
graduation knew about man one must take into account less philosophic outlook upon society than did all the 
the tradition of education in the classics a t  that time students of those days. %-hat the place of the social 
which was to give attention to the life and ideas of studies is or should be in  present collegiate education 
ancient times-the reading of Thucydides v a s  not just I am not prepared at  this time to discuss; were I to 
an exercise in the Greek language or literature but one discuss it I should probably make some plea f o r  a 
in the interpretation of history. greater attention to law, education, public health, and 

The situation of the social subjects in the colleges possibly adn~inis t~at ion difficult though that subject is, 
to-day is very different. There are numerous courses than is usuallj~ accorded to them in such discussions. 
and a large staff. The increase in the time g i ~ e n  by Furthermore, no matter how much I would emphasize 
undergraduates to the social studies has been very the necessity for  professionals to lax more streis on 
great, until a t  the present time the concentration in the strictly scientific aspects of social science or  bow- 
these fields amounts in some colleges to about one half ever much I might urge that even the collegian might 
of the whole. There is great attention to current and be shown what is definitely known, I should be likely 
cent problems whereas as of my father's time there to suggest that where so little is known it would be 

seems to have been relatively little. That those of our ~vell to consider the social sciences not as  individual 
students who concentrate to-day in the social fields branches of leaning but as an interest in man, reach- 
learn far  more of their detail than students learned ing out even to theology as they did a t  yale-for ~ v h o  
seventy-five years ago is certain, but it  seems equally shall assert that Illan lives by bread alone or that an 
certain that those who concentrate in other fields by ideology that triumphs over material conditions does 
the very intensity of their concentration may have a f a r  not have to approach to a religion? 

ISOSTATIC CONTROL O F  FLUCTUATIONS O F  SEA LEVEL 
By Professor A N D R E W  C. LAWSON 

USIVERSITY O F  CALIFORNIA 

TT-ITH the last retreat of the North American con- froin the depression when the load is removed. That 
tinental ice sheets the northerly drainage of the land is, they have accepted isostasy as a valid doctrine. 
was impounded by the ice front at various stages till, The phenomena of regularly titlted shore lines are 
with the vanishing of the ice, i t  finally flowed freely perhaps the riiost in~p~ess ive  and convincing proof of 
to the ocean. The lakes so formed ~vaxed in size as the truth of that doctrine. 
the ice front receded; but the only escape for their Isostasy means equality of mass, per unit of hori- 
~vaters was to the south, over cols in the continental zontal cross section, in  all large yestical columns of 
divide. There were many of these lakes, large and the earth. The imposition in the Pleistocene of a 
small, each with its own level of overflow, which broad load of ice, let us say one kilometer thick, upon 
remained approximately constant as the lake ex- a portion of the earth's surface threw the column 
panded. The shores of all of them, as they came carrying that load out of balance with the rest of the 
against the emerging land slope of their respective earth. The ice maqs came from the ocean; and the 
basins, carved or built shore features, which are in column, the top of vhich iq the sea surface, lost load, 
most cases p e r f e c t l ~  preserved to this day. At  the and was thus also thrown out of balance with the rest 
time of their formation these shore features were of of the earth. The unglaciated portions of the conti- 
course level, but to-day they are fo r  long stretches nents weye neither loaded nor relieved of load, but in 
inclined to the horizon, up  to the north. This inclina- glacial time they were neverthele~s also temporarily 
tion of the once level strand lines is due to a tilting out of balance with both glaciated and oceanic regions, 
of the surface of the earth, and affords an angular in different degree. The whole disturbance was caused 
measure of the tilt, vhich is usually expressed in primarily by the transfer of load from the ocean to 
inches or feet per mile. The constant display of tilt the glaciated ~ g i o n .  I f  a load equivalent to that of 
up  to the north, on the periphery of basins vacated the ice had been shifted in depth from below the ice to 
by continental ice sheets to form lakes, has suggested the region below the ocean, with uniform distribution 
to geologists that the rise is due to relief of load, con- as to both removal and addition, balance would have 
sequent on the vanishing of the ice and the complete been restored over the whole earth. Since the gravi- 
or partial draining of the lakes. This belief is now tative tendency to restore isostatic balance. however 
very generally held. I t  rileans that geologists have disturbed, is always active, it is presumed that conti- 
accepted the view that the earth's crust may be de- nental glaciation actually induced the shift of mass in 
pressecl by a local load upon its surface, and recover depth from the loacled continental column to the un- 
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loaded oceanic column. The volunle of the rock mass, 
thus removed in depth from the glaciated continental 
column, was less than that of the ice since its density 
is greater. Volume may be spolien of in  terms of 
thicl~ness, the layers we have to deal 1~1th being uni- 
formly thick. Thus the thickness of 1km of ice of 
density .917 added to the surface would be compen- 
sated by the removal in depth of ,378 km of rock of 
density 3.3 and its distribution to other columns of 
less mass. 

The compensating movement ~vould hasre set in long 
before the full accumulation of the ice load, and i t  
would a t  first have been directed toward both the ocean 
and the unglaciated portions of the continents. But  
as compenaatlon for  the full load advanced toward 
completion, the shift of mass in depth mould have been 
from the continents as  a whole to the oceanic column, 
tlll world-wide balance was re-establlslied. A t  this 
stage, assuming that the full ice load co~~t inued  for  a 
time, the sea leslel, as compared with its pre-glacial 
position, 5%-ould have been lower by the thickness of 
the layer of water removed to form the glaciers, less 
the rise of the sea bottom due to the invasion of the 
colulnn in depth by heavy rock for  compensation. 

At  this stage of universal balance, the surface of the 
unglaciated continental column would have had the 
same position, with reference to the center of the 
earth, that it  had i n  pre-glacial time. The surface 
of the glaciated column ~vould hare been higher and, 
as already stated, the surface of the oceanic column 
lom-er. The mass added to the oceanic column would 
have been distributed over its entire area, as was the 
water that went to form the ice sheets. I t  is difficult 
to imagine any method of distribution of rock mass 
from the continental columns to the oceanic column 
other than plastic flow. The transfer of mass does 
not imply that the same rock taken from the conti- 
nental column was delivered to the oceanic column, 
but onl? that equality of mass in the two columns 
was re-established by plastic adjustment. 

The psoblem of how plastic shift of mass in depth, 
induced by shift of load a t  the surface, affects the 
level of the ocean inslolres the use of data which are 
not yet fully or certainly determined. Thus the 
density of the heavy rock, ~ ~ h i c h  in depth compensates 
the oceanic column for  loss or gain of sea water, is  
but vaguely known. I ts  specific gravity is  a t  least 
3.3, and this s d u e  is used in the calculations which 
follow. The arithmetical ~ a l u e  arrived a t  fo r  the 
fluctuation of sen level lacks precision, but that the 
fluctuation is real and is isostatically controlled can 
scarcely be questioned. 

An approximation to the mean thiclriless of the 
Pleistocene ice sheets a t  their maximum may be ob- 
tained by considering the Greenland sheet of to-day. 

Lauge Koch gives us  a map1 of Greenland with a few 
contours on the surface of the ice. The average 
gradient of this surface, measnred on six different 
lines between the 3,000 m and the 2,000 m contours, 
is 1 in 459. B u t  the ice front except in  the fjords 
moves w r y  slowly, if a t  all, and ColemanZ cites Koch 
to the effect that i t  is about stationary. 

The Labrador ice sheet flowed from its center of 
dispersion to and beyond the mouth of the Hudson 
River. H. L. Fairchild3 places the maximum post- 
glacial uplift a t  Lat. 50°, Long. 75'. But  A. P. Lo7v4 
located the center of dispersion of the ice between 
Lat. 53' and 55'. A probable position f o r  the center 
is thus Lat. 5J0, Long. 75'. The distance from this 
point to the mouth of the Hudson River is 1,500 km. 
The present altitude of this center is not precisely 
known. Bnt  Low gives the altitude of Lake Mistassini 
as 1,300 feet. The mean altitude of the region around 
the lake is about 300 feet5 above its surface. Thi5 
gives us  1,600 feet or about .5 km above present sea 
level. 

TTrhen the front of the Labrador sheet, in the wane 
of the latter, withdrew from the ocean a t  the mouth 
of the Hudson River, i t  occupied a successron of 
positions in its retreat, a t  each of ~vhich waste just 
balanced the fonvard flow of the ice. One of these 
positions was the present shore line a t  New Tork. 
Then, considering the front as  stationary for  a brief 
time, the gradient of the surface of the ice was prob-
ably about the same as that of the Greenland sheet 
to-day, 1:459. Then the ice surface a t  the center of 

1
dispersion would have been -x 1,500= 3.27 km

459 
higher than a t  the front. TTTe may suppose that a t  
this stage the surface of the Labrador sheet a t  its 
front was .3 km above present sea level, and that a t  
this, or any other stage of the early retreat, the thick- 
ness of the ice a t  the front was also .3 km. Then the 
center of dispersion was 3.27 - .3 = 3.57 km above the 
contour of the present shore. The load of ice isostati- 
cally displaced an equal mass of heavy rock in depth, 
hasling a specific gravity assumed to be 3.3; and there 
was a depression of the region corresponding to the 
thickness of the heavy rock dispIaced. I f  x be the 
thickness of the ice a t  the center of dispersion, 

.r = 3 5 7  - .5 +-,.917.i: 
~xrhence.r = 4.3 k m ;  and the mean 

3.3 
thickness of the ice from the center of dispersion to the 

4.4 t .3
mouth of the Hudson River mas about -- - 2.35 

km. 

1 Joztr. Geol., 31: 48, 1933. Reproduced by Coleman in 
his "Ice Ages Recent and Ancient," p. 29, 1926. 

2 Op. cit., p. 28. 
3 Bzill. Geol. Soc. Anter., 29: 187-234, 1918. 
4 Geol. S u ~ v e yCan. Ann. Rpt., viii, p. 387 L., 1897. 
5 A. P. Low, op. cit., p. 68 L. 



But this thickness is that of a sheet having the same 
gradient as the Greenland sheet, or 1 :  459; and the 
front of the Greenland sheet is stationary. F o r  maxi- 
mum vigor of both Greenland and Labrador sheets, 
the supposition may be made that the mean thickness 
was 50 per cent. greater than that which corresponds 
to a gradient of 1:459. On this assumption the 
Labrador sheet a t  its maximum would have had a 
mean thickness of 2.35 x 1.5= 3.52 km. I f  now, fo r  
the maximum vigor of the Labrador sheet, .z: be the 
thickness of ice a t  the center of dispersion and .3 km 
be taken as  the thickness a t  the front, out in the Bt-  

lantic, then the mean thickness is 
x t . 37...r+ .3

Thus, -
2 

= 3.52, whence z =  6.74 km. For  this load the isostatic 
6.74 x .917

depression was = 1.87 k m ;  and the altitude 
3.3 

of the ice surface a t  the center of dispersion was 
6.74 t .5 - 2.04 = 5.2 km. The gradient of the Labra- 
dor sheet a t  this maximum stage depends on how f a r  
the front had advanced beyond the line of the present 
shore. 

I f  the mean thickness of the Labrador sheet a t  its 
maximum be assumed to have been 3.52 km, we may, to 
extend the discussion, adopt this figure for  the mean 
thickness of all continental ice sheets a t  the height of 
pleistocene glaciation. ColemanG gives the area cov-
ered by continental ice in Pleistocene time as  12,000,- 
000 square miles or 31,000,000 square kilometers. The 
volume of this ice is 31,000,000 x 3.52 = 109,120,000 
cubic kilometers. To supply this ice a layer of water 
109.12 x ,917 

= .27 km thick xTas removed from the
368 

ocean, the extent of the ocean being 368,000,000 sq. 
1

km and the expansion of water on freezing --. The
12 

removal of this load of water would have necessitated 

the addition in depth of a lager of he ax^ rock, of 
specific gravity, say 3.3, for  isostatic compensation. 
This layer of rock added to the oceanic column would 

27
have had a thickness of 2= .08 km, and ~vould have 

3.3 
raised the sea bottoril that much. The net fall of sea 
level, relatively to the center of the earth, or to the 
pre-glacial sea level, was .27 - .08 = .I9 km. The layer 
of rock added to the oceanic column had the same 
mass and the same volume as that forced out of the 
continental columns to compensate the load of ice. 

Of the total area (31,000,000 scl. km) covered by ice 
sheets in the Pleistocene one half has been completelf 
deglaciated, and the ice still remaining on the other 
half, comprising Antarctica and Greenland, has been 
reduced in thickness. The reduction may be again 
taken, for  the purposes of this discussion, a t  about one 
third of the maximum. That is, the mean thickness of 
existing ice sheets, covering an area of 15,500,000 sq. 
km, is supposed to be 2.35 km instead of the 3.52 km 
a t  maximum glaciation. The total volume of ice thus 
restored to the ocean since the maximum Pleistocene 
glaciation is about 72,740,000 cu, km. As vater  spread 

72.74 x .917
over the ocean it  is a layer = . I8  km thick ;

368 
and if no other movement occurred the sea level would 
be raised that much. But  this load of .18 km of water 
has been, or is in process of being, compensated by the 
removal from the oceanic column in depth of a layer 
of heavy rock. The thickness of this layer, a t  the as- 

.18
sumed density of 3.3, is -= .05 km;  and the sea bot- 

3.3 
tom would subside that much. Thus the net rise of sea 
level due to the waning and partial melting of the 
Pleistocerle ice sheets, up  to the present, is .I8 - .05 = .13 
km. F o r  the total rise of sea level in this time we must 
of course add the effect due to the delivery to the ocean 
of the products of ordinary stream erosion. 

OBITUARY 

L E E  CLEVELAND CORBETT 

THE death of Dr. Lee Cleveland Corbett, which 
occurred on July 13, 1940, a t  his home in Takoma 
Park, D. C., came as  a surprise to most of his friends. 
Though it  was known following his return on the first 
of April from Florida that he was not well, few real- 
ized that his condition xTas critical. 

The principal steps of Dr. Corbett's professional 
career after graduating from Cornell University, Col- 
lege of Agriculture, in 1890, constitute a continuous 
progression. From 1891-3 he was assistant horticul- 
turist a t  the Cornell University Experiment Station 
under Dr. L. H. Bailey. I n  1893 he went to South 

6 011. cit., 11. 9. 

Dakota in the pioneer period of agricultural education 
there, as professor of horticulture and forestry in the 
State Agricultural College and Experiment Station, 
where he remained two years, going in 1895 to the 
University of V e s t  Virginia as horticulturist, where 
he continued until April, 1901, when he was appointed 
as horticulturist in the U. S. Department of Agri- 
culture. 

By a then recent Act of Congress, the tract of land 
across the Potomac River from Washington to become 
known later as  Brlington Farm, had been turned over 
to the Department of Agriculture. Dr. Corbett's chief 
assignment, and his principal activity for  several years, 
was the clevelopment of this land for  experimental 


