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I.—Introduction

The history of the composition of ocean water is a auestinn of

of erosion and denudation of land surfaces of the globe and on'h-other, of the formation of all the sedimentao^ strata T^'e
"1°

s.nce the first condensation of water on thT roclcrust o The eaXhas acted as a g.gantic solvent, and the salts it now holds in solution'

a leach.ng and filtenng agent. The sedimentary rocks are thus but »vas prec,p,.ate from the ocean of what had been partly s spTnded
'

dpartly dissolved matter in it during all the geol^gicaiS Ththistory of the composition of the ocean is on this vifw hf ,

of the history of all the terrigenous changes rsaryofiutuTl";the pages of the record of events that have transformJ the sur^e o"

(l8i|



4 Mac«li,i>i : Th« PALXOCHimmv of thi Ocuh.

To the biologist the value of the question obtains Irom a different

point of view. The sea is the original home of all life on the globe,

and it was in the sea that the differentiation between animal ano

vegetable life, as well as the evolution of the great divisions of the

animal kingdom were effected. Indeed the great events in the evolu-

tion of animal forms have been rendered possible by changes which

have taken place in the composition of ocean water. These changes

have modified organisms, and have created conditions which have

served as factors in directing the course of development This may be

specially illustrated by reference to the case of the calcium salts in sea

water. That the earlier Archxan seas contained comparatively small

quantities of calcium compounds seems to be clearly indicated by the

fact that in pre-Cambrian strata the limestone deposits are very limited,

not more than two per cent, of the thickness of the beds, the Huronian

portions of which, now generally recognized as of sedimentary origin,

are, according to Lawson,* over 50,000 feet in thickness. The small

amount of limestone deposits could not have been due to the absence

of living organisms, for the oldest Cambrian beds contain Trilobites and

Brachiopods, and such highly specialized forms postulate a long course

of pte-Cambrian life. The very fact that the Brachiopods of the early

Cambrian were largely those provided with a horny or chitinous shell,

indicates that all the animal forms of the preceding period had imper-

fectly acquired the lime "habit," which, one may reasonably believe,

would have earlier made its appearance had calcium salts been present

in considerable quantities in ocean water from the first. It is perhaps

due to the absence of this lime "habit " that fossils do not obUin in

pre-Cambrian strata.

Once, however, the lime " habit " was acquired, through adaptation

of the animal cell to its environment, the course of development became

accelerated, and the evolution of the higher types of Invertebrate life,

as well as all the forms of Vertebrata, became possible. The Vertebrate

skeleton, and all that it implies in evolution, is, therefore, a result of the

gradual increase in the quantity of calcium in the oceans of the pre-

Cambrian period.

To both the geologist and the biologist the history of the chemistry

of the ocean has recently acquired an additional interest from the

attempt made by Jolyt to determine the age of the earth, who uses for

that purpose as factors the amount of sodium now in the ocean, and that

• Ceol, Survey of Caarnd*. 1887, pp. 101 and "», F.

t An Eitimate of tbe Ocolocical Ace of tbe Earth.

89* p. '3.
, ^ ,
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«tim.led to be in the annual river discharge of the globe, laly tookfor .he« t,>e result, of Murray* who, basing his cjculation, onThed,«harge of nineteen of the principal rivers of the worid, estimated hetotal amount o' \ ««Jium and other salts annually put into the^ bv

dTch
*":[• -""^ ""' '""" '"'"'^' '*•"" "•« '"e sodium an^any

t^^'^" '5''^70,oootons, and the quantity in the sea is ,4, ,5?^ooo,ooo«K,ooo tons. Dividing the latter by the former he ^ets 1^

b;Th:t:'o'fr""^^H^' ^'T'""-
*"'=''• ^^'^^ " y^- --^

stce t^fil T °-' ""T "•• P'"°*' "' «"' -'-'"'^a. elapsedsmce the first condensatin of water vapour took place on the elobe
^y adm„s that the ocean at first contained a considerable quantt^f»dmm as sod.um chloride, and this he puts at about 14 per cent. ofVe

into the sea by river water less than that stated above, but on thTothwhand, .he volume of the ocean may. as a result of more re'nfestim"

It would be 15,627,000,000,000,000 tons. Further, of the sodium«nually put into the ocean, Joly allows as much as ,0 per cent for hatwh,ch ,s taken from the ocean by the rain and returned again n rivewater, and th,, estimate would make the amount of river s^ium whfch
» annually leached out of th , :ks and strata, as 97,800<^ tons

TJ^T" '"'^ ""' "" "" ""«'«' figures' foTjhTage ofthe earth is 89,300,000 years.

In support of his contention Joly shows that as compared with the

ZTr. """
r

'"."'= ''^'"""'"y '«ks, which anTdcrived fro!^

^nl
"".^"^"'""y °f «^"'">' »"d ">at the .odium now in the sea would

Z auThe stl""""'
'"• ": """"" '""' =**""« "' «'. fact is

r^t ^K """' '" "" °''*" ™ ^'"""^ f"" 'he originalock crust by processes which to-day are in operation in decomposing
rock matenaUnd remo, ,g the sodium therefrom. In other words, thedBcharge of sodmm into ,„e sea has been in the past a uniform c.ie orat least subject to no great variations that would constitute a factoragamst determming the age of the earth by this method.

«, J^'A
imate has been ably criticized by the eminent geologist

the Rev Osmond F.sh.r,t who points out that the sodium which isdenved from the decomposition of crystalline or igneous rocks is in theform of carbonate rather than chloride; and he asks whether it is notp^sible that the chloride of river water is derived, not from crystalline

GmI MmT.. N«w Sm-., Vol. 7. p, ,^, ,goo.

['83I
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Macallum i The Palaociibmistiiv op thk Ocban.

but from sedimentary rcxks, or from what Sterry Hunt calls " fossil sea

water, still to be found imprisoned in the pores of the older stratified

rocks, and prr :;umably in the younger as well." To answer this affirma-

tively would be of necessity to assert that the sodium which now f;oes

to the sea as sodium chloride comes from the supply derived from and

deposited by the sea in ancient geological strata—that is, what was at

one time in the sea is being returned to it again. Fisher also points out

that the strata which are now in the process of formation, imprison

sodium chloride in their mass, taking it from the sea. There would

thus be a constant circulation of sodium chloride from the ocean to the

stratified rocks and back again to the ocean. That would also postulate

that the sea was almost as rich in sodium chloride in Silurian times as

it is now, and it would go far to support the view that ' the sea was salt

from the first ;" but if we assume that the sodium of the sea is derived

from those sodium compounds supplied by rivers other than the

chloride, the estimate of the age of the et -th, as given by Joly, would

have to be mul olied several times in order to get the approximate

length of the period which has elapsed since the oceans of the globe

were first formed.

Another criticism of Joly's view, made along the lines followed by

Fisher, is that advanced by Dubois,* who, from a comparison c' the

amounts of sodium and chlor'ne supplied to the sea by a large number

of rivers, concluded that only a small portion, if any at all, ofthe sodium

derived from denudation appears in river water as sodium chloride

;

that the sodium chloride discharged into the sea annually is derived

from the rainfall, and the salt deposited in the older straU by the sea.

As Fisher has already pointed out, it is the sodium compounds

other than the chloride that ought to be considered as being primarily

derived from the disintegration of rock mass, and, therefore, primarily

added to the sea. What the total amount of this sodium is cannot be

determined with approximate certainty, but Dubois is inclined to regard

it as about .one quarter of the total discharge of sodium into the sea as

given in Murray's tables, and, consequently, Joly's estimate ofthe length

of the period which has elapsed since water first condensed on the

earth's surface would have to be multiplie 1 by four, the product being

approximately 400 million years.

• On th« Supply ofSodium mod Cblorina by the Riv«n to tho S««. Kon. AkuL ». W«t«n*i., AautenUm,

PrecwdiBK* of lb* Section of SdMCn, VoL 4, p. 388, iqoa.

[»4l
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II-The Origin of the Physiological Relation or the
Chemical Element in Blood Plasma,

I have thus dealt at some length upon the importance of the
h.stoiy of sea water, and with Joly's views and those of his critics
because all this leads up to a question which is of very great importance
to the physiologist The life of the globe in the earlier geological ages
3o far as the strata reveal to u, the past history of the earth, as already
pointed out, was closely associated with the sea. It is indeed almost
universally assumed that life began in the ocean and continued in
association w'h it alone till the close of the Cambrian period, although
the presence graphite in Cambrian and older rocks seems to indicate
that vegetable organisms were accommodating themselves to a land life
Even this may not be an exception, for these rocks must have been laid
down under water, and therefore their organic remains would be those
of the sea. If accordingly we could know what the composition of the
sea water in the Cambrian ar pre-Cambrian periods was, we would in
all probability, be able to d< mine some of the chemical and physical
forces to which living mati was then subjected and thus explain the
reations which obtain to-day in living matter between it and its
salts. In a recent paper* I have pointed out that the relative propor-
tic.j of the elements, sodium, potassium, an- -ilcium in the plasma of
the blood are surprisingly very like those wh:. „ ire found in the ocean
water of to-day, and that the differences whic . btain between the two
series of proportions of these elements may be explained on the ground
that such proportions in the blood plasma are those that obtained in
ancient sea water when the ancestral form of Vertebrates, in which sea
water was the circulatory fluid, as it is in many marine forms to-day
acquired a closed circulatory system. That the ancient proportionsm
reproduced to-day in all forms, which have a closed circulation I
attribute to the influence of heredity, the cells of the organisms having
for ages been associated with the sodium, potassium, and calcium in
certain proportions, and having been accommodated to them the
relations ultimately became so fixed that living matter reproduces the
ancient proportions in the fluids which bathe itself. There is one point
in which the proportions in the circulatory fluid and those in sea water
diflitr, and that is in respect to the magnesium. In the sea water of to-
day there are 1 1.99 parts of magnesium for every 100 of sodium, while
inplasma there are 0.8 parts of magnesium to 100 of sodium. Thh is

r>^.Z!7r:!i .^^*° °' "" """- """^ -'"'^ •" '="" *«^ '»- -
I>8J|



• Macallum ; The Pal^ochbniitrv of the Ocean,

a striking difference but it is easy of explar ition. Tlie proportion of

magnesium in sea water is now slowly growing. In tlie pre-Cambrian

oceans it must, tlierefore, have been very small, not perhaps as low as it

is in blood plasma, for in the latter the magnesium would only represent

the proportion of an earlier period than that in which the circulation

became closed, as the tissues would only reproduce the proportion

which had by long accommodation become fixed in them. Even the

organisms which live in the sea to-day, whose ancestral forms have lived

.n the sea since the Cambrian, do not take up the magnesium from the

sea water in the full proportion which it has in the latter.

III.—The Origin of the Rel.\tion of the Chemical

Elements within Protoplasm Itself.

There is, therefore, so far as the circulatory fluid of Vertebrates is

concerned, a reproduction of the proportions of the sodium, calcium,

and poUssium of the pre-Cambrian oceans. The problem which now

arises is one whose solution involves greater difficulties. If orf^anisms

should reproduce in their own circulatory fluids the proportions of the

elements in the early geological periods, what contributed to those re-

markable proportions which obtain, not in the circulatory fluids, but in

the living matter itself? These proportions are widely different from

those found in the circulatory fluids, and one cannot bring oneself to

regard the former as derived from the latter. In vegetable organisms

the potassium and the calcium much exceed the sodium, and even the

magnesium may be greater in amount than that of the latter. In

animal organisms the proportions are difficult to ascertain owing to the

presence of skeletal and other structures in which the calcium and

sodium greatly preponderate, but even in these the potassium is nearly

equal to the sodium, and in muscle it is greatly in excess, while the

calcium and the magnesium arc much less than the sodium. Thus, in

the muscle of the dog the relative values for each are* :—

Ar». K. c* Mg.

354 7.26 25.1

These proportions may or may not represent approximately those

found in unicellular organisms like an Amoeba, or even a white blood

corpuscle, but do they represent to any degree the proportions which

obtained in the early pre-Cambrian seas when life was represented by

unicellular organisms only, which accommodated themselves to the

sodium, potassium, calcium, and magnesium in their habitat, just as the

• Juliui Kjtti, PflUitor'i Arch., Vol. 53, p. i, 1896,

(.861
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,

tT.t« d™!''l"-T"'™'
°' '°^^y '"^' accommodated themselvesto these dements m the sea water? Ifthe blood plasma of Vertebrates

^^Zttlc"^""'""''''' "^"^"'' ''= P-Po^ionsSobUmed .n pre-Cambnan oceans, why should not the cells of the tissues

whTcrohf
-^""' ^""'^P'"'"" - themselves the proportonwh.ch obtained m sea water of a much earlier geological ^^, ,„

«o^*r ;• T' "'rr'""'
'" "" P'^^™^ are inhented.'^hy shou S

a1^ r '" "" "re'""'" >« """dered as inherit^ also?

Z„^r7h 7""r" '" ""' """""" "°''''' P"''"'"" "-at the propor-t.ons of the four elementsm early pre-Cambrian seas were very greyly
different from what they are now in the ocean_as different almost^

Zz:^x::i"'
""'"""'""' " --'- --f—setr;::

..soii^-^i-'si-r::^^^::-^^^
s.derat,on of it. We know that the unit of living matTJT the ceUwhether of ammal or vegetable kingdom, presents, on the whole, the

ZIT< "TT' ""' " ^°'' "'""eh the same morphological
changes. Some of these are grouped under the process of division and

formtT t '"-"'I
"' ""= ""= '" >»"> -™^' -d v^glble

tv~
..''7- *""">» »"d vegetable cell, are derived from a single;^pe which must have existed at the very dawn of life on the globe.The wh^e process of dmsion, with its peculiar morphological features

Zcet ? J"
"" ''"S'-^-'e" "-g-i-. «hich transmitted "!o7ts

inTth t ',,
Smce, as already stated, the process of division is the samen both kingdoms, .t .s obvious that it has continued almost unchanged

mi'lZ^ of
' '^ °f generations, animal and vegetable, and for many

he^itv r"' "".
'i*'

*'' Preservation of the original type is due to

neghgible force m regard to chemical composition? Is living matter
fixed m structure almost beyond change, however widely the conditions

Ho^rj,!, 'i
,"'7 "^'^- ""' ""^"'^ ^""^ changeable in its rela-tionsto the chemical elements? As structure depends so largely on

composition, It would be difHcult to explain how living matter Lid so

Ttructure*'^
'" "'""' '° "" ^''"""'' *"'' *' "" ''"" """= "tain its

„o , Yf 'I!' *^'fTL
'"""^ •" * '=''°'« °f hypotheses of which one

postulates that all of the relations of living matter to sodium, potassium
calcium and magnesium are a result of inherited forces, while the otherconcedes that in regard to the circulatory fluids the proportions are

(87l =1



o Macalluh ; The PALxocuBnisTKy or tub Ocean.

determined by heredity, but the relations of these elements in living

matter itself are due to quite different forces in which heredity is a small
factor or ni- factor at all. The acceptance or rejection of either
hypothesis depends on the evidence which we can bring as to the
composition of the ocean in the very earliest geological periods.

The conclusions which we can formulate on this point depend on
what we accept as the composition of the original crust of the lithosphere,
and in our knowledge of the character and composition of the sedi-

mentary rocks, and they must also be based on the changes which are
admitted to have taken place in the composition of the ocean during all

the periods. These conclusions I propose to deal with here in a general
way only, for a full consideration of all the facts which have a bearing
on them would demand a detailed treatment which would far exceed
the limits set for this paper.

IV.—The Composition of the Primeval Ocean.

The original condition of the earth was a molten mass in which
the temperature was so high that many of the elements now in the rock
crust were in a gaseous condition, and dissociated, just as they are at
present, in the solar atmosphere. As the dissipation of heat went on
some of these must have condensed at degrees of temperature which
approximated their present respective volatilization points, while the
remainder, oxygen, hydrogen, chlorine, sulphur and carbon would
combine to form water, hydrochloric, sulphuric and carbonic acids.

The elements, sodium, potassium, calcium, magnesium, and aluminum
would also before condensation take out of the original atmosphere
chlorine, sulphuric acid, oxygen, and perhaps, carbonic acid, to form
the chlorides, sulphates, oxides, and carbonates of these elements, but
whether these compounds obtained after condensation depended en
whether the temperature of the heated rock surface was still as high as
their respective dissociation points. When the molten magma had
cooled down to a degree below the lowest dissociation point, all the
compounds referred to would be either deposited on the hot rock
surface or in the form of vapour in the then atmosphere. When the
temperature of the latter had fallen to about looo'C, all these com-
pounds were removed by condensation, for although, under the atmos-
pheric pressure which now obtains, the temperature of condensation is

for nearly all these compounds about 200' lower, the very great atmos-
pheric pressure of the pre-oceanic period must have rendered the

[Ml
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combination of the dissociated elements and the condensation of the
compounds formed from them possible at a much higher temperature.*

At such a temperature the previously molten rock had become
rigid, and of course the condensed compounds would be deposited on
its surface, and when refusion of the rockcrust occurred, as it must
have done over large areas, large quantities of the deposited compounds
would be diffused through the superficial crust. When the cooling of
the atmosphere and globe progressed until the temperature of the former
was 3;o'C, the first condensation of water took place on the rock
surface. The atmospheric pressure, according to Joly.f must have been
about 270 times what it is now. According to Clarke's J estimate of the
relative values of water and carbon dioxide to that of the solid portion of
the globe, the atmospheric pressure before the first condensation took
place, was about 247 times what it is at present. Joly affirms that at
370X a pressure of 190 atmospheres would produce a condensation of
water, and, as the pressure was much higher, condensation would go on
till the pressure fell below 190 atmospheres. This would entail rapid
evaporation, for at many points the temperature of the rock surface
would be so high that the water would condense only to boil away
immediately. This would collect the salts deposited on the surface in
masses, and it would, as in the case of the chlorides of magnesium, iron
and aluminium, convert these into uxides of these metals and free
chlorine, which, uniting with hydrogen, would form free hydrochloric
acid. The other chlorides, namely, those of sodium, potassium and
calcium would be unaffected. The ferric chloride would in some cases
be volatilized but to be recondensed.

This condensation of the water vapour, and the re-evaporation would
occur a countless number of times before there would obtain a perman-
ent body of water on the globe. Where such first occurred there would
be a lower temperature than elsewhere, and in consequence further
condensation ofwater vapour would occur there also. The result would
be the first ocean basin, the weight of the body of water acting on the

-The voMliution poinu of poUnium, ,a^,i^ „d minium an t&,-C. w'C ind i.ooC rtmc-
bwly. The meltinE point* o( calcium and aluminium an unknown. Th« meltiuE pointa of certain Helium
and potaaaium compounds ai«, accoidinx to V. Meyer & Riddle (Bar. d. d. Chcan. Geacll Vol v,
P. a,443.) aa foUowa

:

''

?*'-• «».-c. K : I .c!

J-S- "^C. K. CO, ,o,l-c."•SO M'C. K.SO o,3-C.
( Of. o».

tP. W. Clarke. The Relative Abundance of the Cliemical Elementa. Bulletin U. S. Geol Survev
No. 78, 1891. '
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thin crust and easily affecting the depression. These phenomena
would be repeated at other points as the temperature of the crust and

the atmosphere gradually lowered, until at a point below lOO'^C. nearly

all of the water originally present in the atmosphere had condensed to

form the oceans of the globe.

The composition of the ocean would follow from the occurrence of

the soluble chlorides, sulphates and carbonates of the metals which

came in contact with the first condensations. As pointed out, the con-

densation of superheated water would convert the chlorides of mag-

nesium, iron and aluminium into magnesia (Mg O) oxide of iron

(I i, Os) and alumina (At, O,), the first of which is soluble only in

5 5 368 parts of hot or cold water,* while the two latter are practically

insoluble, even in dilute acids. The magnesia, of course, would dissolve

in water which contained either hydrochloric or carbonic acids, but the

amount dissolved would, on account of the slight quantity of these

acids in the water, be very small. The other chlorides, namely, those of

sodium, potassium and calcium, although equally abundant, would not

be leached out of the rock surface in equal amounts. The solubilities of

these salts differ. For example, lOO parts of water dissolve at 99*^0 154

parts of calcium chloride, 56.3 parts of potassium chloride, but only39.7

parts of sodium chloride. In consequence there would be different

quantities of each chloride dissolved, and the calcium chloride would by

far predominate, while the potassium chloride would be more abundant

than the correspc iding sodium compound. There would, as already

pointed out, be very little ferric chloride and what would be dissolved

would gradually alt be converted, first into the colloidal ferric hydrate,

and eventually into the insoluble oxide of iron.

It does not foliow that the ocean would contain, even af' r a long

period of action on the rockcrust, the whole of the chlorides of

calcium, potassium and sodium originally disposed over and diffused

through the now more or less rigid rockcrust. The constant washing

out of the land areas would no doubt tend to remove these salts from

the rocks until there would be little left in the latter and at the same

time they would become correspondino-ly more abundant in the sea

water. But other salts would begin to appear there also. The magnesia

derived from the chloride of magnesium, through the action of super-

heated water, would, under the action of carbonic acid in the rain water

go into solution as carbonate, but the amount so dissolved, would, on

account of its low degree of solubility, be very small and it would only

'Frttcniui, Liabic'i Annalen, Vol. 59, p. ii.i.
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after a long period of time become appreciable in the ocean. The
carbonic acid in the rain water must have acted, as it does now, on the
silicates of sodium, potassium and calcium in the rocks and produced
free silica and carbonates of these slements, these latter going into
solution and thus reaching the ocean, where, acting on the chloride of
calcium, carbonate of lime and chloride of sodium and potassium would
be formed. The calcium carbonates would be removed by deposition
and thus constitute the origin of the limestone beds of the pre-Cambrian
age, but the chlorides remaining in solution, thus contributed to an
increase :.-. tho amount of sodium and potassium in the sea water.*

The sulphates in the rock crust disintegrated or affected would also
be carried to the sea, but, as these would be small in quantity, they need
not be specially considered here.

Thus the history of the sea must have begun and continued for a
period of unknown length. The only change came from the discharge
mto the sea of the carbonates, the consequent removal of the lime and
the slow increase in amount of magnesium, sulphuric acid, and of potas-
sium and •:idium. The two latter elements were not removed from the
sea except through the rainfall. As I shall presently point out, the pot-
assium compounds are to-day removed from the ocean apparently as
rapidly as they are added by river water, and, in consequence, the
amount in sea water now appears to be stationary. In the eartiest
geological period the conditions which now contribute to this result did
not exist, and the ocean retained all the potassium it held or received
through river discharge. In all probability the potassium equalled, and
even exceeded, the sodium in amount.f When sediments began to form,
and, when soils made their appearance, then, and then only began the
elimmation of the potassium from the ocean. It has been long estab-
lished that potassium manifests a marked capacity to uni;e with silicates
of alumina to form firm compounds, and these obtain whenever potassiur
salts in solution come in contact with argillaceous material, sedimentar
orotherwise,: while the sodium, magnesium, and calcium are unalTectea.

o,..'.,>.T»7"°°' "^'"f™"'
""•' ""-l-t:"! E—y. B«.lon, ,8751 k.ld th. .», ,h.. U,. ,no.t .b„nd.n.

C0..1, „mi ,„ p„„„.l «. „,e, w.. <»id„m chloride, .nd th.t wiih the „«1.,| .ddilio. of ,»li„„ cbo-•t. calaum wu nmond .• cbonai. .nd loduni chlcrid. caeieqacntir toot iti plan.

Ik. i'™ ™t5'
"*'' """'" ""' "" '""" '"" °' "" ''''°"" "— i" tfc« o«.n ... oriBii,.!!, uhM with

«,S'„^t^.'l,!;T"'°"'v'""r"''
•"""li-"' l.""l.™n...h..ri», into .o.,Wh.do,in proportion

«.nU,.«l ,h.ot„...«„.,hotth.»dinn, it now hold.. A. th. pn,po,tion of «diun, to pot...i™ in iZtoo. ""•> » " >o IS. on Jo!J . hypolhni. th. poUMi.n. in tb. prin,«..l ocmn n.n.t h... ,M, .qn.ll.d

™'^°dh„.„;!!.'L."!!! {''"iJ""""-
'"'"""'' '"PI""'. th.t th. chloride of n,.,„„i„„ .nd

^l3 .r,I ,t :^' ?
"""'""'I' '•'" ""*' • r~l».Uo,.nMfor th. ...ount. of cUorii.Wmbinn] with the Mdium, poUHJum, uid clcium,

"uwn.

I Sterry Hunt(<!^, ed. p. gj.)
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The capacity to abstract the potassium is increased if the silicates are

mixed with organic matter. Consequently the potassium which rain

water may contain is in great part removed when the latter filters

through soils, and. therefore, the water discharge from alluvial areas is

always richer in sodium than potassium. This capacity of soib to

abstract potassium is a matter of direct demonstration, and it " explains

the presence of so small an amount of potassium salts in the waters ol

riveis, lakes, streams, and oceans where the lime and soda have accumu-
lated."* This cause of deficiency acts not only in the case of the potas-

sium leached out of disintegrating rock by rain water, but also on the

potassium carried from the sea to the land areas by rain water. The
potassium thus carried is not inconsider.ible, for, according to M. J.

Pierre.f the rain water in the neighbourhood of Caen (France) annually

carries to each hectare of land, about 7.9 kilograms of this element, or

about 1.23 tons per square mile.

This mode of elimination also operates in the ocean, where, how-
ever, the organic matter responsible for the removal, is derived from
plankton organisms, which, on dying, fall to the sea bottom and their

remains decomposing, the potassium they hold reacts with the a.ijil-

laceous material on which the deposits rest and forms the mineral

known as glauconite, containing as low as 0.95 per cent, of oxide of

potassium, but other estimates range from 2.52 to 4.21 per cent. The
sodium present is very much less in quantity.} This mineral is now
being formed, as it has been formed in the past, on the ocean bottom
over the areas which fringe the continental coasts and it constitutes as

much as, or more than,halfof the deposits in shallower waters. Consider-
ing the extent of these areas as well as the fact that they cover the sea

bottom of 'hose localities into which river discharge takes place, it will

t>e recognizee what a very important factor the constant formation of
glauconite is in eliminating potassium from sea water and thus prevent-
ing an increase in the amount of that element in the ocean. This
formation has been going on in the past geological periods, for it is to be
found§ in the primary formations of Russia and Sweden, in the sands

'MandelBcfiChemiitry, Vol. i,p. J47, ,897,

t The i«fei«nce is (fiven to Dr. Angui Smith's " Air and Rain," which is quoted by Joly (iv. ett.)

t The analysisoffivsspedineni as liven by Murrey ftRenaud (CfaalleaBer Report, Deep Sea Dttposita.
p. 389)fave;

/. //. ///. /v. y.
C«0 Ii9 i.s6 ...7 1.34 ...0

^tO ,4, 3,,3 3.Q4 s.gj 4,6,
"'O "-SS 4.S1 3.86 331! o„
NasO 0.00 o.ss o.as 0.17 0.6s

Othefanalyaee quoted by Roth, (AllBemeiae and Chemische Geolocie. Vol. i, p. 339, ,8^) gtn a per-
centage of potassium (not Ki O) varying from s,B to 7,3,

I Murray ft Renaud, op, ctt,,p. 364.
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as is certainly the case with the Stassfurt beds, the result of the evapor-

ation of land-locked arms of the sea.* and they are constituted of but an
infinitesimal fraction of what is contained in the ocean. Sodium chloride,

like other constituents of sea water, is carried landward with evapora-

tion and rain clouds, but it appears to be returned to the ocean, without

any perceptible loss, through the river dischai^e. The only method of

elimination which at all possibly counts is that in which it is imprisoned

mechanically in the sedimentary deposits during their formation. That
sodium chloride is removed in this way has been pointed out and em-
phasized by Osmond Fisher, but there are no data which serve to indi-

cate that this is a considerable factor in diminishing the sodium content

of the ocean. All the known facts point in the contrary direction.

There is no mineral in the course of formation, which is extensive or

abundant in its distribution and which also requires considerable

quantities of sodium for its production, and there are, further, no

agencies acting in the soils which serve to remove sodium compounds
from the petcolating water.

In these considerations we find a full explanation for the relative

proportions (loo : 3.613) of the sodium and potassium which now obtain

in sea water, and also for those which obtain in the river discharge of the

globe. According to Murray's estimate for nineteen principal river?, the

proporti-^ns would be 100 : 38.6. We may postulate from this that in the

early geological periods of the pre-Cambrian period, when soils did not

exist, the quantities of each element discharged by rivers or bodies of

water derived from the land surface, were nearly equal. Since the

primeval ocean, as pointed out above, contained these elements in almost

equal quantities, this condition must have continued until long after soils

holding organisms and organic matter had appeared, and even for an

indeterminable period after organisms had made the ocean their

habitat. The change in the relative proportions once begun must have

gone on with extreme slowness, and oceanic organisms, at first wholly of

the unicellular kind, must have, after acquiring a relation to these

elements, just as slowly responded to the changes in the proportions of

their medium.

The river discharge of the globe has been from primeval times add-

ing also magnesium and calcium to the sea. According to calculations

based on Murray's data, the proportions relative to the sodium shown in

these are 134 and 591 respectively to every 100 of the latter. This is,

of course, based on approximate estimations, and they may be incorrect,

*SeeG. p. Merrill'* "TrMtiMon RockftnJ Roch Wuthcnnc and Soila," p. >•>, 1697.
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" they seem to be, if one scrutinizes the proportions that are
found in nvers whose waters have been carefully analysed. There are
only two rivers, the Amazon and the St Uwrence, which give nearly
the proportron of magnesium called for by Murray's estimates, while the
Ottawa, the Mississippi, and the Nile give quantities much below that
or the sodium, and the quantities of the calcium are found to vary very
much for the different rivers. If we disregard Murray's estimates and
base our observations on the analyses of the various rivers, we can
safely conclude that, while the quantity of calcium added, except in the
case of the Nile, is always, and sometimes very much, greater than the
sodium addition, the latter does not probably exceed the amount of the
magnesium discharged. In the ocean, however, the sodium, calcium
and magnesium have the proportions of loo, 3.91 and 12.0.

The compaiatively low proportion of magnesium in sea ivater is
explainable. In the first place, as pointed out above, there must have
been in the primeval ocean but very little magnesium, owing to the
conversion of all the chloride of magnesium into magnesia which is
except in minute quantities, insoluble. The conditions which so affected
magnesium chloride left the chlorides of calcium, sodium and potassium
unchanged, and m conseqence these went into solution in primeval sea
water, and were, therefore, as compared with magnesium, very abundant
further, the ocean at first must have contained only traces of the latter
element and the subsequent addition of it through river discharge
would increase the amount in sea water, but not to such an extent as
to make it overtake the sodium.

There is another factor which operated in limiting the amount of
the magnesium. This is the tendency shown by the chloride to interact
with the carbonate of lime when the latter undergoes deposition to form
limestone, and, in consequence, this always contains carbonate of
mapesia. When the latter exceeds 10 per cent, the mixture of the
carbonates is given the conventional name of dolomite, and in some
formations of this kind the magnesia is found greatly to exceed the lime.
Dolomites are found in all the periods down to and including the
Cambrian and even in the pre-Cambrian, it is associated with the
crystalline schists.' An exact estimation of the magnesium so
localized IS impossible, but on the average it cannot be more than 10
per cent, of the quantity of the calcium due to deposition, so that the
amount of magnesium removed annually from sea water must fall far
behind that of the. calcium. It follows from this that whatever were

• Zirkal, Labrbuch der Petr<»(ir«pbie, iBm, Bd.4, p. 494.
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the proportions of these two elements in primeval se« water, the propor-

tions must have slowly changed, and as a consequence the magnesium

must have gradually increased while the calcium praaically rtmained

stationary.

It must of course be admitted that magnesium is withdrawn from

the ocean by organisms, but the amount thus removed is very small,

and in no case is it an important method of eliminating the element

from sea water. In the hard part of corals it is as a rule under one*

per cent and in the coralreefs it is less than that in amount, while the

calcium constitutes nearly 40 per cent. Forchhammer'sf analyses of the

ash of sea weeds reveal a quantity of magnesium which he regarded as

important, and he held that the Fucoids thus remove quantities of this

element and deposit them in the beds which contain the solid substances

of sea weeds as far as they are insoluble in waterj According to the

analyses of G6dechens,§ the ash of Fucoids contains from 4 to 7 per cent,

of magnesium. That the element is eliminated from sea water by these

forms may be conceded, but it is doubtful if the quantity removed in

this way is sufficient to aifect materially in time the total amount

retained in the ocean.

We may conclude, therefore, that in the formation of dolomites, of

magneiia-holding limestones and chalk deposits, and, to a minor degree,

in the activities of animals and plants, elimination of magnesium from

sea water has always obtained ; and, further, that the amount eliminated

annually does not equal the amount of magnesium added to the sea by

river discharge. This postulates a constant increase in the amount of

magnesium in the sea ; and in this respect it must be ranged with

sodium, which increases in amount at a greater rate, since, so far as is

known, there are for it no agencies of elimination in operation which

compare with those affecting the potassium, the calcium, and even the

magnesium. The sodium, therefore, though it is not added in greater

amount than in the case of the latter, is increasing at a greater rate, and

thus the proportion of sodium to magnesium in sea water is slowly alter-

ing. As pointed out above, the primeval ocean must have contained

but an exceeding small quantity of magnesium, and the amount of the

latter now in it is practically wholly derived from the leaching out of the

land surfaces during the intervening ages.

As regards the calcium in sea water there is less uncertainty. The

Aceordinc t* Forcbk«minef tha corala. liit nMtit tai CvraUium noiiit, conUia 6.3ft and a
. 1 par cant

reipectiTclT of matrnaaium carbonate.

t Roth. a>. eil.. p. 616. whera tha reaulta of aoalya— of a aumbar of fonna ara firaa.

t O^. ciV..p. in.

I Ann. i Cbam. und Pbarm.,Vol. 34.? iS'.'SM.
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There ii, indeed, in theie rocki only « small amount of crystalline or
other limestone, and there appears to be still less ir the divisions o( the

Huronian, which, as pointed out, have a thickness in the Lake of the
Woods and Rainy Lake districts, according to Lawson,* aggregating

$0,000 feet, all representing sedimentary formations. What limestone
and gypsum are present in pre-Cambrian rocks can very well be attri-

buted to the occurrence of calcium salts in the oceans of the Archxan
in quantities, however, which could not have very greatly exceeded those

which obtain to-day in sea water.

V.- -The Relation of the Salts in the Ocean to
Protoplasm.

From the considerations advanced in the preceding section of this

paper, it follows that the ocean has been, and is now, slowly changing,
not in its composition, but in the proportions in it of the van'ou.

elements to each other, and that, as a consequence, it is now in this

respect greatly diflerent from what the primeval ocean was in the
period following the first condensations of water vapour on the rock
crust of the globe. It may again be noted that in all these changes
there are two distinct periods. In the first, or older, life was not
represented except towards its close, and therefore, the only factors

engaged in eliminating any of the elements from the sea were purely
chemical ones such as are illustrated in the precipitation of lime as
carbonate and sulphate and of magnesia as carbonate. In this period
the elements must have differed in amounts from each other less

markedly than they do to-day, and the constant addition to these

fnm the discharge from the land surfaces did not tend to alter, even
after a very long interval, the proportions which first obtained. This
period must have terminated some considerable time after the appear-
ance of living forms on the globe, and especially only after the a'lapta-

tion of vegetable forms to a land life, and the consequent production

of soils. The second period could not have begun at once after the
appearance of living forms, for these must first have acquired a relation

to the elements and then have developed the habit of disposing of the
various salts which they took out of the sea water. This period may
well be supposed to have begun when there had developed not only a
considerable diversity of forms in the sea, but also the organisms
which contribute to the production of organic matter in soils. In this

period the removal of potassium from the land surfaces decreased.
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portions, on the other.* In consequence, their descendant forms

inherited this relation, and transmitted it to the forms and species which

arose through variation and other causes. When multicellular forms

arose these were endowed with the same relation.

The proportions of the elements in the early pre-Cambrian ocean

with their long action on protoplasm must then have conferred a more

or less fixed property on the latter and, in consequence, living matter,

whether animal or vegetable, now shows in its ash proportions of the

elements greatly different from those found in the media in which it

lives or in the circulatory fluid which bathes it. This relation or

property resists change even after exposure to altered conditions for a

very long period of time. Before the circulatory fluid (blood plasma)

was established in multicellular animals, a great change must have

occurred in the proportions of the elements in the ocean, a change which

would account for the wide differences between the proportions in the

protoplasm or tissue on the one hand, and those in the blood on the

other.

The proportions of the elements in living matter are due then to

conditions which obtained in the ocean far back in the pre-Cambrian age,

while those in the blood nr plasma are due to conditions which occurred

in the ocean long after this and yet before the b^inning of the Cam-

brian period. The proportion of potassium to sodium in blood plasma is

nearlyf double what it is in the ocean and therefore that difference must

have resulted in the period that has elapsed since the rudiments of a

circulatory system were developed in those Metazoan animals which

gave rise to Vertebrates.

As pointed out above, it is difficult to obtain the exact proportions

of the sodium, potassium, calcium and magnesium in living matter, for.

except in muscle fibre, protoplasmic structures cannot in sufficient

quantities be freed from adherent material which carries these elements

in very different proportions. Calcium exists in tissues apart from the

protoplasm and as precipitates or deposits, and according to recent

observations which I have made, this is true in a very large degree of

* GeotoEJitB concede a very long time to the pre-Cambrian, a duration which, according to the different

estimate*, range* from one-third to tour-fiftht, and even nine-tentha, of the whole geological period. The

very fact that all the chief types of animal li>e, and perhaps alto of vegetable life ai well, appeared before the

close of the pre-Cambrian Age, indicated that the latter was of inconceivably long duration

.

t Amongst the oldest and highly specinliied forms are OUntltus and the Brachiopods of the Cambrian.

The oldest Vertebrate remains are in the Trenton division of the Silurian, more recent than the Cambrian,

but t>'ese are " ganoid" in character and this fact postulates a long preceding period of development out ot

Protovertebrate forms which therefore could not have first appeared much Inter than the beginning of the

Cambrian, The circulatory syatem of Vertebrates accordingly has a history which began in the pre-

Cambrian age.

(»]
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partially, by regions in which pre-Cambrian formations occur, or are
the only apparent rocks, the potassium predominates over the sodium.
For example, in the water from Reindeer Lake, which is situated 400
miles directly north of Lake Winnipeg, Professor Adams found the

potassium to exceed very greatly the sodium. In the water from the
Churchill River, as well as in the water from the Saskatchewan River
above the junction of the Big Stone River, the potassium is much richer

than the sodium.* These rivers drain rocky areas chiefly of the pre-

Cambrian type. Rocksof the primitive kind, therefore, contrary to the
prevailing opinion,! supply to the water which comes in contact with
them more potassium thru sodium.

Even in the case of Lake Superior which draws its supply not only
from the primitive rock region on its northern side, but also from the
areas covered with soils of alluvial and drift origin on the south, the
potassium is about equivalent to the sodium. In the lakes of the
Bavarian Highlands, Rachel See, WUrm See and Ronig See, the
potassium is twice in amount that of the sodium. In Lake Zurich the
potassium exceeds the sodium. In Lake Geneva, in Pyrenean and
Vosgean Lakes and in those of Russia, Armenia and Central Asia the
potassium is approximately two-thirds of the sodium. It is probable
that if proper methods for estimating potassium had been current in his

day, C. Schmidt would have found for the lakes of Russia, Armenia and
Central Asia a higher potassium value than he obtained, for the
methods then in vogue for the determination of the element in the
presence of sodium were very faulty and gave very low results. It is

probable also that this may explain the low value found by Sterry Hunt
for the potassium of the Ottawa River, whose waters, as well known, are
derived largely from Archaean regions.

The Tables A and B show further that, in nearly all cases, the
calcium is very abundant. In the Nile only, amongst the rivers, is it

less than the sodium, while it very greatly exceeds it in the rest. In the
lakes it is very abundant relatively, with the exception ofthe Rachel See
and Lake Onega. In the Bavarian lakes. Lake Geneva, Lake Zurich,
and some others, it is exceedingly abundant relatively.

The magnesium is always less than the calcium, and the relative

difference is sometimes very great. It may fall below the sodium, but,

as a rule, it is greater in amount.

These proportions, one can readily understand, must have been

• F. D. AUamt Gto. and Nat. Hiit. Survey ot Canada, iSSo-a. p. 6, 4.

i Thia opinion !• batad largely on the fact tliat tbe potaih feldipara are dilSculi to decompoaa wliila
the aoda feldapari readily undergo decompoiition.

[»2i
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the volume of water, and, evaporation keeping pace with the inflow, a
concentration of the salts held in solution took place. An examination
of the present sources of inflow shows that these do not contain the
sodium, potassium, calcium and magnesium in the relative proportions
which are found in the lake. Gilbert estimates that it would take only
•eighteen years to give the lake through its fresh water inflow, all the
calcium it now contains and that 850 years would to this end be re-

quired for magnesium. He does not deal with the case of the potassium
of which the analyses he reports show only traces in the inflow water,
but this also may have been due to faulty methods of determining that
element. These latter seem to be the only explanation for the great
discrepancy between the amounts of potassium found by Talmage* in

1889 and Bassettt in 1873;.

Short as is the extreme period required by Gilbert's calculations to
afiect all the changes in the composition, it has epitomized the history
of the ocean. Even if we postulate that the primitive rock crust of the
globe in pre-Cambrian times contained more sodium chloride than what
is found now in Archxan formations, there is also more of this salt in
the strata of later geological periods which cover the drainage area of
Utah Salt Lake. Of course there is not a complete parallel between
the latter and the ocean, for the relative proportions are no: exactly the
same, but their approximate similarity is striking, and, it may be added,
very convincing as to the extreme probability of the thesis maintained
above.§

TABLE A.

RIVERS.

^fc AT. Ca. Mg. SOj. CI.

1. St. Lawrence .. . loo 32.9 638.0 143.4 I36'0 ^23.0
» Ollawa 100 64. J 416.7 82.5 67.3 224.3
3. M)S.si8Sippi 100 35.5 463.0 82.0 17.1 8.4

4. Amazona 100 72.6 1,089.0 135.6 36.0 90.0

5- Nile..... 100 22.2 75.1 41.5 ,8.5 16.0
6. Assinaboine 100 10.5 122.0 69.4 137.9 50-0
7. Red River 100 12.3 133.3 83.3 190.0 91.4
8. Ninetet.i Rivers

(Murray) 100 38.6 590.9 134.3 197.6 53.5 1

* Science. Vol. i^. 1889, p. 44J.

tCbemlcal Newt. Vol. 18, 1873, p. ajfi.

See Table B, Uuh Salt Lake, a6anJ v,.

I In Lake Shirwa. aceordins to J. E. S.Moore, (".The TanEanyika Problem." 190), p.
lake which waa once fresh, but baa become lalt through the Ion oi iu outlet. So far
aaalyae* hare been made of iti watera.

{304I

343.0

403.0

80.4
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ffm.

» Superior ,„
10. Rachel See ,00
I. WlirmSee ,00" WalchenSee.... ,00
'3- Ronig See ,00
14- SchlierSee ,00
15- Lac Gaube

(Pyrenean) ,00
• 6. Lac Gerardmer

(Vojge»)
,„(,

'7- U«e Geneva 00
8. Lake Zurich ,00
19- LakePeipus ,00
20. Lake Onega .... ,00
ai. Lake Tschaldyr

(Armenian Higfh-

'•""i') .00
". Lake Baikal ,o„
33. Sea of Aral ,00
2-^. CaspianSea ,00
».5. Dead Sea ,„„
j6. Utah Salt Uke.. 100
'^ " .. .00
28. Ocean ,„

TABLE B.

LAKES AND S.AS.

97-

»

'99.4

I.OI5.0

13.0

ft.
208.0

SO,.

27.3

CI.

103.2

Si.

19.3

^r

223.9 2.44S.O 809.0
117.7 2.5S7.0 808.5
207.9 5,812,0 588.8
9<..4 3.141.0 661.0

66.3 421.0 17.9

70.4 117.6 29.8

74. S

Ml.

7

2.345.0

.843.9
341.3

272.0 441.0
.55.0

36.0

1,806.0

60S

71.4

929.5

67.3

159.9

51.4

8-5

33-4

134.0

104.7

13.3

36.9

3.4

2.2

59-3

S8.9

2.38

219.3

399.6

18.6

45-7

60.6

24.2

88.2

98.5

1130

653
41-7

156.0

172.1

16.1
s-s

17.3

28.4

3.22

25.8

3.6.3

9.4

40.3

1.22

1.56

3-91

22.7

1.27

7.8.

7.82

12.0

80.0

2.0

14.9

19.1

20.9

63.7

556.1

169.2

192.2

180.9
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SUMMARY.

The points discussed in the preceding pages may be summarized as

follows :—

1. The composition of the ocean represents the result, on the one
hand, of the leaching action of water on the l£...d surfaces of the globe

continued throughout all the geological periods, and, on the other, of

the chemical and other agencies modifying or enhancing the power
of sea water to retain in solution the mineral constituents derived from
the land surfaces through river water since the beginning of the primeval

period.

2. The relative proportions of the elements, and especially of

sodium, potassium, calcium, and magnesium, in river discharge are not

parallel to those of the same elements found in the sea. In river water,

the calcium is always more, and the potassium less, abundant than the

sodium, while the magnesium appears to approximate in amount the

latter. In the sea, on the other hand, the sodium is much more abun-
dant than the other three elements, and this is due to the continuous pre-

cipitation of a very great portion of the calcium added by rivers as

carbonate, to the subsequent fixation in the limestone so formed of the

magnesium as carbonate, and to the removal, continually taking place,^

of potassium, which is affected through animal and vegetable forms, and
its consequent fixation in submarine deposits as glauconite and other

potassium-holding minerals. The calcium and potassium appear to be
stationary in amount, while the magnesium added by river water appears

to exceed in amount that removed from the sea, and, in consequence, is

slowly on the increase in the ocean, but its rate of increase is far behind

that of the sodium.

3. The relative proportions of the elements in the ocean have,

therefore, always been changing, and these proportions must have been,

in the earlier geological periods, very different from what they are now.

In the ocean of the earliest period the relalVe proportions of the

elements approxim£.ted those found in river discharge, or rather those

found in fresh water shed from areas covered with Archaean rocks. In

this the potassium approaches the sodium in amount while the magnes-
ium exceeds the latter, and the calcium is relatively very abundant.

4. This condition must have continued until living forms made
(206]
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to the elements sodium, potassium, calcium and magnesium to the com-

position of sea water which obuined when all forms were unicellular

just as the blood plasma owes its relations to the same four elements to

the composition of sea water which prevailed when circulatory fluids

were established. In other words the relation of protoplasm to salts is

due to the action for ages of sea water, for incalculably long periods of

time, on the living matter of unicellular organisms.

luu






