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Rocks Tell Tales of Earth Billions of 
Years Ago

By KENNETH CHANG

rom just a few sulfur atoms trapped inside some diamonds from Botswana, 
scientists have inferred that there was almost no oxygen in the air until about 

2.4 billion years ago. Meanwhile, a biology experiment looking at starved bacteria 
suggests that methane was in the air, perhaps explaining why the planet did not 
freeze over.

Advertisement When scientists try to figure out what the earth was 
like billions of years ago, they do not have much to 
work with, mostly just rocks. But a rock can tell 
much about itself. Limestone is a remnant of 
ancient sea sediment. Basalt is a hardened lava 
flow. Granite is magma that slowly cooled 
underground into a hodgepodge of crystalline 
minerals.

And over the earth's history, the rocks have 
changed. Some mineral deposits like vast banded 
iron formations from ancient times cannot form 
today, because the oxygen in today's atmosphere 
and oceans now prevents iron from dissolving.

Scientists find even subtler clues in the weight of 
individual atoms within rocks. The earliest 
evidence of life on the earth is not a fossil — 
microbes rarely fossilize and when they do, they 
look like cracks or air bubbles — but rather, 
deposits of carbon dating back 3.8 billion years that 
almost completely lack a heavier version of carbon.

Ninety-nine percent of carbon atoms are carbon 12, 
containing six protons and six neutrons in their 
nuclei. Carbon 13, a rarer, heavier version, or 
isotope, contains seven neutrons. Living things 
prefer to be lazy if they can, eating compounds 
containing the lighter carbon 12 and leaving carbon 
13 behind. Thus, clumps of graphite containing 
higher-than-normal levels of carbon 12 are 
believed to be the remains of ancient microbes.

 

 

Associated Press
From diamond mines in Botswana, 
like this Debswana site in Jwaneng, 
scientists have found clues in trapped 
sulfur atoms suggesting that there was 
almost no oxygen in the earth's air 
until about 2.4 billion years ago.

Topics  Alerts

Earth

Geology

Carbon Dating
Science and 
Technology

Create Your Own | Manage Alerts
Take a Tour

Sign Up for Newsletters

http://www.nytimes.com/2003/01/21/science/earth/21EART.html (1 of 4) [1/21/2003 3:16:33 PM]

http://www.nytimes.com/
http://www.nytimes.com/pages/science/index.html
http://www.nytimes.com/
http://www.nytimes.com/pages/jobs/index.html
http://www.nytimes.com/pages/realestate/index.html
http://www.nytimes.com/pages/automobiles/index.html
http://www.nytimes.com/pages/world/index.html
http://www.nytimes.com/pages/national/index.html
http://www.nytimes.com/pages/politics/index.html
http://www.nytimes.com/pages/business/index.html
http://www.nytimes.com/pages/technology/index.html
http://www.nytimes.com/pages/science/index.html
http://www.nytimes.com/pages/science/earth/index.html
http://www.nytimes.com/pages/science/life/index.html
http://www.nytimes.com/pages/science/physical/index.html
http://www.nytimes.com/pages/science/social/index.html
http://www.nytimes.com/pages/science/space/index.html
http://www.nytimes.com/pages/science/columns/index.html
http://www.nytimes.com/pages/health/index.html
http://www.nytimes.com/pages/sports/index.html
http://www.nytimes.com/pages/nyregion/index.html
http://www.nytimes.com/pages/education/index.html
http://www.nytimes.com/weather/
http://www.nytimes.com/pages/obituaries/index.html
http://www.nytimes.com/pages/pageone/index.html
http://www.nytimes.com/corrections.html
http://www.nytimes.com/pages/opinion/index.html
http://www.nytimes.com/pages/readersopinions/index.html
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/science&pos=Bottom3&camp=tripcom25-nyt4&ad=86x60May.gif&goto=http%3A%2F%2Fad%2Edoubleclick%2Enet%2Fclk%3B4132429%3B7024407%3Ba%3Fhttp%3A%2F%2Fwww%2Etrip%2Ecom
http://www.nytimes.com/pages/arts/index.html
http://www.nytimes.com/pages/books/index.html
http://www.nytimes.com/pages/movies/index.html
http://www.nytimes.com/pages/travel/index.html
http://www.nytimes.com/top/features/travel/destinations/unitedstates/newyork/newyorkcity/index.html
http://www.nytimes.com/pages/dining/index.html
http://www.nytimes.com/pages/garden/index.html
http://www.nytimes.com/pages/fashion/index.html
http://www.nytimes.com/pages/crosswords/index.html
http://www.nytimes.com/pages/cartoons/index.html
http://www.nytimes.com/library/magazine/home/
http://www.nytimes.com/pages/weekinreview/index.html
http://www.nytimes.com/pages/multimedia/index.html
http://www.nytimes.com/college/index.html
http://www.nytimes.com/learning
http://search.nytimes.com/search/
http://www.nytimes.com/classifieds/index.html
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=click.nytimes.com&pos=Position1&camp=trip-serviceslink&ad=blank.html&goto=http%3A%2F%2Fwww%2Etrip%2Ecom%2Ftrs%2Fnytimes%2Fhome%2Findex%5F01%2Exsl
http://www.nytimes.com/personals
http://www.nytbroadway.com/?thtrtx
http://www.nytimes.com/nytstore/
http://www.nytimes.com/nytstore/
http://www.nytimes.com/services/nytmobile/
http://postcards.nytimes.com/specials/postcards/
http://www.nytdigital.com/
http://www.nytdigital.com/work/job.html
http://www.nytimes.com/adinfo/
http://query.nytimes.com/search/advanced/
http://www.nytimes.com/membercenter
http://www.nytimes.com/logout
http://www.nytimes.com/mem/profile.html
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/science&pos=Top&camp=nytnyt254&ad=new2_4684.gif&goto=http%3A%2F%2Fwww%2Enytimes%2Ecom%2Fmarketing%2Falweekend%2F
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/science&pos=Middle&camp=tripcom02-nyt4&ad=ctix-hotel-120x600fixed.gif&goto=http%3A%2F%2Fad%2Edoubleclick%2Enet%2Fclk%3B4926268%3B7654007%3Br%3Fhttp%3A%2F%2Fwww%2Echeaptickets%2Ecom%2Ftrs%2Fcheaptickets%2Faccommodations%2Faccommodation%5Fsearch%2Exsl
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/science&pos=Middle&camp=tripcom02-nyt4&ad=ctix-hotel-120x600fixed.gif&goto=http%3A%2F%2Fad%2Edoubleclick%2Enet%2Fclk%3B4926268%3B7654007%3Br%3Fhttp%3A%2F%2Fwww%2Echeaptickets%2Ecom%2Ftrs%2Fcheaptickets%2Faccommodations%2Faccommodation%5Fsearch%2Exsl
http://ea.nytimes.com/cgi-bin/email?REFURI=http://www.nytimes.com/2003/01/21/science/earth/21EART.html&position=top
http://www.nytimes.com/2003/01/21/science/earth/21EART.html?pagewanted=print&position=top
http://www.nytimes.com/gst/pop_top.html
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/science&pos=Frame4&camp=starbucks21-nyt4&ad=starbucksnew.gif&goto=http%3A%2F%2Fwww%2Estarbucks%2Ecom%2FDefault%2Easp%3Fci%3D692
http://www.nytimes.com/mem/tnt.html?module=call&alert_context=0&retA=http://www.nytimes.com/2003/01/21/science/earth/21EART.html&retT=Rocks+Tell+Tales+of+Earth+Billions+of+Years+Ago
http://www.nytimes.com/mem/tnt.html?module=manage&retA=http://www.nytimes.com/2003/01/21/science/earth/21EART.html&retT=Rocks+Tell+Tales+of+Earth+Billions+of+Years+Ago
http://www.nytimes.com/ads/marketing/newstracker/index.html
http://email.nytimes.com/


Rocks Tell Tales of Earth Billions of Years Ago

Our Advertisers

Your Profile
E-Mail Preferences
News Tracker
Premium Account
Site Help
Privacy Policy

Home Delivery
Customer Service
Electronic Edition
Media Kit
Community Affairs

Text Version

To deduce when oxygen entered the atmosphere, 
Dr. James Farquhar, a professor of geology at the 
University of Maryland, plays a similar game of 
chemical isotopes with sulfur. As sulfur 
compounds, spewed out by volcanoes, float in the 
air, ultraviolet light hits them and breaks them 
apart, producing a ratio of isotopes later preserved 
in rocks.

In work reported three years ago, Dr. Farquhar 
found that these sulfur ratios changed between 2.4 
billion and 2.1 billion years ago, which he 
attributes to the advent of oxygen, in the form of 
ozone, that blocked out the ultraviolet radiation.

Dr. Farquhar has now found the same sulfur 
isotope signal in tiny specks, about one ten-

thousandth of an inch wide, within diamonds. "It tells us it was sulfur from a 
volcano," he said. The new findings appeared in the Dec. 20 issue of the journal 
Science.

Besides confirming his earlier result, the findings also indicate that parts of the 
earth's crust were being pushed down and reheated and brought back up, much as 
they are today. "You can reconstruct this whole cycle," Dr. Farquhar said. 
"Volcano to atmosphere to sediments to mantle, back to surface."

Dr. Donald E. Canfield, a professor of ecology at the University of Southern 
Denmark, has taken an unusually modern approach in investigating the ancient 
earth. He and his colleagues grew bacteria, ones that eat sulfur compounds known 
as sulfates and produce another group of compounds known as sulfides as waste. 
The bacteria, lazy as always, tend to eat sulfates containing the lighter sulfur 
isotopes. "It's easier for them eat, basically," Dr. Canfield said.

Thus, the sulfates contain more of the heavier sulfur left behind by the bacteria, 
and their sulfide waste is richer in the lighter isotopes. But in rocks older than 2.5 
billion years old, both sulfate and sulfide compounds contain roughly the same 
ratio of sulfur isotopes.

That, Dr. Canfield said, means that so little sulfate was in the oceans then that 
bacteria ate any sulfate they happened to find. In their experiments, they starved 
sulfate-eating bacteria to see at what point they stopped being picky eaters. Their 
conclusion, reported in the same issue of Science, is that sulfate levels then were at 
most one-hundredth of current levels.

With sulfate-eating bacteria limited by their food supply, that would have opened 
up an ecological niche for competing bacteria that produce methane, possibly 
solving the "faint sun paradox." The sun back then was about 20 percent dimmer, 
yet the earth was just as warm, so presumably the planet back then had a thicker 
blanket of so-called greenhouse gases.

Some scientists believe that high concentrations of carbon dioxide warmed the 
planet, but others believe that methane, which is more efficient than carbon dioxide 
at trapping heat, was the reason. "You have a possibility of making a methane 
greenhouse," said Dr. Uwe Wiechert, a geochemist at the Swiss Federal Institute of 
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Technology in Zurich. "I like this idea very much."

Not everyone agrees with the stories deduced from the isotope data. Dr. Hiroshi 
Ohmoto, a professor of geochemistry at Penn State University, still believes that 
oxygen accumulated in the atmosphere soon after the advent of oxygen-producing 
bacteria at least 2.7 billion years ago.

Dr. Ohmoto points out that most of Dr. Farquhar's rocks and diamonds show an 
excess of the sulfur 34 isotope while experiments emulating the early atmosphere 
produce lower-than-average amounts of sulfur 34. "Until they come up with 
experimental data, it's awfully difficult for me to accept the explanation," he said.

Nonetheless, all the scientists agree that big changes were occurring in the earth's 
oceans and atmosphere about 2.4 billion years ago.

"We're just starting to understand how all these pieces correlate to this time 
interval," Dr. Canfield said.

If they can figure out what the rocks are telling them.
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