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ADDRESS OF THE PRESIDENT BEFORE THE
SECTION OF GEOQGRAPHY OF THE BRIT-
ISH ASSOCIATION FOR THE AD-
VANCEMENT OF SCIENCE.

II.

Evolution of the Continental and Oceanic
Areas.

I have now pointed out what appear to
me to be some of the more general results
arrived at in recent years regarding the
present condition of the floor of the ocean.
I may now be permitted to indicate the
possible bearing of these results on opinions
as to the origin of some fundamental geo-
graphical phenomena ; for instance, on the
evolution of the protruding continents and
sunken ocean-basins. In dealing with such
a problem much that is hypothetical must
necessarily be introduced, but these specu-
lations are based on ascertained scientific
facts.

The well-known American geologist, Dut-
ton, says : ‘It has been much the habit of
geologists to attempt to explain the pro-
gressive elevation of plateans and mountain
platforms, and also the folding of strata, by
one and the same process. I hold the two
processes to be distinet, and having no nec-
essary relation to each other. There are
plicated regions which are little or not at all
elevated, and there are elevated regions
which are not plicated.” Speaking of great
regional uplifts, he says further : ¢ What the
real nature of the uplifting force may be is,
to my mind, an entire mystery, but I think
we may discern at least one of its attri-
butes, and that is a gradual expansion or
diminution of density of the subterranean
magmas. * * % Weknow of nocause
which could either add to the mass or
diminish the density, yet one of the two
must surely have happened. * * * Hence
I infer that the cause which elevates the
land involves an expansion of the underly-
ing magmas, and the cause which depresses
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itis a shrinkage of the magmas ; the nature
of the process is at present a complete mys-
tery.” I shall endeavor to show how the
detailed study of marine deposits may help
to solve the mystery here referred to by
Dutton.

The surface of the globe has not always
been as we now see it. When, in the past,
the surface had a temperature of about
400° F., what is now the water of the ocean
must have existed as water vapor in the
atmosphere, which would thereby—as well
as because of the presence of other sub-
stances—be increased in density and vol-
ume.

Life, as we know it, could not then exist.
Again, science forsees a time when low tem-
peratures, like those produced by Professor
Dewar at the Royal Institution, will prevail
over the face of the earth. The hydro-
sphere and atmosphere will then have dis-
appeared within the rocky crust, or the
waters of the ocean will have become solid
rock, and over their surface will roll an
ocean of liquid air about forty feet in depth.
Life, as we know it, unless it undergoes
suitable secular modifications, will be ex-
tinct. Somewhere between these two in-
definite points of time in the evolution of
our planet it is our privilege to live, to
investigate, and to speculate concerning
the antecedent and future conditions of
things.

When we regard our globe with the
mind’s eye, it appears at the present time
to be formed of concentric spheres, very like,
and still very unlike, the successive coats
of an onion. Within is situated the vast
nucleus or centrosphere; surrounding this is
what may be called the tektosphere,* a shell
of materials in a state bordering on fusion,
upon which rests and creeps the lithosphere.
Then follow hydrosphere and atmosphere, with
the included biosphere.t To the interaction

* ryxrdég, molten.

1 Bioc.
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of these six geospheres, through energy de-
rived from internal and external sources,
may be referred all the existing superficial
phenomena of the planet.

The vast interior of the planetary mass,
although not under direct observation, is
known, from the results of the astronomer
and physicist, to have a mean density of

5.6, or twice that of ordinary surface rock.

The substances brought within the reach of
observation in veinstones, in lavas, and
hypogene rocks—by the action of water as
asolvent and sublimant—warrant the belief
that the centrosphere is largely made up of
metals and metalloids with imprisoned
gases. Itis admitted that the vast nucleus
has a very high temperature, but so enor-
mous is the pressure of the super-incum-
bent crust that the melting-point of the
substances in the interior is believed to be
raised to a higher value than the tem-
perature ‘there existing—the centrosphere
in consequence remains solid, for it may be

assumed that the melting-point of rock-

forming materials is raised by increase of
pressure. Astronomers from a study of
precession and nutation have long been
convinced that the centrosphere must be
practically solid.

Recent seismological observations indi-
cate the transmission of two types of waves
through the earth—the condensational-rare-
factional and the purely distortional—and
the study of these tremors supports the
view that the centrosphere is not only solid,
but possesses great uniformity of structure.
The seismological investigations of Pro-
fessors Milne and Knott point also to a
fairly abrupt boundary or transition sur-
face, where the solid nucleus passes into
the somewhat plastic magma on which the
firm upper crust rests.

In this plastic layer or shell—named the
tektosphere—the materials are most probably
in a state of unstable equilibrium and
bordering on fusion. Here the loose-tex-
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tured solids of the external crust are con-
verted into the denser solids of the nucleus
or into molten masses, at a critical point.of
temperature and pressure; deep-seated
rocks may in consequence escape through
fissures in the lithosphere. Within the
lithosphere itself the temperature falls off
go rapidly towards the surface as to be
everywhere below the melting-point of any
substance there under its particular pres-
sure. ,
Now, as the solid centrosphere is slowly
contracted from loss of heat, the primi-
tive lithosphere, in accommodating itself—
through changes in the tektosphere—to
the shrinking nucleus, would be buckled,
warped, and thrown into ridges. That these
movements are still going on is shown
by the fact that the lithosphere is every-
where and at all times in a slight but meas-
ureable state of pulsation. The rigidity of
the primitive rocky crust would permit of
considerable deformations of the kind here
indicated. Indeed, the compression of
mountain chains has most probably been
brought about in this manner, but the same
cannot be said of the elevation of plat-

-eaus, of mountain platforms, and of con-

tinents.

From many lines of investigation it is
concluded, as we have seen, that the centro-
sphere is homogeneous in structure. Direct
observation, on the other hand, shows that
the lithosphere is heterogeneous in compo-
gition. How has this heterogeneity been
brought about? The original crust was
almost certainly composed of complex and
gtable silicates, all the silicon dioxide heing
in combination with bases. Lord Kelvin
has pointed out that, when the solid crust
began to form, it would rapidly cool over
its whole surface ; the precipitation of water
would accelerate this process, and there
would soon be an approximation to present
conditions. As time went on the plastic or
critical layer—the tektosphere—immedi-
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ately beneath the crust would gradually
sink deeper and deeper, while ruptures and
readjustments would become less and less
frequent than in earlier stages. With the
first fall of rain the silicates of the crust
would be attacked by water and carbon
dioxide, which can at low temperatures dis-
place silicon dioxide from its combinations.
The silicates, in consequence, have been
continuously robbed of a part, or the whole,
of their bases. The silica thus set free goes
ultimately to form quartz veins and quartz
sand on or about the emerged land, while
the bases leached out of the disintegrating
rocks are carried out into the ocean and
ocean-basins. A continuous disintegration
and differentiation of materials of the
lithosphere, accompanied by a sort of
migration and selection among mineral
substances, is thus always in progress.
Through the agency of life, carbonate of
lime accumulates in one place ; through the
agency of winds, quartz sand is heaped up
in another; through the agency of water,
beds of clay, of oxides of iron and of man-
ganese are spread out in other direc-
tions.

The contraction of the centrosphere sup-
plies the force which folds and crumples the
lithosphere. Thecombined effect of hydro-
sphere, atmosphere, and biosphere on the
lithosphere gives direction and a deter-
minate mode of action to that force. From
the earliest geological times the most
resistant dust of the continents has been
strewn along the marginal belt of the sea-
floor skirting the land. At the present
time the deposits over this area contain on
the average about 70 per cent. of free and
combined silica, mostly in the form of
quartz sand. In the abysmal deposits far
from land there is an average of only about
30 per cent. of silica, and hardly any of this
in the form of quartz sand. Lime, iron,
and the other bases largely predominate
in these abysmal regions. The continuous
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loading on the margins of the emerged land
by deposits tends by increased pressure to.
keep the materials of the tektosphere in
a solid condition immediately beneath the
loaded area. The unloading of emerged
land tends by relief of pressure to produce
a viscous condition of the tektosphere im-
mediately beneath the denuded surfaces.
Under the influence of the continuous
shakings, tremors, and tremblings always
taking place in the lithosphere the materials
of the tektosphere yield to the stresses acting
on them, and the deep-seated portions of the
terrigenous deposits are slowly carried to-
wards, over, or underneath the emerged
land. The rocks subsequently re-formed
beneath continental areas out of these ter-
rigenous materials, under great pressure
and in hydrothermal conditions, would be
more acid than the rocks from which they
were originally derived, and it is well
known that the acid silicates have a lower
specific gravity than the intermediate or
basic ones. By a continual repetition of
this process the continental protuberances
have been gradually built up of lighter ma-
terials than the other parts of the litho-
sphere. The relatively light quartz, which
is also the most refractory, the most stable,
and the least fusible among rock-forming
minerals, plays in all this the principal rdle.
The average height of the surface of the
continents is about three miles above the
average level of the abysmal regions. If
now we assume the average density of the
crust beneath the continents to be 2.5, and
of thepart beneath the abysmal regions to
be 3, then the spheroidal surface of equal
pressure—the tektosphere—would have a
minimum depth of eighteen miles beneath
the continents and fifteen miles beneath the
oceans, or if we assume the density of the
crust beneath the continents to be 2.5, and
beneath the abysmal regiong to be 2.8, then
the tektosphere would be twenty-eight.
miles beneath the continents and twenty-
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five miles beneath the oceans. The present
condition of the earth’s crust might be
brought about by the disintegration of a
quantity of quartz-free volcanic rock, cover-
ing the continental areas to a depth of eight-
een miles, and the re-formation of rocks
out of the disintegrated materials.

‘When the lighter and more bulky sub-
stances have accumulated there has been
a relative increase of volume, and in con-
sequence bulging has taken place at the
surface over the continental areas. Where
the denser materials have been laid down
there has been flattening, and in conse-
quence a depression of the abysmal regions
of the ocean-basins. Itisknown that, asa
general rule, where large masses of sedi-
ment have been deposited, their deposition
has been accompanied by a depression of
the area. On the other hand, where broad
mountain platforms have been subjected to
extensive erosion, the loss of altitude by
denudation has been made good by a rise
of the platform. This points to a move-
ment of matter on to the continental
areas.

If this be anything like a true concep-
tion of the interactions that are taking
place between the various geospheres of
which our globe is made up, then we can
understand why, in the gradual evolution
of the surface features, the average level of
the continental plains now stands perma-
nently about three miles above the average
level of those plains which form the floor of
the deep ocean basins. We may also un-
derstand how the defect of mass under the
continents and an excess of massunder the
oceans have been brought about, as well as
deficiency of mass under mountains and
excess of mass under plains. Even the
local anomalies indicated by the plumb-line,
gravity, and magnetic observations may in
this way receive a rational explanation.
It has been urged that an enormous time
—greater even than what is demanded by
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Darwin—would be necessary for an evolu-
tion of the existing surface features on
these lines. I do not think so. Indeed, in
all that relates to geological time I agree,
generally speaking, with the physicists
rather than with the biologists and geolo-
gists.

Progress of Oceanic Research.

I have now touched on some of the prob-
lems and speculations suggested by recent
deep-sea explorations; and there are many
others, equally attractive, to which no ref-
erence has been made. It is abundantly
evident that, for the satisfactory explana-
tion of many marine phenomena, further
observations and explorations are neces-
sary. Happily there is no sign that the in-
terest in oceanographical work has in any
way slackened. On the contrary, the num-
ber of scientific men and ships engaged in
the study of the ocean is rapidly increasing.
Among all civilized peoples and in all quar-
ters of the globe the economic importance
of many of the problems that await solution
is clearly recognized.

‘We have every reason to be proud of the
work continually carried on by the officers

‘and ships attached to the Hydrographic

Department .of the British Navy. They
have surveyed coasts in all parts of the
world for the purposes of navigation, and
within the past few years have greatly en-
larged our knowledge of the sea-bed and
deeper waters over wide stretches of the
Pacific and other oceans. The samples of
the bottom which are procured, being al-
ways carefully preserved by the officers,
have enabled very definite notions to be
formed as to the geographical and bathy-
metrical distribution of marine deposits.
The ships belonging to the various Brit-
ish Telegraph Cable Companies have done
most excellent work in this as well as in
other directions. Even during the present
year Mr. R. E. Peake has in the s.s. Brit-
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annta procured 477 deep soundings in the
North Atlantie, besides a large collection of
deep-sea deposits, and many deep-sea tem-
perature and current observations.

The French have been extending the
valuable work of the Tulisman and Travail-
leur, while the Prince of Monaco is at the
present moment carrying on his oceanic in-
vestigations in the Arctic Seas with a large
new yacht elaborately and specially fitted
out for such work. The Russians have re-
cently been engaged in the scientific ex-
ploration of the Black Sea and the Caspian
Sea, and a special ship is now employed in
the investigation of the Arctic fisheries of
the Murman coast under the direction of
Professor Knipowitsch. Admiral Makaroff
has this summer been hammering his way
through Arctic ice, and at the same time
carrying on a great variety of systematic
observations and experiments on board the
Yermak—the most powerful and most effec-
tive instrument of marine research ever
constructed. Mr. Alexander Agassiz has
this year recommenced his deep-sea explor-
ations in the Pacific on board the TU. S.
steamer Albatross. He proposes to cross the
Pacific in several directions, and to conduct
investigations among the Paumotu and
other coral island groups. Professor Weber
is similarly employed on board a Dutch
man-of-war in the East Indian Seas. The
Deutsche Seewarte at Hamburg, under the
direction of Dr. Neumayer, continues its
praiseworthy assistance and encouragement
to all investigators of the ocean, and this
year the important German Deep-sea Ex-
pedition, in the s.s. Valdivia, arrived home
after most successful oceanographical ex-
plorations in the Atlantic, Indian, and
Great Southern Oceans.

The Belgica has returned to Europe safely
with a wealth of geological and biological
collections and physical observations, after
spending, for the first time on record, a
whole winter among the icefields and ice-
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bergs of the Antarctic. Mr. Borchgrevink
in December last again penetrated to Cape
Adare, successfully landed his party at that
point, and is now wintering on the Ant-
arctic continent. The expeditions of Lieu-
tenant Peary, of Professor Nathorst, of Cap-
tain Sverdrup, and of the Duke of Abbruzzi,
which are now in progress, may be expected
to yield much new information about the
condition of the Arctic Ocean. Mr. Well-
man has just returned from the north of
Franz Josef Land, with observations of con-
siderable interest.

Some of the scientific results obtained by
the expeditions in the Danish steamer In-
golf have lately been published, and these,
along with the results of the joint work
pursued for many years by the Swedes,
Danes, and Norwegians, may ultimately
have great economic value from their di-
rect bearing on Fishery problems, and on
weather forecasting over long periods of
time.

Largely through the influence of Profes-
sor Otto Pettersson an International Con-
ference assembled at Stockholm a few
months ago, for the purpose of deliberating
as to a programme of conjoint scientific
work in the North Sea and northern parts
of the Atlantic, with special reference to the
economic aspect of sea-fisheries. A pro-
gramme was successfully drawn up, and an
organization suggested for carrying it into
effect; these proposals are now under the
consideration of the several States. The
Norwegian Government has voted a large
sum of money for building a special vessel
to conduct marine investigations of the
nature recommended by this conference.
It is to be hoped the other North Sea
Powers may soon follow this excellent ex-
ample.

The various marine stations and labora-
tories for scientific research in all parts of
the world furnish each year much new
knowledge concerning the ocean. Among
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our own people the excellent work carried
on by the Marine Biological Association,
the Irish Fisheries Department, the Scot-
tish Fishery Board, the Lancashire Fish-
eries Committee, the Cape and Canadian
Fisheries Department, is well worthy of
recognition and continued support. Mr.
George Murray, Mr. H. N. Dickson, Pro-
fegsor Cleve, Professor Otto Pettersson, Mr.
Robert Irvine, and others have, with the
assistance of the officers of the Mercantile
Marine, accumulated in recent years a vast
amount of information regarding the distri-
bution of temperature and salinity, as well
as of the planktonic organisms at the sur-
face of the ocean. The papers by Mr. H.
C. Russell on the icebergs and currents of
the Great Southern Ocean, and of Mr. F.
W. Walker on the density of the water in
the Southern Hemisphere, show that the
Australian colonies are taking a practical
interest in oceanographical problems.

Proposed Antarctic Explorations.

The great event of the year, from a geo-
graphical point of view, is the progress that
has been made towards the realization of a
scheme for the thorough scientific explora-
tion in the near future of the whole South
Polar region. The British and German
Governments have voted or guaranteed
large sums of money to assist in promoting
this object, and princely donations have
likewise been received from private indi-
viduals, in this connection the action of
Mr. L. W. Longstaff in making a gift of
25,0001., and of Mr. A. C. Harmsworth in
promising 5,0007., being beyond all praise.

There is an earnest desire among the
scientific men of Britain and Germany that
there should be some sort of codperation with
regard to the scientific work of the two ex-
peditions, and that these should both sail in
1901, so that the invaluable gain attaching to
simultaneous observations may be secured.
Beyond this nothing has, as yet, been defi-
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nitely settled. The members of the Asso-
ciation will presently have an opportunity
of expressing their opinions as to what
should be attempted by the British Expe-
dition, how the work in connection with it
should be arranged, and how the various
researches in view can best be carried to a
successful issue.

I have long taken a deep interest in Ant-
arctic exploration, because such exploration
must necessarily deal largely with oceano-
graphical problems,and also because I have
had the privilege of studying the conditions

" of the ocean within both the Arctic and

Antartic circles. In the year 1886 I pub-
lished an article on the subject of Antarctic.
Exploration in the ‘Scottish Gteographical
Magazine.” This article led to an interest-
ing interview, especially when viewed in
the light of after events, for a few weeks
after it appeared in type, a young Nor-
wegian walked into the Challenger office in
Edinburgh to ask when the proposed expe-.
dition would probably start, and if there
were any chance of his services being ac-
cepted. His name was Nansen.

When at the request of the President I
addressed the Royal Geographical Society
on the same subject in the year 1893, I made
the following statement as to what it seemed
to me should be the general character of the
proposed exploration: ‘“ A dash at the South
Pole is not, however, what I advocate, nor
do I believe that is what British Science af
the present time desires. It demandsrather
a steady, continuous, laborious, and syste-
matic exploration of the whole southern re-
gion with all the appliances of the modern
investigator.” At thesame time I urged
further, that these explorations should be
undertaken by the Royal Navy in two
ships, and that the work should extend over
two winters and three summers.

This scheme must now be abandoned, so
far at least as the Royal Navy is concerned,
for the Government has intimated that it
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can spare neither ships nor officers, men nor
money, for an undertaking of such magni-
tude. The example of Foreign Powers—
rather than the representations from our
own scientific men—appears to have been
chiefly instrumental in at last inducing the
Government to promise a sum of 45,0001.,
provided that an equal amount be forth-
coming from other sources. This resolve
throws the responsibility for the financial
administration, for the equipment, and for
the management of this exploration, on the
representative scientific societies, which
have no organization ready for carrying out
important executive work on such an ex-
tensive scale. I am doubtful whether this
state of matters should be regarded as a
sign of increasing lukewarmness on the part
of the Government towards marine research,
or should rather be looked on as a most un-
expected and welcome recognition of the
growing importance of science and scientific
men to the affairs of the nation. ILet us
adopt the latter view, and accept the heavy
responsibility attached thereto.

Any one who will take the trouble to
read, in the ‘Proceedings’ of the Royal
Society of London, the account of the dis-
cussion which recently took place on ‘The
Scientific Advantages of an Antarctic Ex-
pedition,” will gather some idea of the num-
ber and wide range of the subjects which it
ig urged should be investigated within the
Antarctic area; the proposed researches
have to do with almost every branch of sci-
ence. Unless an earnest attempt be made
to approach very near to the ideal there
sketched out, widespread and lasting disap-
pointment will certainly be felt among the
scientific men of this country. The pro-
posed expedition should not be one of ad-
venture. Not a rapid invasion and a sud-
den retreat, with tales of hardships and
risks, but a scientific occupation of the un-
known area by observation and experiment
should be aimed at in these days.
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I have all along estimated the cost of a
well-equipped Antarctic Expedition at about
150,000l. I see no reason for changing my
views on this point at the present time, nor
on the general scope of the work to be
undertaken by the proposed expedition, as
set forth in the papers I have published on
the subject. Thereis now a sum of at most
90,000!. in hand, or in view. If one ship
should be specially built for penetrating the
ioy region, and be sent south with one
naturalist on board, then such an expedition
may, it will be granted, bring back interest-
ing and important results. But it must be
distinetly understood that this is not the
kind of exploration seientific men have been
urging on the British public for the past
fifteen or twenty years. We must, if pos-
sible, have two ships, with landing parties
for stations on shore, and with a recognized
scientific leader and staff on board of each
ship. Although we cannot have the Royal
Navy, these ships can be most efficiently
officered and manned from the Mercantile
Marine. With only one ship many of the
proposed observations would have to be cut
out of the program. In anticipation of
this being the case, there are at the present
moment irreconcilable differences of opinion
among those most interested in these ex-
plorations, as to which sciences must be
sacrificed.

The difficulties which at present surround
this undertaking are fundamentally those
of money. These difficulties would at once
disappear and others would certainly be
overcome, should the members of the
British Association at this meeting agree
to place in the hands of their president a
sum of 50,000., so that the total amount .
available for Antarctic exploration would
become something like 150,000, Although
there is but one central Government, surely
there are within the bounds of this great
Empire two more men like Mr. Longstaff.
The Governmenthas suddenly placed the
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burden of upholding the high traditions of
‘Great Britain in marine research and ex-
ploration on the shoulders of her scientific
men. In their name I appeal to all our
well-to-do fellow-countrymen in every walk
of life for assistance, so that these new
duties may be discharged in a manner
worthy of the Empire and of the well-
-earned reputation of British Science.
JoEN MURRAY.

RECENT PROGRESS IN OCEANOGRAPHY.

UxpEeR the title ¢ On the Laws of Move-
ment of Sea-Currents and Rivers,” Dr. A.
'W. Cronander, of the Technical School at
Noorkdping, Sweden, has recently pub-
lished a volume, giving the resnlts of re-
searches based upon his observations of

currents at different depths, taken in 1875-
1877 from the lightships in the Baltic, the
Great Belt and the Sound. Similar obser-
vations on the rivers Gota Elf and Motala
Btrom in Sweden, in the years 1893-1895,
are also utilized together with the regular
daily observations of winds and surface
currents, recorded on the lightships in the
Baltic and in the passages leading thence
to the North Sea.
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These results are certainly very interest-
ing as they establish the fact that the cur-
rents in the Baltic obey the winds and that
none of the other causes, to which we are
accustomed to attribute motions in sea
water, such as differences in density and
temperature, and affluence of rivers, pro-
duce any currents which are either distinc-
tive or perceptible.

Under the assumption that Dr. Cron-
ander’s investigations are not readily ac-
cessible to many of those interested in
these matters, I propose, with his appro-
bation, to furnish a short résumé to this

‘journal.

Dr. Cronander takes up the question of
the existence of a current from the Baltic
into the North Sea, on account of difference
of level. This difference has been deter-
mined by precise leveling, between the
Bothnian Gulf, near Sundwall, and Lev-
anger, near the Frith of Trondhjem, and is
0.725 m. On account of the difference in
specific gravity, which is assumed at 1.027
in the North Sea, and 1.003 in the Bothnian

~ Bea, the difference of level has been calcu-

lated to be 0.546 m. This would give a
fall of the Baltic current of 1 to moré than
3,000,000, and since it has been demon-
strated that with an inclination of 1: 500,-
000 the motion of water is hardly percep-
tible, it is concluded that difference of level
between the Baltic and North seas cannot
produce any appreciable currents.

But it has been tacitly assumed that in
consequence of the great quantities of fresh
water which are constantly precipitated
into the Baltic by some 250 rivers (among
them five of the larger ones in Europe),
there must exist a surface current, the so-
called Baltic Current, by which this excess
of water is carried off into the North
Sea. ’

Dr. Cronander finds two alternate cur-
rents in the passages leading to the North
Sea, which are controlled solely by the



