
Sea-Floor Spreading Is Not So Variable 
A new measure of how fast ancient ocean crust formed suggests that this rate, 

as well as sea level, were not as high 80 million years ago as once thought 

In recent years geophysicists have as- 
sumed that the generation of ocean crust 
has been slowing down during the past 
100 million years by as much as 50 
percent. Now, a new kind of measure- 
ment of crustal generation suggests that 
the rate has in fact changed little during 
that time. 

Because changing rates of crustal for- 
mation change sea level, the new results 
imply that a previously proposed drop of 
350 meters during the past 100 million 
years was less precipitous than that, 
being on the order of only 100 to 150 
meters. This more modest drop is in line 
with other evidence that is gaining sup- 
port. 

The new measure of crustal generation 
depends on a geochemical record pre- 
served in the sediments. Margaret De- 
laney of Scripps Institution of Oceanog- 
raphy, then at the Massachusetts Insti- 
tute of Technology (MIT), and Edward 
Boyle of MIT measured the ratio of 
lithium to calcium in sediment microfos- 
sils in five Deep-Sea Drilling Project 
cores from the Atlantic and the Pacific. 
The link between microfossil lithium and 

crustal generation begins at the mid- 
ocean ridges, where percolating seawa- 
ter turns subsurface magma into new 
crust and debouches into the sea as hot 
springs. The lithium leached from the 
rock by the hot seawater adds to the 
ocean's reservoir of lithium, a trace of 
which becomes incorporated in micro- 
scopic foraminifera as they build their 
calcium carbonate skeletons. The lithi- 
um-laced foram skeletons then pile up on 
the bottom. 

There are several places in lithium's 
oceanic travels where the link to crustal 
formation might be broken or distorted. 
The amount of lithium added to the 
ocean might not be in proportion to the 
amount of new crust, but current under- 
standing of how seawater cools new 
crust and limited observations at several 
mid-ocean ridges suggests that it general- 
ly would be, Delaney says. Farther along 
the chain, the effect of hot springs on the 
lithium concentration of seawater might 
be swamped by lithium carried to the 
ocean by rivers. Some researchers hold 
that 90 percent of seawater lithium 
comes from hot springs, others that the 
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How hlgh the Sea? 
Estimates of ancient sea levels seem to be coming down. Pitman and then Kominz estimated 
how ocean basins were jlled by mid-ocean ridges. Watts and Steckler and Brunet and Le 
Pichon (mod$ed by Kominz) measured the water depth over continental margins. Bond 
observed ancient shoreline heights on continents. [Source: M .  Kominz, in AAPG Memior #36, 
John Schlee, Ed., in press] 

proportion is only 40 to 60 percent. De- 
laney notes that even the lower figure 
would put hot springs on a par with 
rivers so that the hot spring signal would 
be measurable. 

Another potential problem is whether 
foraminifera take up lithium in propor- 
tion to its concentration in seawater. 
Delaney, Boyle, and the late Allan BC of 
Lamont-Doherty Geological Observa- 
tory raised forams under controlled sea- 
water conditions and found that their 
lithium concentrations do reflect seawa- 
ter concentrations. A third problem is 
that a clear lithium signal in recent foram 
skeletons might become garbled after 
burial of the skeletons for as much as 100 
million years. Foram skeletons can dis- 
solve in sediment pore water and recrys- 
tallize with a different composition (Sci- 
ence, 20 May 1983, p. 807). Delaney and 
Boyle checked for such alteration by 
comparing the chemical and isotopic 
composition of pore water with that of 
the foram calcium carbonate immersed 
in it. They threw out the few samples 
that seemed to have lost their original 
chemical imprint when they recrystal- 
lized and took on the character of their 
pore water. Other sorts of alteration 
could not be so readily detected, but 
Delaney and Boyle also compared analy- 
ses of the five widely separated cores. 

The record of the release of lithium by 
hot springs was hardly what Delaney and 
Boyle had been prepared to find. Instead 
of a steady slowing from a rate double 
today's, they found that "at no time in 
the past 100 million years have oceanic 
lithium concentrations been significantly 
greater than those at present." If their 
assumptions about the link between 
crustal generation rates and microfossil 
lithium are correct, crustal generation 
rates wiggled up and down less than 25 
percent about a roughly constant value 
and never significantly exceeded the pre- 
sent value. Delaney notes that the preci- 
sion of the measurement of the oldest 
sediments was reduced because only two 
of the five cores reached beyond 40 
million years ago. 

A plate tectonics system that forms 
new ocean crust at a relatively steady 
rate is consistent with a recent prefer- 
ence for a modest drop in sea level over 
the past 80 million years. The connection 
between crustal generation and sea level 
is heat: the faster new crust spreads 
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away from mid-ocean ridges, the warmer 
and lighter typical ocean crust will be, 
and the higher the crust will ride on the 
underlying mantle. The more young, 
shallow sea floor there is, the less room 
there will be for the ocean's water and 
sea level will rise. An increase in crustal 
generation through a lengthening of mid- 
ocean ridges can also shrink the volume 
of ocean basins and raise sea level. 

In 1978 Walter Pitman of Lamont sug- 
gested on the basis of a reconstruction of 
the ancient ocean floor that a combina- 
tion of higher spreading rates and longer 
ridges had pushed the sea 350 meters 
above the present level 80 million years 
ago. Peter Vail and his colleagues at 
Exxon Production and Research Compa- 
ny, Houston, used Pitman's 350 meters 
of sea level change to calibrate their now 
famous Vail sea level curve (Science, 25 
July 1980, p. 483). 

It now appears that the depth of the 
sea floor has not changed enough to 
lower sea level by 350 meters. Michelle 
Kominz of Lamont has recently repeated 
Pitman's calculations and found the most 
probable drop to be 230 meters, but large 
uncertainties allow a possible range of 45 
to 365 meters. Like Pitman, she found a 
pulse of higher spreading rates about 80 
million years ago. But in her reconstruc- 
tion of the ancient Pacific, some of which 
has sunk back into the mantle at deep- 
sea trenches without a trace, Kominz 
has a smaller total ridge length. That 
accounts for their difference in sea level 
change. Other measures of sea level 
change made over the past few years, 
based on the extent of continental flood- 
ing or ocean depth at continental mar- 
gins, generally fall between 100 and 150 
meters, that is, the lower part of Ko- 
minz's broad range. 

Barry Parsons of MIT has pointed out 
that these more modest sea level drops 
are also consistent with the age varia- 
tions of the present sea floor. He found 
that the area of the present sea floor of a 
given age can be predicted with consid- 
erable accuracy if it is assumed that the 
rate of sea-floor spreading has been con- 
stant and that old crust is as likely as 
young crust to be subducted into the 
mantle. These two processes, each of 
which can change sea level, seem to 
have been in rough balance during the 
past 160 million years. This should not 
be so surprising, Parsons says, because 
changes in one process would tend to 
elicit compensating changes in the other. 
Deviations of only 12 percent in each 
process, which the record of foram lithi- 
um would allow, could account for the 
observed 150 meters of sea level 
c h a n g e . - R l c ~ n ~ ~  A. KERR 
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First Look Inside Adenoviruses 
A team of investigators at the University of Virginia has revived a 

dormant technique to provide the first clear pictures of the internal structure 
of human adenovirus type 2, one of the many viruses which cause colds. Jay 
Brown, William Newcomb, and John Boring used a technique called "ion 
etching" to remove part of the capsid, the external protein coat of the virus, 
laying bare the internal structure for examination under an electron micro- 
scope. 

To accomplish this trick, they used a beam of argon ions. Accelerated by 
an appropriate potential, the ions break chemical bonds in the capsid, 
penetrating to a depth of 50 to 150 angstroms. When enough bonds are 
broken, incoming argon ions are able to dislodge small peptides from the 
virus surface. In this fashion, the interior can be slowly exposed. They 
report in a paper submitted to the Journal of Virology that the interior 
contains 12 large spheres, one directly beneath each of the 12 vertices of the 
icosahedron that forms the capsid. They call these large spheres "adeno- 
somes." 

There had been some debate about the internal structure of the adenovi- 
ruses. Many investigators suspected that the viral DNA was condensed into 
structures resembling cellular nucleosomes-DNA coiled around a core of 
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histones-as in the case of the SV40 virus. Dennis Brown of the University 
of Texas, however, previously used a detergent to remove the capsid. He 
isolated spherical structures that contained DNA and viral proteins previ- 
ously numbered five and seven. This type of work is somewhat suspect, 
however, because of the possibility that the detergent has altered the 
internal structures. Dennis Brown says that he is "delighted" that the work 
from the University of Virginia group "resolves a controversy in my 
favor," and calls the forthcoming paper "one of the finest ultrastructural 
studies I've ever seen." 

After they had completed their work, the Virginia group surveyed the 
chemical literature looking for similar techniques; they found only one. In 
1976, Irwin Bendet of the University of Pittsburgh had used ions to study 
the internal structures of the tobacco mosaic virus and of bacteriophage T4. 
Newcomb speculates that subsequent investigators have been discouraged 
from using the technique because Bendet was unable to get clear pictures of 
the interiors. He hopes that his own results will stimulate wider use of ion 
etching. Meanwhile, the Virginia group is beginning to study the internal 
structure of herpesviruses. "It's believed that strands of DNA are wound in 
fishing reel fashion inside the herpesvirus," says Jay Brown. "Using ion 
etching methods, we should be able to find out if that's true." 
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