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the Very Large Telescope (VLT ) array on Cerro Paranal, Chile (below), the only
sign of human presence was a sheared-oft mountaimtop. Today four domes rise
from the man-made plateau (above ), and two
of the four |'|'::f.Er.' telescopes are i -'!"II'I:_' thi
heavens, This transtormation illustrates the
dramatic advances in astr inomy between ol
1994 article  New Eves on the Universe” and
this month's report, For example, astronomers

have observed Lt Haxies that formed carly in

e history of the universe and have detected

planets orbiting other stars, While for now we

ST O ]'L' I|I e i |..:':|.' miverse, the Lt

tar life beyond Earth continues
With 1ts suj Prising twists, science 15 a lot hike hfe, | started out study INgE rhivs-
o, and Bill Douthatt, who selected the images for our universe story, wanted to
be an astronomer. Now as journalists we're both immersed in the subjects we
first loved, And, like scientists, the more we learn, the more we want to know
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THE MILLENNIUM SERIES

“What good is discovery if you can’t

Asfl.{ing

Intfinite

S Questions

A tistant galaxy and a model

hiem agatnst diseas

ol DNA spiral into view with awledpe ahout such chemicals could le
suggestive symmetry. The el P l to chane:

universe and lite both seem they funchion, B Bul there s st o in plant
to be seif-organizing. But
how do they work? Edwin
Hubble observed that
galaxies are rushing apart
in what must be an expand-
ing universe. James Watson

and Francis Crick decoded
the molecule essential to life
such breakthroughs follow
when answers to novel
(uEsuons withstand rigor-

ous sciantific Testing

By JOEL L. SWERDLOW
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celebrate it with firecrackers?”
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B COne ot the most sigmbcant effects of the saentific revolution
Deen population growl Rl modern sCience brouent sewi

fems and munzation m the IYh century, about hall of all
children died betore age hive, By the end of the 19th century child
hood death rates had fallen, and Iy pop ation b Fan 1O sured
Wilh  advances 1in medicinte, population continues growing
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Eclipsing the moon, an engineer focuses a
projected image on a screen at Hawali's

[ L] F_
W. M. Keck Observatory, a major portal for
a new age of cosmic exploration.
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NIGHT BEGINS 13,800 feet up on Mauna Kea, and the dome shutters open atop the ten-
meter-wide Keck | and Il telescopes. They are among Earth’s most advanced: Each has a

mirror made up of 36 hexagonal segments that can be individually adjusted by computer.




By late 2000 they will work in tandem, creating a telescope with as much resolving power
- @s a single mirror 85 meters in diameter. At full power the Kecks will study very distant or
faint objects such as planets circling other stars.




HE'S SEEN ONLY on
closed-circuit TV,
but Gary Punivwal
(opposite] has real
star powaer. An
ohserving assistant

in the Keck Qbserva-
tory control rooms
on Mauna Kea, he
points the tele-
SCOPES 1N rEsponses
to requests from
astronomers at the
telescopes’ home
bhase 48 miles away.
Today more and
mare astronomers
are taking advan-
tage ol remote
technologies to
make observations.

12

ary puiwat sers at the controls of the world's most powerful
telescope on the summit of the highest peak in the Paahc,
swaddled against the cold, In the castern sky Onion the Hunter
wheels above the horizon, taking aim at the infinite. Puniwai
himself hunted wild pigs and sheep on this mountain as
By, with his brother and two sisters, Now, as operator of
the ten-meter-diameter Keck 1 telescope, he pursues more exotic quarry
across the cosmic outhack. Night after night Pumiwat mans an array of hve
computer monitors, pointing and cicking to swivel the business end of the
700-ton domed structure toward black holes, exploding stars, gamma-ray
buarsts, the hiding places of alien worlds, and other phenomena targeted by
an international parade of visiting astronomers. But tonight the massive
dliamie won't budge,

In recent days a life-threatening combination af fog, snowstorms, gale-
force winds, and black ice on the treacherous, Ciff-edged approach roads has
periodically forced everybody 1o abandon the summit and retreat o a base
camp furtheér down. This has meant shutting down all dozen ol the telescope
fucilities that bristle here on the 13,800-foot heights of the dormant volcano
Miuuna Kea, an otherworldly landscape on the Big Island of Hawain Two days
enrlier-an astronomer who flew from England for lus one night of ohserving,
booked more than six months v advance, was forced to return home withouat
so-much as a microsecond of telescope nime.

[his evening's disaster 1s the result of melted snow that seeped through a
taulty seal and, ot a temperature registering about 20°F, frove in the dome’s
track. Just before the sun sank with a blood-red splash into the sea of doud
lapping at the volcano’s lower slopes, the dome’s drive gears locked,

The shaken and exhausted day crew struggled for hours to free the dome,
hampered by frigid pusts and lack of oxygen—about half that at sea level—
which can cause headaches or vomiting and impair the judgment and mem-
ory of the most seasoned worker. They tried pouring antifreeze onto the
track. No luck. They tried using a four-wheel-drive van to pull on a calble
tied o the dome. The cable snapped. They mobilized a jack with seven tons
ol forve to free the dome but gave up when a support strut began to bend,
The icebound dome stared fixedly castward,

Puniwai, whose authority approximates that of a ship's captain, could have
shut down operations, But he prides himsell on being consaentious, Besides,
this is niet some sleepy backwater of scence but the booming frontier of
trans-cosmic éxploration. The night's assigned observers, Matthew AL Malkan
af UCLA and Harry 1. Teplitz of NASAS Goddard Space Flight Center near

ashington, DU, are not about to surrender casily their tew hours of Keck
time, valued at about a dollar a second. So they're all running throogh their
options. “We're plaving with sky now,” Malkan says tensely. " This is very
unplanmed. . . s wild.”

To the ancient Egyptians the heavens were almost close enough to
touch—a benign canopy of light and dark held up by mountin peaks. But
maodern science has exploded that ancient, peacetul mirage, replacing it
with a cosmuos of violence, change, and processes that sometimes dely
hurnan understanding, Guided by leaps ol imagination and armed with
potent new technologies souped up in part s a result of Cold War nulitary
advances, scientists have expanded the reach of experimental testing and

Rarsy Sawyen is a stidl writer at the Washimgton Pz, This ks her brst cantribiton to
the Guoararse, lor MeNacey, a freguent contributor, chiromicled lohn Glenn's peturn
1 sprace lor the fune | 999 jaspe
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VENUS AND JUPITER pass just a degree or so from each other through the slit of Mauna
Kea's new Gemini North telescope, so named because it will be teamed with a nearly

identical telescope 6,600 miles to the southeast, in Chile. Telescope-dome designers have




leng battled the shimmer that occurs when air temperatures inside and outside a dome
drH'ur The Gemini North dome walls separate to reveal a latticework of air vents near its
base. As air moves through, temperatures in and around the dome quickly equalize.
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tacilities begin 1o surpass American ones. Moderm astronomers are no longer
limited to the narrow hand of lig
hottam of an ocein of atmosphere that either bends or blocks electromag-

1t visible to human eves or 1r.:pp|_'d 41 the

netic radiation. They can—with continent-spanning strings of linked radio

bedes oS and ever more -:r'l|1|!i'-li-1' ated observatories in an TR
the entire rainbow ol colors emitted by objects in the cosmos.
Astronomers. on both sides of the Atlantic are researching technologies for
successors o NASAS Hubble Space Telescope, launched in 1990. Hubble has
churned out discoveries and dazding images, ranging from faint, remole
objects to the planets in our own family; captured evidence that black holes
really do exast; seroed 10 on the age of the universe, The massive Compton
Cramma Ray Observatory, the Rossi X-Ray Timang Explorer, the ROSAT
x-ray telescope, and a flonlla of other spaceborne instruments have begun 1o
unvell some of the most energetic events in the cosmas, Infrared observing,
boested by a revolution in 1ts tech-
nologies, 15 coming into its own on
the ground and 0 space as a means

ot studying distant, primeval objects,
star-formung regions, and other
Ferile 1"'“".'?|I"||!'.'|:':'I..|'.

Work is under way to hink Keck
| to Keck I1, 4t twin at the opposite
end of the corridor, creating a tele
scupe with resolving power eqgual
to that of a single, whopping
B5-meter-diameter mirror, Along
with the Ketks atop Mauna Kea
are ten more facilities, making the
mountmntop a keading internaticnal
obscrving enclave. On other
prominences, notably in the Chilean Andes, a similar patteri exisis

Une of the most important developments in ground -based astrononm
15 under way it Apache Fomt Observatory m southern New Mexico, where
astronomers are testing and calibrating the components of the Sloan Lriga-
tal Sky Survey, o hve-year prigect described as the most ambinpus astro-
nonmical survey ever undertaken, It is designed o determine the position,
prghtness, and color of more than a hundred million celestial objects across
one-guarter of the skv and measure the distances to more than a million
palaxies and quasars—-the bril
hioles swallow up stars and gas at the center of galaxies, Tts legacy, if all goes
well, will be the first standardized digital atlas of five-color images of the

north celestial sphere.

wint beacans believed 1o exast where black

& HECERTLY A% THE BEGINNING of the 20th century, conventional wis
dom stll assumed an unchanging, static universe with no begin
ning, no end. Then tn 1916 Albert Einstein, relying on fittle more
than mathematics and his own !_1ru!'1 wind intuition, came up with

the essentials of what would be known as the big bang. But Einstein resisted
the implications, It was Alexander Fricdmann, a Russian mathematician
and meteorologist, who followe
expanding universe.

Asenies of empirical discoveries have since supported that vision, Modern

through and prng_uw.'-.l a model of an

cosmology was launched with the first of these discoveries in 1929, when

LNy RLLEMDG: TTHEY UNIVERSE

view virtually

HOMNEYCOMBED 10

reduce weight, a rec-
ord 8. 4-meter mirrar
(opposite) is ground

at Arizona’s Steward
Observatory Mirror

Lab for the Large

Binocular Telescopea
on Mount Graham_ In
Hawaii one of Keck's
mirror segments
labove) is cleaned
with carbon dioxide

snow before receiv-
ing a now reflective

aluminum coating.



SURVEYING THE COSMOS, scientists from the international team conducting the Sloan
Digital Sky Survey gather at Fermilab, near Chicago. The team will create an unprece-
dented atlas of more than a hundred million celestial objects, covering one-quarter of the

e ol




sky. Still being calibrated, the Sloan telescope has already discovered four of the five
most distant quasars ever found as well as a free-floating “methane dwarf.” an obscure
object that is smaller than a star, larger than a planet.

LEFT T RalleT) MCHARD KACH, ELLYNE IRNMLY,
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HOUSED in a rolling
shed m New Mexico,
the Sloan telescope
labove| records light
with an advanced
array of charge-

coupled devices

The hight can be
further anolyzed
USsIng an alumimum
plate lopposita)
drilled with holes
that match the posi-
tons of selectoed
stars, galaxies, and
quasars, The plate
allows light fram 640
objects to be simul-
taneously fed 1o two

spectrographs via
fiber-optic cables

Edwin . Hubble, the American astromomer after whom the space telescope
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DESERT SENTINELS, the four squared-off domes of the Very Large Telescope (VLT)
‘array have risen on a leveled-off mountaintop on Cerro Paranal in northern Chile. Oper-
ated by the European Southern Observatory, two of the four telescopes, all of which will




eventually work in unison to create images of remarkable sharpness, are already on line.
= - Low humidity and less than an inch of annual rainfall create some of the best telescope
“seeing” conditions on Earth for capturing the faint light from distant objects.




OSMOLOGISTS PORTRAY THE UNIVERSE geometrically in terms
of curving lines. Based on Einstemn’s theories ol gravity and the
curvatire of space—time, they propose three possibalities; a "clowd”
spherical universe, i which grovity would eventually halt the
L'Er"ﬂl_'l.:'-,.tl,.llj |!|,|I_I I._I'l'.'l'l'lu I_"l.'-,,'1"'|'|.||'|||!,_!I -.l!lt:l.'tlll.'[ -.|.E|.:-.|.i.||. i[l ol ]E.E”"J]'.H .Illi:_'l I_FL“'l'n.-:'.-ll
an “open,” or saddle-shaped, universe, in which there is so little gravity
that the outward expansion goes on forever; and a " flat™ universe—n
a plane—in which the cosmos coasts hetweon the other two Fll.l"uiil'li.]i.“L'.‘:n.
stowing but never halting. Conventional wisdom hiolds that the cosimi

expansion must be decelerating as gravity exerts its pull, just enough

to create a ot universe. Bt recent observations have threatened 1o
I|'|'I'_""_i|.|||‘||'l| fhat VIl

['he expanding tireball required perhaps 300,000 years to cool and thin out
crcugh 1 become transparent to light. Then suddenly, as 1t a tog bac e

clectromagnelic energy was set free

roughn the cosmos,
According to Chris Impey, a cosmoli-
gist al the | rversity al Arizona, that
primordial background radiation s
today “streamung through our har™

trom a time when one part of the uni

o go traveling t

VETSe Wils separating from another at
50 times the velocity of hght. Abou

otie percent of the thickering specks

seen in the static of a TV screen are
triggered by waves of it The

14 lig
existence of this conled and diluted
afterplow of creation has provided a
strong pillar of evidenoe for big bung
theory o rest apan.
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Two Bell Telephone Laboratories scientists, Armo Penzias and Rober
Wilson, were the first to stumble on this electromagnetic energy in 1964-63,
reporting that their experimental radio antenna wis picking up microwaves
frovim all directions in the sky. Then, in a meetmg of the Amencan Astronom:
ical Saciety in 1990, a team led by John Mather of NASA's Goddard Spac
Fhight Center announced findings from the Cosmic Background Fxplorer
(COBE) spracecrafl that confirmed beyond doubt the nature of the radiation

For cosmologists the microwave backgroumnd radiation serves as a stable
reflerence point—ihe “rest frame’ 10 a cosmos i which everythimg is 1 rela
tive motion. Earth orbits the sun at 67,000 miles an hour, The sun travels
around the Milky Way once every 225 million vears. The Milky Way is falling
toward Andromeda, and both are feeling the tug of the great Virgo custer
S0 mlhon lght-yvears away, and 0 on.

With the existence of this radiation established, Mather's team pushed
COYRE's sensuivity to s imits and produced an all-sky map that revealed

the faint beginnings of clumpiness in the primordial cosmos that ha

:'.:'I.'J'Il.
tev that point, featureless. These small ripples of increased density detected
amid the expanding particle soup presumably represented the beginnmgs
of o reverse pravitational snowball effect, in which some regions lageed
behind the overall expansion as they pulled in extra mass, This process pro
duced the architecture of the modérn universe—at least a hundred billion
palaxies congregating in giant clusters and "walls” around great yawning

voids, Spacecraft with instruments (en times as sensitive are being designed

MATIONAL GEQOGRAFHTC, QOUCTOOHER 1990



by NASA and the European Space Agency to probe these areas in detail,

Novone yet knows hovw orwhen the first stars and galaxies began to form
i the universe. But astronomers have begun 1o see back to a ttime when the
universe appears more chaotic and violent, atloat with strange, glowing bits
and fragments. They can see quasars, the most luminous objects known in
the umverse, These objects are believed 1o be powered by black holes, “places
where space itself has been punctured by sone colossal collapse,” in the words
of Martin Kees, Great Brtaim's Astronomer Royal,

The "ecosystems” of shining galaxies—specifically the thermonuclear
processes and explosive death spasms of their stars—are now known to have
forged the heavier elerments necessary for complexity and life iself, In other
words, we are made from the ashes of stellar death. Some scientists have
whimsically imagined the meanderings of a single carbon atom. released in
the explosive death throes of a star, drifting for eons across intergalactic space,
landing i the gas disk that eventually formed Earth, becoming chemically
altered. and finally being inserted into a chain of life as part of a nerve cell
that guides a human hand to write about i,

HILE THE BASIC FRAMEWORK of the big bang maodel hus

achieved wide acceptance, the view of its shortcomings has

grown more sophisticated. As Rees has cautioned, "Our present

satisfaction may reflect the pavcity of the data rather than the
cxcellence of the theory.” As the potential Tor actually obtaining answers has
improved, the gquestions have evolved through the “whats” and “wheres” (o
the “hows™ and “whys” How did the universe go from simple and smocath 1o
lumpy and complex? Why is it so perfectly balanced gravitationally that i
neither flew apart nor crunched back together before the first star ar galaxy
could form? { This degree of balance has been likened to that of a pencil
standing upright on its point. Any tipping at all and it would immediately fall
all the way aver m1 one direction or another.) And why does the universe look
so much the same over vast distances?

Scientists acknowledge that they have no way of proving any theories about
what happened less than 000000000C00OCO000ONOOO00O00DGOONGCOO00000 1
of a second after the bang began. Known as Planck time, or 10 to the minus
43, this 1s the first fraction of a second m which the laws of known phsics
apply. Scientists searching for a “theory of everything” have been probing as
close as possible 1o that genesis moment.

Enter “indlation,” a theoretical solution that solves a lot of problems for
cosmologists, Derved from quantum theory—the study of subatomic par-
ticles—it was proposed in 1980, One of its key proponents, Alan Guth of the
Massachusetts Institute of Technology, has described it as “the ultimate free
lunch.” In essence, imtlation theory proposes that in the mitial bazillionth of
i second, the universe underwent a onetime burp, ballooning exponentially
(2,4, 8, 16, etc. ) in dinmeter before settling into the inear expansion (2, 3, 4,
3y et ) that we see today, In a fraction of an eye blink, according to Andrei
Linde, a Stantord University physicist, a microscopic speck would have grown
o an expanse more than a hundred billion light -years across, Inflation allgws
the universe 1o be incomprehensibly vast,

The muplications are in every sense gargantuan, By permitting such a vass
space—time geonietry, inflation expliting how the expanding universe cin
appear 10 be flat—and so tmely balanced that it can coast toward infiniry
without either flying apart or collapsing back in on itselC

Uinnl the mad- 194%0s the daty on the rate (Cortinued on page 32}

PNVEILING T UINIVERSE

EARLY IMAGES from
the VLT, spectacular
as they are, merely
hint at the clarity
the instrument will
aichieve after its third
and fourth units—
and three smaller
telescopes—become
operational within
the next several
years. The facility

is expected to yield
images of imricate
structures within
galaxies. One of the
earltest images

from the first unit,
named Antu after
the sun god of Chile's
Mapuche Indians,
was this view of the
spiral galaxy NGC
2997 in the southern
constellation Antlia.
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STELLAR WIND SHAPES MGC T35, A BUBBLE NEBULA OF GAS
AND DUST. s ribsstall TEAM

LIKE EXHAUST FROM JET ENGINES, GAS AND DUST OF THE NEBULA Mz2-9 RUSH FROM A DYING STAR AT MORE
THAN 100 MILES A SECOND, s#ucE Bace s Mds

TN LN

GLOWING GAS OF NEBULA M1-47 SURRDUNDS SUPERHDT
STAR WR124, vvIs GROSMINEN AND HASA




A BLACK HOLE MAY LIE AT THE HEART OF GALAXY NGG 7742
HLIEE F HESTTREY TE Skl

Hubble’s Universe

For nearly a decade the Hubble Space Tele-
scope has dazzled with images like these.
The telescope recently completed one of the
tasks for which it was created and named:
measuring the Hubble constant, the rate at
which the universe is expanding. Distant
galaxies are racing away from us more
quickly than nearby ones. By studying the
light of some 800 rare pulsating stars, a
team racently calculated that for every 3.26
million light-years distant an object is from
Earth, it is moving away 160,000 miles an
hour faster. Such knowledge helps to estab-
lish the age and fate of the universe.

THE SMALLER STAR AT CENTER GENERATES NEBULA NGC 2132,
HLEEER T PATAGE TEAM, BPACE TELEGCOME BOIEE"E BT ITRFTE, AND FASS

_____ -, |

SN 18874 BLAST WAVE BRIGHTENS ENOT ON CIRCUMSTELLAR
RING. nopiET CERINIE. SRADE TELEBDOME SO MCE NS TITUTE, AND HAGA

Mapping the Universe

he closest: of the full moon.

thing we Scientists are now

have to a studying the back-
baby picture of the ground with devices
universe is the that have much
blob-filled image sharper resolution.
above, the micro- One study, called
wave glow that QMAP, launched a
permeates space sensor on two high-
Orbiting above the altitude balloon
atmosphere, the flights. From their
Cosmic Back- data, scientists
ground Explorer developed an image
{COBE) detected NASAICORE 18AM, WESDC (TOR, MK TEGMAAR (left) that "fi-'d’ C]
patterns of “fossil R AT much more detailed
radiation”™ that look at the patterns
date back to 300,000 years or so of heat in one area of the infant

after the big bang, a time before
galaxies began to form. Radiation
slightly warmer than the 2.7-kelvin
average is shown in red, cooler in
blue. The band across the middie
depicts emissions from our own
galaxy. It is a remarkable picture
but fuzzy: COBE could resolve only
areas larger than 15 times the size

universe. “From this information
we want to learn what the uni-
verse is made up of and what it's
shaped like,” says Max Tegmark of
the University of Pennsylvania, a
QMAP team member. “We don't
have the answers yet, but we now
know that the data exist to answer
the big questions.”



The view
from Earth

The ancients had it wrong: The
Earth is not the center of the
universe. But the Earth is at the
center of the part of the uni-
verse that we can see. A being
on a planet orbiting, say, a star
in the galaxy M87 would see a
different part of the universe,
one centerad on him. In a uni-
verse thought to be 11 1o 15 hil-
lion years old, we can see out a
distance of 11 to 15 billion light-
years in all directions. From the
Earth’s viewpaoint at midnight
GMT, January 1, 2000, the sle-
ments of the cosmos will
appear as they do here (right).
Distances are not shown to
scale but increase dramatically
as they become more remote.
The farther out we look, tha
farther back in time we see.
Light takes 50 million years to
arrive from ME7, so we see it
as it appeared 50 million vears
ago. Tha limit of our view is
the time when the universe
emerged from a state of hot
plasma and became transpar-
ent, some 300,000 years after
the big bang. That period is
seen as the glow of the micro-
wave background {shown in
red and blue). If we could look
beyond that veil, we would
see—according to the standard
models—the big bang itself, no
matter in which direction wa
looked. The portion of the big
bang we could then ohserve
would be a point of infinitesimal
size and infinite density.
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Space Space
CLOSED UNIVERSE FLAT UNIVERSE OPEN UNIVERSE
With density above s critical Al critical density, the universe At less than critical density, the universe
level, the universe eventually  expands without end, but grav- expands forever, with galaxies continuing
collapses on itself, ity slows expansion over time. to recade at nearly their current rate.
The fate of But how did the universe  University physicist Andrei
- start? Linde advances the notion

thE universe Insisting that the cosmic that chaotic inflation gives
Scientists exploring the background is too evenly rise to multiple universes
ultimate fate of the universe distributed to have resulted eternally producing new
usually start with three stan-  from a simple explosion, universes. The origin is
dard models. physicist Alan Guth of the pushed to an indefinite past.

In the high-density closed Massachusaetts Institute of What was the initiating
universe model (above left) Technology suggests instead  event? Richard Gott and
the number of galaxies is that zones of space smaller Li-Xin Li of Princeton Univer-
finite, and eventually gravity  than an atom can burst into sity propose adding a loop

will pull all matter back
together in a “big crunch.”
The flat universe (above
center) starts like the closed
model, but becausa it is less
dense, it expands forever.

It has an infinite number of
galaxies. With relatively little
density to slow it down,

the open universe (above
right} grows faster than a
fiat one. It also expands
foraver and has an infinite
number of galaxies.

Many scientists lean
toward the flat model, but
refinements are under way
as evidence mounts that a
mysterious energy in the
vacuum of space is acceler-
ating rather than slowing
BXpansion.

a period of propelled expan-
sion and matter creation he
calls inflation.

Instead of a single ex-
panding universe, Stanford

Multiple universes grow like
branches from a tree trunk
in @ model that allows the
universe to create itself.

to the bottom of the multiple
universe model (below),
enabling the universe, in
Gott's words, "to become
its own mother.”
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GOING DEEP, the
Hubhle Space Tele-
scope looked at a
spot near the south
celestial pole for a
ten-day time expo-
sure {oppositel.

The image shows
thousands of never-
before-seen galax-
igs along a corridor
nearly to the dawn
ol time. Using
ground-hased South-
grn Hemisphere tele-
scopes, astronomers
will calculate dis-
tances to a number
of the brightest gal-
axies discoverad in
the image.

(Carttinued frone page 25) of Cosmic expansion were so uncertain
that the best estimates of the age of the universe stood at between 10 and 20
illion years, Then in 1994 a team led by Wendy Freedman of the Carnegie
(hservatories in Pasadena, California, startled colleagues with preliminary
hndings from the Hubble Space Telescope indicating that the universe was
astunishingly voung—between just 8 and 12 billion years old. This supggested
4 universe vounger than some of its own offspring—its oldest stars; their ages
based on the known physics of stellar evolution. Freedman's colleague down
the hall, the legendary cosmologist Allan Sandage, led a rival camp whose
evidence has continued to support an older universe, Their dueling with dat
has provided a high-profile demonstration of the process by which scientists
conmverge toward truth. Recently released numbers from the Freedman team,
along with those defining the ages of the oldest stars, are pointing toward a
aniverse about 12 bilhon vears old.

The research recently took a surprising turn, however. Answering funda-
mental cosmic questions depends on correct measurements across great
costmic distances—not easy to achieve. Basically, scientists need to be able to
determine whether they are observing a dim object close by ar a braght abyject
tar away, For this Freedman, Sandage, and orther astronomers have sought out
ﬂlr-:mr:ljr bright stars and other objects to serve as "standard candles” whose
intrinsic brightness, or"wattage,” can be measured.

Such an object must be luminous enough to be detected across billions of
light-vears, A certain type of supernovi—an exploding star—has begun to
pay off with spectacular results. Known as Type La, it reliably spews out gas
and energy in o predictable pattern: The bigger explosions last longer than
finter ones, By monitoring how long explosions last, astronomers can deter-
mine their inherent boghtness to within 12 percent. Somewhere ina typical
galaxy one of these telltale explosions flares about once every 300 years. By
montitoring a few thousand galaxies, then, astronomers can expect 1o see at
least one of these supernovac a month,

A couple of international teams have led the effort to comb the heavens
for these events—iaone organized by Saul Perlmutter of Lawrence Berkeley
National Labaratory in Berkeley, Californi, and another led by Brian P,
Schmidt of the Australian National University. The work s labor-intensive,
requiring researchers to conduct rapid eyeball analysis of hundreds of images.
Ar times, according to Robert Kirshner, a Harvard astronomer, and colleague
Nicholas Suntzef, the Cerra Tololo Inter- American Observatory in Chile,
where much of this work is done, " becomes & sweatshop of astronomers and
visiting students; who work around the clock for days at a stretch, sustained
by enthustasm and Chilean pizza.”

The teams work with large electronic hight detectors attached o grant tele-
scopes that can, in a single exposure of an area about the size of Earth’s moon,
prodisce a pictiire of 5,000 galaxies i ten minutes. In before-and-after images
of the same patch of sky tuken a few weeks apart, computers count the num-
her of photons in cach picture, sublracting the total in one image from the
total in the other. Significant change in the phioton count points researchers
to the faimt new smudge—often too subtle for the human eyve te detect
unuded—rthat represents a faraway supermova. Keck | and 11 on Mauna
Ked, along with the Hubble Space Telescope, perform the final refinements,

In studies of several doven supernovad four billion to seven billion light-
vears away, the teams were astonished 1o findd the explosions on average 25
percent dimmer than expected. The researchers have concluded, and a grow-
ing number of other scientists agree, that the surprising faintness 1s caused by
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ALL EARS, the Very Large Array (VLA) radio telescope near Socorro, New Mexico, uses
27 movable antennas to gather faint radio signals from across the cosmos. Since coming
on line in 1980, the National Science Foundation facility has made detailed images of a




host of distant natural phenomena that emit strong radio waves—the birth of stars,

galactic collisions, and the suspected black hole at the center of the Milky Way—as well
as the sun and the planets of our own solar system.
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neatrinod An international collaboration of physicists, vsing the underground

AliDer I"-.,|'I'|'.-'l|-..l'|:-:2-:' III'rl' O i I.I|'.I!I_ I.I'-r Yiull III'I':‘- LIR? THEIT Ik ||| With '."'-i

dence that the neutrino, previously thought to have no mass at all, actually

e mass of an electron. Stnce the cosmaos 1

welghs about one ten-millionth |
aswarmm with 1,800 neatrinos per cubic inch—flying unnoticed through o
Bondies amd all other matter and through séemimgly empty voids of interstella
space—this 15 a noteworthy contrbulon o the total cosmic iméss,
Accumulat TS O wence mdicates that the totad measured density of all
radiation, normal matter, neutrings, and other nzarme stull acoounts lor
perpaps 10 to 3 percent of the expects d density. In short, there seems to by
abundant evidence that, even including the potential gquantines ol myslerious

mvisihle dark matter, there 15 nod CITOLE

o Hiatten the universe. Awdn, this

reqquires either revisions in the theory or the aid of the cosmaological constan
that [ills empty space and mudtiplies its repulsive miluence across vast dis-
tances. Some scientists, orelerring: the fofmer alternaltive, are rumimasing
around in the carlv moments of the big bang in search of a different way out
ol the confusion

[1s sort of ke we 're brushing our ipnorance under the rag of the very
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s OUR IMAGE OF THE UNIVERSE has
exploded, himmaniry

125 lost the
ancient conviction that it role must
be all-important. We know now that

owr planet 15 an insignificant speck circling an

ordmary star, far out on a spiral arm of the

Milky Way galaxy, which is an ardinary congress

of a few hundred billion stars among at Jeast a

hundred billion galaxies.

We are still the only intelligent Iife we know
of anywhere, But now humankind has taken

a dramatic

b, Until a few years ago the search for worlds

cap towird another possible demio

beyvond the sun was notable primarily for a series
al trustrated hopes and claims that collapsed
unider s ruting hen in October 1995 4 Swiss
team led by Michel Mayor became the first to
Feport the valid detection of a F":!.II'I-'.“l around
a stnlike star, The scientibic commumity, burned
S0 often, remauned skephical until a team of
vorung, determaned Amernicans led by Geoff
varoy conhrmed the Swiss discovers USINg A
precise new techniguie that has revolutionized
e freld,

A< of April this vear the growing numbe
of planet-hunting teams had reported a total
of 20 worlds detected m orbit around sunlike
stars outside our solar svstem. This nomber
includes the long-awaited discovery, reported
i - April, of the first multiplanet system
ever detected around a normal star The tally
fas grown large encugh to reveal unexpected
statistical

RATTOT TS 1|'|.II FALSE lg:'.r_'uti-llji abseial

the processes that create and destroy worlds
HNanets like Earth
FFixe '."':.lI:I'-11|L'. CXISLINg Tec h!]jl]I'IL"'n cian detect only |.|r!_r|L:r |'I|.1n._'i-:

and about the prospects for other life-harboring

on the
scale of our agwn Jupiter, But not one of the extrasola lupiters behaves like
out Jupiter. They all follow pitths much doser to their parent stars and, in
miost cases, paths thal are much more eccentric, or egg-shaped. Scientists
say these giants might have swept away any Earth-like siltlings carly in their
development, Yet most sunlike stars appear not to have these marauding
giants. More data, along with impraved observing technigues, should -
reveal ever smaller planets, and families of planets that more closels
resemble Barth's

1 teel o personal yearning, at a gut level T can't explain, o understand
why this precious little blue globe is the wav it 15, savs Marey, who alorig
with colleagues Paul Butler and Debra Fischer, forms the groundbreaking
Leam that has discovered most of the known extrasolar worlds.

Marov 1€ another veteran of I.I':'-:'n-"l.'_'."l1-:]!._'!"TE|'.'|._'|_| mehts ati p Mauna Kea.
But on this particalar day he 5 on home grownd, ARAYTERTRT} L his venterable
Honda Civic, festooned with duct tape to hold together o « rumped lender,
through a schedule thar includes teaching a lively morning class on Newto-
mian celestial mec

uarnes al San Franasco State University, plaving teninis, being

UNYEILING THE UNIVERS]

REFLECTING on
Earth's origins at
the Keck telescopes,
astronomers Geoff
Marcy, at right, and
Paul Butler have led
the way in finding
planets arbiting dis-
tant stars, In 1996
thoy discovered a
planet orbiting the
sunlike star Upsilon
Andromedae by
studying changes

in the star's velocity.
Recently they found
two maore planets
arbiting Upsilon
Andromedae—the
first evidence of a
solar system beyond
OUr own.



LOOKING FOR GRAVITATIONAL WAVES, the Laser Interferometer Gravitational-Wave
Observatory will try to detect ripples in space-time produced by explosions in the distant
univarsa. Einstein predicted such waves, suggested by this time exposure, but they have
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yet to be directly detected. Aiming lasers down long tunnels, LIGO facilities near Living-
-ston, Louisiana (below), and Richland, Washington, hope to simultaneously detect the
wave forces moving mirrors as little as one-billionth the diameter of a hydrogen atom.




interviewed at the California Academy of Scences plimetarivm m Golden Gate
Park, and then crossing the Bay Bridge o hus other office at the University of
Culiformia at Berkeley. He works there until about midnight, checking data and
calling up computer analyses, watching as the latest discoveries slowly take
shape on his comyputer screen, Along with the thick research catalogs and
haoks on his shelves 15 a copy of the Little Golden Book of planets.

The data that Marcy, Butler, and Fischer work with do not permit an image
of a planet itself, nor do they reveal anvthing about 1ts surface compositon,
Looking for a planet around a blazing star light-years distant, even with
powerful detectors, 18 like trying to spiot 4 lightning bug crcling in the hight
of a high-powered spotlight o thousand miles away.

The unigue wchnigue that Marcy and Butler developed over an eight-
year period uses specially refined hardware and software 1o effectively chop
up the light from stars, looking for the tiny wobhle caused ina star when it is
tagged by the gravity of one or more circling planets, But as recently as the
late 19808 their efforts were disdained by colleagues, Painfully mindtul of the
embarrassing retractions that had plagued the held, Marcy says that when
he and Butler Arst began o announce results, he felt a mix of "enormous
cuphoria” combined with "the grotesque fear” that they had Dlundered—that
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their findings were “some outgrowth of a
hideous flaw in the software”

MNow they are confident they can detect
changes in velodty in sunlike stars o few hun-
dred hight-vears away within 4 margin equal 1o
about human walking speed. They can describe
an unseen planct’s minomum mass and orbital
period. They are working hard to make their
data éver more precise, and they plan (o com-
e their results with those of other teams using
complementary techmigques in a way that should
help determine a planet’s dinmeter and whether
it i5 & ggas ball or something more dense,

N MARCY S BLACKBOARD tonight s
a smudged chalk chart listing four
telescopes—two at Lick Observatory
down the coast, Keck 1, and a site in
Austraia—with observing schedules for his team
members. All told, these four telescopes are
surveying S0 nearby stars, and they have five
to ten new planet candidates ing II|1'i.IiI:fTIj__f. at iy
moment. Butler 1 7,500 miles away at the Anglo.
Australian Observatory, and Fischer is observing
at Lick. "We've got a three-ring circus going
here,” Marcy savs, laughing.

With Bach plaving softly in the background,
he summons up data that have piqued his inter:
st more than a decade of information about
a star called Upsilon Andromedae, The roller
coaster pattern of dots emits a friendly electron
glow m the darkened othice. There is a curious
scatter, theugh, a second trend emerging. He
calls Fischer at Lick. His suspicions will soon
be borne out in headlines around the world: There are three planets circling
that star. And astronomers would have been delighted simply 1o find rwo
around any star other than the sun, Up to now, they had detected no more
than one.

Uiver the next decade NASA's Ovrigins program plans to deploy a series of
spracecratt that will culmimate in a linked set of glant telescope arrays that will
try to zero in on sister planets—"blue marhles” like Earth—by detecting the
telltale chemical signature of life in those alien atmospheres. These studies
conaldd lead o eventual imaging reconnaissance of such wordds,

For now, humanity can bask in its spectal status as the only life known 1o
b contemplating such questions, Many scientists predict that this distinetion,
ton, will crumble, perhaps in the new century, us they intensify their search
tor alien signals and Earth-like worlds, But the search Tor other worlds is not
anly a quest or kindred Intelligence, As Marcy muses, it is also about “the
destiny of the human species. Where are we going 1o be g hundred million
years from now? Where will we go, and how will we get there?”

And how will it change who we are? []

Learn hovw prhotographer hoe MeNally captured the fmages for this article at wivie
et atlbeographic oo 2NN soience tnmerae)

URVEILING THE UNIVERSE

STAR TRAILS in a
time exposure sil-
houette an ochserver
in New Mexico. As
radio observatories
worldwide combine
data to create huge
virtual telescopes,
scientisis plan new
telescopes for use
in Earth orbit and
dream of others
beyond Mars. This
telescopic golden
age is yielding
answers to ancient
questhions—and
raising new cosmic
mysteries.
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SWINE AND SOMETHING MORE, piglets with a human gene are bred to heal at Virginia
Tech's Pharmaceutical Engineering Institute. From their genetically altered great-great-

grandfather, each pig has inherited the gene that manufactures the protein known as

™




factor VIII, a clotting agent needed by type A hemophiliacs. When the pigs mature,
females will produce the protein in their milk. “Three hundred to six hundred milking
sows could meet world demand,” says Bill Velander, the institute’s director.
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“WE THINK THE SAME. We've even bought each other the same birthday cards,” says
Geraldine Roberson, right, 15 minutes older than her identical twin and genetic double,
Christine Taylor. But they're different in some ways. Only Christine suffers from arthritis,
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a condition that burdened their father, whose portrait looks over their Rocky Mount,

North Carolina, homea. What aspects of behavior and diseasa are inherited? The Carolina
African-American Twin Study of Aging hopes to find clues,
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Such guestions are hardly new; they are the
cssence of the nature versus nurture debate
that has perplexed thinkers for centuries,

Hut now we are on the verge of having fimite
answers, Without much time to consider the
implications, scientists have developed the
ability 1o tap into the code of life and bring its
power to bear on our daily lives, the way ane
might conjure up a spirit (o intervene in some
earthly affair. This eruption of genetic infor-
mation 15 transforming the way medicine is
practiced, crimes are solved, and the very
niture of life is understond. But its power 15
frightening too, even to those who understand
it best, Whio has o right 1o know the secrets
writen in our genomes? How mach do we
want to know ourselves?

“There are a tremendous number of ethical
issues involved,” says Steve Fodor, Affymetrix's
CEC and guiding force. " People are stepping
very softly in order not to blunder into an area
and do things that are irreversible.”

Kyle performs more chemical reactions to
purify and amplify the DNA in the tube and
then transfers it (o the GeneChip. It must incu-
bate overnight before we can see the results.

Diriving on the freeway back to my hotel,

[ think about a billboard 1 passed on another
highway when | began this story months ago.
Instead of hawking garettes or cars, this bill-
board promoted paternity testing, Looming
over the rush hour traffic, it showed a swarm
of glant cartoonlike human sperm swimming
on a black background, with the message
"Whi's the father?™ in bald letters. In even
bobder letters was a phone number made easy
o remember: 1-800-DNA-TYPE

it is time we all got to know our genomes
better—and the powers they possess,

ROM THE poorway, the Eagle pub on
Bene’t Street in Cambridge looks like
any other venerable, exceedingly cozy
British drinking establishment. It has
the distinction, however, of having
once been the haunt of a brilliant, brash
young Englishman named Francis Crick and o
brilliant, even brasher and vounger American
named Tames Watson, On the last dav of Feb-
ruary in 1953 Crick burst through the door-
way where I am now stinding and announced
tov all wittun earshot thar he and Watson had
tound the secret of life, On a rainy October

SECRETS ©OF THE GEME

day almost half a century later it seems worth
aside trip in my travels to pay homage. F'm
st not sure how to do i,

“So this was Watson and Crick’s pubi™ |
mumble to a fellow at the bar. He shrugs,
Never heard of the blokes. For a moment |
wonder il 'm in the right exceedingly cozy
drinking establishment. But the barkeep has
overheard my question.

“Abbot,” he says.

“Abbori”

“That's what they drank. Crick and Watson.
Abbot Ale”

Never mind how a twentysomething bae-
tender knows what penple were drinking
) vears ago—I now know how to pay my
respects, T order a pint of Abbot and carry it
aver 1o a chair by the fire,

The secret that Watson and Crick {or Crick
and Watsomn, us they are relerred to on the
Eagle’s side of the Atlantic) had uncovered was
the shape of a now familiar molecule called
deoxyribonucleic acid. A Swiss scientist had
isnlated the chemical from the white Blood
cells of pus way back in 1869, but neither he
not anyone for over half s century had any
idea of its importance 1o life. It wasn't until
a lew years before Watson and Crick began
work that an American bacteriologist nomed
Oswald Avery demonstrated that DNA was
the stuff of genes—discrete, inheritable pack-
ets of information aligned along the chroma-
somes inside the cell’s nuclews.

Watson and Crick puzzled out that DNA is
shaped like a twisted staircase—the famous
double helix. The two strands of the helix
consist of immensely long strings of sub.
units called nucleotides, These, in rn, con:
tain sub-subunits called bases that are referred
10 by the letters A, T, G, and C. (They stand
for adenine, thymine, guanine, and cytosine. )
Think of those four bases as letters in a four-
letter alphabet, Just as we arrange the letters
of our alphabet fnto meaningful words, the
A5 T, Gosand U that make up our genes
are arranged into three-letter “words” com-
prehensible to the machinery of the cell. Each
gene is o sentence composed of a precise order
ol these words, tellmg the cell to manufacture
a-particalar protein, be it an enzyme that
helps vou digest vour lunch, an antibody mar-
shaled to hight off an otherwise lethal infec-
tion, or one of the (Continued on puge 54)
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The hidden
language of cells

One-quarter of our DNA's three-billion-unit
code has been spelled out by teams of
scientists working on the Human Genome
Project—an international effort spear-
headed by the U.5. government—and

by the project’s corporate competitors.
Researchers are on track to finish the rest
by 2003. Once DNA has been sequenced,
the 80,000 to 100,000 genes that make the
proteins vital to human life will be easier
to pinpoint. New treatments for disease
and possibly cures won't be far behind.

Most cells contain com-
plete instructions, in the
form of DNA, for building
a human being. Most
DMA is in the nucleus;
additional DMNA is in celis’
mitochondria.

CHROMOSOMES
Within the nucleus, DMNA
is arranged in 23 pairs of
rad-like packages called
chromosomes—ona sat
from the mother and one
sit from the father. Each
chromosome containg &
tightly packed strand of
DNA. IT unwound, the
DMNA in ona call’s chromo-
somas would ba more
than six feat long.

DNA

~ DNA's structure is simple:
. Four chemical subunits
alled nucleotides pair up
- to form a twisted ladder.
- Mutations are common
"'"iﬂll maostly harmless, but
. even a one-nucleatide
8Imor can cause r.lmblm
if it disrupts & critical
gene. Less than 10 per-
cant of our DNA makes up
genas; some of the rest
serves to regulate genes
or plays important roles
in chromosome function.




The stories in our genes

) Cancers { B Cardiovascular ( § Other
disorders
( § Metaboliciendocri (BN
’ disorders i ’ Mﬁwhm
Someday DNA tests may pro- histary than they can from a

vide instant snapshots of future
allments and life expectancy,
but not yet. Genes for more
than 1,200 disorders have besn
identified (selected examples
below and left), but most
paople probably can learn
more from their parants’ haalth

CHROMOSOME 1

* Malignant malanoma

* Prostate cancor

» Deafress
CHROMOSOME 2

* Cangenital hypottwroidism

* Caoloractal canoar
CHROMOSOME 3

= Susceptibility to HIV infection

» Small-cell lung cancer

» Dermantia
CHROMOSOME 4

* Huntington's dissass

» Polycystic kidney disease
CHROMOSOME &

* Spinal muscular atrophy

* Endometrial carcinoma
CHROMOSOME &

* Hemochromatosis

DNA printout {background).
Most of us carry a few defective
genes with no signs of diseasa,
and many genes only contrib-
ute to suscaeptibility. Lifestyla
cholces such as diet and smink-
ing and environmental factors
can raise or lower dissasa risk,

CHROMOSOME 13

* Breast cancer, aarly onset
* Retinoblastoma
* Pancreatic cancar

CHROMOSOME 14
* Loukamila / T-cell ymphoma
® Gaoiter

CHROMOSOME 15
® Marian's syndrome
= Juvanile opilepsy
CHROMOSOME 18
* Pohyeystic kidney dissase
* Familial gastric canoar
& Tuberous sclernsis-2

CHROMOSOME 17 ishown at laft)

CHROMOSOME 18
* Diabatas mellstus
= Famifial carpal tunnel syndrome

= Myopathny and cardionmyopathy
* Dy=tonia

BOURCE. WaCTOA A MCSUSCR, JOANNA ARBTRGEN, AN ADA HARDEH DRl MESTELUNN RHERTTANCT B MAN
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Living With
Alzheimer’s Disease

The first symptoms of Alzheimer's disease
hit Ina Savage, 58, about a decade ago. The
woman who organized her Baltimore fam-
ily’s life began to forget what to buy at the
grocery store and what to pack for vaca-
tions. Then in 1996 the diagnosis came:
early-onset Alzheimer’s, a form that strikes
before age 65 and accounts for about 15
percent of cases. Ina is still feisty and talka-
tive, but she's not the person her husband

and children remember. Her
daughters guide her to and
through the supermarket.
Dressing is a challenge.
Recipes slip from her mind.
Eight genes have been
linked to Alzheimer's, but
there’s no cure yet, and con-
clusive genstic tests won't =
be available for several years.
Would Ina’s daughters take ig®
such a test? “It would be irre- ﬂ
sponsible not to; | want to
start a family,” says Serena
(with newspaper). Pauline
(red hair) disagrees: “If | get Alzheimer’s,
| get it.” Lina is cautious. “"What if an
insurer learned the test was positive and
decided not to pay for treatment?”







PIONEER Ashanthi De Silva was, ot age four, the first human to receive gene therapy,
g procedure that inserts new DNA to do the work of defective genes. Now 13, she

still gets lollow-up care for her rare immune disorder (abovel, but she is able to
attend schoaol [opposite), where clasamates treat her like anybody else. Scientists and
reporters are more bothersome, she admits. "But if it helps people learn, it's good.”
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BORN QOLD: Dally, the first mammal cloned from an adult cell, bleats at Scotland’s
Roslin Institute. Dolly was & milestone in efforts to turn farm animals into iving drug
factories. Soma sheep have been genetically altered to produce a protein in their milk
that is being tested in Northern Ireland to help cystic fibrosis patients breathe easier
(oppaositel, As tor Dolly, her cells may have aged as much as her “parent.”
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Cystic Fibrosis:
A Hidden Killer

Three of Kathy and Jack
McGowan's five children have
cystic fibrosis (CF), the most
common deadly genetic disease
in the U.S. lis cause is a defect
in a gene that controls the bal-
ance of salt in lung cells. Mucus
builds up, fostering infections
that can be lethal. At presant,
one of every two CF sufferers
dies before age 31.

While John (right, at far right)
waits for a lung capacity test
(below right), Kathy makes an
entry in a notebook that records
details of treatment. At home
(below) the McGowans pound
Matt's and John's backs to
loosen mucus in their lungs.

To develop CF, a child must
inherit the defect from each par-
ent. One in 31 Americans is a
carrier; with each pregnancy a
carrier couple has a 25 percent
chance of having a child with
CF. After John was diagnosed,
the McGowans kept having chil-
dren, trusting in faith. Today,
options have increased, includ-
ing ex utero testing of eggs.







WITHOUT HEARING AIDS, Chai Cohen, right, and his sister Hila of Netanya, Israel, can't
hear thair parents. "There may be more than a hundred genes linked to deafness,” says
geneticist Karen Avraham of Tel Aviv University, “but only 15 have been isolated so far.”




A defect in just one gene can cause hearing loss. Avraham and Palestinian researcher
Moien Kanaan of Bethlehem University hope to find the genetic causes of deafness in
their region, where in some places hearing impairment affects as many as one in ten.
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MARINE RECRUITS give up more than hair at boot camp on Parris Island, South
Caroling, Blood samples are collected and sent te a warehouse in Maryland (oppo-
site] to be stored in freezers until DNA is needed to identily combat or accident
victims whose remains are too mutilated for conventional analysis. DNA from the
armed forces’ archive of 2.75 million specimens has been used to identify 192 bodies.
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Genetic Justice
Comes to Guatemala

Long after a life’s violent end, geneti-
cists like Michele Harvey-Blankenship
(right, with hoe) of the University of
Washington can use DNA to tell a vic-
tim’s story and bring criminals to jus-
tice. More than 200,000 Guatemalans
disappeared or were killed in decades
of civil war. Michele was called in to
corroborate eyewitness reports of
political executions in the 1980s.

Trenches are dug near suspected
mass graves. If remains are found,
the team seeks the body's most dura-
ble DNA repositories—teeth and
bone. An undamaged tooth’s interior
can retain testable DNA for thou-
sands of years. Mitochondrial DNA,
inherited from mothers, is compared
with DNA from surviving maternal
relatives. Michele has identified
bodies in five mass graves in Guate-
mala, findings that will help rewrite
history. “No one can argue that these
killings didn't happen,” she says. To a
Maya family (below right), recovering
remains of loved ones has an even
greater meaning: Until properly bur-
ied, they believe, their dead are in a
state of unrest.






a carrier, you can elect to have regular check-
ups and remove any polyps that develop in
vour colon before they hecome malignant. In
that case your chance of getting the discase
falls close to zero. So now your genes aren't
dectding whether you live or not, Yoo are.

"Genes are not fate,” says Greely, " Usually.
For most of us.”

With all the emphasis on genes that canse
disease, it is easy to lorget that the genome
i5 the recipe for life, not death. Behind the
colored array of my snip chip may lie infor-
mation on how | metabolize the contents of
a tuna sandwich, why my eyes are blue or my
hairline is not where it used to be, or why I'd
rather ski than play goll.

We know genes play a role in influencing
behavior and personality; studies showing
that identical twins raised apart share an
uncanny munber of bebavioral traits back
that up. But so far attempts o tag a particular
behavior 1o a particular gene have been prob-
lematic because such complex behaviors
necessarily involve the cooperation of many
genes. On the genomic piano, behaviors and
personality traits are not single notes but
mtricate compositions,

| linger a little while longer over the image
an the screen, but the exercise has run its
course. 11 1s unlikely that the information on
this chip, even if | knew its meaning, would
say anything about why [ am absentminded,
sleep poorly, or chose to be a writer. But these
1,500 srrips offer a hazy glimpse into the
genome. More snips are being discovered
every day. Within a year a rough draft of the
complete genetic code of a typical human
being will be posted on the Internet by Celera
Cienomics, the Human Genome Project, or
both for anyone to explore. Celera’s Craig
Venter envisions a time soon when family
doctors and even individials can log onto a
webhsite and test specifics of their own genome
aparmnst a vast database of knowledge abour
disease, behavior, diet, and drugs. What hyper-
tenston drug targets my genetic profile of the
disease? What kind of fatsdo | have trouble
metabolizing so 1 can know to avoid them?

"Imagine a day when these technologies are
more advanced and more available,” says Affy-
metrix’s Steve Fodor, “People can begin to
look for themselves at how their genetics are
likely to affect everything from their eating

il

habits to the kind of perfume they choose to
wear, We think genetic information will give
people more control of their hives, not less,”

As arranged with the Affymetrix lawyers,
when I finish with the image of my genome,
I drag the data file to the trash bucket on the
screen and delete it | had anticipated a sense
of relief when this testimony to my genetic
ientity was safely silenced. What [ hadn't
counted on was a twinge of regret.

omMPANIES LIRE Affymetrix and Cel-

era are prospecting the genetic code

for glimpses of the future. Far away,

on a hillside in the tiny, forlorn

Guatimalan village ol Tranimaca-
baj, a young geneticist named Michele Harvey-
Blankenship is using DNA to dig up the past.
On my right, dressed m blue jeans and a white
T-shirt, Michele shovels dirt into a wheelbar-
row and dumps it over the edge of a wooded
slope. On my left a villager named Juan Calel
Mateo tears into the ground with a broad-
bladed hoe, Somewhere beneath its cutting
cdge lic the bones of his father.

Like thousanids of other Maya Indians,
Maten's father was killed during the long
Guatemalan civil war, his body heaved mmto a
hole in the ground with half a dozen other
innocents from this villuge, [n the Maya belief
syatem those who are buried without proper
ceremony are not truly dead, They have no
peace, They have no identity.

That 5 why Michele Harvey-Blankenship 1s
here, Based at the University of Washinglon in
Seattle, Michele specializes in using DINA to
identify victims of genocide and other human
rights violations. Working with the Founda-
tion for Forensic Anthropology of Guatemala,
one of only a few organizations in the world
performing this arcane and grisly task,
Michele roumites the remains of the dis-
appeared with their living relatives. She has
worked in Bosnia, Argentina, El Salvador, and
several times here in Guatemala, The work is
not just for the comfart of families and the
souls of the disappeared. The ability to bring
the perpetrators of genocide to justice often
depends on having an identified victim.

"We try to reconstruct a skeletal biography
of the person through traditional forensics,”
says Fredy Peccerelli, the foundation’s mdetat-
igable young director, " But the most we can
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PRAYER SHAWLS cloak Cohanim blessing suppliants at Jerusalem’s Western Wall, an
" inherited duty that is theirs alone. Would-be Cohanim have contacted the discoverers of
the clan's genetic bond in hopes of proving that they belong—as have some membaers,




perhaps hoping to shed certain restrictions. Rabbis are pleased that science seems to
support the Cohen tradition of a common ancestor, but some worry about a litmus test

for individuals. For now, however, ancient custom still determines Cohen status.







nol seen elsewhere in extensive databases in
wiichele's lah,

Basically it's just taking two population
weis and comparing them, she sayvs, pausing to
lean on her shovel. " The biving and the dead.”
Lintortunately here in Teanmmacabai all

doesn't go well. Four davs of ferocious

RRIng
fails to locate the bodies. The villagets and
crew are deeply disappointed, but there 15 no
time to mourn this setback. We return to

Craatemuala City, where some ol the hundreds

THE FIRST INDIANS? Partha
P. Majumder of the Indian
Statistical Institute is using
DMNA from blood samples
iright] taken from 30 differ-
ent ethnic groups, including
members of the ancient
Oraon tribe (left], to build a
model for the peopling of
the subcontinent. His data
suggest that the first popu-
lations arrived from Africa,
then rapidly expanded and
diversified. Genetic studins
may solve riddles of human
origins and migrations

of ske

are laid out on tables in the residential griraps

etons already exhumed from other sites

thit serves as a laboratory, awaiting analysis
The next day | find Michele bending over a
kull, pulling out a tooth with a pair of plicrs,
Written in black ink on the cranium is the
citalog number SAQ HIE-F1-2, It indicates
precisely which specimen this s and which
massacre Il came from. But it s not quite the
SAne I|‘.|I1!.'_ a5 4 name, Convicling someond in
court of the murder of SAQ 1TTE-F1-2 will be
difficult. It s hard to pray for SAQ ITE-F]-2
it vou are s mother, Michele slips the tooth
it a resealable bag to take back to her lab

“There 1s a saying in forensic anthropology
that every skeleton has a voice,” sayvs Michele.
“Wye arc using DINA to express that voice,”

A tew days after | return from Guatemala,
an gagerly awated packape arrives for me
from Oxford, England. Inside is a small con-
ical brush, Following mstructions in the letter
enclosed, | rab the
of my cheek for & minute. | place the brush
carefully in a provided envelope and post 1t

irush gently on the inside

AR RETS U THE GEND

back to my correspondent, Eilleen Hickey, a
geneticist al the Umversity of Oxtord. 1f the

VSis. |

I2NA on the brush is suitable for ana
I|'|-:||. SOOn De I'l:'liI'I:[I.'II:I '|-'.'I'||'| il ERCesior SCT0ss
an astontshing expanse of time. It strikes me
as even maore astonishing that this introdug
ton can be conducted through the mail.
Hickey and her colleagues use mitochon-
driad DINA 1o sort out when and how the an-
cestors of modern Europeans hirst populated
the continent. Unlike DNA in the nucleus of

the cell, mitochondrial DNA i inherited only

from one s mother, The letters of 1ts code are
thus passed down unmixed and unchaneed
[TESETY 3P0 BLnoralion the next excepl lor
random mutatons that rarely aftect its fune
Lan., Because these mutations oocuar at 2
known rate and much more frequently than in
nuclear DINA, mitochondral DNA can serve
as a clock to time events in the distant past
Comparg any two persons mitochondrial
DINA, and the differences between them reveal
how long ago they shared an ancestor,

As an American ol European descent, | have
a mitochondnal mother back in time whom
the Oxford researchers might be able to i
tity. They have already come up with some
remarkable indings

According to Martin Richards, another
team, Lhe ancestors

il liv ing Europeans colomzed the continent

il

genteticist on the Oxfor

m three main waves, Most Europeans descend
from a chan of mothers and Fr.]:'l_l_[l'l'||'|:!"-."|':-i.
going back to the hunter-gatherers of the late
Upper Paleolithic, some 11,000 to 14,000 yvears
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A HEALING HAND,
lcelandic surgean
Thorvaldur Ingvars-
son (left, at left)
replaced Ragnheidur
Magnusdottir's hips
and knees and co-
discovered a genetic
link to osteoarthritis,
a disease that also
struck ten of Magnus
Gudmundssan's six-
tean siblings (below
left]. A private com-
pany will soon win
the right to survey
leelandars” DNA,
making the nation a
liwing lab. The novel
project spurs hope
for new cures and
sparks debate about
privacy and profit.

ago, About 10 percent trace their mitochon-
drial ancestry even further back, to the Origi-
nal colonizstion of Furope by modern
humans some 50,000 vears ago, The most
recent group came out of the Levant about
8,000 vears ago, tollowing paths through cen
tral Europe and along the coast of the Med-
iterranean up to Britain. These people were
carly farmers, but they account for only one
out of every five ancestors in the European
gene pool.

"1 1% not true to say that the farmers over
whelmed the indigenous hunter-gatherers,”
sdys Hickey, addressing o prece of conven
tional wisdorm., " Most of us who call ourselves
Europeans will have had ancestors who were
here long before the advent of {farming.”

A couple of weeks atter mailing my DNA
across the Atlantic, | find oat that it falls
sepuarely dnto the common baseline group

SECRETS O3F THN GENE

ngainst which more unusual vanants are com-
pared, Along with some 50 percent of Furo
peans, | descend from a hunter-gatherer
woman who lived in the lae Tce Age, perhaps
i member of the Magdalenian culture that
flowrished in western and central Burope and
15 known best toduy for its cave art. She is not
my only ancestor from thar time, of course,
But I'm glad to know her, and proud to have
her living on in iy genome

onay sciENTIsS TS all over the world

are using mitochondrial DNA 1o

re-create the migrations of other

ancignt peoples across Africa, the

Americas, and everywhere hetween,
[t is important to keep in mind, however, that
the exguisite diversity in our mitochondrial
code that allows us to trace these events is a
classic exception that proves the rule. In most
of the rest of our genes—99.9 percent of
them—every human being alive is exactly the
same. Morcover, most of the variations in the
remairng one-tenth of a percent don't bunch
up into geographic regions or racial groups
but instead are spread around the globe. Put
another way, the snips and snippets of code
that taken together make one person unique
are scattered about in other unigque genomes
all over the world, binding all of us in a splen-
did tangle of interrelationship,

That tangle doesn't begin at our evolution-
ary branch but spreads up from far below. All
the anatomical differences between human
beings and chimpanzees, und even the hal-
lowed uniqueness of human cognition, may
in fact arise from shght changes in a few genes
regulating fetal development.

Nine-tenths of our genes are identical 1o
those of 2 mouse (o congruence particularly
pleasing to geneticists, since lab mice are well
studied and far more readilv dissected than
people). More than a third of the genes of the
lowly nematode worm Cacnorkaludites elegans
are shared with the exalted primate Homeo
saprens. Cenomucally speaking, even bacteria
ATe oUE cousis in code,

The last and most powerful secret revealed
by our genes, in fact, is the indisputable unity
of everything alive. 1

Check vur gnline photo gallery at www, natienalyeo
griphic. com 2000 sonireeefgene lor the stories behing
haren hasmauski's pictures in this article
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DOMINATED gy GReeks, THEN ROMANS, EGYPT ABSORBED THE ARTS AND
GODS OF HER CONQUERORS. ARCHAEOLOGISTS HAVE DISCOVERED A VAST
MUMMY CEMETERY IN THE WESTERN DESERT, WHERE HUNDREDS OF

BURIALS RECORD ANCIENT CULTURES IN TRANSITION.

s Staring eyes and spiral curls typical
: 1 i of Greek portraits join traditional
=P ' Egyptian motifs on this gilded
s T mummy—one of 43 found

: ' in a single tomb.

F:II
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CARVED into stone
beneath the sands of
Bahariya Oasis, a multi
chambered tomb (left]
miay have been used by
a single family for two
centuries. The entire
ancient graveyard may
underlie as much as

14 sguare miles on the
edge of the oasis. Its
burials span perhaps 600
yvaars—irom Alexander
the Great's conguest in
332 p.c. until the fourth
century Ao, when
Hoime ruled Egypt
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ETERNAL VARIETY

AN UNADORNED MUMMY (above) named Mr. X by Zahi Hawass, director general of the
Giza monuments (below), may be one of the cemetery’s earliest occupants. A clay coffin

(right) dates from the Roman period. By a.0. 350 Christianity flourished in the Mediterra-

nean world, and the practice of mummification began to disappear.
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ITS GAZE FIXED on the next world,
the golden covering of a female
mummy (left) was probably selected
from a local workshop, The roster
of deities thought to control daily
events and eternal fate grew longer
through the Greco-Roman period.
Part dwarf, part lion, the Egyptian
god Bes (right) guarded pregnant
women and newborns. Among

the ruins of a temple named for
Alexander the Great, excavators
found statues of a goddess figure
blending Egyptian Isis and Greek
Aphrodite (above, at left) and Osiris,
Egypt's lord of the underworld, at
right. A clay mother and child (above
right) hints at later Christian themes.

NEW GODS AND OLD
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A GOLDEN ETERNITY

ELABORATE MUMMIES proclaim a family's
status (left). Decorated breastplates show
these people could afford a gilded afterlife.
But painted detalls (above) mystify experts.
Who are the Egyptian figures crowned by
e solar disks? Is the running image, below,
¥ : the Greek god Hermes, escort to the under-
world? Years of excavation ahead may pro-
g | 43 vide the answaers.

- P o :I":__.-- - r r

| b g :
1 e 1 B " 1 - ¥
LITAE e CISTLITIES rigittally thought |"'!|-||"' Fe
TER R . ....ll. - | ‘. N . I i . a3 s . :
Wars willl ine Iiina bside, Ancient Bahanva ma

1S TE W LA |"- s PMASSIME L ANy SIHE - 0
[ ]
SaVsS, | ':|':|| this so SCITaree
- a [ Lr --
vliat M X .1.!_| I'_'| us af s
HsiRe disturbng mumines,
¥l - 1
riec Lhe iome Wdaarney initer the
| |

1 ']
] & o 2N i i 2
e may teach us somethime o tormby, Past ¢ ¢ SUTTOU

en L will return him and his goods ave unearthed a temple dedicate
I ';'II n Il i PrESITaAncy <11 'l Al




ramparts of a military garrison o1 Careck and
RO SolCLeTs

I he scentists s0 discoverad  tha
Bahariva up. Darmg  the

Creco-Roman period the water table lay only

have a
LIASES 05 lll:- ng
|5 feet beneath the surface; today, wells must
b sunk 4,500 feet 1o it water

[hroughout the oasis Workers Dave un-
earthed more than 7,000 artifacts. One after
shows  me  the provisional
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Frawass like rovalty, We walk 1o a locked room
where three mummues rest in glass cases mon
itored for temperature and hunidity.

‘We Tound these year, he

4 virv thor-

IMummices 1asl

gavs. bhut we realized we'd need
||lJ:_'|] Cxcavalion. S0 we Closed the tomb unnl
novw. These came from one of the excavations
we worked on todavy,

One of the mummiies weirs a headdress with
prababl
the god Horus, an ancient symbol of rovaity

thiat arc
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All three hawv Efl.lil'll CAFTONN3EeSs
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CONQUERDORS" COINS could be useful in a netherworld infiltrated
by their gods. Mest of these bronze pieces from a Bahariya tomb are
from the Roman period. Guarding trade routes linking the western
nases, # Roman fort [rght) embodies the centuries of foreign rule
that recast Egyptian life—and afterlife.
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“You can tell by the gold, the flving Horus,
and the cartonnages that these people wert
rich,” Hawass savs, " They were probably from
a higher class, They might have been overseers
TATIMCTS
lcand

f the desert whii

CTops,  We

rh.1| |:._'||'_:'--'"|.-| was i |:|1:.__|l. LNV NMment wine

managing the

ultmvated VAV avidence

makimg cenfter,

The mummies funerary masks. with thelr
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of Greek sculptare, And

1id ecald of vharaonic masks

curls, long aguiline widle

reflect |

e intluence

nstead of the so
cach of these masks is made of plaster coated
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with a thin layer ol gold,

The rrason tor the change? Before the

Ity il of the Greeks, Hawass savs, J_ Mians

bartered tor goods and services instead ol

using money, Then the Greeks introduced

Heh eventually led to a wider distn

bution of wealth. More ;'-t.'n-:'|l.' could atfoid 1o

COLTERSE, W

buy bural masks, so workshops began produoc
ing moreof the gilded vanety—masks that had
the ook of roval versions but not the |"-'-l"
Other plass cases hold a dozen unusual foof
high starues of watling mourners found with
one gilded mummy, Hawass beheves you can

tell how important people were by the number




"WE'VE ONLY BEGUN ourWORK HERE. 'M SUREWE'LL LEARN A LOT

MORE ABOUT EGYPT DURING THE GREEK AND ROMAN PERIODS"

af symbohc mourners buned with them., handing me the slab, heavy as a bricl LS @
We step throueh another door to a brightls arly board game lound m the tomb with th
it laboratory where some of  Bahariva gilded mummies, Can't you imagine the ancient
mtigquities are repaired or cleaned, revealing Egvplians plavine this very games
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larence lalcon, bred 10 a nch rrect 1ishy bl feeters it 1 hold el TS LY, CAreéihl i1l
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wouldn 't want to depart for the afterhife with much, Hawass savs, Dausine 1o wene one list
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F'l'i E‘l”]dS Ell']d fan]ﬂy:visit streetside in this living monument,

which has embraced generations of Trinitarios for almost 500 years.
“There's no otheér place like it in all of Cuba,” says an elderly resident.
“My wife and I were born here, and we love it.”
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Ay A. R. WILLIAMS = |"fi|-.'|-l-;|..'||-J.'a by DDAVID ALAN HARVES

BOTH iai Al ICETRE]

TL] {:kt\ L_l bﬂh‘#ﬁr’: Cll the Sterra del Escambray and the

Cartbbean Sea, the site of Trinidad was originally home to the
native Tano, who panned for gold in nearby rivers. Conquis-
tadores founded the Villa de la Santisima Trinidad, Spain's

third settlement in Cuba, in 1514, Amad streets lald out around

mien and supplics

aza, Herndn Cortés organizec

a spacious p

tor his conguest of Mexico With the wealth of the Aztec

echipsing anything found here, Trintdad became an outpost

a0 were virtually extermi

of smugglers and pirates. The

nated by 155100,
Boom bmes came 1o the late 18th century, when profits

from sugar—egrown i the Valley of the Sugar Mills (above)—

I|i!!_|.'_" 1 0] |:'

hankrolled the construction of fine houses and bul
as the former Convent of San Francisco, whose tower is the

town s most recogmized landmark (lefth. In 1689 the town
nad 980 residents; by 1755 1t had alimost 6,000, As the

Florida .
L5 plantation era faded, Trinidad turned into

g P
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road didn't reach here until 1919

o agan. The ral

and a highway not until the 1950s. Isolation pre

Havana ATLARM : ]
w OUEAN stervied the colonial heart of the town, where
o
r~ ™. o Trinidad B, L) |.".'-!||.'|.'_' Lve todlay. Protected
hean  CUBA by law, the old neighborhoods
it ]"*-‘!-'1_1.' restored.
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A](]I]{‘I tILLtH resanant with the clip
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al 4 pace lrong decades past. A young man tinkers with a
LIS, jalopy by the curb. An older couple watch the passing
parade {rom therr tront door. Sharmg news with a customer,
LITesies Kamirez Soa scans an issue of Granma, the official
slate Paree which he boueht from a vendor i RS open win
ow. Ramirer Soa gives an old-fashioned shave—hot lather.
VPRitcd with a brush, and quick deft strokes with a straeht
razor | he experience wis so ='-f1|||:'!:_' lor phatog! ipiie
Lhavid Harvey that he tell asleep on one of his regular visits
Hamires Soas cquipment 15 wearing out though, Giving

Harvey a sketch of b irher £ shears. hi .1'~i-.-.|!_ [ o voou think

ol could brine me a pair ke this when vou come back?
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Coffiing of | age i Veniitie B bt M
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Music hlla ey oo db s calionaii ek

towm. In ar ETAPLY GOl 1 | on weekday morni e Le AT

dad Folkloric Ballet moves 1o Afro-Cuban rhythms, prep

their repertorre for audiences al hovme and abroad. "Some ol
our dance traditions are simitlar 1o those in other parts ol
L -] .I- i’ -I;llllrll

Cuba, bur others are specific to here SdYS LilSdila L4

Calderan, the I'_Il'-..|"-l!i ector. We think it s ITPpuriant o I'-'-"I'

(hem alive and show them 1o the world

Visitors from around the world come mostly as day WFIPPErs

in tour buses, Around the main pl

aza, where a musician passes
the parish church | above), they imnvariably hind street bands
playing Cuban songs on conga drums, clay pipes, a guatar, and
biss, Music and dancing are even part of a child's tirthday
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=% Pafked @‘Eﬁﬂ, ght on a porch, a horse will soon be put to work.

e _ﬂhth Eubllfllﬂi ivate vehicles scarce in Cuba, Trinitarios continue
“to rely on horses and ‘burras to carry children to school, take vendors
on their __n;.lund*-: and even pull the trash-collection cart.
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keep untd she finishes school in three vears: " This 15 a smnal
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T]]Lﬂ.‘ SCd opened Trinidad 1o the world, b

T condguistadores, suear traders, and visitors such as
Ith-Century naturalist Alexandor von Humboldt, Tod
nspoiled Canbbean shore draws a growing number of

158, WO Come mostiy Trom | LT Lanadi, and Ehe Tes

[
of Lotin America, For loca

a show eruise via classic car or four-legged transport. Mountam
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o Inrnlarsos realize how [lucky they ane [ live here
| o forpel how specnal ths Place 15 S0 GOt 01
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MYSTERY ON

BY CONRAD
ANKER

T waAs A BRIGHT cold morning:on Mount
Everest. Sunhght coming over the North
I east Ridpe made the rarehed air at 27,000
feet feel warmer than the 0PF it was.
Seven thousand feet below in Tibet,
pockets of meltwiter shimmered on the termy
nus of the Rongpu Glacier, which bunched like
a carpet as it pushed through the valles
After an hour or o of searching [ had found
twiy hodies f@r apart on the lower edge of a
saoow lerrace below and to the west of the stan-
dard route up the Northeast Ridge. Both were
grotesgquely twisted and [olded, suggesting they
had suffered long, violenmt falls. Their faded
down suits mdicated that they had perished
during the past tew decades, They wereén't the

chHmbers 1 was seeking.

Members of the Mallory & Irvine Research
Expedition examine a tent (above)] possibly
dating from a 1933 British expedition that
tried, in vain, to locate the legendary climbers’
remains. The 1999 team found an oxygen
bottle at about 28,000 feet,
evidence of Mallary and
Irvine’s prograss
toward the summit.




EVEREST

Cn Jume 6, 1924, George Leich Mallory, at left, and Andrew Irvine ser ot with
experimental oxygen totties from Camp IV high on Mount Everest. Two days later
they vaneshed into g bank of clowuds. Were they the first to stand atop Everest? The

discovery of Mallory’s body answers song Wis, but the riddle endures.

of Climber George Mallory, Missing for 75 Years.




MYSTERY

0~

EVEREST

aon the mountain that doav, May 1,
| QU ok part ol an r"~,|1|_'L11| (31 _-|-4'i.|r1:.-_ clues tn

the fate of Georpe -IL'I_'.:_I'I Mallory and Andrew

| Wis

[rvinge, the legendary British climbers whao dhis
appeared on the Northeast Ridge on June 8,
1924, Not far from there a Bntish Expedibion
in 1933 discovered an e ax with marks sug
gesting 11 had belonged to lrvine, Below where
the ax was found, & Chinese climber, l"'"-l-i”'_:—"
Hongtao, in |975 :',_'|1||r1._-._| SCCHIE A wiealhered
boidy he desenbed as an " Enghsh.
When [ Hnished  searching the lermaces
_ 1Y oramipaons (o starl
busk Lige rock and

smouth slabs that had been exposed after a

ol '-.|:'l.'|' |I||||::.' (FE ||||:-'-.|,

winter with little snowiall. A patch of white,
and as bright as

marble, caught my eye. | realized it was 2

iffererit from the snow
Body, Bleached white skin. A holbmaled boot.
A bravded climbing rope, No nylon.

[n my slowed - down, dreamlike state al hieh
altitude, T did not immediately recognize who
this was. | sat down next o the body, studymg
the tattered edges of his wool sweater and ool
ron wind jacket. He was- lacing uphill on his
front, both arms outstretched, as b grasping
o arrest hus shie. Hhas left leg was crossed over
the right, which was broken above the ankle,
| realized at last that I had found one of the two
peaple for whom we'd been searching

Because our radios could be monttored by
jorens of climbers, our team had agreed 1o

use coded messages. " The last thme 1 tnedd @

boulder problem in hobnatled boots | el off,”

Fhis & Conpan AMGCER'S first writing assgrmment for th
PR |.-__: |I: Tulaf _|'|.| Gt The cikver i ||'|
- 998 Issue as a lonely Inmire on 4 precighice
owerbooking wechoked moantams o Antarcteca.  Hi
\ i |||._|_ :u-l!l_-!'. i 1

I. B - ) -
Himaloys and Pammgonia and on Camada’s Bathn [sdand

FerEey

[ ]
has climbed peaks around the

EVER THE DASHING ENGLISHMEN,

Mallory (above, at left) and lrvine

joined forces to take advantage of
Mallory's experience on Everest and
Irvine's mastery of oxygen bottles.
Their climb was Mallory's third time
an the mountain in four years. “We've
got to gat up this time,” Mallory
wrote to his sister. The oxygen bottle
and an ice ax lound in 1933 place
Mallory and Irvine close to the First
Step, but stll below the formidable
Sacond Step. a 90-loot-high rock

wall that leads to the summit right).
Author Conrad Anker (left), who found
Mallory, climbed the Second Step on

his way to the top last May,
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| rachoed o Jake Norton, Dave Hahn, Andy
Politz, and Tap Kichards, who were fanned ou
wcrnss the terrace above me. lake hearsd me say
hobnailed” and instantly looked down 10 see
tricdd the others agan, asking
them to join me for “tea and Snickers,” My

third call was for a "mandatory group meet

M Wil v T,

i'L_L:." Soon all four were descending toward the
lmal resting place of George Leigh Mallon
Fle's froven solid Lo the rocks,” Take said, as

he and Tap carelully chipped al the e with an

ax. There was no way to turn him over. Gently
cutting off his shirt collar, Jake held out the
label S0 the rest of us could read the neatly
stitched nuame, G, Ma
the body, he removed a pair of sun goggles

|-Ir'..' ]:-!.L'.II.II]H-,' |.lII|.|l.'|
from a chest pocket, from another pocket
a  handkerchiel monogrammed "G L MYT
it i, [ake found o broken
timieter, scissors, and a pocketknife, In a vest

Under his rip

|'III.L'I."! sty Mallory's heart was o packet of
letters froam s Janmlsy

After we searched the body, we covered i

wilh rocks, Andy read an Anghcan committal

ceremony, and we left Mallory in peace,
Cunousty, Mallory was not wearing gloves.

ak Vest Pocket

CAAMETE O ANy I"l||ll.'l LTS il.l'-.l'l.'-l.' I_"|'|IJI._"IH'F_' T

Mor did we recover his 1924 Koo

answer the g question: Had Mallocy been the
first person o stand on top of the world? From
whal we tound with his body and from the dit

ficulties | experienced mysell in climbing his
route to the siimmit, | think it's lnghly improb

able, for the follow 1T reasons:

® The route is too tough, When Mallory and
Irvine were last seen, they were somewhere
near the Second Step, a 90-Toot-high wall ol
rock at 28,300 feet. Two weeks after finding
Mallory's boady, | tried 1o (ree climb this sheer
will much as Mallory wou g
4 ladder left in 1975, 1 found it extremely dit

biculdt, even with crampons and modern rock

chimbing techmgques. Clim
without attaching any gear to the rock

dard procedure in their dav—would not have

I.I !!.HT. al WL

ing roped together

gotten Mallory and lrvine op the Second Stip

F 2w CHimA

Mallory and lrvine pioneered a route through Tibet to Everest, as seen in this 1924 photo-
graph. Edmund Hillary and Tenzing Norgay first reached the summit, in 1953, via Nepal

L IFERY ON EVEREST




MYSTERY ON EVEREST

m Their gear and supplies were insufhcient
Without crampons: for  secure footing and
fixed ropes to goide them and md their

descent. Malloos Irvine wonuld have had

IO NAYE DEen --'.-|1:'r|| umian o have sumnpnted
[heir oxygen apparatus was heavy and prone
to malfunction. And their lack of adedquate

fornd and drink would have slowed them dow

and increased their chances for mistokes
® | he timing was -*:I J". ¥ Wen

in the dav. If they had made 1t 1o the summil,

imbing late

they s

d havi ||,_|-.' 1 |.'I'-|II.I.I-. i |.||l. LifHerl,

But Muallorv's pnose and fnoers were nol

swilllen and discolored by restbite, which

Calm weather and a light enow season proved
lucky for the 19898 expedition. When conditions
turnad stormy, 8 Ukrainian climber was
strandad naar the summit, and the

feam helpad rescua DML

leads me 1o believe that they did not spend

thi ;!i_g,hr outside Delon l!'.:ll:.'_ [ me Mal

lory s missing gloves are a crucial clue. Having A Fi -I-'l al

twrned back above the First Step, Mallory may

have taken off s :,',IIH. e L B i|I the shes P rock .

as he descended. | think he prob slippe RCS‘I:] n g PI ace
and pulled Irvine off a ledge, The frayed rope -

shill tied to Mallory's ‘waist may have been

cut by an edge of rock, sending him tumblmg
to the snow teérrace, then sliding farther 1o

found hims

wWhnere
None of this, of course, has lessened

admrration for Mallo

they moneered o the Northeast Kidge in the

19205 15 the one most chimbed wday on the

north side. For the two of them to have gotten

v and lrvine, The route

as high as they did with the resources they had

15 tritly amaring. Whether or nol theéy made the

sl they will forever hold-a place as heroes

ety
l.lr'-l‘-lf.!.||l.'-! |"'I.".1|-'.. D
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"WE EXPECT NO MERCY from Everest,” Mallory told a friend before his final axpedition. When
his frozen body was found, Mallory was lying face down with his left leg crossed over his

broken right one. A spare glove [leftl, boots, goggles, and penknife (below) were found with

him. 5o, too, was his circular altimeter, which once recorded altitude near the summit of his
ambition. He had written to his wife: “| look upon myself as the strongest of the lot, the most
likely to get to the top." To honor that hope, the team interred Mallory's remains beneath

rocks, held a briel burial service, and descended the merciless mountain.
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nity with 112 souls who
rode it to the bottom

in 1944. It was sunk

by American bombers
after surfacing to meet
a German U-boat.
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1998 There’s a lot of time to think when you're falling
three miles deep into the Atlantic Ocean, because it takes

four hours to reach bottom. And I'm mostly thinking, “Lord,

let the ballast pumps work this time.”

I'm cramped inside a capsule the size of a "57 Buick, a steel-hulled

submersible named Mir I, meaning “peace” in Russian. Beside me are Viktor

and Igor, compact, self-possessed men, pilot and navigator of one of the

world’s most efficient deep-ocean diving systems,

There had been trouble on a previous Mir |
dive involving a sticky pump valve. The sub-
mersible was stalled on the bottom for an hour
and a half and finally had to release its emer-
gency ballast of nickel shot to gain buovancy.
I was on a later dive but figured, “nyet prob-
lem,” as the Hussians say, No one's been left on
the bottam yet.

QOur submersible 15 one of two carried on the
oceanographic vessel Akademik Mstislay Kel-
aysh, The Keldysh now hovers high above us,
carryving 90 Russian sallors and scientists and
a group of about 30 Americans, some from
Cape Verde Explorations, a company formed
by project leader Paul Tidwell, He is a salvager
from New Ovrleans and has chartered the Rus-
siitn ship lor six weeks in the deepest private
shipwreck expedition in history—nearly a mile
deeper than the Titaric.

Viktor looks nervous as we sink below
12,000 feet. My imagination, probably, Cold
sweat—-no, iUs: condensation—torms on the
walls as il the pressure were punching sca-
water through metal. We pull on heavy jump-
stits against the 50-degree chill. An hour later
Mir | settles onto the bottom like an alien
spaceship, | check our position: latitude 15°N,
longitude 40°W, We're 870 nautical miles from

Shuttle to the abyss, the submersible Mir 2
is lowered from its Russian mother ship,
Keldysh, for a 16-hour round-trip journay

to the /-52. Hired by American salvager Paul
Tidwell to explore the wreck, pilots from
Russia's Academy of Sciences used Mir 1
and Mir 2 to take cbhservers to the bottom.

LAST DIVYE OF THE [-52

the Cape Verde Islands, 1,130 miles from
Barbados, and 17,190 feet straight down.

Somewhere in the murk nearby lie the
remains of a 350-foot World War 11 Japanese
submarine, the [-32, sunk in 1944 by Ameri-
can awrcraft. It carned a load of rubber, tin,
apium, quinine, tungsten, molvhdenum, and
two: metric tons of gold bullion bound for
the coffers of the Japanese Embassy in Berlin-
146 bars in 49 metal boxes, worth more than
15 milhon dollars today.

For more than 40 years the wreck might as
well hive been on the moon. It was beyond
reach, its location only roughly known and
the details of its sinking locked in classified
documents.

By the 1990% advances in deep-sea technol-
ogy had made three-mile depths accessible,
but the [-52 was still a small sliver in a vast
space. Was it in one piece? Was the cargp
intact? And was its vovage linked, as some
conspiracy theonsts suggested, to uramum
and nuclear secrets?

For Paul Tidwell, a man fascinated with his-
tory yet haunted by it, the I-52 was a puzzle
that had become a passion. He knew that with
meticulous planning he might find the wreck,
perhaps with those 49 boxes of gold bars
strewn around it like coins. Or he might find
something less tangible that mattered more.

19&4 In spring, when cherry trees were
blooming near the Imperial Palace, 34-year-
old Satonobu Gamo left home in Tokyo on a
mission $0 secrel he could not even tell his



3 For Paul Tidwell, a man fascinated
AN with history yet haunted by it, the
I-52 was a puzzie that had hecome a passion.

wike, Atsuko, Gamo was an engmeer, a tather

of fouft Fle had Dégn ordered to Germamy (o
visit the Daimler-Benz plamt and learn how
engines woere buill for torpedo boats,
lapran desperately nevded new weapons tech

nology from Germany, and Germuny needed
raw materials from fapan’s emypire, But the Axis
Pariners were half a world apart, and all routes
wross Siberia were closed. Japan had signed o
nonaggression pact with the Soviets, but Ger

many was af war with them. At hirst German
s darrmed e

the Tapanese code mame jor this L:-.-.i'l.ll'.!:-_'

| rade

merchant  vesse Y
il surlace '~|1-|I|m'||'. s Decame
virtual suicide runs: by 1944
searcely hall the ships were

EETTHTE DI rOLiely.

'he only alternative was
LR rwaller, anmwl  s0chn !"'l |r|'l
Cermany and  Japan  were

YIarnes o CArry

| e
completed ar Ja
seaval Yard i 1943

held some 300 1ons of freight

modilying st

Tl Carpi f=52 Was

K
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KIS

and steam 21,000 mmnles with
ot refucling. But the cargo
little Better than

surtace vessels; Only one, I-8,

siihsg  Fared

completed the vovage from
fapan to Europe and back

In mid-March 1944, under
Coamdr. Kamea Unao, the =52 et Kore Harbor.
[t stopped in Singapore to take on faw mate
rial rom Japans Southeast Asian colonies
tons OF gurnine for

3 tons ol raw rubber. 11 was

2.88 (ons ol opium, 3
moedical use, and
mannod by |1 officers and 54 enhisted men and
carrted 14 passengers, 6 from the navy and B
(H A

g Satonobu Gamo, The departure from Sn

ans—a translator and 7 engineers, includ

papore was duly noted by LLS, mtelligence,

fospatian Hiaiw photographed his hrst story for

MATIONAL  Caliondd AT n 196 Ris momt  recend

rticle, ™ From Fins 1o Feet,” appeared last 8ay

which had broken the "purple code ol lapa-
nese diplomacy

A dreary manth passed as the 1-52 worked
its way through the Indian Ocean, To avioid
detection, it surfaced only al n:!'_:!'I | Maring
davlight the passengers and off-dutv crew had
tiv Bie flat, to conserve oxyveen
a letter to his sont 1
been ordered by the nation
tor g to o distant place in order to compliete
an  importan that [apan  will
be able toowin the war, © . . Sateaks, yvou have to

I link what

i hused writlen

vt father, huve
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prow mto a greal panese by

Viod '-’_|-II_I'_:_| -|II Li} |I|'|-:I|III ':.1-'II!I_:: .'iIIL! 1.'-'I-'~":_'-.

By Mav 15 the 1552 had rounded Africa and
entered the Atlantic. As
orolered o renderyous with a German |

L |':|'|'| -lI|'||-I'II| i Wis
vl
i mid-ocean, to take on & Crerman pilot and a

new radar detector, with two mmen [o operate i,

¢ mio the

paOrT o Lorient in Lerman -.._L=.-|1':--' France

that would enable the sub to snea
But by this time the Atlanite whis dan A
lak s rim, radio-histening

sations relaved positions of Axis shups, Th

e
From  around
Allies had cracked Germany's Enmigma cipher,
i ; . 2 .
piving them access to German naval messages
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Wired to the nerves of Mir 1, Viktor Nischeta (below| pilots the submersible up from an

encounter with the -52 which lies broken on the bottom at 17,190 feet—more than three
miles. Built by the U.5.5.R. in the 1980s for deep-sea exploration, the two Mirs can go even

deapar and have a good safety record—though nothing on the subs is routine, not even cast
ing off (left). "In a Mir you tend to be very, very alert,” says photographer Jonathan Blair
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Mear the rear of the
conning tower on the
starboard side 1 sub-
mersible crews found
damage probably caused
by one of the depth
bombs an American pilot
used to attack the sub-
marine as it scrambled to
dive. Tidwell led a survey
and salvage expedition
to the wreck in 1998,
hoping to find the two
metric tons of gold that
was aboard the sub.







MNew pieces in a wartime e T
puzzie, these photos of -
the Japanese sub add e .‘;t'.
detail to a portrait that \
was almost pure

lation until now. Fi o
glimpse of the k52came
in 1995, after a team

assembled by Tidwell
calculated its location
from war documents

and found it ullnglldiu- ‘l‘ )

p : | e
counterpart. Damage
to the starboard side
of the hull forward of
the conning tower &
probably was inflicted
by depth bombs. Some VO e
of the worst damage Pt

was found in the bow | o
‘4 where a tangled |
mass of wires and hoses e .

marks the sub’s torpedo = ' | - )Ek._f
room. The vessel may Y | : =1 i
hmhn:lulhnwfhi,







extraordimary young men, sifted from many,
with the reflexes 1o land a plane on a dimby It
and heaving plattorm the size of a vacant lot.
"Kids. We were st kids)” sad Snufty Yar
rington, ight gonner on the Bogue at the age
of 22, "But, boy, did you grow up in a hurry.”
The squadron was weary, " We d been out for
seven weeks and were running low on {ood
and foel,” rememberad Lt (3g.) William " Flash”
Gordon, another pilot. " This was our last mis
sion before we returmed home o Nortolk,”

As Taylor soared toward his patrol area, Chief

Fd Whitlock, the Avenger's radarman, picked
up a promising blip. Closing in, they dropped
two smoke hights and a purple sonobuoy mnto
the waler. Sonobuoys were newly developed
Hoating radio transmitters
that relayed underwater
sound o a wire recorder m
the cockpit.

The sonobuoy  began
whispering the “slurp, sturp,
slurp” of a marine propel
ler, and soon the Avengers
Crew encountered a star
thng sight—a huge, fully
surfaced enemy subomarine,
steamuing at 10 to 12 knots,
tossing a heavy wake

As the 1-52 scrambled to
dive, Tavlor roarec
its bow, wheeled in 4 higure
¢ight, and dumped two
powerful depth  bomils
on the starboard beam

dLTNS

The U.S. Navy sank s0 many ships

seawater ripping through a gaping hole in its
pressure hull, bulkheads collapsing, emergency
sirens keening, lights fading into a total and
merciful darkness—must have spira
down as 112 men made their peace with death.

he following day the Bogue's destrover
escorts found debrs and a large o1l slick on
the water, One of them, ULS.S. Janssen, salvaged
more than a ton of raw rubber, as well as o
sandal and grains of rice. Another picked up
silk thread and picces of flesh.

el swaltly

1995 No photographs of the I-52 have been
identified, and lor decades its mission wis
mitred insecrecy on both sides of the war. When
reams ol LLS. military doc
urmentis were declassihed i
the early 1990s; Paul Tid
well wis among the hirst to
probe the archives.

'he son of a Lowisiana
businessman,  Tidwell 15
a short, gray-haired, and
unassuming man of 50, a
veteran of Vietnam with
A |-11:|:;'| e Heart and two
Bronze Stars tor combat
valor m two lours of duty,
mcluding the brutal Teg O
fensive. A man of restlience
anid purpose, he can also be
opraquie and distrustiul.

When his éves first fell
on the words “1-52 s carry

ol | oW i

lopposite). Circling back,
he swooped down on the
elltale boil of white water

in the Atlantic that the Axis pow-
ars were forced underwater into
cargo-laden subs. A 1944 photo

ing 2 tons of gold” on a
document m the National
Archives, he gquickly turned

o deposit a Mark 24
acoustic  torpedo,
named Fido
later the sounds of destroc
tion ethoed in the thin
tenor of the sonobuoy. The gunner, Andy
Emmons, sad it sounded like “paper being
crummpled into a ball v your fist,

I'he commanding officer of the Bogue, Cap
tain AL B, Vosseller, deploye
pilot, Flash Gordon, 45 minutes aher Taylors
hit, Gordon dropped his own torpedo after
picking up prop sounds at the site, and 17
mingtes later he heard a sustained explosion.

The [-52—reeling from the detonations,

nick-

[Tiree minutes

a second attack

124

shows one of the teams sent 1o hit
the 52: pilot William “Flash™ Gor-
don, center, gunner Quentin Kelso,
lett, and radioman lra Martin,

the and  glanced
around the dusty room 1o
see il anvone had nobced
his elation

By LLS. law a salvager
working in ipternational waters can claim
rights to a wrecked merchant vessel if he
retrieves artifacts from the site, but a country
retains ownership of its sunken warships. The
lapanese government had claimed at least one
other World War 11 wreck, and Tidwell haped
tor avinid a cliaim to the [-52. He traveled to
fapan and met with families who had lost love
ones on the submarine, promising them that
e wiuld respect the site as o grave.

Page
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Launched from the U.S.S. Bogue |above), the air attack on the 52 was no fluke. Earlier in
the war Allied cryptanalysts had cracked Axis codes, enabling the Navy to monitor communi-
cations about the Japanese vessel, Analysts knew that the 360-foot sub, loaded with war
matériel, was bound for Nazi-occupied France and that it planned a surface rendezvous at
dusk with a Mazi U-boat, the U-530 Whean the subs came up, the Navy was already closing in

Il-l._'l difIE 4l

v the

Caradua treasture. hunt
Misston. | |u'|5-_.n1 o get more feeiing of the
seiise of the human |f:'|.:__1.:.'l_1:l-'-," [Ndwell sad,
| wis really immersed in it.”

'he timing was right. By 1995 private sal
vage at great depths was possible because
the world’s militaries were already dumping
their sophisticated Cold War espionage tools
rabots, sensors, submersibles
mercial market

For technical expertise Tidwell contracted

with Sound Ocean Svstems of Seattle, Wash-

a0k 'l!-i.' LEYERE-

mgton, which in turn hired specialists:from
Meridian Sciences. He first took his quest to sea
on April 12, 1995, in another hired
the Yuzhimorgeologrya, With a technical
team managed by Tom Dettwetler, Operation
Rising Sun pulled out of
deridran’s number crunchers were still at work
reconstructing the actual routes ol the ships

and mrcraft that took part in the [-52 action,

Ny o e x
1S5 lEn

I. I-I -1 :.lll-l

RBarbados while

For more than two weeks they swept the sea
floor with side-scanning sonar. Nothing. Had
we attack? After o

the [-52 somehow survived 1

s

new look at the numbers they tned a seclor a
few miles to the west, The move was affirmed
when a coded message arrived by satellite tele
hone from Meridian Sciences with reworked

oordinates, Mdneyv and -ll]‘phl'"- wiete low, but

the Yuzhmorgeologiya pushed on. The sonar
printouts on the moming of May 2 revealed o
hozy black object surrounded by metal debris,

the unmistakable image of a submarine.

8 Deplh- bomb domage 1 59-4TIMm
- Bl arttinireraf
forpedo damege ; f gun lone
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| o, Bogne sacl; LL5.5. Bogue recelves oriders i -5 lagran)

o Fi s Ll BN prOCEent /

&) May 10 bt __hl'-l U FOLERE A proces e |ntended routs of F62
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Thore was no wWNOOPIng and hollerine lrom Rochester, New York—{or a return Eghh

remembered Tidwell, "I went up to my cabin  But the project did not go smoothly,
A 1R II[: |.||:'| |.||' '.|'l-1. -.". | :||'.-.|_ '|| ||'||| ,,-"'_._|||'.'.',_. an anornsy Inoam :L"F" -

he a.':'l[.'L'l.'Ii-lil"rl reached home a week later knne, Wa '||"'|'EU.1"'I':. fatled in their efforts to find

with i cache of photographs; mcluding those  a ompany to fully salvage the [-32. When they
ob mgnt-shaped objects lving on the seafloor.  settied on the two Mirs, it was Plan B: a survey
It ook Tidwell and his business partner, Guy  with very limited salvage

fajong, three veuars o raise enough mone Technical discussions continued o include

miost of it fleoam  lames E'I'I-'I'['!"'-'II'. I LW cutting tonls,. and money was allocated i
them, but Palippone began to feel Tidwell was

not levelmg with hime " Paol had told me he was

Ligesiet

LAST IMYE OF THE 1-52
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—and gold. As th

sank, more than a ton

the rubber floated 1

surface and was bro

aboard the Bogue [

page, top) after bain

salvaged by the U5,

Janssen. The rest of the

cargo was out of reach

until modern technology

met the age-old quest for

treasure. To defray the — o

cost of exploring the /-52, g - i

Tidwell recruited sup-

porters willing to gamble
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Bogue’s destroyer escorts
== found more than a ton of raw
rubber, a sandal, silk thread, and pieces of flesh.

going o DUy saws and ither salvaee gCaT i1 coordinates of the sonar v Troam 1® 395 I

»
'F Y |||I 1S
!

riid, Phi |I| |"'l||' told me later, “But 1 briel ceremony Tidwell SpoKe of sacrihce and

'J

Wisil | SEe e any ol Ll it |'l||__"-_ threw a dark wreath in the w Her 1o honor of
st as the Keldysh -lll..ll."-. miae Falmouth,  the lapanese who had died for their country,
gl

wine hacked out, Zaone hammered out 8 new

budeet, and Philip pone 1 lented, but he with-
drew nearly a third of the funds. Not much 1944 hrough the summer the Japanese

o be hitted out for our voyvage, Philip We are all sallors,” he said. Flash Gordon wepit

sidvage capability remained, Tidwell almiost Emba<sy in Berlin had prown anxious about
canceled. But were there not NEots iy the [-32 '.'.-'!|-.,|"|I||-,'-. hadl code-named Mowag or
lving on the scafloor? Surely they could pick  “evergreen.” Strategic items for Japan waited at
ome up with the Mivs’ mechanical arms the dock in Lorent: radar units, bombsigh
When the Kelawvsh left Las Palmas, Canar vacuum tubes, cphical plass, steel ball ||L--.|:||=-_H
lslinds, on November 8. 1998, it was long mercury, machine-gun amimunition, allov steel

e dreamers and short on doers. Tidwell bad  for awrcratt motors, chemicals, platinum, and at
brought his wale, Jo Anne, and son, Steven, He eist Pwo newls '.|--‘-'--"-“|“'-'--I [-5 acoustic torp

had hired two security guards—former Navy  does. Diplomats too were scheduled to return

seals with bulging arms—and invited veterans 1o Japan on the [-5.

Irom V.-649; Fash Gordon himself, now 77, But the sub’s due date, July 25, shipped past,
ind two of his shipmates, Snuffy Yarrington  and hope was fading when, on luly 30, came
and Jack Gamble. Bot only lour experienced  a prearranged coded radio signal, QWE—
technical experts with Cape Verde Explorations  ostensibly from the [-32 but possibly misinfor

were aboard: Marco Flage, Tim McGinms,  mation from the British—that meant it was 36

renl Howe, and Harry Masson, and ther skills  hours from pori ['he assistant naval attaché

would quickly have to gel with Russian systems,  Berlin, Yoshikaeu Fujimura, had already left
Chn Movember 200 the Keldysh arnived at the  Bechin with eight Japanese officials 1o preet the

A shoe recoverad near the wreck appoears

1o be scorched, suggesting the crew's final
moments as firgs swepl through the plunging
submaring, consuming its oxygen and setting
off secondary explosions. At right, a brass
canister found crushad naarby may have
beean part of an emergency breathing device
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ubmarine. Encoaraged by the QWE signal Viarco Flage and Anatoly Sagalevitch, directon

they reached Lorient on July 31 i the Russian submersible program. Then
[he st impress hing was that there  mussion is to plant acoustic transponders 1o

] - . [P # . ' 1 1 1 5 | L - a -
were about 200 members of the Hitler Youth  creéate an electironic grid 1o plot key artifacis

i i 1 e - 1 i B I . = . T | — = | = .
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lipanese (elevision executive, 1n 14951 11 REE toly s wile, pushes her way 1o the raling tha

troula Crerman girls in their eardy twenties:  overlooks the launch pad. ™ This s my placs

ERIAY ITHE VAT resh and en TRehig, he savs. | ve been stam INE OETT €YCTY LLETIC 1
v Ly rimnan wi -.|l|:' steamed out of the har eoes down, She doesn't snule when Anatols

E'I'I iy TNeed 1|'!I lapanese si 1. Far [our doavs it -I-"-,’""'. ] oW L ||.|"-. i '-'.I'.ll i g :..--;

stood by, U Augias B b naval artaché, Adm thum| 5 L For the Rosstans, the 1 -l""-'”i"'i".'

i

al kopma, radioed Commander Uno from dibon means survivil. — For ¢ighl vears we v

Berlin, " Though we have had no communica been hanging by a thread,” she tells me, “with

tion from you, we prav for yvour safety, As it 1o support from the government, ot the end of
15 hecome dangerous . ., to enter Lorient o lve food chain

other ports along the French coast, proceed Sixteen hours later the two submersil

either Trondhelm or Bergen in Norwmn refurn o tnurmph: We are on turget., "Spook
I':._ II|._: '.|| (1 LRl FE S ||_!._' '..|""'!|"'I"I i Wi |||| I _'_. Aave | I."I_I-:

Lonent, and Fujimura was in o quandan [idwell has brought up a brick-shaped
here was no way outl except performing metal box Irom the sil hat mieht, behind

hara-kiri. . When [ sand Lo my 1asiion Wt Closed doors, his security mon pry i PN

4o vou thimk? they were rub
i thedtr hellies and said thot
I Wionid f
[ e [ Paares decided i
matke off In o bus., Afte
harrowmg  week-long  treip

Hrotiens Allied tank hines. thes

irrived 1 farts on Aupist
hree er Vi
Admural Abe, lapan s repre
sentative to the Axis's Tripar
Mte L oouney 11 il'l|'|_|'.-.|-l:.i
| kWi he disaster which
2 befullen these iason sub
MATIes one Atecanother, at a
Hime when they wer |'|.I=| g
b ImMpOran resle
|I.|"--|'-'| 1L T TWEen I.I|' I

ind  Germany, 15 indeed an Salvaging what he can from a thwarted quest for gold, project
extremely regrettable loss 1o leader Paul Tidwell [above) examines debris from the sub
hoth countries collected by the Mirs” mechanical arms. Hearts raced when
When he was asked abowt a Mir T camera found heavy ingots (right) strewn about the
the eold, Pupmura cormmer e wreck—then sank when they were found to be tin.
[ div ot regeret fosme . . . gold
| regret that we lost about a hundred sulors.  "Opiom, e says next moming. Picruring the

Evert now. [ wish 1 could salvaee the bodies .52 apiimeas mtact and salvageable, he secsa

problem. “I1 all that opium 5 hrougnt up and
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iade into heroin, it witl have a street value ol

-IQBHI esh and bone disintegrate rapidly at 2 hundred milbon dollars. The S II | depa

sitch depths: we will not find the bodies, On ment and the Prue Enforcermnment Admanistra
November 2] Tidwell descends on the first dive  tion know were diving. Tidwell dumps th
n e 2 with two Russian piiof noMir | at Hhstance overpoard
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The ship is awash in acrimony,
and shouting matches erupt. At tea

Tidwell tells me laconically, “I'm on vacation.”

Cn the day of my dive photographer Jona-
than Blair, who has been down twice in the
submersibles, helps me with a white jumpsut.
he crewmen nod their respect, and Zoryvana,
the youny stewardess, smilés. This moming |
dm the on

We are hoisted off the shap at 10 o, and af
2:23 pom, we're al the bottom of the sea. Viktor
checks the gauge for the water ballast pumps
Thev're flashme the wrong numbers, He
pushes buttons and stares at the numbers,
pushes and stares. We're sitting on the bottom,
and Viktor doesn't know enough English o
CASSLLTS 1

"Nyet problem,” e says, but his face appears
primmer and grimmer. [ think of the backup
sysiems; | draw a picture of preces of nickel
shot, which should be released to gain buoy-
ancy.  Omnly in emergency, sayvs Viktor. Good,
this 15 not Vet an emergency,

By 3:30 Viktor s satisfied, and we at last it
off and fleat over the debris Beld: scrap metal,
cubles, dishes. Suddenly a hullang, nearly
intact submanine Jies below us, canted against a
bank ol sediment, much of the wooden deck
still in place. The rising sun of the Japanese Hag
s still clearly visible on the conming tower

'he sub's bow is sheared off near the arca
of the torpedo tubes, probably from striking
the bottom bow first, Forward of the conning
tower there 1s depth-bomb damage, a 15-yard
long cavity of shattered imnards; twisted pipes,
snapped cables, bent girders. Bur the mortal
wolind seems o be near the stern, where a
torpedo has blasted cleanly. through both the
outer and the inner hulls.

As we haver above the submarine, Mir 2
approaches. We are there i part to provide
backlight for the IMAX-format hlm being shot
from the other submersible. “We play Marlon
Brando for IMAX," says Viktor, amused and
suddenly verbal.

For the next eight hours | scribble notes,
take photographs with the sull camera bolted
onio the mechanical arm, log coordinates ol
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artifacts on the navigation computer, and stare
out the port at history s sad residue, Al 3 i
we are back on the surface.

2ays pass. Tidwell and the salvagers spend
the first few weeks surveying, but gold 15 in
their eves, and disappointment mounts as Mar
after Mirreturns with nothing but metal boxes,
blocks of rubber, odds and ends, The ingots
turn oul to be tin. Zajonc SAYS, “"We need o
bring up 40 gold bars to pay off investors.” But
the gold must be mside the sub, perhaps below
LEs CONMMmINE [ower.

On November 16, Thanksgiving Day, the
chef fixes turkey, with the Tidwells assisting.
[he Philipponies help serve 1t

Only three more dives are planned, On
November 29, Tidwell takes down a flag, a jap-
anese naval ensign, that he wants to attach to
the 1-52, Millions of lost dollars swim by Phi-
lippone as the Mirs surface with empty baskets,
No gold, and Tidwell’s making symbaolic ges-
tures, | 'm wasting time, sayvs Philippone,

Now the ship is awash in acrimony, and
shouting matches erupt. At tea Tidwell tells
me lacomcally, "U'm on vacation. Jim Philip-
pone has taken over the dives. He says it's
his money.

But the next dive, under new management,
fuils to bring up any loot, and the final dive is
needed to retrieve transponders. As we fleam
back to the Canarieés, the estranged partners
and the Russian boss are thredteming lawsiits.
Sagalevitch pulls Tidwell out of a meeting one
cvening: There’s the matter of an unpad
330,000 port fée in Las Palmas. Not me, says
Tidwell, I don't control the money any more.
It's Philippone. Bull-hockey, says Philippone.

“Then we go o Kaliningrad,” savs Sagale-
vitch, threatening to take the ship back 1o the
Keldysh's home port on the Baltic bea.

Mot long before midnight Twdwell takes
a 70-rmillimeter underwater camera, replace
ment ¢ost perhaps $30,000, to Sagalevitch's
quarters, “as a gift,” he tells me. The Russian
answers the door in his bathrobe; " Get out of
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“It was like going to the moon, only under-
water,” says photographer Jonathan Blair,
standing at far right, after the expedition.
“Climbing aboard the Mir was like saying
good-bye to the world. And once you're
down at 17,000 feet, it's very easy to feel
as if you're lost in space.” Making pic-

tures, of course, was the real challenge for

Blair, who has been shooting for the Geo-

GrAPHIC for more than 30 years and calls this "the toughest trick I've ever tried.”

To make pictures at this depth and pressure, Blair mounted a heavy-duty Benthos
camera loaded with fast film on one of Mir 1's manipulator arms. Using a video
maonitor to position the camera and lights, he shot about 1,500 still images of the /-52,
Experts studying Blair's pictures believe they have determined the exact sequence

of explosions that brought down the sub.
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Scientists searched the sub, and on May 27
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reactnr. Historians agree that Germany did

not have such a reactor and that |apan, years

way from building an actual bomb, wou
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1999 From Mir 1's porthole | had seen the

shoe on the bottom of the ocean, a brown lac

up covered with burp marks. Pawul Tidwell later
picked it up on one-of hes dives, Now he s by
the harbor at kure, lapan, standing besude o
monument 1o lost submariners. With him are
members of the

Vesociabion of the Bereaved
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Caremonies honored the dead of the 62 both above and below the waterlineg. On ane Mir
dive Tidwell had a Japanese naval ensign attached to the submarine. Several months later he
journeyed to Japan to meet the families of the men who perished. In a brief observance at a
meamaorial to lost submariners in Kure, Japan (left), he presented grieving relatives with threa
shoes—the only personal eHects his expedition recoverad
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Dinosaurs for the New Millennium

Dramatic finds from fossil beds in Liaoning Province, China, reveal that many
theropods, or meat-¢ating dinosaurs—a group that includes Tyrannosaurus rex—
bore feathers at some stage in life. Among the newly discovered creatures 1s
Sinernithesaurns millenii, or “Chinese bird-reptile of the millennium™ {above ).
With long flapping arms and a coat of feathers Sinornithosanrus 1s the closest yet
that a dinosaur has come to being a bird. Bt it is not a bird; it belongs to the family
of theropods known as dromaeosaurs—sharp-clawed predators that include the
“raptors” of Jurassic Park fame. Adding dromaeosaurs to the list of feathered thero-
pods puts another link in the evolutionary chain from dinosaurs to birds.

NationaL GeocrapHic has worked closely with the paleontologists in prepara-
tion for the announcement of these discoveries. In a forthcoming issue we will
present a comprehensive coverage of Sinormnithesourus and the other new finds that
will forever change the way you view dinosaurs.
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*ﬂur best thinking usually happens out here.

Wea're nol just about boxes. Or papear, Or bullding materials. We're about developing innovative
solutions lor each and every one of our customers.This approach has earned us over
1107 patents that have helped our customers transform the way they do business.
How can we help you grow your business? Find out at www.internationalpaper.com.
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BUNVEILING THE UNIVERSE

Shedding Some Light on the Subject

"I’t was like lighting a gigantic st life, says photographer Joe McNally of the challenge of capturing

Aics 1'1."‘1 on film. A few items he p.nl.ed for the job clutter his Hastings, New York, driveway

"! Bo Blled cverything he brought—and rented more on location. At an observatory atop

-_Hiwniifl' Viaung Kessleani says Joe, *1 ran half a mile of cord to get the power where | needed it”
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NATIONAL GEOGRAPHIC'S
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INTRODUCING KODAK BLACK & WHITE +
THE B&W FILM YOU CAN PROCESS ANYWHERE.
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Introduciep the Mext Generation Outhack™ from Subaru.  where you find yoursell. 5top in for a west-drive, visic us o

Featuring a stylish new look, 8 new muliilink rear mspensbon www.subaru.com or call 1-B00-WANT-AWD. The Nex

borr & smwoather, guieter ride and our AlEWheel Drive Gemveration Outhack, The Warlid"s First .':'1:I-|.IH—1.|I.I.|.I.E:1-' 'l-"l-".th.lell"

that delivers incredible traction and control, Mo matrer From Subar, Now showing wherever you [ind adventure.
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Plastic soft drink bottles have been
slimming down for years. Take today's
popular two-liter bottles. They're 27%
lighter than they were in 1990, but still
as strong and shatter-resistant as ever,
And, these leaner plastic bottles reduce
the need for millions of pounds of
packaging, helping to conserve precious
natural resources. To learmn more about
the benefits of plastic packaging and
our environment, contact the American
Plastics Council at www.plastics.org or
1-800-2-HELP-90.

American

Plastics

Council.
Puasmics Maxe It PossisLe!

@ 199 Amenican Plasiics Counell, A3 rights meerved
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Gathering Mussels Below the lce Pack

Most lce fishermen simply bore a hisle i the we and dropa lne througsn. But o northern QGuebed, It
from the coastal village of Kangigsujuag squeeze through the hole and clamber diown to the seatlonr, Thetr
gy succulent mussels ripe fior the picking. For up (o 90 mimnutes while the tide is out, the villagers
ke thetr way 10 ta 12 feet beneath the #@¢e 1o collect the mussels before the frignd water returms. ~You'ne
ankic deep in witter, and melting jce pours through from above,” says Fatrice Halley, who photographed
the practice. But miussel picking has a sde benefit: 160s far warmer below the e

e 3o Uhe g nbove. ™ Fore s it Like gol 12 L Flosiidda, o |.II-.|--.I old Hallew, ' =F

Global Population Reaches a Milestone

Nike a look around an Ociober |2, Becaise 11 may seem & M more
crowded. Om that dav, of therealsouts, Earth's i"l":".l|.l’-"|' vill rerach
g1t M. ".|'.||-.:'I:,|I s e knows exactly when babywy nomiber s1x
Brilbicrn witll demve., the Umited MNatiops picked October 12 1o mirk
the event, which s almost cerfam [0 ocour belore the end of W9
Six bitlbon ks @ benchmark.” savs Carl Hauby, senior demographae
al the ]'|||-.J|_'.I_:|-|| Eelerence Bureau in Washlneton, DO The 20th
Ceriury i:'L:_'-JI. with world |'-|||'-.|| o under Pwo ko ™ YWe vi
idded the kst billion people m only 12 yers, Dhat's pheno nenal.
Most O the increase these dava takes place i the developing world,
Birthrates have stabilized at low levels in Furope and North Amer-
i, savs Haub, “In the developimg world the oversill rfe of mcrease

& 1.7 percent a year, which would double its population m AU years

(MITORER 19QQ



Obviously, it's important. And no other car in its class’
has a longer list of qualifications.

The re-engineered 2000 LeSabre. With the PASS-Key® |11 theft-deterrent system.
And available StabiliTrak; lor impressive steering control, Get the details with our
free brochure or CD-ROM. Vizit www.lesabre.com or call 1-800-4A-BUICK.

2000 LESABRE BY BUICK ()
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A Complete Look
at a Mystery Mammal

[nconodonts. small mammaels
with three-cusped feeth, made
Pl on e évolutanars

1 . T Ny E
d 200 million yvedrs

P dg
LA TR
|:_:-:- I| v N ||| | ||l:|!'_ FiLrl, .|=:'.II':'.
1 hundred milhon vears Betore
Becomang extimct, But untl now
oy their jaws teeth. and skl
fragments had been recovened

FsolicTilisls [y SRLILEY

Working at the same site in
L hngs | [ nIng romnioe tha
ielded [eathered dinosiatiss
LaEOIGR AT H I || !l_ | igla
LIS
mearthed a triconadont skelke
W luive virtually
the whole skeleton: for a Meso

O fra mammal, this s the best

vier, | sivs oo Zhex ol the

priegie Musewm of Natural
History, who studied the fos
sl with 1 @hang, director

FChimas Matromal Cieis
lovgzical Museust,

[he five-inch-long, 1
million-vear-old specimen
plehded several surprises
advanced forelimbs that allowed
It grasp food bul a primive
oelvis amd b Tords

[rconodonts, ranging up Lo

o a smadl cat, wore 2

i [l Al
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Amiérican team reeently
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CRIVETaE o that thrived on all
the contiments, Lud savs. Mosl
e sty and were socturnal,
|'.I||.'I'I:‘.ll:-lL'_L'-I- Delieve, -'~|I:-_|I
ray have enabled them o sur

vive among the dimosiors thal

FEREEESE, TEH I-.I."l [N

STiEn .-.|||'||

domrnated
Liverr world

II Y140
[t mamed the
friconod ]
|i|'.l.'l wirddirres e
andient name of the
it was foumd, aod for Harvard «
Farsh AL Jenkins, I, a leader i
the study of Mesoroic mamimals
| can t remember 4 specimen
20 béputibully preserved and

complete, Jenksns marvels

American “Adam” Left a Genetic Marker

[ | i 1
Sometiome alter humans came to the Westerm Hemisphere, 15,000 1o

MENK] viedrs aeo, an extraordiganty rire genetic muldtiot oocarred
The result wies that ihe sons ¥ chromo

".||-||'|'- T rl'-.' |.||-|'||'r .

n one man who sired a son
sermiee, wsually an evact copy, varied ever 5

:"'1."'.'. | I-"-I 3 FeEaald | -||I||.'."| .I"Il |||I "
Adam
) percent of those in dvorth Asnerict share thal genetic markern, un

Lareal Hlams

n became o native American
Some 9 parcent of South Amerrcirs mdigmous peopie and
known in other male populations. " You can be from th
or from the Amaeonian ramn forest and bave the marker, savs Peter
Linderhill of Stapford University, whose population-dehning work
has been confirmed recently by other stientific (eams, " They re from
ave different cultiures: and speak dibferent

ditlerent ethrg group
' share that common male ancesion

lamiieares, but they
FEAT IRy BOMIS WEINTRALR
GEOEGELAPPHIL,, L1
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Picture dry eye relief
- plus protection.

T hat’s
»"REFRESH°

BRAKD

REFRESH"®

For dry, irritated eyes.

lubricating
eye drops
do more

than just soothe

Cand relieve dry,

irfitated eves.

* REFRESH®

creates a shield of
protection against
further irritation
with its unigue,
long-lasting
lubricant, CMC.,
Isn*t that
what you want
from an

eve drop?

#1 Recommended by eye doctors

www. sllergan.com



Forum

The lume cover story on Cuba genensted . passtonate
respirses fromt otee reelers, espectelly frome those with
Sumtily tiey to thue cowntry. From the other side of the
wirrld, @ Peisce Corps volunteer in Ghama wrote that
the magacine has “reached right mito the heart of a
strtpll African willage ind made a difference—aven for
those wita are not able to read. | giving me the
s b0 widien the Borizons of peaple who deserve 11"

Cuba: Evolution in the Revolution

Your article provided two points of view, as opposed
v the wstal monotone viice that speals about how
Fidel Castro resembles the devil, Tod many times,
through school textbooks and strongly opimioned
teachers, students are exposed only to the vile, aver-
]'.'-t'..t!'il'lg, side of Fdel and his militant RUVETTIIIEE L
My mather, however, grew up in the late 19505 and
A5 m Guoatemala, where Castro was seen by many
as the deliverer ol the Cuban T'u:np'lr- from lh:E' diom
imatimg hand of LS. nterests, Thank vou for bring-
g a part of history alive. as vou so often do. You
have puat faces and mumes and actual lives behind
the pumbers and statistics in my testbook.

AL AV LINDES
Whatumiradi, |"“.n'1l|'.'1| Wil

For 37 yeurs and four months in this country as a
Cuban exile, 1 have néver read soch an unbinsed
descriphon of what is happening m Cuba ander the
tyranny. | am grateful o fohn | Patman and Dayvid
Alan Harvev and 1w Nanosar Geograviiie for
printing this so necessary information shoa life in
the Cuba of today.

LU FLOERA
Crrnirpa [l

Where are the pictures of Havana's political pris-
oners rotting away i rat-infested dungeons? This
article appears 1o be nothing more than a propa-
ganda piece for Fidel Castro

ERCINLIBA R M, FLRE AR
Emni Strmmfnkung, Prwnndiania

A Dinosaur Named Sue

Because of the fantastic price paid (o Sue, ranchers
have starfed cefusing permassion to scientists fo
colbect fossils on thelr properties, preferring to mine
the fosstls themselves and offer them for sale. This
not only damages fossils becapse of impropes
remesval but also severely limits the science that
may be performed on them. As the most complete
Tyratenosari rex ever found, Sue 15 a great gain
for science, but the precedents set by her remowal,

cistody battles, and sale may well do more harm
than good.

TIMOTHY FARNHAM
Liwpartament af Caeofogd ical 5w
Llwersitw of Ladvmpty sl fordokes
Hanaladvie | artirwaigiis

O what grounds do the scientists working on Sue
contclude that large olfuctory spaces are evidence of
large olfactory bulbys (page 5107 Aren’t there other
large spaces in other organismm” skeletons that are
niot filled with sense organs? Even if the olfactory
sense organ 5 large, that dos not necessarily mean
that smell was the critical sensein T rex

TAMES TEMOTHY STIHLUK
Clisaigr, Hlleoisis

Paleoneologese: Chras Brochu of Chicago’s Fuld Mu-
st of Narieal History, who s darhg research on
Sue, agrees that s ppossibile to Know whether o cany-
ity i @ fossit skull feeld o soft-tisine strudture, but he
fased s conclusiom on comparative anatonry: The
spurees eprreapornd precesely with e elfuciory bulls i
all fiving repitifes. Thire i evidence i livirg mamemaly
artd ireds thiar offactory badl szecornesponds o olfac.
gy |FI.]'.|'IJ':|'.

John Glenn: Man With a Mission

| wias bors an April 12, 1961, the very day that mar
terst wenit into space, and 1 have followed the explo.
ratise of space with keen imterest all iy life. The
tremendous dechication and bravery shown by
Glomn on his repeat flight was astonishing—even
more remarkable for o man well past retirement age,
| ahare benator Thurmond's view, "1 wani to go ton,”
Vaan only hope that the advandes made by sclence
will enable me 1o achieve this ambition by the time
| s John Glenn's age, in 2038

MNICK WLLEIMBIFIELTE
Aalutoe Eeeses, Prgfamd

[ am a thght attendant. When 1 learmed of the
launch date Last October, | checked my fight schied-
ule to verify my hunch. Sure enough, my flight from
Mianm o Bichmond, Vieginm, was leaving ar the
perfect tumne, As we approsched Cape Canaveral,
| mopticed two small slreralt close 1o the launch area
and larer Tearned they were the cause for the delayed
liftofi [ust as 1 was convinced that we would be (oo
far past the site toosee amything, a passenger yelled,
“There It s Everyvone on board crdwded around
the right sidle windows 1o see the space shattle and
the huge pillar of white exhiost coming up and then
comtmuing above us | watched until 1 could po
lnger see the glow of the rockets—aor wits it when
A passenget said, " Excuse me, con | get a drink here?”

BILL MARMLE
fertimwnab, Cislofrnas

Tam Dao—Sanctuary Under Siege

Each summer between 1933 and 1943 my mothes
arwd 1 spent af least a montls a1 T B to avoid the
hot Hanor weather, The other boys and | would
chear a path i the jungle with o coupie cospe, & sort
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of long knife; and play Tarzan, We constructed
shelters up in the trees, collected beetles and but-
tertlies, and admired forest life: birds, bats, fying
squirrels, lizards, and snabes (killing here and there
a cobra), Of course, our mothers had absolutely no
idea of our exploits, knowing anly the leeches col-
lected during quiet adule walks along the well-laid
paths of the south and noeth peaks. Thank von for
having allowed me to dream of such wonderful
moiments of my vouth

IR UES B DEETEICH
Soe, Frivhee

The photograph of the snake that had been skinned
and gutted alive;, writhing in unspeakable agony,
prompts me 10 write that 1o cat s one thing, to
torture is amother.

CYNTHIA RUDOY
Fawsringihule. Mew feray

lam [ao provided protection for s oo on bomb:
ing: raids into North Vietam during the Vietnam
War, only we called it Thud Ridge, for the F-105
Fhunderchief. We thought the mountaims would be
A good place to bail our of the need arose, but we
could only fantasize how we would get “home" At
least the sanctuary winld have provided cover and
food if we were shot down.
RORERT W. SPIELMAN

Rean, Srviuda
Ancient Art of the Sahara

The power and beanty of these figures reveals
what Mird noticed: "Painting has been i a state of
decadence since the ape of the caves” The Trust
for Afmican Rock At is doing mvaluable work in
preseryving what 15 much more than the decoration
of an ancent ers—it 5 the record of means by
which the human spirit can advance.

PANIEL C. DDYER
Miipditen, Xy b pum

| was surprised at Coulson's reference o “The
Crylng Cows” (page 110) when he commented,
I was stunned by its almost Picassoan sophistica-
tion.” Both Picasso and Matsse, among others, were
influenced by African art, inchading images from
cave paintings and engravings. 1t is time that we
scknowledge the contributions Africa han made
to world history, which mclades the arts.

L. TEERY BHELISSTAR
Fiprtievillie, Avkidiisia

The art in the Sahara desert is ane of the most evoc-
ative thingd [ have ever seen. The purity and power
confained within those graceful lmes resonates
through the ages to strike a chord of wonder and
dprpreciation in my soul,

TEHESA A. DELAFOSSE
dapretiio . Pasiedi U drgd g

Deep Soul of the New River

On page 124 it states that the New River "5 a lesta-
ment to raw power, contranmness, and endurance.”
This aptly describes Mary Ingles; who in 1755 was

FORUM

Ridnapped by a Shawnee raiding party from her
Virginia farmbhouse along the New River. She
escaped near present-day Cinannati, Ohio, and
backtracked 8OO miles, nearly naked and o foot,
to her home. Your Fascinating article documents
that the very character of Mary Ingles has perme
utexd the New River and its people of today, Or did
shie also pick it up from the river?

RUSSELL |, FINE
Mo Yark, Mew Fapd

Your article reminded me of my own youthiul
white-knuckled, pale-faced runs up, down, and
around the West Virginia moaniains n route to my
grandfather's farm. My brother and sister held me
down on the foor of our Hudson astomolale in
hopes | wouldn't stir and start a motion-sickness
chain reaction. 1 dare some of those white water
raflers to get behind an 18 wheeler going ten miles
ati hour through every nook and cranny of a Wit
Virginia mountiingde and then come talk to me
about adventure.

CARCOLYN AMNN WILLIAMS
Lietroit, Michipuii

Flashback

You noted that in the cigay fctories "the leaf rollers”
daily tediom wos etied by a lector on an elevated
plattorm, who read aloud from newspapers, novels,
union tricts, even letters.” In ane such fctory
the lector read from Alexandre Dumas’s works
repeatedhy, ar the request of the workers. So much
did they love his work that they wrote and asked
permission Mo name a cxgar in his honor. Thos was
born the Montecristo, forever memoriulizing that
famous count.

SLUGAN ANIDY NEIL KAYLE
Willrmengfinn, {¢lawmarp

It was with delight that | turned 1o the photograph
of a lector in a Cuban cigar factory, | recently
learned that my great-grandfather was a reader ina
cigar factory in Manchester, Maryland, in the 18805,
reading everything from Shakespeare to the daily
news. 1L must have been guite different from the pop
rudio stations that factory workers listen 1o today,

TENNIFER SALTER
ekl v, ¢l foriina

Lerters for Fomerss should be sene w0 Narfenil Geographic
Mignzine, PO Hux 98198, Washington, [0 NM0-8198, ar
by fidx 0 202-828-346) or via the Inferner 1o r.lﬂl-ll']:rr..'rnl:ll'
natiordlgeopraphicoom. Mclude 'wame, addres, and disy-
e felephiene. Letters may be sdited for clanry aid gpace
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B EXPLORER SHARK NIGHT, OCTOBER 3

BIG BITES!

Sharks yield their secrets grudgingly. But in October
EXPLORER will take a bite out of the awesome pred-
ators’ riddles. Off California biologists feed grear
whites transmitters that signal location and stomach
temperature, revealing hunting strategy. In the Flonda
Keys the mysteries of nurse sharks” violent courtship
are exposed, The results defy expectations, Greal
whites seem to have a discerning sense of taste, and
although mating nurse sharks play rough, their incage
i5 at stake, “We've seen things never belore studied in
the ocean,” says John Francis, producer of Tracking

the Great White. “For the first time, we ve been able

o watch the dance between predator and prey.

B PROGRAM GUIDE
Mational ic EXPLORER
CNBC. Weekends, 8 p.m. ET/FT

MNational Geographic Specials
NBC. Ses locai listings.

MNational Geographic Videos and
Kids Videos Call 1-B00-627-5162.
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EarthAlmanac

Silence of the Starlings

Brown Bears, Polar Bears: A Surprising Link

You'd never know just by looking at it, but this brown bear on Admiralty Island in south-
eastern Alaska is more closely related to polar bears than to other brown bears. Gerald
Shields and a University of Alaska team examined DNA from some 450 bears in Eurasia and
North America. They concluded that polar bears and the browns on Admiralty and nearby
iskands emerged from a common ancestor, perhaps 40,000 years ago. Moreover, among
brown bears, the isolated island bears are the only surviving descendants of that ancient
ancestor; all other New World brown bears spring from more recent stock.




EARTH ALMANAC(

Black-tailed Prairie Dogs: Persecution to Protection?

Burpeoning Denver subrls loom behind a black-tailed prairie dog The long
perseculed species [GEoararre, April 1998 may be gt a crossmoads, This
past March the LL5: Fish amd Wildlife Service befm a nime-month review to

decide 1if blackeails are an I.'!II.'I-I’I_I.':I.TI'I'I ST IER A Whcals 1v 11 stales seck to pre

venil i lederal listing with their own protective measures, which right include
shooling limils. In three months, |'|:||_;_|_L|_-. a8 sy as 320 000 prairie dooes
were shot inone 9,000-acre South Dokota colony, Thiaeh they mav nwmbe:

| 2 mliion, blackails have been eliminated from 98 pereemt of ther FANED DY
habitat loss apnd poisoning, Last Mav the U5, Forest Servic storped [1.-.,'-.“[“_-,'__.

priurie dogs, bt another major danger, plague, is killing the anjmals,

Nice Legs, but Not
Just for Show

Corawling amaong corals, anemo
fhes, amdd sponpes o suck thelr

|LiCes, Marine creafures ca
sea spiders range all oceans. This

!._'-_l

(TR Wals |'|I|IIlli_.:Iu|"!'u'|: it ALs-
tralin. But seo spiders have a
problem. Ther bodies are so
oy —tistiatly just a few mulls
meters in diameter—ihat there
s b rooms for all their internal

Orgins, 5o their legs serve as

auxthary storage, housing part of
their digestive and repeoductive
sVstems, Moles carry [emutles
s on @ special pair of legs,
cilled ovigers, until they hatch
FEXT BY J0HN L. BLIGT
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A master of disguise, the smooth-skinned
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You can't make the road surface smoother, eliminating
holes and trregularities. Bur an Audi A4 can, thanks
to it exclusive guattro traction system, which gives
it better grip and redoces the nsk of skidding on curves.
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Audi A4 with quattro




traction.

One step further.
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"You won t
believe this
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THERE’S NO BETTER PLACE




TO GET CONNECTED.

couldn’t be easier than theough our SuperHub, With taster arrival and transter procedures,
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Break down here and you're dead meat. Or rather you're live meat And then you're dead meat. Better not break down chen. Better drive
equipmant. Parmanent 9D with centre and rear diff locks. A range of powerful, unflappable engines. A tough. reinforced body. In the
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Wilfried Herb, mountain guide,
Mount Everest, Napal

"Our new Business Class offers you the space
you nead, the peace you want and the service
that helps you prepame yourssi for business
during the fght. With bigger seating for a mom
camfortable slesp, and mone fights between
Apia and Ewroge than anyone alse, we pul
Europe right st your doorstep, For further
wdormation, vl e kilthansa-aniapschc com
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Whldlite. Al life. Every solar cell we put into crowlation tooday beips fecucs
carbon-dioxide emissions and perhaps the effects of global warming. Such
ssues never made the mews when Kyocera began developing solar energy
technology in 1975, Today, we are among the world paglers in mullicrystal
silicon solar-cell production. Our mission s o make the sun a practical
genergy source for people svernywhere. And won't that make life a litth

better for everyone on the planet?  Doing what others dare not.

KYOCERA CORPORATION WWW. KYOCRTa.Com




Add a little Wild to your life.

Contact vour local video store for details

wailability of specific ttles may vary wecording o erron
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ON EVEREST,

ALL THAT KEPT
'MALLORY WARM

WAS IHE TWEED
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Cryptic Passage

I'he dead dicddn't et i Guanamato, Mexien, Beciause
f himiated space at the Panteon Santa Fauls cemetery,
the bodies of the ooor staved buried iast fse vears
LENLESS T III1-1_'|'_. W | I RIave tax, Lorgeses l.'.'|||I deEdirut
In arrears—iypernaps mamoefied By the region s dry
limate—were disinterved and hung on pegs, and thei
|-!|_| RIavis wWiTe flled with mow oG L 1Tt
Writer Frank H, Probert reported on the practice

n lis luly 19806 article an Cruanaiuato, "A windin L Sl
leads to the crypl, where ghastly, mummified remams
e placed inoa ghostly row, grimning resentment at
the curipus, Though probably purchased fol Frobert’s
article. thas _--|-:.-r-.:.!_| ||'|5| has never before beoen rib-

| |

lished in the I'.I.E:.'_.'..'il'...
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Wayne Gretzky
knows the-importance of
control on ice.
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Goodyear Ultra Grip Ice

THE PLACE To 8 MiLLEMMIUM EVE

I,’_ '

| Goodyear. Number One in tires.

Enter for a chance to win the Goodyear Ultra Grip Ultra Trip.
The Place to Be Millennium Eve.

Celobrate the new millennium in all four time zones. Ultra trip includas:

= Ajr transportation 1o New York for winner and 5 frands

* Chartered ot takes you from N.Y. to LA » Gourmet dinner aboard the jet

* Live entertainment & celebrities » Tickets to the Rose Bowl Game® & Rose Pamde®

* PLUS o 2000 Mazda Millennium Edition Millenia® luxury sedan complete with a
sot of Goodyear Ultra Grip Ice Tires

Visit your participating Goodyear retaller for details or visn our website at www, goodysar.com. For

an Official Entry Form/Rulss, send a sell addrmand stamped snvelope to Goodyear Sweepalales,

P.LY. Box 3475, Blair, NE 6BO0R-5475, to0 be recwived by 1V/E/99. No purchase necessary. Yoid n

FL and where prohshited. Open only to residents of the 1.5, sd Canads who are 21 of cltder ax of
TAZRATS, when swesprtakes ends. Call 1-B00-GDODYEAR for the participating retailer nesrmst you
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One Bee at a Time for This Year's Winner

!

A SIS AT iesg TIIOPEe TRl wie I||:'.'I ||!: e WEET S KTOWINE T M
= i & H i [ 2 e
that climate system also clinehaed the Mational Geogn Py e -
s iee o Lravid B | i sC LR A [ APV, WELDE il ;
ik o o L) . LA O Sou rrlin 1 it Ferl
} i
Penny and Gary), whose prozes are g 325,000 scholarship, a lifetime
SOCIELY membersiug, and 3 Irp (o AUSTr s Comai d by
WIS |-l.||_|-_ Iikg I LR _I SEIS] l-lllil'I tUdvITIR FECHET AN L
| i

the Bee, bat that 15 not the homeschoolers only Lrory stabject I he

veek after his victory Diavid competed in the National Spelling Bee

eaidy & winmer in our bouk Family Tradition

Phough he placed 223nd there, he wis alr

" i
s vear's voungest Nationad

How To Be in the Bee

soirte of this voeor s contestants olfered thets P Or SuCcess wis also one of this years

I “.ll::.il 1 I_l '.|_-|_. .:|||'_|| 1T R

| i L] II "
r|-.1;'|'-|n-r',r|u- :"‘-.'Ill.":l.'.'i‘||L'IIET-I'|"!|'| Hee . Ten -old Mallika
' |||'| '--I"'-ul'--l|

Soensil i for of e with muaps amd atliises. —SARAH SOLOMON, Y

ot priamples of freviols Ber quetions: off thi Natimn Heights, Missouri, made 1
Grograpliic Society websife. —MICHAEL O, 4.3 I "'.: firval counds, Tt rans i
Read! Not pst atluases but nowspapers and magazines o the tammaly; her brother Eapen
BEEIC BODOWTEG., S0, FEPTESLIIC d thetr stabte 1n
B stire 0 arswer all the questions right. —TIM CARR, VA the 1997 and 1998 Hees
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BEHIND THE SCENES

The World on His
Shoulders
NATIONAL

{504 bandstrm, INbe e GEOCRAPHIC

F oA ke Atlas
tiomal Gevgraphic Atl of the

b World
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last editbon, sa 1L
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| [C S50 I||' |'-_ sl b
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International
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[ pencil to the index alone, Thas time the work has been put into
an extensive compater database, enabling NG Maps 1o produoce the
atume about twice as [ast ds its predecessor, Future updates will b [ ] I

. : : iree new ol - ngrage
even easier, and B Lindastrom wall have Tewer rostiess ||;'|"'- : R
editions join aur lineup
thus fall, bringing the total

The Yorkie Doodle Dandy i nine. Faithiully trans

lated from the English

] i
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letter brsm a veleran with o shagey-dog stary. Serving in the sooath bt with added Eeatiires
Pacific durine World War 11 Bill Wynne acquired a tiny dog that had i arriae local fnterest
et found 1 oa SNsew Liuinea foo Hiale Sk was oo a laverile al
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111
1
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o0l fool underground culvert. Her breed was a mystery until the Aps (ppear on newsstands
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4 (iR Vi ) this month.
teatumed a champion Yorkshire termer—then ranked low n the Am FEXT BY
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An Ominous Ozone Hole Looms Above Antarctica

Maps usually depict farmiliar,
visible features like mountains
and cities, But aps can also
reveal mvisible—and sometimes
disturbing-—phenomena.

What appears 1o be a crater
Labove | s actually a 3-1) image
of the Antarctic orone hole,
Created by MASAs Goddard
Space Flight Center, the mage
depicts low atmesphenic ozone
levels (the so-called hole) as
purple depths and high levels
ms spcweapped peaks,

For over 20 veurs a satellite
matrument called TOMS (Total
Orzome Mapping Spectrometer )
has mapped the annual ebb and

-

ANTARCTICA

AMERICA

Flow of the vezoene lover: Since
1979 [insct ) TOMS has shown
the hole growing steadily larger.
Clzane levels above Antarchica
have been monitored since the
149500, bt the rapid growth of
the hiole during the 19708 and
carly 80s caught scientists by
sutjrrise. The experts knew that
chemicals such as chloratluor-
carbons (CFCs), used as refrip-
erants, react with sunlight in
the upper atmosphere 1o release
chlorine atoms. They also knew
that those atoms destroy the

nione that protects Earth from
harmiul solar radiation., But all
that was supposed 1o happen in

OCTORER 19498

-y

'L'ﬁ'l-l-'
s

AT PROC TR B AR R CTGOGAND ERATT FaDeT JEWTIA

bright sunshme, not in the win
ter glooim above Anfarchcn

By the late 19808 scientists had
an explanation: After doing ini
[l ql.ar:ugr to prone, chlorimne
aloms become chermically locked
within harmbess molecules.
Sorme af these collect over Ant
arctica, where durmg the wmier
they come into contact with icy
polar clouds and change into
l=ss Densgn lorms. The return of
sunlight in the Antarctic spring
spurs another reaction, setting
the chlonne atoms free to con
tinue their destructive ovele,

FEXT BY ALLEN CARHROLL
{Rigd Cartoyraihie
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B |s disturbing graves too high a price for archacol
eriowledpe! Read "Valley of the Mummmsds in this

v ahuere v Lhodaehis at . . . Ao /S99 D

."--._l'

B TRIVIA TRER
Unexpected Inspiration

— i - 1
In 1957 the Grocuabiic unwittingly helped 2 voung artisl
credte the iconie omk Namimeo lawn orpament. Find lis

name on our website and el us a Stk
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And to my dear Uncle Sam, 1 leave as little as pe s
. !,.-: r F o
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— | ESTATE PLANNING

Why should the government inberit more of my estate than my family? |
My MetLife rep showed me bow buying life insuvance is one of the best
ceays fo beepr imvestmenis like my 4017k) in the pockeis of those closest

to me, In fact, MetLife serves ufy more ways to protect yowr assets than
I do flavers of coffec. No wonder ihey bave so mawy customers. i
Metlife

To learn more chout wealth, coll 1-800-MetLife.
ﬂnhlnim.hmr-
GET MET. IT PAYS:
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