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only a few per cent of the observed 
sources were within the Galaxy, and 
that most of them were external 
galaxies having a radio emission at 
least 1,000 times greater than that of 
our own Galaxy. If we suppose that 
most of the sources emit as much 
optical radiation as our own Galaxy, 
then the limiting optical brightness 
of the sources allows us to set an even 
greater limit to the radio emission. 
The third method was based on meas -
urements of the angular diameters of 
the sources, and again indicated an 
average radio emission I0'--106 times 
that of the Galaxy. From these 
results we can now compute the mun­
her of sources we should expect to 
find at different intensities; but before 
we can compare the results with what 
we observe, we must explore a number 
of possible difficulties which might 
affect the interpretation of the observa-
tions. One difficulty of this sort is 
the possibility that radio galaxies 

Fig. 2. Plot of relative number ofsources observed (N / N .) above given inten­
sltle& I. The dotted line& represent the exten&lon of the observatioD8 to weaker 
sources than can be observed individually ; they are based on a statistical 
method which gives no information about the poaltions or lnteD&itles of Indivi­
dual &ources, but allows limits to be set to the number of sources of different 
lnteD&ities. The full lines are the curves predicted by the Steady-State model 

might occur in clusters-if they did so, 
then although we would be able to 
recognize the individual sources in a 
nearby cluster, a very distant cluster 
might be mistaken for a single nearby 
source. We therefore made a number for two values for the effective power of the sources 

puter is printed on sheets which ena.ble us to find the 
positions and intensities of the sources-, and the 
detail obtained is the same as if we had built two 
aerials each 800 ft. x 500 ft. 

We have been using this telescope continuously 
since it was completed in the summer of 1958, most 
of the time on problems relating to the cosmological 
question. 

Our first problem was to establish the power of the 
sour0€S-SO that we could predict the relative number 
of sources we should expect to find at different 
intensities. At the same time we must make sure 
that he observations are not being diluted by large 
numbers of relatively weak sources at small distances 
-for we know that some of the source'! are the 
remains of supernova explosions inside our own 
Galaxy-and others are nearby galaxies with rela­
tively weak radio emission. 

We have used three methods of finding the power 
of the sources, the first of which is based on radio 
methods a.lone, and involves no assumptions about the 
nature of the sources. This method showed that 

of subsidiary investigations of this sort 
to see what corrections would be necessary. 

The final, and most extensive problem was to 
determine the actual number of sources above given 
intensities, down to the smallest value we could 
reach. The results, plotted as the number of sources 
N compared with the number N 0 which would have 
been observed in the abeence of effects of the red­
Bhift, are shown in Fig. 2. The corresponding curves 
predicted by the Steady-State model on the basis 
of (a) the lowest permissible value of radio power, and 
(b} the value suggested by the optical data, are also 
shown in Fig. 2 ; the discrepancy seems too great to be 
explained by errors in the observations or their 
interpretation, and suggests that the Steady-State 
theory in its original form does not correspond to the 
actual universe. 

This is only the beginning of the problem, and the 
simplest .of the questions which one can ask. There 
are many versions of evolving cosmologies, and there 
may be special case'3 of the Steady-State model which 
fit the present results. More detailed observations 
may make it po':!':!ible to eliminate some of these too. 

CONTINENT AND OCEAN BASIN EVOLUTION BY SPREADING 
OF THE SEA FLOOR 

By ROBERT S. DIETZ, 
U.S. Navy Electronics Laboratory, San Diego 52, California 

ANY concept of crustal evolution must be based 
on an Earth model involving assumptions not 

fully established regarding the nature of the Earth's 
outer shells and mantle processes. The concept 
proposed here, which can be termed the 'spreading 
sea-floor theory', is largely intuitive, having been 

derived through an attempt to interpret sea-floor 
bathymetry. Although no entirely new proposals 
need be postulated regarding crustal structure, the 
concept requires the acceptance of a specific crustal 
model, in some ways at variance with the present 
consensus of opinion. Sinoe the model follows from 
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the concept, no attempt is made to defend it. The 
assumed model is as follows : 

(1) Large-scale thermal convection cells, fuelled 
by the decay of radioactive minerals, operate in the 
mantle. They must provide the primary diastrophic 
forces affecting the lithosphere. 

(2) The sequence of crustal layers beneath the 
oceans is markedly different from that beneath the 
continents and is quite simple (Fig. 1 ). On an average 
4·5 km. of water overlies 0·3 km. of unconsolidated 
sediments (layer 1). Underlying this is layer 2, 
consisting of about 2·0 km. of mixed volcanics and 
lithified sediments. Beneath this is the layer 3 
(5 km. thick), commonly called the basalt layer and 
supposedly forming a world-encircling cap of effusive 
basic volcanics over the Earth's mantle from which 
it is separated by the Mohorovicic seismic discon­
tinuity. Instead we must accept the growing opinion 
that the 'Moho' marks a change of phase rather tha,n 
a chemical boundary, that is, layer 3 is chemically 
the same as the mantle rock but petrographically 
different with low-pressure phase minerals above 
the Moho and high-pressure minerals below. This 
change of phase may be either fromeclogite to gabbro1, 

or from peridotite to serpentine2 ; its exact nature is 
not vital to our concept, but we can tentatively accept 
the eclogite-gabbro transition as it has more 
adherents. Common usage requires that we reserve 
the term 'mantle' for the substance beneath the 
Moho, but in point of fact, the gabbro layer (as a 
change of phase) is also a part of the mantle-a sort 
of 'exo-mantle'. Except for a very thin veneer, then, 
the sea :floor is the exposed mantle of the Earth in 
this larger sense. 

(3) It is relevant to speak of the strength and 
rigidity of the Earth's outer shell. The term 'crust' 
has been effectively pre-empted from its classical 
meaning by seismological usage applying it to the 
layer above the Moho, that is, the sial in continental 
regions and the 'basaltic' layer under the oceans so 
that the continents have a thick crust and the ocean 
basins a thin crust. Used in this now accepted sense, 
any implications equating the crust with rigidity 
must be dismissed. For considerations of convective 
creep and tectonic yielding, we must refer to a litho­
sphere and an asthenosphere. Deviations from isostasy 
prove that approximately the outer 70 km. of the 
Earth (under the continents and ocean basins alike) 
is moderately strong and rigid even over time-spans 
of 100,000 years or more; this outer rind is the 
lithosphere. Beneath lies the asthenosphere separ­
ated from the lithosphere by the level of no strain or 
isopiestic level; it is a domain of rock plasticity and 
flowage where any stresses are quickly removed. No 
seismic discontinuit-y marks the isopiestic level and 
very likely it is actually a zone of uniform composition 
showing a gradual transition in strength as pressure 
and temperature rise; and in spite of the lithosphere's 
rigidity, to speak of it as a crust or shell greatly 
exaggerates its strength. Because of its grand dimen­
sions, for model similitude we must think of it as 
weak3• If convection currents are operating 'sub­
crustally', as is commonly written, they would be 
expected to shear below the lithosphere and not 
beneath the 'crust' as this term is now used. 

(4) As gravity data have shown, the continents 
are low-density tabular masses of sial-a 'basement 
complex' of granitic rocks about 35 km. thick with a 
thin sedimentary veneer. Since they are buoyant 
and float high hydrostatically in the sima, they are 
analogous to icebergs in the ocean. This analogy 
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Fig. 1. Generalized crustal sections through the lithosphere 
beneath the continents and the ocean basins as presumed In this 
paper. Seismic velocities and densities are shown for the various 

layers 

has additional merit in that convection of the sima 
cannot enter the sial. But the analogy gives the 
wrong impression of relative strength of sial a.nd 
sirna ; the continental lithosphere is no stronger than 
the oceanic lithosphere, so it is mechanically impos­
sible for the sial to 'sail through the sima' as Weg­
nerian continental drift proposes. The temperature 
a.nd pressure are too high at the base of the sial to 
permit a gabbroic layer above the Moho; instead, 
there may be an abrupt transition from granite to 
eclogite. 

Spreading Sea Floor Theory 
Owing to the small strength of the lithosphere and 

the gradual transition in rigidity between it and the 
asthenosphere, the lithosphere is not a boundary to 
convection circulation, and neither is the Moho 
beneath the oceans because this is not a density 
boundary but simply a change of phase. Thus the 
oceanic 'crust' (the gabbroic layer) is almost wholly 
coupled with the convective overturn of the mantle 
creeping at a rate of a few cm./yr. Since the sea floor 
is covered by only a thin veneer of sediments with 
some mixed-in effusives, it is essentially the out­
cropping mantle. So the sea floor marks the tops of 
the convection cells and slowly spreads from zones of 
divergence to those of convergence. These cells 
have dimensions of several thousands of kilometres; 
some cells are quite active now while others are dead 
or dormant. They have changed position with geo-
logical time causing new tectonic patterns. . 

The gross structures of the sea floor are direct 
expressions of this convection. The median rises•, 5 

mark the up-welling sites or divergences; the trenc}_ies 
are associated with the convergences or down-welling 
sites; and the fracture zones6 mark shears between 
regions of slow and fast creep. The high heat-fl~w 
under the rises' is inditJative of the ascendmg 
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convection currents as also are the groups of volcanic 
seamounts which dot the backs of these rises. 

Much of the minor sea.floor topography may be 
even directly ascribable to spreading of the sea floor. 
Great expanses of rough topography skirt both sides 
of the Mid-Atlantic Rift; similarly there are extensive 
regions of abyssal hills in the Pacific. The roughness 
is suggestive of youth, so it has commonly been 
assumed to be simply volcanic topography because 
the larger sea.mounts are volcanic. But this inter­
pretation is not at all convincing, and no one has 
given this view formality by publishing a definitive 
study. Actually, the topography resembles neither 
volcanic flows nor incipient volcanoes. Can it not 
be that these expanses of abyssal hills are a 'chaos 
topography' developed as strips of juvenile sea-floor 
(by a process which can be visualized only as mixed 
intrusion and extrusion) and then placed under 
rupturing stresses as the sea floor moves outward? 

The median position of the rises cannot be a matter 
of chance, so it might be supposed that the continents 
in some m,,mner control the convection pattern. 
But the reverse is considered true: conditions deep 
within the mantle control the convective pattern 
without regard for continent positions. By vi· cous 
drag, the continents initially are moved along with 
the sima until they attain a position of dynamic 
balance overlying a convergence. There the con­
tinents come to rest, but the sima continues to shear 
under and descend beneath them; so the continents 
generally cover the down-welling sites. If new up­
wells do happen to rise under a continental mass, it 
tends to be rifted. Thus, the entire North and South 
Atlantic Ocean marks an ancient rift which separated 
North and South America from Europe and Africa. 
Another such rift has opened up the Mediterranean. 
The axis of the East Pacific Rise now seems to be 
invading the North American continent, underlying 
the Gulf of California and California8• Similarly, the 
Indian Ocean Rise may extend into the African Rift 
Valleys, tending to fragment that continent. 

The sialic continents, floating on the sima, provide 
a density barrier to convection circulation-unlike 
the Moho, which involves merely a change of phase. 
The convection circulation thus shears beneath the 
continents so that the sial is only partially coupled 
through drag forces. Since the continents are norm­
ally resting over convergences, so that convective 
spreading is moving toward them from opposite sides, 
the continents are placed consequently under com­
pression. They tend to buckle, which accounts for 
alpine folding, thrust faulting, and similar compres­
sional effects so characteristic of the continents. 
In contrast, the ocean basins are simultaneously 
domains of tension. If the continental block is 
drifted along with the sima, the margin is tectonically 
stable (Atlantic type). But if the sima is slipping 
under the sialic block, marginal mountains tend to 
form (Pacific type} owing to drag forces. 

Implications of the Concept 
Ad lwc hypotheses are likely to be wrong. On the 

other hand, one which is consonant with our broader 
understanding of the history of the Earth may have 
merit. While the thought of a highly mobile sea 
floor may seem alarming at first, it does little violence 
to geological history. 

Volumetric changes of the Earth. Geologists have 
traditionally recognized that compression of the 
continents {and they assumed of the ocean floors as 

well) was the principal tectonic problem. It was 
supposed that the Earth was cooling and shrinking. 
But recently, geologists have been impressed by 
tensional structures, especially on the ocean floor. 
To account for sea floor rifting, Heezen18, for example, 
has advocated an expanding Earth, a doubling of 
the diameter. Carey's11 tectonic analysis has resulted 
in the need for a twenty-fold incl'ease in volume of 
the Earth. Spreading of the sea floor offers the less­
radical answer that the Earth's volume has remained 
constant. By creep from median upwellings, the 
ocean basins are . mostly undel' tension, while the 
continents, normally balanced against sima creepage 
from opposite sides, are under compression. 

The geological record is replete with transgressions 
and regressions of the sea, but these have been shallow 
and not catastrophic; fluctuations in sea-level as 
severe as those of the Pleistocene are abnormal. The 
spreading concept does no violence to this order of 
things, unlike dilation or contraction of the Earth. 
The volumetric capacity of the oceans is fully con­
served. 

Oontinent,al, Drift. The spreading concept envisages 
limited continental drifting, with the sial blocks 
initially being rafted to down-welling sites and then 
being stablized in a bala.nced field of opposing drag 
forces. The sea floor is held to be more mobile and 
to migrate freely even after the continents come to 
rest. The sial moves largely en bloc, but the sea floor 
spreads more differentially. 

Former scepticism about continental drift is rapidly 
vanishing, especially due to the palreomagnetic find­
ings and new tectonic analyses. A principal objection 
to Wegener's continental drift hypothesis was that it 
was physically impossible for a continent to 'sail 
like a ship' through the sima; and nowhere is there 
any sea floor deformation ascribable to an on-coming 
continent. Sea floor spreading obviates this difficulty: 
continents never move through the sima-they either 
move along with it or stand still while the sima 
shears beneath them. The buoyancy of the con­
tinents, rather than their being stronger than the 
sima, accounts for this. Drag associated with the 
shearing could account for alpine folding and related 
compressional tectonic structures on the continents. 

Persistent freeboard of the continents. A satisfactory 
theory of crustal evolution must explain why the 
continents have stood high throughout geological 
time in spite of constant erosional de-levelling. 
Many geologists believe that new buoyancy is added 
to continents through the gravitative differentiation 
from the mantle. Spreading of the sea floor provides 
a mechanism whereby the continents are placed over 
the down-wells where new sial would tend to collect, 
even though the convection is entirely a mantle 
process and the role of the continents is passive. 
It also follows that the elastic detritus swept into the 
deep sea from the continents is not permanently lost. 
Rathel', it is carried slowly towards, and then beneath, 
the continents, where it is granitized and added anew 
to the sialic blocks. 

Youth of the ocean floor. It follows paradoxically 
from the spreading concept that, although the ocean 
basins are old, the sea floor is young-much younger 
than the rocks of the continents. Marine sediments, 
seamounts, and other structures slowly impinge 
against the sia.lic blocks and are destroyed by under. 
riding them. Pre-Cambrian and perhaps even most 
Palreozoic rocks should prove absent from the ocean 
floors ; and Mohole drilling should not reveal the 
great missing sequence of the Lipalian interval 
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{Pre-Cambrian to Cambrian) as hoped for by some. 
Al~ this may seem surprising, but marine geological 
evidence supports the concept. 

On hi.ti discovery of the guyots of the Pacific, Hessn 
supposed these were Pre-Cambrian features protected 
from erosion by the cover of the sea. But Hamilton 18 

proved the guyots of the Mid-Pacific Mountains were 
Cretaceous, and these seem to be among the oldest of 
the sea.mount groups. In an analysis of the various 
sea.mount groups of the western Pacific, I was forced 
to conclude that none of them was older than mid­
Mesozoic. The young age of the sea.mounts has been 
puzzling; certainly they can neither erode away nor 
subside completely. Also, there seem to be too few 
volcanic sea.mounts, if the present population repre­
sents the entire number built over the past hundred 
million years or more. The puzzle dissolves if sea 
floor spreading has operated. Modern examples of 
impinging groups of seamounts may be the western 
end of the Caroline Islands, the Wake-Marcus Sea­
mounts, and the Magellan Sea.mounts". All may be 
moving into the western Pacific trenches. Sea.mount 
GA-I south of Ala.ska may be moving into the 
Aleutian Trench 16 • 

The sedimentary layers under the sea also appear 
to be young. No fossiliferous rocks older than 
Cretaceous have yet been dredged from any ocean 
basin. Radioactive dating of a basalt from the Mid­
Atlantic ridge gave a Tertiary age16 • Kuenen17 

estimated that the ocean basins should contain on an 
average about 3·0 km. of sedimentary rocks assuming 
the basins are 200 million years old. But seismic 
reflexions indicate an average of only 0·3 km. of the 
unconsolidated sediments. Hamilton18, however, 
believes that much of layer 2 may be lithified sedi­
ments. If all layer 2 is lithified sediments, Hamil­
ton finds that the ocean basins may be Palreozoic or 
late Pre-Cambrian in age-but not Archrean. But 
very likely layer 2 includes much effusive material 
and sedimentary products of sea floor weathering. 
In summing up, the evidence from the sediments, 
although still fragmentary, suggests that the sea 
floors may be not older than Palreozoic or even 
Mesozoic. 

Spreading and magnetic anomalies. Vacquier, V., 
et al. (in the press) recently have completed excellent 
sea-floor magnetic surveys off the west coast of North 
America. A striking north-south lineation shows up 
which seems to reveal a stress pattern (Mason, R. G., 

and Raff, A. D., in the press). Such interpretation 
would fit into spreading concept with the lineations 
being developed normal to the direction of convection 
creep. The lineation is interrupted by Menard'ss 
three fracture-zones, and anomalies indicate shearing 
offsets of as much a.s 640 nautical miles in the case 
of the remarkable Mendocinco Escarpment19• Great 
mobility of the sea floor is thus suggested. The 
offsets have no significant expression after they strike 
the continental block; so apparently they may slip 
under the continent without any strong coupling. 
Another aspect is that the anomalies smooth out and 
virtually disappear under the continental shelf; so 
the sea floor may dive under the sial and lose mag­
netism by being heated above the Curie point. 

By considering an Earth crustal model only slightly 
at variance with that commonly accepted, a novel 
concept of the evolution of continents and ocean 
basins has been suggested which seems to fit the 
'facts' of marine geology. If this concept were correct, 
it would be most useful to apply the term 'crust', 
which now has a confusion of meanings, only to any 
layer which overlies and caps the convective circula­
tion of the mantle. The sialic continental blocks do 
this, so they form the true crust. The ocean floor 
seemingly does not, so the ocean basin is 'crustless'. 

I wish to express my appreciation to E. L. 
Hamilton, F. P. Shepard, H. W. Menard, V. V a.cquier, 
R. Von Herzen and A. D. Raff for critical discussions. 
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MOUSE CHIM/ERAS DEVELOPED FROM FUSED EGGS 

By DR. AN DRZEJ K. TARKOWSKI 
Department of Zoology, University College of North Wales, Bangor, Caernarvonshire• 

T HE regulative ca.pa.cities of an egg can be defined 
by following the development of either its separ­

ated parts (or bla.stomeres) or of united whole ones. 
The mammalian egg as an object of experimental 
embryology has been studied more extensively along 
the first line of approach1-•. It has been shown that 
the isolated bla.stomeres of 2-cell and even 4-cell 
eggs can effect regulation. Normal offspring from 
'half' bla.stomeres were reported in the mouse2

•' and 
the rabbit•• 6• 'Quarter' ble.stomeres of the mouse 

• Permanent address: Zoologlc&l Institute, University of Warsaw. 

egg can develop at least into bla.stocysts•,a and in 
the rabbit can give rise at least to 9½-day-old 
embryos•• 8 • 

The only attempt, so far, to fuse mammalian eggs 
was reported by Nicholas and Hall1 • These authors 
transferred pairs of naked, slightly adhering I-cell 
r11>t eggs. A single embryo developed until term, but 
as the effectiveness of the union achieved had not 
been checked, the result was not quite ooncluaive. 

In undertaking the work to be described here, it was 
decided that the conditio sine qua non of experiments 
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