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OPPORTUNITIES OP OUR R A C E 1  

To those organizations that are strug-
gling with the presidelztial problem, from 
Central American republics to social clubs, 
one niay cordially recominend the unique 
practise of this association, for the adroit- 
ness with which it malces the presidential 
office go twice as fa r  as is usual, while a t  
the same time i t  reduces the hazard of the 
association to the lowest terms. Near the 
close of an annual session a president, is 
chosen and is a t  once permitted to enter 
upon the annual functions of the office by 
attaching his signature to certificates of 
membership, which i t  is assumed he is 
competent at  once to do, but lie does not 
enter upon any conspicuous or presenta-
tive functions so unpreparedlyi; the retir- 
ing president holds the stage for the suc- 
ceeding year. At  the next annual session, 
after a year of manual practise exercised 
on relays of certificates that come at  close 
intervals, the incoming president is form- 
ally introducecl to the association and as- 
sumes the chair. During this session he 
responds to addresses of welcon~e and pre- 
sides over the general sessions of the as-
sociation wit11 as much grace and dignity 
as he may be able to command, but beyond 
this he has no specific occasion, nor does 
the association assume any responsibility, 
for anything that might betray scientific 
attainments or the posession of opinions. 
Near the close of the session, a new presi- 
dent is chosen, and the active president 
enters upon his career as retiring presi- 

Address of the  president of the Aniericail Asso-
ciation for  t he  Advancement of Science, Boston, 
December 25, 1909. 
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dent. At  the end of the year he is thought 
to have retired so far  that he may safely 
be permitted to say what he wishes on 
some subject of his choice without undue 
hazard to the association. This permits 
him to deliver himself with a large degree 
of freedom. If he shall say anything 
amiss, the burden thrown on the associa- 
tion is merely the reflection that a t  an 
earlier stage in the evolution of the asso- 
ciation, now lapsing into dimness of mem- 
ory, an unfortunate selection was made. 

The established custom of occasions of 
this kind leads the association to expect 
that its retiring president will address it 
upon some theme connected with the field 
of his own work. I shall not altogether 
ignore this custom, but I have chosen a 
theme that is at once peculiarly humanistic 
and distinctly prophetic. Geology has not 
usually been regarded as in any special 
sense a humanistic science, much less a 
prophetic one. But  it is just because it has 
not been so regarded and because I have 
fondly dreamed that it might become trib- 
utary in an eminent degree to humanistic 
problems and to a prophetic insight that 
I have chosen the theme assigned for the 
evening. 

Ever since the race came to a virile 
state of intelligence, i t  has tried to peer 
into the future that it might guide itself 
by its foresight. Now and then i t  has pro- 
longed its vision beyond mere temporary 
concerns and has endeavored to prophesy 
the end of the race and the destruction of 
the earth. At all stages the depth of its 
vision into the things before has been close 
akin to the leng-th of its vision backward 
and to the depth of its insight into the 
things about it. The lamp of the past and 
the illumination of the present have been 
its light for the future. This must doubt- 
less always be its true method, for only as 
the race sees far  into the past, sees widely 

and deeply into the present, has it any 
firm basis for a confident prophecy of the 
future. Even in its early days, the race 
did not fail to note that-though this may 
not be so of the ultimate entities-the ex-
isting forms come into existence, live their 
day and pass away; why not, therefore, 
the race and the earth on which it dwells? 
Even as the race grows into its fuller ma- 
turity and the horizon of its vision is en- 
larged, there will doubtless still remain 
the conviction that there has been a be-
ginning of the current order of things, and 
a like conviction that there will be an end. 
The enlargement of vision will only serve 
to bring into view an additional multitude 
of organisms and organizations that have 
come into form, endured for a time and 
passed away. Any future change in hu- 
man forecasts is not likely to be one of 
method, but one of measure. Some of the 
features that have entered into former 
prophecies will no doubt disappear and 
perhaps new ones be added. The fore- 
casts of pre-scientific times often made the 
doom of the earth hinge on some lapse in 
the conduct of man-made a physical dis- 
aster serve as a moral punishment. With 
a better knowledge of the moral law and 
of man's place in nature, this anthropic 
vie~v will no doubt give place to a more 
consistent insight into the sequences of the 
moral and the physical worlds. 

I n  the earlier days of the race the back- 
ward look was short and the putative 
origin of the race and of the earth was 
placed but a few thousand years in the 
past; in consonance with this, the forward 
look placed the end not far  in the future. 
So too, as the beginning was made chaotic, 
the end was made cataclysmic. 

The dawn of the earth sciences was fol- 
lowed by a new forecast, and as these 
sciences grew this underwent revisions and 
recasts. I t  was learned that the history of 
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the earth stretches back not merely for 
thousands but for millions and tens of mil- 
lions of years; that the on-goings of the 
earth are actuated by energies too broad 
and deep and strong to be swerved in their 
course or brought to an end by the acts 
of those who dwell upon i t ;  that the march 
of earth-history has a mighty tread not to 
be measured by the merits or lapses of 
even our favored race. 

The trend of prophetic thought in the 
last century invites a closer review. The 
basis of forecast lay fundamentally in the 
mode of origin assigned the earth and in 
the general trend of its past history, espe- 
cially the trend of those agencies. that con- 
trolled the conditions of life on its surface. 
The solar system was thought to have had 
its origin in a gaseous or quasi-gaseous 
nebula. The earth, as a member of the 
solar system, partook of this origin, and 
was conceived to have been, at an early 
stage, itself a fiery, gaseous globe. It is 
not needful here to review the special 
hypotheses or pay honor to their great 
authors from Kant and Laplace to Lockyer 
and Darwin, for the sole feature that po- 
tentially shaped the history of the earth 
was the early gaseo-molten state in which 
they essentially concurred. An alterna-
tive was indeed offered in the suggestion 
that the earth might have grown up by the 
accretion of small bodies but i t  was then 
held by students of dynamics that such an 
origin was inconsistent with the symmetry 
of the system and the rotations of the 
planets, and so an origin in the gaseous or 
quasi-gaseous form was almost universally 
accepted, as by compulsion. Later, the 
gaseous earth, by cooling and condensing, 
was thought to pass into a molten sphere 
wrapt in a hot vaporous atmosphere. This 
atmosphere was vast because the condi-
tions required i t  to contain all the water 
of the globe and all the volatile matters 
that have since entered into the waters and 

the body of the earth. At a later stage a 
crust was logically made to form over the 
molten sphere and the waters to condense 
upon it, swaddling the entire globe per- 
haps in a universal ocean. By further 
cooling, shrinkage and deformation, the 
waters were thought to be drawn into 
basins, the land to appear and the history 
of the stratigraphic record to begin. I t  is 
important to note that the main agency in 
this hypothetical history was loss of heat ; 
and so, with consistent logic, loss of heat 
was made to lie at the bottom of the great 
events of the earth's subsequent history 
and, in the forecast, to be the chief cause 
of its doom. From a plethora of heat, of 
air and of ocean, putative loss followed 
loss in the past, and by prophecy loss is to 
follow loss in the future until emaciation, 
drought and frigidity mark the final state 
and the end of all life. S s  the body of the 
earth cooled and shrank and permitted 
penetration, the ocean was made to enter 
i t  and by union with its substance was 
thought to have been suffering loss in the 
long past and to be doomed to further 
losses yet to come. By a like union of the 
constituents of the air with the body of 
the earth, as time went on, the great 
smothering atmosphere of the primitive 
days was supposed to be brought down 
first to compatibility with marine life, 
later to the lower land life and still later 
to the higher air-breathing forms. pro: 
jected logically into the future, still 
further depletion of the vital constituents 
e-ven to the verge of exhaustion, attended 
with pauperization and finally with ex-
tinction of life, entered into the forecast. 
With the gathering of the oceans more and 
more into the basins and their absorption 
into the body of the earth, with the persis-' 
tent consumption of the atmosphere and 
with the progressive cooling of the whole, 
the moisture of the air was thought also to 
have grown les8 and less. At  first a deep, 
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warm mantle of vapor and cloud hj7po-
thetirally clot2ied the whole earth, and 
even half way clown the geologic ages mas 
thought to have ellshrouded the globe and 
to have given warin, sultry climates to all 
latitudes. But this mantle at length was 
made to give place to rifted cloitds and 
clearer skies, and later on to mild aridities 
followed at  length by desert stages whirh 
are even now silpposed to be creeping out 
persistently oil ihe once fertile lands. 
Thus TTe reach our own times at  a putative 
stage when heat and ail* and moisture are 
running lorn; thus the pi-edestined end is 
foreshaclo\~~edin the not distant future. 

The round conception of the history 
shaped i t  as a progress from excess to 
emaciation, a slitling down the scale; i t  
made the life history but an episode inter- 
current in the great decline from the too 
hot and the too much to the too cold and 
the too little. 

The logic in all this is plausible. Xtart-
ing with the hypothetical premises, the 
conclusions seem 1o follow. Variations of 
detail might well he found in the complexi- 
ties of the case. Especially might sources 
of supply be assigned to oKset waste and 
loss in some degree, but granting the pre- 
mises the conclusion is not easily escaped. 
In point of fact the general conception 
dominated the geologic thought of the last 
century. Not only this, l-jut in no srnall de- 
gree it gave direction to the interpretations 
and in some measure even influenced the 
observations of geologic phenomena well 
down to the close of the century and is far 
froin obsolete to-day. 

Rut  logical and plansil?le as was this 
general conception of earth-history, i t  was 
Imng, as you have not failed to notice, on 
the hypothesis of the genesis of the earth 
accepted. IIowever logical, its logical 
strength nas  only that of the hypothesis on 
wlnich i t  mas hung. I say its logical 

strength advisedly, for outside the logic of 
the general concept there was always llie 
appeal to the concrete evidences of the 
geologic record. This appeal was made, 
and was thought to be on the whole con- 
firmatory. The strata of high latititdes 
were found to contain relics of life of 
tropical or sub-tropical types, not only in 
the early stages but well do~vn towarti re- 
cent times. Pigs and magnolias grew in 
Greenland as late as the Tertiary period. 
I'henomcna so striking gave deep hold to 
the logical scheme. Phenoi~~enanot so 
consonant with i t  were easily ovcrloolced or 
lightly passed by as is ou r  IV-oi~twhen too 
much impressed hy what must be trne. I t  
is, however, a nierit of nloderri scicnce that 
it puts that which i s  to the front ancl that 
which logically wtztst be in a secondary 
place. And so during the past cea tn~y  
inconsonant data were gathered with the 
consonant. Most of the inconsonant facts 
were of the unobtrusive sort. but yet some 
of then1 were startling, were seemingly in- 
credible, were indeed long doabtecl and 
only slowly gained credence. The aecumu- 
lalion of this inconsonant data gradually 
weakened the hold of Ihe general logical 
concept and prepared the way for a recon- 
sideration. 

Meailwhile a serious source of dotibt had 
arisen on the logical side, froin the progress 
of physics. The older hypotheses of the 
origin of the earth had been framed before 
the kinetic theory of gases was evolved. 
After the lti~ictic view mas accepted it mas 
pointccl out by Johnstone Storley that the 
vrlocitirs of the molecules of the outer air 
place a limit to the volurnes ~irltlich plane- 
tary atniosphcres may possess. When the 
tcst which this ~uggested was applied to the 
postulated atlnosphcres and voluminous 
gsseo-r~s states of the early earth, i t  gave 
rise to grave doubt as to the physical con- 
sistency of these conceptions. 
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Weakness also arose in another quarter. 
One of the main props of the gaseous or 
quasi-gaseous hypotheses was, as already 
remarked, the general conviction based on 
dynamical grounds that condensation from 
any other nebulous state than gaseous or 
quasi-gaseous would give revolutions and 
rotations to the planetary system at vari- 
ance with those actually possessed. A re-
examination, however, near the close of the 
century, developed grounds for the convio- 
tion that a gradual gathering in of matter 
from a scattered orbital state would give 
rotations and revolutions quite as well in 
accord with the facts formerly known and 
seemingly even better in accord with new 
facts recently brought to light. 

Thus toward the close of the last cen1,ury 
there arose from different quarters cogent 
reasons for a reconsideration of the pre- 
vailing general view, and with i t  a recast 
of the former forecast. Further scrutiny 
added new doubts to those that had pre- 
viously arisen and in the end the verity of 
the older hypotheses of genesis was chal-
lenged and new conceptions based on or-
bital dynamics, in contrast to gaseous dy- 
namics, were offered in their stead. 

I t  is not appropriate for me to say that 
this challenge was successful, or that the 
older conceptions of the earth's origin are 
to be laid on the shelf. As an advocate of 
the method of multiple working hypotheses 
it belongs to me to beg of you to save and 
to use, so fa r  as you can find use in them, 
all the hypotheses that seem to you to be 
capable of working a t  all. Much less 
would it be appropriate for me to affirm 
that any form of the newer conceptions is 
entitled to take the place of the older in 
your complete confidence. The final adju- 
dication of genetic hypotheses can only 
come of long and patient trial by searching 
analysis, by scrutinizing logic and by ap- 
plication to the multitudinous phenomena 

which not only the earth, but the solar and 
stellar systems present. It is sufficient 
warrant for the present review, however, 
that not a few of the more incisive students 
of these things have been led to seriously 
reconsider the foundations of the hypoth- 
eses of earth-genesis that have been offered, 
old and new, and to examine with renewed 
care the interpretations and inferences that 
have been made to hang upon them. 
Whatever may be your personal leanings 
you will no doubt agree that i t  seems less 
laudable now to hang prophecies of the 
future upon hypotheses of genesis, than 
when certain of these hypotheses received 
the almost universal assent of those then 
best qualified to hold opinions respecting 
them. 

It does not seem to be going too far, 
moreover, to say that whereas we seemed 
to be shut up to hypotheses of genesis that 
gave the earth a gaseo-molten state a t  the 
start, i t  now seems, to some students a t  
least, possible that the earth inherited a 
quite different state from a slow growth 
from planetesimal or other accretions. If 
diverse views are thus permissible they 
offer alternative working conceptions and 
thus help to give freedom of interpretation 
while they stimulate observation on the 
critical phenomena. 'CVe may therefore be 
permitted first to review the states assigned 
the early earth by the competitive genesis 
offered and then the critical phenomena 
that bear upon the earth's future. 

Quite in contrast with the older pictures 
of a. primitive earth cooling from a gaseous 
state, the planetesimal hypothesis, which 
may be taken as represeniative of theories 
based on concentration from a dispersed 
ol-bital state, postulates a solid earth grow-
ing up slowly by accessions and becoming 
clothed gradually with an atmosphere and 
a hydrosphere. Each of the fundamental 
p ~ r t s ,  the earth, the air and the water, is 



made to grow up thus together from 
smaller to larger volumes, without neces-
sarily attaining a t  any stage a very high 
temperature. The early sources of growth 
for the atmosphere and the ocean, though 
reduced in later time. continued to serve 
as sources of replenishment ~vhen the fa- 
miliar agencies of loss came into play in 
the later ages. Thus, far  from assigning 
at the start a vast atmospheric and oceanic 
supply, and assuming progressive depletion 
of this with the progress of time, the newer 
view starts with a minimum snpply and 
rests on means of feeding which are held 
to run hand in hand with the sources of 
loss ,and to more or less completely compen- 
sate them in a varying way. The question 
of the future under this view is, therefore, 
not how long beyond the present day will 
the original supply last, but rather how 
long will the oscillating compensation of 
loss and supply remain effective? Or in 
other words, how long will the past degree 
of equilibrium between the opposing agen- 
cies keep the critical conditions within the 
limits required by life! This question 
turns us quite away from any serious de- 
pendence on the original states and centers 
attention on the geologic record and on the 
potency of agencies still in action. Are the 
chief agencies which h a w  controlled life 
conditions for tens of nlillions of years past 
still in good worlcing order and likely to 
continue effective for a long era yet to 
come, or do they show clear signs of de- 
clining power portending an early failure ? 
Let us enter a little closer into the consid- 
eration of the specific factors on ~vllich life 
depends, though time will not permit us to 
go far. 

The pre-scientific fear that the end of 
life will come by cataclysm is not yet obso- 
lete, nor is i t  theoretically impossible, but 
violent agencies are among the least to be 
feared. Life might indeed be imagined to 

[N. S. VOL.XXX. NO.783 

be in jeopardy from volcanic and seismic 
convulsions but they really offer no serious 
menace to life in general, and they appeal. 
never to have done so in the lrno~vn ages. 
The deadliness of these boisterous catas-
trophies inlpresses itself unduly on the 
emotions. The real peril, if peril there be, 
lies in the deadly unbalancing of agencies 
of the quiet sort. 

The conditions escential to the mainten- 
ance of the habitability of the earth are 
many, bat the more critical factors either 
lie in the atmosphere itself or are inti-
mately associated with it. The point of 
keenest interest is the narrowness of range 
to which these mobile factors are confined. 
The several constituents of the atmosphere 
might each or all easily be too scant or too 
abundant. In  a peculiar sense is this true 
of the carbon dioxide which, though one of 
the least, is preeminently the decisive con- 
stituent of the atmosphere. A small pro- 
portion of carbon dioxide is essential to 
plant life and so to animal life, while a 
large proportion ~vo111d be fatal to air-
breathing animals. If the three or four 
hundredths of one per cent. now present 
mere lost, all life would go with i t ;  if i t  
were increased to a fen- per cent,, the 
higher life would be suppressed or radi-
cally changed. And yet, on the one hand, 
the theoretical sources of supply are abun- 
dant, while, on the other, the agencies of 
depletion are efficient and active. There 
is little escape from the conclusion that 
ever since the birth of air-breathing life, 
some 30,000,000 or 40,000,000 Fears ago, let 
na say. the interplay of these agencies of 
supply and depletion has been so balanced 
that neither fatal excess nor fatal defi-
ciency has been permitted to cut short the 
history of the higher life. 

Tlie dangers of excess or deficiency of 
the other constituents of the air are indeed 
less narrow when named in percentages, 
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but they are scarcely less real in theoretic 
possibility. 

The well-being of life is hemmed in be- 
tween a suitable proportion of moisture in 
the air dependent on a competent area of 
water-surface to supply it, on the one hand, 
and a diluvial excess of water, on the 
other. Universal deluges and universal 
deserts would alike be disastrous. A few 
thousand feet more of water-depth or a few 
thousand feet less would alike seriously 
restrict the class of life to which we belong. 

In even a more serious may the habita- 
bility of the earth is conditioned on a nar- 
row range of mean temperature-a range, 
roundly speaking, of 100" Centigrade. 
This is scarcely 5 per cent. of the range of 
natural temperatures on the earth and a 
still smaller per cent. of the range of tem- 
peratures in the heavens. A few miles 
above us and a few miles below us, fatal 
temperatures prevail. It is profoundly 
significant that the thermal states of the 
narrow zone of life on the face of the earth 
should have been kept within so close vari- 
ations as to permit the millions of species 
forming the great genealogical lines lead- 
ing up from the primitive types to have 
perpetuated their lineages in unbroken 
continuity for such ages, while the preva- 
lent temperatures a few miles above them 
or a few miles below them, as well as in 
space generally, would have been fatal. 
MThlile the necessary heat is dependent on 
the sun, this control of temperature seems 
to have been intimately related to the at- 
mosphere and is a further index of its 
specially critical functions. 

To appreciate the full significance of the 
control of life conditions within these nar- 
row limits when the possibilities were so 
free and so wide, there is need for some 
tangible index of the time, but there are at 
present no means for the close measure of 
the geologic ages, merely rough estimates 

of the order of magnitude. Life was far  
advanced when a readable record first be- 
gan to be niade; but yet since that record 
began, a t  least 100,000 feet of sediments-- 
not to choose the largest estimates-have 
been laid down by the slow methods of 
wash from the land and lodgment in the 
basins. The estimate of the years thus 
represented has been put variously from 
50,000,000 to 100,000,000, with indeed 
higher figures as well as lower. Merely to 
roughly scale the order of magnitude, and 
without pretense of accuracy, let us take 
the midway figure of 75,000,000 years as 
representative. 'Let this be divided intca 
fifteen periods of 5,000,000 years each and 
these will roughly represent the technical 
"periods" of geologists. By this rough 
scale we may space out such of the great 
events as we need now note. 

Slight and changeable excesses of evapo- 
ration over precipitation and the reverse 
prevail widely, but only intense and per- 
ristent aridity gives rise to thick deposits 
of salt, gypsum and other evaporation 
products over large areas--with perhaps 
some exceptions-for in nearly all large 
natural basins the area that collects rain- 
fall is notably larger than the closed basin 
rvithin it that alone can retain water for 
continuour evaporation. I t  is therefore 
fairly safe to infer clear skies and pro- 
nounced aridity when beds of salt and 
gypsum occur over large areas, especially 
if accompanied by appropriate physical 
characters and by such types of life only 
as tolerate high salinity, or shlow pauper- 
ixation, or by a total absence of life. 

Now extensive deposits of salt and gyp- 
sum are found in the Salt Range of India, 
in strata of the Cambrian period, the 
earliest of the fifteen that make .up our 
rough scale of 75,000,000 years. Because 
these lie so near the beginning of the geo- 
logic record they afford a singularly in- 
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strrlctive insight into the conditions of the 
atmosphere well back toward its primitive 
state. They challenge a t  once the view 
that in  those early ages the earth was 
swaddled by a dense vaporous atmosphere 
from pole to pole; for  under such a vapor- 
ous mantle a great desert tract in India 
~voulcl be scarcely credible. 

If we come forward in time two periods, 
to the deposits of the Silurian stage, we 
fincl that nnclerlying the basin of the St.  
I~aulrcnce in Nen- I P r B  '2nd westward there 
stretch great ttshcets of salt  and gypsum, 
xna11;y l,liousand square miles i n  extent. 
These becis are acconipanied by complete 
barriirtness of life in  some parts, by pau- 
perizatiovi of life in other. p a r k ,  by selec- 
tions of life according to tolerance of sa-
linity i n  still other parts, and by har-
monious p h ~ i e a l  chartlcters, all of which 
combine to add strength to the interpreta- 
tion. A11 these i n ~ p l y  a degree of aridity 
approaching t1esel.i conditions in wliat is 
now the well-imtercd region of our Great 
T~ahes. These signal facts join those of the 
Salt  Range of Inrlia. of earlier date in chel-
lenging the Iornler conceptiou of a mi-
versa1 envelope of vapor and clot-rd in  all 
those early times. 

F n  the next period there are formations 
that have been i~~terpreter las implying 
desert conclitions, but perhaps on less firin 
grounds, and we pass on to certain stages 
in  the  st~b-Carhoniferons pcriod next fol- 

tii?lw, seems eclually to  imply vicissitucles 
of climate in which scant atmospheric 
~noisture was e dominant featnre. There 
seems no tenable way to interpret these 
rernarkal?le facts of the middle periods 
escept by asstamling an even greater prcva- 
lence of aridity than obtains a t  the present 
tinie. So, a t  tiines in  the later periods. but 
a t  limes only, the str:~tigraphic record im- 
plies ntmosphei"es as arid as that of to-day, 
not everywhere, indeetl, but in rrotable 
arens atlc1 in  certain horizons, 

These and othrr sig~iificant Pacts of con- 
sonant ilnport forru one p o u p  of phe-
nolliena. 

If, on the other. hand, the rrcord be 
searched for facts of opposite import, they 
ivill come easily to hand. Starting near 
thc bcgiirning of the record, i t  is even more 
rasq' to fir~tl sttlges abounding in eviderlces 
of prevailing h~zmidity, of' great uniform- 
ity of clirilate artd of most eongenial life- 
<.onditions reaching throrxe11 wide ranges 
of latitude. Tf we ~es le i l  on this selection 
alone, the old view ~vo-tll(I be abunclantly 
51rstained; but the strata bearing evidences 
of aridity lie bctween thcse. Combining 
Ilic two sets of fact,s, the  conception seems 
to forcxe itsell: upon us that  froin the very 
parlied. stager of the distinct life-record 
onward, there have been times and places 
of pronou~leed aridity mu el.^ as- now, or 
even more intense, while a t  other times, 
jntr3rvening betwecri these, more humid 

loiving, wherein beds of salt and g y p s ~ n ~  :md uniform conditions prevailed. 
arc foilncl in 3lontana, i\lichigan, Nova 
Rcotia and Aust valia, nhicli imply like 
elinlatic conditions. I f  we pass on to the 
T'ermixl and Trir-~ssie periocls, near the 
middle of the geologic series, beds of salt 
and gypsum are phenonlenally p~evalent  
on both the eastern ai~cl western continents, 
rcaching through snrprising ranges of lati- 
tude. The reli~tivc paucity, as well as the 
peca l ia~  characteristics of the life of those 

This conception gi.ows in strength a s  me 
turn from atmospheric. states to prevailing' 
tc~mperatnres. The body of scientific Inen 
{lave rarely been more rchictant to accept 
any interpretation of  gcologic phenon~ena 
than that of recent general glaciation on 
the lowlands of Europe and A~uerica in 
mid-latitudes when that view was first ad- 
vanced by Louis ikassiz.  TTJith the con- 
ccl~tion of former pervasive ~varmth then 
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prevalent, i t  seenled beyond belief that 
great sheets of ice could have crept over 
large portions of the habitable parts of 
Europe and North America some thou-
sands or tens of thousands of years aqo. 
Belief in this was made easier, however, 
by the view also then prevalent that the 
earth had been greatly cooled in the prog- 
ress of the ages, that the atmosphere had 
been much depleted by the formation of 
coal, of carbonates and of oxides, that the 
ocean had been reduced by hydration and 
entrance into the earth, and that thus! a 
stage had been reached that made possible 
an epoch of depressed temperature and of 
glaciation. The ice age, thus theoretically 
associated, came to be widely regarded as 
but the first stage in a series of secular 
winters destined to lead on! to the total 
refrigeration of the cartli. This view .vva4 
abetted by the theory of a cooling sun. 
The depleting and the cooling processes 
were regarded as inevitably progressive, 
and the final doom of the earth as thus 
foreshadowed in the near future, qeolog- 
ically spealring. 

But opinion was scarcely rnore than ad- 
justed to this view when the geologists of 
Australia, of India and of South Africa, 
severally and independently, and later 
those of Sonth America presented evi-
dences of former glaciation over exten-
sive areas in those low latitndes. The 
typical marks of glaciation were indeed 
traced even up to and a little across the 
tropical circles from the south, in Aus-
tralia, and from the north, in India. 
Moreover, all these were reported from 
strata of Permian or late Carboniferou,s 
times, i. e., from the sixth or seventh of 
the technical "periods." For  a score of 
years the body of geoPogists not in im-
mediate contact with the evidence it,wlf, 
(lolrbted the interpretation, but the qrow- 
ing evidence grew at  length to he utterly 
irrefutable. There seems no rational es-
cape from the conclusion that mantles of 

ice covered large areas in the peninsula of 
India, in Ailstralia, in the southern part of 
Africa, and in South America, close upon 
the borders of the tropics, at  a time roundly 
half way back to the beginning of the read- 
able record of life. 

On the basis of similar evidence Strahan 
ancl Reusch have announced glacial beds 
in Norway at a horizon much lower but not 
closrly determinate. Willis and Black-
n t.lder have described glacial deposits of 
early Cambrian age in the valley of the 
'TTangtze in China in latitudes as low as 
81". Rowchin and David have described 
glacial formations of similar age in AXIS- 
tralia. I n  the last two cases the glacial 
beds lie below the strata that bear the 
Cambrian trilobites; in other words, they 
lie at the very bottom of the fomil-bearing 
sediments, fifteen periods bacli, or 75,000,- 
000 years ago on our rough scale. Pro-
fcssor Coleman has offered what he deeins 
good evidence of glaciation much farther 
back a t  the base of the Huroniail in Can- 
ada, but some sliepticism as to its verity 
has yet to be overcome. 

'Even more pointedly than the cpot:hs of 
aridity, do these early epochs of glacia-
lion seem incompatible with thc view of a 
hot earth universally wrapt in a vaporous 
inai~tle in early times. l'liey favor the 
alternative vicm of mercly temporary 
localized intensifications of climate which 
life was able repeatedly to survive. This 
reems to warrant the belief that life may 
survive similar intenslifications again and 
again in the f u t ~ ~ r e .  

At present polar and alpine glaciation 
are contemporaneoixs with aridity. There 
are reasons for thinliing that the past 
glacialions and aridities were in solne sim- 
ilar way correlated and that they coop-
erated to give vicissitude to the cljmates 
of certain geoloqic epochs. The linown 
epochs of glaciation, however, are fewer 
than those of aridity. 
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On the other hand, a t  several slaqes, as 
:~lready noted, abmltlant life, bearing all 
the evidences of a warm-ternpe~~ate or sub- 
tropical caharactei.. floilrisl~ed in high lati- 
tades. I n  Greenland, Spitzbergeri and 
other Arctic islands, are Iour~d  the relics 
of life not lino~va to be able to live except 
nndcr conditions of gciiial ~varmth. These 
imply fonner w~b-t~opical  conclitions nrhere 
now only frigidity reigns. 

In the light of these contrasted climatic 
states of aridity and glaciation, on the one 
hanil, and of nniformity and geniality in 
high latitudes on the other, intervening be-
txtleeil one another, -\ve seen1 now forced to 
the conception of profouncl cli~natic alter- 
nations ~ x t e n d i n g  over the whole stretch 
of kuown geologic time. Concurvent with 
these allernations there rnay perhaps have 
been rariations irr the constitution, as tliere 
certainly \rose in the coriclition, of tlir at- 
rn ospl~ere. 

If n-e tun1 to the relations of the mraters 
auci the land, an analogous oscillating his- 
tory p r ~ s c n t s  itself. This \vas poshibly 
connc~>teclc a ~ ~ s a l l ywith the cljmxfic oscil- 
l a t i o ~ s .  A t  no time in the hislory recorded 
by cl(.nr geologic testimony is there proof 
of thc absence of land, and certainly at, 
no time is  there a hint of tlie abiietice of an 
occan, whatever tlleoretic vie\l-s may be 
held of the  earliest unknown stages. 

The progress of inquiry sccnrs to  force 
the conviction that  the land ;ma  in the 
earliest stages of good record was quite 
col~~parableto tlrat of tllc present tirne, 
bol-11 in  i ts  extent and in  its limitations. 
Following cio~l-11 the liistory, tlrc~ land area 
seems a t  certai11 t in~rn t o  1la1.e Lclen larger 
than now, while a t  otl-~cr tiiues i t  was 
smallc~*. T1.1ei-c appears f o hare been an  
unceasing contest between t l ~ c  agencies 
that mado fur the extension of the land 
and the agencies tlint made for the extcn- 
sion of tlle sea. MJl~ile each gained tem- 
porarily on tlic other, complete victory 

never \vith eithr~.. Froin near tlie 
beginning of the readable record there ap- 
pears to have been an nnbrokm continuity 
of land life, and from a lilic early stage. 
an  unbroken continuity of marine life. 
Probably the history of both goes back 
rmbrokcn into thc und~ciphered eras which 
precede the readable record, and no onc 
to-day can safely affirm the preccclence of 
either over the other, either in  tinie or in  
genesis, whatevc~r his theoretic leanings 
]nay be. 

Arrrong the agencies that may be as-
signed for the extension of the lancl are 
tliose tha t  deform the body of the earth, 
tleepening its basins and drawing off the 
waters, while other portions are protruded 
and give renewed relief and ?xten.t to the 
land. Among the agencies that  make for 
the extension of the sea are the girdling 
of the waves about the borders of tlie land 
and the decay and wash of the land sur- 
face which is thus brought low a t  length 
imd coverecf 11y the advancing waters. If 
the clefonnation of the earth-body were 
lield in abeyance fur an indefinite time, 
the lowering of thc land, tlie filling of the 
basins, and the spreading of the sea wonld 
~nbmerge the entire land surface and bring 
an end to a11 land life. Great progress in 
4nch sea-traiisgre~sions appears to have 
been made again and again, until perhaps 
half the land was submerged, but  before 
land life mas entirely cut off or even very 
scrionsly tl-ireatenecl, a regenerative move- 
ment in the body of the earth intcrvened, 
the land was again extended and Ibc sea 
again rcstritted. Here then, also, therc 
has bcrn a rwiprocal movemelit which, 
.rvl.lile i t  has brouqht illfernate expansions 
of land life and of sea life, has, notmitli- 
standing, permitted the preservation of 
both, and thus maintained the continuity 
of the two great divisions of life. 

T t  appears, thus. that in each of the 
great groups of ternlstrial conditions upon 



which life is dependent, there has been, 
throng11 the linown ages, vast as they are, 
an oscillatory niovernent which has brought 
profonnd changes again and again but has 
ncver pern~ittcd any of the disastc'rs 
thn1att.ned it2 these mo~enients to go Ear 
enough to compass tlie universal extinction 
of life. These reciprocal movements ap- 
pear to be dependent upon a balancing oC 
the action of agencies that is scar6cely less 
than a lam of equilibri~xm. I t  is not too 
tznxch to regarcl illis as a regnlative sys- 
tem. A clear insight into the agencies of 
this regulative system is rathcr a task of 
Ihe fnture than an attainment of the pres- 
cnt, and I can orily offer tentative hints 
of what may prove to be its main factors 
and beg of you to accept, them with due 
yeserve. 

7'he preservation oE the lolid against 
tlle i~~ccssant encroach~ilents of tlie waters 
seems probably due to a periodic defornia- 
tion of the earth-body dependent on in-
teriial dynamics not yet well understood. 
at lcast not yet demonstrated to general 
satisfaction. The body of the earth feeds 
its atmosphere through volcanic and other 
means. JTOTYfar this is merely a return 
of what has been absoi*hed earlier it is not 
prudent here to say, as opinion is not har- 
monious on this, and the evidence is as yet 
uncertain. JIuch depends on the constitu- 
tion of the earth's1 inferior and that ill 
furn hinges on its mode of origin. Per-
haps i t  wjll be agreed generally that feed- 
ing from the interior is one of the sources 
of s ~ ~ p p l ywhicl~ offsets the depletion of 
the atlriosphere caused by its union with 
earth substance, in short that the earth- 
body gives out a s  ye ell as takes in atmos- 
pheric ~na te~ ia l .  Important or unimpor-
tant as this inay be, i t  is not apparent that 
there is in i t  any automatic balancing 
suited to control the delicate adjustments 
requisite for continuity of life. The ocean 
acts as an important regulator by alter-

nately absorbing and giving out the :it-
nrospheric gases as required by the state 
of equilibrium between the water and the 
air. This action is antomatic but has its 
limil ationa and peculiarities and does not 
seen1 wholly adequate. If we are able to 
nanle such an  adeqnate alltomatic action at  
all a t  present, i t  probably lies in the molec- 
ular activities of the terrestrial and solar 
at,r~iospheres and in the relations of these 
to the gravitative powers of the earth and 
the sun. 

If analysis of tlie iilolecular action of 
the outer atmosphere be pushed to its 
logical conclusions, it leacls to the conci:p- 
tion of supplementary atmospheres, in 
part orbital. filling, in their attenua1,ed 
n-ay, the tvliole sphere of the earth's gravi- 
t a t i ~ e  control. ii similar s1,udy of the 
srln's atinospliere suggests a similar s-c~p- 
pletnenrtary extension and this extended 
pvrtion s~~r rounds  and enibraces tlie earth's 
alniosphere. Under the l a m  of molecular 
artivity these two atmospheres must be 
interchanging molecules at  rates dependent 
or1 the conclitions of ecluilibrium between 
theln. I t  is re:~soiiable that an excess in 
the earth's atmosphere should cause it to 
feed out into the s ~ m ' s  sphere of control 
inore than i t  receives, and that a deficiency 
in the earth's atuiosphere shonld cause 
illore feeding in from the sun's supplemen- 
tary atmosplieres than the earth gives oat. 
If this conception be true and be efficient, 
the tn8intenancc of the delicate almos-
phel-ic, conditions required fop the con-
ti~init~yof life is automatically secured. 
Tlie failure of onr atmosphe~ic supply is 
thus made to hang, not simply on the 
losses and gains at the earth's surface, but 
on the solar interchange ancl hence on the 
solar endurance. 

The sun is giving forth daily prodi,' 0'1ous 
measures of energy. The endurance of the 
sun is not, however, merely a question of 
anrequited loss, for it gains energy and 



substance claily as 117ell as loses, But so f a r  
as present knowledge goes, its gain is 
greatly irlferior to its loss. So long as the 
heat of the sun was supposed to be de- 
pendent 011 ordinary chcmical changes, or 
on the fall of meteorites, or on self-contrac- 
tion, an  activity adequate for  terrestrial 
life could only be estin~ated a t  a few mil- 
lion years. B u t  recent discoveries in 
radio-activity have revealed sources of 
enercy of an extremely lrigli order. I n  
t11c light ol: these the forecast of the sun's 
poivcr to cnergize the activities of the  at- 
~~ iospheredependent on i t  and to warm 
the earth is misetl to an  indeterminate 
order of magnitude. 

I f  we may thus find grounds fo r  a com- 
placent forecast in reciprocal actions 
on the earth and in reciprocities between 
the earlh and the snn, are we free from 
impending dangers in the heavens without ? 

Present lrnowledge points to one tangible 
possibility of disaster; collision with some 
celestial body, or close appYoacb to some 
sun or other great mass, large enough Go 
bring disaster by its dis t~u~bingor a s -
ruptive effects. Witliin the solar system, 
the harmonies of moretilent already es-
tablished are such as to give assurance 
against ~ n n t n a l  disaster for incalculable 
ages. Comets purme rourses that  might, 
theoretically a t  least, bring about collision, 
but  do not appear usually to possess masses 
w~fficient to worlr co~nplete disaster to the 
life of the earth even stloald collision occnr, 
whatever local disaster inight follow a t  the 
point of impact. The lnotions of the stars, 
however, lie in  diverse directions, and col- 
lisions and close appvoachcs between them 
are theoretically possible, if not probable, 
or even inevitable. There arc also in the 
heavens nebnltt. anil other forms of scat-
tered matter, and doubtless also dark 
botliw, which may likewise offer possibili- 
ties of collision. The appearance of new 
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stars flashing o i ~ t  suddenly and then gradit- 
ally dying away suggests the actual occur- 
rence of S I I C ~events. It has been even 
conceived that the close approach of suns 
is one oP the regenerative processes by 
which old planetary systems are dispersed 
and new systems a1.e brought into being. 
One phase of tlte planetesimal hypothesis 
is built on this conception and postulates 
the close approach of some massive body 
to oirr ancestral snn as the source of dis-
persion of a posciblc older planetary sys- 
tem and the generation of the nebulous 
orbital condition ollt of which our present 
systexn grew. Iro\vever this may be, i t  
inuxt be conceded that in collision and close 
approach lie possibilities, if not probabili- 
ties, of llllilnate disaster to the solar system 
ancl to our earth. But  here, as before, the 
vital question lies in the time element. 
II~Ivimminent is this liability? 'The dis-
tances between stars are so enormous that, 
thongh they move diversely, the contingen- 
cies of collision or clisastrous approach are 
remote. Nothing b i ~ t  rough compntations 
based on assninptions can be made, but 
these malre disaster to a given sun or sys- 
tem fall on the average only once in bil- 
lions of years. There is no s tar  whose 
nearfless to us, or whose direction of mo-
tion is such as to threaten the earth at  any 
spccifie period in the fixtnre. There is 
only the general theoretical possibility or 
probability. TVhile, thc~efore,  there is to 
he, with little doubt, an  end to the eartli 
as a planet, and while perhaps previous to 
that end condition.: infiospitable to life may 
be reached, the forecast of these contin-
gencies plaecs the erent in tlie indetennin- 
ate future. The geologic anvlogjes give 
P;iir g i ~ ~ n n dfor :~nticipating conditions 
co~igenial to life for millions or tens of 
nill lions of years to come. not to urge the 
el-en larger possibilities. 

I3irt congeniality of conditions does not 
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ensure actual realization. There arise at  
once questions of biological adaptation, of 
vital tenacity and of purposeful action. 
Appeal to the record of the animal races 
reveals in some chqes a marvelous endn- 
rance, in others the briefest of records, 
while the majority fall between the ex-
tremes. Many families persisted for mil- 
lions of years. A long career for man 
may not therefore be denied on historjcal 
grounds, neither can i t  be assured; i t  is an 
individual race problem ; it is a special case 
of the pyohlern of the races in the largest 
sense of the phrase. 

But into the problem of human endu-
ranee t~vo new factors have entered, the 
power of definite inoral purpose and the 
resources of research. No previous race 
has shown clear evidence that i t  was guided 
by moral purpose in seeking distant ends. 
I n  man such moral purpose has risen to 
distinctness. A s  it grows, beyond question 
i t  will count in the perpetuity of the race. 
Ko cloubt i t  mill come to weigh more and 
more as the resources of destructive pleas- 
ure, on the one hand, and of altruistic recti- 
tude on the other are increased by human 
ingenuity. I t  will become more critical as 
the growing multiplicity of the race brings 
upon it, in increasing stress, the distinctive 
humanistic phases of the struggle for exist- 
ence now dimly foreshadowed. It will, 

question, be more 
the survival of the fittest shall render its 
verdict on what is good and what is evil in 
this realm of the moral vorld. 

But to be most purpose 
needs to be conjoined with the hidlest in- 
telligence. and herein lies the function of 
research. None of the earlier races made 
systematic inquiry inlo the conditions of 

life and sought to their 
careers. can research do for the 
extension of the career of man! We are 
xitnesses of what it ia beginning to do in 

rendering the forces of nature subservient 
to man's control and in giving him c9m- 
mand over the maladies of which he has 
long been the victim. Can it master the 
secrets of vital endurance, the mysteries of 
heredity and all the fundamental physi- 
ological processes that condition the lon- 
gesity of the race? The answer must be 
left l o  the future, but I take no risk in 
affirming that when ethics and research 
join hands in a broad and earnest endeavor 
to compass the highest development and 
the greatest longevit~ of the race the era 
of humanity \\rill really have begun. 

T. C. CHB~IBERLIN 
-. ---- -

TITE THES'IB 310DERx LOCIS'TIC1 

I HAVE chosen to report upon this sub- 
ject because i t  is one in s~hich I have found 
no little interest in recent years; because 
the thesis in question yepresents one among 
the greatest of all the triumphs of critical 
thought ;because i t  possesses such high and 
permanent importance as belongs to in-
tellectaal activity above the levels of 
workaday life; because it is sufficiently 
new. timely and general in its appeal; and 
finally because, whilst it has come to be 
everywhere a topic of much philosophic 
and scientific allusion, but relatively few, 
it seems, have been at the pains to ascertain 
what the thesis precisely is. 

To tell J+That it is, to  render it intelligible 
not to astronomers mathema-

ticians but also to that larger,,lass of edu-
cated folk who, as their primary interests 
lie eisewhere, are not accustomed to think- 
ing much about the fundamental subtleties 

logic and mathematics-that is one of 
the two aims of ,..is address; the other one 
being to present, in so far as time mill 

Address of the rice-prsiiripnt and clirirlllan of 
Section A-ItTathematics and Astronomy--her-
icJn -4ssociation for the Adrancement of Seirnce, 
Baiton. 1909. 


