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Dinosaur Impact Theory
Broadened by Scientists

@ Extinction: Several objects may have hit the Earth,
they say at conference on the beasts’ demise.

By LINDA ROACH MONROE
TIMES STAFF WRITER

SAN FRANCISCO-—The comet
or asteroid that killed off the
dinosaurs may actually have been
several extraterrestrial objects, or
the remnants of a single one that
-shattered and sent pieces ricochet-
ing through the atmosphere and
back down to Earth, scientists
supporting the impact theory of
extinction said Tuesday.

Either way, recerit finds of cra-
ter remnants leave little doubt that
there is more than one impact 65
. million years ago to look for, they

said.

“A few years ago, our problem
- was that we di@n’t have any cra-

ters to point our fingers at, where-
as now we've got several,” said
Walter Alvarez of UC Berkeley.
“So now, maybe instead of a smok-
ing gun we've got a smoking firing
squad.” :

Although Alvarez and others at
the meeting contend there is little
doubt that the dinosaurs were
kilied off by a large impact on the
Earth, some scientists in other
fields continue to favor volcanism
or gradual climatic change as pos-
sibilities for the mass extinctions.
Either volcanoes or a significant
cooling of the atmosphere, they
argue, could have blocked sunlight
with ash and dust, causing plants
and the animals that depend on
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an asteroid it turns out to be a
double one.” v

TI;e need to investigate multi-
ple-impact mechanisms comes
about because recent studies have

suggested strongly the existence of .
_‘t‘hree Separate candidates for the
1 “smoking gun” crater; A crater in

Iowa, a buried crater on a beach in
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However, no crater has be
foun_d, and locating one would
particularly difficult under wat
said William Boynton, a member
the Arizona group. :

An ocean impact might leave
ev1d9nce at all, said Brown Ur
versity’s Schultz. His group’s ai
gun experiments found that, wh
the object was shot into water,
left very little cratering, he said.
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m to die.

But it was the extmctlon theory
at took- center stage at the
nerican Geophysical Union con-
ence here. Alvarez was the
ynote speaker during a day of
entific sessions on the idea that
and his late father, Luis, helped
ginate,

\ succession of researchers at
 ‘meeting—nohe opposing the
pact theory—detajled their find-
S:

» A rain of sand-size par’ucles SO
t that unprotected animals
uld have been broiled 'in their
cks pelted Earth. A computer
dy at the University of Arizona
cluded - that the cloud easily
ld have spread worldw;de -
) Thick clouds of mtrogen 0X-

ides formed, resulting in an acid
rain that killed land plants, plank-

ton and the animals dependent on "
them. Recent studies of sediments -

from the time show abnormally
high amounts not only of nitrogen
oxides, but also of strontium and
heavy metals, which are leached

from rocks by acid rain, said Ron-

ald G. Prinn, of Massachusetts
Institute of Technology.

e Even small impacts could have
had large planetary effects if an
object hit the Earth at an oblique
angle, sending pieces skipping
across the surface and ricocheting
into orbit and back again. Experi-
ments shooting rocks from a spe-
cial air gun at 2.7 miles per second

.- showed there could be as many as

1,000 impacts from a single object
in this way, said Peter H. Schultz of
Brown University.

Only multiple impacts or per-

haps a double asteroid would ex-

plain the sometimes contradictory
evidence scientists are reading in

- rocks formed since then, Alvarez

said.
He noted that Jet Propulsion

- Laboratory images taken last year

of an asteroid that closely ap-
proached the Earth show it tobe a
double asteroid—two half-mile-
wide objects that orbit each other,
almost touching.

“It appears that multiple objects
are not all that uncommon,” Alva-
rez said. “I think it's really inter-
esting that the first time anybody
has taken a close-up photograph of
an asteroid it turns out to be a
double one.”

The need to investigate multi-
ple-impact mechanisms comes
about because recent studies have

suggested strongly the existence of .

three separate candidates for the
“smoking gun” crater: A crater in

- Iowa, a buried crater on a beach in

the Yucatan Peninsula of Mexico
and a suspected undersea crater off
Colombia, he said.

Furthermore, the University of
Arizona research team that identi-
fied the Yucatan and Colombia
sites also found evidence in Haiti of
an ocean impact. The sediments
contained glass-like beads whose
composition indicated they came
from ocean crust—indicating an
ocean impact by an extraterrestrial
object.

However, no crater has been
found, and locating one would be
particularly difficult under water,
said William Boynton, a member of
the Arizona group.

An ocean impact might leave no

- evidence at all, said Brown Uni-

versity’s Schultz. His group’s air-
gun experiments found that, when
the object was shot into water, it
left very littlé cratering, he said.
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Dinosaur Impact Theory
Broadened by Scientists

m Extinction: Several objects may have hit the Earth,
they say at conference on the beasts’ demise.

By LINDA ROACH MONROE

TIMES STAFF WRITER

SAN FRANCISCO—The comet
or asteroid that killed off the
dinosaurs may actually have been
several extraterrestrial objects, or
the remnants of a single one that
shattered and sent pieces ricochet-
ing through the atmosphere and
back down to Earth, scientists
supporting the impact theory of
extinction said Tuesday.

Either way, recerit finds of cra-
ter remnants leave little doubt that
there is more than one impact 65

. million years ago ‘to look for, they

said. .
“A few years ago, our problem
was that we diqn't have any cra-

ters to point our fingers at, where-
as now we've got several,” said
Walter Alvarez of UC Berkeley.
“So now, maybe instead of a smok-
ing gun we’ve got a smoking firing
squad.”

Although Alvarez and others at
the meeting contend there is little
doubt that the dinosaurs were
killed off by a large impact on the
Earth, some scientists in other
fields continue to favor volcanism
or gradual climatic change as pos-
sibilities: for the mass extinctions.
Either volcanoes or a significant

cooling of the atmosphere, they

argue, could have blocked sunlight
with ash and dust, causing plants
and the animals that depend on
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them to die.

But it was the extinction theory
that took center stage at the
American Geophysical Union con-
ference here. Alvarez was the
keynote speaker during a day of
scientific sessions on the idea that
he and his late father, Luis, helped

"originate.

A succession of researchers at
the meeting—none opposing the
impact theory—detailed their find-

_ings: -

e A rain of sand-size particles so

“hot that unprotected animals

would have been broiled in their
tracks pelted Earth. A computer
study at the University of: Arizona

" concluded that the cloud easily

could have spread worldwide. -
_o Thick clouds of nitrogen ox-

ides formed, resulting in an acid
rain that killed land plants, plank-

ton and the animals dependent on -

them. Recent studies of sediments
from the time show abnormally
high amounts not only of nitrogen
oxides, but also of strontium and
heavy metals, which are leached
from rocks by acid rain, said Ron-
ald G. Prinn, of Massachusetts
Institute of Technology. '

o Even small impacts could have
had large planetary effects if an
object hit the Earth at an oblique
angle, sending pieces skipping
across the surface and ricocheting
into orbit and back again. Experi-
ments shooting rocks from a spe-
cial air gun at 2.7 miles per second

. showed there could be as many as

1,000 impacts from a single object
in this way, said Peter H. Schultz of
Brown University.

Only multiple impacts or per-

haps a double asteroid would ex-

plain the sometimes contradictory
evidence scientists are reading in
rocks formed since then, Alvarez
said. :

He noted that Jet Propulsion
Laboratory images taken last year
of an asteroid that closely ap-
proached the Earth show it to be a
double asteroid—two half-mile-
wide objects that orbit each other,
almost touching.

“It appears that multiple objects
are not all that uncommon,” Alva-
rez said. “I think it’s really inter-
esting that the first time anybody
has taken a close-up photograph of
an asteroid it turns out to be a
double one.”

The need to investigate multi-
ple-impact mechanisms comes
about because recent studies have

suggested strongly the existence of .

three separate candidates for the

. “smoking gun’ crater: A crater in

Iowa, a buried crater on a beach in

—

the Yucatan Peninsula
and a suspected undersez
Colombia, he said.

Furthermore, the Uni
Arizona research team tl
fied the Yucatan and
sites also found evidence
an ocean impact. The
contained glass-like bez
composition indicated t!
from ocean crust—indi
ocean impact by an extra
object.

However, no crater
found, and locating one
particularly difficult unc
said William Boynton, ar
the Arizona group.

An ocean impact migh
evidence at all, said Br

.versity’s Schultz. His gr

gun experiments found t
the object was shot into
left very little cratering, |
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S was pexplcxmg ‘Galileo went to
hisdeath with this bizarre matterunresolved.
*_-Asthe years passed, observers found the

cd OU an eAdul~
are site set of concentnc rings first revealed in
> majesty by the two Voyager '
their {98081

markmgs that form and d:ssxpate “Thedark
rings of Uranus seem to be composed of
.. elemental carbon and organic molecules—
- something like charcoal or chimney soot;.
Uranus has nine main rings, a few of which
- ‘sometimes seem-to-*‘breathe,” expanding-
and contracting. Neptune's rings are the most-
" tenuous-of all, varying so.much in thick-
ness that, when detected from Earth, they mt&mmﬁ;ﬂ“ passes nuty, Risg
" ‘appear ‘only ‘as partial arcs and not com ‘
plete circles. Each ring-system displays an
austere, appromately unearthly beauty.
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i6 rings form? One possibility is

wnhtheudes ffanerrant woﬂd'
ose {0 & planet, 1ts near side ‘is.

supported by the appearance
‘ “"’ﬁi&sm&esolarsystem Phobos,:
| the inner moon of Mars, has a large crater
named Stickney; Mimas; an infier moon of

frommeirdwnashs mcyciedwm'ids

On the other hand, amoonﬁaats\rery‘
pulverized can-

- cloge to a planet and gets
notfefonn—%egravimona}ﬁdesofﬂw

nearby planet prevent it. The resulting debris,
once ‘formed and spread out into a-ring-

system, might be very long-tived.

“These ideas, derived from Voyager data
and champnoned mainly by Eugene Shoe-
maker of the U.S: Geological Survéy, are
of a number

' | Saturn, has a big crater named Herschel;:

the Sun. A few
A as bxg asa county orevena statc many

‘Eamoon mthe Way

dision'can shatteran& pulverize both -

5 'andtheregwn of the moon

“tesulting debris is made of

whatever the colliding bodies were made |
, but nsually more of the “target”

:.the neét msutt wiil be
if they: £

the impacting interloper. If the collid- |

“} These craters—-like those on our.own Moon
- and, mdeed‘ as seen on worlds throu;

ghout
produced by ‘colli-

system-—are
m» An interloper smashes into a bigger

ago,whenﬂleplanetswa'c

forming, collisions happe perhapsa il
lion times more often than i in our compar- -

‘auvely’p!acxd era. "

“What abouit the Earth? Why isn'tit pock- -

“ marked and disfigured like the nearby Moon?

Our world must have been pummeled from
space like all those others. There are few.
xmpactcratcrsleftonEarthtoday, because
of efficient erosion by air and water and-
the great internal engine that moves con

nents and crinklesup mountainranges. The:
most satisfactory explanation of the origin:.
of our own Moon, using knowledge ofiits

- chemistry derived fromthe Apollo thissions;-
.is that it was formed more than 4 biltion

years ago, when a world the size of

struck the Earth and spewed out debris, most,
~of which then gradually reaccumulated— v
atom by atom;, boulder by boulder. Much- A&

“of the Earth’s rocky mantie was reduced

"’?WmdMgasmdbfaswdlﬁtospace A

beenlargelynsedup ¥
culartrajectories around ,those thal
don’tintersect the orbits of anyother worlds,
wxll be unlikely to smash intoaplanet. Those

ptical traiectories, those that cross

| cloadofgasanddust

the Sun—
thesortofcloudthat |

cleaned- things ,up,‘?

| there -shiould have kg
‘been many more:

'mthepulvenzsnonofonelcy evi

“noon ’ﬁ:edxs rof smallermoons -

gi S
‘Unless it is very close oms'planet a
tered moon (or at least r fraction: -

planet, fail: together heltet-skelter—what
-used to be a piece of the inside is now on

outside, and vice versa. The result-
ing surfaces might look: very odd. Mi-

anda, one of the moons of Uranus, shows |

isconcertingly jumbled surface features
and may have had such an origin. In fact,
ndividual small ‘moons may have been
destroyed and reconstituted several times |

‘early'in the 4,5 billion-year history of the |

solar system—phoenixes repeatedly rising

neighborhood - in’

-} spsite, 'we-can estimate how oftea tbey’ltj . these human

lfweassumeﬁmﬂhasaiways . Ok ;

: nchmorganic matter. None is bxggerthan
can calculate how many craters theré should | -

be on the Moon. The number we figure is

‘hitthe
been a similar population of interiopers, we

‘much less than the mumber we see-on the

.Moon’s ravaged highlands, sothe unexpect-"|
d profusion of craters on the Moon speaks

to us of an earlier. epoch when ‘the ‘solar

| system was.in wild turmoil; chummg with
‘worlds on collision trajectories.-Four.bil- |

lion: years ago, the lunar impacts seem to
‘have been hundreds of times more frequent

than they are today; and 4.5 billion years |-

thtmﬁ:nwm_

Four billion years ago, our solar y
as a violent and dangerous place

-F dxe'chaosmayhavebeenmhevedby
that | “'more flamboyant ring-systems than g

the planets today. If they had moons,
Earth, Mars and the other small planets may

‘then havc been adorned by their own ring-

1000 kilometers across. They are found

. mainly ina belt between the erbits of Mars
md}upzter Astronomers used to think these

“main-belt” asteroids were the remains of m
ademolished world, but anotherideaisnow: ¢

- more fashionable: The solar system may
- once have been filled with asteroids, many

of which went into building the planets.

Only in the asteroid belt near Jupiter did

the gravxty of this most massive planet pre-
continued
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