
R I G H T  N O W

T H E  L I V I N G  P L A N E T

Geology Intersects Biology

P-'7%!0 the Earth’s 4.6-billion-year 
history into a two-foot-by-three 
poster—roughly three-quarters of 
a billion years per square foot—is 

no easy task. Yet scientists from Harvard 
and the Howard Hughes Medical Institute 
(HHMI) in Chevy Chase, Maryland, have 
teamed up to do just that with “Earth Evo-
lution: The Intersection of Geology and 
Biology”—a graphic display (opposite) of 
how geological and biological processes 
have dynamically shaped and molded the 
world we inhabit.

Classic visualizations of life on Earth 
typically pick up the tale 540 million years 
ago, when oxygen, land plants, and certain 
marine invertebrates became abundant. 
“Earth Evolution” tells a much longer and 

more complex story, stretching back to 
the earliest evidence of life. “For the first 
several billion years of Earth’s history, 
it was a world of bacteria and archaea—
only somewhat later in the game did we 
have eukaryotes,” says Fisher professor of 
natural history Andrew Knoll, referring 
to single-celled microorganisms and or-
ganisms whose cells contain a membrane-
bound nucleus, respectively. “The most an-
cient history most students have thought 
about—like trilobites or dinosaurs—is re-
ally only the last 10 or 15 percent of the his-
tory of the planet and the history of life,” 
continues Knoll, who worked closely with 
HHMI on the poster. (For more on Knoll’s 
research into the origins of life, see “Life’s 
Beginnings,” page 29.)

Using explanatory illustrations, the 
poster draws connections between bio-
logical and geological processes in Earth’s 
history, including discussions of plate tec-
tonics, chemical cycles, the greenhouse 
e,ect, early photosynthesis, and, signifi-
cantly, the oxygenation of the planet. The 
story of oxygen, in fact, is really the story 
of Earth. Knoll and his colleagues at HHMI 
have therefore divided the planet’s history 
into three broad chapters based on this all-
important gas: a long first chapter without 
oxygen, which lasted until about 2.4 billion 
years ago; an almost equally long second 
chapter when the planet had some oxy-
gen, which lasted until roughly 550 million 
years ago; and finally, the most recent era, 
characterized by large amounts of the gas.

and 1970s: “They’d take 
six blocks, bulldoze all the 
streets and sidewalks to 
create this giant undi,er-
entiated space, then fill it 
with huge skyscrapers with 
huge footprints—massive 
buildings and no street 
life,” she says. “Architects 
felt that the tragic events of 
9/11 might have a silver lin-
ing: rectifying the mistakes 
of the past and creating a 
new neighborhood, a place 
where people actually lived.” 

Eventually, in “one of the slipperiest, 
most disingenuous moments” of the pro-
cess, the Lower Manhattan Development 
Corporation (LMDC) ran a design com-
petition to create a “master plan” for the 
site—even though Silverstein, the Port 
Authority, and the governor’s o2ce had 
already decided on all the elements the site 
would contain: skyscrapers, a memorial, a 
train station. The competition was simply 
a contest to map the site, to assemble these 
pieces into an organized space. Architect 
Daniel Libeskind was declared the winner, 
though only after Governor George Pataki 
and Mayor Michael Bloomberg, M.B.A. ’66, 
overruled the LMDC’s panel of judges, ar-
chitects who had chosen a plan by an ar-

chitectural consortium called THINK.
Even so, Silverstein, the Port Authority, 

and the governor always intended to hire 
other individual architects to design the 
actual buildings. “Hardly any of the pub-
lic understood this,” Greenspan explains. 
“They looked at Daniel Libeskind’s draw-
ing and said, ‘OK, this is what will be built, 
and we’re excited about this.’ But Libes-
kind’s tower, which everyone had fallen in 
love with, was never going to be built. Larry 
Silverstein had hired his architect, David 
Childs, three weeks after 9/11.” (Childs is the 
architect of One World Trade Center, the 
primary building of the new complex.) “The 
only thing remaining from Libeskind’s de-
sign,” Greenspan adds, “is the height of the 
building—1,776 feet.” 

Ultimately, the sacred-versus-commer-
cial issue was resolved “very literally,” 
Greenspan says, by dividing the land even-
ly: half for a memorial plaza, half for o2ce 
space. “It took more than 10 years to come 
up with that!” she says, wryly. “It doesn’t 
seem like the most creative, imaginative 
solution, but it’s good enough. What I’ve 
learned about the democratic process is: 
if you end up with something that is good 
enough, in our system, that’s actually not 
so bad.” !')-%0 3-+4$)"

$3%1-4$"& 0)$$!58-! #$45%"$:
http://elizabethgreenspan.com/

Left: The Port Authority cleared the site of  
homemade memorials in 2002 and barred 
future ones. Above: Floridians protest a 
proposed Islamic Center and mosque two 
blocks from Ground Zero in 2010. 
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TO BOOK YOUR NEXT TRIP,  
CALL US AT 800-422-1636.

FOR MORE TRIP OPTIONS, VISIT

ALUMNI.HARVARD.EDU/TRAVELS

FEATURED TRIPS

Travel the world with fellow 
alumni and Harvard study 
leaders. Choose from more 
than 50 trips annually.

MAY 27–JUNE 9, 2014
CIRCUMNAVIGATION OF THE BLACK SEA 
ON VARIETY VOYAGER

STUDY LEADER: NICHOLAS BURNS

MAY 19–JUNE 8, 2014
THE ULTIMATE SILK ROAD JOURNEY: 
FROM XI’AN TO ISTANBUL

APRIL 25–MAY 9, 2014
TURKISH TREASURES

STUDY LEADER: JOHN “JAY” ELLISON

The poster also addresses climate 
change—there is a “key events” section 
on the left-hand side depicting the green-
house e,ect as well as the geologic carbon 
cycle and mass extinctions. “In the Pha-
nerozoic Eon—the ‘age of visible animals’ 
that began 541 million years ago—mass 
extinctions have punctuated evolution-
ary history,” Knoll reports. Although some 
are thought to have been caused by large 
meteorites, he explains, “several are tied to 
massive volcanism, which caused a rapid 
increase in atmospheric carbon-dioxide 
levels. The one process we know that in-
creases CO2 at rates comparable to those 
of massive volcanism is human industrial 
activity, thus linking our biological past 
and future.”

Given their target audience of high-
school students, Knoll said he and the 

HHMI team were careful to avoid jargon 
and too much detail even as they tried 
hard not to “dumb down” concepts. “Earth 
has been a biological planet through most 
of its history,” he says, and “every kid has 
heard about dinosaurs,” yet they seem 
“much less likely to have heard how we 
can reconstruct [Earth’s] environmental as 
well as biological history. This interesting 
picture of interactions over time is not so 
common.” !3-()- 3$.%5

The “Earth Evolution” poster, which won honorable 
mention in the 2012 International Science & Engi-
neering Visualization Challenge, may be download-
ed for free at www.hhmi.org/biointeractive/poster-
earth-evolution-intersection-geology-and-biology.

-!/)$# 7!633 $-+-%3 -//)$55:
aknoll@oeb.harvard.edu
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