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DEATH OF
THE TRUE STORY?

It is a sunny afternoon in the Late
Cretaceous. Dinosaurs browse
peacefully on tropical shrubbery un-
der a warm sun. A tyrannosaur
prowls the forest for dinner as hatch-
ling hadrosaurs scamper around
their nest.

Suddenly the tranquility is shat-
tered. A rock as big as a mountain
crashes down from the sky with a
world-wrenching boom. An ominous
dust cloud mushrooms into the air.

Within days the plack cloud
spreads, darkening the sun. The air
turns cold, and many dinosaurs die.
Snow falls. Freezing darkness grips
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the Earth for weeks. Plants, cut off
from the sunlight that feeds them,
can't survive. Without plants, the rest
of the herbivorous dinosaurs follow,
and the carnivores soon afterward.
Along with a number of other spe-
cies, the dinosaurs are gone forever.

s a treatment for a
science fiction mov-
ie, it would seem
wildly improbable.
But since the evi-
dence supporting
such a scenario started coming to
light six years ago, it has gained wide
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acceptance—not as fiction but as sci-
ence. The theory: A comet, asteroid or
other huge extraterrestrial body
slammed into the Earth 65 million
years ago and ended the 160-million-
year reign of the dinosaurs.

It wasn’t necessarily a one-time
phenomenon, either. Such disasters
may happen according to a regular
timetable and may have caused mass
extinctions of species many times in
history. If so, the textbooks on evolu-
tion—not just those on paleontolo-
gy—may have to be rewritten.

Although many leading paleontolo-
gists and evolutionary biologists now
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accept the asteroid-impact theory,
and despite popular accounts imply-
ing that the question is settled, it is
not. A scattering of critics.continue to
challenge the whole notion.

Still, the theory is compelling. Ev-
ery few months a new piece of evi-
dence is added to the list, and most, to
the critics’ consternation, support the
idea of an extraterrestrial impact.

Just recently, for example, scien-
tists at the Scripps Institution of
Oceanography, in ha Jolla, California,
found evidence of organic molecules
in the layer of sediments laid down at
the time the dinosaurs died; the mole-
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cules are exceedingly rare on Earth
but relatively common in some mete-
orites and so, presumably, in some
asteroids.

To put the discovery in perspec-
tive, and to appreciate the arguments
on both sides of the impact debate,
one must first understand the nature
of the original finding.

In 1980, Luis Alvarez, a Nobel lau-
reate in physics, his son Walter, a ge-
ologist, both at the University of Cali-
fornia, Berkeley, and two associates
Boyce Rensberger, a AAAS-Westinghouse

Science Journalism Award Winner for 1985, is
profiled in Contributors, on page 6.

published the theory that a massive
impact took place at the end of the
Cretaceous. The team had found a
rare substance in the thin layer of sed-
imentary clay deposited just on top of
the highest, and therefore the most re-
cent, stratum of rock contemporary
with those bearing dinosaur fossils. It
was the element iridium, which is al-
most nonexistent in the Earth’s crust
but 10,000 times more abundant in
extraterrestrial rocks such as meteor-
ites and asteroids. Deposits above and
below the clay, which is the boundary
layer separating the Cretaceous layer
from the succeeding Tertiary, have
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very little iridium.

Because the same iridiurn anomaly
appeared in two other parts of the
world, in clay of exactly the same age,
the Alvarez team proposed that the el-
ement had come from an asteroid that
hit the Earth with enough force to va-
porize, scattering iridium atoms in the
atmosphere worldwide. When the
iridium settled to the ground, it was in-
corporated into sediments laid down
at the time.

More startling was the team’s pro-
posal that the impact blasted so much
dust into the atmosﬁhere that it
blocked the sunlight and prevented
photosynthesis (others suggested that
a global freeze would alsgghave result-
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ed). They calculated that the object
would have had to be about six miles
in diameter. (Soon afterward, scien-
tists wondered whether a large num-
ber of hydrogen bomb explosions
might have a similar effect. Calcula-
tions indicated they might, and the
“nuclear winter” theory was born.)

ince 1980, iridium anom-
alies have been found in
more than 80 places
around the world, in-
cluding deep-sea cores,
all in layers of sediment
that formed at the same time.

One of the more serious chal-
lenges to the extraterrestrial theory

came up very quickly. Critics said that
the iridium could have come from vol-
canic eruptions, which are known to
bring up iridium from deep within the
Earth and feed it into the atmosphere.
Traces of iridium have been detected
in gases escaping from Hawaii’s Ki-
lauea volcano, for example.

The new finding from Scripps ap-
pears to rule out that explanation,
though, as a source for iridium in the
Cretaceous-Tertiary (K-T) boundary
layer. Chemists Jeffrey Bada and Nan-
cy Lee have found that the same layer
also contains a form of amino acid
that. is virtually nonexistent on
Earth—certainly entirely absent from
volcanoes—but abundant, along with
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IT APPEARS THAT THE DINOSAURS
DIED OUT SIMPLY BECAUSE OF BAD LUCK.

many other organic compounds, in a
type of meteor called a carbonaceous
chondrite.

About 20 kinds of amino acids are
used to build protein molecules in all
known forms of life. The one Bada
and Lee found, alpha-aminoisobutyric

acid, was previously known only in’

two rare species of bacteria. Because
this amino acid can be found mixed
with the iridium and the clay particles
that make up the boundary layer,
Bada and Lee suspected it must have
come from outer space—and the six-
mile-wide object that the Alvarezes
say hit the Earth may well have been a
carbonaceous chondrite.

Even before the dScovery by Bada

and Lee, many evolutionary theorists
had already declared themselves sup-
porters of the impact story. They
could envision how-such an impact—
or several such impacts, since there
may have been a swarm of objects—
would have triggered a global freeze.
The sudden change, according to ad-
vocates of this view, led to one of the
greatest mass extinctions in the his-
tory of Earthly life.

More significant still is the growing
conviction among scientists that cata-
clysmic mass extinctions, perhaps
brought on by similar events, are re-
current phenomena that have been
playing a far more important role in
the course of evolution than almost

anyone had hitherto suspected.

Several mass extinctions are
known from the fossil record, and
there is evidence, though it's still not
universally accepted, that they have
occurred at regular intervals of about
26 million years. Indeed, some biolo-
gists now say that the notion of extra-
terrestrial impacts has already gained
enough support that it could force a
reappraisal of evolutionary theory, the
kind of fundamental transformation
called a paradigm shit.

If the impact theory holds up, then,
it appears, in short, that the dinosaurs
died out simply because of bad luck,
not because there was anything
wrong with them. They had dominat-




ed the Earth for 160 million years and
might have thrived right up to now. If
they had, we probably wouldn’t have
been here to see them, for the event
that closed the dinosaur era also
opened the way for the evolution of
primates and other higher mammals.
Dinosaurs were well adapted to a
largely tropical world, and almost in-
stantly that world turned fiercely hos-
tile for long enough to kill them.

o one really knows
how long the dark,
impact-iaduced win-
ter might have lasted.
It may have been
over in a few weeks,
or subtle but significant environmen-
tal disruptions may have persisted for
thousands of years. In any case, the
result was to wipe the ecological slate
.clean, or substantially so, in many
parts of the world. As conditions im-
proved, the surviving species found
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themselves with much wider ecologi-
cal opportunities than before. Ran-
dom mutations, which in the old
world might have led to variant indi-
viduals that quickly died out, now
spawned new species that easily
found ways to survive.

Because of this effect, according to
Harvard's Stephen Jay Gould, one of
the leaders of modern evolutionary bi-
ology, the role of mass extinctions
must be considered an important part
of a revised theory of evolution.

“Mass extinctions,” Gould wrotein
his column in Natural History, “have
been more frequent, more unusual,
more intense (in numbers eliminat-
ed) and more different [in effect when
compared with ordinary extinctions]
than we had ever suspected. Any ade-
quate theory of life’s history will have
to treat them as special controlling
events in their own right.”

Gould, an author of the theory of
punctuated equilibria—which holds

that most species arise in rapid bursts
of evolutionary change and then re-
main largely stable for long periods af-
terward—now believes that his the-
ory, which was first put forth with
Niles Eldredge in 1972, must be sup-
plemented by an understanding of the
completely separate phenomenon of
mass extinctions.

According to Gould, punctuated
equilibrium is the rule during the peri-
ods between mass extinctions. But,
“whatever accumulates by punctuat-
ed equilibrium in normal times can be
broken up, dismantled, reset and dis-
persed by mass extinction.” Once
large areas of the slate have been
wiped clean, the less cataclysmic pro-
cesses of biological evolution pro-
ceed to write anew, filling them up
again.

Mass extinction, then, sets the
stage for many bursts of rapid evolu-
tion and the creation of entirely new
forms of life. Like Siva, the Hindu god
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SOME PALEONTOLOGISTS MAINTAIN THAT THERE
NEVER REALLY WAS ANY MASS EXTINCTION.

of destruction, mass extinction is
what makes possible the processes of
creation through a continuing cycle of
destruction and renewal. Indeed,
though a mass extinction destroyed
the dinosaurs, it was an earlier mass
extinction (or extinctions) at the end
of the Permian Period 225 million
years ago that closed the age of the
amphibians and made the world avail-
able for the dinosaurs to arise and
diversify.

It was the evidence for repeated
mass extinctions that led in 1984 to a

theory of cyclicél cataclysms. Two pa-

leontologists at the University of Chi-

'| cago, David Raup and J. John Sep-

koski, Jr., gathereg.all the evidence on
reliably dated, ddcumented extinc-
tions over the last 250 million years.
Computer analysis revealed that the
rate of extinctions was not constant.

Instead, it rose and fell through 12

peaks. Eight of the peaks fit closest to
a 26-million-year cycle.

To Raup and Sepkoski this suggest-
ed that some regular process might be
at work, some natural cycle of incredi-

 bly long duration that visited mass de-

struction upon the Earth at periodic
intervals. Because no Earthly cycles
are known to take so long, many sci-
entists turned to the heavens.

hus was born Nemesis, a
hypothetical,
companion star to the
sun, named for the
Greek goddess of vep-
geance. Marc Davis and
Richard Muller of the University of
California, Berkeley, and Piet Hut of
the Institute for Advanced Study in
Princeton proposed that Nemesis’ el-
liptical orbit brings it close enough to
the solar system every 26 million
years to trigger a hail of comets. As-
tronomers believe that a cloud of bil-
lions of comets circles the sun far be-
yond Pluto’s orbit. An approaching
companion star, they speculated,
might exert enough gravitational pull
on the comets to disrupt their orbits
and.send some of them careering to-
ward the sun. Once every 26 million
years or so, in this scenario, one or
more comets might happen to come
close enough to the Earth to hit it.
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More recently, however, Hut has
argued that any companion star that
traveled far enough from the sun to fit
this orbit—it would be 2.5 light-years
away at the farthest—would be so
loosely bound by the sun’s gravity that
it would be torn away within a billion
years. This has convinced many sci-
entists that the chances that Nemesis
exists are slim. Hut, though, maintains
his theory is still viable.

Still another speculation, offered
by Daniel Whitmire and John Matese
of the University of Southwestern Lou-
isiana, proposed Planet X, an undis-
covered tenth planet that might orbit
the sun within a tunnel through the

comet cloud. Changes in the orienta-
tion of its eccentric orbit, they sug-
gested, might bring it n€ar enough to
comets every 26 million years to pull

vthem out of orbit and send them
Earthward. .

This idea, too, has fallen on hard
times. The University of Toronto’s
Scott Tremaine says that any planet
big enough to clear a gap in the comet
cloud would pull more distant comets
into the gap, filling it %rym Unless the
gap stayed devoid of comets, there
could be no sudden grazing of the
cloud to trigger a comet shower.

L

third speculation
came from Michael
Rampino and Rich-
ard. Stothers of
NASA’s Goddard In-
stitute for Space
Studies in New York City. They in-
voked the fact that the solar system,
rather like a horse on a merry-go-
round, bobs up and down as it re-
volves around the center of the Milky
Way, passing through the central
plane of the galaxy about every 33
million years. Because the galactic
plane is dense with drifting gas and
dust clouds, it was argued that the col-
lective gravitational pull of the clouds
might have dislodged comets.

But once again there were counter-
arguments. Patrick Thaddeus and
Gary Chanan of Columbia University
have argued that the clouds are so
wide that the solar system never really
goes far enough to one side to experi-
ence a distinct pull in one direction.
Moreover, some scientists think the

33-million-year cycle is
too far from 26 million
years to allow a correlation.
Stothers counters that the
clouds are indeed narrow
enough and that the latest analy-
sis puts the cycle at 30 million years.

At the moment, then, there is no
completely convincing explanation of
what might have caused periodic
comet showers. Astronomers and as-
trophysicists, however, are almost as
notorious as evolutionary theorists for
finding new evidence and making
new calculations that alter current
thinking. Almost certainly, one or
more of these ideas will find new sup-
port and reemerge as a viable candi-
date—or an entirely different one will
appear.

Meanwhile, back on Earth, the
mystery of dinosaur extinction contin-
ues to embroil paleontologists and
others on all sides of the debate.

Perhaps the most extreme opposi-
tion to the extraterrestrial theory
comes from paleontologists who
maintain there never really was any
mass extinction.

“I think what we’re looking at is no
great catastrophe,” says Dewey
McLean of Virginia Polytechnic Insti-
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tute. McLean believes that instead of a
sudden catastrophe, the Late Creta-
ceous witnessed a gradual increase in
the rate of species extinctions, which
merely peaked at the K-T boundary
and then slowly declined to a more
normal rate. McLean maintains that
his pattern holds for dinosaurs as well,
except that the last of the dinosaur ex-
tinctions took place soon after the K-T
transition.

If the extinctions came gradually,
the cause must have operated gradu-
ally, McLean reasons. The culprit in
his view is not a one-sh#t impact but a
slow increase in volcanic eruptions,
which poured so much carbon diox-
ide into the atmospherﬁ that it in-

duced a greenhouse effect. Carbon di-
oxide allows sunlight to heat the Earth
but slows the radiation of excess heat
back into space. There is evidence
that there was a global warming at the
time of the K-T transition.

“I think I've discovered a link be-
tween air temperature and extinc-
tions,” says McLean. “It involves re-
productive endocrinology.” He
speculates that a warming climate in-
terfered with the formation of dino-
saur eggshells, making them thinner
and eventually nonexistent. “‘Dino-
saur eggs are a lot like chicken eggs,”
McLean says. “People in poultry sci-
ence will tell you that in the summer,
when it gets real hot, it affects chick-

ens’ calcium metabolism, and eventu-
ally they can stop laying.”

While there is preliminary evi-
dence that the shells of one dinosaur
species were thinning toward the end
of the Cretaceous, there is nothing to
suggest that it applies to any other
species, and most paleontologists dis-
miss this hypothesis.

nother believer in
the relatively gradual
extinction of dino-
saurs is Notre
Dame’s Keith Rigby,
Jr. He, like many crit-
ics of the Alvarez team’s theory, ac-
cepts that there was an extraterrestrial




“YOU LOOK THREE INCHES UPAND
YOU CAN TELL THE WORLD HAS CHANGED.”

impact but not that it was the sole
cause of dinosaur extinction.

“There is not much question that
something did happen,” Rigby says,
referring to the impact. “The debate is
about what the results were. Most of
us will admit that in all probability the
impact had some influence. It’s just
that we don’t all agree it was cata-
strophic. I started solidly in the Alva-
rez camp, but I've migrated as new
data come on the scene. There was a
great impact, but it hit in the midst of a
situation that was already fraught with
change.” 2

As evidence of the change, Rigby
cites his own discoveries of dinosaur
fossils in Montanq‘z/vhich decline both

in number of species and in overall
quantity over the last few million
years before the K-T boundary. The
greatest diversity occurred about 10
million years before the supposed
mass extinction, but by the last few
years before it happened, between
half and two-thirds of the dinosaur
species had already disappeared from
the fossil record.

Other scientists caution that the ap-
pearance of a gradual decline in spe-
cies can be deceptive. David Jab-
lonski of the University of Chicago, for
example, says the deception can
emerge from a combination of natural
circumstances preceding a mass ex-
tinction. He notes that mass extinc-

tions often follow long periods of fall-
ing sea level. While this itself may be
related to climatic changes that make
life difficult for many species, Jab-
lonski observes that it also has the ef-
fect of shrinking the area in which fos-
sils are preserved.

Bones, shells and other fossils are
preserved when they get trapped in
aquatic or marine sediments and be-
come part of the sedimentary rock.
But when sea levels are declining,
smaller areas of sediment are pre-
served. Even though species may still
be living, the chances decrease that
they will be preserved as fossils and
found by paleontologists.

Continued on page 77
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Continued from page 35

Jablonski has found that many taxo-
nomic groups whose remains disappear
from the fossil record during periods of
falling sea level will be found again in sedi-
mentary rock that formed much later,
when sea levels were rising again. He calls
these reappearing species ‘“Lazarus taxa.”

Thus, many of the species that seemed
to become extinct long before the putative
extraterrestrial impact may simply have
lived on quite happily without leaving
proof that they did so. Extinction during
the missing interval could have been grad-
ual, says Jablonski, or could have come at
the instant of impact.

Jablonski has also found another form
of evidence to indicate that mass extinc-

tions are real. H® has discovered signifi-

cant differences between the species that
died out during mass extinctions and
those that disappeared during normal
times. L5

The difference between the two
groups, Jablonski reasons, is their toler-
ance for a wide variety of ecological
niches. The species that succumb during a
mass extinction belong to families that
have many closely related species, a situa-
tion that is thought to arise because each
is adapted only to a narrow ecological
niche. Having little tolerance for ecologi-
cal change, these species are the ones that
suffer most during mass extinctions.

Groups that have wide tolerances, by
contrast, tend to evolve fewer species that
are more specialized because the existing
forms already occupy a variety of environ-
ments. Because they are more tolerant of
environmental variations, they are less
vulnerable to the extreme environmental
shifts that cause a mass extinction.

Jablonski concludes that mass extinc-
tions are qualitatively, and not just quanti-
tatively, different from “normal” extine-
tions. There must be something specfal
that happens in a mass extinction.

e dismisses the notion that sudden

wipeouts do not occur. “I just can’t
see any way to maintain there wasn’t a
mass extinction,” he says. “You look at
the reefs in the Caribbean, at the fossils
from the Cretaceous, and you look three
inches up and you can tell the world has
changed.”

The change on land may have been
even more dramatic than early reports in-
dicated. Just recently, scientists at the Uni-
versity of Chicago found evidence that
_heat generated by the impact ignited vast
firestorms that raged across much of the
Earth.

The evidence is in an unusually high
density of soot particles found in the K-T
boundary layer. The soot, fluffy particles

of elemental carbon, which is known to be 4
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The heat of impact
would have scattered
white-hot rock for
1,000 miles, setting a
vast area ablaze.

produced by forest fires, has been found
in locations as far apart as Denmark, Spain
and New Zealand. The discoverers, Ed-
ward Anders, Wendy Wolbach and Roy
Lewis, have calculated that the boundary
layer contains about 10,000 times as much
soot as normally accumulates from isolat-
ed forest fires. To produce this much, they
say, the fires must have burned essentially
all the Earth’s vegetation.

he Chicago team has calculated that if

the Earth was struck by a six-mile-
wide object, the heat of the impact would
have scattered white-hot particles of rock
as far as 800, and possibly 1,200, miles
around, setting the entire area ablaze.

“Once started,” they write in Science
(October 11, 1985), “such a fire could
spread over an entire continent, and the
resulting winds may disperse the soot
worldwide.”

Still, not everyone accepts that the
world changed so suddenly as to exclude
dinosaurs at a stroke. Rigby says that
some of the dinosaur fossils he has found,
isolated teeth from 13 different species,
came from deposits above the iridium lay-
er. If that is really where they were origi-
nally deposited, when their owner died, it
would be proof that some dinosaurs sur-
vived the impact, though not by very long.

Other fossil experts cast doubt on
Rigby’s claim by observing that fossils do
not always stay in the same layer in which
they were first deposited. Geologic uplift-
ing can raise old fossils above nearby
younger layers and allow erosion to wash
them out and down on top of those layers.
Subsequent sedimentation can cover
them up and make it look as if they were
there all along.

For this' reason, paleontologists often
distrust the provenance of fossils found as
isolated bones or teeth, which could have
been separated by these processes from
the rest of the skeleton. If many bones
from one individual are found in one
place, it is more likely that geologic re-
working has not confused the situation.

More troublesome is the recent report
by Berkeley’s William Clemens of hadro-
saur bones found on Alaska’s North Slope.

“Well, Profégson it looks like your experiments with a universal
..solvent are proving to be a success.”
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The site was at least as far north in Creta-
ceous times, and the find suggests that di-

" nosaurs must have already had some form

of adaptation, perhaps hibernation, for rid-
ing out the long dark winters at that lati-
tude. Clemens argues that the beasts,
therefore, could have survived an aster-
oid-induced winter.

But even critics of the mass-extinction
theory have trouble with this find. Rigby,
for one, says he cannot imagine how a di-
nosaur could live at that latitude, even in
the absence of impact effects. “Where
would he go in the winter?” Rigby asks.
“It’s kind of tough.”

It would be unusual in science if the
great dinosaur debate were resolved
quickly. Science isn't like that. While indi-
vidual scientists may advoca# their inter-
pretations with great passion, the true
progress of science usually follows a long
period of evidence gathering on both
sides that eventually yields a preponder-
ance fitting one theory. Even then, of
course, there are always diehards who
find themselves outside the mainstream.

The six years since the Alvarez team
first proposed their theory have already
witnessed remarkable productivity on the
part of scientists in many fields, including
fields once far removed from the study of
old bones.

Yet there is already a hint of the kind of
evidence that could go a long way toward
clinching not only the impact theory of di-
nosaur extinction but, as well, the periodic
contribution of extraterrestrial forces to
the changing history of life.

There is preliminary evidence that iridi-
um anomalies exist in sedimentary layers

that correspond to five other mass extinc- -

tions. There is a strong iridium layer at the
end of the Eocene, but the extent of that
extinction was mild. Chinese scientists
have found one at the end of the Permian,
when the greatest mass extinction of all
occurred, but in-this case the iridium data
are questionable. A Polish group has
found an anomaly corresponding to a
mass extinction between the Middle and
Upper Jurassic. And an Australian team
has found one toward the end of the
Devonian.

1f one or more of these can be pinned
down to everybody’s satisfaction, it would
be very hard to deny a relationship be-
tween the impact of extraterrestrial ob-
jects on Earth and mass extinctions.

“These are very tantalizing possibili-
ties,” says Raup, an author of the 26-mil-
lion-year-cycle theory, “but every one is
debatable.”

Debate, however, is the engine of sci-
entific advancement, and there is every
reason to think that one of the greatest
mysteries in the history of life is lurching
toward a solution. ]
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Continued from page 55

cedure has already been tested successful-
ly on white gasoline, a fuel described by
Bayless as far more volatile than jet fuel.

Many military aircraft protect against
spillage by containing their fuel in a huge,
tear-resistant synthetic rubber bladder in
the wing. In commercial jets, however,
bladders are considered impractical be-
cause of the added cost and the required
modification of the wing.

While fuel experts struggle with ways
to prevent postcrash fires, other research-
ers concentrate on means to reduce casu-
alties once fires occur. In the world'’s larg-
est enclosed aircraft fire-test facility, at the
FAA Technical Center, research continues
on how aircraft fires originate and develop
and how they can be dealt with. Inside the
cavernous structure, a dismounted C-133
transport is repeatedly rigged with cabin
furnishings, seats and dummies, which
technicians set fire to and then extinguish
to measure the results.

I n postcrash aircraft fires, the life-threat-
ening hazard is a phenomenon called
flashover. When fire enters or breaks out
in the passenger compartment, smoke
and heat build up in the enclosed space
and hover near the ceiling. Eventually this
heat becomes so great that the cabin ma-
terials reach their ignition point and burst
into flame and escape becomes impossi-

"ble. “Within seconds,” says Gus Sarkos,

FAA Technical Center fire safety branch
manager, “the situation changes from sur-
vivable to almost surely fatal.”

FAA regulations require that passen-
gers be able to evacuate an aircraft cabin
within 90 seconds using only half the ex-
its. Accordingto Sarkos, the time available
%0 escape a burning cabin could be length-
ened by one to “several” minutes by re-
ducing the flammability of the cabin fur
nishings. James Danaher of the surviva’

factors division of the NTSB agrees. “The{

real payoff in survivability is to afford
more time before the situation becomes
intolerable,” he says.

Sarkos was pleased with at least one!
aspect of the CID experiment: Motion pic-
tures and the seats themselves confimﬁed
that materials previously tested by the fire
safety branch could in fact retard seat-
cushion burning. Polyurethane seats have
been a particular target of fire investiga-
tors because the lightweight, resilient, du-
rable substance is used in virtually all
commercial aircraft seating. But when,set
afire, polyurethane burns rapidly with in-
tense heat and gives off thick smoke that
hampers visibility. Yet there is no obvious
economical substitute. So the FAA has
tested numerous fire-blocking fabrics,
which fit gver the cushion “like a pifiow-
case,” says Sarkos, and can retard bugning

for at least 60 seconds. Fire-blocking lay-
ers will be required on all transport seats
after November 1987. Fire-resistant cover-
ings for cabin walls and ceilings have also
been developed and should delay flash-
over for several more minutes.

Also, low-level floor lights will be re-
quired on jets by this November. As Sar-
kos notes, even uninjured persons be-
come disoriented and can lose precious
seconds as they try to grope through a
cabin where rising smoke has obscured
the overhead lights. Situated beneath the
smoke level, the lights will illuminate the
pathway and mark escape routes.

While postcrash fires are responsible
for many deaths, inflight fires are also a
hazard. FAA regulations effective this year
require that all jets carry two fire extin-
guishers containing Halon 1211, a more
effective extinguishing agent than previ-
ously used. FAA researchers plan to study
new devices, including an interconnected
smoke detector and extinguisher that
would be set into the walls near hidden
fire-vulnerable areas and flood an unseen
fire with smothering chemicals.

Emergency smoke-evacuation proce-
dures are also under scrutiny. As Sarkos
notes, current procedures include the
opening of windows or the emergency
hatch to vent the airplane of visibility-ob-
scuring smoke. But the flood of fresh air
might deliver oxygen to the fire. In fact,
just such an event occurred aboard a Varig
Airlines 707 in 1973. The pilots, noting
smoke in the cabin and reports of a fire
somewhere, consulted their manuals and
opened a window to deal with the smoke.
The plane crashed near Paris, killing 123
people. While it is not known that the pi-
lots’ reaction intensified the fire, Sarkos
says, “Clearly, we need to get a handle on
better emergency procedures.”

The third aspect of crashworthiness
concerns keeping the plane in one piece
on impact. In the CID experiment, the 720
did not break apart despite the nose-down
impact; and the underbody crushed and
absorbed much of the energy, which pre-
sumably would have protected passen-
gers from injury or death. Information
from the sensors confirmed previous data
charted by Caiafa and Thomson and col-
lected in static tests. “Basically, the air-
frame seems to be doing its job of provid-
ing a protective shell,” says Danaher of the
NTSB.

t both Langley and the FAA Techni-

cal Center, engineers have been
dropping sections of fuselage to measure
the forces of impact. At Langley, they used
a 70-foot drop tower, from which 10-to-12-
foot circles of fuselage were lifted and
dropped onto reinforced concrete at rates
of up to 20 feet a second. Tests have
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shown that the “soft” sections of fuselage,
those forward and aft of the wings, will
buckle on impact and collapse inward two
or more feet. This absorption of injury can
cut in half the force transmitted to passen-
gers. FAA Tech Center tests revealed that
when luggage is stowed in the compart-
ments under the cabin, the energy load is
further reduced. The stiffer wing box area,
however, does not crush, so impact forces
are slightly higher in that part of the cabin.

According to the NTSB report, failure of
the seat-restraint system allows “the occu-
pant to become a missile traveling at es-
sentially the same velocity as the aircraft
just before impact.” The study, as charted
by the investigators, cited seats ripped
loose from their anchorage; backs broken;
legs collapged; belts that failed at the buck-
le or at the attachment points. The report
pointed out that the problem was not sim-
ply one of serious injuries caused by seat
failure. Even®ight injuries could prevent
passengers from evacuating the plane
quickly, and damaged cabin furniture
could obstruct their route.

In half of the 99 survivable crashes in-
vestigated by Caiafa and Thomson, some
portion of the seat-restraint system failed.
Caiafa, years ago an FAA accident field in-
vestigator, recalls one accident in which a
transport plane struck a house with such
force that almost all the seats ripped loose
and passengers flew through the air and
piled one on top of the other against the
cockpit bulkhead. Those on top were
cushioned from death by the bodies of
those beneath. But seat failures can be
protective as well as hazardous, he says.
In at least half of those survivable acci-
dents, according to Caiafa, the NTSB clas-
sified seat failure as a deformed seat,
when in fact a seat that deforms or stays in
place could be beneficial. “The NTSB con-
siders it a failure when the seat legs col-
lapse,” he declares. “Wrong. Collapse is
beautiful. The primary purpose of a seat is

- to protect the occupant. When the legs

buckle and absorb some of the accelera-
tive force, the seat is doing its job.”

By FAA regulations, now 30 years old,
seats must be able to withstand a force of
9 g's (nine times the weight of the passen-
ger in the seat) in a forward direction, 4.5

g’'s downward, 1.5 g's sideward and 2.0 g’s

upward. Actually, says Caiafa, decelera-
tive forces seldom occur in a single direc-
tion or in steady amounts. Instead, they
may pull in several directions simulta-
neously or serially and hit peaks far higher
than the average pull. At this point, the
time or duration that the load is being ap-
plied is critical. In the CID test, FAA re-
searchers installed a test seat whose legs
would telescope at 9 g’s and absorb any
greater force; another seat was fitted with
pivoting attachments instead of stationary

i3

Seats ripped
loose, their
packs and legs
proken. The belts
had failed, too.

fittings at the floor so that it could move in
different directions to accommodate any
floor warpage. These two seats were

- burned beyond recognition, however, so a

detailed analysis could not be made.

The question of how much force the
human body can stand without perma-
nent injury is still being grgued. Some tests
indicate that the body c3n absorb as much
as 20 g’s in the pelvic agea for 0.1 second;
the NTSB says that seats are tested for only
half that amount. This means they could
tear loose and cause injury even though
the passenger might dtherwise emerge
unhurt. Other enginéers say body toler-
ance is deceptive. anile it is thought that
young adults can abhsorb more g forces
than older adults, the pattern of the impact
may have just as much begring as the
force itself. A Boeing engineer recalls an
accident in which a DC-9 ran off the To-
ronto runway when the brakes had to be
suddenly applied following a tire failure,
causing the plane to fall into a ravine. “It
was the equivalent of falling off a six-story
building,” he says, “and most of the peo-
ple didn’t even gei’ﬁeir hair mussed.”

Another important target for engineers
is to eliminate as many potentially lethal
objects from the pa?enger space as possi-

ble. Luggage compartments often spring
open on impact: packages or suitcases
can cause injury, but even soft objects like
pillows may temporarily surprise the pas-
senger or block the aisles and exits. A
number one priority for manufacturers’
has been to install safety catches to keep
compartments closed in a crash.

To most aircraft safety researchers, the
events of 1985 were an unfortunate oddi-
ty, a blip on the descending slope of air-
craft fatalities unlikely to be repeated. Still,
they agree that there are no sure answers
in crash survival and that the dynamic
field is likely to produce new problems
and challenges. Already, both the FAA and
NASA have begun studying crash-impact
effects on advanced composite materials,
now being used on small aircraft and ex-
pected to play a bigger part in transport
aircraft of the future. While these weight-
saving materials are many times stronger
than steel, they are also more brittle; in-
stead of deforming or twisting, they may
simply snap. Or, because they are formed
in thin layers, they may delaminate or tear.

Moreover, most fuselage testing has
been done with narrow-body aircraft, such
as 727s, 737s and the CID’s Boeing 720.
Only recently has the FAA begun to drop-
test wide-body sections, which are larger
and heavier. In fact, in the first DC-10 test,
says one engineer, the test section.
“bounced, then bounced again and then
rolled like a tin can.”

anaher of the NTSB notes that usable
data on crash survivability are diffi-
cult to come by. “Crashes are such rare
events—and each is almost unique—that
it is sometimes difficult to see a pattern,”
he says. In addition, the human factor in
real situations tends to muddy the labora-
tory findings. “You hear a lot of bad-
mouthing about carry-on luggage,” he
says. “But part of the problem is the peo-
ple, who don’t want to be separated from
it. In a crash of a Continental DC-9 in Los
Angeles, when the plane was already
burning, some people actually stopped to
take their briefcases out of the racks.”
Yet engineers remain convinced that
ways can be found to protect passengers
and save lives in many of today’s crashes.
They note that a helicopter is being de-
signed for the Army that should be able to
hit the ground at the rate of 42 feet a sec-
ond without serious injury to the crew.
Some of the same principles might be ap-
plied to transport aircraft, they say.
“There will always be some crashes we

cannot protect against,” one safety engi-

neer says. “When a plane plows into a
mountain, you're not going to have many .
survivors.” But as the case of Yumi Ochiai
shows, survival can happen—and is worth
striving for. n
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