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triain entered a tunnel dated 1887, Aftera
it of darkness, the bright light of day
showed the other end was dated 1538,

Even as workers were boring through this
mountain to improve communications in
France, a small group of men in Washington,
[x. C., were planning & society to improve intel-
lectual communications in the U, 5. They
wanted “to bring together (1) the scattered
workers of our country, and (2) the persons
who desire to promote their researches. ., |, to
diffuse the results of zeographic research overa
wicler area than would otherwise be possible. "

The next yvear the dream was realized. Our
Society was born January 13, 1888, As weenter
our hundredth year, I cannot resist looking
back at our vear of gestation to see the mood of
the country that inspired these men.

The youthful United States was coming of
age—pgoing through a sort of national puberty
and maturing as a world force. The railroads
west had been connected and were providing
daily service to the Pacific coast. In 1887 we
acquired Pearl Harbor for & naval coaling base.

Missionaries and businessmen were scatter-
ing into Asia and Latin America. Our explorers
were competing with Europeans to reach far
recesses of the world. Stanley began his fourth
expedition into Africa. Peary was in Greenland
and already thinking North Pole

With equal vigor inventors and entrepre-
neurs were grabbing for shares in the industrial
revolution. In 1887 Edison patented a better
light bulb, The flat phonograph record was
imvented by Berliner. And in 1888 Eastman
introduced his “Kodak,” a lightweight camera
using dry roll film with commercial processing.

Hand in glove with this ferment was the
growth of national research and exploration
societies. The man handy with gun and ax had
opened the country, but now the self-made
Horatio Algers had to be armed with knowl-
edge and handy with formulas. The timely
inventions of the Linotype machine in 1883
and the modern halftone screen in 1885 were
bringing a flood of books, journals, newspapers,
and magazines, including the modest little
journal of the National Geographic Society.

Both the French railroad tunnel and the
society are still doing their jobs 90 years later.
The tunnel may pass its century mark quietly,
but this vear we'll be planning # memorable
birthday bash for 19588,
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Medicine's New Vision

Incredible machines that can peer into the
hurman body as never before are helping
physicians save Hves. Veteran journalist
Howard Sochureh describes these new

techinologies from firsthand experience,

California Desert.

A Worldly Wilderness

Author Barry Lopes and photographer
Craig Aumess explore a fragile domain
where competing interests of industry, the
military, and the public have sparked a
broad effort to manage the land.

Iee on the Waorld

Advancing and retredting over the eons,
waterin its solid state has helped shape
earth's face and climate. Senior Assistant
Editor Samuel W, Matthews explores the

role of ice from the Arctic to the South Pole

(:laciers on the Move

Why does Alasha’s mighty Hubbard race
forward while neighboring Columbia
retreats? The case of the contrary glociers
intrigues scientists, who seek keyvs to (ce-
mass dynamics. John L. Eliot reports;
photographs by Chris Johns.

Slovakia's Spirit of Survival
Traveling the mourntains of eastern
Crzechoslovakia, photsournalists Yva

Moamatiuk and John Eastcott discover the
old wavs lingering in a changing land.

LOVER: A tumor of the nosopharynx,
locuted by o CT scanner, eappears blue (na
three-dimensional computer image. The
imaging system is being tested ar New York
City’s Memaorial Sloan-Kettering Cancer
Center a5 a way to aim radiation beams

precisely. Photograph by Howard Sochurek.
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urking deep within the brain, a tumor
glares red in a computer-generated

picture of a man who collapsed
at a Las Vegas gambling table. This

three-dimensional view, looking through

the forehead, shows the skull's surface

as white and the brain’s surface as
vellow, based on data collected by a
computed tomography scanner.
Changing the face of medicine, a new
breed of imaging devices enables
doctors to watch vital organs at work,
identify blockages and growths, and
even detect warning signs of diseases
not yet present — all without exploratory
surgery. The tumor was removed, and
the patient recovered.

Article and photographs by
HOWARD SOCHUREK
Hlustrations text by PETER MILLER
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Computed
Tomography

Fractured in a-motorcycls
accident, @ young man s
vartebras ssem 1o ree off the
page In a three-dimansional
image based on 63 U1 scans.
The force of the impact
compréssed and fragmentad
the verlebra at centar, twisting
tha sping aoove and below 1L
Developad in Greal Britain
in 1872, CT scanners comvert
X-ray plotures into digita
compuier code 1o make high-
regalution video images. The
computer graphics employed
are similar 1o those used to
reassemble piciures beamed
back from distant space
probas. Depicting bono
structures in fine detall, CT
scans can also show small
differances betwean normai
and aonormial tssues in the
brain, lungs, and other
argans. Shill in the aarly
stagas of development., three-
dimensional CT images are
beginning to play an impartant
rofe in reconsiructive surgery.
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ward, there may be something wrong with
vour heart.”

I was laid out on a table, patient number 344
in what was to be only a test series. Addressing
me was Dr. K. Lance Gould, a six-foot-six Texan
who heads the Positron Diagnostic and Research Center ai the
University of Texas Medical School in Houston,

“T reviewed vour medical records last night Your ERG
lelectrocardiopram| shows a potential problem. We now have
a doctor-patient relationship, meaning these results will be
confidential. You mayv not be able to write this story,”

This story was documenting amazing new technologies that
provide detailed views of the body, fulfilling a dream asold as
medicine. Recent rapid advances in imaging technology, or
“machine vistion," enable doctors to see inside a body without
the trauma of exploratory surgery. As a result, more progress
hias been made in diagnostic medicine in the past 15 yvears than
it the entire previous history of medicine,

To report on these uncanny new eves, 1 had taken my cam-
eras into innovative hospitals where 1 saw my blood pulsing
through v arteries; T watched the muscled wall of my heart
absorl a radioactive tracer; T saw the blocked artenes of an-
other human hear! starving for blood—a heart under attack;
and 1 saw the huge vawn of a fetus snuggled in its mother's
womb six weeks before it was born. _

And now | was subjecting my bevond-middie-age body 1o
the scrutiny of one of the marvelous machines—never dream-
ing my reporting would suddenly become deadly serious,

Dir. Gould was right, T admitted bleakly. He had agreed to
give me g nuclear heart scan using his PET {positron emission
tomography) scanner, one of the miraculous new seging ma-
chines. The ground rules were that T would write shout the test
only if the results were normal, Otherwise my own health
might be compromised by the rigors of pursuing the story. T
had taken that gamble and, apparently, hid lost,

Minutes earlier head research nurse Mary Havnie had used
a fluproscope to take a picture of my heart and made an out-
line of its position on my chest with a magic marker, I lay
down on & table and was slowly moved into a huge two-ton
metallic doughnut with a center hole just large enough for me
to squeeze through—the 1.6-million-dollar PET scanner.

As a voung cardinlogist Dr. Gould had questioned the con-
ventional medical practice of dealing with coronary disease
only after complications had occurred. His ecarly laboratory
work had indicated that coronary disense conld be detected
much sooner. “If you could screen for coronary disease and
find it five orten vears in advance of trouble—if that could be
done—yvou could save countless lives.™

Today, running a center with a staff of 75 and an annual
budget of four million dollars, he uses nuclegr medicine asa

Veteran photojournalist Howard Sochurek lives in Bronzville,
New York, This is his tenth article for NATIONAL GEOGRAPHIC,

National Geopraphic, Jarigary 1987
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Muagical but murky, the first
X-ray photograph, made by
Crerman phystost Wilkelm
Konmd Rintgen in 1835,
showa g ririg on hiswife's
hind (bottem left). Within
manths of his discovery,
doctors began using X roys
(20 normied by Rontgen
because of thetr unfknown

Flif :_q.l.rl.'l,l T i:llf:EﬂlJ.‘:'l.' ir.r'n.'.l.l:.lfl.'l'l.'.":.
They learned that the

TI'i:l.l;hl'.I.-" s r.:|_1.”:-—11l Ly l'-:;:-'.l'.'n.'r'.
to bet an extremely shortwave
form of electromagnetic
radiation—are absorbed by
the denge structure of bones,
leaving-shadovws on the film.
But softer tissues, which are
miore easily penetrated, do
not appear distinctly tn
plotures.

SINCe thern, many [echmniges

have been developed to inten-
pify the X rayv's tmoge and
i prove tisciarity, resuitng
in detailed views such as this
one of i hand (bottom right)
Some advanced X-roy
machimes digitize their dota,
allowing image contrasts fo
be mathematically enhanced
to show subtle differences
hetisieen tiAsLes

screening technique to identify coronary disease even in pa-
tients without symptoms. And for this ] was a prime candi-
date: tense, overweight, a hard-driven type-A personility
pushing past 60

From Marv Havhie's luoroscopy it was tlear that mv heart,
unlike muost others, did not hang vertically in the chest cavity
but was tipped sideways, Since the scanner coversonly 1| cen-
timeters (about four and a half inches), positioning of the body
in the doughnut was critical. | remained still for 20 minutes
while the scanner collected datn

Mary and & technician injected a low-level radioactive trac-
er{in this case N-13 ammonia) through the intravenous cathe-
terin my right arm. Freshlv hrewed by Dr. Gould's oyclotron,
the tracer bad a ten-minute hali-life, the time it takes to lose
half its radioactivity, Soit had to be administered quickly and
with precision.

Fifteen minutes of scan time took place while the heart was
beating normidly. I heard coaling fans humming in the scan-
ner and the beep beep beep of the EKG machine, which moni-
tored me continuously. My head throbbed with anxiety,
although Marv and Dr. Gould hovered around me

soan it was time to test my hearl s response Lo stress. Lipyri-
damole, a drug that simulates stress tothe heart, was injected
through the intravenous catheter. Mary then gave me a hand
grip to flex the finger, wrist, and forearm muscles; I clenched it
tightly until the gauge recorded g pressure of 20 pounds. This,
Mary explained, would increase blood flow to the heart more
than in a conventional treadmill test

Asecond injection of the nuclear tracerentered my arm, and
the scaunner hummed while it studied my heart for an addition-
ol 15 minutes

The “dipv,” as the team called it taxed my stamina, and my
face took on a red Oush, My left arm shivered as [ mauntamed
20 pounds of pressure on the hand grip. The EKG sounded its
beep, beep, beepd.

orrrit=ed Worh e Fusild Wi Ly LD Biw N L e
il RUA N vEELED WY Wl LRI AR e E AN
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To break the monotony, I talked to Mary about her family
and mine. Her father had died of a heart attack at ape 47, and
her mother was left alone to ratse her and geven hrothers and
sisters, Perhaps the test I was undergoing could have warneid
her father of his peril.

Fhe exheausting 15 minutes finally passed, the humming of
the scanner stopped, Mary removed the intravenous cotheter
from my right arm, and I released the grip in my left hand. Af-
ter one hotr and 30 minutes of lying still, it was over

“Will T glow it the dark?™ T asked Mary as T gol up off
the table.

In & back room a computer completed processing a stapger.
ing nmount of digital data. It had digested more than five mil-
lion bits a second during the entire time of the test

Now camé the moment of truth  Slowly the dota nssumed
pcture form in coloron a cathode-ray tube (CRT). First the
screen showied us the heart beating normally, withi the blood
supply circulating through the heart muscle. The screen
flashed again, and alongside appeared o picture of the heart
unier stress, We studied the two images transfised: I they
slicled ditter, 1t would indicate a blood-supply problem to the
heart—and contirm the death of my story

The images matched perfectly. Dr, Gould smiled, Mary
smiled, T smiled

What had caused Dir, Gould’s original concern? " Because
yvoaur heéart lies on its side instead of hanging normally,” he ex-
plained, "the EKGs in vour medical records were misleading.
Mat until we abtained the PET picture to confirm the heart's

Mediciine"y New Vision

Penctrating the body with o
thin, fan-shaped X-ray beam
a CT scanner produces a
CTOss-sectional VIEw of
risstiis withing Conventional
X-roy radiographs, which
vigaw the body from only cne
angle, can be difficult to
tnterpret when the shodows
of bones, miscles, agnd orgons
are superimposed on one
another, Large molecules
stich as colctum absarb

X rays as they pass through
the body 1, partially mosking
whatever (tes behond tham
Hut UT machines view
‘elice™ of the body from many
angles by revolving o X-ray
tube around the patient2
Sensitive detectors on thi
opposite sicle record what tha
sourier 2ees, and & compiiter
3 i.'n'.lfrE;."-LI.F-L‘i'-i rfEI.' PEREEEL VIEWS
to make a single video image
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position and flow capacity did I find all was- Ok, You have a
healthy heart. You can write your story. Come back sgainin
LWO Years

| had no aftereffects from my PET scan but developed & nas-
ty headache after leaving the center. It may have been be-
ciatse, as directed, 1 had missed my usual hearty breakins

nother revolutionary tech

nigue is MRI—magnet

| i resonance imaging. [t

15 an area of excitemoent

arnil .:-..|1l1~.|l..|. growth. This seeing
machine may prove 1o be s greil a
ool to modern medicine as the X
w Wilhelm Ronrad

ray.,
Rontgen in 1895

Mapgnetic resonince IMagZIng re-
lies on the principle that hvdroge!
atoms, when subjécted to a magnet
ic. field, line up like s0 many sol
diers. 1f & radto {reguency 15 ammed
at these atoms, it changes the align-
mentof their nuclet. When the radis
waves are turned off, the nucle
realign themselves, lransmittiing &
small electr -ii_ITn'L|. Andd since Ut

body 13 primarily composed af by
drogen atoms, animage can b gen
erated from the returmng pulses
showing tissue and hone marrow as
never seen belore

MRI 15 expensive. The eguip
nent, which consistz of a ||-'-n
electromagnet, a radio-frequency
FENeraton _||,I'| il INELET [T
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sunmwvale, California wialson sdaid
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Woolspn (top) before an sple in the CEMAX laboral
X ray showing her new risht Ly, Art Vassiligades (right)
hip. A 3=0) ymaoage of her calis up an image from
pelis bafore surgery fahove ) another case, [ he plastic
dapicts the dislocated hi; aleull baside him, like the
witht wilich A4y Jien was model of My Tien's hip

o0 Based on L scans, the WIS cast from a mcddd miads
mige Wwas crealed by m the milling machine in
CEMAX, Inc., of Santa the backiground. Holdmg a
Clarg, whech fastuiomed fromm ook of machinable wax
ta plaatic model of My Tien's engineer Charles Lau helps

hip used by Dr. Woolson set up the machime, whose
o plan the surgery. "I wanted cvery midve (8 controlled by
[0 D8 certatn that the mmpiant e compLitan

| & Nartiondl Creoprapiic, Januar) fO57







Magnetic
Resonance

Imaging

Ghaoslly in the dark, a normal
face seems otherworldly when
viewed by an MR| scanner.
Thea eerie forehand, oyabrows,
cheeks, nosa, and lips

appear brightest because
walar gensity s highat than in
other tissuss, MR refiscts
waler bocatise I focuses on
the behavior of hydrogen
aloms in water rolscules.
This aliows MR to do certain

things better than CT scanners,

such as distinguishing
belween tha brain's whits
matter and waler-nch gray
matter. Testh and bones,
which cantain little water, do
nol appear at all in MBI,
snabling doctors 1o see lissua
surrounded by bone, such as
the spinal cord. MRI has also
been used 10 spot the tiny
lesions of multiple sclerosis
on brain and spinal issus,

HMITTERCTY (P ehs A e Eoes CARITE
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eviluation, costs about two million dollars, It must be in a
room completely insulated from external radio frequencies,
adding another three-quarters of a million dollars to the cost.
To illustrate the importance of shielding, Dr. Pat Camll of
New York Hospital told me that for a time their new MRI ma-
chine received shortwave Vatican Radio.

A few patients cannot be placed in the magnel. Anvone
wearing a pacemaker, for example. Or veterans with embed-
ded shrapnel: The metal could actually be pulled from their
bodies. And there was the case 1 heard about on Long Island,
where & Mafia capo refused to be scanned when he learned he
had to part with his gun. It too would have been sucked into
the magnet

ome of the pioneer work in magnetic résonance imag-
ing was done at University Hospital in Notting-
ham, England. Professor Brian S. Worthington teld
me aboul the first images made there, in 1974,

“We had a tiny magnet, The first thing we looked at was an
onian, and we saw itsinner rings. We had great concerns about
what the magnet might do to human beings: T remember ques-
tioning whether too strong a field might even have an eftect.on
the human memory,”

In 1977 they tried one of the first MRI scans of living human
tissue—a wrist. T'wo yvears later a bold scientist volunteer
thrust his head into the magnetic field for a brain scan,

It is onlysince 1980 that the potential of magnetic resonance
imaging has became generally recognized, and today some 400
machines are installed and operating in the United States—
more than in any other country in the world. This explosive
growth reflects MRI's wonderful diagnostic results.

1 heard about one such result in Phoenix, Arizona.

Nathan Tower is a bright, handsome boy who was born
in the small town of Langley in Brinish Columbia, 25 miles
east of Vancouver., Unlike his older sister, now 12 and always
healthy, Nathan at age two developed severe aches in his left
ear and ofter vomited. Near hiz fifth birthday, in June 1985,
the earaches were joined by terrible headaches, On bad
nmights Nathan was in constant pain; aspirin brought no
relicf. Trying to trace the cause, his frantic mother eventu-
allv consulted 11 different doclors. Some of them viewed her

‘as psychotic.

Nathan's health deteriorated quickby. He lost the use of his
left hand and artn and began losing the use of his left leg. In
July his distraught parents took him to Reno, Nevada, for
tests. Doclors saw evidence of a tumor on the brain stem and
called it inoperable.

In desperation Mrs. Tower called her hushbiand’s sister, Bar-
bara Barnhart, in Phoenix. Mrs. Barnhart called a neighbor,
Dr. Donald A. Davis, whe strongly suggested that the Towers
bring Nathan to Phoenix's Barrow Neurological Institute at
St. Joseph's Hospital and Medical Center,

The day after his arrival in (Contined on page 19)

Netional Geographic, Janudary 1987
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MRI

Like the director of a chorus, an MRI
scanner conducts the “swnging" of
hvdrogen atoms within the human body.

The scanner surrounds the body with
powerful electromagnets. Supercooled by
ligutd helium, they creqte a magnetic
figld ox much as 60,000 times a8 strong
as that of the earth.

This field has a profournd effect on
protoms, the nucled of hiydrogen atoms,
Spinniny lke tops; the protons normally
point in random directions A But instde
the scanner’s magnetic field B they align
themizelves in thy direction of the field’s
poles. Even in alignment, however, they
wobble, or precess, at a specific rate, or
frequency, The stronger the magnetic
feld, the greater the frequency (+).

When the scanngr éxdites these protons
with a radio pulss Hmed to the same
frequency as their wobbling, it knocks themn
out of alisnment €, Within milliseconds
they spiral back into ploce D, singing out
with ¢ foint radin signal of their pwn

A computer translates these faint
signals into an image of the area scannad
(diagrims en focing page). The image
revials varying densities of hydrogen
atpms and thelr fnteruction with
surrounding fissues in o ¢ross seciion
of the body. Since hydrogen reflecis
water content, doctors can use the image
to muake disrinctions betwieen tissuzs

Scientists picked hydrogen as the hasis
for MRI scanning becouse of its
abundance in the body and its prominent
muoagnetic gualities. Research 5 also
under way en emploving other elemiernts,
such as sodium or phosphorus, whose
altered properties could pronnde early
warrming signs of strokes or heart aftocks,
It may even become routine to tog cloned
antibodias with a detectable element,
giving scientists.a powerfid tool to study
such disorders az dinbetes, allergies,
infertility, and cancer.
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I "' Before the protons can realign
Y themzelvies; other coils briefly
. wary the magnetic strength

of the plane in the Y direction,

This couses protons to wobble

at different rates (cloch foces)

from the top of the plane to

the bottom. Detecting these

differences over hundreds

of pulse-and-response cycles,

the computer [ocates voxels

in the ¥ direction.

Tomake un image {oval
|| ut center of page), the
' computer establishes a
grid of tiny boxes, oy voxels,
in three dirmtensions, X, Y,
and Z. First the magnetic fleld

ts varied in the £ direction, \—\\/_' |
fram head to toe, to define o Coils then vary the magnetic

plare of interest (orange disk) field from left to right in the
whore the body will be seanned. X direction, causing protons
Within this plane protons wobble to wing at different frequencies as
at a given frequency, f. Radio they realign themselves. Having
frequency (RF) coils then emir | located sach voxel in the X, Y,

a pulse at precisely the same l and £ directions, the computer

frequency to topple these protons, assigns each voxel a spot on the
video screen. The spot's brightness

& determinod by the

~ number of protons withdn
the voxel and the mag-
netic properties of the
tizsue. Together the dors
form a readable image.
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July 1985, Nathan was scheduled for an MRI1 scan (page 22)
I he machine had been installed ondy in May. “"Mommy, is this
i Spal t'.'-l"li:.": Nathan asked as he was eased into the MEEDneL s
six-foot-long tunnel

The powerful magnetic field aligned the hydrogen nuclei in
athan's brain, and a |ai|_'_|Jr-|- was tranzmitted to the CR
There emerged & remarkably clearimage of the tumor, lving at
the base of the brain. The nextday [ir, Harold L., Rekate, chief
of pediatric neurosurgery, removed atumor of the medullaina
deficate operation lasting more than #ight hours. The tumor
was one and a half inches long and half an inch in diameter.

l spoke with Dr. Rekate about the procedure, “With MEI,’
hesaid, “we are able to see brain :'-1:1:1'r1 res we could never see
efore, Ten vears ago this kid w wve died.

When [ talked to Nathan and |1:-_ muotheronth
if the Barnharts" home, he was wearing a “halo cast
brace, from subsequent surgeryv to fuse the vertebrae of his
But neurologically he was normal
awesk arm and leg, His aoverjoved father
'y "JI.' of MRI in saving his -i1||'=. e
1 MRI center in British Columbia

e sunny porch

ar head

no longer did he havi

grateful for the key

plans Lo raiEes money Lo sed

ey

L--I '-I-

MRI

Cougfit in time by doclors; a cord. " She was-in constant

maiignant tumor bulges pauy, said her mother, Connie
oérween tha kidney and spinal “afe was unable to sit qnd
columrn of seven-month-old lept with her back arched
Asnleigh Siaughter (left) Fearing the triuma of spinal
-'Il-r"f'l'-'-lI LI dark blue and EYEEm, SUYEEFY O O poient &89 YWOLURE

|."'-:'|.I

1||.r-.-u|flj_.

chermotherapy to shrink the

at [eft, in this enhanced MR
an, the tumaor 18 entering the

SpInal coryyl, Compressirng the tumor before tryvine 10 Fermiove

Meclicine s New Vision

Astilexgh responded so well

Eo |'.'||. e {cine, however, tha

g SUTgery was necessary. J he
tumor vanished from her body
(above left),

heaithy two-pear-oid

leaving her a
r"J.l: [
sue yard work (above right)

)
¢ her horme o Hakersfield
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MRI

Within a week of the time
this side-view MRI scian was

made (facing page), the
patient, o fivur-year-old
Hmong girl, lost the use
of her legs. The scan
showed a tumor, shaded red
(n this emhanced wrsion,
growing in her spinal cord.
Acting Qquickly, the girl"s
surgeon removed the tumor,
and now, in'a remarhable
recovery, she can walk again
without braces.

Because of MEI's ability
to depict soft tissues in high
contrast, it has proved to

be an effective means of

examining the spinal cord,
Hefore MRI, doctors who
wanted to look at the spinal
cord had to tmject it with an

A-ray contrast agent during

procedure thaot cowld be risky
and pairful for the patient

AERYT Y mER AR TAE AR e, S eEmlERE R
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any of mun's greatest inventions have expanded

the capahilities of the human body, Thecomput-
er has enhanced man's ability to see by making
the invisible visible. This new vision lies al the
heart of digital subtraction angiography (DSA), an imaging
technigue that produces clean, clear views of flowing blood or
its blockage by narrowed vessels

DSA depends on the injection into the vessels of a contrast
agent cantaining iodine that is opaque to X ravs. The shadow
this apacity creatés allows doctorstosee the flow of blood. Fre-
guently DSA is used to look at blood supply to the heart. Be-
fore imjection of the contrast substanoce, an X-ray image s
made and stored ina computer. After injection a second image
ismade highlighting the flowing blood as revealed by the sub-
stance. The computer then subtracts image one from image
twe, leaving a sharp picture of blood vessels such as the coro-
nary arteries, the main suppliers of blood to the heart,

A common surgical procedure inthe United Stites today is
heart-hypass surgery. In this procedure blood vessels that are
clogged with fatty or calcified material are bypassed usimg oth-
er vessels surinically removed from another part of the body,
usunlly the leg. In recent vears more thin 200,000 operations
of this kind have been performed annually at an avernge cost of
about $25,000, for a staggering national price tag totaling
sorme five hillion dollars.

With the help of DSA and a procedure called angioplasty,
many of these operations now can be avoided,

In coronary-artery angoplasty a doctor threads a catheter
smaller than the geaphite in a lead pencil through a blood ves-
sel in the arm or groin, Seeing through the eyes of the DSA
camera as images flicker on a screen, he guides the catheter
into a coronary artery. At this time the contrast agent 1s mject-
ed, providing a clear image of the arterial blockage. A second,
even smaller catheter inserted through the first carries a tiny
balloon to the spot. The balloon is inflated until it compresses
the materials clogging the artery and allows the blood again to
supply the heart muscle.

A leader in IDSA and coronary angioplasty is Dr. P. Jeffrey
Bower, who directs the Gulf South Heart Center in New Or-
leans, Louisiana. An énergetic 31, he sometimas does as many
as three Q0-minute balloon angioplasties in a single day. We
met at 7:30 a.m. in his second-floor hospital office.

“The perception by the public is that these procedures are
life-threatening, and thev are not. They are qunck, pamless,
and there is no prolonged convalescence. With new catheters,
new nontoxic agents, and entry through the arm instead of the
legz, we will be able to do IDSA on an outpatient basis.”

[r. Bower has a 92 percent success rite with angioplasty.
About 5 percent of his patients still go on to have bypass sur-
gery, often because the plague buildup is of hardened, calci-
fied material that cannot be pushed aside without applying so
much pressure that it could rupture the vessel.

A staff of five curdiologists at the center performs more than
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SONO
Sonography

First anapshal for the family
album, a picture made with
ultrasound in the sixth month
ol pragnancy shows the face
ol a healthy letus with mouth
open Ina yawn. "By thig paint
the fetus does just aboul
averything it will do alter
birth,” sald Dr. Chnstopha
Marritt of New Orleans, whio
rade the image. "It yawns,
nlinks, evan sucks its thumb,”
Sonography lels us share
these =neak proviews by
sound waves nto tha womb n
short pulsas. A computer
translates the echoes that
bounce back into an Image of
thia fetusa. Tha only body-
scanning technigue
recommmeandsad for pregnant
wormen, sancgraphy (s also
‘wall syited for examination of
the breasts, heart, liver, and
gall bladder
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3100 angioplasties ayear. In the 100,000 performed natinnwide
in 1985, there was only one percent mortality, This year the
numbeérof people helped could surparss 150,000, in some cases
their very lives saved by DSA and balloon angioplasty. -

Dr. Bower, wha has 4 missionary enthusiasm for the proce-
dures, urged me to talk to ns patwents.

1 contacted James Quinn, age 63, & professor at Louisiana
State University School of Dentistry (page 33). Dr, Quinn had
seemed to doeverything right; ran three miles a day, watched
his cholesternl, was & nonsmoker and nondrinker of normal
weight. His last treadmill stress test, in 1983, was normal, as
was a nuclear heart scan the same year.

AL a.m. on January 9, 1986, he awoke to deep chest pains
and arm numbness, At 2:30a.m, his wife Judy called an ambua-
lance that rushed him to the center. Dr. Bower saw himat 7
a.m., and by 9:30 the batloon catheter was mserted and dilat-
ed Immediately it relieved a 100 percent blockage of the hlood
supply to & branch of the left coronary artery.

A weelk later Dr, Quinn repeated a treadmill test without
chest pain. He has suffered no {urther heart damage. He bas
gone skithg, plavs tennis regularly, and runs three miles a diay
again. The quality of his life has been restored

Just as DSA helps in procedures to open up arteries, there

aretimes whan itis used in techmigues for closing off blood sup-
ply to abnormal tissues or organs.
- Aleading practitioner of this application is Dr. Alex Beren-
stein, at New York University Medical Center in New York
(Tity. While serving his surgical internship in Israelin 1970, he
became fascinated with the practice of drip irnigation used by
Israeli farmers to conserve water in the desert. “Why can't this
drop-byv-drop method be applied in surgerv?” he thought,

Omne day he applied & small amount of Gelfoam—a sealing
gelatin sponge—1o stop the bleeding in & patient’s stomach,
Crulded by DISA equipment, he now usescatheters, some of his
awh design, ta inject tiny drops of isobutyl-2-eyancacrvlate (a
strong adhesivei and senl off the blood supply to growing tu-
morsand toruptured vessels. He has alsoused the technique in
very delicate cases of brain hemorrhage:

{ the five imaging techniques described in thisstory,

none requires surgery. One of the simplest and
cheapest uses ultrasound, an outgrowth of sonar
development during World War IL The first good
medical pictures were produced in the United States in the ear-
Iy 1950, Today computerized dizplay techniques team up
withultracound to fill a vital niche in the doctor’s black bag of
imaging devices.

In this magical technique, Knotwn as-sonography, a small
transducer, or transmitter-receiver, is placed in contact with
the aren of the body being investigated. High-frequency sound
waves penetrate the body, strike the organs within, and reflect
back to the surface, where the transducer now functions as a
receiver. The time delavs of these returning signals sketch the

Nanonal Geographic, Janiary Y87
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target’s lovation, size, shape, éven its texture, for display
line by line on a screen.

One of the pioneers in sonography, frst ot Massachusetts
General Hospital in Boston and now al Rush Preshyterian St
Luke's Medical Centerin Chicago, is Dr. Jason Birnhole. Still
bubbling with excitement after nearly two decades of work in
the field, he told me of a recent case in which the use of sonog-
risphy saved a life.

A schoolteacher in her 28th week of pregnancy came for an
ultrasound scan. Dr. Birnholz noticed that she was much larg-
er than she should have been, with excessive fluid around the
baby. The scan revealed that the baby's mouth was wide open
and its tongue stretched far forward (left), On
cloger investigntion he found a large tumar
growing in the neck under the jaw. A fe-
tus commences swallowing Quids after 12
to 14 weeks, and the tumor was prevent-
ing the normal swallowing and expelling
functions.

Armed with this information, Dt
Lauren D). Holinger, a throat specialist,
stond by with a surgical team as 4 cesare-
an section was performed, At birth the
child turned blue, unable to
breathe. The team wentinto L
action to open up the
breathing passage blocked
by the tumor. Several
days later Dr. Holinger SRSl
removed the tumor

Today Joseph Ward is a happy child who lives in Hazel
Crest, llinois, His hife was saved by ultrasound

he latest acquisition of the sopographer is digital

tolor Doppler. With computer assistance it dramati-

call¥ shows in picture form the flow-and eddving of

numan blood as it courses through the heart, vetns,

andharteries, For this it harnesses the Doppler effect—the shift

in the frequency of sound waves (or light waves or radio waves)

produced by a moving ohject as it moves toward or away from
i given point.

High-frequency sound waves penetrate the target area, a
blood vessel, for instance. Ifthe blood is Bowing normally, the
echoing sound resembles that of a gentle brobk, and the image
shows smooth flow, Butif the blood flows through a narrow,
irregular area, it producesa harsh sound, and the image shows
uneven flow. This is how Doppler diagnosis detects a faulty
valve ar artery blockage that could cause a stroke.

After expertencing a nuclear heart scan i Houston, I was
anxious for some comparative shopping—a lookat my heart in
color ultraspund. | visited Dr. Anthony DeMaria, chief of car-
diology at the University of Kentucky Huospital in Lexington
and a speciahist in cardiac ultrasound.

Medicine s New Vision
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Probing painlessly,
somography uses sound waves
to [ook within. The heart of
the swatetn 15 a piesoelactric
crystal 1 that converts
electric pulses rito vibraticns
that penetrate the body
Thege sound woves dre
reflocted back to the crystul,
which reconverts them into
electric signals

A doctor places a trans-
ducer containing o erystal 2
o the grea tD be séanned,
such as the abdomen of o
pregriant woman, Echoes
from the fetus are transloted
into foint signalz, which are
processed by a compuder into
a video image 3.
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DSA

Two-for-one scannegy, the
digitel hiplane angloscope af
Fast Jefferson General
1"_'_.:_-;|:!|_|| it New Orlenins
Irovdes ViEws o Efue R
from twa different anigles
Laborgtory sapervisor Rick
Becerra talkes the role of
portient by [ving betwesn [
to X-ray tuhes, while D F
Teffrey Bower, nurge Londao
Hathaway, and technician

Eve Kehleopf stand at the con

gnie. A SCTEen Con presend ropr

prapes; two e views of the
heoart, one digitnl recorded
picture, gnd a display—here

ditrfe—af physiologieal data

n asmall cell-like room I removerd my T-shart and lay back
on & semi-reclining bed. First Dr. DeMaria applied a jellyvlike
balm on theskinabove my heart. Then, placing the transduces
in firm contact with my chest, he moved 1t in short, circular
ares. My throbbing, pulsing heart appeared in color ona moni
tor above me. Sound mccompanted the sight, Enthralled, |
heard and saw the butterfly action of the heart valves, the
eddying of oxygen-rich blood upward through the aorta, the
paler oxyvgen-poor blood tlowing toward the lungs

Wy evesare at my fingertips,” Dr. DeMaria remarked as he
pressed the transducer against my breast

-'-.:'-ruu;r.g[;-hj:. alzn nesisiz in bhrain sureery. After the skull is
opened (ultrazound cannot see through bone). the transducer
i= placed against the broin to locate soft-tissue tlumors. Some-
times hard to see using other means, therr disthinctive Ussye
cannot hide from the sound waves, which portray the tumor's
exact position and size

t Mallinckrodt Institute of Radiology in St. Louis,
Dr. Klaus Sartor expliuned the prob
- vincing neurosurgeons of the effectiveness af the

L‘i"" "W new technology. Using an MRI scan, Dr. Sartor

had detected 2 brain tumor in a male patient. A [amouns sur-

geon, armed with the film, opened the brain ol the patient

Dhuring the operation, he paused to call Dr. Sartor.

*There isno evidence of a tumor in the area indicatecd on the
zran.” he insisted. Usually tumors have a different color or

Ems ol Con-
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texture from healthy surrounding tissue and are easily distin-
guished by the brain surgean. In this case the experienced eve
could detect nothing.

Dir. Sartor insisted on the accuracy of his MR scan and sug-
gested a biopsy, or evaluation, of the area indicated.

The report came back from the lab confirming the presence
of a tumor in the exact area the MRI had indicated, and the
surgeon immédiately exclised it. Machine
vision had given information that the eve
of & highly skilled bram surgeon could |
not provide.

The time had come to subject myselfto
an MREI scan. It was late in the evening
after the last patient had left the Long
Island Diagnostic Imaging Center.
Nancy Ryan, the receptionist, gave
me & patient-history form and a list
of items forbiddenin the test room, in-
cluding surgical clips as well a5 den-
tures and metallic implants.

The center's magnetic machine, &
Greneral Electric Signa unit, weighs 15
tons and is supercooled with hquid helium
to minus 452 degrees F. It cost 1.8 million
dollars plus installation and incurs an 318,000
monthly bill for electricity and other costs. An
average of ten patients a day undergo scanning,
which takes about 45 minutes and costs 8800.

I left my shirt, tie, and trousers on but removed my
watch, belt, and ring. "Why be scanned if there is noth-
ing wrong with you#" asked Rill Seuffert, the technician, *1
wouldn't. They might find something. "

He had a point, of sorts. At the General Electric manufac-
turing and training center in Waukesha, Wisconsin, a voung
trainee who volunteered to be scanned was amazed to find he
had a huge brain tumor. Hisonlysymptom had been occasion-
al headaches. He is now debating what should be done. On
checking, I found that it is not uncommon for people to live
with brain tumors that have little, if any, effect.

I lay down on a table, head slightly raiged, and was rolled
into the tunnel-like magnet, about 36 inches in didmeter, A ln-
ser beam located the midline of my bramn. Bill Seuffert, in the
control center, said over the intercom that he would do a cross-
sectional scan of my midhbrain.

For aminute [ heard what seemed to be the tapping of a hun-
dred hammers—the clatter of magnetic coils as Bill set up the
correct [requencies for the highest image definition,

A brief full, and then the tapping of hammers began again-—
this time in earnest. As lime passed within the magnetic field,
my skin tightened, and felt the older filling<in my teeth tingle
and grow warm.

Intwo and a half minutesthe scan wasdone. Had this beena
full-scale search instead of a demonstration, there would have

p |

Medicine's New Vivion
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Less is more with the
wizardry of DSA, which
remaves everything from. an
image except what a doctor
wants to examine. First o
picture of the heart is made
by a digital X-roy scanner.
Next, as o contrast agent s
imjected through a catheter
into the coronary areries 1,
a-second X-ray image is
made showing the agent
Rowing through the heart’s
vesseis, A computer subtracts
the first timage from the
second, leaving only what
has changed—blocd vessels
containing the agent 2—and
hightighting a blochage
(arrows). DSA is only one
application of the expatding
field of computed angtography.
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been ten or eleven additional scans, spaced to cover the entire
lepth of my hes

After the scan [ got up from the table and walked to the con
Lo FO0m, i-.I'I'I'I‘.'_II.! fine, Al :':'l'i:. |||~.|_g-'i.-_:-. & anamomntor wasthe

rods-sectional view of my brain. It showed no tumor or other
Lbnormalities
The diapnostic success of this tool is revealed by the explo
sive prowth in the number of installations. (General Electne,
with about 40 percent of the market, shipped 15 MRI units in

1984. By the end of 1986 it had sold 230 worldwide

e imporiance of tne OImMpUier 1n mecical AR NCesls

becomes evident 1n the new lie 1t gives Lo r-I:JL' At Ol
computed tomography, kKnown as CT. Developed

' about 15 vears ago, the technigue em
A-rav tube on avoke that allows S6l-degree rotation. lodav's

computers, using CT images, produce detalled views of soff

tiscsue—the brain or heart—in three dimensions
In a tvpical CT scan, hundreds of crystal-chip detectors

)
| [ 1 ) I.I | B
ML Y S '|."l|'| IS

coated with cesium iodidé mowve inan arc with the X-rav tube
to examine salami-thin sitces of body width. The detectors
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dgeliver theirinformation toa digital computer for displavona
screen. With the computer's capacity to manage information,
CT can zoom into and scan the anatomy, vielding vivid and
precise 3-Li views

A single scan takes less than two seconds, and radiation dos-
agesforastandard seriesof 12 images are less than that of some
A rays, OT 15 cheaper than MRI, the average procedure cost-
ing about $500,

One of the most exciting applications of three-dimensional
CT imaging is in the field of reconstructive surgery. In Palo
Alto, Californin, ['talked to Dr. Steven Woolson, who does or-
thopedic surgery. He introduced me to his patient, My Tien
Tran, & young Vietnamese woman who was evacuated from
Saigon the day before it fell to the Communists. For vears My
Tien had suffered severe pain from a congenital dislocation of
her right hip (page 12). She had walked on crutches most of her
life, and her right leg was three inches shorter than the left,

A series of CT scans of the hip and pelvis persuaded Dr.
Woolson to do a total hip replacement. Aided by a milling
machine and using CT data, CEMAX, Inc., in Santa Clara,
California, muade plastic (Contimued on page 3¢)

DSA

“Exercise saved my life,” savs branch, at for left, to ba totally angiography unit—and injected
Dir. James Quinn {above right) tloched, A blood clot stopped a dissolving agent at the point
of New Orleans, who for several - the flow of blood when it lodged  of blockage. To open the artery
days in 1986 felt a tightriess in againat a deposit of plague. further, he inserted a second
his chest during his daily three-  Enlarged by exercise, his other  catheter, fitted with asmall
mile run, “Then zap, one night I arteries enabled him to suwrvive  balioon, through the first.
had this pain,” he says. It wasa  the heart attack Gently influting the balloon, he
major heart attack. To remove the clot, Dr, Jeffrey  compressed the plague against

Made by digital subtraction Bower threaded a catheterinto  the wall of the artery, slightly
angiography, a color-enhanced the heart through a blood vessel  stretching its lining: A follow-up
close-up pictire of his left in the groin—watching (ts image (above left) shows the
caronary artery {left) shows one  progress on a digital branch completely open agdin.
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PET/SPECT

In the dowrhnut hole of o
PET scttnner, a patient

(below) sgueeze
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PET/SPECT

Graining strength every day

two-vear-old Rvan Petersen of

Crreat Falls, Virginta, wos given

Hitle chance of suryivins
shildhpod, [Dnable (o find o

gfise for the seizured he had

birth, fiis doctors

had grven Ryan's parents (1l

e fered stnce
hape., Then while Bwan wiis
vistting his grandparents (n
southern California, his
spizires worsened. His parents
ek Rirm o bhe UACLA Medical
Certer, whidre o PRET soan

(abhoye) &

wwad normal gotAn
i e right hemisphere of U
tradn (red, vellow, green) ut
only mirtimal actovity n f1s ef
(purple). After surgery that
remaoted most of the lefi
hemisphere, Ryan works with
physical therapist Froncn
Mitchell (right) to tmproww

cottrol of his muscles
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(Continued from page 33) muodels of the hip-joint bones.
With these maodels Dr. Woolson performed a rehearsal surgery
to determine the precise size of the replacement parts and nec-
essary bone grafts, Then came the surgery itself, with the use
of the model bones as templates. Today My Tien's legs are of
nearly equal length; she walks normally and has no kip pain.

A-major center for research m three-dimensional CT imag-
ing 1s at the University of Kansas Medical Center in Kansas
City. There Dir. Larry T. Cook along with Dr, Sol Batnitzky
and Dir. kvt Rak Lee have developed computer software and
color images that are unique in the field of medicine

A recent challenge involved Dr. Cook and a most delicate
eve operation. Another colleague at the university, Dr. Shan-
kar Gird, had a patient with a tumor that had wrapped itsel!
around the optic nerve of theright eve, Double viston resulted,
In the extremely difficult area of the optic nerve, a small trem-
or of the surgeon’s knife could cause irrevocable blindness
surgery wias ruled out. Only radiation therapy could help, but
that too was risky

Dir. Giri, working from 20 €T scans, prepared the delicate
trestment plan; cobalt in two carefully controlled beams of
two minutes’ duration, given for five weeks,

The treatment diminished the tumor, and normal vision
was restored. The patient moved to California's Sierra Neva-
da and has not been heard from since,

Medicine"s New Vivion

To spy on the brain in
action, PET scanners watch
the way brain cells consume
substances such as supar
The substance is tagged with
a radinisotope brewed {n o
small, low-energy cyvclotraon.
The isptope has a short half
life, meaning that it loses
half of its radioactivity
withiin only minites or hoturs
of being created. Injected
into the body, the radioacrive
solution ermits positrons
whergver it flows.

The posttrons collide with
glectrons, and the wa
annihilate one another,
releasing a burst of energy in
the form of two gamma rays
These ruys shoot in oppostie
tirections 1 and strile
crvstals ina ring of detectors
2 around the patient’s head,
causing the crystals to light
up. A computer records the
iocation of ench flash and
plots the sowrce of radiation,
translating that dota tnto
an image 3

Hy tracing the radiogctive
substance, @ doctor can
pinpodint areas of abnormaoal
brain activity or determine
the realth of cells.

Unlike PET, which gener
ally reguires a cyelotron an
site, SPECT uses commercially
owaiiable radioisotopes,
greatly reducing the cost of
pperation
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camera, the tmage depicts
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from a phosphat tapeed
WIEH technetium-259m, a Lo
tevel radicoctive materiol
Injected into the blood
sbream, the phospiioie COMES
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prodicing a compridhensive
view of the skeletcd svsiem
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he marnage of the computer and medical 1maging
devices is already bearing fruit. It holds tremendous
promise for the future. “In medicine, s in our society
we have embarked on a scientific revolution unfike
any atherin man's history,” said Dr. Steven Nissen, acardiol
aeist at the University of Kentucky Medical School
L erowing number of voung, dyvnamic doctors hold Ph. D 's
 thiegir M. ID.'s. And
the burgeoning technology of computer graphics is being har-
nessed (o transform the torrents of machine-vision data into
meanimgiul «
What dhrections will discovernes in dirnostic imaging taker
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1agnostic displavs

Diaring the nine months of my investipntion. § asked thisques

tion of scores of physicists, physicians, and surgeons. Theis

answeTs confirmed that in the pasit

dizease to mamifest itself, as a tumor, sayv, ora heart defect
But diseases usually manifest thermselves chemmcally beforn

there i= an anatomical change. In the future, MEI mav be able

1€y ollen kel to wait fora

emical chaneges by makme images with e

o reveal su

ments stch as phosphorus or sodium, as well as wit
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and using them as scouts in the body o search out cancerou:
tmors, Getting an MRI scan may someday become as com-
mon as getiing an X ray
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the new tools of maching vision, many more Hves will bie
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T S S

“ 1 \ ) 1his gaunt land celebrates the
splendor of isolation, But human
JL , J presence can compromise its
. e : J Lntegrity.

Photographs by CRAIG AURNESS




Incandescent graffiti of vehicle lights obscure the Imperial Sand Dunes

near Glamis, where a holiday-weekend crowd numbers 40,000.




Other dunes are off-limits. Desert soils scar easily; damage caused by
a few passes of an off-highway vehicle may last a century or more.




Conjured by temperate, well-spaced winter rains, coreopsis and
poppies provide an ephemeral show in Antelope Valley. Unlike
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cactus and ocotillo, which can survive drought, these species
simply avoid it, germinating only under favorable conditions.,




Hunting the wind, board sailors prepare for a competition on
a pond used to replenish groundwater for the Coachella Valley.
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Wind turbines — some of the more than 4,000 in this area
— generate electricity for Southern California Edison.
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T I5 AN HOUR now since the sun has
riseti. I've been sitting here, 700 feet
up on Lthe crest of a sand dune, watch-
ing & soft, vaporous light fill Eureka
Valley, The Eureka dunes rise at the

southern end of this huge, quiet basin, be-
neath a jagged line of gray-blue and magen-
ta mountains called the Last Chance Range
Thecloudless dawn sky towers, intensifying
a feeling of unbounded space,

The mountains that rim this valley,
streaked with ocherous beiges and paprika
reds, appear barren, but they are full of
plants and animals that merely elude the
eve. A pocket mouse the size of a walnut,
A desert tortoise asleep in its burrow
Evening-snow, a wispy-stemmed plant that
remains invisible against the ground until its
white flowers open suddenly at nightfall.

A morning fog that earbier clung to the
dunes has dissipated. The twittering of sage
sparrows on the desert floor below, no lon-
ger muffled by the thick air, now drifts up.
The air on this fall morning 15 not moist
encugh to also bring with it the odor of creo-
sote bush and bur sage from below, but I can
trace an unbroken line down the perfect
French curve of the dune, oul across the
broad pastel strokes of the basin and into the
mountains. | can get the feel of this land that
way. The Saline Range, five miles to the
wesl, is a5 crisp to my éve as the feather-
stitching of beetle tracks in the sand by my
hip. This near and far clarity of the valley
ttghtens up the vastness—the land seems
simultaneously remote and immediate.

It i= as restful as a calm ocean, seen from
the shore dunes.

Eureka Valley sits at the northern edge of
the California Desert—technically speak-
ing, those sections of the Mojave and Sono-
ran Deserts within the state’s boundares,
The Mojave is a relatively cool, high desert,
where snow falls in winter; the Sonoran, lv-
ing at a lower elevation to the south, is drier,
hotter, and moreextensive than the Majave,
{The Sonoran Desert includes the Colorado
Desert, compnsing the Impenal and Coa-
chella Valleys, and the much smaller Yuha
Desert southwest of the Imperial Valley.)
Rainfall in both the high and the low desert
is usually short and violent, and s0 unde-
pendable both as {o time and place as (o
seem to have no pattern. Its lack, along

California Desert, A Worldly Wilderness

with the sun's heat and light and erratic and
fitful desert winds, sets a general limit on
life here.

The California Desert is less arid, howev-
er, than Old World deserts like the Gobiand
the Sahara. Also by comparison, the range
of its plants and animals, many with a seem-
ing genius for locating or retaining water, is
stunming. As is its variety of habitats—hot
springs, saline sinks, cool, foliated canvons,
sun-blasted bajadas, sand-dune svstems,
perennial streams, and Joshua tree “for-
ests.” After a winter of moderate but well-
spaced rains, wildflowers may rise like
fragrant breath from the earth—carpets

HALPE EENANEE

Desert diary: A salt pan records the
footprints (facing page) of wildlife that
passad this way—probably a jackrabbit,
at right, and a coyote. The desert iz also
host to more than 265 species of birds,
including the burrowing owl {above).
This lond rewards stillness. "The faster
the eve 1s moving,"” says the author, “the
fewer things it will see.™

of blue lupines, white primroses, vellow
marigolds, and purple sand verbena. In
Lanfair Valley in the eastern Mojave blue
gramagrass, Indian ricegrass, and big galle-
ta grass roll under the press of the wind
like Kansas wheat.

The beauty of the California Desert lies
more with its exotic character than with its
landforms. The very subtle shading of its
soils, pale greens fading into lavenders. The
thick, velvet darkness of its midnight can-
vons. [ he tremulous voice of an elf owl at a

fan palm oasis in the stone {astness of the
Chuckwalla Mountains, The way saffron

3l




PACIFIC
OCEAN

CALIFORNIA DESKERT  Dieser metropotisce with o combinea
population of 15 million, the Californio

H}[m I“ti“ﬂ I]“.HH““:H Desert attructs weekenders who barrel
in i fﬁlgih\ “*ﬂﬂd down interstates, riding or towing

aff-highway vehicles.
To ensure that use does not

F“'ﬂhj;? "'.'EIE' jfegpardize conservittion, Congress,
E=] mﬂ:m in 1976, directedd the Bureau of Land
| Mlitary

ﬂ::g-; Bureau of Land National Geographic. Janwary 1987
: Manpcpement




Management (BLM) to formulate
a program—the California Desert
Conservation Area Plan—to guide
récreational use while accommaodating,
o an extent, ranchers, miners,; aned
the military.

The desert encompasses parts of
the relatively cool, high Mojave and
the lower, hotter Sonoran Desert.

California Desert, A Worldly Wilderness

light vibrates over the white surface of a
plava at sunset.

It is aland as open to the eve as the surface
of the moon.

TWOULDBESTRANGE, of course,
if others didn't see the desert differ-
ently, For many it i= not a place of
hushed and intricate beauty, but a
dreary stretch of wasteland between

Las Vegas and Los Angeles. A vacant lot
awalting development. “There's nothing
important out there,” adriver told me at the
start of the Barstow to Vegas motorcyele
race, yelling over the racket of his engine,
“We're the ones making something useful
out of it, putting this race on.”

The desert’s usefulnéss is thought to lie,
variously, with its considerable mineral
wealth—borates, gyvpsum, gold—and its
strategic reserves of molvbdenum, tung-
sten, and lanthanides, Or with its depend-
ably clear, sunny weather, eminently suited
1o the testing of missiles and aircraft. Or
with its reservoirs of alternative energy—
sunlight, wind, and hot groundwater. Or
with its capacity to serve as an unfenced
recreation area for a burgeoning population
eager to escape the congestion and foul airof
large cities.

These differing views of how best to use
the desert were first brought into sharp focus
early in the 1970s—with an explosion in the
sale of off-highway vehicles, Interstates &,
10, and 15 and California 14, the major
routes into the desert from the populated
codst, were now jammed on Friday nights
with motor homes and recreation vehicles,
Some pulled trailers full of equipment: gyro-
copters, land yachts, ultralights, motocross
bilees, and dune buggies, Once lonely places
like Jawbone Canyon and Johnson Valley in
the western Mojave were suddenly {ull of
noise, dust, and people.

stensibly much of the inifial disagree-
ment over desert use was between vehicle
operators and wilderness advocates, or
between desert cattle ranchers and envi-
ronmentalists. But real differences of opin-
ion were more broad bazed. People living

Barry Lopez is the author of Avctic Dreams and
Desert Notes. Craig Aurness's photographs
have illustrated GEOGRAPHIC articles ranging
from the Pony Express to troubled Mono Lake.
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NWight out on the town of Goffs View Ranch in the eastern Mojave. He
(population 19) comes Thursdoys, when takes a breather from a day that begins
the genaEral store 1rows a Sguilre dance at 4 a.m, and may run il siv that night
rttended by ranchers from az far as Cdp, gote tmidd sneakers s dress for
Newberry Springs, a 100-mile drive 1t ledst one kindergorten groduate of
WY Here Rob and Kate Blon sEEp FEzsex’s one-room elementary school
it (above right). Sguare-dance dress (left). Teacher Mary Howard's daughter,
preferred, please. "I once forgot my sathryn, at far left, ploved paomo for
petticoats dand was-fined o doildrs,’ commencement; she's o fourth grader.
scayE store oo-owner LOnmnic Swaitr odrs. Howard, who teachies all grocdes,

| g0 to Groffs, too, but ['m the barroom attended Sesax too, Heér mother was the
doncing tvpe, says Tim Overson (nbove teacher then. basex graduales attend
left), who works on the 345,000-acre Valley  high school in Needles, 40 miles distart

] =1

Coatlifornia Desert, A Worldly Wildlernesy




es and tarantulas, arrowheads, and bar the Cahfornia Desert Conservation Area
tus, [ound themselves at odds witl Plan was drawn up, and its pre
copie who felt that public land should now  constitute a goide for desert managers'

Lected fFom such illeeal [0 hing. Az stons. The meaning and intent of the AT

distiuerhl oVer an in- i soeciiic | ances 15 still bheing 1htet

il plan [or managing
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Laermy
Hillier, the articulate and energetic manag
erof the BLM's desert district, has not only
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pollen oppostng interests to work out then
cditferences, but has also golten this least
known of the
agencies more involved with the general
public using the Previously, the
BLM dealt almost exclusively with mining,
rrazing, and logeing interesis 10 the West
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Few, however, see 1 bright future ahead
T h _:l{-|_l'I|:.'I--I| of the Los Aneeles-=an
LIeEo ared continues to grow -.'.'l'-‘] LD TR KL
Increasing demands on the desert. Vandal
Ism ani According to the

|"|1.Z1'||. I'll|||.'|-|'|. One-Lrd ol I|||' flEsert's Pre-

theft persist

hisloric sites have been damaged, and aboul
one percent of its prehistone artifacts disap
peareach vear. With its amall staff—only 21
BLM rangers patrol the agency’s 12 million
acres—the BLM savs it can't Keep up wilth
these and other problems—overgrazing
i Lh

urro

ocal

mining viciations; ilegal dumping
spriead of mmtroduced species like th
both of which dnive out
amimals and plants. Finally, mn 1985 Can-
gress gave the BLM only 26.2 percent of the
operating funds i requested (o administer
the plan

‘It
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AT (ATNRATISS

pesn't take a smart man to see whal's
nid longtime resident
me one alternoon at his
moissler aprings Kanch mm the eastern M-
gve, “"Hut it'll take a smart man to fix i
tnseversl months of travel and interviows
in the desert | met But the

Lhreads of wizdom

I-_I-.!-II | .II-..ll: = LI Ill;_l

Hda I'n ."“'llll"l':"'ll
what todo lo énsure the
longevity of thizs unique part of North Amel
ica—did become clear. L he gist of nearhy e
erv thoughtful conversation | had was the
same: 4 need for public education, develop-
Ing an abudhing regard for the land itself, and
linding some way—public or private—to
come to the aid of the BLM
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1] WCATION takes many form
Mine was seen to in part by a8 yvoung

man named Bruce Bannerman. &
al the University of Cali-

v center in the Crrantte

Mountains

man and 1 were walkine down a dirt road

he lanky and blond Banner-

ane brilliantly clear morning, and he made a
s WeeDIngE gesture 1o tne
“Where else, " e beamed, "canvyvou count 26

couth and east
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Mountain ranges in this part of the Mojavi

# from the earth. ke stond

surface who
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eE XU BeEriind
“T've smelled the |

nee or twice,” said Bannerman later, as 1if

il

acific this far mland

ta further impress on me the unorthodox

scle of the place. 1 had, in fact, begun to

think of the desert itselfl as an ocean. Th

t on vast and unttorm shields

int of sunhizh

_
of erayv-green vegetation 1s very ke its me-
tallic elare from i rolling ses. T he mountain
ranges stand on the land like archipelagoes
Cloud shadows drift siowly across the empty
hasins of across the flanks of salmon-tinted
mountains like huge fish. Oceasionally the

bl

hecnmes =0 extensive the hornizon itsel

i i
D COITIes nautical 1ne '_'ii_'_l of the earth

seems to curve over into space

Hannerman's destination was  Snake
Spring, a damp oasis tucked in & crevice of
the Granite Mountains, We climbed up to it
easilyv, and sat there in silence amid the trees
Whatler i2 so dear over so much of the deser
that wherever it flows Ireely, as here, an at-
mosphere of serene calm prevmls. 1The cool
atr fell over TS |g|||,|i||-:'f—-..'i-.|' amantie, and |
surveved the hundred square miles ol desart
hasin below me, looking for coyvotes and the
[ e
"“What was that?"' | as
IUNE SHCTICC

'Red-spotted toad,” =said Bannerman
“You rarely hear them during the day. It's a
ht soumnid
Before we left the cove—1 could not resist
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huffling loudly through a thick laver of cot-
Fi] '.".'|||l|| an | 1y I”llt'-. ¢ AYES ON an i.’- INETU
s swalch of gréen desert gErasses os we
leparted—Bannerman showed me a shel-
ter. It wasa kind of natural

eranite where one could sit out of the sunand

reezeway in th

<til]l watch the desert. | adjusted my sithing

The not-so-deserted desert 15 site of an

areruad pathering of th Peath Valley
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But crowds of up to [4,000—attmacted
by festivities that include o fddlier’s

cortest. mineral displavs, ard o desert
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position as I was directed and soon found
Bannerman intended [ shouwld-—my
ands came to rest on shick depressions in the
rock alongside my hips. hnowing what to
look for, I now saw four such pairs of depres.
sions, They were bedrock metates, Centu-
ries ago, perhaps, Indian women had sat

grinding seeds

W hnat

i Fie

ONTHS LATER, on an August
| afternoon, 1 visited an older Indi-
, an site, Four of us clambered

down a slope of basalt boulders

> . and oul onto 2 ary w ash at the
botlom o LI T Kenegare L.iIJ"r"'[I :'r.i.
-'I'||',|',::_I:-|,|_]:!I['|:l |'|".'||!i'.r|‘: '|-"|'l|..J‘..'|.|.-|fT' .'i-r llﬂ'i.
Navy's environmental branch at the China
Lake Naval Weapans Center, had brought
mi toaremarkable locationinan drea where
istoric rock art may be concentrat
1'll|]'..'ll'|]!'.'l]'1'-.'-'|JI.-|.'l'" wce in North America
I stood transfixed before a wall of dark
gray basall, Péecked into 1ts uneven surface

was a bewildering array of images: large

deer and mountaim sheep, geometric designs
in the shapes of shields and atlatls, or spear
sticks, and

throwing himan

figures ol

FRRi I Tanl rrg Thiks:
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different sorts. They were made n
huntér-gatherers who apparently special-
1zed in hunting mountain sheep

What held mv gaze was complicated—the
sheer number of drawings, the secming
freshness of some of them, etched as they
were by the late afternoon hight, and how
undist seared to be. (The
MNavy resinicts public entry to the site.) ]
don'tthink I ever felt the presence ol history
an acutelv—a conservative estimate puts a
dateol a W0 B.C
droawings

At the southwestern end of the upper can
'_l,'il['|I one ol LOe 4 ||._|I'II||II._'_|‘-,.T"- '-l'll'-.". I_'|-. me il
open-air site where these¢ peopile
campeil. Here was evidence of Lheir cooking
fires, 4 waste midden, and the debitage of
their stonework—myriad flakes of obsidian
glass gleaming brilliantly in the setting sun
Here, 1
tates like the one 1 had seen
Spring. And odd petroglyvphs ¢
P lies yw holes the size
rrapes, pounded into the rock

The talling hght made it necessary Lo turn
hack, but I was most reluctant

urbed the area ap

on the oldest of these

Honl i

Hdld ORCe

0, were grinding slicks, bedrock me
L . =
near Snake

alled
of C I.:J'.IZ'!:IFIi

to legve. |

Signs of indifference: Trozh piled near o reguest
that visitors taoke tft with them (left) was left by
campers seemingly thumbing noses at autfority
Vandalism includes shot-up road signs (below)
and stolen cactus, ironweod, and potsherds
In fact, an estimated one percent of thy

archaeological artifocts disappear vearly. " Peopl

do things out here they'd never think of

doing al

mme, " a ranger told
the duthor. BLM
rangers are federal
officers who can
Hrhet |'FT-|"ﬂr!I:'|'.i

F!':J!' rhe |

gcres under their

' million

control overstretches
the 21 rangers, who
often work extrag hoirs
vl tarily
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Leaving tracks of their culture, Indian
peoples who lived along the lower
Colorado River created intaglios e

|

Blythe centuries ago, They are belisved

o Fepresent creation myths. A photograph
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pristine condition (right). But as the
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overland route between Mexico and the
California coast in the 1700s, were the first
Europeans to cross the desert. Mountain
men like Jededinh Smithentered the Mojave
early in the 19th century and by the 1860s a
number of trails and wagon roads had been
opened through the territory.

Inthe 1870sand "80s railroads broughtan
influx of miners to the region and the first
cattle operations started up in the eastern
Mojave. The first desert resort hotel at Palm
Springs opened in 1886, By 1910, the Impe-
rial, Coachella, and Palo Verde Vallevs had
been irnigated for farming. Inthe 19305 agn-
culture spread northward out of the Los An-
geles basin into Antelope and Apple Valleys
in the western Mojave, and people began to
purchase five-acre “jackrabbit homesteads”
there, The aircraft industry followed, at-
tracted by the Mojave's vear-round good fly-
ing weather, The military then discovered in
the desert a perfectly lonely and dry place to
train personnel, test weapons, and store ma-
tériel. (Military installations now occupy
about 3.2 million acres in the desert. )

The Imperial Valley has grown to 470,000
acres and become the nation's winter vege-
table garden. Nearly 20,000 people live in
the Palm Springs area today, at the foot of
the San Jacinto Mountains. And the single-
blanket jackass prospector and 20-mule-
team borax wagons have become part of the
nation’s folklore.

In manv wavs, the record of this history is
ont of the desert’s most engaging dimen-
sions—aold mines with names like Queen of
the Night, Chief of Sinners, and Pride of the
Inion. The Army’s World War [I desert
training camps. And remnants of the Plank
Road built across the Impernial Sand Dunes
in 1915, to shorten the automobhile route be-
tween El Centro and Yuma. In an effort to
preserve this heritage, the BLM has listed
such sites among 77 protected areas of criti-
cal environmental concern in the desert.

AsIfollowed my companions out of upper
Renegade Canvon and away from the pétro-
glvphs that afternoon, I fretted over the vul-
nerability of the evidence of human history
in this region. Although it is not specifically
addressed in the desert plan, preserving a
sense of the depth and breadth of human his-
tory in the desert, both aboriginal and mod-
ern, lies at its very {oundation. It is this
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The careless side of carefree shows up
on weekends when off-highway vehicles
crowd dunes, Watched by his mother,

a toddler motors off ar Dumoent Dunes
(abowve). But some childreén are

4
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that makes actz of vandalism, such as the
flagrant disregard of motorcyclists for inta-
glios (large, prehistonc ground drawings) in
the Yuha Desert so depressing. That and the
poor prospects for being able to protect what
iz left of this heritage in the desert.

T WAS in the company of BLLM rang-
ers that T saw that side of the desert
perhaps least Familiar to most of us—
the intense and sometimes strange use
to which it is put. Many people regard

the desert as worthless land and expect no
interference in their activities out thera.
Some are completely unaware that they are
violating state and federal laws, or that all
the desert has been zoned according to the
desert plan to control its use. You canno lon-
ger trail blaze with a four-wheel drive, buiid
a squatter’s vacation cabin, or harvest a
truckload of ironwood to zell to Mexican
carvers, Miners can no longer bulldoze
roads wherever they wish. And someone
who has just emptied his sewage tank in the
blackbrush may be stunned to learn that a
BLM ranger is a federal law-enforcement
officer. handing him a federal ticket.

The primary job of BLM rangers is to pro-
tect the natural and cultural resources of the
desert. An equal part of their work, howev-
er, judging from the time 1 spent with them,
i¢ education and public relations—aexplain-
ing to varmint hunters, rockhounds, exobic-
vehicle owners, amateur archaesologists,
survivalists, and a million casual tourists
that thereis a new patternof public use here

The day 1 spent with Jerry Needy, a tall,
circumspect ranger working out of iNeedles,
was informative. Needy was familiar with
a desert | did not know. As we pulled off
U.S. 95 to begin a backroads tour of the
Turtle and Old Woman Mountains, he said,
matter-of-factly, "1 pretty much opérate on
the theary that evervone out here is armed,
or they've got a weapon in the vehicle.”
Needy once stumbled into a Colorado Des-
ert training camp for Latin American revo-
lutionaries stocked with, among other
things, stolen military weapons, On another
accasion he ran into a mobile drug-lab oper-
ation and two heavily armed men

As Needv described the number and
range of guns he'd seen in use in the desert, 1
realized how uneasv | had become aboul

G6

Thrilled to death: Stmictly for kicks, o
weekender in a four-whesl-drive truck
spins his wheels (abowe) (n a heavily
raingd-on dry [ohe bed tn the Mojave.
Whaen the gouged-out depressions dry,
they form trenches—a dongerous
surprise to off-highway vehicle drivers
crossing the lake bed. Sewviral months
after this picture was toRen, one person
died and another was seriously injured
when their speeding dune buggy hit
a trench—here being inspected by
BLM personnel (right)—and flipped.
Becatse of the BLM's limited
resources and manpower, stich damage
may remain undetected unti] too late

Narional Geographic, January [987
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them. Virtually every road sign I had seen in
the desert was bullet riddled. Some had been
hit by s0 many shotgun blasts they were
mangled beyond recognition. Itis the inten-
sity rather than the mere fact of this kind of
destruction that is finally so unnerving.
Over n period of several months, as [ stared
at the remnants of mining operations and
ghost towns like Picacho and Hart, de-
stroyed by explosives, gunfire, and arson,
and pulled apart by vehicular winches—
people looking for the gold caches of dead
prospectors, I was once told—1T found my-
self fighting for perspective. Itisaverysmall
part of society that behaves like this, but all
of us must confront the dismal evidence of
their scorn for the value of human history.
To see so much of it is unsettling.

Finding a “release from city tensions”
took on new meaning the dav I spént with
ranger Bill Vernon at Imperial Dunes, a
stripof sand hills 45 miles long and five miles
widle at the eastern edge of the Imperial Val-
lev. Owver the past 13 years nearly 70 people
have been killed here, most in recreation-
vehicle-related accidents. The number of in-
juries suffered and the incidents of drinking
under age, fistfights, and public nudity are
uncounted. Owver long holiday weekends,
especially on Thanksgiving and Presidents’
Drav, 40,000 people may visil the area. (The
BLM's figure is 792,000 visitor davs per
vear.) In the hard-nosed view of Bill Ver-
non, a physically imposing, 42-yvear-old
Vietnam veteran, ill-behaved adults who in-
jure themselves out here deserve little sym-
pathy. He feels anger and grief, however,
when such people turn their children loose
on vehicles they can barely control and the
children are hurt. “Out here,” said Vernon
derisively, “the three-wheeler takes the
place of the television as a baby-sitter.”

There is a dizzving madness to the wild
spectacle at Imperial Dunes, the aimless
hurtling of vehicles through clouds of dust,
noise, and darkness; but Vernon defends
this antic racing, helter-skelter over the
sand, night and day, as "legitimate sport.”
“Seventy-five percent of these folks are
hardworking, good people; 10 percent are
lowlifes, just incorrigible; 15 percent are
running the ragged edge, usually with a few
beers,” he told me. “But they have as much
right to the public lands as anvone else.”

i

Some 200 miles to the north, a much more
subdued and better behaved crowd gathers
at Dumont Dunes on long weekends. The
purpose of coming out to such a place to
drive around in the sand is essentially so-
ciil, one man told me. He and his family
spend a total of 30 days a year in the desert,
Thev drive out from Yorba Linda in their
motor home, pulling a dune buggy and other
recreation vehicles in o huge trailer. He
brings his children, and his daughters bring
their bovirends. “The desetrt,” he said, *is
the greatest thing that ever happened to
my family.”

ECKLESS off-highway vehicle use
and incidents of vandalism, be-
cause they leave such visible scars,
draw an inordinate amount of at-
tention, in the view of some. One

four-wheel-drive operator, leading a group
across the desert with scrupulous care,
shrugged off my discomfort at bullet-riddled
signs and vehicle-damaged hillsides. “What
about the proliferation of power lines out
here? That's public vandalism."

He spoke for many an irate citizen. The
desert's unbroken expanse; so soothing to
the eve, is now truncated in many places,
not only by roads, fence lines, and rail-
rond right-of-ways, but also by a network
of high-tension power lines, natural-gas and
petroleum pipelines, telephone wires, and
water canals. Some of this development 15
confined to utility corridors, but the call for
more gas and electricity in urban areas is
creating a demand for additional corridor
space. Especially perplexing, and some-
thing the desert plan did not anticipate,
is a proliferation of microwave relay sta-
tions along the otherwise clean nidge lines
of desert mountain ranges, With the divesti-
ture of AT&T, each new telecomununica-
tions company must, by law, now build 1ts
own facilities.

In addition, because air-quality laws
militate against the siting of new oil refiner-
ies and pawer plants in the Los Angeles ba-
sin, companies lke Southern California
Edison are looking to the desert itself for
new sourcesof energy. Wind-farm complex-
£s have been erected in the San Gorgonio
Pass aren, like orchards of propeller trees.
Solar One, a complex of highly reflective

National Geographic, January 1987




hehaostats (mirrors) arraved around a central
receiving tower, has been built near Dag-
gett. And plants to utilize geothermal
sources now stand in the Imperal Vallev.

Many off-highway wvehicle enthusiasts,
wieary of having to shoulder most of the
bhlame for the visual deterioration of the des-
ert, say it is power development and large-
scale mining, as well a2 ranching operations,
military exercises, and agricultural expan-
sion, that are the real culprits, Thev point a
finger at abandoned munitions dumps,
overgrazed hillsides, open-pit mines, and
noxious fumes at chemical plants,

Their charges are undeniable. In Trona,
California, where Kerr-McGee produces
chemicals from a brine solution beneath the
salt crust of adjacent Searles Lake, the air
was so thick with sulfurous fumes one day
that I became nauseated. An area I viewed
from a helicopter on another day, in the vi-
cinity of the Cady Mountains, was cross-
hatched with cattle trails. From the Amboy
Eoad, ecast of Twentvnine Palms Marine
Corps Base, one can clearly see heaps of
overburden produced by the National Chlo-
ride Company and Leslie Salt in their sur-
[ace operations on Bristol Lake, Outside
of compliance with the law, however, there
15 little more that can be demanded of
such operators by a society that insists on
their products

One day, weary of the sight of too many
chemical plants, too much cow-burnt land,
and, as one executive put it, too much “chio-
ride farming.” I made a detour to Big Maor-
ongo Canyon. There, at the 3,900-acre Big
Morongo Canyon Preserve, | stepped out of
the glazing heat into the shade of Fremont
cottonwoods and red willows. More than
265 species of birds have been seen at Big
Morongo Canvon. Their notes, along with
the kreck-ek of the Pacific tree frog, fill the
alr. Along Big Morongo Creek one might see
adocile red diamond rattlésnake sunning on
flattened bulrushes. I walked the preserve's
shaded trails and tried to collect my
thoughts about the desert's future.

A weakness inthe desert plan, inthe view
of many, is that while it apportions the des-
ert equitably to different interest groups,
and while it strives for a form of manage-
ment that will ensure the desert’s inlegri-
ty for vears to come, its basic operating

California Dexert, A Worldly Wilderness

premise—it directs the BLM to "manage,
use, develop, and protect™ —is an internal
contradiction. Pressured by special interest
groups, given a mandate like this, and ham-
pered by a lack of funds and personnel, the
BLM must compromise,

In view of its responsibility to manage a
public trust, and the importance of what
happens heére—this is probably the largest
regional planning effort ever attempted n
the United States—ihe future of the Califor-
nia Desert is a subject of national interest,
What the BLM accomplishes will say much
about the fate of other lands now held in the
public trust.

Denniz Casebier, a desert historian and
longtime observer of conflicts over the des-
ert's use, told me one day that conflict was no
longer the central issue. “"What's wrong,”
said Casebier, "is that we have no vision,
How do all these different things—{four-
wheel-drive tours and cattle ranching and
geothermal development—relate to each
other? BLM can't just make everyone hap-
py. They've gol to sit down and decide what
they want the desert to look like in 20 years. "
Which is to say the country itself, the people
acting through Congress, must decide what
they want the nation's public lands to look
like in the future.

LEFT Morongo Canyon that day,
oddly, with a sense of hope about the
desert's future. The Bureau of Land
Muanagement is staffed with dedicat-
ed and thoughtful people. Bill Vernon
putsin 18-hour days at Impenal Dunes. Jer-
rv Needy remembers to bring five gallons of
water to an elderly miner 1solated at his wa-
terless claim without a vehicle. Ev Haves,
the BLM area manager at Needles, gets out
of his truck during a torrential thunderstorm
to carry several wandeéring desert Lortoises
safely across the road in Ivanpah Valley. 1n
the face of a continuing pattern of budget
and personnel cuts they remain hopeful.

A second cheering element 1s the extent to
which private individuals and groups have
come to the aid of the desert. Just east of
Palm Springs a consortium including the
Nature Conservancy, state and federal
wildlife agencies, and the BLM has estab-
lizshed the 13,000-acre Coachella Valley Pre-
serve, principally to protect the threatened
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Prospecting for energy, the
experimental Solar Cne project near
Daggett uses 1,818 heliostats to focus
surtlight on o tower-mouwnted botler
that conmverts water to steam (above
right). I't would take approximately
20 square miles of desert to provide
energy for o million homes.

Mineral wealth is tapped by the Kerr-
Metiee Chemical Corporation in
Trona (abowve), which produces soda
ash and boron from brine beneath
a dry loke bed, Some 30.000 acres of the
desert consgrvation drea are under
lease for minerals.

Coachells Valley fringe-toed lizard, an ani-
mal highly adapted to life in and on sand
dunes, and several palm oases from devel-
opment. The California Off-Road Vehicle
Aszociation has worked with the U. 5. Air
Force to restore a section of the Plank Road
in Imperial Dunes. Business organizations,
private and public museums, and hundreds
of voluntieers have joined to build watering
holes for desert bighorn sheep, maintain
protected areas for the desert tortoise, and
restore vandalized intaglios

The final source of hope 15 much harder
to define but unmistakable when yvou en-
counter it. It is the enthusiasm and thought-
fulness with which manv of the desert's
vear-round residents conduct their lives
These ranchers, yucca harvesters, mners,

National Geographic, January 1987
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and even & landscape painter I spoke to all
seemed to have one thing in common. They
spend a great deal of time out on the land,
and they feel it is a privilege to live in this
country. Lean and reserved, it has a ring of
integrity they admire and seek to imitate.

I also left with some misgivings. The
sound of military jets is ubiguitous in the
desert. Early one morning in Death Valley
National Monument T was buzzed—twice
—byvan A-7 Corsair Navy jel. 1 had parked
my car on the edge of o playa known as
the Racetrack and walked out toward its
center. It was immensely still. Then the jet
came, screaming southward down the pla-
ya, 100 feet off the ground and 500 feet
away, Five or six minutes later it returned,
flving just as close, exploding overhead

California Desert, A Worldly Wilderness

again like a freight train. An Air Force liai-
son officer with the Federal Aviation Ad-
ministration in Los Angeles, in a breezy
attempt to downplay the incident, told me
later that I had only been disturbed by “the
sound of freedom.”™ But the jet was operat-
ing improperly in the park. The military has
a number of high-speed, low-level training
carridors for aircraft in the desert—two run
right through Joshua Tree National Monu-
ment—but to judge from my interviews mil-
itary pilots frequently operate outside them
and the military has not always taken these
violations seriously,

The military does not have a reputation
ior good manners in the desert. Numerous
people I spoke with had been buzzed—I was
buzzed on another occasion in the Saline
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Valley—but the problem is not solely one of
low-flving aircraft. In the Imperial Dunes
one afternoon with Bill Vernon, | watched a
Marine private drain aviation fuel onto the
desert floor during an unauthorized helicop-
ter refueling operation. The leader of an ar-
chaeological survey team from New Mexico
State University told me his group was mao-
mentarily startled by the sudden approach
of a light armored wvehicle being driven
down asand wash in the Cadiz Valley—avi-
olation of the agreement the mihtary had
with the BLM to test these vehicles on public
and. Dick Rayner, a former chief ranger at

74

Death Valley National Monument, told me
about a set of practice bombs that were
dropped within a few feet of an occupied ci-
vilian vehicle near Emigrant Spring in 1979,
MNO one was injured

» EATH VALLEY 1s the scene of vet
another, more complex 1ssue-—the
removal of the wild burro popula-
tion. Few dispute the fact that a

concentration of burros makes it

hard for desert bighorn sheep to make a liv-
ing alongside them. The burros foul water
sources and denude the land, exposing it to

ational Geographic, Janunary 987




erosion. The thinking behind their remowval,
however, s somewhat fuzzy. There are
miny exotic species in the California Desert

nglish house sparrows, tum
mosquitofish, wild horses—but the boom

R
PEE W% r.'r.l.J:-.

has been lowered only on the burro

Gene Nunn, a BLM cowboy in his late 40s
with sparkling blue eves, has been in charge
of the burro roundup in Death Valley for
several vears, “If the moon fell out of the
skv,'"" he told me, "and burros were around,
thev'd be blamed. " The burro. reason Nunn
ani others, is probably not responsible for

every one of the adverse environmental

California Desert, A Warldly Wilderness

An accidental sea, the Saiton fabove
left) bepan formne o 1905 when the

Colorado River sptiled over its banks and
flooded a low-Ilying area. Apricultural
runoff has extended the original
shorelfne, inundating seastde structures
Introduction af various fish species spawned
an active sportfishing industry, bur their
edibility remains guesiionable because
of poliution from pesticudes and sewoge
Coampileted in 1940, the All American
Canat slips under [nterstate 8 {above)
on its BD-mile journey from the Colorado

(o the imperial Valley,
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impacts he's blamed for in the desert.
What's maore; the hurro never asked to be
put there. He was brought in and then aban-
doned by prospectors to fend for himself—
which he's done. There should be a place out
there for him, thought Nunn.

| wasn't sympathetic to this argoment at
first, but after traveling with the cowboys
for several days while they worked 1 felt ad-
miration and sympathy for these small-
footed, tough, sleepyv-eved animals. They
have neither the allure nor the romance of
the wild horse in their favor but they have a
kind of dignity, by virtue of their survival in
this arid and ungenerous land. It 1s we, real-
Iy, who have changed the desert; the burrois
just doing what he has always done,

In this context | recalled a bleak stretch of
the Mojave east of Lancaster, The native
species of grass there have nearly all been
driven out, replaced by red bromegrass,
cheatgrass, Russian thistie, and several oth-
er exotics. The dilapidated For Sale signs of
land speculators wobbling in heat waves
along the highway make the landscape here
seem even drearier. How will we manage
the desert in the vears ahead? Will our wis-
dom in caring for it show to the same extent
s this power we have to rearrange nature?
And will there be a culprit as conventent as
the burro to blame if it doesn’t go nght?

One winter evening, on my last trip to the
desert, | drove down to Badwater in Dieath
Valley from Furnace Creek and walked out
on the playa. This is the lowest spot in the
Western Hemisphere, 282 feet below sea
level. I walked far out on the salt flat and
stood there until the last bit of davlight faded
from the western skv and the stars came out
The faint starlight was enough to see by, |
could not see my car, but I was not worried. |
could see the spine of the Amargosa Range
against the indigo sky, and I knew the notch
in that ridge below which memory had fixed
an image of the car as | walked away:.

Far out on the playa [ realized these walks
had become a habit. T went off arbitrarily,

up dry washes and out across the most
ordinary-looking bajadas. 1let myself be tu-
tored by the land, with the help of a few ani-
mal and plant guides and a handful of notes.
Without fail I would come on something re-
markable—a cactus, for example, called
dead cactus, because it always looked that
way. [ would walk into the sudden red bril-
liance of a vermilion fycatcher put to flight.
Or hear the low-throated booms of moving
sand dunes: One day near Iron Mountain 1
went out across the desert just to stare into
the Colorado River Agueduct, The contrast
between the cool, dark water and the sere
desert plain all around, nearly white with
the savage sunlight of an August afternoon,
wis extreme. The cavitating sounids of run-
ning water, headed for Los Angeles, seemed
utterly magical.

I remembered, standing there at Bad-
water, the words of péople who lived and
worked in the desert. *You're on the edge of
a drought all the time,” cattle rancher Gary
Overson had told me. 1 thought of what Ken
Norris, a legendary professor of hiology
from the University of California at Santa
Criuz, had said to students at the Granite
Mountains study center: “The most power-
ful thing you can do out here is face reality. ™
And I recalled the words of John Van Dyvke,
i turn-of-thé-century desert traveler. What
one seeks out here, he wrote, what finally
holds vou enthralled, is “the weird solitude,
the great silence, the grim desolation.”

Alight wind came acrossthesurface of the
playva from the northeast, I squatted down
and laid my hands flat on the ground. The
syrface was cool and gritty. A commons, |
was thinking, This fierce land, with its wild
flash floods, its resourceful plants and ani-
mals, s titanic reserves of quietude, its
many shades of purple, it2 cholla cactus that
snare afternoon sunlight and wear it like o
cloak, all thisis public land. A commons.

I fixed in my mind that point in the pitch
darkness where | thonght the car might be,
and started walking. ]

The lilac-blue air of the desert lingers like a barely remembered dream over
Death Valley, Here heat like the bréath of d furnace burns the air to réecord
remperatures. [lipsions inger as well. The air warps light. Improbable timages
appear: o phantom sea, rain, But reality prevails, This thory land, so rough
to the eye and foot, has a tender side, Abraded by man, {tz future (s not assured.

Nartional Geographic, January 1987
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ON THE \X/ORED

By SAMUEL W, HA'IT}[EM

\ SENIOR ASSISTANT EDITOR
" Fleeting phenomenon of an ice
| cave lures an explorer info a
remnant of the Muir Glacler in

mlh?:: Alaska. Creator and

destroyer, ice relentiessly molds
landforms and climate, yet can
fall with a snowflake's lighiness.

Wil AN 'H




lce as artist endlessly

t—'-"'.*" [5:*—5"7‘:"1""':'-":"":} Jr*5‘-“"'F'-i'--‘.'?I"-‘_'J"I..JFEJ.E
a beaver pond. below. 1o 105

gas bubbles rising from

decaying vegetation. A fallen

grass sprig locked In clear ice

blossoms with a feathery
crystal, below right, created

oYy escaping water vapor

Seeping through cracks in g
dying plant stem, walery sap
spreads an ley tutu, far rignt
Capped columns, ngnt, are
among the rare shapes snow
crystals assume as thay
interlock and fall to earth
their form influenced by

lernperature, humidity, and
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Warmed by a coat of ice, strawberry plants In central Flondao

ware sprayed with water when below-freezing termperatures
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wera [orecas!, [hus encased al 5271, Thay can survive wnihe



air temperature falls lower, Arctic animals live by ice's

insulaling power when they burrow into snow on winter nights,

as did the Inuit in their tfraditional igloos.



ICE

ON THEWORLD

T BEGINS, if it can be said to have any
one beginning, 1n the great storm of
early December, The jet stream dips
sharply south, and a huge tongue of
polar air shdes under warm and humid
low-pressure air all across the North

American heartland. Dense, blowing snow
all but obliterates pro football games that
Sunday in Minneapolis, Green Bay, Buffa-
lo, and Boston, The snow falls, and blows
into great drifts; for five days.

That winter brings a series of such storms,
more than anvone in the North can remem-
ber. In January the snowpack on fields out-
side Buffalo lies 17 feet deep. The white
blanket extends south to Mississippi, Or
ange groves in Flonda die as far south as
Okeechobee, There is ice on the Tenn-Tom
Waterway and the aqueducts of the Central
Arizona Project

Bv July it should have been only a memo-
ry—but it 1s not. Snow still lies in sheltered,
shadowy places outside Butte and Duluth
and Bangor. 1t is colder across the northern
tier than at any time 1n weather records.

And when the first snow comes again, in
late August in the high country, it falls on
snow from the winter before that has not
melted. It piles up faster even than in that
bad December. More of it comes, and keeps
coming, again for months

The TV weathermen talk about it con-
stantly. but 1t 15 the glaciologists who recog-
nize the signal. The Ice Age, which has
really not left the planet for two million
yvears, is reasserting itself. The warm time,
which has lasted less than 12,000 vears, is
over. The next great return of 1ce has begun

ASTHERE EVER REALLY
an age of e, long ago and
far away’

Yes and no. Yes, an lee Age
(the most recent. that is) did exist in the time

B4

of man on earth—Cro-Magnon man and his
k. Some [8,000 vears ago it buned more
than three-tenths of the world's land surface
under thick ice and mantling snow, And no,
the Ice Age, geologists sav irmly, 1= still with
us. We are living in onlv a shghtly warmer
spell of it

[ee scoured and heaped the hills around
New York City, fed the river courses that
meet at St Louwis, shaped the lochs and golf
linksof Scotland, gouged the Great Lake ba-
sins gnd Norwegian fjords, and even now,
by continued melting, is slowly raising the
level of all the oceans, Someday—soon, say
some climatologists, who think in millen-
nia—ice could creep south again over North
America to bulldoze away Chicago and
shove its wreckage o St. Louis.

Iee still covers one-tenth of all earth’s
land. Anentire ocean, the Arctic, 15 covered
withit, like asolid scumon a bowlof cold pea
soup, Huge domes of ice e atop Antarctica
and Greenland. Glacial riversof ice in Cana-
da and Alaska and on mountains evenon the
Equator help regulate earth's weather

The Alaskan glaciers have recently been
puzzling and bemusing scientists with unex-
pected, even startling, activity. While some
are retreating, others are surging forward.
Last spring the giant Hubbard Glacier
blocked the moith of a long tidal fjord and
turned it into a fast-rising freshwater lake
(pages 10~1149),

Ice not only crowns polar reaches and
towering mountains with white glory, it
also gleams as diadems from roof edges and

An oasis of fresh water on sea ice
quenches o Greenlonder’s thirst. Salt
witer freezes b 38.7 F. Az sea floes
thichen, gravity pulls bring from the
surface., The relatively fresher layer on
top can be sipped in summer or chipped
and melted in winter
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Freshwater islands, webergs fall from
wearfront glaciers and sail on keals that
form the builk of their moss {below)

North Atlantic ivebergs,

that sank Titanic

srch @8 the one
I'l."l'-ill'.' LIWHEY TTOm
Crreenland and Canada

Dye spr .,m on the face
of Antarctica’s Ross Ice Shelf (facing
page) locates a current meter gmplaced for
a study o

shelf mov have calved the largest berg

fice and sed infemoction. 1 ne

aver recorded—szsome 200 by 60 miles

sheathes forests and gardens in shimmering
crvstal, brings streams and waterfalls to
frozen stillness.

It menaces yvour daily life. Ite
on astreet or highway, ground ¥ &0
sink the -.h11-_'-.r-1: Lake Lo [-.||r=.[n-, Causeairee
or hailstones the size of baseballs to fall on
vour head. It can break vour waler pipes or
car's engine block, flood your farm, freeze
vour crops, cut off vour electricity

As seen from the moon or space, Lthe earth

blue. hrown, and Much of the
white is 1ce, whether solid, rime, snow, of

frozen clowud

T |-.||| Vi

white

REMARKABLE STUFF indeed.
Not only produce heat
while freezing and absorb it in
melting: it floats, because (un-

ke almost even substance) it e

1 ¢ a solid than as a liquid

floes 10

ll|||I':'
| I|'i'l-1 T &
If it wete not for this phénomenon, ce

'|

cubes dropped In a glass of water would go

straight to the bottom. Icebergs would not
float. Lakes, rivers, and seas would [reeze
from the bottom up. The world would be In
deep, cold trouble

Ice 15 one |
elegant substances. It can
atmosphere as snow
tals, ke fatry place m
any other.

Thoreau cailed snowllakes chariol
fallen from a battle 1n the ~1-'.:n' L
Job, Elthu said, "By the
breath of God tece is giv-
en, and the broad waters
are frozen fast

f nature’s most beautiful and
form in the
delicate crvs
its, each flake unlike

el %

w hioels

Ln et |r-|1.'1|J'- andd
lake=, ps winter atr drops
waler temperature Lo
gero degrees C (327F), a
thinskimofice glazesthe
surf The heat given
ip by crystallhization 15
nst to the air; the water

beneath 15 both shghtly

warmer and denser. [f

the lake is absolutels

still, the skim will rapid-

Iv thicken, forming a

Lransparent pane on the

'-iJ_[:.-'_‘._LI'_' T]il' ]II'IE'II.'i

creaks, even sometimes
as 1t freeres. In dayviight 1
appears as black as the water beneath

This black 1ce; skaters know, 1s the best of
all absolutely smooth, hghtmng
fast. If not vel too thick, 1t will undulate be
neath vou, vet salely hold you ~..r1:.'.'1r-l='.1-ll
acrass it I wind or curre
ice, or if snow falls upon it while treezing, a
white, softerice forms, full of air, rougher to
the skates, opagque to the eve. 1l cannol b
chaved ce! unless it melts
completely before the next freeze; that vear's
skating will be second-rate.

Séa ioe 15 unhke freshwater 1ce. Because
[u=1'-'f-m On
average), salt water does not begin freezing
until its temperature drops to minus 2°C
(28.7°F), Thenathinslurry orscum ol fresh-
walet ice crvstals Between the
crvstals, as they grow and interconnect, timy
pockets of brine are trapped and enclosed

Seaice thus separates fresh and salt water
tent. Newlv frozen, it may be only

[
proans souliully,

SLTONE,

nles th

down to black

of 1ts Ilj:ﬁlll'-.'l_".l. r1'.=,.1|t'-r:1|; {3-5
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Fighting ice with ice, an Exxon oil rig in
Aloska’s Beaufort Sea pumps out water that
freezes into bulwarks agoinst crushing (ce
floes: Standing on o steel mat anchored 60
feet down, the movable stotion reduces the
cost of Arctic oil exploration,

one<tenth as salty as the water beneath. As
the ice grows older and thicker, it becomes
fresher; the heavier brine migrates down-
ward, pulled by gravity

Eskimos know and make use of this phe-
nomenon; they melt the surface ice and jts
covering snow for drinking and cooking.
The Inuit, or Eskimos, have dozens of
wiords for different kinds of 1oce.

NOW THAT FALLS on land either
melts away entirely the next sum-
mer or becomes thicker year by
yedar, compresses by sheer weight,

and gradually turns to ice.

“Whenever and wherever oné year's
snowfall doesn't melt before the next vear's
snow, a glacier is born, " University of Wis-
consin chmatologist Reid Bryson reminds
his students. “If it goes on long enough and
widelv enough, vou have an ice sheet."

Such an ice sheet covered much of North
America's northern half in the time geolo-
gists call the Pleistocene (map, facing page).
The glacial ageé began more than 2.5 milhon
Vears ago, when man's early forebears, the
australopithecines, prowled Africa's plains.
[t was at ils most recent peak only 18,000
yvears ago, when Cro-Magnon artists were
painting cave walls in southern France.

In that human span of time the ice sheets
and glaciers came and went, waxed and
waned; the oceans rose and fell; extensive
areas of the globe were alternately dry land
and below sea tevel. The forcing mecha-
nisms for these vast changes are now be-
lieved to be slow variations in earth’s orhit
around the sun, its tilt 1n space, and stately
back-and-forth nodding of its spin axis

These so-called Milankovitch cycles,
named for the Yugoslav astronomer who
calculated them in the 19205, control the
amount of sunlight received by the twao
hemispheres in winter and summer.

Much of this theory 1s supported by deep-
seg sediments. Shells - of long-dead =ea

88

creatures can reveal the temperature of the
waters, both surface and deep, in which
they grew and died. Core samples brought
up by oceanographic resenrch ships can re-
veal as well just how much ice existed on the
earth in different geologic ages.

“Seabed cores are our library of the far
past,” marine geolpgist William Ruddiman
of Columbia University's Lamont-Dioherty
Geological Observatory said to me recently
“They tell us the earth’s past climate, the
movements of its crustal plates, where the
ice sheets lay, and why—in large part—Ilife
today is as it is,"

At different times in the past one million
vears, there must have been about three
tmes as much ice on the earth as now exists
in Antarctica and Greenland. The greatest
amount, the geologic record shows, lay
on North America, in the Laurentide and

National Geographic, January 19587




At its peak abour 18,000
vears age, the most recent
advance of Pleistocene ice
retrecated to prasent
locations by abour 6000 B.C. - : o Mg
Meltwater ratsed seq levels f o . — A EY
about 360 feet. Changes in

the earth’s orbit gnd spin

axis may trigeer the lce's

ebb and flow. Experts

differ ort when the next

major ice era might begin

GLACIATION TODAY

PRESENT LIMIT OF
| MULTI-YEAR SEA ICE
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Smashing property and prices, o July

| 984 hailstorm reduced the value of a
used Porsche 944 on a Munich, West
Crermany, car lot from 515,000 to 34,000
ibelow). In Texas a baseball-siz
hailstone put a major-league dent in
car kood (abowve), striking at perhaps 50

mitles an hour. Follout from violent

: . ) i & o o) L=t ik
WedtRer svstems., MOlisinmnes groii

onioniike layvers as theay poss through
clouds of supercooled water droplets
( Frozen single raindrops are called sleet,
a elose cousin.) Economic daomape from
hail in the U S, primarily through
destruction of crops, exceeds that
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Cordilleran ice sheets. Ice stretched from the

high Arcticislands south across what is now
Hudson Bay and the Great Lakes, down the
midwestern plains as faras today's Ohio and

Missouri River Valleys, and in the west

across the Yukon and western British Co-
lumbia to Puget Sound

In Europe an ice sheet covered the entire
Scandinavian Peninsula, the North and
Baltic Seas, much of the British Isles, and
extended from the Low Countries across
northern Germany and Poland into Russia,
There wasicein Siberia and, beyond the dry
Bering Strait, glaciers spilled out from the
mountains of southern Alaska (although
other parts of that far northern peninsula
remained strangely ice free).

The Pleistocens ice advanced and with-
drew, again and again. In the past million
vears there have been nine full glacial peri-
ods, separated by much shorter intergla-
cials, or warm spells. Each glacial period
has lusted about 100,000 vears; each inter-
glacial, as little as 10,000.

The most recent advance of the ice 15
called the Wisconsin glaciation in North
America, the Wiirm m the Alps, Atits height
18,000 yvears ago, it withdrew unevenly,
probably in two distinct stages of melting,
about 13,000 and 10,000 vears ago; glaciolo-
gists now think.

That marks the start of the Holocene, or
wholly modern, era. The world was warmer
at 6000 B.C., in the so-called Climatic Opti-
mum or Thermal Maximum, than at any
time since the previous interglacial some
125,000 years ago,

There have been bitter returns to cold,
wet times for mankind since then—{from the
second to the first millennium B.€., and
again beginning after A.p. 1200 in high lati-
tudes of the Northern Hemisphere, continu-
ing-until the mid-1800s. In the latter Little
Ice Age, glaciers grew again in the Alps and
southeastern Alaska. Viking colonies were
frozen out in Greenland.

Then the worid's climate turned warm
again-—warmer than in anv period since the
Climatic Optimum. From about 1880 until
present, temperatures have ranged well
above the average for the entire Holocene
interglacial period. Yet, in our self-centered
view, we regard our own time in history as
“normal.” It is anvthing but that.

foe on the World

OW THICK were the northern ice
sheets at the height of the Wiscon-
sin? In New England the ice had to
be at least 4,000 feet deep to have

covered the White and Green Mountains.
Over Hudson Bay and the ancient Canadian
Shield it must have beéen more than two
milesthick to have bent down and depressed
bedrock as much as 1,000 feet. The land sur-
face from the Great Lakes north is still re-
bounding from release of that great weight,
as is all Scandinavia.

When the melthack began and the release
came, it took relatively little time—a few
thousand vears. The land was unlocked,
changed dramatically by both the coming
and the going of the fce

The ice sheet left ground-up debris, called
till or drift, smeared wherever it had been. It
left ndges, or moraines, of heaped-up debris
along the farthest lines of advance; Long Is-
land and Cape Cod are two such moraines.
It left myriad lake basins, as in Wisconsin
and Minnesota; we-block potholes, called
kettles; long sinuous ridges of stream-
deposited gravel, called eskers; and curious
ice-molded hills, called drumlins.

And it left water—sheets of water running
from atop and below the ice, rivers gushing
from tunnels in the ice front, huge glacial
lakes such as Agassiz in Minnesota, Manito-
ba, and the Dakotas, and Bonneville in
Utah and Nevada.

These lakes occasionally broke out from
behind ice dams in monstrous floods. One
swept across northern Idaho and south-
eastern Washington and created the chan-
neled, tortuous scablands, Another came
sweeping down the Mississippi Vallev to
decimate life in the Gulf of Meéxico about
11,600 years ago. Year after year; century
after century, the flow of meltwater must
have been prodigious.

Az the ice melted from North America,
from northern Europe, from the icebergs
that spilled from Antarctica and Greenland,
the seas steadily rose. Measurements on
the continental shelves, on drowned zea-
mounts, on coral islands, all put the rise at
closeto 110 meters—360 feet. Intruding seas
dramatically reshaped coastlines, broke up
floating ice shelves, flooded into Hudson
Bay and the Baltic Sea, and left the facé of
the globe much as we see it today.

@1




Winter was harvesttime, when
neighbors came together to reap a
summer's supply of ice, before the erag of
widespread artificial refrigerotion. The
i tools still work for members of the
New Bremen, New York, Volunteer Fire
Department (top), who store ice to 2ell to
campers. After scraping snow Off Crystal
Pond, they use a power saw o $core the
surfoce—Hhorses pulled wee plows untu
eiirlv in this century—_then saw the
blocks &5y hand. Laovers of sawdust
tngulate the crop tn an Wehouse

The Chinese stockpiled (ce as eariy 0§
1000 B¢, Ancient Greeks and Romans
chilled thetr wine willi snow Rept In
straw-lined pits, though Hippocrates
thought "drinking out of 1ce was d
health hazord. Summer ice was a novelty
for wealthy I8th-century Europeans, bt
storage technigues in Persia were so
advanced that one traveler wrote, “the
poorest are enabled to have it

As tong-term storage tmproved, Ice
became increasingly available to
preserve food. The first “refrigerator
wias patented in 1793 by Thomas Moore
a Marvland farmer famed for detivering
hard butter in suimmer months, His
imvention was a cedar tub fitted at the
top with o tin ice tray and wrapped in
rabbit pelts for extra insulation. Moore's
widely read essay describing how cold air
sinks and circulates led others to design
kitchen iceboxes. The tong-wielding
icemen who stocked them (right) mefted
away in the 19305 with the advent of
electric refrigerators

Ice-harvesting cormpanics, which once
shipped theor wares as far as Caleutta,
aiso folded. The natural-ice industry had
already been crippled by competitors
who artificially froze ice through vapor
COMPression

In 1912, when fire destroyed o
Mountain [ee Company warenouse i
New lersev (far right), the surviving ice
wias atmply allowed o melt "as 1f wollld
not pay o prepare [t for shipment unde!
the prevailing (ow prices.” § e melting
toak weeks

Now caltering fo a [eisure society, the
L', &, pachaged-ice industry registers a

billion dolliars tn annual SQles







O GO BACK, to actually see what
the ice atop North America must
have been like, one can fly across
Greenland en route to Iceland or
Europe. Better vet, one can goto Antarctica.
Almost 90 percent of all the ice on earth
lies atop the Anmtarctic Continent; seven mil-
lion cubic miles of it (30 mallion cubic kilo-
meters). It rises more than two miles; at the
South Pole 1t 1s 9, 200 feet thick; at the Soviet
Union's Vostok Station, more than 12,000,
Amntarctica is literally a desert; most of it
gets less than two inches of snow a year, But
that snow scarcely ever melts—it just blows
from place to place and grows deeper.
From the loftv dome of ice deepin the inte-
rior, belind a wall of mountains that divides
the white continent diagonally, ice slowly
flows outward and down to the sea on all
sides. It escapes through passages in the
mountains to the ice-submerged archipela-
go called West Antarctica, and to the great
ice shelves of the Ross and Weddell Seas.
To reach the South Pole, on the high

inland plateau of ice, one flies from the main
. S, Antarctic base at McMurdo Sound, at
the edge of the Ross Ice Shelf, up the mas-
sive, fractured Beardmeore Glacier. On the
dark, gaunt mountainsides, striations and
narrow bands of glacial debnis, called lateral
moraines, show where ice higher than to-
day’s has scoured and scraped across in the
dim past. More dramatically still, here and
there run bands of lighter sandstones, and
amid them jet black streaks of coal
Antarctica was not always shrouded in
ice. Long before the Pleistocene, the conti-
nént was warm and held lush vegetation,
even forests. Only such organic matter, later
covered by warm seas and thick marine sed-
iment, could have produced the coal seams
that run through the Transantarctic Moun-
taing, some of the most extensive on earth,
Other startling evidence of ancient lanc-
scapes anid seaways near the South Pole has
recently been found high on these peaks.
Tree stems, roots, pollen, and tiny fossils of
open-water marine life have been identified
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“We are making ice by evaporation almast every night.” In the winter of 1828 in
Allahabad, "the oven of India," Englishwoman Fanny Parks described how witer
ladled into bowls set intoe the ground froze as @ result of cooling evaporation éven

when air temperatures hovered above freezing. Preserved in pits covered by thatched-

roofed huts, the 120 tons produced that yeir lasted {nto August. Today pond ice
hauled from storuge caves comes to market in Kashi, China (right).
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..|"| Chio State eeologmsts Peter-Noel Webh
Dravid M. Harwood, and John H. Mercer as
being two to four million vears old, from the
Pliocene epoch. Yet up to now it has been
thought that ice lay deep on Antarctica as
evien 30, mi

The shrub wood ({ollowing page) grew an
rJJi-‘ ]l.'.|||-:."- .lllli -|I||-."l."‘; ||:'- :'.l.ll-]!ll:' SLTFATTLES -:1-I|

long as 15, lion vears aco

lakes during several interglacial periods, the
researchers suggest. In reiatively
warm times, great open seaways may have
reached deep into the Antarctic interior, and
the great central 1ce mass may have retreat-
ed to much smaller 1ce caps and high alpine
glaciers (diagrams, page 97)

When, as in the Northern Hemisphere,
the central ice sheet began growing again, i
must have scraped up the tiny fossils from
the floor of an inland sea and carried them
high into the Transantarctic Mountains

Or did the mountain range, the mightiest
in Antarctica, also lurch and nse upward
thousands of feet? If it once was lower, less

ce would have been needed to overnide it

| f1se

fce on the Waorld

['he polar vegetation found on the Banks
of the Heardmore (rlacier late 1n 1985, say
Webb and his colleagues, must have grown
along the edges of the ice as it advanced and
retreated, melted and returned, in a tme
much warmer than today

| husthe microfossils from the sea and the
ancient wood fragments require 28 major and
radical rethinking of Antarctica’s long gla-
cial history. Itsice cover must have been un-
stable, subject to massive advances and
retreats much ke thiose of the northern half
nf the globe

STHE 1CE on Antarctica today shrink
ing, growing, orin balancer Un this sub-
ject scientisi= are deeply divided. Most
'i.'lllr. -'!II"- -'I:'TIJII:-. |i.-!| ot :-u.llll'.'r . .lfll-i -u.-l:-.

| take vears, if not decades, of further

T'he outpouring af ice from the high inter-
or down to the coast, feeding the great float-
INg ice shelves, seeminely keeps Antarctica's
ice cover in balance. "But that balance may




be illusory,” savs glaciologist George H.
Denton of the University of Maine

Denton and his colleague Terence J.
Hughes are authors of a monumental study,
The Last (rreat fce Sheels. In it they discuss
what might happen if the West Antarctic ice
sheet, resting largely below sea level, were
to “collapse,” or melt iway entirely.

“The edges of that ice sheet have clearly
retreated.” Denton savs. *We sce it in the
Ross and Weddell Sea embayments and on
coastal mountains poking up through the
ice, like so many dipsticks in reverse.”

Ian Whillans of Ohio State, studying great
ice streams that drain the broad West Ant-
arctic ice sheet, agrees: He sees thinning of
ice on both sides of the Transantarctc
Mountains: Denton, conversely, thinks the
main East Antarctic ice cup is growing
thicker. He cites increased snowfall brought
on by a still warming chimate. The paradox:
warmer times, more snow and ice

Oddly enough, in that much warmer time
before the truly polar Pleistocene Ioe Age be-
gan, the Fast Antarctic ice sheet must have
been far thicker than today's, Denton says,
As it grew, pushing perhaps through Peter
Webb's inland seas, the ice left marks on the
very tops of the Transantarctic Mountains,
above 14,000 {eel today.

If indeed the central ice sheel 1= again
thickening, that growth may be matched by
outflow of glaciers, by calving of wcebergs
from the ice shelves {recent Norwegian stud-
ies show more bergs being produced than
previously assumed), and perhaps by melt-
ing underneath the ice shelves,

Hughes and others have calculated that a
total collapse of West Antarctic ice, with the
ice shelves gone, would cause a rise in sea
level worldwide of four Lo six meters—14 to
20 feet—in as little as two to bve centluries.
But if the iceé shelves hold, says Denton, the
spiecter of collapse of Antarctic iceand a cat-
astrophic rise of sea level seems unlikely

Though worried by continuing increase of
carbon dioxide in the atmosphere, leading to
even warmer climate ahead, most scientists
putthe possible rise in sea level, largely from
expansion of warm seawaler and the melt-
ing of Northern Hemisphere glaciers, at
only one to two feet by the year 2100,

After that, as polar ice grows thicker from
more snowfall, sea level may fall again.
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RILLING DEEP into Antarctica's

e 1s & way for chmatologists to

read the far past. Such work in

Antarctica was undertaken by the

United States in 1967-68 at Byrd Station,

where a core drill went down 2,164 meters

(7,101 feet) before it hit liquid water near
bedrock, then froze fast.

In 1970 Soviet scientisis began dnllimmg at
Vostok Station, high on the inland ice cap in
East Antarctica. In 1981-82 French scien-
tists reached more than 900 meters beneath
a point named Dome C, near the center of
the huge ice cap. And since 1980 the Vostok
ice drillers have bored through more than

1 MADE 1N 184, 2 3
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2.080 meters of the 3,700 meters (12,140
feet) of the ice under the station.

“The Vostok core is the Oirst to cover,
completely and unambiguously, the entire
last 150,000 vears of earth’s ice-age cycle,”
French glaciologist Claude Lorius reported
in 1985, after working with Soviet scientists
on theice core. "It clearly goes back through
carth's previous interglacial warm period,
cilled the Eem or Sangamon, and well into
the ice age before that.

“That previous interglacial was similar
but markedly warmer than our present
warm spell, the Holocene,” he told me mn
Washington, D). €., a few months after re-
twrning from Antarctica in 1985, “The be-
ginning of the previous warming was as
sharp and extensive as was the opening of
the Holocene, between about 10,000 and
8,000 years ago.”

The Vostok core, somewhat surprisingly

National Geographic, January 1987




REMIER LABORATORY

for degp-freeze seience,
Antarctica holds nearly 90
percent of the world's ice. Seven
millian cubic miles of ice as
much as two miles deep mantle
East Antarctica and the West
Antarctic archipelago (below).
In the Beardmore Glacier
region recent discoveries of

nonfossitized wood (Teft) and /

marine fossils perhaps four
million vears old challenge o
theory that a thick ice cap has
existed there for at least 15
million vears. The finds suggest
that the sea flowed through the
continent’s interior and
vegetation grew on the flanks of
the Transantarctic Mountains
1 during @ more recent warm
interglacial period. As
temperatures cooled and (ce
advanced, fossil remains may
hove begn thrust up the face of
the range 2. The mountains
may also hove risen thousands
of feet, carrying the artifacts to
their current location 3.

Two million years ago S
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[ce's handiwork can be as annoving asa
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to Professor Lonus, does not hold evidence

of morevolcanic activitvon earth during the

past glacial age and previous interglacial
than in modern ttmes. But the volcanic dust
seen there, as in cores taken from the (xreen
land ice cap, has given a precise and dramat-
ic record of many great volcanic events ol
the distant past

N 1980-81 Danish, Swiss, and Amencan
scientists penetrated more than @ mile
deep at a point named Live 3 in southern
Greenland. From winter-summer vari-
ations in the preserved frozen core, the drill-
¢rs can read vear-byv-vear weather {or the

past 11 Q00 vears

['he massive eruptions of the volcanoes
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Lakiin Iceland in 1783 and Tambora in the
Fast Indies in 1815 are clearly iwlentifiable
near the top of the Dye 3 core. The latter pro-
duced thé notorious " Year Without 2 Sum
mer in New kEngland in 1816, when crops
froze and snow fell in July and August

sequences of heavy summer melting from
A.D. 950 to roughly 1200 confirm the world's
warmih during the time that Vikings settled
and thrived in Greenland, before the cold of
the Little lee Age [roze them outl. (From
about 1200 until the mid-1800=, world cli-
mate was colder than at Any ame since the
last deglaciation. )

Fven deeper in theé core, volcanic acids
show that an eruption must have darkened
skies over Rome the yvear Julius Caesar was

(e o e World
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killed In 44 B.C. A blast in 1390 B.C. may
nave been one of several that spelled the end
of the volcanic isle of Thera in the Aegean
On back through time, the Dve 3 core
nves absolute dates to unwritien events:
4401 B.c. Explosion of Mount Mazama in
Oregon created Urater Lake
* 7011 to 7090 B.C. Seven different great
eruptions occurred somewhere on earth
* From 25,000 down to 10,000 years ago,
high amounts of wind-blown continental
dust marked the last glacial maximum in the
Northern Hemisphere, before the start of
global warming in the Holocene
Analyses of a previous deep lce core taken
at Camp Century in Greenland provide omi-
nous evidence that the last interglacial may

a9




have ended suddenly and dramaticallv. A
brief, sharp cooling was followed by tem-
peratures only slightly lower than today's
But both 1ce and seabed cores show it took
only 5,000 to 10,000 vears for e sheets to
build up on the earth—some 25 million cu-
bic kilometers of ice, with a corresponding
6H0-meter (200-foot) drop in world sea level
Could it happen again? And that fast, in
the statelv turning of the geologic calendar?

AST OF GREENLAND, which is
no longer green, lies Iceland, an is-
land of volcanic fire and ash more
than of ice. But it does hold one of
the largest ice caps outside Antarctica and

ok .
Wiggling thirough tiny air pockets in an

Alaska glacter, an (nch-long icg Worm—
Mesemchytroeus solofiugus, once thought

to b mythical—feeds on algae and pollen.
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(rreenland, named Vamajokull. Lyving un-
derneath Vatnajokull is an active volcano,
Grimsvitn, And beneath the smaller
Mirdalsjokull, not far to the southwest,
is another, Katla.

1 have twice been to lceland to see these
glaciers, and to drive across vast outwash
plains of black sand and ground-up lava be-
tween the ice-locked mountains and the cold
sea. With an Icelandic glacier expert, Helgi
Bjirnsson, | talked of what happens when a
volcano exists under a huge sheet of ice.

“There 15 what we call a2 jeruiniaup—a
glacier burst—and it 18 nothing to be in the
way of,” he said. “At least 13 have occurred
from the Grimsvotn region of Vatna since
16555, Katla produced a catastrophic one in
1918, more water than the Amazon carries
burst forth and fowed to the seda for only a
few days.

“These floods shape much of Iceland's
south coast. "T'hey keep stretches of it all but
cut off from the rest of the countrv because of
the washout of roads on the coastal plain.

“NVatna bursts about every two years,
with a bad one every five vears. In between,
geothermal heat beneath the ice builds up a
big pool or reservoir of meltwater, as much
as athousand feet deep. A ridge of rock holds
it in, until suddenly it breaks open a channel
under the ice, sometimes 30 miles long. "

Helgi told me of an ambitious pilan Lo end
the Grimsvotn floods. After a future burst,
when the glacier pool has drained to its lowe-
est, & tunnel “the size of my office” might be
drilled through the mountain ridge, he said,
to carry off gatherning meltwater and prevent
another outburst

ROM TALK of a volcano meltwater
tunnel inlceland, Ttraveled to a high-
way tunnel being bored throurh a
mountain beneath the largest glacier
left in Norwav, Jostedalsbreen.

Much of wesi-central Norway is cul off
from the populated south by deep fjords and
the glacier-capperd mountains above. Hoats
and roundabout roads provide the only way
to reach towns and farms isolated by ice: But
adream of decacdes was nearing reality at the
head of a lovely fjord and farm community
named I jarland.

“We'll be driving our cars 4,000 feet be-
neath thesurface of Jostedalsbreen when the

National Geographic, Jannary 1987




tunnel is completed.” said an old friend,
glaciologist Olav Orheim of the Norsk Polar-
institutt. A veteran of research journeys to
hoth the Arctic and Antarctic, Olav for
viears has helped his family operate a sum-
mer hotel at Figrland. Its name, the Mun-
dal, is not only that of the oldest farm in the
valley, but also—as anglicized—that of for-
mer Vice President of the United States Wal-
ter Mondale. whose family came from there
Ulav and | and EQGRAPHIC photogra-
pher Otis Imboden flew by floatplane over
the heights of Jostedalsbreen, under clouds
anly & few hundred feet above the glacier
surface. Down the tumbled, crevassed spill-
wavs of ice wetwisted and turned, following

ancient scour marks and moraine lines on
the mountainsides, Finallvy we landed on the
ink-dark water at Fiaerland.

“This fjord drops to more than 3,000 fest
deep at its mouth,” Olav said, “and once it
held solid ice up to 3,000 feet above us."

LIVING DIORAMA of the Ice Age
in the United States lies in the gla-
ciers of Alaska’s southeastern
Panhandle and the Chugach,
Wrangell, and 5t. Elias ranges between An-
choridge on the west and Yakutat to the east.
Amid mountain scenery as spectacular as
any on earth, the glaciers spill down from
saunt peaks, flow together, and fan out in

il AL el R e PeEs .

A crimson tide of summer-blooming algae tints a glocier tn the South Cirkney
[slonds. Common throughout the world, these one-celled plants form o vital first
link in polar food chains, Discovery of brown algae on the underside of Arctic {ce
flogs renews conceérn about the effects of oil spillson the environment.

foe aon the World
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Frozen archive of weather reports, the 50-
meter face of the Quelccava Ice Cap in Peru's
Andes displays annual layers of snow
separated by dry-season dust, A 165-meter-
long ice core, taken at the ice cap’s summit,
holds 1,500 years of climatic data. [ce cores
from Greenland and Antarctica troce
conditions as far back as 150,000 years, But
Quelcoaya offers a rare record of eguatorial
weather patterns, such as El Nifio, which
can wreak global havoc
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multistriped jce fields along the Gulf of
Alasks Fach black stripe of glacial debris is
a side moraine {rom a different ice river.
Count the stripes, and vou know the number
af glaciers feeding the final broad icestream

ODceasionally a glacier will “surge™—a
technical term to glaciologists, transiated in
popular jargon to “galloping.” The ice sud-
denly begins flowing far faster than normal,
grinding and pushing downhill at speeds of
tens, even hundreds of feet a day

I went to Alaska in 1982 because a well-
known glacier immediately adjacent to the
Hubbard, the Variegated, was in early
stages of a surge, Glaciologists from the Uni-
versities: of Washington and Alaska, Cal-
tech, and the Swiss Federal Institute of
Technology were camped on the glacier
with 1ce drills, theodolites, and other gear to
record the ice nver's gallop forward. 1t had
begun only a few weeks before.

“Onar thinking is that a glacier that surges
has changed its internal plumbing system,”
explained Barclay Kamb of Caltech, a
friendly, articulate ice scientist, “"Meltwater
at the base, blocked inits normal escape pas-
sages, builds up pressure until the friction
between ice and rock is nearlyv overcome, al-
lowing the ice to slide downhill much faster
[diagrams, pages 114-15]."

Day by day 1 could sense it moving—
hear it and all but see it. Along the edges
of the Variegated, creaking and groaning
and booming of tortured ice gave loud
proof that the frozen river on which the
seientists were camped was indeed lurching
downhill.

“We can measure not only the surface mo-
tiop—between three and twenty feet a day
right now—bul also what s more Interesting
to us: pulses of water pressure traveling un-
derneath, In a series of drill holes through
the glacier, we are recording pressure waves
moving as fast as 1,000 feet an hour.”™

The surface of the ice was also rising and
falling slowly, like the back of a massive cat-
erpillar, measured by precise instruments
mounted on high promontories and chiff
ledges above the glacier. Water flowed
through deép crevasses in the glacier and
gushed in a milky freshet from its snout.

When British explorer George Vanocouver
sailed this coast in 1794, ice entirely blocked
the mouths of several of today's deep,

Narnonal Geographic, fanuary 987




winding fjords—among them, Glacier Bay
sputheast of Yakutat, He saw that an inlet
existed there, but he could not zail in to
prove it. Today ships as large as ocean liners
call regularly in Glacier Bay—call with their
great homs oty to bring down ice cliffs in
thunderous collapse

Muir Glacier, from the pointwhere famed
naturalist John Muir =aw it in 1879, has
retreated an additional 30 miles, nearly
doubling the extent of the ice-freed bay.

NOTHER ICE RIVER in Alaska i
in the process of doing the same
thing: Columbia Glacier, just

west of the oil-pipeline port of
Valder., Its towering ice chiffs front on deep
water in Prince Wilham Sound. There it has
stood, calving icebergs and smaller chunks
called growlers and bergy bits and brash ice,
for hundreds of vears.

It has, that is, until 4 few vears ago, Then,
for reasons best known to the gods of ice and
sea change, the cliffs began spawning more
webergs and inching back off the glacier's
doorsill, its terminal moraine.

NATIONAL GEOGRAPHIC photographer
Joe Scherschel and I visited Valdez in 1982
1o see the Columbia as its retreat was accel-
erating., With a grizzled, friendly glaciolo-
wist named Austin Post, we flew over the
Columbia and down along its face in an old
Cessnn. From the plane’s open door we
peered straight down and full face at a great
embayment in the ice front. 1t towered 200
to 300 feet above the water, Loose brash 1ce
and bergy hits clustered at its face, but re-
markably few large icebergs.

Four vearslater the scene 4t the Columbia
was far different (following pages). The gla-
cier's face had moved back more than a mile
and a half. In front of it, trapped between
the glacier and its former submarine =ill, lay
a jam-packed apron of lcebergs, floes, and
bits—loose ice that kept any ship, no matter
how large, from approaching.

“The Columbia went buck fast the first
couple of vears,” Austin told me. “Now it’s
thinned down somewhat and miy be paus-
ing before it begins breaking back again.
But since the terminus hes in deep wiiter
|measured in September at nearly 1,000
ieet], we think it will confinue to retreat
rapidly.

Iee on the World

“Exactly the opposite is happening to the
Hubbard. While the Columbia draws back,
the Hubbard may be undergoing a major
advance, heading back down its bay toward
where it stood hundreds of years ago.

“Why? Tidewater glaciers such as these
seem to follow long-term cvcles of advance
and retreat. They do not behave alike or in
phase., Their changes relate to dynamics of
we movement, different shapes of their val-
ievsand snow-accumulation areas, and con-
ditions at and under their faces.™

Extraordinarnly heavy snows of the past
three winters in southeastern Alaska, from
1983 to 1986, may be forcing the Hubbard's
advance, says Dr. Maynard M. Miller of the
University of Idaho. For 40 years he has
stuched and recorded glacier activity cen-
tered in the Juneau Ice Field

But other glaciologists disngree. Many of
them see little connection between local
weather or short-term climate changes and
the behavior of these great ice streams that
end in the sea,

HUS GLACIOLOGISTS watch
and measure and ponder: Under the
inexorable Milankovitch cveles of
earth’s solar orbit, will the great
continental ice sheets again begin growing?
A hundred, a thousand vears hence, will the
ice have returned?

Certainly the planet’s climate will change
in coming millennia, say the scientists of a
study called cLiMaPr—an acronvm for Cli-
mate: Long-range Investigation, Mapping,
and Prediction. The Northern Hemisphere,
overall but particularly in high latitudes, ap-
pears already to be cooling, after a century
and a half of abnormal warmth.

On the other side of the equation is man
himself. Will we, by our profligate burning
of hydrocarbon fuels, intensify the green-
house effect of excessive carbon dioxide in
the atmosphere and delay the natural plane-
tary cvoles Will the present interglacial
thus become even warmer, and the oceans
continue to rise, as the ice sheets of Antarc-
tica and Greenland pull back and turn to
water? Or will the ice caps grow and spread
under immcreasing snowfall, and the seas
begin to fall again?

Stay tuned for the weather hroadcasts of
the next millennium. []
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Alaska’s two mightiest glaciers that meet

lnaewater, the Columbia [overleaf ) and the
upbard (following pages), are racing in

uBDare
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naarty wias lost on a bluff sharpl;
undercut by the food

Larry Mayo, glaciologist for the U7, 8
Geological Survey, earlier had predicted
the dam s foilure. The night It gave way
he was camped high on Giubert Point in
a suttabiy supernaiural abmosphere
Dlowing rain, snow, and fog that croated
g stafic discharzge of "a blue flame, S
Bimo's fre, off my fingers, radio
antennas, and cameras. " He hod been

awakened 0y "a roartng and booHing,

Crfaciers on the Move

punciuated by the expiosive sound rhat

larpe icebergs moke

Muoyvo later calculoted the peak outfom
at more than 3.5 million cubic feet a
second, 35 times the flow of Niogara
Falls, gushing out at 35 miles an howr
Standing waves towered 10 to 30 fesl
The volume of tee released egqualed 15
rimes the size of the Great Pyramid of
Cheops, "I don't know 1f I'tl ever apain see
arrythiny e that much energy released

at one time, " sayvs Mavo




SNOW TO ICE

Water seeping through
accumulated snow graduslly
forms horitontal “'lce lensas
and vartical "'glands.”
Evantusily the whole mass
compresses into a deep

ped of dense we

S g
GLACIER BE
Glaclers mova by shiding over
bedrock or underiying gravel and

rock debris. Water lubricatior
ig crucial to arfthgr proceds
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Anatomy of a tidewater glacier

GLACIER, simply put,

is & slow-motion river
of ice. It flows from high
mountain peaks through rocky
vallevs, carrving off unmelted
spow that has compacted
OVET many yers into a solid,
Creeping e stream.

The ice flowslike a
convievor belt, driven by
gravity and the cver
mounting snows behind
it in an area called the
arcomulation 2one 1. In the
lower region, or ablution zone
2. the glacier loses ice through
melting and evaporation. An
equilibrium line 3 divides the
two areas. I their budget is
balanced, with enough new jce
added to replace the loss, the
placier 1s stable, with little
advance or retreat. If the
balance s tipped, it shifts
accordingly,

In Alaska only o few
glaciers reach the sea, pushing
put across the floor of a bay,

Dramatic speed can ocour for short
perods in normally slow-moving

glaciers. I'n o phenomenon called o surge,
they con race dt ten to a hundred times
their normual rote. When not surgmng A,
the glacier contains cracks and funnelds

fjord, or seacoast. T he
advancing ice scrapes and
grinds the bedrock, boulders,
and gravel beneath it and
pushes nhead of itself a ridge
or termnal moraine 4 of rock
and earth. A tributary glacier
5 sometimes joins the main
flow, adding a stripe of
muoraine debris 6. The
terminal, or toehold, moraine
helps to anchor the glacier’s
tace. There the 1ce, melting,
rictured, and battered by the
tea, hreak< off as iceberpge—
a process called calving f-—
balancing the flow of ice
from behind,

Below the equilibrium line,
s the glacier nears its end, its
surface thins and stretches and
breaks mto o mosaic of
creviasses 8. Meltwater flows
through hidden channels and
tunnels, reaching the base of
the (ce 1o lubricate its flow and
pouring from under its face in
o silt-loden cloud 9

that dratn off meltwater, If this system

iz gomehow hlocked B, water
pressure coan it and
lubricate a part of

the ice stream, letting

it slide rapidly dowrthill
G, The glacier heaves and
undulates [(he a moving
caterpillar. The surge can end

suddenly D, as the blocked water

gushes out at the face. Such

dewrward gallops ocour in only g small
per