distinctly regular manner. For instance, in the alkaline
“series, lithtum is widely diffused in small quantities, sodium and po-
tassium are very abundant, rubidium is scarce, and cesium is the
“vagest of all. The same rule holds in the tetrad group—carbon, sili-
~con, titanium, zirconium, and thorium, and in the halogens—fluorine,
chlorine, bromine, and iodine. 1In each of these series the abundance
increases from the first to the second member and then diminishes
to the end. 1In the oxygen group, however, the first member is much
the most abundant and after that a steady decrease to tellurium is
shown. An exception to the rule is found in the metals of the alka-
line earths, for strontium is less abundant-than barium, at least so far
as our evidence now goes. Other exceptions also seem to exist, but
they are possibly apparent and not real. In the light of better data
than we now possess the anomalies may disappear. Here again we
are dealing with an evident tendency of which the meaning is yet
-to be discovered. That the abundance and associations of the ele-
ments are connected with their position in the periodic system seems,
however, to be clear. The coincidences are many, the exceptions are
comparatively few. v :
So much for the chemical side of the question. On the geological

side other considerations must be taken into account, and it is easily .

seen that the periodic law covers only a part of the elementary asso-
ciations. Rocks are formed from magmas in which many and com-
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plex reactions are possible and the simpler rules governing single
minerals.are no longer directly applicable. Some regularities, how-
ever, can be recognized, and certain elements are in a sense character-
istic of certain kinds of rock. In the summary already given some of
these regularities are indicated. They have been generalized by
J. H. I.. Vogt ¢ somewhat as follows: In the highly siliceous rocks
we find the largest proportions of the alkalies, of the rare earths, and
of the elements glucinum, tungsten, molybdenum, uranium, colum-
bium, tantalum, tin, zirconium, thorium, boron, and fluorine. The
rocks low in silica are richer in the alkaline earths, and in magne-
sium, iron, manganese, chromium, nickel, cobalt, vanadium, titanium,
phosphorus, sulphur, chlorine, and. the platinum metals. To some
extent, of course, these groups overlap, for between the two rock
classes no definite line can be drawn. But the minerals of the rare
earths, with-the columbo-tantalates, tinstone, beryl, etc., seldom if
ever occur except in rocks which approach the granites in general
composition; whereas chromium, nickel, and the platinum metals are
most commonly associated with peridotites or serpentines. IFor these
differences in distribution no complete explanation is at hand; but
they are probably due to differences of solubility. If we conceive of
a mediosilicic magma in process of differentiation into a salic and a.
femic portion,  the minor constituents will evidently tend to con-
centrate, each in the magmatic fraction in which it is most soluble.
Solubilities of this order are yet to be experimentally studied.

« Zeitschr, prakt. Geol., 1898, p. 324,



CHAPTER 1L
' THE ATMOSPHERE.
COMPOSITION OF THE ATMOSPHERE.

The outer, gaseous envelope of our globe—the atmosphere—is com-
monly regarded as rather simple in its constitution, and indeed so it

is, in comparison with the complexity of the ocean and the solid rocks -

beneath. Broadly considered, it consists of three chief constituents—
"namely, oxygen, nitrogen, and argon—coimmingled with various
other substances in relatively small amounts, which may be classed,
with some exceptions, as impurities. The three essential elements of
air are mixed, but not combined; and they vary but little in their
proportions. They constitute what may be called normal or average
air. I am indebted to Sir William Ramsay for the following percent-
age estimate of their relative quantities. )

The principal constituents of the atmosphere.

By weight.| By volume.

[0 7= | N 23.024 20. 941
Nitrogen . [N, .- . 75.539 | 78.122
ATOTL. et ettt e et e 1.437 . 937

100. 000 ] 100. 000

With the argon occur certain rare gasés whose proportions Ramsay
estimates as follows: :

Helium, 1 to 2 parts per million.

Neon, 1 to 2 parts per hundred thousand.
Krypton, 1 part in 20 millions.

Xenon, 1 part in 170 millions.

These gases, with argon, are absolutely inert; and as they seem to
have little geological significance they demand no further considera-
tion here.

In addition to the elements enumerated above, ordinary air contains,

in varying quant’ies, aqueous vapor, hydrogen dioxide, carbon

dioxide, ammonia -.ud other compounds of nitrogen, sometimes sul-

phur, traces of hygrogen, organic matter, and suspended solids; and
38
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among these substances some of the most- active agents in producing
geological changes are found.. It wiil be advantageous to consider
them separately and somewhat in detail; and in so doing we shall see
that they all form part of a great system of circulation in which the
atmosphere is adding matter to the solid globe and receiving matter
from it in return. Between these gains and losses no balance can be
struck, and yet certain tendencies appear to be distinctly manifested.

In a roughly approximate way it is often said that air consists of
four-fifths nitrogen and one-fifth oxygen, and this is nearly true.
The proportions of the two gases are almost constant, but not abso-
lutely so; for the innumerable analyses of air reveal variations larger
than can be ascribed to experimental errors. A few of the better
determinations are given in the subjoined table, stated in percentages
by volume of oxygen. They refer, of course, to air dried and freed

from all extraneous substances.

Determinations of oxygen in air, in percentage by volume.

Number
Analyst. Locality of samples. of Minimum. | Maximum.| Mean,

analyses.
V.Regnaulta......ccovuenn. Parig ....c....... PR, 100 20. 913 20. 999 20. 960
R. W. Bunsena -...| Heidelberg .. P 28 20. 840 20. 970 20. 924
R. Angus Smitha ....| Manchester .. 32 20.78 21.02 20. 943
Do...veiiinnnnne ....;{ Mountains of Scotland .. .. 34 20. 80 21.18 20. 970
U.Kreuslerd......... ....[ Near Bonn 45 20. 901 20.939 20.922
W. Hempele......... ....| Dresden..... - 46 20.877 20.971 20. 930
W. Hempeld ......... ....| Tromsoe..... .. L3 I TR 21.00 20.92
L T Para......... eeeeeads 28 20.86 [...oniiennnn 20. 89
A. Muntz and E. Aubin e....| Cape Horn 20 20.72 20. 97 20. 864
E.W.Morley f....c.oco.e.. Cleveland, Ohio 45 20. 90 20. 95 20,933

4 See R. Angus 'Smith's excellent book, Air and Rain, London, 1872. 'T'his work contains
hundreds of other analyses.

Ber. Deutsch. chem. Gesell., vol. 20, p. 991, 1887.

¢ Ber. Deutsch. chem. Gesell., "vol. 18, p 1800, 1885.

¢ Ber, Deutsch. chem. Gesell., vol. 20, p. 1864, 1887.

¢ Compt. Rend., vol. 102, p. 422, 1886

f Cited by IIempel in Ber. Deutseh. chem. Gesell., vol. 20, p. 1864, 1887.

Some of these: vamatlons are doubtless due to different methods
of determination, but others can not be so interpreted. Hempel,
comparing his analyses of air from Tromsoe, Norway, and Para,
Brazil, infers that the atmosphere is slightly richer in oxygen near
the poles than at the equator, an inference thag would seem to need
additional data before it can be regarded as established. The most
significant variation of all, however, has been pointed out by E. W.
Morley.c As oxygen is heavier than nitrogen, it has been supposed
that the upper regions of the atmosphere should show a small defi-
ciency in oxygen, as compared with air from lower levels; although
analyses of samples collected on mountain tops and from balloons
have not borne out this suspicion. It is also supposed that severe
depressions of temperature, the so-called “ cold’'waves,” are con-
nected with descents of air from very great ele@vatlons Morley’s
analyses, conducted daily from dJanuary, 1880, t April, 1881, at

«Am. Jour. Sci,, 3d ser.,, vol. 18, p. 168, 1879; vol. 22, p. 417, 1881,
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Hudson, Ohio, sustain this belief. Every cold wave was attended by
a deficiency of oxygen, the determinations, by volume, ranging from
20.867 to 21.006 per cent, a difference- far greater than could be
attributed to errors of measurement. Air taken at the surface of
the earth seems to show a very small concentration of the denser
- gas, oxygen. .

By electrical discharges in the atmosphere some oxygen is probably
converted into its allotropic modification—ozone ; although this point
is not absolutely established. Hydrogen dioxide is formed in the
same way, and also oxides of nitrogen, and between these substances,
in minute traces, it is not easy to discriminate. They all act upon
the usual reagent, iodized starch paper, and therefore the identifica-
tion of ozone remains somewhat uncertain. Both ozone and hydro-
gen dioxide are powerful oxidizing agents, and either or both of
them play some part in transforming organic matter, suspended in
the air, into carbon dioxide, water, and probably ammonium nitrate;

but the magnitude of the changes thus brought about can not be

estimated with any degree of definiteness.

Wherever animals breathe or fire burns oxygen is being withdrawn -

from the air and locked up in compounds. By growing plants, under
the influence of sunlight, one of these compounds, carbon dioxide, is
decomposed and oxygen is liberated; but the losses exceed the gains.
So also, when the weathering of a rock involves the change of fer-
rous into-ferric compounds oxygen is absorbed, and only a portion of
it 1s ever again released. The atmosphere, then, is slowly being de-
pleted of its oxygen, but so slowly that no chemical test is ever
likely to detect the change

The nitrogen of the atmosphere varies reciprocally with the oxy-
gen, the one gaining relatively as the other loses. But here again
special variations need to be considered. By electrical discharges,
as we have already seen, oxides of nitrogen are produced, yielding
with the moisture of the air nitric and nitrous acids. Through the
agency of microbes certain plants withdraw nitrogen directly from
the air and thus remove it temporarily from atmospheric circulation.
By the decay or combustion of organic matter some of this nitrogen
is returned, partly in the free state and partly in gaseous combina-
tions. The significance of these changes will be more clearly seen
when we consider the subject of rain. It is enough to note here that
all the nitrogen of organic matter came originally from the atmos-
phere, and that at the same time a larger quantity of oxygen was
also removed. The relative proportions of the two gases are evi-
dently undergoing continuous modification.

According to Armand Gautier ¢ free hydrogen is present in the
atmosphere, together with other combustible gases. Air collected

@ Ann. chim. phys., 7th ser., vol. 22, p. 1‘)01
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at the Roches-Douvres light-house, off the coast of Brittany, yielded
1.21 milligrams of hydrogen in 100 liters. Air from the streets of
Paris was found to contain the following subst‘mces, in cubic centi-
meters per 100 liters:

Free hydvogen ________________ . . ___19.4
Methane L 12,1
Benzene and its homologues__ . ___________ 1.7

Jarbonic oxide, with traces of olefines and acetylenes________ .2

In short, air, according to Gautier, contains by volume about 1 part
in 5,000.0f free hydrogen, although Rayleigh’s ¢ experiments on the
same subject would indicate that this estimate is at least six times
too large. It is known, howéver, that hydrogen is emitted by vol-
canoes in considerable quantities, and Gautier has extracted the gas

“from granite and other rocks. One hundred grams of granite gave

him 134.61 cubic centimeters of hydrogen, with other gases, and from
this fact important inferences can be drawn. At the proper point,
farther on, this subject will be discussed more fully. As for the
hydrocarbons, their chief source is doubtless to be found in the-
decomposition of organic matter, methane or marsh gas in particular
being clearly recognized among the exhalations from swamps.
According to H. Henviet,’ formaldehyde exists in the atmosphere in
quantities ranging from 2 to 6 grams in 100 cubic meters. Bodies
of this class are impurities in the atmosphere, and should not be
reckoned among its normal constituents. .

Sn]phur compounds which are also contaminations of the atmos-
phere, occur in air in variable quantities. Hydrogen sulphide is
a product of putrefaction, but it i1s also given oft by volcanoes,
together with sulphur dioxide. The latter substance is also pro-
duced by the combustion of coal, and is -therefore abundant in the
air of manufacturing districts. At Lille, for example, A. Ladureau °
found 1.8 cubic centimeters of SO, in a cubic meter of air. 1t under-
goes rapid oxidation in presence of moisture, being converted into
sulphuric acid, and that compound, either free or represented.by
ammonium sulphate, is brought back to the surface of the earth by
rain. In experiments running over five years at Rothamsted,
England, R. Warington ¢ found that the equivalent of 17.26 pounds
of SO, was annually poured upon each acre of land at that station.
Quantities of this order can not be ignored in any study of chemical
erosion.

One of the most constant and.most important of the accessory
constituents of air is carbon dioxide. It is normally present to the

« Phil. Mag., 6th ser., vol. 3, p. 416, 1902. See also a criticism by A. Leduc, Compt.
Rend., vol. 135, p. 860, 1902 ; and replies to Rayleigh and Leduc by CGautier, idem, vol. 135,
p- 1025 ; vol. 136, p. 21.  Also a paper by G. D. Liveing and J. Dewar, Proc. Roy. Soc., vol.
67, p. 468, 1900. ’

b Compt. Rend., vol. 138, pp. 203, 1272, 1904.

¢ Ann. chim. phys., 5th ser., vol. 29, p. 427, 1883, -

4 Jour. Chem. Soc., vol. 51, p. 500, 1887.
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extent of about 3 volumes in 10,000, with moderate variations above
and below that figure. In towns its proportion is higher; in the
open country it is slightly lower; but the agitation of winds and
atmospheric currents prevent its excessive accumulation at any point.
Only a few illustrations of its quantity need be given here,a abnormal
extremes being avoided.

Determinations of carbon diozide in air.

' Number of ngegvog; .
Analyst. Locality. determi- 10 000pof
. nations. ¥
air).
J. Reiset @ vuen it Paris ...ooviviiiiiiiiiniiifoii i 3.027
0 R ....| Near Dieppe................ 92 2.942
T. C. Van Niiysand B. F. Adamsbd . ....| Bloomington, Indiana ..... 18 2.816
A. Petermann and J. Graftiaue...... ....| Gembloux, Belglum ........ 525 | - 2.94
E. A. Lettsand R.F. Blaked .................... Belfast ...l T 46 2.91

s Compt. Rend., vol. 88, p. 1007, 1879.

b Am. Chem. Jour, vol. 9, p. 64 1887.

¢ Cited by Letts and Blake.

4 8ci. Proc. Roy. Dublin Soc., vol. 9, pt. 2, pp. 107-270, 1900.

Thousands of other determinations having meteorological, sanitary,
or agricultural problems in view are recorded, but their discussion
does not fall within the scope of this work.? That in genéral terms
the proportion of carbon dioxide in the atmosphere is very nearly
uniform is the point that concerns us now. How is this approxi-
mate constancy maintained ?

From several sources carbon dioxide-is being added to the air.
The combustion of fuels, the respiration of animals, and the decay
of organic matter all generate this gas. From mineral springs and
volcanoes it is evolved in enormous quantities. According to J. B.
Boussingault,” Cotopaxi alone emits more carbon dioxide annually
than is generated by life and combustion in a city like Paris, which
in 1844 threw into the air daily almost 3,000,000 cubic meters of the
gas. Since that time the population of Paris has more than doubled,
and the estimate must be correspondingly increased. The annual
consimption of coal, estimated by A. Krogh? at 700,000,000 tons
in 1902, adds yearly to the atmosphere -about one-thousandth of its

@ Very elaborate data are given in R. Angus Smith’s Air and Rain, to which reference
‘has already been made. See also the excellent paper by B. A. Letts and R. . Blake,
in Seci. Proc. Roy. Dublin Soc.,, vol. 9, pt. 2, pp. 107-270, 1900. The latter memoir
contains a summary of all the determinations previously made, with a very thorough
bibliography “of the subject.

b or example, B, L. Moss (Proc. Roy. Dublin Soc., 2d ser., vol. 2, p. 34, 1878) found
that Arctic air is richer in carbon dioxide than the air of England. In air from Green-
land A. Krogh (Meddelelser om Groenland, vol. 26, p. 409, 1904) found the proportion
of carbon dioxide to vary from 2.5 up to 7 parts in 10,000. The proportion determined by
R. Legendre (Compt. Rend., vol. 143, p. 526, 1906) in ocean air was 3.35 in 10,000.

¢ B. A. Letts and R. F. Blake, Sci. Proc. Roy. Dublin Soc., vol. 9, pt. 2, pp. 159, 175,
1900. J. B. Boussingault, Apn. chim. phys., 3d ser., vol. 10, p. 456, 1844.

4 Meddelelser om Groenland, vol. 26, p. 419, 1904:
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present content in carbon dioxide.* In a thousand years, then, if the
rate were constant and no disturbing factors interfered, the amount
of CO, in the atmosphere would be doubled. Figures like these give
some faint notion of the magnitude of the chemical processes now
under consideration. There are other smaller sources of supply,
also, such as the solution of carbonate rocks, but we need not dwell
on them at present. ‘

On the other side of the account two large factors are to be con-
sidered—first, the decomposition of carbon dioxide by plants, with
liberation of oxygen; and second, the consumption of carbon dioxide
in the weathering of rocks. To neither of these factors can any
precise valuation be given, although various writers have attempted
to estimate their magnitude. E. H. Cook,’ for instance, from very
uncertain data, computes that leaf action alone more than compen-
sates for the production of- carbon dioxide; and that without such
compensation the quantity present in the air would double in about
one hundred years. Some of the.carbon dioxide thus absorbed is
annually returned to the atmosphere by the autumnal decay of l1éaves,
but part of it is permanently withdrawn. T. Sterry Hunt ¢ illus-
trates the effect of weathering by the statement that the production
from orthoclase of a layer of kaolin, 500 meters thick and completely
enveloping the globe, would consume 21 times the amount of carbon
dioxide now present in the atmosphere. He also computes that a
similar shell of pure carbon, of density 1.25 and 0.7 meter in thick-
ness, would require for its combustion all the oxygen of the air.
Such estimates may have slight numerical value, but they serve
to show how vast and how important the processes under considera-
tion really are. The carbon of the coal measures and of the sedi-
mentary rocks has all been drawn, directly or indirectly, from the
atmosphere. Soluble carbonates, produced by weathering, are
washed into the ocean, and are there transformed into sediments,
into shells, or into coral reefs; but the atmosphere was the source
from which all or nearly all of the carbon thus stored away was
'~ taken. :

From a geological standpoint the carbon dioxide of the air has a
twofold significance—first, as a weathering agent, and second, as a
1'e.gulat01" of climate. The subject of weathering will receive due
consideration later; but the climatic value of atmospheric carbon
may properly be mentioned now. Both carbon dioxide and aqueous
vapor serve as selective absorbents for the solar rays, and, by blanket-

¢ C. R. Van Hise (Treatise on metamorphism: Mon. U. S. Geol. Survey, vol. 47, p. 964,
1904) estimates the total CO: in the atmosphere at 2,381,400,000,000 metric tons.

b Phil. Mag., Hth ser., vol. 14, p. 387, 1882.

c Am. Jour. Sci., 3d ser., vot. 19, p. 349, 1880, : "
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ing the earth, they help to avert excessive changes of temperature.
On the physical side, and as regards carbon dioxide, this question has
been ably discussed by S. Arrhenius,® who argues that if the quantity
of the gas in the atmosphere were increased about threefold, the mean
temperature of the Arctic regions would rise 8° or 9°. A correspond-
ing loss of carbon dioxide would lead to a lowering of temperature;
and in variations of this kind we may find an explanation of the
alterations of climate which have undoubtedly occurred. The glacial
period, for example, may have been due to a loss of carbon dioxide -
from the atmosphere. To account for such gains and losses, Arrhe-
nius cites with great fullness the work of Hogbom, who regards vol-
canoes as the chief source of supply. Just as individual volcanoes
vary in activity from quietude to violence, so the volcanic activity
of the globe has varied from time to time. During periods of great
energy the carbon dioxide of the air would be abundant; at other
times its quantity would be smaller. Hogbom estimates that the total -
carbon of the atmosphere would form a layer 1 millimeter thick,
enveloping the entire globe. The quantity of carbon in living mat-
ter he regards as being of the same order, neither many fold greater
nor many fold less. The combustion of coal he reckons as about bal-
ancing the losses of the atmosphere by weathering; and in this way
he reaches his conclusion that volcanic action is the important factor
of the problem. Hogbom also computes that a shell of limestone 100
meters thick would be equivalent to about 25,000 times the present
atmospheric content of carbon dioxide. In calculations of this sort
there is a certain fascination, but their chief merit seems to lie in their
suggestiveness. How far the figures given by Hégbom are consistent
with those of Hunt is a question which I shall leave for others to
determine.

One other regulative agency remains to be mentioned. The ocean
is a vast reservoir of carbon dioxide, which is partly in solution and
partly combined. Between the surface of the sea and the atmosphere
there is a continual interchange, each one sometimes losing and some-
times gaining gas. Upon this fact a theory of climatic variations
has been founded, and in another chapter, upon the ocean, it will be
stated and discussed. ’ ‘

RAINFALL.

Among all the constituents of the atmosphere, aqueous vapor is the
most variable in amount and the most important geologically. It is
not merely a solvent and disintegrator of rocks, but it is also a carrier,
distributing other substances and making them more active. To the
circulation of atmospheric moisture we owe our rivers, and- through

¢ I'hil. Mag., 5th ser., vol. 41, p. 237, 1896.
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them erosion is effected. The process of erosion is partly chemical
and partly mechanical, and the two modes of action reenforce each
other. By flowing streams the rocks are ground to sand, and so new
surfaces are exposed to chemical attack. On the other hand, chemical
solution weakens the rocks and renders them easier to remove mechan-
ically. As water evaporates from the surface of the sea, it lifts, by
inclusion in vapory vesicles, great quantities of saline matter, which
are afterwards deposited by rainfall upon the land. It is through
the agency of rain or snow that the atmosphere produces its greatest .
geological effects; but the chemical side of its activity is all that con-

* cerns us now. Aqueous vapor dissolves and concentrates the other

ingredients of air, and brings them to the ground in rain.

In one sense-oxygen is the most active of the atmospheric gases, but
without the aid of moisture its effectiveness is small. = Perfectly dry
oxygen is comparatively inert; for example, phosphoxus burns in it
slowly and without flame, but th(-, merest trace of water gives the gas
its usual activity.* More than this trace is always present in the air,
and when it condenses to rain it dissolves oxygen, nitrogen, carbon
dioxide, and other gases. These substances differ in solubility, and
therefore dissolved air contains them in abnormal proportions. In
air extracted from rain water, Humboldt and Gay-Lussac found
31 per cent of oxygen. R. W. Bunsen,? who examined air from rain
water at different temperatures, gives the following table to illustrate
its composition by volume:

Composition of dissolved wir at different temperatures.

0°. A0, 10°. 150, 20°.

63. 20 63.35 63. 49 63.62 63. 69

33.88 33.97 34,06 34,12 34.17
2.92 2. 68 2.46: 2.26 2.14

100. 00 100. 00 100. 00 100.00 100. 00

In air from sea water O. Petterson and K. Sondén ¢ found nearly
34 per cent of oxygen. In dissolved air, then, and especially in rain,
oxygen is concentrated, and in that way its effectiveness is increased.
The same is true of carbon dioxide. Rain brings it to the surface of
the earth, where its eroding power comes into play.

As a carrier of ammonia, nitric acid, sulphuric acid, and chlorine,
rain water performs a function of the highest significance to agricual-
ture, but whose geological importance has not been generally recog-
nized. Rain and snow collect these impurities from the atmosphere,

« See H. Brereton Baker, Proc. Roy. Soc., vol. 45, p. 1, 1888.

b Liebig's Annalen, vol. 93, p. 48, 1855. See also M. Baumert, idem, vol. 88, p. 17,
1853, for evidence of the same order.

¢ Ber. Deutsch. chem. Gesell.,, vol. 22, p. 1439, 1889.
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in quantities which vary with local conditions, and redistribute them
upon the soil. Many analyses of rain water have therefore been
made, not only at agricultural experiment stations, but also for sani-
tary purposes, and a few of the results obtained are given below.c A
figure for sulphuric acid has already been cited. The values given
are stated in pounds per acre per annum brought to the surface of the
earth at the several stations named. For nitrogen compounds the
data are as follows:

Nitrogen brought to the surface of the ewrth by rain.

[Pounds peit acre per annum.]

Nitrogen.
Locality. ; Remarks
N Ammoni - f .
acal, Nitric. Total.
Rothamsted, Englanda......................... 2.406 [... ... ... 5 years' average.
DObeceiinaeiiiaean feeeea 2.823 0.917 3.74 | In 1848-89.

Near Pavisc................... e P 8.93 | 11 years’ average.
Caracas, Venezuelad.......... ceen .. 516 |eaeei
Gembloux, Belgiume......... U PO PO 9.20 | 2% years’ average.
Barbadosf......... e . 2.443 3.452 | 5 vears’ average.
British Gujana f. N . 2.190 3.5641 | 7 years’ average.
Kansasyg ... 1.06 3.69 | 3 vears’ average.
Utahh... ... . . 356 5.42 Do.
Mississippi i...... .- e Y P 3.636 Do.

e R. Warington, Jour. Chem. Soc., vol. 51, p. 500, 1887.

-5 R. Warington, Jour. Chem. Soc., vol. 55, p. 537, 1889. '
| °tAlbert Levy, Jour. Chem. Soc., vol. 56, p. 299, 1889. (Abstract.) 10.01 kilos per
hectare.

4 A. Muntz and V. Marcano, Compt. Rend., vol. 108, p. 1062, 1889.

¢ A. Petermann and J. Graftiau, Jour. Chem. Soc., vol. 64, abst. ii, p. 548, 1893. 10.31
kilos per hectare.

7J. B. Harrison and J. Williams, Jour. Am. Chem. Soc., vol. 19, p. 1, 1897.

7 G. H. Failyer and BEreese, Sccond Ann. Rept. Exper. Sta., Kansas Agric. Coll,, 1889.

» Brwin, Fourth Ann. Rept. Utah Agric. Coll. Exper. Sta., 1893.

¢ Hutchinson, Tenth Ann. Rept. Mississippi Agric. and Mechan. Coll. Exper. Sta., 1897.
See also Eighth Ann. Rept.

In most cases ammonia is in excess over nitric acid; but in the
Tropics the reverse seems to be true. Theé substance actually brought
to earth, then, is in great part ammonium nitrate, but the conditions
are modified when hydrochloric or sulphuric acid happens to be
present in the air. A large part of the combined nitrogen has of
course been added to the atmosphere by organic decomposition at the
surface of the earth; but some of it is due, as we have already seen,
to electrical discharges during thunderstorms. The geological sig-
nificance of free acids in rain is obvious, for it means an increase in
the eroding power of water. Furthermore, in this circulation of
nitrogen between the ground and the air, the ground gains more
than it loses. All of the nitrogen thus fixed in combination is not
-released again to the atmosphere; only a part so returns.

« For the older data see R. Angus Smith, Air and Rain, London, 1872.

b 7T, Schloesing (Contributions & 1'étude de la chimie agricole, p. 55, 1888) estimates the
average ammonia in the atmosphere at 0.02 milligram per cubic meter. This amounts to
1,600 grams over every hectare of the earth’s surface.
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The figures for atmospheric chlorine are even more surprising;
but they represent in general salt raised by vapor from the ocean.
Where chemical industries are carried on, free hydrochloric acid may
enter the air, and some hydrochloric actd is also evolved from volca-
noes; but these are minor factors of little more than local signif-
icance. Chlorine is abundant in the air only near the sea, and its
proportion rapidly diminishes as we recede from the coast. This is
clearly shown by the “chlorine map ”#of Massachusetts,® and by
several later documents of the same kind, in which the “normal
chlorine ” of the potable waters is indicated by isochlors that follow
the contour of the shore. Near the ocean the waters are rich in
chlorides, which diminish rapidly as we follow the streams inland.

The amount of salt precipitated by rain upon the land is by no
means inconsiderable. For quantitative data a few examples must
suffice, stated in the same way as for nitrogen.

Chlorides brought to the surface of the earth by rain.

[Pounds per acre per annum.]

Locality. . Chlorine. cslﬂg;,‘i]({'; Remarks.
Cirencester, England @ ........oc.iiiiiiiiiiiiiiiininenennidiani, 36.10 | 26 years’ average.
~R0thamqted England b 14.40 24
Perugia, Ita.ly Coeeeearaeana S PP 37.95 | In 1%87.
Barbados<....... 116.98 |..eennnn.. 5 years’ average.
BritishGuiana d. ... .. .o i, 108.618 |.......... 7 years' average.

¢ B, Kinch, Jour. Chem. Soc., vol. 77, p. 1271, 1900. Amount largest in winter, whea
the Rrevalllng wind_is off the Bristol Channel.
Warington, Jour. Chem. Soc., .vol. 51, p. 500, 1887,
¢ @. Bellucei, Jour. Chem. Soc., abstmct, vol. 56, p. 29') 1899. 42. 531 kilos pem hectare.
¢J, B. Harrison and J. Williams, Tour. Am. Chem. SOL vol. 19, p. 1, 1897.

Warington (loc. cit.) also cites the work at Lincoln, New Zealand,
by Gray, who gives the following average composition (in parts per
million) of the impurities in rain water at that point during two

years:
Ol e 7.74
S04 e 2.01
Nin NH, e .12
N in nitrates_ e .14

N, albuminoid

Total dissolved matter, 23.6 parts per million.

e See T. M. Drown, in Rept. Massachusetts Statec Board of Health, etc., vol. 1, Decem-
ber, 1889. Mrs. Ellen 8. Richards, who was associated with Drown in this investigation,
has since published, jointly with A. T. Hopkins, a similar map of Jamaica (Tech. Quart.,
vol. 11, p. 227, 1898). For a chlorine map of Long Island, see G. C. Whipple and
D. D. TJackson,  Tech. Quart., vol. 13, p. 145, 1900. One of Connecticut appears in the
report of ‘the State Board of Health for 1895. For a general chlorine map of New
York and New England, see Jackson, Water-Sup. and Irr. Paper No. 144, U.'S. Geol.
Survey, 1905.
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Furthermore, we have the older researches of Pierre, whose anal-
yses were made in 1851 at Caen, in Normandy, where each hectare of
soil was found to receive annually, in rain, the following impurities:

NACT - e 37.5 | NagSO0, - 8.4
KO e e 8.2 | K80, oo 8.0
MEC o 2.5 | CaSO0, t o e oo - 6.2
CACly oo 1.8 | MgSO, oo 5.9

These citations are enotigh to show the great geological impor-

tance of rainfall, over and above its ordinary mechanical effects,

and its value as a solvent after it enters the ground. The atmos-
pheric circulation of salt has received much attention, and F.
Posepny,? as long ago as 1877, attempted to show that the sodium
chloride of inland waters and saline lakes was derived largely from
this source. Of late years the same idea has been strongly urged
by W. Ackroyd,” who has gone so far as to attribute the salinity
of the Dead Sea to chlorides brought by winds from the Mediter-
ranean. Furthermore, A. Muntz ¢ has pointed out that without this
circulation of salt, and 1ts replenishment of the land, the latter
would soon be drained of its chlorides, and living beings would
suffer from the loss. These writers probably overemphasize the im-
portance of “cyclic salts,” as they have been called, but their argu-
ments are enough to show that the phenomena under consideration
are by no means insignificant. Wind-borne salt plays a distinct
part in the economy of nature; but its influence is yet to be studied
in definite, quantitative terms.

Apart from its function in carrying soluble salts, the atmosphere
performs a great work in mechanically transporting other solids. Tts
effectiveness as a carrier of dust is well understood; dust from the
explosion of Krakatoa was borne twice around the globe, but such
processes bear indirectly upon chemistry. In desert regions the sand-
storms help to disintegrate the rocks, and so to render them more sus-
ceptible to chemical change. Dust, also, whether cosmic or terres-
trial, furnishes the nuclei around which drops of rain are formed,
and so reinforces the activity of atiospheric moisture.s

« See R. Angus Smith, Air and Rain, pp. 232-223, 1872. Pierrc also cites valuable data
obtained by Barral, Bineau, Liecbig, Boussingault, and others. Scc also .\. Bobierre,
Compt. Rend., vol. 58, p. 755, 1864, for the composition of rain water collected at Nantes
in 1863. The average sodium chloride amounted to 14.09 grams per cubic meter.

b Sitzungsb. Akad. Wien, vol. 76, abth. 1, p. 179, 1877. See also a discussion of this
memoir by E. Tietze, Jahrb. K.-k. geol. Reichsanstalt, vol. 23, p. 341, 1877. In a recent
discussion of this subject E. Dubols (Arch. Musée Teyler, 2 ser., vol. 10, p. 441, 1907)
has estimated the amount of atmospheric salt annually precipitated in rainfall on two
provinces of Holland as about 6,000,000 kilograms. ' .

¢ Geol. Mag., 4th ser., vol. 8 p. 445, 1900. Proc. Yorkshire Geol. and Polytech. Soc.,
vol. 14, p. 408. Chem. News, January 8, 1904.

¢ Compt. Rend., vol. 112, p. 449, 1891. .

¢ See J. Aitken, Proc. Roy. Soc. Edinburgh, vol. 17, p. 193, 1890. An interesting lecture
by A. Ditte (Revue scient., 5th ser., vol. 2, p. 709, 1904), on metals in the atmosphere, is
well worthy of notice, It deals with dust, meteoric matter; cyclic salts, ammonium com-
pounds, etc.

-

>
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THE PRIMITIVE ATMOSPHERE. = - = -

‘

Although the main purpose of this memoir is to assemble and
classify data, rather than to discuss speculations, a few words as to
the origin of our atmosphere may not be out of place. Upon this
subject much has been written, especially in recent years; but none
of the widely variant theories so far advanced can be regarded as
conclusive. The problem, indeed, is one of cosmology, and chemical
data supply only a single line of attack. Physml, astronomical,
mathematical, and geological evidence must be brought to bear upon
the question, before anything like an intelligent conclusion can be
reached. Even then, with every precaution taken, we can hardly be
sure that our fundamental premises are sound.

One phase of the discussion, to which I have already referred,
relates to the constancy or variability of the atmosphere. The ac-
" cumulations of carbon in the lithosphere, such as the coal measures,
the limestones, and the like, have led some geologists to assume that
the atmosphere at some former time was vastly richer in carbonic
acid than it is now; but the fossil records of life suggest that the
differences could not have been extreme. With a large excess of car-
bon dioxide the existence of air-breathing animals would be impos-
sible.  Only anaerobic organisms could live. It is clear that the
stored carbon of the sedimentary rocks was once largely in the atmos-
phere, but was it ever all present there at any one time?

The known carbon of the lithosphere, as shown by the statistics
in the preceding chapter, if converted into carbon dioxide, would
yield nearly 25 times the present mass of the entire atmosphere; and
its pressure would be almost great enOLWh to liquefy a part of it,
Any assumption in favor of such an. atmospherlc accumulation is
therefore improbable.e .

In order to account for the observed phenomena, at least three
essentially distinct hypotheses have been proposed. The volcanic
theory has already been considered, and its advocates are numerous;
“but a simpler view perhaps is that of T. Sterry Hunt.? He argued
in favor of & cosmical atmosphere, pervading all space, from whlch
a steady supply of carbon dioxide has been drawn. This theory,
which was also favored by Alexander Winchell,¢ postulates a uni-
versal, exhaustless reservoir of carbon, which should be able to sat-

isfy all demands. But what evidence have we that such an atmos-
phere exists? S. Meunier,® criticising Hunt, points out that some

¢ I'or a curious speculation on the mass of the atmosphere, see R. TI. McKee, Science,
vol. 23, p. 271, 1906. He argues that the present atmosphére is as great as the earth
is c:\pable of retaining.
® Am. Jour. Sci. , 3d ser., vol. 19, p. 349, 1880.
¢ Science, vol. 2, p. 820, 1883,
4 Compt. Rend., vol. 87, p. 541, 1878.

14399—DBull. 330—08———4
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planets have excessive and others deficient atmospheres, and that a
cosmic uniformity is therefore improbable. Meunier prefers the vol-
canic theory, for which we have at least some basis of fact. We know
that gases are emitted from volcanoes, even though there is no certain
measure of their quantity, and the question to be determined relates
to the adequacy and the source of the supply. That question I shall
not now attempt to answer; but, obviously, if the volcanic hypothesis
be true, the cessation of volcanism would signify the end of life on
the globe. It would be followed by the consumption of all available
carbon dioxide, so that plant life, and consequently animal life, could
no longer be supported. A cosmical atmosphere has no assignable

limit; an atmosphere of volcanic origin must sooner or later be .

exhausted. May not the moon be an example of such an atmospheric
death ?

A third theory relative to the atmosphere is based upon the belief
that the unoxidized, but oxidizable, substances in the primitive rocks
are sufficient in quantity to absorb all the oxygen of the air. If our
globe solidified from a molten condition, and- if, as commonly sup-
posed, oxidized compounds were the first to form, the observed con-
ditions are not easy to explain. C. J. Koene, indeed, assumed that
the primitive atmosphere contained no free oxygen, and he has been
followed of late years by T. L. Phipson,* J. Lemberg,? John Steven-
son, and Lord Kelvin Lemberg and Kelvin, however, do not go
to extremes, but admit that possibly some free oxygen was present
even in the earliest times. Lemberg argued that the primeval atmos-
phere contained chiefly hydrogen, nitrogen, volatile chlorides, and
carbon compounds, the oxygen which is now free being then united
with carbon and iron. The liberation of oxygen began with the
appearance of low forms of plant life, possibly reached a maximum
in Carboniferous time, and has since diminished. Stevenson’s argu-
ment is much more elaborate, and starts with an estimate of the
uncombined carbon now existent in the sedimentary formations. In
the deposition of that carbon, oxygen was liberated, and from data of
this kind it is argued that the atmospheric supply of oxygen is stead-
ily increasing, while that of carbon dioxide diminishes. The facts
that no oxygen has been recognized in solar or stellar spectra and that
none is found in the gases extracted from rocks are also adduced in
favor of the theory First, an oxidized crust and no free oxygen in
the air; then processes of reductlon coming into play; and at last
the appearance of lower forms of plants, which prepared the atmos-

a Chem. News, vol. 67, p. 135, 1893. Also several notes in vols. 68, (39, and 70. TFov
Koene's work see Phipson’s papers, 1893-94.

b Zeitschr. Deutsch. geol. Gesell., vol. 40. pp. 630-634, 1888.

cPhil. Mag., 5th ser., vol. 50, pp. 312, 399, 1900; G6th ser., vol. 4, p. 435, 1902; vol. 9,
p. 88, 1905; vol. 11, p. 226, 1905.

¢ Phil. Mag., 5th ser., vol. 47, pp. 85-89, 1899,

v
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phere to sustain animal life. The arguments are ingenious, but to
my mind they exemplify the result of attaching excessive importance
to one set of phenomena alone. Tt is not clear that due account has
been taken of the checks and balances which are actually observed.
At present the known losses of oxygen seem to exceed the gains. For
example, C. H. Smythe has estimated that the oxygen withdrawn
from the air by the change. of ferrous to ferric compounds, and so
-locked up in the sedimentary rocks, is equal to 68.8 per cent of the
quantity now present in the atmosphere.

But were oxidized compounds the first compounds to form? It
they were, then the arguments just cited are valid, but the premises
are doubtful. TIf the molten globe was as hot as has been supposed,
it is likely that carbides, silicides, nitrides, etc., would be generated
first, and in that case all the oxygen of the lithosphere would be
atmospheric. This supposition is based upon the results obtained
with the aid of the electric furnace at temperatures which decompose
oxygen compounds in the presence of carbon, silicon, or nitrogen,
substances of the class just named being then produced. Considera-
tions of this kind have been elaborately developed by H. Lenicque,?
who, however, pushes them to extremes. He even goes so far as to
ascribe great masses of limestone to the atmospheric oxidation of
primitive carbides. It will be observed at once that theories of this
order are directly related to the hypotheses which postulate an inor-
ganic origin for petroleum—a subject which will be more fully dis-.
cussed in the proper chapter. For the present it is enough to see
that cogent arguments may lead us to either of two opposite beliefs—
that the primitive atmosphere was rich in oxygen, or that it was
oxygen free.

The balance or lack of balance between carbon and oxygen is, after
all, only one factor in the problem. The origin of the atmosphere
as a whole is a much larger question, and our answers to it must
depend upon our views as to the genesis of the solar system. If we
accept the nebular hypothesis, we are likely to conclude that the
atmosphere is merely a residuum of uncombined gases which were
left behind when the globe assumed its solid form. That, I think,
is the prevalent opinion, although it must be modified by the observed
facts of volcanism. The outer envelope of the earth receives rein-
forcements from within, whose sources will be considered at lenvth
in another chapter. '

Quite a different theory of the earth’s origin has late]y been de-
veloped by T. C. Chamberling who imagines a planet built up by

a Jour. Geol., vol. 13, p. 319, 1905.

b Mém. Soc. ingén. civils France, October, 1903, p. 346.

¢ Jour. Geol., vol. 5, p. 653, 1897; vol. 6, pp. 459, 609, 1898: vol. 7, pp. 545, 667,
751, 1899. See also H. L. Fairchild, Am. Geologist, vol. 33, p. 94, 1904,
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slow aggregations of small, solid bodies. Kach of these particles,
or meteorites, carried with it entangled or occluded atmospheric ma-
terial. In time the accumulation of originally cold matter developed
pressure enough to raise the central portions of the mass to a high
temperature, and gases were then expelled. Thus the atmosphere
“was generated from within the globe instead of remaining as a
residuum ‘around it. We know that meteorites contain occluded
gases, and that gases are also extractable from igneous rocks, and
these facts lend to the hypothesis a certain plausibility. The gases
thus obtainable from the lithosphere are equivalent to many potential
atmospheres, although, as we have already seen, oxygen is not among
them. On Chamberlin’s hypothesis the atmosphere has grown fmm
small beginnings; the nebular conceptlon assumes that it was largest
at first.

One curious speculation, which may be connected with the theory
just descrlbed, relates to the nature of the earth’s interior. From
the known fact that the temperature rises as we descend into the
crust of the earth, calculations have been made to show that the tem-
perature of the centrOsphere must be enormously high. In fact,
if the rate of increase is constant, the temperature must reach a
deorree far above the critical point of any known element. Matter
in the interior of the earth, then, should be gaseous or quasi gaseous.
This suggestion was first offered by Herbert Spencer, later by A

- Ritter,> and has been more recently developed by S. Arrhenius.c It
has, however, only speculative value, for it rests upon assumptions
which can not be tested experimentally. -If the conception be enter-
tained, then the possibilities of speculation about additions to the
atmosphere are greatly increased. A discussion of that sort falls
without the scope of this memoir, and only these brief references are
admigsible here.

e« See his essays on the nebular hypothesis (1S858) and the constitution of the sun
(1865). Cited from New York edition of 1892,

b \Wied. Annalen, vol. 5, p. 405, 1878.

¢ Geol. Foren. Forhandl., vol. 22, p. 395, 1900.



CHAPTER 1L
LAKES AND RIVERS.e
" ' ORIGIN. ‘

When rain falls upon the surface of the earth, bringing with
it the impurities noted in the preceding chapter, part of it sinks
deeply underground to reappear in springs. Another part runs off
directly into streams, a part is retained as the ground water of soils
and the hydration water of clays, and a portion returns by evapora-
tion to the atmosphere. According to an estimate by Sir John Mur-
ray,? the total annual rainfall upon all the land of the globe amounts
to 29,3474 cubic miles, and of this quantity 6,524 cubic miles drain
off through rivers to the sea. A cubic mile of river water weighs
4,205,650,000 tons, approximately, and carries in solution, on the
average, 762,587 tons of foreign matter. In all, nearly 5,000,000,000
tons of solid substances are thus carried annually to the ocean. Sus-
pended sediments, the mechanical load of streams, are not included
in this estimate; only the dissolved matter is considered, and that
represents the chemical work which the percolating waters have done.

Although the minerals which form the rocky crust of the earth are
relatively insoluble, they are not absolutely so. The feldspars are .
especially susceptible to change through aqueous agencies, yielding
up their lime or alkalies to percolating water and forming a residue
of clay. Rain water, as we have already scen, contains carbonic acid
" in $olution, and that impurity increases its solvent power, particu-
larly with regard to limestones. The moment that water leaves the
atmosphere and enters the porous earth its chemical and solvent ac-
tivities begin, and continue, probably without interruption, until it
reaches the sea. The character and extent of the work thus done
varies ‘with local conditions, such as temperature, the nature of the
minerals encountered, and so onj; but it is never zero. Sometimes
larger and sometimes smaller, it varies from time to time and place
to place. The entire process of weathering will be considered more
fully later; we have now to study the nature of the dissolved mat-
ter alone, or,in other ‘words, the composition of rivers and lakes. The
data are abundant, but unfortunately complicated by a lack of uni-

e Excluding those belonging to closed basins.

b Scottish Geog. Mag., vol. 3, p. 65, 1887. 53
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formity in the methods of statement, which latter are often unsatis-

factory and even misleading. The analysis of a water can be re-

ported in several different ways, as in grains per gallon or parts per

. million; in oxides, in suppositious salts, or in radicles; so that two

analyses of the same material may seem to be totally dissimilar,

although in reality they agree. Before we-can compare analyses one

with another we must reduce them to a common standard,.for then
only do their true differences appear. The task of reduction may be

tedious, but it is profitable in the end. -

STATEMENT OF ANALYSES.

In the usual statement of water analyses an essentially vicious
mode of procedure has become so firmly established that it is difficult
to set aside. For example, a water is found to contain sodium, po-
~ tassium, calcium, magnesium, chlorine, and the radicles of sulphuric

and carbonic acids; or, in ordinary parlance, three acids and four
bases. If these are combined into salts at least twelve such com-
pounds must be assumed, and there is no definite law by which their
relative proportions can be calculated. A combination, however, is
commonly taken for granted, and each chemist allots the several acids
to the several bases according to his individual judgment. The
twelve possible salts rarely appear in the final statement; all the
chlorine may be assigned to the sodium and all the sulphuric acid to
the lime, and the result is a meaningless chaos of assumptions and
uncertainties. We can not be sure that the chosen combinations are
correct, and we know that in most analyses they are too few.
But are the radicles combined? This is a point at issue. Although
~no complete theory, covering all the phenomena of solution, has yet
béen developed, it is the prevalent opinion, at least among physical
chemists, that in dilute solutions the salts are dissociated into their
ions, and that with the latter only can we legitimately deal.
Whether this theory of dissociation shall ultimately stand or fall is
a question which need not concern us now; we can use it without
danger of error as a basis for the statement of analyses, putting our
results in terms of ions which may or may not be actually combined.c
Upon this foundation all water analyses can be rationally compared,
with no unjustifiable assumptions and with all the real data reduced
to the simplest uniform terms. We do not, however, get rid of all
difficulties, and some of these must be met by pure conventions. For
example, Is silica present in colloidal form, or as the silicic ion S10,?
Are ferric oxide and alumina present as such, or in the ions of their
salts? The iron may represent ferrous carbonate, the alumina may

aThe ionic form of statement has been used in the Survey laboratory since 1883. In
Europe it has had strong advocacy from Prof. C. von Than, Min. pet. Mitth., vol. 11, p.
487, 1890. It is now rapidly supplanting the older system.



'LAKES AND RIVERS. 55

be equivalent to alum; but as a rule the quantities found are so,
trivial that the true conditions can not be determined from the
ratios between acidic and basic radicles. The unavoidable errors
of analysis are commonly too large to permit a final settlement of
these -questions; and only in exceptional cases can definite conclu-
sions be drawn. TFor convenience, then, we may regard these sub-
stances as colloidal oxides and tabulate them in that form. The
procedure may not be rigorously exact, but the error in it is usually
very small. If we consider an analysis as represeriting the compo-
sition of the anhydrous inorganic matter which is left when a water
. has been evaporated to dryness, the difficulty as regards iron dis-
- appears, for ferrous carbonate is then decomposed and ferric oxide
remains. A similar difficulty in fespect to the presence of bicar-
bonates also vanishes at the same time, for the bicarbonates of calcium
and magnesium can only exist in solution and not in-the anhydrous
“residues. If, in a given water, notable quantities of lime, magnesia,
and carbonic acid are found, bicarbonic ions must be present, for
without them the bases could not continue dissolved ; but after evapo-
ration only the normal salts remain. Sodium and potassium bicar-
bonates are not so readily broken down; but even with them it is
better to compare the monocarbonates, so as to secure a uniformity
of statement. In fact, some analysts report only normal salts, and
others bicarbonates; so that for the comparison of different analyses .
‘we are compelled to adopt an adjustment such as that which is here
proposed. In other words, we eliminate the variable - factors, and
study the constants alone. ) ‘

One other large variable remains to be considered—the variation
due to dilution. A given solution may be very dilute at one time, and
much more concentrated at another, and yet the mineral content of
the water is possibly the same in both cases. For example, average
ocean water contains 3.5 per cent of saline matter, while that of the
Black Sea carries little more than half as much; and yet the salts
which the two waters yield upon evaporation are nearly if not quite

" identical. In some cases, as we shall presently see, it is desirable to
compare waters directly; but in most instances it is also convenient
to study the composition of the solid residues in percentage terms.
In that way essential similarities are brought to light and the data
become most intelligible.

- Before proceeding farther, it may be well to consider a single
water analysis, in_order to illustrate the various methods of state-
ment. For this purpose I will take W. P. Headden’s analysis of
water from Platte River near Greeley, Colorado,® which he himself
states in several forms. In the first column of the subjoined table
the results are given in oxides, etc., as in a mineral analysis, and in

aRull. No. 82, Colorado Agrie. Exper. Sta., p. 56, 1903.
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grains to the imperial gallon. In the second column they are stated

in terms of salts, and I have here recalculated Headden’s figures into .

parts per million of the water taken. Finally, in a third column, I
give, as proposed in the foregoing pages, the composition of the
residue in radicles or ions, and in percentages of total anhydrous
inorganic solids.

Analysis of water stated in different forms.

Grains
per Parts per Per
imperial - million. cent.
) gallon. | * : i
5310 IO 0.891 | CaSO,.......... 457.7 | 810y .cceuamiaanan.. 1.26
3]0 U 32,601 | MgSO, _......_. 236.0 | SO4euecuennannn.. 55. 28
(010 T 4.554 | K;80,...... e 94005 ceieeia... - 8.78
(0] I 2.681 | Na,SO, ......... 62.5 | Cl.oeoei .. 3.79
Na,Ooooooooooo.. 11.463 | NaCl...__...._. 63.2 | Na ... 12.02
KO, .355 | Na,COy......... 156.9 | Koooioiiaaiaoe. .41
CaO.............. 18.117 | Na,S8iOg ........ 21.9 | Ca ceeeiiaiiinan 13. 24.
MgO...... eeen- 5.530 | (FeAl),04 ._.... 2.7 | Mgoeeoeiiiia, 4.69
(FeAl)gos ........ . 189 Mn203 .......... 2.7 Rzoa ............... . 53
Temiton 11111111 2307 | Fxeem S0, . 13 100,00
""""" ) 2o : “‘Ignition”’ omitted.
73.967 1,048.5 | Salinity, 1,014 parts per
Less O=Cl ...._.. .604 : . million,
. 73.363

So far as appearance goes, these statements might represent three
different waters; and yet the analytical data are the same. A change
in the last column of SiQ, into the radicle SiO, would affect the other
figures but slightly. The compactness and simplicity of the ionic
form of statement are evident at a glance. Under it, as “ salinity,”

T have given the concentration of the water in terms of parts per

million. One million parts of this water contain in solution 1,014
parts of anhydrous, inorganic, solid matter. .

SPRINGS.

When water first emerges from the earth as a spring its mineral

composition is dependent upon local conditons. Some spring waters
are exceedingly dilute; others are heavily charged with saline im-
purities. To the subject of “ mineral ” springs, a separate chapter
will be given, and only a few analyses of spring water, all taken
from the records of the United States Geological Survey, need be
given here. They represent the beginnings of streams, and are there-
fore significant in this connection. All these analyses are reduced
to a uniform standard, in accordance with the rules laid down in the
preceding pages. )

«
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Analyses of spring wuter.

A. Spring near Magnet Cove, Arkansas. Analysis by H. N. Stokes.
B. Spring 1 mile west of Santa Fe, New Mexico. Analysis by F. W. Clarke.
C. Spring near Mountain City, Tennessee. Analysis by T. M. Chatard.
1. Caledonia Spring, Caledonia, New York. Analysis by H. N. Stokes.
E. Spring 3 miles west of Lowesville, North Carolina. Analysis by F. W. Clarke.
1. Spring near Mount Mica, Paris, Maine. Analysis by F. W. Clarke.
A B C. D E ¥
27.29 11.73 12.15 6.22
16.37 31.62 51.86 60.97
1.50 22.28 .45 trace
14,39 19.49 23.58 22,37
2.23 3.25 1.47 2.62
5.72 10.62 4.16 4.32
3.97 134 .34 .21
27.17 .67 5.99 2.80
trace |.oooveiei]uneneiiafinnian,
1.86 joeeii i, .49
100.00 | 100.00 } 100.00 100,00 100.00 |*  100.00
Salinity, parts per million............... 224 280 80 925 642 606

Some of these waters yield carbonates on evaporation, one yields
mainly’ sulphates, and between the two extremes the carbonic and
sulphuric ions vary almost reciprocally. One water is characterized
by its high proportion of chlorine, and another by its large percent-
age of silica; but in all of them calcium is the dominant metal. In
salinity they differ somewhat widely, but the most concentrated
example contains only 925 parts per million, or 52 grains to the
United States gallon, of foreign solids. It will be seen as we go
farther that carbonate waters are the most common, for the reason
that rain water brings carbonic acid from the air, and that substance
is most active as a solvent of mineral matter.

CHANGES OF COMPOSITION.

As spring water flows from its source it rapidly changes in char-
acter. It receives other water in the form of rain or of ground water
flowing from the soil, and it blends with other rivulets to produce
larger streams. Under certain conditions a part of its dissolved load.

- may be precipitated, and the composition of a river as it approaches
the sea represents the aggregate effect of all these agencies. A river
is the average of all its tributaries, plus rain and ground water, and
many rivers show also the effects of contamination from towns and
factories. 'Small streams are the most affected by local conditions, and
show the greatest differences in composition; large rivers, as a rule,
resemble one another more nearly.

How rapidly and how profoundly the composition of a river may
be modified are well illustrated in Headden’s bulletin, which I have
already cited. Cache la Poudre River in Colorado flows first through
a rocky canyon, over bowlders of schist and granite, and thence

a Bull. No. 82, Colorado Agric. Exper. Sta., 1903.
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emerges upon the plains. Its waters are then diverted into ditches
and reservoirs for purposes of irrigation, and finally reach the Platte
near Greeley. In performing the work of irrigation they acquire a
new load of solid matter, and the progressive changes in their com-
position are clearly shown by Headden’s analyses. Some of the latter
I will cite, first as Headden gives them in grains to the imperial
gallon, and then in a second table reduced to ions and percentages.

Analysis E is the one cited on page 56 to show different forms of
statement. In all cases I omit Headden’s figures for *ignition,”
and deal with the anhydrous residues alone.

Analyses of water from Colorado rivers.

A. Cache la Poudre River, above the north fork.

B. Cache la Poudre River, water from faucet in laboratory at Fort Collins.
C. Cache la Poudre River, 2 miles above Greeley.

D. Cache la Poudre River, 3 miles below Greeley.

E. Platte River below mouth of the Cache la Poudre.

GRAINS PER IMPERIAL GALLON.

A B C. D E

0.6029 2.3731 5.920 5. 087 4,554
1946 1. 8699 54.970 30.374 32,601
1037 10565 2.770 2.145 2. 681

3750 6631 14,590 9.117 11.463
0865 1921 . 451 372 365
6053 6245 1.035 951 891
.0113 L0171 . .079 .039 .189
.0018 .0112 trace 078 .189
2.6296 9.8009 | 110.943 67. 842 71.570
. 0234 . 0238 624 .483 . 604

2. 6062 9.7771 | 110.319 67.359 70. 966

REDUCED ANALYSES, IN PERCENTAGES.

33.68 7.34 10.34 8.78.
23.36 59.99 54,33 55.28
1.10 2.62 3.19 3.79
22.?3 12.31 15.00 13.24
5.63 6.65 5.00 4.69
5,12 9.84 10.09 12.02
1.66 .34 .46 41
6.49 .94 1.42 1.26
29 07 17 53
100.00 |  100.00 |  100.00 100. 00
Salinity, parts per million...............o..ooooil. 37 137 1,571 95! 1,011

- We have here, first, a very pure mountain water, relatively high
in carbonates and rich in silica. At the end of the series we have
waters in which sulphates predominate and the proportion of silica
is very low. The change is extremely great in all respects, and is
due to the use ‘of the water for irrigating an originally arid soil
containing much soluble matter. Probably when the soil shall have
been thoroughly leached by long periods of cultivation the changes
in the water will be less exaggerated. A similar alteration is also
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shown in Headden’s analyses of water from Arkansas River, first at
Canyon, where it emerges from the mountains, and second at Rocky-
ford, nearly 100 miles below.c The analyses are as follows, reduced
to the common standard adopted in this memoir. Headden regards
the silica as present partly in the form of alkaline silicates, a suppo-
sition which is probably correct. For present purposes, however,
the difference between SiO, and the Si0, radicle may be neglected.

Analyses of water from Arkenses River at two points in Colorado.

Canyon. |Rockyford.
37.55 2.65
14. 62 60. 69

3.77 4.89
20.24 12.78
5.13 3.76
9.57 14.50
.60 .28
8.19 45
I T O,
100. 00 100. 00
48 X

- Changes of a different order are shown by the waters of the River
Chélif, in Algeria, according to the investigation by L. Ville? This
stream flows through an arid region, in which incrustations or
efflorescences of salt and:gypsum abound. Lower in its course it
receives affluents much poorer in mineral matter, and its character,
at least as regards salinity, is modified. Ville’s analyses reduced to
a modern standard are as follows:

Analyses of water from_River Chélif, Algeria.

A. Sample taken at Ksar-Boghari during extreme low water.
B. Sample taken at the same point a few days later, after a rise.
C. Sample from Orleansville, much farther downstream.

A B. C
0.93 1.11 9.31
-40.36 25.87 29. 64
26. 40 39.28 26. 64
7.46 6.63 11. 85
4.12 4.42 4.11
20.64 22,61 17.03
.06 .04 .34
.03 .04 1.18
. . . : 100.00 [ 100.00 100. 00
Salinity, parts permillion .......... ... il e 6,670 5,842 1,182

o Bull. No. 82, Colorado Agric. Exper. Sta., 1903. Headden also gives analyses of water
from St. Vrain, Big Thompson, Boulder, and Clear creeks, and from many reservoirs,
irrigating ditches, and wells. See also Am. Jour. Sci., 4th ser., vol. 16, p. 169, 1903.

> Bull. Soc. géol. I'rance, 2d ser., vol. 14, p. 352, 1857. A later analysis by Balland
is given in Jour. Chem. Soc., vol. 3G, p. 699, abstract, 1879. Still another, by F. de
Marigny, is cited by Roth. In Ann. mines, 5th ser. vol. 11, p. 667, 1857, Marigny gives
analyses of two other Algerian rivers. .
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The effect of dilution by affluents is shown by analysis C; but the
interesting feature of the series is the difference between high and
low water at Ksar-Boghari. Ville attributes this difference to the
fact that salt is much more soluble than gypsum and that therefore
during a flood it is dissolved out more freely and more rapidly. from
the soil. = At low water sulphates are in excess of chlorides; at high
water the reverse is true. ‘ ’

The examples thus far cited serve to show the danger of attempting
to draw general conclusions from a single. analysis of a water, espe- -
cially when the latter is collected at only one point. If we wish to
determine the total load carried by a river to the ocean, the samples
should be taken as near as possible to its mouth, but far enough up-
stream to avoid tidal contamination; and the analyses should be
numerous enough to give a fair average result. Without such pre-
cautions no valid conclusions can be reached. The data must be ade-
quate to the purpose in view—a condition which is not always ful-
filled. :

ANALYSES OF RIVER WATERS.

Many analyses of river and lake water are to be found scattered
through chemical and geological literature. Only a part of the mate-
rial can be considered here, and preference will be given, but not
exclusively, to analyses not cited in the classical works of J. Roth and
G. Bischof. Many of the analyses were made in the laboratories of
the United States Geological Survey and especially in those of the
water resources branch. All are here reduced to a uniform standard ;
but the original statements of quoted analyses can usually be found
through the references to literature.

THE ST. LAWRENCE BASIN.

For geological purposes a regional classification of the data would
seem to be the most practicable, for the members of a river system
belong naturally together. Taking North' American rivers first in
order, let us begin with the St. Lawrence and its tributaries. The
selected analyses are as follows: :

Analyses of water from St. Lawrence River and the Great Lakes.

A. Lake Superior ¢ at Sault Ste. Marie, Michigan. Average of five analyses of samples
taken one month apart, in 1906 and 1907. :

B. Lake Michigan at St. Ignace, Michigan.? Average of five monthly analyses, 1906-7.

C. Lake Huron at Port Huron, Michigan. Average of four monthly analyses, 1906.

D. Lake Erie at Buffalo, New York. Average of six monthly analyses, 1906-17.

2 Other analyses of Lake Superior water have been made by W. A. Noyes, Eleventh Ann, -
Rept. Minnesota Geol. Survey, p. 174, 1882; by W. F. Jackman, cited by A. C. Lane in
Water-Supply and Irrigation Paper No. 31, U. S. Geol. Survey, § 27, 1899; and by G. L.
Heath, Rept. State Board, Geol. Survey Michigan, 1903, p. 119. )

b Analyses of Lake Michigan water at Milwaukee and of Milwaukee River, by G. Bode,
are published in Geology of Wisconsin, vol. 1, p. 308, 1883. Another analysis of the
lake water, by J. H. Long, is given in Report on the Boiler Waters of the Chicago, Bur-
lington and Quincy Railroad, published by that company in 1888.
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. B. ‘St. Lawrence River at Ogdensburg, New York. ‘Average of six monthly analyses,
1906-7. Analyses A to E by R. B. Dole and M. G. Roberts, in the water-resources branch
of the United States Geological Survey.

. The St. Lawrence at FPointe des Cascades, near Vaudreuil, above Montreal. Analysis
by . Sterry Hunt, Phil. Mag., 4th ser., vol. 13, p. 239, 1857.

@. The St. Lawrence opposite Montreal. Analysis by Norman Tate, cited by T. Mellard
Reade, in Evolution of Earth Structure, 1903.

Al B. c. | D E. F. G.
48.82 48.99 45.64 46.43 41.66 44.48"
5.67 5.64 9.48 9.64 5.19 11.17
2.01 2.19 5.40 4.10 1.51 2.41
.22 .30 .12 IS T O
23.42 23.11 23.79 24.28 20.08 20.67
6.94 6.35 5.51 5.46 4.52 6. 44
3.65 } 3.21 4.84 4.76 3.20 4.87
i B2
9.22 1 10.14 5.14 5.00 23.12 10.01
.05 ] .07 .08 05 o .
100.00 | 100.00 [ 100.00 | 100.00 | 100.00 100. 00
116 |. 105 134 132 160 148

The followihg analyses represent tributaries to the St. Lawrence.c

Analyses of water from tributaries to the St. Lawrence.

I1. Pigeon River, Minnesota. Analysis by W. A. Noyes, Illeventh Ann. Rept. Minne-
sota Geol. Survey, 1882, p. 174.
I. Maumee River near Toledo, Ohio. Analysis by C. F. Chandler, Ninth Ann. Rept.
Waterworks Board, Toledo, 1881. . .
J. Genesee River at Rochester, New York. Analysis by C. F. Chandler, quoted by 1. C.
Russell in Mon. U. S. Geol. Survey, vot. 11, opp. p. 176, 1885.

K. Ottawa River at St. Anne, near ‘the head of Montreal Island. Analysis by T. S.
HFunt, quoted by Russell, loc. cit. .

L. Lake Champlain. Average of five analyses of samples taken in the broad lake, by
M. O. Leighton, Water-Sup. and Irr. Paper No. 121, U. 8. Geol. Survey, 1905. 'This -

_ paper also contains analyses of water from the upper end of the lake, of Bouquet River,

and of Ticonderoga Creek.

H I J. K L
36.25 45.81
3.19 11.03
1.24 1.78
16,22 21.19
3.25 4.91
391l 8.8
2,95 |f
33.69 5.58
! 1.60

Between these waters there is a distinct resemblance, in that car-
bonates are the predominating salts and calcium is the chief metal.
Ottawa River is characterized by high silica; but the Genesee and the

¢ Other tributaries that have been analyzed are.as follows: Goose Lake, Michigan (Geol.
Survey Michigan, vol. 8, pt. 3, p. 235, 1903) ; Torch Lake, Portage Lake, Pine River,
Thunder River (Rept. State Board, Geol. Survey Michigan, 1903) ; Traverse Bay, Detroit,
Shiawassee, Grand, Cass, Chippewa, Tittabawassee, and Boardman rivers, Manistee and
Muskegon lakes (Water-Sup. and Irr. Paper No. 31, U. 8. Geol. Survey, 1903).

.
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Maumee, which flow through areas of sedimentary rocks, contain a
larger proportion of sulphates. The increase in salinity or concen-
tration in passing from Pigeon River, at the head of Lake Superior,
to the St. Lawrence at Montreal is also noteworthy. The two Mont-
real analyses, I' and G, are, however, far from concordant fmd can
not be given much Welcrht

According to estimates made by engineers of the United States
Army, the flow of the St. Lawrence past Ogdensburg is 248,518 cubic
feet per second. This, with a salinity of 132 parts per nnlhon, cor-
responds to a transport of dissolved matter of 29,278,000 metric tons
annually. The area drained, exclusive of water surface, is 286,900
square miles, and from each square mile 102 tons is removed in solu-
tion each year.

THE ATLANTIC SLOPE.

For the rivers and lakes of the Atlantic slope south of the St. Law-
rence the data are rather scanty. The subjoined analyses are the most
useful. In all of them bicarbonates are reduced to normal form, and
organic matter is omitted from the calculation.

Analyses of waters from Atlantic slope—I.

A. Moosehead Lake, Maine.

B. Rangeley Lake, Maine. -

C. Androscoggin River at Brunswick, Maine, above the falls. Average of thirty-eight
analyses of weekly samples, taken between April 25, 1905, and January 16, 1906.
Analyses A, B, and C made by F. C. Robmson, for the water-resources branch of the
United States Geological Survey.

D. Merrimae River above Concord, New Hampshire. Analysis by H. E. Barnard for
M. O. Leighton.

. BE. Hudson River at Albany, New York. Analysis by C. F. Chandler, Rept. Am.
Public Health Assoc., vol. 1, pp. 533-563. T : . -

F. Hudson River at Hudson, New York. Thirteen samples, each representing a com-
posite of ten daily collections, taken between September 17, 1906, and January 27, 1907,
Average analysis by R. B. Dole and M. G. Roberts, in the laboratory of the water-resources
branch, United States Geological Survey.

G. Mohawk River at Utica, New York. Analysis by C. . Chandler, quoted by TI. C.
Russell in Mon. U. 8. Geol. Survey, vol. 11, opp. p. 176, 1885.

H. Croton River, 1872. Analysis by C. F. Chandler, Rept. Am. Pub. Health Assoc.,
vol. 1, pp. 533-563. Another analysis of water taken in 1869 appears in the same
report.
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Analyses A and B are remarkable because of their relatively high
content in alkaline chlorides. These waters, however, are very dilute,
and the absolute quantlty of chlorides in them is probably no more
than they would receive from rainfall. The Androscoggin rises in
the Rangeley Lakes, and yet in its analyses no carbonates were re-
ported. Its salinity is low, and it may be that the-waste from fac-
tories and pulp mills along its banks have converted all of its original
carbonates into sulphates.. Its basic radicles are largely in excess of
the acid radicles SO,+Cl, and it is therefore probable that equilib-
rium is maintained by the silica, which, if recalculated into the radicle
SiQ,, is more than sufficient to restore the balance. As stated, the
analysis -is questionable. The Mohawk and Croton are tributaries

of the Hudson.

Analy;es of waters from Atlantic slope—II.

I. Delaware River near Trenton, New Jersey.® Analysis by H. Wurtz, Am. Jour. Sci.,
24 ser., vol. 22, p. 125, 1856. '

J. The Delaware at Lambertville, New Jersey. Average of fourteen analyses by
Dole and Roberts, each sample a composite of ten daily collections between September
8, 1906, and February 9, 1907.

K. Susquehanna River at Danville, Pennsylvania. Average of twenty composites
analyzed by Dole and Roberts, the samples having been taken between September 10,
1906, and April 3, 1907.

Potomac River above Great Falls, Maryland. Avemge of twelve samples taken at
intervals of one month, between April, 1904, and April, 1905. Analyses by Raymond
Outwater, Water-Sup. and Irr. Iaper No. 192, U. 8. Geol. Survey, pp. 296-297, 1907.
This report contalns thirty-four other analyses of water from the uppel Potomac and
its important tributaries.

M. James River, Virginia.® Richmond water supply. Analysis by W. H. Taylor,
Rept. to Richmond Board of Health, 1877.

N. James River at Richmond, Virginia. Average of sixteen analyses by Dole and
Roberts, each sample formed from ten daily collections between September 10, 1906, and
February 18, 1907.

0. Cahaba River near Leeds, Alabama. Analysis by R. S. Hodges. Geol. Survey Ala-
bama, Underground water resources, 1907. This report contains many analyses of
springs and wells.

I J K L. M. N 0
42,52 36.08 41,91
5.26 7.36 90
1.51 2.00 1.85
3.32 A8 il
trace |.o.ooiiofeienianes,
18.49 17.68 21.33
5.44 4.00 4.22
3.62 5.12 2.00
3.68 1.89
14.74 26.32 24,22
I3 3 PO 1.68
.96 .96
08 |
: X 100. 00 100. 00 100. 00
Salinity, parts per million..... 57 65 106 116 © 69 86 €190

¢ Analyses of several New Jersey streams are given by A. H. Chester in the Report on
water supply, New Jersey Geol. Survey, 1894, An analysis of water from Passalc River,
by E. N. Horsford, is published in Geology of New Jersey, p. 703, 1868 ; and another by
H. Wurtz in Am. Chemnst vol. 4, DL 99, 133, 1873.

b A thesis by A. F. White, Washington and Lee University, 1906, contains partial

“analyses of tributaries of the James near Lexington, Virginia.

¢ With carbonates normal. In the original, with bicarbonates, the salinity is given as 272.8 parts
per million, :
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Among these analyses that of the Susquehanna is noticeable on
account of the high proportion of sulphates shown. This peculiarity
may be abnormal and due to contamination by drainage water from
the coal mines above Danville. The Potomac water strikingly re-
sembles that of the St. Lawrence and the Great Lakes. According to
estimates made by Outwater, the Potomac annually carries past Point
of Rocks 771,000,000 kllograms of dissolved matter and 212,000,000
kilograms of solids in suspension, or sediments, The sum of the two
quantities is 983,000 metric tons, or a little over 102 metric tons per
square mile of the territory drained. The dissolved matter corre-
sponds to 80 tons per square mile.

THE MISSISSIPPI BASIN.

For the great river system of the Mississippi the chemical data
are abundant, but of very unequal value. The river itself has been
studied from near its source to near its mouth, and the waters of many
tributaries have also been analyzed. Taking the Mississippi itself
first, the useful data are as follows, arranged in order gomor south-
Wdl‘d""

Analyses of water from Mississippi River.

A. Mississippi River at Brainerd, Minncsota. Analysis by C. . Sidener, Thirteenth
Ann, Rept. Geol. Nat, Hist. Survey Minnesota, p. 102, 1884.

B. Mississippi River above Minneapolis. -

C. Mississippi River below Minneapolis. Analyses B and C by J. A. Dodge, Tenth
Ann. Rept. Geol. Nat. Hist. Survey Minnesota, p. 207, 1882. In rccalculating these two
analyses small amounts of organic matter were rejected.

D. Mississippi River at Minneapolis.” Average of twenty-three analyses, by W. M.
Barr, H. 8. Spaulding, and W. Van Winkle, of samples each formed by ten daily col-
lections between September, 1906, and May, 1907.

I, Mississippi River at Memphis, 'I'ennessee.® Average of seventeen ten-day compos-
ites, formed between October 29, 1906, and May 10, 1907. J. R. Evans, analyst.

F. Mississippi River above Carroliton, Louisiana. Analysis by C. H. Stone, Science,
vol. 22, p. 472, 1905. Sample taken 6 feet below surface. Recalculated from bicarbon-
ates.

G. Mississippi River above New Orleans.? Average of fifty-two weekly composites of
samples taken daily between April, 1905, and April, 1906. Analyses by J. L. Porter,
The average composition of the water for an entire year. ' :

« Bailey Willis (Jour. Geol., vol. 1, p. 509, 1893) cites some imperfect analyses of the
Mississippi and Missouri near St. Louis. Iowa Geol. Survey, vol. 6, p. 365, 1896, con-
tains other analyses of Mississippi water, and also of Missouri, Cedar, Des Moines, Coon,
Boyer, Wapsipinicon, Skunk, Chariton, Grand, Nodaway, and West Nishnabotna rivers.
These too are incomplete. The early analyses of Mississippi water by Avequin and Dby
Jones are of no value for present purposes. Partial analyses, containing some useful
data, are given in Report of the sewage and water board, New Orleans, 1903. These
relate to the lower Mississippi near New Orleans.

b Analyses D, I, and G were made for the water-resources branch of the United States
Geological Survey.. 1 am indebted to Messrs.' M. O. Leighton and R. B. Dole for the
privilege of using them. .
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AL B C. D. E. F. G.
52.76 47.04 32.02 30.27 34.74
2,04 9.61 11.81 19.69 14.90
1.08 .85 5.72 11.06 6.23
trace .85 10 7.l 5 : 1.57
23.90 20. 59 17.45 20.25 20.42
6.75 7.67 6.98 4.66 5.21
1.81 5.33 6.19 6.86 4.92
1.28 1.57 4,65
9.46 8.01 19.45 5.07 6.77
.............................. 12 .44
92 05 .78 .08 .15
.............................. S B O,
100. 00 100. 00 100. 00 100. 00 100. 00
19 166

In the foregoing table some of the figures appear to be question-
able. The excessive chlorine in F, the silica in E, and the potassium

in G are doubtful. In the ordinary or usual statement of water
analyses variations like these from the normal are not easily recog-
nized and may escape notice, but as percentages of total solids they
distinctly appear. However, the table tells .a definite story. The
upper Mississippi is low in chlorides and sulphates, which tend to
accumulate in the lower stream. The chlorides come in part from
human contamination, a subject to be considered later; and at New
Orleans there is probably some “ cyclic sodium ” brought in rainfall
from the Gulf of Mexico. As a whole, the Mississippi water is
mainly a calcium -carbonate water, with all else subordinate. If we
accept the figures given by J. L. Greenleafy who puts the average
outflow of the river at 664,000 cubic feet per second, the mean salinity
of 166 parts per million corresponds to a total transport of material
in solution of 98,369,000 metric tons annually. This is equivalent to a
little over 78 metric tons from each square mile of territory drained.
It is the contribution of the entire Mississippt Valley to the sahmty '
of the ocean, but it is subject to some corrections that need to be
determined hereafter.

The next table gives analyses of waters tributary to the upper
I\IISSISSJppl within thc State of Minnesota.

Analyses of waters tributery to upper Mississippi River.

A. Lake Minnetonka. Analysis by W. A. Noyes, Geology of Minnesota, vol. 2, p. 311,
1888.

B. Millelacs Lake. Analysis by J. A. Dodge, Geology of Minnesota, vol. 4, p. 38, 1899,

C. Bigstone“Lake. Analysis by C. I. Sidener, Thirteenth Ann. Rept. Geol. Nat. Hist.
Survey Minnesota, p. 98, 1884. Empties into Minnesota River.

D. Fleron Lake. Analysis by Noyes, Eleventh Ann. Rept. Geol. Nat. Hist. Survey
Minnesota, p. 173, 1882. Empties into Des Moines River. '

. Rock River at Luverne. A tributary of Sioux River. Analysis by Noyes, Geology
of Minnesota, vol. 1, p. 550, 1884.

¢ Am.. Jour. Sci., 4th ser., vol. 2, p. 29, 1896. Greenleaf gives detailed data for the
important tributaries of the Mississippi. The area drained by the river is put at
1,259,000 square miles.

b For analyses of several other Minnesota waters, see Water- Sup and Irr. Paper No.
198, U. 8. Geol. Survey, p. 133, 1907.

14399—Bull. 330—08——5
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- A B C. D E
42.65 47.94
18. 62 8.64
1.14 44
L39 |eeeean..
20.71 20. 51
8.00 7.43
2.94 3.31
1.32 .51
2.61 Z g?
62 .56
3 X 100.00 100. 00
Salinity, parts per million...................... L. 110 144 554 272 275

In the following table I give analyses of waters which reach the
Mississippi from the eastward by way of the Ohio. For the Ohio
itself I have found no satisfactory data. -

Analyses of u;aters t‘r?ﬁbqtt(ﬂ*y to Olvio River.

A. Monongahela River at Fairmont, West Virginia. Analysis by C. D. Howard,
Bull, No. 89, West Virginia Agric. Exper. Sta. This bulletin also contains analyses of
water taken at Morgantown, but showing contamination.

B. Wabash River at Vincennes, Indiana. Average of nineteen composites, made up of
ten daily samples in each, taken between September 9, 1906, and May 8, 1907. Analyses
by W. M. Barr, H. 8. Spaulding, and W. Van Winkle.

C. Kentucky River at Frankfort, Kentucky. Average of sixteen composites, as in B,
taken between September 28, 1906, and February 11, 1907. Analyses by R. B. Dole and
M. G. Roberts. Analyses B and C represent work done under the water-resources branch
of the United States Geological Survey.

D. Cumberland River at Nashville, Tennessee. Analysis by N. 1. Lupton, quoted by
I. C. Russell in Mon. U. 8. Geol. Survey, vol. 11, opp. p. 176, 1885. '

A B. C. D.

Salinity, parts per million........ . ... il ] 78

100, 00
121

For the largest tributary of the Mississippi—the Missouri—sev-
eral analyses are available.* They are given in the following table,
together with analyses of other afftuent waters.

Analyses of water from Missouri River and tributaries.

A. Missouri River at Great Falls, Montana. Analysis by Edgar and Mariner, cited in
Kighteenth Ann. Rept. U. S. Geol. Survey, pt. 4, p. 612, 1897.

B. Missouri River at Bismarck, North Dakota. Analysis by C. F. Sidener for the
Northern Pacific Railway. Received through M. O. Leighton.

¢ Another analysis of Missouri River water, by F. W. Traphagen, is cited in BE. W.
Hilgard’s “ Soils,” p. 23, but the point of collection is not named.
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- C. Missouri River at Florence, Nebraska, near Omaha. Average of twenty composites,
cach of ten daily samples, analyzed hy W. M. Barr and W. Van Winkle for the water-
resources branch of the United States Geological Survey. Samples taken between
October, 1906, and April, 1907.

D. Missouri River at Ruegg, Missouri, near its mouth. Average of twenty-one com-
posites, like C, analyzed by W. M. Barr, 1. S. Spaulding, and W. Van Winkle. Samples
taken between September, 1906, and May, 1907.

I8, Laramie River 20 miles above Laramie, Wyoming. Average of threc analyses by
15. E. Slosson, Bull. No. 24, Wyoming Rxper. Sta., 1895. '

F. Laramie River 50 miles below Laramie. Analysis by I, I Slosson, loc. cit.e

G. Platte River at I'remont, Nebraska.® Average of sixteen composites like C and D.
Analyses by W. M. Barr and W. Van Winkle for the water-resources branch, United
States Geological Survey. ' :

H. Yellowstorie T.ake. Analysis by .J. 18. Whitfield, Bull. U. 8. Geol. Survey No. 47,
1888.¢

Sulinity, parts per million ......... 13| 440 | 490 | 365| 12| 420|335

“ Slosson also gives analyses of I'opo Agie and Little Goose creeks. Another analysis
of the Laramie is printed in Rifth Rept. Bureau of Soils, U. 8. Dept. Agric.. 1903.

b An-analysis of the I’latte at Greeley, Colorado, is given on p. 58, ante, together with
some. of Cache la Poudre River.

¢ This bulletin also contains analyses of water from Firehole and Gardiner rivers.

In all but two of these waters sulphates predominate over carbon-
ates, and calcium is less conspicuous than in the analyses preceding
this group. The high silica of the Yellowstone Lake is also notice-
able. ‘

For one other tributary of the Missouri a particularly interesting

-group of analyses is at hand. ' The Kansas or Kaw River, with its

chief afluents, has been carefully studied by E. H. S. Bailey and
E. C. Frankling whose data, reduced as usual, are given below. It
should be observed, however, that the analyses are not quite com-
plete; the sodium was calculated and the potassium not considered at
all. The localities mentioned are all in the State of Kansas, and
the arrangement of the streams is from the west, eastward.

Analyses of water from Kansas River and tributaries.
.

Smoky Hill River below Salina.

. Saline River above New Cambria.

. Solomon River above Solomon.

D. Republican River above Junction City.
. Blue River.

omp

e Kansas Univ. Quart., vol. 3, p. 91, 1894,

-
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. Delaware River ¢ at Perryville. Analysis by J. X, Curry.

G. Wakarusa River south of Lawrence. Analysis by J. E. Curry.

H. Kansas River, average of two analyses, one sample taken.above 'opeka, the other
above Lawrence. The two are fairly concordant.

A | B | ¢ | T . | a H.

16.07 | 13.70 | 14,12 | 31,41 | 35.41 [ 44,54 | 42.66 23.83
24.52 | 16.94 | 23.36 | 13.71| 16.17 | 11.28 7.59 18.15
22,41 { 3461 | 24.55| 10.02 6.48 6.031  6.69 18,80
13.86 5,62 | 11.68 | 15.62 | 18.90 | 23.14 | 23.27 14.76

2.62 1.88 2,16 3.19 4.91 5,49 3.12 3.51
17.81 | 26.07 | 20.15| 13.06 7.89 4,76 | 12.81 15.45

2.03 .98 3.63 | 1l.61 8.59 3.39 2.77 4.83°
.68 .20 .45 1.38 1.65 1.37 1.09 .67
100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100,00 | 100.00 { 100.00
554 436 396 499 766

Salinity, parts per million.......... ©1,017 | 2,323 | 1,105

@« Not to be confused with the eastern-rviver of the same name.

The four westernmost of these streams flow from 4 relatively arid
region and are characterized by high salinity. They are peculiarly
poor in carbonates but rich in sodium and chlorine, conditions which
may be correlated with the great abundance of salt in Kansas.  In
the Blue River carbonates begin to predominate; and in the eastern-
most rivers of the group, the Delaware and the Wakarusa, there is a
close approximation in chemical character to the streams of the At-
lantic slope. The Kansas River itself represents a blending of all the.
waters which flow into it..

Two analyses of water from the Arkansas River, by Headden,
have already been cited, but it seems well to reproduce them here, with
others of the same important stream and also of the Red River, as
follows: @

Anelyses of water from Arkanses River end tributeries.

A. Arkansas River at Canyon; Colorado. )

B. Arkansas River at Rockyford, Colorado. Analyses A and B by W. P. Headden,
Bull. No. 82, Colorado Agric. Exper. Sta., 1903. '

C. Arkansas River at Little Rock, Arkansas. High water, December 20, 188S.

D. Arkansas River at Little Rock. Low water, August 22, 1888, Analyses C and I
by R. N. Brackett, Ann. Rept. Arkansas Geol. Survey, 1891, vol. 2, pp. 159, 160. Recal-
culated here to standard form. According to J. C. Branner (idem, p. 164), the river carries
in solution past Little Rock 6,828,350 tons annually. ’ .

1. Arkansas River at Little Rock. Average of 13 composites of ten daily samples
each, taken between November, 1906, and May, 1907. Analyzed by W. M. Barr, H. 8.
Spaulding, and W..-Van Winkle, for the water-resources branch of the United States
Teological Survey. . .

F. Neosho River at Chanute, Kansas. A tributary of the Arkansas. Analysis by C. F.
Gustavsen, Kansas Univ. Sci. Bull,, vol. 2, p. 243, 1903. Réduced from bicarbonate form.
" G. Red River at Shreveport, Louisiana. Average of 6 ten-day. composites, analyzed
for the water-resources branch of the United States Geological Survey by J. R. Evans.
Samples taken between January 31 and May 8, 1907. '

a Partial analyses of about 50 streams in Oklahoma may be found in Water-Sup. and
Ire. Paper No. 148, U. 8. Geol. Survey, 1905,
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SOUTHWESTERN RIVERS.
A few of the rivers of southwestern United States have been

studied with much care. The subjoined analyses represent this

group. .
Analyses of water from southwestern rivers.

A. Brazos River at Waco, Texas. Average of 14 composites of ten dally samples each,
taken between December, 1906, and May, 1907. Analyses by W. M. Barr, H. . Spauld-
-ing, and W. Van Winkle, for the water-resources branch of the United States Geological
Survey.

B. Rio Grande at Mesilla, New Mexico.® Average composition for an entire year, June,
1893, to June, 1894. Analyses by Arthur Goss, Bull. No." 34, 1900, New Mexico Agric.
Exper. Sta. This bulletin also contains analyses of water from Animas River, Santa Fe
River, and Rio Bonito.

C. Pecos River, New Mexico. Average of six samples analyzed by Goss, loe. cit.

D. Colorado River at Yuma, Arizona. Average of seven composite samples, covering
collections made between January 10, 1900, and January 24, 1901. Analyzed hy R. H.
Forbes and W. W. Skinner, Bull. No. 44, Univ. Arizona Agric. Exper. Sta., 1902, The

" average composition of the water during a year.

E. Gila River at head of Florence canal, below The Buttes, Arizona. Average of four
analyses, by Forbes and Skinner, representing twenty-one weekly composites. Samples
taken between November 28, 1899, and November 5, 1900. ’ )

F. Salt River at Mesa, Arizona. Average of six analyses covering forty weekly com-
posites, of water taken between August 1, 1899, and August 4, 1900. Analyses by Forbes
and Skinner, loc. cit. Salt River and the Gila are tributaries of the Colorado. TForbes
and Skinner report their silica as the silicate radicle 8i0;. This is reduced to $i0: in
the table. :

A B C. D E r

17.28 1.54

31.33 43.73

18.56 22. 56
el i

2.05 3.62

14.43 14.02

1.95 L7

100,00 | 100,00
399 | 2,834

Salinity, parts per million............... 1,066

¢ An analysis of Rio Grande water by O. Loew Is given in Rept. U. 8. Geog. Surv. W.
100th Mer., vol. 3, p. 576, 1875. In the annual report of the same survey for 1876
Loew gives an analysis of water from Virgin River, a tributary of the Colorado.

These waters are characterized, as is evident on inspection of the
table, by high salinity, the predominance of alkaline sulphates and
chlorides, and a deficiency of carbonates and of lime. From figures
given by Forbes I have computed that the Colorado carries to the
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Gulf of California annually, in solution, 13,416,400 metric tons of
salts, or about 59.6 metric tons from each square mile of its basin.

THE PACIFIC SLOPE.

The next table contams analyses of waters tributary to the Pacific
Ocean.
Analyses of waters tributary to Pacific Ocean.

A. Yukon River at agle, Alaska. Analysis by G. Steiger. Reported by I. W. Clai‘ké,
Jour. Am.'Chem. Soc., vol. 27, p. 111, 1905.

B. Cedar River, Washington. Analysis by H. G. Knight, Rept. Washington Geol.
Survey, vol. 1, p. 285, 1901.

C. Snake River, Blackfoot area, Idaho.

D. Powder River near Baker City, Oregon. Analyses C and D made under. the direction
of F. K. Cameron, Fifth Rept. Bureau of Soils, U. 8. Dept. Agric.,, 1903. An analysis of
Powder River at a different point is also given in this report.

B. Lost River, Klamath County, Oregon. Analyses by A. L. Knisely, Ann. Rept. Irr.
and Drainage Investigations, U. S. Dept. Agric., 1904, p. 264.

F. Clear Lake, 75 miles north of San Francisco, California. Analysis by I. Price,
cited in Water-Sup. and Irr. Paper No. 45, U. S. Geol. Survey, p. 33, 1901. ’

G. Feather River at Gridley, California. Analysis reported by E. W. Hilgard, Rept.

Agric. Exper. Sta., Univ. of California, for 1898-1901.
I. Sacramento River at Sacramento, California. Average of twonty composites, of ten
daily samples each, taken between January 11 and August 10, 1906. Analyses by I. W.

Evans and P. L. McCreary, for the water-resources branch of the United States Geolog-

ical Survey. TIotassium determinations omitted in a few of the later analyses.

I. San Lorenzo River, California. Analysis by A. Seidell, Field Operations Burean of
Soils, U. 8. Dept. Agric., 1901.

J. Santa Clara River near Santa l'aula California. Analysis by B. E. Brown, same
reference as I. An analysis of Sespe Creek is also given.

K. Mission Creek.

L. Cold Spring Creek.

M. Mono Creek, average of three analyses showing different concentrations.

N. Santa Ynez River at Gibraltar, California. Analyses K-N by J. A. Dodge, Water-
Sup. and Irr. Paper No. 116, U. 8. Geol. Survey, pp. 56-61, 1904. The four streams are
in the neighborhood of Santa Barbara, California.

A B C D. E F G

52, 64 54.80 17.62

3.87 3.42 12.72

1.46 1.79 6.93

14.12 15.93 3.89

12.06 10.89 |..eee.....

2.78 4.49 19. 58

.78 192 ...,

10.42 6.59 39.26

Xl S U e

100. 00 100.00 100. 00

Salinity, parts per million..... 98 31 247 1,481 220 102 121
H I J K. L M N

Salinity, parts per million ... 112 | - 4,685 996 444 | b2l | 1,004
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Although most of these analyses are obviously incomplete, they
serve a purpose. They illustrate the distinction between the waters
of a humid climate and those of a relatively arid region. The Yukon
is a normal carbonate water; the streams of southern California are
comparable with the southwestern waters of the preceding section.

THE SASKATCHEWAN SYSTEM.

This complex river system comprises a number of important
branches, which finally unite in the Nelson River and empty into
Hudson Bay. The followmg analyses represent waters from this
great drainage basin:

Analyses of waters from Sasketchewan system. .

A. Red River of the North at Kergus Falls, Minnesota. Analysis by W. A. Noyes,
Kleventh Ann. Rept. Minnesota Geol. Nat. Hist. Survey, p. 173, 1884,

B. Red River of the North at IFargo, North Dakota. Analysis by C. F. Sidener for
the Northern Pacific Railway. Received through M. O. Leighton.

C. Red River of the North at St. Vincent, Minnesota, near the Canadian boundary.

Analysis by W. A. Noyes, op. cit.,, p, 172.

D Red River of the North below the Assiniboine.

. Assiniboine River above its-junction with the Red. Analyses D and B by F. D.

Achms, Rept. Progress, Geol. Survey Canada, 1878-79, p. 10 H.

P. Nelson River near its mouth. .

G. Hayes River opposite York Factory, This stream enters Hudson Bay near the
Nelson. Analyses I’ and G by W. Dittmar, Rept. Progress, Geol. Survey Canada, 1879-80,
p. 77 C.

A B c D E F G
.20 31.47| 30.70| 16.78 50.36
15,70 | 22:06| 1652 | 4185 |..........

4.89 8.78 6.58 4.68 3.08
ST FOURURORO SRRy IEUUURRRNS SRR
298 |

17.55 | 12:89 | 137597 16,91 21,88

8.23 7.99 7.72 5.65 5.24

5.64| 967 1108 6.22 422

1.87 1.18 1.16 97 1.37

a5 | s a4 7.30 |71l 48

35 24 .24 2.37
100,00 | 100,00 | 10000 | 100,00 | 100,00

The following table gives analyses of the Bow River and its tribu-
taries, the Bow being the main western branch of the Saskatchewan.
All of these streams are in the Alberta district, Northwest Territory,
Canada. The fmnalyses were made by F. G. Wnt Rept. Geol. Survey
Canada, new series; vol. 9, pp. 3945 R 1878. The samples were

ollected ‘xt low water.
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Analyses of water from Bow River and tributarics.

H. Bow River at-Calgary.

1. Elbow River at Calgary.

J. Highwood River at High River.
K. Fish Creek at MclLeod Trail.
L. Sheep River near Dowdney.

H T J K. L
48.21 44.66 47.78 53.57 45.55
14.69 18.80 13.22 5.59 17.13
94 56 .65 51 57
25.23 24.39 24.48 18.82 23.69
6.95 6.55 6.23 7.57 6.32
2.42 2.77 3.28 7.14 3.92
trace 42 trace 1.34 43
1.56 1.85 4.36 5.46 2.39
trace trace trace trace trace
100.00 100.00 100.00 100.00 100.00
128 217 183 238 209

SUMMARY FOR NORTH AMERICA.

If now we look back over the analyses of North American rivers,
we shall see that, in spite of all differences, certain general tendencies
are manifest. It is evident, of course, that a stream may vary in
composition from place to place and from time to time; it is plain
that the samples analyzed were rarely chosen with reference to any
general discussion” of American waters; and yet, notwithstanding
these adverse conditions, some regularities appear. In the first
place, practically all of the waters from east of the Missouri River,
with one or two minor exceptions, are waters in which carbonates are
largely in excess of sulphates and chlorides, and calcium is the domi- -
nating metal. The same rule holds for the extreme northern rivers;
but the western tributaries of the Missouri, in general, tell a different
story. So also do the waters of New Mexico and Arizona. Here sul-
phates are in excess of carbonates, and calcium, although sometimes
dominant, is not always so. In short, where the riinfall is abundant
. and the soil is naturally fertile, carbonate waters are the rule; irf arid’
regions sulphates and chlorides prevail. This statement applies to

the evidence now in hand, and must not be construed too sweepingly. -
We are dealing, not with invariable laws, but with tendencies.

The condition thus indicated is probably the outcome of various
causes, but one of the latter is -easily found. In a fertile region
organic matter is abundant and great quantities of carbonic acid are
generated by its decay. This carbonic acid, absorbed by the ground
water of the soil, acts as a solvent of mineral matter, and carbonates
are carried into the streams more abundantly than other salts. In
arid regions there is less organic decomposition, less carbonic acid,
and a smaller proportion of carbonates is found. Water from a

\
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swamp or forest is very different from water which has leached a
desert soil. In the I{ansas River and its tributaries the passage from
one set of conditions to the other is clearly apparent. Western Kan-
sas is relatively arid, and the western branches of the river are poor
in carbonates. Eastern Kansas is fertile, and the eastern affluents
reflect its character. It must be borne in mind, however, that we are
now considering relative proportions of substances and not absolute
amounts. The lower course of a stream is a blend of many waters;
and the change from one type to another does not necessarily imply
that anything has been lost. Precipitation may have taken place,
but in many cases the transformation from sulphate to carbonate is
probably due to an overwhelming influx of the latter. The Missis-
sippi itself, in its course southward, must receive carbonates more

freely than sulphates; and its final character as 1t enters the Gulf of
Mexico should be that of a carbonate water. So much at least can
be safely inferred from the data already in hand. To-small streams,
it, must be remembered, these considerations do not always apply.
Local conditions are operative in such cases, and a river issuing from
a region rich in gypsum, or fed by brooks affected by beds of pyrite,

may have a sulphate character quite independent of the climatic in-
fluences which otherwise seem to rule.

RIVERS OF SOUTH AMERICA.

The river waters of South America, except in the Argentine
Republic, seem to have received very little attention from chemists.
A. Muntz and V. Marcano® have described certain waters, from
unnamed tributaries of the Orinoco and Amazon, which are colored
nearly black by organic acids but contain not over 16 parts per
million of mineral matter, and from which lime is practically absent.
Apart from a few scattered memoirs I have found little of value
relating to the northern part of the continent. The following table
gives the available data for the Amazon and its tributaries:

«
Analyses of water from Amazon River and tributaries.

A. The Amazon between the Narrows and Santarem. Analysis by 1' F. PFrankland,
cited by T. Mellard Reade in Evolution of Dm th Structure.

B. The Amazon at Obidos. Mean of two analyses by F. Katzer. See Grundzlige der
Geologie des unteren Amazonasgebietes, Leipzig, 1903. Katzer estimates that the Amazon
carries annually past Obidos 618,515,000 metric tons of dissolved and suspended matter.

C. The Xingu. Analysis by Katzer, loc. cit. .

sD. The Tapajos. Analysis by Katzer, loc. cit. Katzer also gives analyses of water
from Parana-mirim, the Maecuru, the Itapacuri-mirim, and several fresh-water lakes or
lagoons.

e Compt. Rend., vol, 107, p. 908, 1388. See also .J. Reindl, Natur. Wochenschr,, vol.
20, p. 353, 1905.
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A B. [o] i)
24.15 26.78 29,60
2.26 10.57 7.89
6.94 6.96 5.77
14.69 15.77 16.84
1.40 3.92 3.60
4.24 2.08 1.80
4.76 4.18 3.67
28.59 21.15 24,02
12.97 8.59 7.81
100.00 100.40g 100. 00

From the southern parts of South America the following waters
have been analyzed:

Analyses of water from rivers in southern part of South America.

A. River Plata 5 miles above Buenos Ayres. Analysis by J. J. Kyle, Chem. News, vol.
38, p. 28, 1878.

B. River Plata near Buenos Ayres.® Analysis by R. Schoeller, Ber. Deutsch. chem.
Gesell., vol. 20, p. 1784, 1887. Water possibly affected by tidal contamjnation.
. . The Parana 5 miles above its entry into the Plata. Analysis by Kyle, loc. cit.
D. The Uruguay midstream opposite Salto. Analysis by Kyle, loc. cit.

E. The Uruguay above Fray Bentos. Analysis by Schoeller, loc. cit.

F. Rio Negro ® above Mercedes. Analysis by Schoeller, loc. cit.

G. Colorado River, Argentmﬂ Analysis by Kyle, An. Soc. cient. Argentina, vol. 43,
p. 19, 1897.c ‘

H. Rio I'rimero, Argentina. .

1. Rio de los I"apagayos, Argentina. Analyses I and 1 by M. Siewert, in 1{ Napp’'s
The Argentine Republic, pp. 242, 244, 1876.

J. Rio Saladillo, Argentina. Analysis by A. Doering.

K. Rio de Arias, Salto, Argentina. Analysis by M. Siewert.

I.. Rio dé los Reyes, Jujuy, Argentina. Analysis by M. Siewert. For analyses J, K,
and L, see Bol. Acad. nac. cien. Cérdoba, vol. 5, p. 440, 1883. B

M. Rio Frio, district of Taltal, Chile. - Analysis by A. Dietze, cited by L. Darapsky in:
Das Departement Taltal, p. 93, Berlin, 1900.

N. Rio Copiapo, Chile. Anpalysis by P. Lemétayer, cited by ¥. J. San Romfin in Desierto
i Cordilleras de Atacama, vol. 3, p. 191, Santiago, 1902, 7

(9}

e For other data lelntwe to the ]’lnm and the Mercedes, see M. Puiggari, An. Soc.
cient. Argentina, vol, 1: 9, 188

°A§£nzi18y7s_1{s of Rio Negro by \Vlll is cited by S. Rivas, An, Soc. cient. Argentina, vol.

¢ In thls memoir Kyle gives analyses of numerous Argentine rivers. The nomenclature,
however, is confusing, for descriptive names, such as Negro, Colorado, Salado, S.ll.ldlllo,
etc., are applied to more than one stream in Argentina, and it is not always easy to
identify the river to which a given ‘malysm applies.

I
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Al B. C. D. E. F. G.

These waters show the same order of variation as those of North
America. The water of the Amazon, flowing through forests and
in a humid climate, 1s characterized by dominant carbonates and low
salinity. In Argentina many of the streams flow through semiarid
plains. 1In their waters sulphates and chlorides predominate and the
alkalies are commonly in excess of lime. The Uruguay is peculiar
because of its high proportion of silica—a condition which will be
discussed later in the chapter.

WATERS OF WESTERN EUROPE.

'

Both Bischof and Roth cite numerous analyses of European river
and lake waters, but only a few of them need be reproduced here.
Many of the streams are small and affected by local conditions; but
the predominance of calcium and of the carbonic radicle is clearly
shown in most cases. For western waters the following examples
are enough for present purposes:

Analyses of waters from western Burope.

A. The Thames. Average of five analyses cited by J. Roth, Allgem. chem. Geol., vol. 1,
pp. 456, 457. .

B. Lough Neagh, Ireland. Analysis by Hodges, from Roth, loc. cit.

C. The Meuse at Liege, Belgium. Computed from data given by W. Spring and E. Prost,
Ann. Soc. géol. Belg., vol. 11, p..123, 1884, The Meuse carries past Liege, in solution,
nearly 1,082,000 metric tons of solids annually. -

~
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D. The Seine at Bercy. Analysis by . Sainte-Claire Deville, Ann., chim. phys., 3d
ser., vol. 23, p. 42, 1848.

E. The Loire near Orleans. - Analysis by Deville, loc. cit.

F. The Rhone at Geneva. Analysis by Deville, loc, cit. Deville also gives analyses of
the Doubs and the Garonne. :

G. The Rhone. Average of five analyses by L. Lossier, Arch. sci. phys. nat., 2d ser.,
vol. 62, p. 220, 1878. Organic matter rejected,

H. The Arve. Average of six analyses by Lossier, loc. cit.

I. Lac Leman. Analysis by R. Brandenbourg, cited by 1. A. Forel ¢ in-Mém. Soc.
Helvét., vol. 29, 1884.

100. 00

X 100.00 { 100.00 | 100.00
Salinity, parts per million . 270 135 1562

170 192

¢ Forel gives several other analyses of Lac Leman. For the Swiss lakes Taney, Cham-
pey, Non Lauenen, and Amsoldingen, see E. Boureart, Arch. sci. phys. nat,, 4th ser.,
vol. 15, 467, 1903. J. Thoulet (Bull Soc. géog., Tth ser., vol. 15, p. 557, 1894) gives
partial analyses of lakes in the Vosges. For French lakes in general, see A. Delebecque,
Les lacs francais, Paris, 1898. See also A. Delebecque and L. Dupare, Arch. sci. phys.
nat., 3d. ser., vol. 27, p. 569 ; vol 28, p. 502, 1892 -

~In the analyses of the Thames and Lough Neagh the compara-
tively high figure for chlorine may be partly due to wind-borne salt
from the sea. The Thames, however, rises in the midland counties

of England, where the waters issuing from the oohtes are mlatwely
rich in chlorldes.

RIVERS OF CENTRAL EUROPE..

The following table relates to the Rhine and its tributaries. With
one exception, the cmfmlyses are recalculated from the data as given
by Roth.?

Analyses of water from the Rlvine and tributarics.

A. Lake of Zurich. Analysis by Moldenhauer, 1857

The Aar at Bern. Analysis by Pagenstecher, 1837,

. The Main above Offenbach. Analysis by Merz, 1866.

. The Rhine at Basel. Analysis by J. S. F. Pagenstecher, 1837

The Rhine at Strasburg. Analysis by I1. Sainte-Claire Deville, Ann, chim. phys., 3d
vol. 23, p. 42, 1848, :

The Rhine at Cologne. Mean of four analyses by K. Vohl, 1870,

LS

Boaw

@»n
o
R

e See W. W. Fisher, The Analyst, vol. 29, p. 29, 1904,
b Allgem. chem. Geol., vol. 1, p. 456.
. I .
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'33.53 | 25,30 27.36
2.87 -6l 5.57
73 2.17 2.69
.66
120 2107 . 17
Lo, 1.09
.......... 2.51 } -00
100.00 | 100.00 |  100.00

166 | - 232 178

These analyses are cvidently of very unequal value. The high
silica found by Deville is suspicious, and yet Deville was an accurate

manipulator.

One of the most thorough hydrochemical studies ever made of any
river system is that of the Elbe and its Bohemian tributaries by
J. Hanamann. In two memoirs upon the waters of Bohemia he
gives over one hundred and twenty analyses, tracing nearly all of the
important streams in the upper Elbe basin to their sources, cor-
relating each one with the geological formations in which it rises,
and showing the effect produced by their union. Of the Elbe itself
thirteen analyses are given; of the Eger, eight; of the Iser, six,
and so on. From this wealth of material only a small part can be
reproduced here, recalculated as usual to our uniform standard and
beginning with the tributaries. With the two cxceptlons noted, all
the analyses cited are by Hanamann.

An,(/,M/scs of water from tributaries of the Kibe.

A. The Moldau aboveé Prague. Mean of three analyses by A. Bé&lohoubek, Sitzungsb.
K. bohm. Gesell. Wiss., 1876, p. 27.

B. The Moldau below ICralup.

C. The Adler near its mouth.

D. The Iser at its source.

15, "The Iser near its mouth. A

F. The BEger at its source. Analysis by K. Spaeth, cited by ITanamann,

(. The Eger above Konigsberg.

M. The Eger near its mouth, at Bauschowitz.

320 1.33| 63| 3.67| 2:28| 1.10
’ . 100.00 | 100.00 | 100.00 | 100.00 | 100.00 { 100.00
Salinity, parts per million........._. 74 104 195 16 183 17 80 176

¢ Archiv natur. Landesdurchforschung Bohmen, vol. 9, No. 4 1894 ; vol. 10, No. 5, 1898.
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To represent the Elbe itself, the following six analyses have been
selected from Hanamann’s table:

Analyses of water from the Elbe.

1. The Weisswasser, one of the two chief sources of the Elbe.

J. At Celakowitz, above the mouth of the Iser.
K., At Melnik, above the mouth of the Moldau.
L. At Leitmeritz, above the Eger.
M. At Lobositz, below the Eger.
N. At Tetschen, near the Bohemian frontier.
I J K L. M N
16. 84 45. 87 45.04 40. 27 38.41 35. 88
12. 86 8.95 8.88 10. 86 12. 45 14.88
7.61 3.27 3.56 5.00 5.96 5. 87
4.28 .80 .94 1.22 1.28 1.40
8.76 26. 41 26. 37 22.87 1 22.19 20. 92
2.19 3.21 2.77 3.24 3.23 3.63
11.06 3.93 4.02 5. 62 6.35 6.09
2.01 2.46 3.06 2.79 2. 87 3.16
31.21 4.09 4,66 7.27 6. 42 7.13
3.18 .91 .70 .86 84 1.04
100. 00 100.00 [ 100.00 100. 00 100. 00 100. 00
13 221 T 205 15 153 148

At their sources these streams are characterized by ver'y low
salinity and a high proportion of silica and alkalies. They grad-
ually increase in salinity, and by blending one with another, approach

more and more nearly the normal type of river waters. The Eger -

is unusually rich in alkalies and chlorine. The minor tributaries of
the Elbe vary widely in composition, but in general calcium and car-

bonates are the chief constituents. In the Schladabach, however, -

a small affluent of the Eger, sodium and the sulphuric radicle pre-
dominate, and in the Chodaubach, another tributary of the same

river, there is a solution of gypsum with no carbonates. - When the

Schladabach -enters the Franzensbad moor it carries 94 parts per

million of fixed mineral matter; it leaves the moor with a load of
1,542 parts. This change serves to show the importance of ground
water in modifying the chemical character of a stream—a point
already noticed in studying the rivers of Colorado. For details con-
cerning these and many other small tributaries of the Elbe basin,
Hanamann’s original memoirs should be consulted. They will well
repay careful study.c

e Other data relative to the Elbe and its tributaries are given by J. J. Breitenlohner,
Verhandl. K.-k. geol. Reichsanstalt, 1876, p. 172; and F. Ullik, Abhandl. K. bohm. Gesell.
. Wiss., 6th ser., vol. 10, 1880.- An dnalysis of the Moldau at Prague, by F. Stolba, is
given in Jour. Chem. Soc., vol. 27, p. 971, 1874.- A. Schwager (Geognost. Jahresh., 1891,
p. 35) gives analyses of water from the Saale, the Kger, and many smaller streams. Ac-
cording to Schwager the Saale carries out of Bavaria, annually, 17,380,000 kilograms of
dissolved matter, and the Eger carries 14,000,000 kilograms. For additional data on the
waters of the Ilbe and the Saale, see R. Kolkwitz and F. Ehrlich, Mitth. K. Priifungs-
anstalt fiir Wasserversorgung, Heft 9, p. 1, Berlin, 1907, !
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One table of analyses given by Hanamann is peculiarly instruc-
tive. It consists of averages, showing the composition of Bohemian
waters as related to the rocks from which they flow. These averages,
reduced to the standard herein.adopted, are as follows:

Average composition of Bolhemian waters, classified according to their sources.

A. From . phyllite, five analyses.

B. From granite, six analyses.

C. From mica schist, six analyses.

D. I'rom basalt, four analyses.

IB. From the Cretaceous, four analyses.

A B C. n E
46. 85 33.01
7.94 27.69
1.66 2.87
20.07 22.12
5.76 5.29
6.22 3.43
3.20 ' 2.72
7.67 2.87
63
100. 00 100. 00
3 603

The following table contains analyses of watet from the Danube,
taken at various points:

Analyses of wader from the Danube.

A. Above the Naab.

B. Above Regensburg.

C. Above the Ilz and lun. )

D). 12 kilometers below Passau. Analyses A to D by A. Schwager, Geognost. Jahresh.,
1893, p. 84. Analyses of the Naab, Regen, Isar, Ilz, Erlau, and Inn are also given.«

E. At Greifenstein, 20 kilometers above Vienna. Mean of twenty-three analyses by J. I\
Wolfbauer, of saumples taken at intervals of sixteen days throughout the year 1878.
Monatsh. Chemie, vol. 4, p. 417, 1884,

F. At Budapest. Analysis by M. Ballo, Ber. Deutsch. chem. Gesell.,, vol. 11, p. 441,
1878. Bicarbonates are here reduced to normal salts.

- A B [o] D. E F

51.70 50.16
8.54 8.85
1.31 1.20
trace trace
.06 .06
25 2.14
27.40 26. 59
6.00 6.01
1.12 1.34
.72 1.12
2.42 2.01
trace trace
trace |  trace
.42 .46
.06 .06

100. 00 100.00 100. 00 100. 00 100. 00

Salinity, parts per million ............... 217 204 201 184 167 161

¢ IFor older but incomplete analyses of the Regen, Ilz, and Rachelsee, see H. §. John-
son, Liebig’s Annalen, vol. 95, p. 230, 1855.* An analysis of Danube water taken at
Vienna was made by G. Bischof in 1852. ' '
. DOIn Schwager's analyses this is given as FeO. I have recalculated his figures to
'e20s, :
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The regularity shown by these figures is very striking. The Dan-
ube water is essentially a calcium carbonate water, but the sulphates
in it tend to increase in going downstream. According to Wolfbauer,
the river carries past Vienna a daily charge of 25,000 metric tons of
matter in solution. This is equivalent to an annual load of 9,125,000
metric tons. The mechanical sediment transported at the same time
is only three-fifths as much.

Analyses of a few more waters of central Europe are given in the
next table:

Analq)ses of water from central Burope.

A. The Gmundener- or Traunsee, which empties through the Traun into the Danube.
Analysis by R. Godeffroy, Jahresb. Chemie, 1882, p. 1623. A large amount of organic
matter is reported, but not included in the following table.

B. Walchensee, Bavaria. Analysis by A. Schwager, Geognost. Jahresh., 1894, p. 91.

C. Lago di Garda, northern Italy. Analysis by Schwager, loc. cit.

D. Balaton- or Plattensee, Hungary. Analysis by L. von Ilosvay, in Resultate der wis-
sensch. Erforsch. Balatonsees, vol. 1, p. 6, 1898. Reduced from bicarbonate form.

. L. The Vistula at Culm. Analysis by G. Bischof, Lehrh. chem. phys. Geol., 2d ed.,
vol. 1, p. 275, 1863.

A B. C. D. .
5083 | 53.20| 3880 147.78
1162 417|  oL47 9. 49

58 313 2,98 2.70
26.49 | 24:56 8.87 28,52
700 666| 12.81 4.44
199 2,49 6,14 1.57
58 2.01 397 .39
1.00 233 is 44

21 .
.91 4 52 } .62

100.00 |  100.00 |  100.00 100. 00
121 125 512 178

Salinity, parts permillion.............. .. ...

@ Schwager also gives analyses of the Starnbergersee and the Iiger. In Geognost.
Jahresh. 1897, p. 65, he gives good analyses of several Bavarian lakes. All are dilute
calcium carbonate waters. For three small lakes near Halle and Eisleben see W. Ule,
Die Mansfelder Seen, Inaug. Diss,, Halle, 1888, and also, by the same author, Der Wiirm-
see, Leipzig, 1901. A memoir by J. Wolff (Chemische Analyse der wichtigten Fliisse
und Seen Mecklenburgs, Wiesbaden, 1872) contains analyses of several small rivers and
lakes. Analyses of water from the Oder are given by Luedecke in Das Wasser des Oder-
thales, etec., Leipzig, 1907, .

-

The Gmundener water closely resembles that of the Danube. The
Balaton Lake seems to have an exceptional coiposition.

RIVERS OF SWEDEN,

For Sweden a single table of analyses must suffice, reduced from the
data given by O. Hofman-Bang.e The month in which the water was
taken is given for each analysis. '

@ Bull. Geol. Inst. Upsala, vol. 6, p. 101, 1905.

‘*
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T Analyses of Swedish waters.

A. The Byske-elf, July. B. The Indalself, June.
B. The Klarelf, April. F. The Fyris, April.
C. The Klarelf, October. G. The Kyris, October.

D, The Ljusnan, June.

A B C D. E F G
43.11 43.93 29,14 14. 30
4:57 7.24 24.58 39.08
4.53 3.81 3.15 3.27
trace |.......... trace 13
.......... trace [...o.o.oeei]ennnnnan.s
17.34 18.04 27.49 27.99
24 .38 1.69 2.11
9.05 11.38 2,92 3.33
5.87 4.89 2.36 1.73
13.70 5.78 6.00 6.19
1.59 4.60 2,67 1.87

100.00 100. 00 100. 00 100. 00 100. 00
2.5

Sulinity, parts per million..:..| 19.25 |  21.6 2.8 $8.7| 170.3| 1.1

The remarkably low magnesia and high proportion of alkalies are
distinctive peculiarities of these waters. The variability of the
Fyris affords another good example of the fact that little significance
can be attached to a single analysis of a river water.

RUSSIAN WATERS.¢

The following analyses are reduced to standard form from the
analyses as published by C. Schmidt, of Dorpat:

Analyses of Russian waters.

* A. Lake Onega. Mé¢l chim, phys. St. Petersburg Acad., vol. 11, p. 637, 1882.

B. Lake Peipus. DBull. Acad. $t. Petersburg, vol. 24, p. 423, 1878. .

C. The Dwina at Archangel. Analysis cited by J. Roth, Allgem. chem. Geol.,, vol, 1,
p. 457.

D. River Om above Omsk. Mém. Acad. St. Petersburg, vol. 20, No 4, 1873.

Ii. Lake Baikal, Siberia. Same reference as analysis B.

A B C. D B
25.76 59.57 26.38 43.73 49.85
5.36 .62 18.95 2.15 6.93
13.97 3.69 17.71 12.81 2.44
4.11 P {20 DO 21
47 .14 229 |l 72
8.99 25.54 12.38 11.24 23,42
6.86 4.15 7.58 9.68 3.57
13.34 2.75 8.98 9. 64 5.85
9.52 2.07 5.55 2.82 3.44
R P trace |..........
56 0 08
10.52 .78 1.74 6.51 2.03
43 14 .44 1.42 1. 46
100. 00 100. 00 100. 00 160. 00 100. 00
49.4 106 187 447 69

|

e For an analysis of the small Lake Ingol, Government of Yeneseisk, Siberia, see S. 8,
Zaleski, Chem. Zeitung, vol. 16, p. 594, 1892,

14399—DBll, 330—08 G
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THE NILE.

The water of the Nile has been repeatedly analyzed, with varying
“results. The best data are as follows: ¢

Aﬁalyses of water from the Nile.

A. The White Nile near Khartoum. Average of three analyses.

B. The Blue Nile. Average of three analyses. Analyses A and B by W. Beam,
Second Rept. Wellcome Research Lab., Khartoum, 1906. -

C. Average of twelve anal‘yses of monthly samples, taken from the lower Nile between
June 8, 1874, and May 13, 1875. Analyses by H. Letheby, cited by S. Baker in Proc.
Inst. Civil Eng., vol. 60, p. 376, 1880. The total solids contained 10.36 per cent of
organic matter.

D. The Nile, about two hours journey below Cairo. Analysis by O. Popp, Liebig’s
Annalen, vol. 155, p. 344, 1870. The total solids contained 12.02 per cent of organic
matter. .

In Letheby’s analyses the excess of potassium over sodium is very
peculiar, and at least improbable. In the White Nile the propor-
tion of sulphates is insignificant. Beam accounts for the latter fact
by supposing the sulphates to be reduced to carbonates by the organic
matter of the “sudd.” South of the “sudd ” the White Nile con-

“tains appreciable. sulphates; after leaving the “sudd ” it is nearly -
free from them. ?

Norte.—For the other great rivers of Africa chemical analyses are yet to be
made, and apart from the few Siberian waters I have found little bearing upon
Asiatic streams. An analysis of water from Mahanuddy River at Cuttack,
India, was published by E. Nicholson in Jour. Chem. Soc., vol, 26, p. 229, 1873.
It is obscurely stated, and I can not attempt to reduce the figures to standard

form.
ORGANIC MATTER IN WATERS.

Up to this point we have considered only the fixed inorganic matter
found in natural waters; but other impurities which have geological
significance are also present. All such waters contain dissolved gases,
especially oxygen, nitrogen, and carbon dioxide, and sometimes hy-

aA. Chélu (in Le Nil, le Soudan, I'figypte, Paris. 1891) gives some very questionable
analyses of the Blue Nile, the White Nile, and the Nile near Cairo. According to
Chélu the river carries past Cairo annually 51,428,500 metric tons of suspended solids
and 20,772,400 metric tons in solution.

b On nitrates in the Nile see A, Muntz, Compt. Rend., vol, 107, p. 231, 1888,
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drogen sulphide. The rain brings also nitric acid and ammonia to
the soil, and so into the ground water; and various organic sub-
stances are invariably found in greater or smaller quantities. These
gases and compounds interact in a great variety of ways, and directly
or indirectly play an 1mportant part in the decomposition of rocks.
We have already noted the importance of carbonic acid as a weather-
ing agent, we have seen in a previous chapter how dissolved air
. represents a concentration of oxygen, but so far the organic matter of
water has been tacitly 1gn01ed Its quantlty, in percentages of total
solids, can be computed in some cases from the original data of the
analyses already given. A few of the available figures are as follows:

Percentage of orgawnic matter in various streams.

Danube - 3.25 | Amagon ______________________ 15.03
James o -4.14 | Mohawk ______________________ 15. 34
Maumee ______________ e 4.55 | Delaware ______-_______________ 16. 00
Nile - 10.36 | Lough' Neagh__________________ 16. 40
HdSON - o 11.42 | Xingu o ____________20.63
Rhine - o e____ 11.93 | PAPAFOS oo ___ 24,16
Cumberland . ______________ 12.08 | Plata - ___ 49. 59
Thames oo ________ 12,10 | Negro - __________53.89
Genesee —— o= 12,80 | UTUgUAY oo 59. 90

The range of figures is rather wide, but the highest values represent
tropical streams. That is, leaving artificial pollution out of account,
waters flowing through tropical swamps carry the largest proportion
of organic matter. Lough Neagh, in Ireland, doubtless shows the
effects of bog water.

The organic matter is derived from the decay of vegetable sub-

“stances, and by further oxidation may be converted into carbonic acid
and water. Its chemical constitution is not accurately known, but it
consists in great part of a vague series of vegetable acids, huml(,,
crenic, apocrenic, ulmic, ete., whose precise chemical relations are yet
to be made out. The salts ot these acids are partly soluble and pfu'tly.
insoluble in water, and the acids themselves are powerful agents in the
solution of mineral matter from rocks. According to A. A. Julien,
crenic acid is probably present in all spring, lake, and river waters,
in which it undergoes oxidation by direct absorption of oxygen from
the air. Humic acid is said to decompose silicates,” and by a reaction
between it and ammonia from rain water, nitrogen from the air, and
silica in the soil,.a series of silico-azo-humic ‘acids is formed,® whose

o Proc. Am. Assoc. Adv. Sci, vol. 28, p. 311, 1879. On the organic matter of waters
in Finland. see O. Aschan, Zeitschr. prakt. Geol., vol. 15, p. 56, 1907.

b A. Rodzyanko, Iom (,hem Soc., vol. 62, pt. 2, p. 1373 1892. Abstract from Jour.
Russ. Chem. Soc., vol., 22, p. 208.

¢I'. Thenard, Compt. Rend., vol. 70, p. 1412, 1870.



84 THE DATA OF GROCHEMISTRY.

alkaline salts are easily soluble: "In short, the humus acids absorb
nitrogen from the air to form azo-humic acids, and the latter, in-
presence of alkaline carbonates, are capable of dissolving silic.
Amorphous silica is presumably the most easily attacked, but even
quartz may be corroded by this class of organic Qolvents“ To this
subject I shall recur in a later chapter. :
~ If now we scrutinize carefully the analyses that have been tabu-
lated in the plecedm pages, we shall see that an unusually high
proportion of silica is characteristic of two classes of waters. It
is very high in the tropical streams, being highest of all in the
Uruguay River; and in such cases it may be correlated with the
abundance of organic matter, which serves to hold it in solution.
No regular and invariable connection between organic matter and
silica can be traced, however; other factors enter into the problem
presented; but the general tendency seems to be quite clear. If the
organic substances in water were invariably the same, a more pre-
cise regularity might be indicated; but that, in all probability, is
not the case. Furthermore, the solubility of any substance is modified
by the presence of other substances, and no general laws covering
the entire field have yet been formulated. We can only say that when
the proportion of organic matter is very high, that of silica is likely
to be high also.

The converse of this proposmon is not true, for the reason that
another set of conditions. opérate in bringing about the solution
of silica. Small streams, near their sources, especially if they rise
in crystalline rocks, also carry a large relative proportion of silica,
although its absolute amount may not be large. We see this pecul-
larity in the headwaters of the Elbe, Eger, and Iser, as shown by
Hanamann’s analyses, and also in the waters of Yellowstone Lake.
This silica 1s directly derived from the rocks at the time of their
decomposition by carbonated waters, and forms a large part of the
material which is at first taken into solution. The seepage or
ground water which afterwards enters the streams is much poorer
in silica, and so the proportion of the latter tends to diminish as a
river flows toward the sea.

CONTAMINATION BY HUMAN AGENCIES.

In any complete discussion of river waters account must be taken
of contamination by human agencies. Towns and factories drain
into the streams, and-the extent of the pollution is, for our immedi-
ate purposes, best measured by the proportion of chlorine. A good
example is furnished by the Chicago drainage canal, which empties
into the Desplaines River and thence passes through the Illinois

e See C. W. Hayes, Bull. Geol. Soc. America, vol. 8, p. 213, 1896,
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River into the Mississippi. For the waters thus affected there are
abundant data, and the sanitary analyses by the late A. W. Palmer
are especially valuable.s His annual averages for 1900, represent- .
ing Illinois River, are stated below. The percentages have been
caleulated by myself, and the table is to be read going southward.

Total solids and chlorine in Illinois end Mississippi rivers.

Total
dissolved Chlorine.
solids.
: . Parts per |Parts per
Illinois River— . million. | million. | Per cent.
AL MOTTIS. ... 235.3 2.1 9. 82
At Ottawa............. 269. 4 21. 4 7.94
At Lasalle............. 245. 4 18.7 7.62
At Averyville........ e cees - gggg }Zg Z ;71
At Havana.......... 36. ) 6.
At ‘kampsvlllc. R .. ... e 234.3 14.0 598
At Grafton......... ... 111000 2326 13.1 5.63
Mississippi River at Grafton 150.1 3.1 2.06

The decrease in the proportion of chlorine as we follow the Illinois
downstream is most striking; but even more surprising are the data
concerning the Mississippt a little farther south, at Alton. Here
samples were taken 100 feet from the Illinois shore, one-fourth the
distance across, in midstream, three-fourths over, and 100 feet from
the Missouri shore. The figures represent averages covering pemods
of from nine months to nefwly the entire year 1900.

Total solids and chlorine in Mississippi River at Alton, Il

Total
4 dissolved Chlorine.
solids.

i
Parts per |Parts per
- million. | million. | Per cent.

100 feet from THHNOis ShOTC. ... .oo ottt 194.1 7.7 3.97
One-fourth distance across. . 182.8 7.1 3.87
Midstream. ............... 160. 6 4.4 2.74
Three-fourths distance acr 155.0 4.1 2. 65
100 feet from Missouri shore. . .. 154.2 3.5 2.27

The influence of the Tllinois River on the eastern side of the Missis-
sippi is perfectly evident. The chief cause of the diminution of
chlorine in the Illinois is of course the dilution of the water by other
less contaminated sources of supply. In the Kankakee at Wilming-
“ton the proportion of chlorine during the same period was only 1.21
per cent, and in the Fox River it was 1.98 per cent, calculated from
the total matter in solution. The Kankalkee and Fox rivers represent
an approximation to the normal chlorine of the region; the Illinois,
into which they flow, shows the exaggeration produced by artificial
" means. Near the ocean the normal chlorine in fresh waters is much

e Chemical Survey of the Waters of Illinois, 1897-1902, Univ. Illinois, 1903.

.
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higher and the effects of pollution are less conspicuous than in inland
streams.® '
GAINS AND LOSSES IN. WATERS.

In fresh-water lakes and rivers the salinity is naturally low—that
is, their waters are very dilute solutions, which do not approach the
point of saturation for even the less soluble of their constituents.
The relatively insoluble carbonates of calcium and magnesium are
held in solution by the excess of carbonic acid which is always pres-
ent, and are therefore to be regarded, while dissolved, as bicarbonates.
Without this solvent much of the load would be deposited, as indeed.
it is by the evaporation of percolating waters in limestone caves,
. when stalactites and stalagmites are formed. In a flowing river,
which continually receives carbon dioxide from the air and from de-
caying vegetation, such depositions are not likely to occur, at least
not to any notable extent; but when pools are left from an overflow,
incrustations of solid matter may soon form. The sediments found
in streams are mostly claylike in character, and rarely contain any
conspicuous proportion of carbonates or sulphates. Living organ-
isms, especially crustaceans, mollusks, and some aquatic plants, with-
draw calcium carbonate from solution ; but how great their influence
may be, relatively to an entire flow, we have no means of estimating.
Infusoria may remove silica from solution, and the same substance
can perhaps be thrown down by the oxidation of the humus acids
which help to hold it dissolved. By the latter process iron also is
deposited, for the soluble ferrous crenate, upon oxidation, yields an
insoluble basic ferric salt, and ultimately ferric hydroxide. -Many
agencies thus combine to modify the composition of a water, but the
relative magnitude of the several factors can hardly be determined.
The waters gain and lose solid matter, but on the whole, as we follow
a stream downward in its course, the gains exceed the losses. When
we exclude the elements of dilution by tributaries and the variations
in concentration between high and low stages of water we find that
salinity generally increases until a river reaches the sea. ‘

Speaking broadly, lake and river waters may be divided into
two great classes—namely, sulphate and carbonate waters, according
as carbonic or sulphuric ions predominate. The classification can
be still further subdivided with reference to the abundance of chlo-
rides or of silica, and again with regard to bases; but the two main
divisions still hold. Most waters are either carbonate or sulphate-

@ A good summary of the relations between normal and polluted waters in the eastern
and middle States is given by M. O. Leighton in Water-Sup. and Irr. Paper No. 79, U. S.
Geol. Survey, 1903. The subject of normal chlorine is considered and the classical
“ chlorine map ” of Massachusetts is reproduced.

See also Sixth Report Rivers Follution Commission, 1868, on the domestic water supply
of Great Britain. This report contains abundant data on chlorine in waters.
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in type, and we have already seen how climatic considerations de-
termine, in part at least, the chemical character of a stream. The
_carbonates are derived from the carbonic acid of rain or from that
produced by organic matter, which may act either upon crystalline
rocks directly or by solution of limestones. The sulphates originate
in the oxidation of pyrite or by the solution of gypsum, and the two
classes of waters are almost invariably commingled. Carbonate
waters are by far the most common, as the cited analyses show, and
the reasons for this fact have already been made clear. We have
also seen how a river can change its type in flowing from one point
to another; and we have noted the probability that this transforma-
tion is commonly due to the blending of streams, or even to the acces-
sion of ground waters. One other point in this connection remains -

. to be noted—namely, the possible influence of micro-organisms. It
is more than probable that these minute creatures, acting in pres-
ence of other organic matter, may reduce sulphates, with elimination
of hydrogen sulphide and the formation of carbonates in their stead.
That reactions of this kind occur in saline and brackish waters
seems to be well established.® A suggestive instance came within
the experience of the United States Geological Survey. A quantity
of water rich in sulphates, from one of the alkaline lakes of Cali-
fornia, was sent to the laboratory in a wooden barrel. When re-
ceived, the water had become fetid with hydrogen sulphide and
discolored by extract from the wood—so much so as'to be unfit for
analysis. How far such changes may occur in nature, especially in
swamp waters, remains to be determined. At all events, the pos-
sibility of similar transformations can not be ignored.

CHEMICAL DENUDATION.

Now, to sum up: A river is formed by the union of waters from
many sources, and each one owes its peculiarities to the conditions ex-
isting at its starting point. Carbonic acid, either of atmospheric or
of organic origin, is the most abundant and generally the most potent
of the agents that dissolve mineral matter from the rocks. Hence
carbonate waters are the commonest, and, as streams blend to form the
great continental rivers, the carbonate type tends to become more and
more pronounced. In the temperate zone, at least, the larger streams
resemble one another chemically, and seem on the average to do pretty
much the same chemical work in pretty much the same way. The
.composition of their waters gives a measure of the effects which they
have produced; and if the data were adequate the study of chemical
denudation would be both profitable and easy. But the data are not

« See N. Zelinsky, Jour. Chem. Soc. vol. 66, pt. 2, abstract, p. 200, 1894 ; also M. W.
Reyerinck, idem, vol. 80, pt. 2, abstract, p. 119; and R. H. Saltet and C. S. Stockvis,
idem, vol. 80, p. 2, p. 265, 1901. .
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adequate ; and so the conclusions which have been reached by various
investigators concerning the quantity of solid matter annually car-
ried by rivers to the sea are without sufficient basis. We have already
observed that an analysis of river water, taken at a single point and
at one stage of concentration, tells us little or nothing of what the
stream as a whole may do. Annual averages of water taken near
the mouths of rivers are needed before the problems of chemical denu-
dation can be even approximately solved. '

For example, Sir John Murray,” whose figures were cited at the
beginning of this chapter, has computed, by averaging the analyses
of nineteen rivers, not only the total amount of saline matter carried
annually in solution to the sea, but also its composition. His results
are as follows, together with a reduction to percentages, stated in
terms of ions: '

Saline matter carried annually to the sea by wineteen rivers.

TONS PER CUBIC MILE OF RIVER | PERCENTAGE COMPOSITION OF INOR-
WATBR. GANIC MATTER.
CaCOy oo 826,710 | COgo e . 41.33 -
MgCOy- o __ 112,870 | SOy 8.22
CaP, 0y 2,913 | Clo____ S 1.85
CaSO, oo - 34,361 {NOy . _____ - 2.82
Na,SO, o e .~ 31,805 |Cao et 20.46
K.SO, 20,358 | Mg o 4. 65
NANQ; o oo 26,800 | Na .. 3.47
NaOb 16,657 | K oo 1.33
LiCl.__ 2,462 | Si0y o 10.75
NHC . __ 1,030 | RyOpemeo o 4. 76
SiO, - T4, 577 | Minor constituents ___________ .36
Fe,Op oo 13, 006 —
ALOy oo e 14,315 100. 00
MOy oo 5,703 Organ:m matter=].0.37 per cent of
Organic matter—.______._____ 79, 020 total solids.
762, 587

This estimate, combined with the figures previously given, is
interesting, for it shows the magnitude of the quantities involved in
the discussion and emphasizes the preponderance of carbonates in
river water. But it can not be applied in anything like an exact

way to determining the extent of chemical denudation over all the.

globe. It is based almost entirely. upon European data and to a
large extent upon inconclusive analyses. Evidence as to the chemical
character of the greater American, African, and Asiatic streams was
practically unobtainable, and hence we must regard Murray’s com-
putation as only a very rough indication of what the truth may be.
Data from all the greater river basins of the world are required
before we can determine the full significance of chemical denudation.

a Scottish Geog. Mag., vol. 3, p. 65, 1887.
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The problem, however, can be attacked locally, with reference to
special areas. 1. Mellard Reade, for instance, in a well-known.
investigation, has calculated the amount of solid matter annually
dissolved by water from the rocks of England and Wales. Putting
the average salinity of the waters at 12.23 parts in 100,000, he esti-
mates that the total annual run-off from the area in question carries
in solution 8,370,630 tons of dissolved mineral matter, or 143.5 tons
from each square mile of surface. At this rate, by the solvent action
of water alone, the level of Enghnd and Wales would be lowered 1
foot in 12,978 years. : :

The ﬁfrmes given in the plecedlncr pages, with reference to Amer-
ican rivers, lea.d to rather lower estimates. The data may be tabu-
lated as follows, with metric instead of British tons.?

Saline matter corried annuelly to the sew by four American .rivers.

* Saline matter.

River. Area Per
drained. Potal. square

mile.

8q. miles. Tons. Tons.
St. Lawrence at Ogdensburg 286, 900 29, 278,000 102
Potomac at Point of Rocks. . e 9,650 771,000 80
Mississippi at New Orleans. . JU 1,259, 0n0 98, 369, 000 78
Colorado At YUIMa. . oee ettt 225,000 13, 416, 400 60

1,780,550 | 143,834,400 a79.6

® Average.

The variation, in tons per square mile, between these figures is
quite important. The Colorado drains an arid region, and mich of
the area ascribed to the river adds little or nothing to it. The humid
basin of the St. Lawrence, on the other hand, s a liberal contributor
of saline substances. The Mississippi, with humid regions lo the
east and semiarid plains to the west, shows an intermediate f'gure
for the chemical erosion. The mean wvalue, in round numbers 80
metric tons per square mile, is probably not far from the truth, and
presumably is fairly correct for the entire area of the United States,
exclusive of the Great Basin. This figure, however, refers only to
inorganic matter. If organic impurities are to be included, it should
be.increased by perhaps 10 per cent, that is, to 88 metrlc tons per
square mile.c

@ Proc. Liverpool Geol. Soc., vol. 3; p. 211, 1876-77. Reprinted under the title “ Chem-
ical Denudation in Relation to Geological Time.”

»2,205 pounds as against 2,240.

¢ TFor other estimates of the amount of material carried by various rivers, see Gelkie,
Text-book of Geology, 4th ed., vol. 1, p. 489, 1903. The Thames, for example, carries
in solution past Kingston 548,230 tons of fixed inorganic matter in a year. See also
the thesis of A, F. White on the waters of Rockbridge County, Virginia (Washington and
Lee University, 1906). This thesis deals with North River, a tributary of the James.
In Reade’s Evolution of Earth Structure still other data are given. .
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All of these calculations of course are subject to revision, and even
the best of them may be greatly modified. At this point a few words
of caution may be useful. Suppose we knew exactly how much dis-
solved matter a Certain river annually discharged into the sea. In
order to determine its geological significance, we should have to
allow for several factors of other than geological origin. Part of
the chlorine came in rainfall from the atmosphere and part of it from
pollution by towns. The carbonic acid, also, would be partly of
direct atmospheric origin, and only a portion would represent the
actual solution of -limestones. For the chlorine and its equivalent
sodium corrections can probably be made;¢ but discrimination in
the case of carbonic acid is more difficult. We must also remember
that a river drops some of its burden during its course; so that the
amount of saline matter delivered to the ocean is not an exact meas-
ure of the rock decomposition which its waters have effected.

« Reade, in his calculations relative to England and Wales, takes these disturbing
factors into account. Spring and Prost, in their work on the Meuse, and Ullik, in his
study of the Elbe, have attempted to measure the amount of human contamination.
This factor, obviously, must be very variable. In rivers like the Yukon or the Colorado
it is negligible; in the Misissippi or the Hudson it is doubtless large.

~
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CHAPTER V.
THE OCEAN.

ELEMENTS IN THE OCEAN.

For obvious reasons, some of them .purely scientific and some
utilitarian, the water of the ocean has been the subject of long and
elaborate scientific investigations. Considered broadly, its composi-
tion is relatively simple and remarkably uniform; studied minutely,
it is found to contain many substances.«

In his great memoir on the chemical composition of sea water, G.
Forchhammer © gave a list of the various elements which, up to his
time, had been detected in it. The elements which are sufficiently -
abundant to be determined in ordinary analyses' will be considered
later; the substances that are less frequently estimated may be briefly
con31del ed now.

/ odme.——Chleﬂy found in the ashes of seaweeds. According to E.
Sonstadt,® it is present in sea water in the form of an iodate. A.
Gautier,® examining surface water from the Mediterranean, found
iodine only in the organic matter which he separated by filtration,
but at depths beyond 800 meters its compounds were detected in the
water itself. Living organisms withdraw iodine from solution. The
largest amount of 1od1ne, organic and inorganic, reported by Gautier
is 2.38 milligrams to the hter J. Koettstorfer,” in an earlier investi-
gation, found much smaller quantities.

Fluorine—Found directly, and also in the boiler scale of oceanic
steamers. A. Carnot’s determinations’ show that the water of the
Atlantic contains 0.822 gram of fluorine to the cubic meter.s P.
Carles* has reported fluorine in the shells of mollusks.

Nitrogen.—Present as ammonia, in organic matter, and in dissolved
air. The ammonia of sea water has been repeatedly investigated.

« For the volume of the ocean and of its contained salts, see ante, pp. 22-23.
b P'hil. Trans., vol. 155, pp. 203-262, 1865. See also J. Roth, Allgem. chem. Geol., vol.

"1, p. 400, 1879; and W. Dittmar, Rept. Challenger Kxped., Physics and chemistry, vol. 1,

pp. 1-251, 1884.

¢ Chem. News, vol. 74, p. 316, 1896.
4 Compt. Rend vol.. 1&8 p. 1069 1899 ; vol. 129, p. 9, 1899.

¢ Zeitschr, anal. Chemie, vol. 17, p. 305, 1878.
7 Ann. mines, 9th ser., vol. 10, p, 175, 1896.
7 See also earlier determinations by G. Forchhammer and G, Wilson, Edinburgh New
Phil. Jour., vol. 48, p. 345, 1850.
» Compt. Rend., vol. 144, pp. 437, 1240, 1907.
91
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A. Audoynaud,® in water from the coast of France, found 0.16 to 1.22
milligrams of NH, per liter. L. Dieulafait,’ in waters from the Red
Sea and the coast of Asia, reports quantities from 0.136.to 0.340
milligram. T. Schloesing ¢ found a still larger amount, namely, 0.4
milligram. According to J. Murray and R. Irvine? ammonia is
more abundant around coral reefs than in the north Atlantic or
German Ocean. It occurs principally as ammonium carbonate,
formed by the decomposition of organic matter. Elaborate determi-
nations of ammonia in the Mediterranean are given by K. Natterer.c

Phosphorus.—Present in the form of phosphates. The phosphatic
nodules found on the bottom of the sea are considered. further on
in this chapter.

Arsenic—Detected by Daubrée. A. Gautier / found its quantity
to range from 0.01 to 0.08 milligram per liter.

Silicon.—According to J. Murray and R. Irvine? sea water contains
silica. The proportion is from 1 part in 220,000 to 1 in 460,000, or
even less. The siliceous organisms which abound in the ocean prob-

ably take their silica from clayey matter in mechanical suspension.

Small aimounts of such matter are carried far and wide by currents,
often to a great distance from land.
Boron.-—Present in sea water and also in the ashes of marine

plants. J. A. Veatch,” who examined water from the coast of Cali-

" fornia, found boric acid almost exclusively in samples collected over
a submarjne ridge, parallel with the land, but 30 to 40 miles away.
He suggests for it a volcanic origin from submerged sources.

Lithium.—Reported in sea water by L. Dieulafait.? Also detected
spectroscopically by G. Bizio in water from the Adriatic. -

Rubidium.—Found in sea water by Sonstadt. Determined quanti-
tatively by Schmidt, whose analyses will be cited later.

Cwsium.—Also found by Sonstadt.

Barium and strontium.—Can be detected by ordinary methods.
Also found in the ashes of seaweeds and in boiler scale.

Aluminum and iron.—Easily detected by direct methods.

a Compt. Rend., vol. 81, p. 619, 1875.

b Ann. chim. phys., 5th ser., vol. 14, p. 380, 1878. Dieulafait mentions earlier work
by Marchand and Boussingault.

¢ Contributions & 1'étude de la chimie agricole, in Fremy’s -Bncyclopédie chimique, 1888,

4 Proc. Roy. Soc. Edinburgh, vol. 17, p. 89, 1889.

¢ Monatsh. Chemie, vol. 14, p. 675, 1893; vol. 15, p. 596, 1894 ; vol. 16, p. 591, 1895;
vol. 20, p. 1, 1899.

f Compt. Rend., vol. 137, pp. 232, 374, 1903.

¢ Proc. Roy. Soc. Edinburgh, vol. 18, p. 229, 1891.

k Proc. California Acad. Sci., vol. 2, p. 7, 1859. S

* Ann. chim. phys., 5th ser., vol. 17, p. 377, 1879. See also Thorpe and Morton's anal-
ysis of water from the Irish Sea, 1871, cited on pp. 94, 95.

—_
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Manganese.—Easily detected. Noted by IForchhammer and also
by Dieulafait.e Concretions of manganese oxide are abundant over
portions of the sea bottom. Reported by E. Maumené? in the ashes
of Fucus serratus.

Nickel and cobalt.—Found in the ashes of marine plants.

C’Opper——Repedted]v detected in sea water, especially by Dieula-
fait.c Also in the ashes of seaweeds and in certain corals. N

Zinc.—Reported in sea water by Dieulafait.? Also found in the
ashes of seaweeds.

Lead.—Found by Forchhammer in a coral.

Silver—Repeatedly observed. Torchhammer, in the coral above
noted, found one part of silver to eight of lead. According to A.
Liversidge, silver is present in sea water to the extent of 1 to 2 grains
per ton. .

Gold—The fact that sea water contains gold was first established
by E. Sonstadt’ in 1872. Its presence has since been repeatedly
verified. In 1892 C. A. Miinster ¢ examined water from the Kris-
tiania Fjord, Norway, and found in it 5 to 6 milligrams of gold, with
19 to 20 of silver, per ton. In each analysis he used 100 liters of
water. Liversidge® found the gold in Australian waters to range
from 0.5 to 1.0 grain per ton. At either rate, gold is present in the
ocean in thousands of millions of tons. Liversidge ¢ also detected
gold in kelp, rock salt, and a number of saline minerals, such as
sylvine, kainite, carnallite, and Chilean niter. In one sample of kelp
he found 22 grains of gold per ton, and in a bittern, 5.08 grains.
J. R. Don/ examined both ocean water and oceanic sediments. In
the former he detected 0.071 grain of gold per metric ton, but the
sediments were barren. In waters collected near the Bay of San
Francisco .. Wagoner # found, also per metric ton, 11.1 m]lhgrqms
of gold and 169 5 of silver.

e Compt. Rend., vol. 96, p. 718, 1883.

bIdem, vol. 98, p. 1417, 1884,

¢ Ann. chim, phys., 5th ser., vol. 18, p. 359, 1879,

4 Idem, vol. 21, p. 266, 1880,

o Proc. Roy. Soc. New South Wales, vol. 29, pp. 335, 350, 1895,

f Chem. News, vol. 25, pp. 196, 231, 241, 1872; vol. 74, p. 316G, 1896; Am. Chemist,
ol. 3, p. 206, 1872. i

¢ Jour. Soc. Chem. Ind., vol. 11, p. 351, 1892, TFrom Norsk Tekn. Tidsskr.

» Proc. Roy. Soc. New South Wales, vol. 29, pp. 335, 350, 1895.

% Jour. Chem. Soc., vol. 71, p..298, 1897.

4 Trans. Am. Inst, Min. Bng., vol. 27, p. 615, 1897. .

kTdem, vol. 31, p. 806, 1901. P. DeWilde (Arch. sci. phys. nat., 4th ser., vol. 19, p.
559, 1905) and A. Wiesler (Zeitschr. angew. Chemie, 1906, p. 1795) have published good
summaries relative to the detection of gold in sea water, and also discussed the possi-
bility of its economic recovery.
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COMPOSITION OF OCEANIC SALTS.

In ordér to determine the composition of ocean salts innumerable
analyses have been made, representing water collected in all quarters.
of the globe. The older investigations, down to and including the
work of Forchhammer, are well summarized by Roth and it is not nec:
essary to recapitulate them here. With a few exceptions I shall con-
fine myself to the more recent analyses, which are numerous enough
and varied enough for all present purposes. They show a striking
uniformity -in the composition of sea salts, the only great variable
being that of concentration. As this factor is large, compared with
the salinity of lakes and rivers, I shall express it generally in percent-
ages rather than in parts per million. The analyses themselves I have
reduced to ionic form, ignoring bicarbonates, as in the tables given
in the pI eceding chaptel .The selected data are as follows:

Analyses of oceanic salts.

A. Mean of seventy-seven analyses of ocean water from many localities, collected by
the Challenger expedition. W. Dittmar, analyst. Challenger Rept., Physics and chem-
istry, vol. 1, p. 203, 1884. Salinity 3.301 to 3.737 per cent.

B. Atlantic water,* mean of twenty-two samples collected on a voyage from the Cape
of Good Hope to England. C. J. 8. Makin, Chem News, vol. 77, pp. 155, 171, 1898.
Satinity, average, 3.631 per cent.

C. The Atlantic near Dieppe. Analysis by T. Schloesing, Compt. Rend., vol. 142, p.
320, 1906. Salinity, 32.420 grams per liter.

. The Irish Sea. Analysis by T. E. Thorpe and E. . Morton, Liebig’'s Annalen,
vol. 158, p. 122, 1871. The small amounts of Fe.0Q; NIHj; and N,O; are here added
together. A trace of lithium was also reported-

E. The Baltic Sea Dbetween Oeland and Gothland. Analysis by C. Schmidt, Bull.
Acad. St. Petersburg, vol. 24, p. 231, 1878, 1In all of Schmidt’'s analyses the bicarbonates
given by him have been here reduced to normal salts. The quantities of Fe, POy, and SiO.
found by Schmidt are so small that I have added them together. Salinity of this sample,
0. 1210 per cent. :

. The Atlantic at Bahia Blanca, coast of Algentma Mean of two samples, taken
at low and high tide. Analyses by F. Lahille, reported by BE. H. Ducloux, An. Soc.
cient. Argentina, vol. 54, p. 62, 1902. Salinity, 3.365 per cent. Another pair of analyses
is given of water taken at the mouth of Rio Negro:

G. The north Atlantic between Norwuy, the Faroe Islands, and Iceland, and northward

to Spitzbergen. Mean of fifty-one incomplete analyses by L. Schmelck, Den Norske Nord-

havs-Expedition, pt. 9, p. 1, 1882. Soda and carbonic acid estimated by calculation, not
directly determined. Salinity, 3.37 to 3.56 per cent.

H. The White Sea. Average of three analyses by C. Schmidt. Bull. Acad. St. Deters-
burg, vol. 24, p. 231, 1878. Salinity, 2.598 to 2.968 per cent.

1. The Arctic Ocean between the White Sea and Nova Zemblg. Mean of two analyses
by Schmidt, loc. cit. .

J. The Siberian Ocean, Water collected by the Vega expedition. Mean of four analyses
by Forsberg, Vega Exped. Rept., vol. 2, p.- 376, 1883. Salinity, 1.378 to 3.457 per cent.

K. The Mediterranean near Carthage. Analysis by T. Schloesing, Compt. Rend., vol.
142, p. 320, 1906. Salinity, 38.9744 grams per liter.

L. The Mediterranean, midsea, between Bizerta and Marseilles. Salinity, 38.789
grams per liter. Analysis by Schloesing, loc. cit.

M. The eastern Mediterranean,® waters collected during the voyages of the Austrian
steamer Pola. Analyst, K. Natterer, Monatsh. Chemie, vol. 13, pp. 873, 807 1892 ; vol.

e Other analyses of Atlantic water, taken off the coast of Brazil, with analyses of
water from the mouths of the Amazon, are given by F. Katzer, in Sltmngsb K. bohm.
Gesell. Wiss. 1897, No. 17. These represent mixtures of sea and river water. For
specinl determinations of bromine in sea w‘xtel, and 1ts mtlo to the chlorine, see L.
Berglund, Ber. Deutsch. chem. Gesell., vol. 18, p. 2888, 18

b An analysis of water from the Tonian Sen.. by I. thel is pnnted in Ber. Deutsch.
chem. Gesell.,, vol. 6, p. 184, 1873. One by A. Vierthaler (Sltzungsb Akad. Wien, vol.
56, p. 479, 1867), of Adriatic water taken near Spalato, shows abnormally low sodium
and high calclum, presumably due to admixtures of water from the land.

-~



THE OCEAN, 95

14, p. 624, 1893; vol. 15, p. 530, 1894. Three hundred samples of water were examined,
some only for gases. The figures given here are the average from forty-two analyses
which were fairly complete. Salinity, 3.836 to 4.115 per cent.

N. The Sea of Marmora. Natterer, Monatsh. Chemie, vol. 16, p. 405, 1895 ; 44 partial
analyses. Natterer gives the figures here utilized as averages of varying numbers of
determinations. Mg, Na, and K not determined. Salinity, 2.310 to 4.061 per cent.

0. The Black Sea. Average of six analyses by S. Kolotoff, Jour. Russ. I’hys. Chem.
Soc., vol. 24, p. 82, 1893. Salinity, 1.826 to 2.223 per cent.

P. The Suez Canal ¢ at Ismailia. Analysis by C. Schmidt, Bull. Acad. St. letelsbmg
vol. 24, p. 231, 1878. Salinity, 5.103 per cent.

Q. The Red Sea near the middle, Analysis by Schmidt, loc. cit. Salinity, 3.976 per
cent.

R. The Red Sea. Average of four analyses by Natterer, Monatsh. Chemie, vol. 20,
p- 1, 1899 ; vol. 21, p. 1037, 1900. Water collected in the Suez Canal, the 'Timsah Lake,
and the two Bitter Lakes. Many other partial analyses are given. The salinity of
tbese particular samples ranged from 5.085 to 5.854 per cent.

~

A B e o B R | e | ow| oL

a .. 55. 292
Br.

(N 692
CO; S0 .27
Na. 30.593
K.. 1.106
R e
Ca. 1.197
Mg . 3.725
Fe, Si OPRRON R
Fe, NH NOq [
ALO,, ﬁe 105 S10s. ...l

100. 000 {100.000 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

J K L M N. 0 P Q. R
55.11 55.59 | 55.60 55.96
.14 .13 18
7.89 7.67 7.65 7.49
.01 .02 13
30.64 31.211 30.81 30.31
1.09 .64 .97 1.06
........ .03 N N P
1. 1.05 .89 1.22
3.65 3.64 3.87 3.65
........ .02 02 ]........

100. 00 3 . 100.00 { 100.00 | 100.00

"]401 other data on the Suez Canal, see L. Durand Claye, Ann. chim. phys., 5th ser.,
vol. p. 188, 1874. Vuy high salinities were noted. Ior a recent, mcomplcte analysis
of Red Sea water, see J. B: .Coppock, Chem. News, vol. 96, p. 212, 1907.

Some of the differences between the foregoing figures are no larger
than can be ascribed to differences in analytical methods or in the
atomic-weight factors used for calculation. The waters of the Baltic
and Black seas, with their very low salinity, show the effect-of dilu-
tion by fresh water, which appears in the slightly higher percentage
of calcium. Still, allowing for all possible sources of divergence,
the essential uniformity in composition of ocean salts is perfectly
clear. The mass of the ocean is so great, and the commingling of its
waters by winds and currents is so thorough, that the local changes
produced by the influx of rivers are exceedingly small. The salinity
may range from less than 1 to over 4 per cent, but the saline composi-
tion remains practically the same.
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For the composition of ocean salts in general, Dittmar’s average
should be taken as the standard of comparison. It represents the
largest number of complete analyses and the greatest refinement of
methods; the samples examinéd covered the widest geographic range
and were drawn from various depths of water. Some were surface
specimens, others from the bottom of the sea, and still others from
points between, and all the results lead to the same general conclusion
of nearly uniform composition, in spite of variable salinity. The in-
dividual analyses vary but little from the mean. The salinity is
shown to be a function of temperature, pressure, and density ; and the
last factor is replesented by J. Y. Buchanan’s elaborate determina-
tions, which appear in the same Volume with Dittmar’s anmlyses“
In trener‘ll, according to the summary given in the “Narrative ” of
the Challenger expedltlon,l’ the density and therefore the salinity of
ocean water diminishes from the surface to a depth of 800 to 1,000
fathoms, and then increases to the bottom. Toward both poles there
are areas of concentration due to the formation of ice, a process which
removes water from liquid circulation, leaving a large part of its salts
behind. Freezing, as O. Pettersson ¢ has shown modlﬁes the compo-
sition of salt water, so that the brine formed from melting ice differs
notably from the parent solution. Two analyses by Forsberg ¢ serve
to illustrate this point. Both are here reduced to standard form in
order to facilitate comparison with those of normal sea water.

Analyses of brine from melting ice.

A. Liquid intermingled with snow,-collected on Arctic ice at —32°.
B. Another sample free from snow, also collected at —32°,

A. B.
62. 47 63. 52
1.2 .82
25.88 27.85
.97 1.06
2.00 1.51
42| 524
100.00 | 100.00

The elimination of sulphates and the increase of chlorides is here
clearly indicated, and if we refer back to the tables previously given
we shall see that the Arctic waters are all slightly higher in sulphates
than Dittmar’s average for the great oceans.

o Natterer also, in the memoirs already cited. discusses the relations between density
and salinity. So, too, does H. Tornoe in Den Norske Nordhavs-Expedition, 1880. See
also memoirs by A. Bouquet de la Grye, Ann. chim. phys., 5th ser., vol. 25, p. 433, 1882;
and A. Chevallier, Compt. Rend., vol. 140, p. 902, 1905. On this theme there is an exten-
sive literature, but physical problems can be only incidentally considered in the present
memoir.

b Vol. 2, pp. 948- 100’-1 188‘)

. ©Vega ]a\ped Rept., vol. 2, pp. 349-380, 1883.

4 See O. Pettersson, op. cit., p. 376, 1883,

~—
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In one sense the salinity of tea water is a function of climate, at
least so far as surface waters are concerned. Where the rainfall is
slight and the evaporation rapid, concentration occurs; where the
atmosphere is saturated with moisture the reverse is true. The Red
Sea shows the maximum effect of evaporation and the highest
salinity ; the Mediterranean is next in order. West of the Nile no
large rivers enter the Mediterranean; the evaporation along the Afri-
can shore is very great, and the salinity is therefore excessive. Ifur-
thermore, rainfall serves to dilute the superficial layers of the ocean,
and the same effect is produced by the influx of streams. The Black
Sea, for instance, is diluted by the Danube; and its average salinity
barely exceeds 2 per cent. . When a river enters the ocean its waters
tend to flow upon the surface, and its influence may be detected at
great distances, sometimes hundreds of miles from land. Salinity,
in short, is the product of many agencies, and the commingling of
waters is never quite complete. In view of conditions like these
the nearly uniform composition of sea salts is all the more striking.

It is commonly assumed that the salts of the ocean are derived
from the decomposition of rocks by flowing and percolating waters,
which finally ‘deposit their burden in the great gemeral reservoir.
That this opinion is in a very large measure correct is nnquestion-
able; whether it is wholly true, without qualification, is another
matter. We have already seen, in the preceding chapter, that an
enormous mass of solublé salts is aninually discharged by rivers into
the sea, but its composition is very different from that of the saline
substances which we are now-considering. In the one class of waters
carbonates and calcium prevail, in the other we find mainly chlo-
rides and sodium.  In their relative proportion of sulphates the
fresh and salt waters diverge less widely. Tf, then, ocean water is
continually receiving water unlike itself, its composition must be
slowly changing, but the gains, although large in themselves, are rela-
tively small in comparison with the vast accumulations of saline
matter into which they diffuse. Whatever changes may take place
must proceed very slowly, and no known methods of analysis are
delicate enough to detect them, even were the observations to be con-
tinued through many centuries. For instance, calcium is one of the
minor constituents of sea water, and yet J. Murray and R. Irvine*
estimate that the discharge of rivers would require (80,000 years to
make up the total oceanic amount.?

e Proc. Roy. Soc. Bdinburgh, vol. 17, pp. 100-101, 1889,

bR. A. Daly (Am. Jour. Sci., 4th ser., vol. 23, p. 93, 1907) has argued that the pre-’
Cambrian ocean was limeless, or nearly so. For a statistical paper on the mineral
matter in the sea, see R. D. Salisbury, Jour. Geol., vol. 13, p. 469, 1905. See also A. C.
Lane, Jour. Geol., vol.-14, p. 221,' 1906, and A. B. Macallum, Trans. Canadian Tnst., vol.
7. p. 85, 1903.

14399—Bull. 330—08——7
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Practically, then, the composition of the ocean is very nearly con-
stant, and has been so for long perlods of time. We can not, by means
of analysis, measure the changes in it, but we can observe some of
them in operation, and see whither they tend. They are due either
to gains or losses of material, and both conditions have been noted
in the preceding pages. The gains from rivers and from rainfall are
obvious; the losses by precipitation we shall examine presently.
Some salts, as we observed in studying the atmosphere, are lifted
from the ocean to fall again, partly upon the land, in rain. Much of
this material returns into the sea, but we can not assume that all of it
is regained. This loss, however, is trifling, and needs no further con-
sideration here. Streams bring more chlorine and more sodium into
the ocean than it loses through the mechanical action of the air. For
these constituents a small net gain may safely be taken for granted.
As for the changes in composition produced in sea water by freezing,
they are local and transitory in character. When the ice melts, its
saline contents are restored to oceanic circulation, although not always
at the point from which they were withdrawn. To the slight change
thus produced in Arctic waters reference has already been made.

CARBONATES IN SEA WATER.

- Although calcium and carbonic acid are subordinate constituents
of sea water, their importance can hardly be overestimated. They are
the chief additions made by rivers to the ocean, and they are
the substances most largely withdrawn from it by living organisms.
Removed from solution, they form calcium carbonate, and that is the
principal material of corals and shells.

Normal calcium carbonate is nearly but not quite insoluble in
water. Upon this point many observations have been made. Ac-

cording to T. Schloesing,” whose data appear to be trustworthy, a
liter of water at 16° can dissolve 0.0131 gram of CaCO,. With re-
spect to sea Water,’| however, the different varieties of the carbonate
behave differently. This has been shown by R. Irvine and G. Young,?
who found that amorphous calcium carbonate is more soluble than the
crystalline forms. To dissolve 1 part of the former 1,600 parts of
sea water are required, as compared with 8,000 parts for the crystal-
line carbonate. This difference bears directly upon the theory of
coral reefs. The living animal secretes amorphous carbonate, but
after decomposition a partial change to crystalline carbonate occurs.
Without this' molecular rearrangement the coral would much more
largely dissolve and its stability would be greatly diminished.

e« Compt. Rend., vol. 74, p. 1552, 1872.

b Proc. Roy. Soc. Edinburgh, vol. 15, p. 316, 1888. Tor other data on the solubility
of calcium carbonate in sea water, see W. S. Anderson, Proc. Roy. Soc. Edinburgh, vol.
16, p. _3_1& 1889; and J. Thoulet, Compt. Rend., vol. 110, p. 652, 1890.
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‘Some re-soliition, however, occurs, especially where the waves have

beaten the coral into sand, and this subject has been well studied by
J. Murray and R. Irvine.s They find that the porous corals dissolve
more readily than the compact varieties.

In presence of free carbonic acid, the solubility of calcium carbonate
is increased many fold. If we dlsregard ionization we may say that
calcium bicarbonate, Ca,C,O, is then formed. Of this salt, as shown
by F. P. Treadwell and M. Reuter,’ a liter of pure water at 15° can
dissolve 0.3850 gram, a quantity which may be considerably increased
by an excess of carbon dioxide in the water. In sea water this solu-
bility is modified by the presence of other compounds. E. Cohen and
M. Raken, experimenting with an artificial sea water, found that at
15° it was saturated by 55.6 milligrams of fixed CO, per liter, equiva-
lent to 0.1264 gram of CaCO,. According to G. Linck,* the maxi-
mum solubility of calcium carbonate in sea water at 17°-18° is 0.191
gram per liter. The total quantity of calcium carbonate in average
sea water, as shown by Dittmar’s analyses, and upon the assumption
that all of the CO, radicle is thus combined, is not far from 0.121
gram per liter. This, which 1s a maximum, is even below the satura-
tion figure given by Cohen and Raken, and much lower than that of
Linck. It would be diminished by the formation of other carbonates,
and it must vary with fluctuations in the free or half-combined car-
bonic acid of the water. The latter constituent of sea water does not
appear in the analyses of dried oceanic salts. :

Calcium bicarbonate is very unstable and can be broken down to
normal carbonate and free carbon dioxide by evaporation, by rise of
temperature, or by mechanical agitation. Under certain conditions
the carbonate thus produced may assume the solid form, and be pre-
cipitated as a sort of calcareous ooze. This, however, can take ‘place
only in very shallow waters, and especially near the mouths of streams
which carry carbonates in maximum amount. Such a deposition of
calcium carbonate, forming a crystalline limestone, was long ago
observed in the delta of the Rhone; and B. Willis 7 has recorded a
similar reaction which is taking place among the Florvida keys. Sea
water, however, is not saturated with carbonates, and a precipitate
forming on the surface of the open ocean would be redissolved before
it could settle to the bottom. Even shells undergo solution, and in
sufficiently deep water they may entirely disappear. In the reports
of the Challenger expedition there is much valuable information on
this point.y Pteropod remains were never found on the ocean floor

e Proc. Roy. Soc. Edinburgh, vol. 17, p. 79, 1889. ;

b Zeitschr. anorg. Chemie, vol. 17, p. 170, 1898.

¢ Proc. Sec. Sci.,, Amsterdam Acad., vol. 3, p. 63, 1901.

d Neues Jahrb., Beil. Bd. 16, p. 505, 1903. .

¢ W, Dittmar, Challenger Rept., Physics and chemistry vol. 1, p. 211, 1884.

7 Jour. Geol., vol. 1, pp. 500-520, 1893, -
¢ See summary in vol. 2 of the Narrative, pp. 948 et seq., 1882,



100 . THE DATA OF GEOCHEMISTRY,

at depths below 1,500 fathoms, but the more resistant globigerina
was collected at 2,500 fathoms. These animals live at or near the sur-
face; after death the shells slowly sink, and, while sinking, partially
or wholly dissolve. The decay of their organic matter generates
abundant carbonic acid, and this aids in effecting solution. Be this
as it may, the Challenger investigations show that the quantity of
calcium carbonate on the bottom of the ocean depends in great meas-
ure upon the depth of water. Beyond the limits indicated little cal-
cium carbonate is found, a fact which will be considered _more in
detail presently.

.Calcium. carbonate, then, takes part in a great system of Chdl]geb
whose magnitude and direction can hardly be estimated. It enters
the sea in fresh waters; part of it is withdrawn by living animals
to form coral or shell; some of the material thus used is redissolved,
but much of it is permanently deposited in limestones or calcareous
shales. Limestone formations of ‘marine origin, in all quarters of
the globe, testify to the importance of these processes. Living-
animals secrete more calcium carbonate than is redissolved,” but the
inflow of fresh' waters tends to supply the loss. Whether a balance
is preserved it is impossible to say. The problem is complicated by
the fact that the erosion of limestones laid-down in former geological

- periods now supplies material to streams, thus returning to the ocean
carbonates which were once withdrawn from it.?

In this system of gains and losses some otherwise ummportant
constituents of sea water play an interesting part. Radiolarians,
diatoms, and siliceous sponges extract silica from the ocean; this
material is finally deposited upon the sea floor, and does not redis-
solve, or at least not readily.” The silica brought in by rivers is
partly disposed of in this way. Phosphates are also withdrawn, but
the bony parts of marine creatures, after the death of the latter, go
to a great extent into solution again. Iron, silica, and some potas-
sium are laid down in the form of glauconite; and the substances
dredged up from the bottom of the ocean tell us of still other reac-
tions which are not easy to explain.

OCEANIC SEDIMENTS.

On the subject of oceanic sediments there is a voluminous literature.

A great part of it relates to what may be called mechanical deposits, .

like gravel, sand, river silt, and so on—a class of substances that do
not concern us now. Their chemical character will be discussed else-

a'See J. Murray and R. Irvine, Troc. Roy. Soc. Edinburgh, vol. 17, p. 79, 1889,
> On the circulation of calcium carbonate, and its relation to the age of the earth,
see . Dubais, Proc. Sec. Sci,, Amsterdam Acad., vol. 3, pp. 43, 116, 1901.
¢ The insolubility of silica in sea water is great, but not absolute. J. Murray and A. I.
Renard (Challenger Rept., Deep-sea deposits, p. 288, 1891) find that some silica can be
" dissolved out from dietomaceous ooze.
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where, with reference to their origin. Near land, and especially at the
mouths of rivers, the sea bottom is covered mainly by mechanical
sediments, or by the remains of marine animals; in mid-ocean the
deposits are of a very different type.

An entire volume of the Challenger reports, by J Murray and
A. F. Renard, is devoted to the subject.of “ Deep-sea deposits,” and
special attention is paid to substances formed by chemical action on
the ocean floor.® The larger deposits may be classified as follows:

Deposits on the oceun floor.

Average | Percent-
Name. depthin| age of
fathoms.| CaCOj;.

: .
Red CIY. .o e 2,730 6.70
Radiolirian 0056 2,804 4.01
Diatom ooze...... 1,477 22.96
Globigerina ooze. . 2,049, 64. 47
Pteropod ooze................. 1,044 79.26

The oozes derive their names from the characteristic organic
remains which they contain, and they merge by slight gradations
one into another. The classification is obviously approximate, not
absolute. If we consider them together, and include the coral muds,
the average percentage of calcium carbonate upon the sea bottom at

~ various depths is as follows:

Percentage of calcium carbonate on the ocean floor at various depths.

Under 500 fathoms_.._________ 8G. 04 | 2,000 to 2,500 fathoms_________ 46.73

500 to 1,000 fathoms___________ 66. 86 | 2,500 to 3,000 fathoms_________ 17. 36
1,000 to 1,500 fathoms_.__._____ 70.87 { 3,000 to 3,500 fathoms_.__._.__ .88
1,500 to 2,000 fathoms_________ 69. 55 | 3,500 to 4,000 tathoms._ __._.______ none

The disappearance of carbonates with increasing depth is thus
clearly shown.

Of all these deposits, the red clay, v which covers about 51,500,000
square miles, is the most extensive, and from a chemical point of view,

the most interesting. It is universally distributed in the oceanic

basins, but is typical only at depths ranging from 2,200 to 4,000 fath-
oms and far from land. Various theories have been proposed to
account for its formation; but Murray and Renard look on it as essen-
tially a chemical deposit, produced by the decomposition of silicates
of voleanic origin. Remnants of volcanic rocks are found on nearly
all parts of the ocean floor, and fragments of pumice are particularly
common. Some of these doubtless came from ordinary subaerial vol-
canoes, either as direct flows into the ocean, or as volcanic dust borne

¢ See also T. Murray, Geog. Jour., vol. 19, p. 691, 1902; on material collected in 1901
by 8. 8. Britanmia.
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long distances by currents of air. Other fragments represent sub-
marine volcanoes. Some of the fragments studied by Murray and
Renard were quite fresh, others were largely decomposed; and in a
number of them zeolites had been formed by subaqueous alteration.
Crystals of phillipsite were repeatedly identified. The color of the
clay is due to ferric oxide or hydroxide, which is easily removable by
means of strong acids. In all essential respects the clay resembles
the residues formed by the decay of igneous rocks. Its composition,
as shown by many analyses, 1s e\tremely variable.

That sea water will attack and dissolve silicates is well known,
although its efficiency is less than that of fresh water. On this sub-
ject the experiments of J. Thoulet® have been often quoted, and
A. Johnstone?® has shgwn that even so refractory a mineral as
talc is slowly but perceptibly soluble. The process of change is of
course almost inconceivably slow; but in the quiet depths of the
ocean it has doubtless been going on throughout all geological time.
Tt began when the first volcanic ejectamenta entered the sea, if such
a moment can be imagined, and has been operative continuously to
the present day. Cosmic and other dusts have contributed some-
thing to the formation of the clay, and so, too, have animal remains;
but volcanic matter seems to have been the chief starting point.
This is the view of Murray and Renard, and it is the opinion best
sustained by chemical evidence.

In addition to the widespread formations mentioned in the fore-
going paragraphs, the sea bottom yields many interesting products
of a sporadic or local character. Among them are the well-known
manganese and phosphatic nodules and glauconite; and these we
may briefly consider in regular order.

Manganese, as oxide or hydroxide, exists in all deep-sea deposits,
sometimes as grains in the clay or ooze, sometimes as a coating upon
pumice, coral, shells, or fragments of bone, and often in the form
of nodular concretions made up of concentric layers about some
other substance as a nucleus.® Kven in shallow waters, as in Loch
Fyne in Scotland, these nodules have been found,* but they seem to
be more characteristic of the deeper ocean abysses, whence the dredge
often brings them up in great numbers.

The origin or mode of formation of the manganese nodules is still
in doubt. Murray ¢ regards the manganese as derived, like the red
clay, from the %ub‘tqueous decompo'ﬂtlon of volcanic debrls C. W.

« Compt. Rend., vol. 108, p. 753, 1889. See also recent wolk by J. Joly; m Compt.
Rend. VIII: Cong. géol. internat., p. 774, 1900.

b Proc. Roy. Soc. Edinburgh, vol. 16, p. 172, 1889.

¢ Ior full description see Challenger Rept., Doep-eea deposits, pp. 341-—318 1891. See
also J. Murray and R. Irvine, Trans. Roy. Soc. Edinburgh, vol. 37, p. 721, 1895. :

4, Y. Buchanan, I'roc. Roy. Soc. Edinburgh, vol. 18, p. 19, 1890.

¢ Proc. Roy. Soc. Edinburgh, vol. 9, p. 255, 1876.

O
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Giimbel ¢ attributes the nodules to submarine springs holding manga-
nese in solution, which is precipitated on contact with sea water.
Buchanan ? invokes the reducing agency of organic matter, which
transforms the sulphates of sea water to sulphides, precipitating iron
and manganese in the latter form to be subsequently oxidized. This
view was contested by R. Irvine and J. Gibson,® who showed that
manganese sulphide was decomposed by sea water, the manganese
redissolving as bicarbonate. J. B. Boussingault ¢ holds that the man-
ganese was derived from carbonates carried in solution by oceanic
waters, and a similar explanation has been offered by L. Dieulafait.c
The oxidation of the carbonates is supposed to take place at the sur-
face, throngh atmospheric contact, after which the precipitated oxide
falls to the bottom of the sea.

Of all these theories, that of Murray seems to be the best substan-
tiated. The manganese can easily be derived from the alteration of
rock fracrments, as 1t i1s by weathering on land; it goes into solution
as carbonate, is oxidized by the dissolved oxygen of the sea water,
and is precipitated near its point of derivation around any nuclei
which happen to be at hand. The nodules occur in close association
with altered volcanic materials, and most abundantly in connection
with the red clay of similar origin; furthermore, their impurities are
of the kind which the suggested mode of formation would lead us to
expect. In composition the nodules vary widely, ranging from 4.16
to 63.23 per cent of manganese oxide. The analysis by J. Gibson f
is the most complete one among the many which were made, and is
therefore selected as representative. The entire sample contained—

Water e 29, 65
Aqueous extracty e 2. 44
Insoluble residue - ____ . ______ 17. 95
Portion soluhle in HCl.__ . ________________________.___ 49, 97

' 99. 99

@ See abstract in Neues Jahrh,, 1878, p. 869.

b Proc. Roy. Soc. Edinburgh, vol. 18, p. 17, 1890.

¢ Idem, vol. 18, p. 54, 1890.

¢ Ann. chim. phys., 5th ser., vol. 27, p. 289, 1882, .

¢ Compt. Rend., vol. 96, p. 718, 1883.

f Challenger Rept., Deep-sea deposits, pp. 417-423, 1891.

7 Saline matter unavoidably inclosed in the nodules. Gibson gives ‘its composition in
detail,
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The insoluble and soluble portions, recalculated separately, are
represented in the subjoined statement:

" Analysis of manganese nodule.

Portion
soluble in | Insoluble

1CL portion.

If we include in this analysis the water of the original material we
see that it represents a mixture of manganese, iron, and aluminum

hydroxides, soluble in hydrochlorie acid, with an insoluble residue of

silicates. The specimen came from a depth of 2,375 fathoms.
The phosphatic concretions found on the ocean floor offer a sim-

pler problem for solution. As Murray and Renard ¢ show, they are’

directly derived from the “decaying bones of dead animals, upon
which carbonic acid exerts a powerful solvent action.” They form,
like the manganese nodules, around various nuclei, but preferably
upon organic centers, such as shells. In many cases the phosphatic
matter was first deposited in cavities of shells, around which the

nodules continued to grow, inclosing various muddy impurities. .

Probably the ammontacal salts which are generated by the decompo-
sition of organic matter in the bone play some part in the precipita-
tion of the calcium phosphate. The following analyses, by Klement,
show the composition of these bodies. A was from a depth of 150
and B from 1,900 fathoms. :

. * Challenger Rept., Deep-sea deposits, pp. 397-400, 1891. On the phosphatic nodules
of the Agulhas Bank, see L. W. Collet, Proc. Roy. Soc. Edinburgh, vol. 25, p. 862, 1905 ;
and L. Cayeux, Bull. Soc. géol., 4th ser., vol. 5, p. 750, 1906.

{
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Analyses of phosphatic concretions from sea bottom.

A‘\ B.
23.54
10. 64
1.39
2. 56
40.95
.83
2.79
Loss on ignition %g
1t .
Insolublegrl;siduc 11.93
99.71
Analyses of the insoluble residue gave the following results:
Analyses of insoluble residue from phosphatic concretions.
A B.
77.43 | 76.58
12.40 | 13.85
791 793
107 L97
1.02 l.1g
99.83 | 100.81

The concretions, then, consist mainly of calgium phosphate and cax-
bonate, mixed with sand and clay. .

The last of the oceanic deposits which we need to consider in this
connection is glauconite, a hydrated silicate of potassium and ferric
iron. It is widely disseminated upon the sea bottom, but most abun-
dantly in comparatively shallow waters and near the mud line sur-
rounding continental shores—that is, it is formed “just beyond the
limits of wave and current actioh, or, in other words, where the fine
muddy particles commence to make up a considerable portion of the
deposits.” ¢ It is developed principally in the interior of shells, but
its mode of formation is obscure. Murray and Renard argue that
after the death of the organism the shell first becomes filled with fine
mud, upon which, in presence of the sulphates of sea water, the
organic matter of the animal may act. "The iron of the mud is re-
duced to sulphide, which afterward oxidizes to ferric hydroxide,
alumina being at the same time removed in solution and colloidal
silica set free. The latter, reacting upon the hydroxide, in presence
of potassium salts derived from adjacent minerals, finally generates
glauconite. This theory is supported by the observation that the glau-
conitic shells are always associated with the detritus of terrigenous
rocks, containing orthoclase, .muscovite, and other minerals from
which the necessary potassium could be obtained. In a later portion

.« Murray and Renard, Challenger Rept., Deep-sea deposits, p. 383, 1891,
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of this work we shall have to examine the subject of glauconite more
fully. An elaborate discussion of it would be out of place now.

Oceanic deposits, then, whether of shell, coral, red clay, manganese
nodules, or glauconite, are in a sense the fossil records of chemical
reactions which have taken place in the depths of the sea. They
represent both additions to and withdrawals of matter from the
waters of the ocean, with the formation of new substances by chemical
change. Their study is complex and many of the conclusions drawn
are uncertain, but the subject is one of great importance and interest
and deserves more attention than it can be given here. For present
needs this bare outline must suffice.”

POTASSIUM AND SULPHATES.

In seeking to balance the gains and losses of the ocean some ac-
count must be taken of potassium and of sulphates. The latter com-
. pounds occur in fresh and salt waters in nearly the same relative
proportions, reckoned in percentages of anhydrous residue, as may be
seen by comparing Murray’s river average with Dittmar’s mean
composition of ocean salts. In the river salts SO, forms 8.22 per
cent; in the sea-7.69. The figure for river water is not precise
enough for any close comparison to be made, but the approximate
equivalency is clear. From this relation we may infer that sulphates
tend to accumulate in the ocean without great losses, although we
have seen that under certain conditions they are reduced to sulphides
by organic matter, a change which is counterbalanced by reoxida-
tion under other circumstances. So far as the open sea is concerned,
the precipitation of sulphates seems to be a matter of small magni-
tude, although they are found in all the clays and oozes in trivial
proportions. In closed basins or lagoons the case is different, but
examples of that kind are not in question now.

With potassium other conditions hold, and the two classes of
waters are not at all alike. In river waters, on an average, the pro-
portion of potassium is about one-third that of the sodium;? but in
sea water it is only one-thirtieth. In the igneous rocks sodium and
potassium are nearly equal; they pass unequally into the streams, and
in the ocean the difference is still further increased. What becomes
of the potassium?

«E. J. Jones (Jour. Asiatic Soc. Bengal, vol. 56, pt. 2, p. 209, 1887) has described
another class of marine nodules. They were dredged up in 675 fathoms of water off Co-
lombo, Ceylon, and contained about 75 per cent of barium sulphate.

b Many of the analyses of river water, as published, show no potassium, but this only
means that they are incomplete. In such cases the alkalies were weighed together and
in calculation the potassium was ignored. This is especially true of boiler-water
analyses.



THE OCEAN. 107

The answer to this question is simple. Hydrous silicates of -alumi-
num, the clays, are able to take up considerable proportions of po-
tassium and to remove its salts from solutions. According to J. M.
van Bemmelen ¢ ordinary ‘soils ‘will extract more potassium than
sodium from solutions in which the salts of both metals are present,
even where the sodium is in excess. Potassium, then, is removed
from natural waters as they percolate through the soil or by the sus-
pended silt carried by streams. The sodium is not so largely with-
drawn, and therefore its relative proportion tends steadily to increase.
One metal is deposited with the sediments, the other remains in
solution..

These observatlons are confirmed in part by analyses of oceanic
deposits, although the evidence is often incomplete. The larger

number of analyses given for clay, mud, and ooze in the Challenger
report contain no mention of alkalies, but when the latter are noted
the potassium is commonly, not always, in excess.” In glauconite
and phillipsite deposits potassium always predominates. L.
Schmelck,¢ in his analyses of clays from the northern Atlantic, records
no alkalies, but K. Natterer,” in sediments from the eastern Medi-
terrean and the Red Sea, found small quantities of potash and soda,
and in nearly every instance potash was the more abundant of the
two. In short, if the recorded analyses are correct the clays and
oozes of the deep sea have been partly leached of their alkalies; but
some of the potassium from the original volcanic material, with less
sodium, has been retained in the production of zeolites. Nearer land
po’cassmm has been used in the formation of glauconite, and still
nearer, when mechanical sediments appear, a similar discrimination
is evident. Sodium dissolves, but potassium is held back.

THE CHLORINE OF SEA WATER.

It is not possible at present to trace all of thé changes which take
place in ocean water, nor to account with any certainty for the dif-
ference between sea salts and the material received from streams. In
chemical character, fresh and salt water are opposites, as a brief in-
spection of the data will show. In ocean water, C1>S0O,>CO,; in
average river water, CO,>S0O,>Cl. So also for the bases—in the
first case, Na>Mg>Ca; in the other, Ca>Mg>Na—a complete re-
versal of the order. We can understand the accumulation of sodium
in the ocean and some of the losses are accounted for, but the great

¢ Landw. Versuchs-Station., vol. 21, p. 135, 1877. . "The absorption of potassium has
been established by the work of many investigators.

bhis conclusion is confirmed by a recent and very complete analysis of the ‘red
clay,” conducted in the laboratory of the United States Geological Survey. These sedi-
ments will be considered more fully in another chapter.

“ Den Norske Nordhavs-Expedition, pt. 9, p. 35, 1882.

4 Monatsh. Chemie, vol, 14, p. 624, 1893 ; vol. 15, p. 530, 1894 ; vol. 20, p. 1, 1899,
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excess of chlorine in sea water is not easily explained. In average
river water sodium is largely in excess of chlorine; in the ocean the

‘opposite is true, and we can not well avoid asking whence the halogen

element was derived. Here we enter the field of speculation, and the
evidence upon which we can base an opinion is scanty indeed.s

To the advocates of the nebular hypothesis the problem is compara-
tively simple. If our globe was formed by cooling from an incan-
descent mass, its primitive atmosphere and ocean must have been
quite unlike the present envelopes, and we may fairly suppose that
they contained large quantities of acid substances. Hydrochloric
acid in the atmosphere would imply a solution of hydrochloric acid
in the sea, which might in time be neutralized by the bases dissolved
from rocks and poured by rivers into the common reservoir. This
argument has been especially developed by T. Sterry Hunt,> who
shows that, if his premises are sound, the primeval ocean must have
been much richer in'calcium and magnesium than the sea is to-day.
The richness of some artesian waters of Canada in lime salts, waters
which Hunt regards as fossil remainders from the early sea, may be
cited in support of his views. On the other hand, R. A. Daly ¢ has

cited paleontological data in favor of the view that the pre-Cambrian

ocean was nearly free from lime. The absence of fossils from rocks of
an age immediately preceding a period rich in highly developed cal-
:areous forms is taken as evidence that the earliest life was essentially
shell-less and soft bodied, in consequence of a deficiency of lime salts
in its environment. Hunt’s views and Daly’s are not necessarily
antagonistic, for they relate to two distinct eras in oceanic evolution.
From the earliest ocean, lime méght have been precipitated, the loss
being replenished after life appeared. Arguments of this kind are
Interesting, but by no means conclusive.

Another group of writers, seeking to avoid the nebular hypothesis,
conceive the earth as having been built up by the slow aggregation of
small, solid, and cold meteoric bodies.? Each of these, it is supposed,
carried with it entangled or occluded atmospheric material. In
course of time central heat was developed by pressure, and a partial
expulsion of gas followed, thus forming an atmosphere derived from
within. When the atmosphere became adequate to retain solar heat,
and so to raise the surface temperature of the globe above the freezing
point, the hydrosphere came into existence; but of its chemical nature
at the beginning nothing, so far as I am aware, has been said by the

¢ On the ratio between sodium and chlorine in the salts carried.by rivers to the sea,
see E. Dubois, Proc. Sec. Sci., Amsterdam Acad., vol. 4, p. 388, 1902. :

b Am, Jour. Sci., 2d ser., vol. 39, p. 176, 1865 ; and various papers in his Chemical and
Geological Essays. See also J. Joly, on the geological age of the earth, in Trans. Roy.
Dublin Soc., vol. 7, 2d ser., p. 23, 1899; and R. A. Taylor, Proc. Manchester Lit. Thil
Soec., vol. 50, p. ix, 1906. -

¢ Am. Jour. Sci., 4th ser., vol. 23, p. 93, 1907. ) ©
- 4 8ee . C. Chamberlin, Jour. Geol., vol. 5, pp. 653 et seq., 1897; also H, L. Fairchild,
Am, Geologist, vol. 23, p. 94, 1899.
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advocates of this doctrine: There is, however, an analogy which may
be utilized. Meteoric iron frequently incloses anhydrous ferrous
chloride, or lawrenceite, a fact of which the curators of collections
are painfully aware. The ferrous chloride deliquesces, the liquid
formed then undergoes oxidation, ferric hydroxide is deposited, and
acid- solutions. are developed which still further attack the iron.
Through this process of corrosion certain. meteoric irons have crum-
bled into masses of rust and disappeared as specimens from museums.
If, now, the earth was formed from meteoric masses, some of them .
doubtless contained this annoying impurity, and chlorine from that
source may have reached the primeval ocean. In fact, A. Daubrée

found lawrenceite in the terrestrial native iron from Ovifak. The

planetesimal hypothesis is evidently not inconsistent with the excess
of oceanic chlorine. It is also in harmony with the idea advanced by
E. Suess,> that the ocean has received large accessions from volcanic
sources. Hydrochloric acid and volatile chlorides exist in volcanic
emanations and must, to some extent, reach the sea. If they were
first derived from oceanic infiltration, they represent no gain to the
ocean, and this question is still at issue. For present purposes it need
not be discussed at greater length.

AGE OF THE OCEAN.

The facts that we can estimate, with a fair approach to exactness,
the absolute amount of sodium in the sea, and that it is added in a
presumably constant manner without serious losses, have led to
various attempts toward using its quantity in geological statistics.c
The sodium of the ocean seems to offer us a quantitative datum from
which we can reason. For example, if we accept the figures given in
Chapter I of this memoir for the relative abundance of the elements,
it is easy to show that the sodium is only one-thirtieth of that con-
tained in the average igneous rock of the 10-mile lithosphere. That
is, if all the sodium in the sea were derived from the decomposition of
igneous rocks, a shell of the latter one-third of a mile thick would -
supply the entire amount. An-allowance for the sodium retained by
the sedimentaries would increase this estimate to half a mile, which
is the largest amount possible. All conceivable corrections tend. to
diminish the figure. A stratum of igneous rock, one-half mile thick
and completely enveloping the globe, would furnish all the sodium
of the ocean and the sediments. oJ oly,? by a similar process of reason-

« fitudes synthétiques de géologie expérimentale, p. 557, 1879. .

b Geog. Jour., vol. 20, p. 520, 1902. See also C. Doelter, Sitzungsb. Akad. Wien, vol.
112, p. 704, 1903.

¢ This subject -is considered more fully in .Chapter I (pp. 28-29), but a little repetition
seems to be desirable here. . ,

¢ Prans. Roy. Dublin Soc., 2d ser., vol. 7, p. 23, 1899, See aiso a criticism of Joly by
W. Mackie, in Trans. Edinburgh Geol. Soc., vol. 8, p. 240, 1902. Mackie points out some
inadequacies in Joly's data.
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ing and in part from the same data, has sought to compute the geo-
logical age of the earth since erosion commenced. From Murray’s
estimate concerning the discharge of rivers Joly determines that
157,267,544 tons of sodium are annually poured into the sea. At
this rate denudation of the land would require a period of from
ninety to one hundred millions of years in order to make up the
oceanic quantity of sodium. By applying certain corrections the
figure is reduced to cighty or ninety millions of years as the time
which has elapsed since water condensed upon the globe and aqueous
_denudation began.

It 1s not necessary to enter into the details of these and other simi-

lar calculations, for they can only be regarded as tentative and pre--

liminary. They do, however, indicate certain possibilities and show
how desirable it is that we should increase the accuracy of our data.
When we know more precisely what chemical work is being done by
the rivers, with annual averages for all of the greater continental
streams, we may have materials for something like a fair measure of

geological time. Our present knowledge on this subject is tog incom-

plete and too unsatisfactory. Some of the difficulties attending the
problem were pointed out in the preceding chapter.

THE DISSOLVED GASES.

Up to this point we have considered only the saline matter of the
ocean; but the dissolved gases are almost equally important and have
been the subject of exhaustive investigations. The earlier researches
were not altogether satisfactory, and we need therefore examine.only
the more recent data, first as to the air and then as to the carbonic
acid of sea water.

The Solublhty of a gas in water varies with its nature 'lnd with the
temperature, being greatest in the cold and diminishing as the sol-
vent becomes warmer. The Avctic Ocean, therefore, dissolves more
air than the waters of tropical regions, and it also seems to carry a
greater proportion of oxygen. We have already seen, in studying
the atmosphere, that water exercises a selective function in the solu-
tion of air, so that the dissolved gaseous mixture is enriched in oxy-
gen. Ordinary air contains by volume only about one part in five of
oxygen; dissolved air contains, roughly, one part in three; although,
as we shall see, the proportion changes as conditions vary. Iven the
salinity of the ocean must probably be taken into account, for the
reason ‘that some if not all gases are less soluble in salt than in fresh
water. According to the recent experiments by I'. Clowes and
J. W. H. Biggs,® salt water dissolves only 82.9 per cent as much oxy-
gen as is absorbed by fresh water. So large a difference can not well
be ignored.

e Jour. Soc. Chem, Ind., vol. 23, p. '3;58, 1904.
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To illustrate the difference in solubility between the two 151'inCipal

_atmospheric gases, we may use the data-given by O. Pettersson and K.
-Sondén. In- pure water the gases dissolve unequally, and the follow-

ing table shows their solubility throughout a fair range of atmos-
pheric temperatures. The figures represent the number of cubic cen-
timeters of each gas, at 760 millimeters pressure, required to saturate
1 liter of water; and the last column gives the percentage of oxygen in
the dissolved mixture, when N+4+0O=100.

Solubility of nitrogen and oxygen in waeler at various temperatures.

\ R ‘ Percent-
I'emper- | Nitrogen| Oxygen |~ -
N age of
ature. lahsorbed.labsorbed. oxvgen.
cms, oma,

0 19.53 10.01 33.88
6.00 16. 34 8.28 33. 60
.32 16. 60 8.39 33.56 .
9.18 15. 58 7.90 33. 60

13.70 14.16 7.14 |- 33.51
14.10 14.16 ©7.05 33.24

When we recall the fact that ordinary air contains only 21 per cent
of oxygen, the magnitude of the change produced by solution-becomes
manifest. .

In sea water the same relation holds approximately, but the enrich-
ment is slightly greater. .H. Tornoe,} assisted by S. Svendsen, made
94 analyses of air extracted from the water of the North Atlantic
and found the oxygen in the mixture N4-O to range from a minimum
of 31.0 to a maximum of 36.7 per cent. Between 70° and 80° lati-
tude the average was 35.64 per cent; below 70° it was 84.96. At the
surface the mean percentage of oxygen was 35.3, and it diminished
with the depth from which the samples were taken down to 300
fathoms, when the proportion was reduced to 32.5. Below 300
fathoms the percentage of oxygen was nearly constant. O. Jacobsen,
analyzing dissolved air from the water of the North Sea, obtained

.a rangeé of 25.20 to 34.46 per cent, the strface average being 33.95.

Still more elaborate are the data published by W. Dittm.zir,d whose
samples of dissolved air came from many points in the Atlantic,
Pacific, Indian, and Antarctic oceans. The maximum amount was
found in the Antarctic—28.58 cubic centimeters of air to the liter of
water, containing 35.01 per cent of oxygen. The minimum, 13.73

o Ber. Deutsch. chem. Gesell.,, vol. 22, p. 1439, 1889, See also R. W. Bunsen, Gaso-
metrische Methoden : W. Dittmar, in his Challenger report; and A. Hamberg. Bihang K.
Svensk. Vet.-Akad. Handl., vol. 10, No. 13, 1884. '

b Den Norske Nordhavs-Expedition, Chemistry, pp. 1-23, 1880. "Tornoe in this memoir
gives a good summary of the earlier investigations.

< Ilic Brgebnisse der Untersuchungsfahrten S. M. Kobt. Drache, Berlin, 1886. An
earlier memoir by Jacobsen is printed in Liebig’s Annalen, vol. 167, pp. 1 et seq., 1873,

4 Challenger rept., I’hysics and chemistry, vol. 1, 1884, Tor the table cited below, see p.
224, Also for a summary of the results obtained, see the ‘ Narrative " of the expedition.
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cubic centimeters and 33.11 per cent, was obtained ‘at a point south-
east of the Philippine Islands. The general conclusions as to the
solubility of nitrogen and oxygen in sea water at different tempera-
tures appear in the following table:’ ”

Solubility of nitrogen and oxygen in sea water at verious temperatures.

Tempera- | Dissolved | Dissolved | Percentage
ture. nitrogen.e| oxygen.c |of oxygen.

0 15.60 8.18 34.40

5 13.86 7.22 34.24

10 12.47 6.45 34.09

15 11.3% 5.83 33.93

10.4 5.31 33.78

25 9.62 4.87 33.62

30 8.94 4.50 33.47

35 8.36 4.17 33.31

@ Supposed to be measured dry, at 0° C. and 760 millimeters pressufe; in other words,
the normal volumes in cubic centimeters in 1 liter of sea water at the given tempera-
tures. The ‘“ nitrogen” "of course includes argon.

No argument is needed to show the importance of the facts thus
developed. The dissolved oxygen plays a double part in the activities
of the ocean—first in maintaining the life of marine organisms, and
‘secondly in oxidizing dead matter of organic origin. By the latter
process carbon dioxide is generated, and that compound, as we have
already seen, helps to hold caleium carbonate in solution. Its other
function as a possible regulator of climate will be considered presently.

Free or half-combined ¢ carbonic acid is received by the ocean from
various sources. It may be absorbed directly from the atmosphere or
brought down in rain; it enters the sea dissolved in river water; it is
derived from decaying organic matter, and submarine volcanic
springs contribute a part of the supply. The free gas is also liberated

-from bicarbonates by the action of coral and shell building animals,
which assimilate the normal calcium salt. Carbonic acid is continu-
ally added to the ocean and continually lost, either to the atmosphere
again or in the maintenance of marine plants, and we can not say how
nearly the balance between accretions and losses. may be preserved.
'The equilibrium is probably far from perfect; it may be disturbed by
changes in temperature or by the agitation of waves, and every varia-
tion in it leads to important consequences. It is estimated that the
ocean contains from eighteen.to twenty-seven times as much carbon
dioxide as the atmosphere, and that it is therefore, as T. Schloesing *
has pointed out, the great regulative reservoir of the gas.

Nearly all of the authorities thus far quoted with reference to the

. dissolved air of sea water have also studied the omnipresent carbonic

e A much used but inexact expression. It describes the second molecule of carbonic
acid which converts the normal salts into bicarbonates.

b Compt. Rend., vol. 90, p. 1410, 1880. See also A. Krogh, Meddelelser om Groenland,
vol. 26, pp. 333, 409, 1904. }
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acid: Jacobsen, Hamberg, Tornoe, Buchanan, Dittmar, Natterer, and
others have made numerous determinations of its amount, and as a
general rule the quantities found were insufficient to transform all of
the normal calcium carbonate into the acid salt. Tornoe, as the aver-
age of 78 sea-water analyses, found 52.78 milligrams to the liter of
fully combined carbon dioxide, and in addition 43.64 milligrams avail-
able for the formation of bicarbonates. Results of the same order
were obtained by Natterer in his examination of waters from the Med-
iterranean. Normal carbonate and bicarbonate are both present in
sea water, although in.a few exceptional determinations during the
Challenger expedition the carbonic acid was clearly in excess. Such
Instances, however, are rare, and are ascribable to purely local and
unusual conditions. :

The carbonic-acid determinations of the Challenger voyage were
conducted partly by J. Y. Buchanan on shipboard, and partly by
W. Dittmar on land.® The combined acid has already been accounted
for in the analyses given for sea salts; the “loose,” free, or half-com-
bined acid, is more variable. Its average amount, in milligrams to
the liter, at different temperatures appears in the following table:

Average emount of free carbonic acid in sew water at various temperatures.

[Milligrams per liter.]

Temperature : : ) Temperature :
25 to 287~ 35. 88 10 to 15 . 43. 50
20to 25 __ 37.18 51010 . 47. 21
15t0 200 42. 68 —l4to +32 . _________. 53. 31

That is, the ocean contains less free carbonic acid in warm than in
cold latitudes. Its average quantity is estimated by Murray at 45
milligrams per liter, which is equivalent to a layer of carbon 3.45
centimeters thick over the entire oceanic area. For different depths
of water the variations in carbonic acid are less pronounced, as may
be seen from the subjoined averages:

Average amount of free carbonic acid in sew water at various depths.

[Milligrams per liter.]

Surface oo 42.6 | 300 fathoms_.____.___________ 44.0
25 fathoms__ . _____ 33.7 | 400 fathoms________.___________ 41.1
50 fathoms_. . ______________ 48.8 | 800 fathoms____________________ 42,2
. 100 fathoms_________ . _______ 43.'6 | More than 800 fathoms_._..______ 44.6
200 fathoms___________________ 44.6 | Bottom . 47. 4

2 See vol. 1 of the report on physics and chemistry and pait 2 of the ‘ Narrative,” p.
979 also J. Y. Buchanan, in Proc. Roy. Soc., vol. 22, pp. 192, 483, 1874. The tables
cited are from the * Narrative.” .

14399—Bull. 330—08——=8
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The figures are derived from 195 determinations by Buchanan, and
the individual numbers range from 19.3 to 96 milligrams to the liter.
In 15 determinations the carbonic acid was in excess of the amount
necessary to form bicarbonates; in only 22 was it sufficient to fully
convert the normal into the acid salt.

In the llght of the evidence just presented, and speaking from the
point of view of the modern theory of solutions, we may say that the
water of the ocean contains not only the normal carbonic ions, CO,,
but also a considerable proportion of the bicarbonic ions, HCO,.
The latter ions are unstable, and their existence.is conditional on
temperature, so that although they are continually forming, they are
as continually being decomposed. That is, between the ocean and
the atmosphere there is an interchange of carbonic acid, which is
released from the water in warm climates and absorbed again in the
cold. The atmospheric supply of carbon dioxide is thus alternately
enriched and impoverished, and the conditions affecting equilibrium
are of several kinds. This problem has been elaborately discussed
by C. F. Tolman, jr.* from the standpoint of the physical chemist,
and his memoir should be consulted for the detailed argument. The
essential features of the evidence upon which a theoretical discussion
can be based are already before us. We have considered the oceanic
losses and gains of carbon dioxide, and it remains to correlate them
with the corresponding changes in the atmosphere. This can not be
done quantitatively, for the rates of consumption and supply are not
measurable. In particular, the carbon dioxide from volcanoes and
volcanic springs is not a determinable quantity. Certain large fac-

tors in the problem are, however, recognizable, and we can trace to

some degree their influence upon climate.

That the surface of the earth has been subjected to climatic alterna-
tions, to glacial periods and epochs of greater warmth, is a common-
place of geology. To account for such changes, various astronomical
and physical theories have been proposed, and with these, of course,
chemistry has nothing to do. Whether, for example, the solar con-
stant of radiation is really a constant or not is a question which the
chemist can not attempt to answer. The chemical portion of the
problem is all that concerns us now; and that relates to the varmble

carbonation of the atmosphere.

The researches of Arrhenius on the climatic s1gn1ﬁcance of carbon
dioxide were cited in a previous chapter, and we then saw that its
variation in the atmosphere might be attributed to fluctuating vol-
canic activity. A varying supply of the gas was postulated, and its
influence on atmospheric temperatures was shown to offer a possible
explanation of alternating climates. A variable consumption of

e Jour. Geol., vol. 7, p. 585, 1899.
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carbon dioxide would- obviously produce much the same effect, and
it is therefore evident that supply and loss must be considered to-
gether. This has been done by T. C. Chamberlin in an interesting
series of papers,” in which the ocean is represented as a prime agent
in producing the observed changes. The supplies are drawn from the
storehouse of the ocean, they are consumed in the decomposition of
silicates on land, and they are regenerated by the action of lime-
secreting animals, which set carbonic acid free, as well as by changes
in temperature.

i According to Chamberlin, an 1mp01t‘mt factor in climatic vari-
ation is the fluctuating elevation of the land. During periods of
maximum elevation, when the largest land surfaces are exposed to
atmospheric action, the consumption of carbon dioxide in rock weath-
ering is great and the air becomes impoverished. When depression
occurs and the oceanic area enlarges, a smaller quantity of silicates
is decomposed and less carbonic acid disappears. The first change
produces a lowering of temperature, which is increased by the con-
sequent greater absorbability of carbon dioxide in sea water; the
second causes a relative rise, intensified by a release of the gas from
solution. Enlargement of land area implies a low temperature,
whereas a decrease is conducive to warmth, both conditions hinging
on the variability produced in the atmospheric supply of carbonic
acid and its effectiveness as a retainer of solar radiations.

But this is not all of the story. A depression of the land is
accompanied by an increased area of shoal water in which lime-
secreting organisms can flourish, and they liberate carbon dioxide
from bicarbonates. A period of limestone formation is therefore
correlated with an enrichment of the atmosphere, and consequently
with the maintenance of a mild climate. The ocean is the great
reservoir of carbonic acid, and upon its exchanges with the atmos-
phere the variations of climate seem partly to depend. This argu-
ment does not exclude consideration of the volcanic side of the prob-
lem, but the oceanic factor seems to be the larger of the two. That
the carbon dioxide of the ocean and the atmosphere plays an im-
portant part in regulating climates is apparently beyond doubt.

INFLUENCE OF LIVING ORGANISMS ON THE OCEAN.

One other important factor in marine chemistry remains to be
considered—namely, the influence of living organisms. These, both
plants and animals, are almost incredibly abundant in the ocean,

e Jour. Geol., vol. 5, p. 653, 1897 ; vol. 6, pp. 459, 609, 1898 ; vol. 7, pp. 545, 667, 751,
1899. Chamberlin's views are criticised by A..Krogh in Meddelelser om Groenland, vol.
26, pp. 333, 409, 1904.

b The abundance of life in the ocean is admirably stated by W. K. Brooks, in Jour. Geol.,
vol. 2, p. 455, 1894. Its chemical significance can hardly be exaggerated.
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and their vital processes play a great part in its chemical activities.
. This fact has already been noted on what might be called its inor-
ganic side—that is, with reference to the function of marine organ-
isms in secreting phosphate and carbonate of lime. Coral reefs and
the submarine oozes are made up of animal remains, calcareous or
siliceous, and their aggregate amount. is something enormous.

The living animals, however, do much more than to secrete inor-
ganic material. In developing they absorb large quantities of car-
bon, hydrogen, nitrogen, and oxygen, the principal constituents of
their soft tissues. These elements, in one form of combination or
another, are released again by decomposition after the organism
dies, and they are also eliminated to a certain extent by the vital
processes of the living creatures. Where life is abundant there car-
hon dioxide is abundant also, and its activity as a solvent of calcium

" carbonate is greatest.® The relations of the ocean to carbon dioxide
can not be completely studied without taking into chcount both
plant and animal life.

When marine animals die they may become food for others, the
scavengers of the sea, or they may simply decompose. The latter
fate, obviously, most often befalls creatures whose soft parts are
protected by hard shells. Water, carbon dioxide, and ammoniacal
salts are the chief products of decomposition, and ammonium car-
bonate, thus formed, acts as a precipitant of calcium compounds.?
The calcium carbonate thus thrown down is in a finely divided con-
dition, and therefore peculiarly available for absorption by coral
and shell builders. The ammonium salts also, as shown by Murray
and Irvine, are food for the marine flora, and on that some portions
of the fauna subsist. : o

But this is not all. Decomposing organic matter reduces the
sulphates of sea water to sulphides, which by reaction with carbonic
acid yield sulphureted hydrogen. This process, as shown by Murray
and Irvine, is particularly effective in bottom waters in contact
with “blue mud,” and by it local changes are produced in the com-
position of the waters themselves. Bacteria also assist in the proc-
ess, and according to N. Androussof¢ this H,S fermentation is
especially conspicuous in the Black Sea. Some of the hydrogen
sulphide passes into the atmosphere and is lost to the ocean; some
of it reacts upon the iron silicates of the sea floor, to form pyrite or

o

o See W. I.. Carpenter in C. Wyville Thomson's Depths of the Sea, pp. 502-511, 1874.
Where CO, was abundant in bottom waters, the dredge brought up a good haul of living
forms. Where it was deficient, the hauls were poor.

>See J. Murray and R. Irvine, Proc. Roy. Soc. Edinburgh, vol. 17, p. 89, 1889.

¢ Trans. Roy. Soc. Edinburgh, vol. 37, p. 481, 1895. See also Challenger Rept., Deep-
sea deposits, p. 254, 1891 ; W. N. Hartley, Proc. Roy. Soc. Edinburgh, vol. 21, p. 25, 1897 ;
and Murray and Irvine, idem., p. 35.

4 Guide des excursions du VII. Cong. géol. internat., No. 29.
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marcasite; and some is reox1d1aed to produce sulphwtes again.
From all of these considerations we see that the biochemistry of the
ocean is curiously complex, and that its processes are conducted
upon an enormous scale. The magnitude of theirinfluence can not
he expressed in any quantitative terms, and must long remain an
unmeasured factor in marine statistics. In all probability the cir-
culation and distribution of carbon in the ocean is as much influ-
enced by living beings as by e\chfuwes between the sea and the
atmosphere.



CHAPTER V.

THE WATERS OF CLOSED BASINS.
PRELIMINARY STATEMENT.

In dealing with the ocean and its tributary rivers we have studied
the hydrosphere in its larger sense, the waters all forming part of one
great system of circulation which can be treated as a’ unit. But on
all the continents there are isolated areas from which the drairiage
never reaches the sea. Streams originate in the higher portions of
such areas, resembling in all respects those tributary to the ocean.
Their waters gather in depressions and, ultimately, by the concentra-
tion of their saline constituents form salt or alkaline lakes or even
dry beds of solid residues. The latter condition is developed in
small areas of great aridity, where evaporation is so rapid that no

large body of water can accumulate; but the more important closed

basins are characterized by the formation of permanent reservoirs,
such as the Caspian, the Great Salt Lake, and the Dead Sea. Each
basin exhibits individual peculiarities of more or less local origin,
and therefore each one must be studied separately. No such uni-
formity as that shown by the ocean is manifested here, although in
some lakes we can recognize a curious appro*nmatlon in chemical
character to that of the open sea.

THE BONNEVILLE BASIN.

To American students the most accessible and therefore the most in-

teresting of these isolated regions is that known as “ the Great Basin ”

in the western part of the United States. This area is fully described
in two monographs of the United States Geological Surveye in
which it is represented as having been formerly the seat of two great
lakes, Bonneville and Lahontan, of which only the remnants now
exist. The Great Salt Lake of Utah is the chief remainder of Lake
Bonneville and, with its accessory waters, may well occupy our
attention first.

The water of Great Salt Lake has been repeatedly analyzed—on the
whole with fairly concordant results, except, in regard to salinity.
The latter varies with changes in the level of the lake, but is always

e G. K. Gilbert, Lake Bonneville: Mon. I, 1890. I. C. Russell, The geological history
of Lake Lahontan, Mon. X1, 1885.
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several times greater than that of sea water. An early, incomplete
analysis by L. D. Gale and a questionable one by H. Bassett are
hardly worth reproducing.® The other available data, expressed in
percentages of total salts, are as follows:

Analyses of water from Great Selt Lake.

A. By O. D. Allen,® Rept. U. S. Geol. Explor. 40th Puar., vol. 2, p. 433, 1877. Water col-
lected in 1869. A trace of boric acid is also reported, in addition to the substances named
in the table. ’

B. By Charles Smart. Cited in Resources and Attractions of the Territory of Utah,
Omaha, 1879. Analysis made in 1877.

C. By E. von Cochenhausen, for C. Ochsenius,® Zeitschr. Deutsch. geol. Gesell., vol. 34,
p. 359, 1882. Sample collected by Ochsenius April 16, 1879,

D. By J. F, Talmage, Science, vol. 14, p. 445, 1889. Collected in 1885.

. By Talmage, loc. cit. Collected in 1889.

I'. By E. Waller, School of Mines Quart., vol. 14, p. 57, 1892. Waller also reports a
trace of boric acid. N

G. Dittmar's average composition of sea salts, inserted here for ease of comparison.

A B C D. E F. G
55.69 55. 292
trace it

6.52 7.602

.......... . 207

L) O .

32.92 30. 593

1.70 1.106

1.05 1.197

2.10 3.725

O

R . Of A . . 100. 00 100. 000

Salinity, percent.............. 14.994 13.790 15.671 16. 716 19. 558 | < 23.036 3.5

a Allen also gives analyses of a saline soil from a mud flat ncar Great Salt Lake. It
contained 16.40 per cent of soluble matter much like that of the lake water.

Sa;toi‘;ﬁfmus also gives an analysis of the salt manufactmed from' the water of Great
¢ More correctly, 230.355 grams per liter.

Although the salinity of the lake is from four to seven times as
great as that of the ocean, its saline matter has very nearly the same
composition. The absence of carbonates, the higher sodium, and the
lower magnesium are the most definite variations from the oceanic
standard ; but the general similarity, the identity of type, is unmis-
takable. Gilbert estimates the quantity of sodium chloride contained
in the lake at about 400 millions and the sulphate at 30 millions of
tons.

For the waters tributary to Great Salt Lake, many a‘nalyses are
available.? The following table relates to some of the streams, ex-
cept that Sevier Lake, an outlying remnant of Lake Bonneville, is

aThey are cited in Gilbert's monograph. Bassett's analysis is exceedingly high in
potassium.

b In addition to the data given here, see analyses by J. T. Kingsbury, of City, Red
Butte, Farmington, Emigration, Parleys, Big Cottonwood, and Little Cottonwood creeks,
cited by G. B. Richardson in Water-Sup. and Irr. Paper No. 157, U. 8. Geol. Survey, p. 30,
1906 ; analyses made in 1882 and 1884. TField Operations Bureau of Soils, U. 8. Dept.
Agric., 1903, p. 1138, contains analyses of Provo River, Spanish Fork, American Fork,
and Dry, Payson, Santaquin, Currant, and Warm creeks, but the analyst is not named.
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included as a matter of convenience. ' The analyses are all reduced to
standard form, with bicarbonate radicles recalculated to normal CO,.
Salinity is stated in parts per million:

Analyses of waters tributary to Great Salt Lake.

A. Bear River at Evanston, Wyoming. Analysis by F. W. Clarke, Bull. U. S. Geol.
Survey No. 9, p. 30, 1884. ) :

B. Bear River at Corinne, Utah, near its mouth. Analysis received from the Southern
Pacific Railroad. )

C. Jordan River at intake of Utah and Salt Lake canal. Analysis by I, K. Cameron,
Rept. No. 64, Bureau of Soils, U. 8. Dept. Agric.,, p. 108, 1900.

D. Jordan River near Salt Lake City. Analysis by Cameron, loc. cit.

E. City Creek, Utah. Analysis by T. M. Chatard, Bull. U. 8. Geol. Survey No. 9,
p. 29, 1884.

F. Ogden River at Ogden, Utah.

G. Weber River at mouth of canyon. Analyses ' and G made under the direction of
F. K. Cameron, Field Operations Div. Soils, U. 8. Dept. Agric., 1900, p. 226.

H. Sevier Lake. Analysis by Oscar Loew. Rept Geog Surv. W. 100th Mer., vol. 3,
p. 114, 1875. Sample taken in 1872,

5.38| 23.211°13.73 52. 66
2.87 5. 65 9.25 10.88
52.57 | 33.68 | 40.00........
3.74( 1L31 8.37 33,33

24.19 | 16.05. 18.19 12
3.69 ... i
.4l

100.00 [ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Salinity, parts per million........... 185 637 892 | 1,090 243 444 | 455 86,400

Utah Lake, at the head of the J ordan River, has furnished material
for a most instructive series of analyses, as follows:

Analyses of water from Utah Lake.

A. By F. W. Clarke, Bull. U. 8. Geol. Survey No. 9, p. 20, 1884.

B. By F. K. Cameron, 1899. °

C. By B. E.-Brown 1903. )

D. Mean of three analyses by A. Seidell, 1904. Samples taken in May.

E. By B. E. Brown, 1904.  Collected August 31. For analyses B, C, D, and E, see
F. K. Cameron, Jour. Am. Chem. Soc., vol. 27, p. 113, 1905. - All are here reduced to
terms of normal carbonatés.

28.25 30.14
12.35 8.48

06 ...l
18.19 18.34
2.17 L75
5.90 5.34

[ L3 O,
6.18 6.85
2.00 2.23




THE WATERS OF CLOSED BASINS. . 121

Although the foregoing analyses are, in one respect or another,
incomplete, they tell an intelligible story. Bear River at Evanston
is a normal river water, which upon evaporation would yield mainly
calcium carbonate, and so, too, is City Creek. Bear River, near its
mouth, has changed its character almost completely and has evidently
taken up large quantities of sodium chloride from the soil. Utah
Lake, in the twenty years intervening betweer the earliest and latest
analyses, has undergone a thorough' transformation, and its salinity
has more than quadrupled. From a fresh water of the sulphate type
it has become distinctly. saline, and this change is probably -a result

‘of irrigation. Its natural supplies of water have been diverted into

irrigating ditches, and at the same time salts have been leached out
from the soil and washed into the lake. To some-extent these salts
have been brought to the surface as a result of cultivation, so much
so that considerable areas of land bordering upon the lake have ceased
to be available for agriculture. Its outlet, the Jordan River, exhibits
the same peculiarities. As for Sevier Lake, which is now reduced to
a mere pool in consequence of irrigation along its sources,.its water
resembles that of Great Salt Lake, except that at the time the analy-
sis was made it was only about half as saline.

All of the waters tributary to Great Salt Lake, so far as they have
been examined, contain notable quantities of carbonates, which are

- absent from the lake itself. These salts have evidently been precipi-

tated from solution, and evidence of this process is found in beds of
oolitic sand, composed mainly of calcium carbonate, which exist at

“various points along the lake shore.* The strong brine of the lake

seems to be incapable of holding calcium carbonate in solution.

THE LAHONTAN BASIN.

The Quaternary Lake Lahontan, which once covered an area of
8,400 square miles in northwestern Nevada, is now represented by a
number of relatively -small, scattered sheets of water and many
alkaline or saline beds. Instead of one large basin there are now
several basins, and each one is fed by independent sources of fresh
water. Each lake, therefore, has its own individual peculiarities, as
the various analyses show. Some of the lakes exist only during the
humid season, when large areas are covered by a thin layer of water;
others are permanent sheets of considerable depth. Our data Ielate :
only to the latter, with their sources of supply :

In the statement of some analyses precision, in a certain sense, has
been sacrificed to uniformity. In strongly alkaline waters the radicle
SiO, may possibly exist instead of the colloidal SiO,. In no case,

@ See analyses by R. W. Woodward, cited in Rept. U. 'S. Geol, Explor. 4(jth Pﬁr., vol. 2,
p. 435, 1877. Also an analysis by T. M. Chatard, in Bull. U. S. Geol. Survey No. 228,
p. 331, 1904.
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however, is the silica high enough to cause a serious error in this
respect, and a fraction of 1 per cent will cover the uncertainty. A
graver criticism might be based upon the representation of all the car-
bonates as normal, for bicarbonates are undoubtedly present in some
of the waters, which on evaporation deposit trona in large quantities.
If, however, we régard the analyses as representing the percentage
composition of ignited residues, the suggested objection no longer
holds. We can compare our data upon the uniform basis adopted
hitherto, and leave the question of bicarbonates for separate con-
sideration later. The divergent character of the analyses seems to
render some such procedure necessary. It is only by eliminating
variables that we can secure comparable results.

In thé next table two groups of analyses appear. Lake Tahoe, a
typical mountain lake of great purity, empties through the Truckee
River, which terminates in Winnemucca and Pyramid lakes. These
waters are included in the first group. The second comprises the
Walker River and Walker Lake. The individual analyses, which,
except when otherwise stated, are recalculated from the laboratozy
records of the Survey, are as follows:

Analyses of Lahontan waters—I.

A. Lake Tahoe, California. Analysis by F. W. Clarke.

B. Truckee River, Nevada. Mean of two concordant “ boiler-water analyses”<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>