
nated by forms such as Cribroelphid- 
ium, Elphidiella, and others. Thus, in 
southeastern Alaska there was a deep- 
water marine basin or series of basins 
in which the Poul Creek deposition 
occurred. Basin-filling predominated be- 
ginning in the early and middle Mio- 
cene and was followed by rapid sedi- 
mentation and the introduction of ma- 
rine glacial deposits intermittently dur- 
ing the later Miocene and the Pliocene. 
These gave way to the mostly nonma- 
rine tillites of the classic Quaternary as 
represented in modern exposures. 
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The old hypothesis (1, 2) that the 
present continents split off from one 
supercontinent and moved to their 
present positions is now supported by 
an enormous array of evidence (3). 
This evidence is derived from mea- 
surements of geological structure and 
age (4, 5), from paleomagnetism, from 
the geometrical fit, and, perhaps most 
convincing of all, from the evidence 
of previous history as recorded in the 
magnetic age and fracture zone pat- 
terns associated with ocean-floor spread- 
ing (6, 7). 

The latest reconstruction of South 
America, Africa, Europe, Greenland, 
and North America by Bullard et al. 
(8) is similar to that given by Baker 
(2, p. 14) in 1911 and is almost uni- 
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versally accepted. A reconstruction of 
Africa, Antarctica, Australia, India, and 
Mozambique has recently been given 
by Hurley (5) on the basis of geo- 
logical data. This is similar to past 
reconstructions and also seems implied 
by the evidence from the magnetic and 
fracture zone patterns for the floor 
of the Indian Ocean. An approximate 
combination of these reconstructions is 
shown in Fig. 1. This figure is not an 
exact reconstruction of the former 
positions of the continents, but it does 
show the approximate relative positions 
of the continental masses before they 
split apart from Africa, as suggested 
by Hurley (5) and Bullard et al. (8) 
and much other data. 

The hypothesis that the present con- 
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The hypothesis that the present con- 

tinents were once part of a single con- 
tinental mass is still somewhat contro- 
versial. However, the other conjecture 
that there were two original continental 
masses with the southern continents 
grouped around the South Pole and the 
northern continents grouped around the 
North Pole with a large ocean floor 
intervening seems to be contradicted 
by the presently accepted reconstruc- 
tion of North America, South America, 
Africa, Europe, and Greenland, at least 
in the time period in question, which 
is from the present to approximately 
150 million years ago. 

Although the theory that the conti- 
nents split apart and subsequently 
moved is widely accepted, the ques- 
tions of why and how are still being 
argued. One group (the majority) be- 
lieves that a thermally driven slow con- 
vective flow in the mantle of the earth 
split the crust of the original super- 
continent and carried the fragments 
apart as a new ocean floor welled up 
from the interior. A minority group 
believes that continental separation was 
caused by an expansion of the interior 
of the earth (9). According to this 
view, which apparently goes back at 
least to Hilgenberg (10) and Halm 
(11), the expansion of the earth's in- 
terior split the original earth's crust 
and, as the earth expanded, the ocean 
floors were formed in the voids be- 
tween the continents. Some of the 
expansionists have suggested that this 
radical expansion took place because 
of a gradual decrease in the gravita- 
tion constant, such as Dirac (12) had 
suggested for completely different rea- 
sons. In addition to the advocates of 
continental drift and large expansion 
of the earth, there are others who have 
proposed a combination of the two 
processes. All of these positions have 
been expounded at length, and there 
are arguments for and against every 
explanation. 

The purpose of this report is spe- 
cific. On the basis of very widely ac- 
cepted interpretations of ocean-floor 
spreading and continental separation, 
a topological argument is developed. 
This argument appears to show that 
the separation and movement of the 
continents in the last 150 million years 
cannot be explained by continental 
drift on the surface of the present-sized 
earth. 
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The essence of this argument can be 
understood by reference to Fig. 2. This 
figure is an equidistant projection of the 
earth's surface with the origin of the 
projection in the central Pacific on the 
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Topological Inconsistency of Continental 
Drift on the Present-Sized Earth 

Abstract. Certain continents have in the past moved with respect to each 
other in a manner clearly implied by sea-floor spreading and other data. How- 
ever, the resulting collective motion of all the continents was apparently not 
topologically possible on the present-sized earth. An expanding earth might re- 
solve this difficulty. 
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Fig. 1 (left). Proposed original relative positions of the present continents with respect to Africa; the drawing combines the 
essential features of reconstructions by Bullard et al. (8) and Hurley (5). Fig. 2 (right). Equidistant equatorial projection of 
the present earth showing the perimeter of the Pacific and the motions of the various continents necessary to achieve the recon- 
struction shown in Fig. 1. 

equator at 165?W. This projection pre- 
serves undistorted the radial direction 
and distance along the great circles 

passing through the origin. The perim- 
eter of the outermost circle represents 
the point opposite to the origin in 
Africa on the equator at 15?E. The 
circle formed by the meridians 105?E 

and 75?W forms the circumference of 

the earth halfway between the origin 
and its opposite point. 

Figure 2 shows the present positions 
of the continents. If the continents 

have drifted on the surface of the earth 

from the arrangement shown in Fig. 
1, then we should be able to reverse 
the process, by starting from the pres- 
ent and going backward in time, and 

trace the paths to the original posi- 
tions. The apparent paths of reversed 
drift are shown by the arrows (Fig. 2), 
and, since these paths are almost en- 

tirely radial, they are not significantly 
distorted in direction or distance by 
this projection. These paths seem to 
follow from the pattern of sea-floor 

spreading in the Indian, Atlantic, and 
South Pacific oceans (6). If this mo- 
tion as we go backward in time is to 
be topologically possible, the area en- 
closed by the average perimeter of 
the Pacific (Fig. 2, points A through 
J) must increase as we go backward 
in time in order that it could fit over 
the circumference of the earth formed 

by the meridians 105?E and 75?W 
and continue to the other side of the 

610 

earth to form the proposed supercon- 
tinent shown in Fig. 1. This is neces- 
sary because the present average perim- 
eter of the Pacific (Fig. 2, points A 

through J) encloses an area equal to 

only 0.35 of the earth's surface. 
The term average perimeter is used 

here to mean the combined length of 
the sides of the spherical polygon 
shown in Fig. 2. It is assumed that the 
continental blocks are essentially rigid 

plates which retain their basic shape, 
although small linkages between them 
and minor features may be subjected 
to strong distortions. These physical 
properties of the continental plates are 
essential to explain the excellence of 
the geometrical fit of the accepted re- 

constructions. From this viewpoint the 

average perimeter is the shortest dis- 

tance along the continental plates con- 

nected by the shortest distances of in- 

tervening ocean or isthmus (Fig. 2, 
points A through J). 

Thus it is assumed that the perimeter 
of the Pacific in times past could only 
have changed by the change in length 
of the connecting links AB, CD, EF, 
GH, and IJ. My contention is that, on 
the basis of modern knowledge of 
ocean-floor spreading, it is quite un- 

ambiguous that the combined length of 
these links and the area enclosed by 
the perimeter decrease as we go back- 
ward in time at least from the present 
to 80 million years ago. If this con- 
clusion is granted, it is topologically im- 

possible to move simultaneously the 
four continents along the paths indi- 
cated by the arrows (considering also 
the points of attachment of Eurasia to 
Africa at Spain and Arabia, which has 
only recently separated from Africa 
by the action of the Red Sea rift). To 
achieve the arrangement shown in Fig. 
1, the perimeter of the Pacific must 
have at some time enclosed at least 
half of the earth's surface in order for 
it to pass over the earth's circumference 
(as we go back in time) and be as- 
sembled on the opposite side of the 
earth. Thus there is no topologically 
possible transformation of the conti- 
nents on an earth of the present size 
from their present positions to even 
approximately the positions shown in 
Fig. 1 if we accept the constraints on 
the perimeter. 

One can question the assumptions 
about the past history of the linkages 
in the perimeter of the Pacific, but 
the evidence is strong for the view 
presented here, particularly from the 
maps of magnetic dating of ocean 
floors reported by Heirtzler et al. (6) 
and Heirtzler (7). 

If we go back in time, the magnetic 
dating and fracture lines of the floor 
of the Atlantic Ocean show that GH 
decreases and the ocean floor south 
of Australia shows that CD decreases 
until Australia was in contact with 
Antarctica about 40 million years ago. 
The link If was not very active in this 
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time period, but faunal migrations im- 
ply a Bering land bridge 80 million 
years ago. The magnetic dating asso- 
ciated with the ridges in the eastern 
Pacific imply the decrease of EF. The 
magnetic dating and fault structure of 
the Indian Ocean show that Australia 
has moved slightly north of west (as 
we go backward in time) in relation 
to Africa in the given time period. 
Since Africa must simultaneously move 
slightly north compared with Asia, as 
demanded by the ridges in the Indian 
Ocean and the Red Sea, the link AB 
was apparently shorter. This is con- 
sistent with the accepted biological 
evidence that the marsupials arrived in 
New Guinea and Australia by way of 
a land connection to mainland Asia 
(and not from South America by way 
of Antarctica) and that this land con- 
nection was broken 70 million years ago 
or before (13). The reconstruction of 
Fig. 1 also leads to this conclusion. The 
evidence for the decrease of each of 
these linkages as we go back in time 
is rather strong, and it seems highly 
improbable that the area enclosed by 
the perimeter was ever as large as 
half the earth's present area in the last 
150 million years. 

The topological argument given above 
is independent of possible downwell- 
ing of the ocean floor. It is also ap- 
parently independent of shrinkage of 
the continents associated with mountain 
formation since the important moun- 
tain regions of the perimeter could be 
included without significant increase in 
the perimeter. The argument is not 
very sensitive to the exact time scale 
or to variations in the rate of ocean- 
floor spreading, as long as these were 
reasonably monotonic in the period in 
question, and could be adapted to most 
proposed reconstructions of a single 
supercontinent. 

The only hypothesis that has been 
suggested thus far that resolves the 
paradox described above is that in the 
past the earth's interior has expanded 
considerably (the inverse process of a 
contraction of the crust of this magni- 
tude has not been seriously suggested). 
It is conceivable that a rather small 
expansion, as suggested by Dicke (14) 
and by Wilson (15), might be consist- 
ent with the above argument. The most 
direct interpretation of the evidence, 
however, seems to be that a large ex- 
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expansion, as suggested by Dicke (14) 
and by Wilson (15), might be consist- 
ent with the above argument. The most 
direct interpretation of the evidence, 
however, seems to be that a large ex- 
pansion of the earth's interior has 
taken place in the last 150 million 
years. The nature of the physical proc- 
ess that could have led to such an 
expansion is highly conjectural, but 
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such a process cannot be excluded on 
the basis of present physical knowl- 
edge. Because of the radical implica- 
tions of the expansion hypothesis, the 
assumptions of the argument presented 
above will need to be examined with 
care and objectivity. 

R. MESERVEY 

Francis Bitter National Magnet 
Laboratory, Massachusetts Institute of 
Technology, Cambridge 02139 
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The extensive use of low-frequency 
sounders in the marine environment has 
shown the presence of deep scattering 
layers in many parts of the hydro- 
sphere (1). These layers generally exist 
below 100 m in the oceans, but at least 
parts of the layers migrate at night 
from depths of 300 to 500 m into the 
surface waters. Thus far only limited 
use has been made of high-frequency 
echo sounders in plankton studies (2). 
The major limitation of high-frequency 
sounders in comparison to low-frequen- 
cy sounders is that the signal of the 
former, which is very efficient at pick- 
ing up small targets, has an effective 
range of no more than 200 m, whereas 
the latter unit, which is generally lim- 
ited to large targets, commonly has a 
range in excess of 1000 m. 

A high-frequency (200-khz) echo 
sounder (3) was operated continuously 
during two crossings of the Pacific 
Ocean, from 18 March to 5 May 1969, 
on board the Canadian research vessel 
Endeavour. The crossings (Fig. 1) fol- 
lowed an approximate great circle 
route through the subarctic Pacific be- 
tween Esquimalt, British Columbia, 
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Canada, and Tokyo, Japan, and from 
Hakodate, Japan, to Esquimalt. 

A dense shallow scattering layer was 
observed to occur during daylight hours 
over most of the Pacific at varying 
depths and concentrations. Illustrated 
in Fig. 1 are the relative positions and 
daily occurrences of the scattering lay- 
ers within the upper 100 m from 0600 
hours to 1800 hours. 

Night observations of the layer indi- 
cated that it was closer to the surface 
and was comprised of a variety of 
plankton species. Net tows at night 
yielded mixed catches of nekton and 
euphausiids, and other zooplankton. 
During daylight the layer varied in 
depth and thickness from 10 to 60 m; 
the intensity of the echo varied from 
no response at relatively few locations 
to a very heavy echo response corre- 
sponding to a layer thickness of ap- 
proximately 40 m. The layers were 
usually arrayed between depths of 20 
and 40 m. 

Two types of apparatus for the 
sampling of zooplankton were used to 
examine the layers. One type was the 
Miller sampler (4), ten of which were 
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Shallow Scattering Layer in the Subarctic Pacific 

Ocean: Detection by High-Frequency Echo Sounder 

Abstract. Shallow scattering layers consisting mainly of Calanus cristatus were 
detected on a trans-Pacific crossing to depths of 60 meters with a high-frequency 
echo sounder. Biomass estimates of these layers indicate concentrations of zoo- 
plankton that are greater and more extensive than previously reported in the 
open ocean. 
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