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A Core Matter:
THESE TWO SCIENTISTS
ARE INTO VOLCANOES

iY i m Ui T O Rl

Lava fountsin, Puu 0o, Hawaii

BILL BRYAN

ill Bryan is a decp-sen volcanol-
Bugi:l at Woods Hole Oceano-

graphic Institution {'W.H.(LL).
Although he has studied volcanoes
intently for more than thirty years, he
admits frankly, “We still don’t know
how they work. How volcanoes turn
themselves on and ofl 15 not well
undherstood.”

Until fairly recently, scientisis
thought there weren't many differ-
ences between ane voleano and anath-
er. “Mow we know that there 15 a
whaole spectrum of volcanic activity,”
says Bill. For instance, “each voleanic
mland has its own personality. Some
are remarkably con-
stant—wvery predictable,
Crthiers are totally unpre-
dictable.”

Moy o has ever seen
a decp-sea wvoleano
crupt. “We've been
close, but we haven'n
actunlly seen that red
stuff (lava) coming out,”
Bill says. “We think
erupiions of deep-sea
volcanoes are wvery
benign. We don’t think
there are wiolent explo-

2

sions. Ome regson is that the pressure
of the water on top of the voleano
would reduce the chance of explo-
L10Nns,

Hill has seen many volcanoes erupl
on land. “It’s a wonderful show,” says
Bill. “It's good, or better than amy
Fomarth of July hiresorks 4!|5:|'|I:|v " Hul
the actual cruption of any volcano is
nof a5 important to Bill's work as you
might suppose. “From the scientific
pont of view, we bearn more after it's
il ower, when thlnp_x have coxsled and
we can go and pick up the rocks.”

Back in the lab, Bill studies the
riscks he's gathered from enderwater
angd above-ground voleanoes. He ana-
Ivees them fo try fo understand what
miade them.

Rill's studies of vobcanioes have car
ried him all over the world, He has
dived many times in Alvin. He has
often visited the mid-ocean ridge in
thie Atlantwe, and a mlg_:'. m the Pacfic
called the East Pacific Rise. Soon, he
will travel to Hawail to study the
Kilavea volcano, “Parl of this volcno
looks o lot like & |'|Ia.|;r;' wewve heen
working on at the mid-scean ridge in
the Atlantic and parts of one lava flow
there Lok like things we've seen on
the Pacilc sealloor,”

Hill 15 imterested m volcanoes on
other plancts, as well. He's excited by
satcllite photos he has secn of a vol-
caivn o Mars that is 0,000 feet |1|yj|.
“1t's o spectacular thing,™ he sivs

Studying active volcanoes on land
and bencath the sea has brought Bill
plenty of chose calle. He was on Mol
sl Helens jusi a couple of days before
it erupded in 1980

(2w S M G R e ol e ]

B#l Bryan leitl, Bob Ballard

reas| arnd Jim Mioere iright) study deap
s bakall on the deck of Lule,

He had another close call in
Hawaii. "] was standing on an active
voleamn,” Bill recalls. “It was spectac-
ular! Lava splashed all over the place
The following day, the volcano's
crater completely collapsed in on
sl Iwasn 't as o |owas dosmg some
Ihlng \Iupn,!. 1 was '\-IiI:I1|.|II'I!_" 0 ik |_1|:-cnl._
saffic place, where lots of scientists had
made their observations. We all live
dongeneusly. Volcanoes are [ascinat
ing ar lernfying, depending on your
poimn of view.™

Cretting f0 deep-sea volcanoes car-
rics its own special risks, “People ask
me il it's dangerouws 1o dive in b ™
says Bill, “But most of us who dive in
the decp sca agree that it's not any
more dangerous than driving o
Baston on the Southeast I'.u:|'|n_'\'.'.v.u'.

For a description of another of
Bill's very close calls, see page 3
STAN HART

ke Ball Bryan, W.HLCh L J_y._:ul-:'-

I gist Stan Hari wanis to under-

wtand how volcanoes work, par-

trcukarly, how magma arrves at the

surface, amd from how deep beneath
the suface.

Beneath the earth's crust lies man-
e, loyers of risck (see paje 5). For
some reason not yet completely

understood, at some places this man-
iz poves up Lo the crust in colummn

Stan Hari 8f Bhe controls of &

1 mass spectrometer,




cilled '|'\-I|.|:|1'||.'.~. I'hese plumes of solid
mantle melt when they get within
about 50 miles of the earth’s surface,
“1 want 1o know how deep in the man-
e these |'||||:mf_'5-. |||:ip:i:||.|l!|:." LEYE Stam,

T try 1o fined oat, Stan studees U
chemical composition of magma from
valcanoes around the world. He
|'||_Ip|;','!-. {".-'r:ntu:ullg.- 0 OFganEe Magma
by its source, a little bit like the way
bsologists organize plants and animals
into species. Stan compares his work
o that of hinlogists who study DNA,
the genetic code of plants and am
mals. “We're trying to ligure out the
genetic onde of the planet,” he says,

How does Stan study the geochem-
ig.l_r:,. of mil_gmil'-' He takes a rock that
comes from a particular voleana, and
grinds it until it kooks like “dusty tal-
cum powder,” The powder is dis-
solved in acids. *We're looking for
lead in this powder,” says Stan. “For
every gram of rock we dissolve, we
find one millionth of a gram of lead.
That fragment of lead may contain as
meany as three trillion atoms.”

This sub-microscopic fragment of
bead i pul od a filament. Electrical
currenl is passed through the fila-
mient, which ionizes the lead (charges
it electrically). This charged lead is
put |h|'|1|.|gh il mass speciromaencr, a
device that does an 1.::Iil.r|.'|n1.'|:r
detailed analysis of the lead fragment,
examinmng il atom by atom.

“When we understand the compo-
sition of thse t|'h;.|;k_ o lend,” says Stan,
“we can begin to create o fingerprini
of the particular magma from which
the speck of lead rose.”

THE DAY ALVIN GOT STUCK

|_'|J|'.;:gh':|. il Brvan o
G.l'mr Moore of the Ulnited

Suwrer Geological Suneey
were diving in Alvin on the Mid-
Ailantic Ridge in 1974 , with Jack
Dosrnelley as their ,'.hil'l.lr. ?Tle'gi"-l'-'f-
ogisty were sfudying lava forme-
fiovns, They wamied do find a spo
on the seafloor where the waler
remperainre was a e warmer
than el They thought they
mright fimd i warmmer warker i d
.f|'5'.'.'4.r.e'_ a lorge, ;.'.'r'p crack i e
sea floor, 5o, they wend oking for
ome, This excerpr from Water
Bakwy b Fiickorma AL Kabiard, dhirws
hens fine scresdists | crriastly meanly
ol thern pheir ves

“Look at that!™

“Oih...this s one we can go
o i, ot's S0 beg.

“Let’s do that,”

“The time is 1409 [2-:0% pm)|
and we are in the fissure. The
widdth of the fBsure..”

“Oh, my lord, the size! Look
at that thing!™

“We've sunk down, oh maybe
sy feet into thas ssure...”

“Depth is 1552 meters K373 feel].
We seem 1o be touching both walls,
The widih s, ah, aboui twelve feel.
The width of Alvin., Well...that's
funmy.”

“Alvin, this is Ladu,” an impatient
[Robert] Ballard said from the sur-
face, |H:|Il:u'|.l. thie W.H.CLL F{L'l.ﬂl.'lgih[.
WHS mu,lnitl,lring Aivin's dive Trom the
deck of the mother ship, L | = Are
you still at station four? Better gei
undler way, Mission lime is ruAning
out.”

“We're trying.” Jack Donnelly
rephied. “We don't seem to be able 1o
rise.”

|§|.r3.-,||1 later recalled: “'Wheén we
crosscd large fissures, we thought, ges,
maybe we could actually get down
insade one of these things. We circled
this Fesure that looked hke it had
plenty of reom, more than enough
rosam for ws. So we swung around and
sl tbegl dovwen o it a8 far as we coubd
at the widest end,

“We sat there for a few minutes
b see o the thermal sensor picked up
o temperature [rise]. It didn'L So we
sampled some rocks and then deaided
io move on up the fissure o see if
there was anything there. Jack tried to
lift the suh, [t wouldn't go .a1r|:|-'|l.'|1|.'|l.'.

“It was a r{'.'illg. '\.T\-cmh' feeling. We

In spite of many salety precautons
diving in Aivin carries risks.

wou b gO up mavhe hall a meter and
feel the sub bump against something.
Jack tried everything, ap, forward,
back, amd we hit something cach timee,
ik kru'm-lng what it was. [1 was as if
5.|_l-|'|1|_"|1|_'||_'|:| put & hlg |l o ws.

When Alvin circled the fissure
before descending, Bryan and Mosore
b taken detasiled motes: their recond-
e observations sved their lives. The
fissure widened to the norh..... They
deduced that the current ran from
north 1o south, As Alke descended
into the crevasse, (he currenl must
have pushed it toward the narmow end
and o the side because the subma-
rine's nose pointed northwest,
Donnelly reproduced each movemeni
in reverse, taking more than b hours
s inch Aas up out of the crack,

“We're clear and under way again
and p:':_'u_'cu_u.!ing to oor néxt “ation,”
Donnelly said into the endersater
lelephane.

Those at the surface, especially
Alvins other p'il.::-lt._'.!.'hn AT -.!ruggh.-;l
o keep up & constant stream of calm
words 1o those in the trapped subma-
rine, could hardly belicve the thres
men wanted o continue the dive.

From Water Baly v Frovora A Kb,
Chifiory Limiversity Press, [554
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pnw" l:l-l nrupt]ng 'm!ca-
noes, Mo one has ever been able
to predict when o volcano will
erupt, but because of the theory of
plate tectonics, scientists today
can explain why there are land
and sen volcanoes.

This theory states that the
earth’s outer crust is broken into
abour 20 separate pieces, called
tectonic plates (from the ancient
Gireek word fekfon, which means
hul]der: The thick, :I'li_llll ln:l..[:mu..
ﬁualﬁ fit together like picces in a

pe puzzle. According to the the-
ary, about 200 million years ago,
these plates were all connected o
form one gigantic land masy swe-
roanded by one ocean. Since that
time they have been moving 1o form
the separate conlinenits and
occans we know today. The
fastest-moving plates creep along
al u speed of up to two inches a

year, about as last as one of your - |
fingernails grows. L

The action of moving plates has
created many spectacular feotures

iailt when two tectomic plates
gradually smashed into one anoth-
er over millions of years, Where two
plates grind against one another,
earthquakes may be common,
such as along the 5an Andreas
Fault which runs near the wesi
coasl of Californin. Most volcanic
activity takes place at or ncar the
edges of tectonic plates.

Because most of the earth is
covered by ocean, most of the
plates are covered by ocean. 5o
most volcanic activity on carth
takes place on the ocean floor,
where lava rises from deep
cracks between plates. Where
plate edges spread apart, moun-
twin chaing called mid-ocean
ridges form, Where plate edges
move together, islands, moun-
tains, and lund volcanoes form.

MID-OCEAN RIDGES

Mid-ocean ridges are built in part
lava that oozes oul of cracks in
the sen floar where two plate
edges are spreading apart. These
cracks may be thousands of miles

.I.ul;, mrtlil: t.ll: lluhn ‘I-'il‘.c ﬁl'

stitches on a baseball. The cozing
lava creales new sen floor, and can
also build snderwater mountaing
as tall as 6333 m [19,000 fi] — as
high as some of the tallest moun-
tains found on the continents.

Plates 2 and 3 in the picture
below are spreading — moving
apart very, very slowly. In the
crack betweedn the plules, magma
is oozing oul as hot lava, On both
sides of the crack you can see the
ridge-like mountains the lava
helped to build.

As plates 2 and 3 move apart,
the ridges are moving apart, too,
as though they were on giant con-
veyor belts. When the ridges move
away from the lava thai rises from
the crack, they stop growing high-
er. Mew ridges begin to form
beside the cruck as lava continues
o ooze oul,

Just about all the ridges lie hid-
den under miles of water. An
exception is the top of a ridge that
rose out of the sea and became
feeland, & country that is filled
with volcanic activity.




inn Islands off A
and the islands of Japan and the
Phillipines are also volcanoes. But
these volcanoes were formed near
plate edges that were colliding, not
spreading apart,

In the picture below, notice
late | and plate 2. They are mov-
ing towards one another. At the
edpe of each plate there is ocean,
When they meel, the edge of plane
2 bends and moves down under the
edge of plate 1. A trench is formed
that may be as deep as 12,666m
A8, DHKD f:] such as the Marianas
rench in the Pacific.In the trench,
the moving edge of plate 2 slowly
inches down inside the hot earth.
Somewhere bemeath the earth’s
crusi, the edge starts melting into
magma. Pockets of magma may
rise, break through the sea fMoor
and build 4 chain of voleanoes with
tops poking out of the water as vol-
canic islands. {If you want to find
out how some other volcanic
“tslands were formed, see: Hawaiian
Islands: An Oceanic Island Chain,

page b.)

LAND VOLCANOES
In 1980, Mount 5, Helens
in Washington  Sinte
pwoke from o 123-year
sleep and blew its top in a
violent eruption that
destroyed a forest, killed
more than 50 people, and
blasted hot ash high in the
sky. Mount 51. Helens was
built by lava flowing oot
af voleanoes like those
shown on plaie 4, below,

Beneath the continent
of plate 4, the edge of
E[ll: 3 melts into magma,

agma under plate 4
run:s through the conti-
nent to build a chain of volcanic
mountning,

If you look at the map on page
&. you will notice that most .. :-'-.
trenches are found in the &
Facific Ocean, There are 50 o8
many island and land volea-
noes nedar the Pant’
trenches that the
ared s called &

“The Ring of 'l’.L"'
Fire."

WHAT'S INSIDE THE
EARTHT

I thie earth wors
sliced im hall, you
would find three main
layers. The core af the
canler i guits kol —
perhaps as hot as
10,000 degrees. The




WATCHING THE SLOW BIRTH OF A HAWAII

oihi looks a bit

I like Mars,” says
eologist Alex
Malahoff, describing
the wnderwater vol-
cano's slopes, which are
covered with orange
and red bacteria. Alex,
of the Hawail Undersea
Research Laboratory
{HURL), has visited
Loiki in Afvia and
ather submersibles. The
lirst in-person explo-
ration of Lonhi was cons
ducted in 1987 by scien-
2 tists wravelling in Al

lienes. of wears,

HURL scientisis
have placed an obseva-
tory on Loihi called
HLIGD -[I!I'u: Hawaii
Undersea Geo-
(servatory), HUMGO
uscs a video camera
and other instraments
to collect round-the-
clock information,
including the tempera-
ture, volcanic activity
and changing environ-
ment around the vol-
Can.

*Loihi is the first

Thit dive wak also the A& computer-generated image of hard-wired volcann,”

first-ever dive into a e enderwaler volcana Lobhi.

submerged, active volcano,

Laoihi, located just seventeen miles
from Hawail, rises more than 5506
meters (over 1000 feet) from the sea
floor. This newest Hawanan sland
needs to grow just 960 meters (2880
feet) to hicak throwgh to daylight. That
may happen sometime in the next
10, 000- 100,000 years — a blink of the
eye to geologists, who are used to
thinking in terms of hundreds of mil-

says peochemist Gary
McMurtry, Information gathered by
HUNGEY helps Gary study the chemcals
given off by the volcano,

Thanks to HUGO, Loihi might also
bhe the fird underwaler volcano ever
observed erupting, provading answers
1o many more guestions. “When
magma travels up through Loihi, we
want to know what else kappens there,”
says Alex, Do we pet earthgquakes?
Dioes the water temperature increase?

Meet HUGO (the Hawail Undersea Geo-
Dbaervalonyl, slalioned sn Lok,

[Does the voleano inflate like a balloon
when magma is injected into it?”

By studying Lodhi, these and marny
other questions may be answered. Sayvs
Alex, “This is a golden opportunity to
understand an underaater voleano.™

The Hawaiian Islands: An Oceanic Island Chain

Fow volcanoss on earth are as femous or spraading apart or mecting., but by o kot
erupl as often s those on Hhe island ol apol. Seienlisls think thal millions ol years
Howasl, Unlike volcanoes elsowhere ago & plume ol supechol magma rose broim
on earth, Hawall ks in the middle mslde the earth and melted a hole in the
Pacific plate, Lava poured out of the hols
and buill a volcano thal eventually broks
through the water sarface. Over time, the
Pacific plate maoved, taling the velcano
away lrom the hol spol; cul o from s
source of hot magma, i stopped erapting.
Lava contimued 1o pour oat of the hot
spal, larming a new velcano. As the plate
kepl moving, & long chain of valcamic
islands formesd, with each volcano
erupting only when i§ was over
the ol spol. The sland
of Hawaii i (he mosl
recent of these
yolcamoes to rise
alsovn thi waber.
Todday the vobfandg
Loiki m forming ower
part of the hol spoi.
Sciantisls axpect
Lot willl o ;
:

the next Hawailan
island soime time in
the habura.




AN ISLAND

Victoria A, Kaharl,

“-Il-u'lﬁ-hl'hh

i W, Farrington,

Dionald M, Séver and Mick Sullvan,
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TEEN ARGONAUT
IN THE GALAPAGOS

hen Jennifer Thomas, 16,
weni 1o the Galapagos
Islands Insi Decembser. she

wias amazed at the variety of plant and
animal life, “We saw sea lions, land
and marine iguanas, fur scals with
habics, and all kinds of birds." says
Jennifer, a junior st Mawset High
School in Orleans, MA. “We saw
blue-footed boobics, pelicans, tropi-
cal birds, finches, and a Galapagos
hawk. We weren'i supposed 1o touch
the animals, but it’s amazing how
close they cime LD us."”

Jennifer was one of teelve Student
Argonauts selected by the JASON
Foundation for Education from a
national pool of 300 10th- and 11th
graders because of her exceptionl
interest in science. The JASON
Foundation was established by
W H.O.1. geologisi Dr. Rober
Ballard and a mamber of sponsors Lo
shiw students the excitement of wedn-
tific exploration. Bob has led three
JASOMN Project expeditions,
where, via satelling hookup,
hundreds of thousands ol s0u-
denis have watched scientests al
work af remote sites around the
wiorld

The Galapagos islands are
valeanic. They were formed by
lava thit rose from & hot spod
on the Pacific plate — far away
from any continent, Becauss
the Galapagos are so isolated,
they contain Many 1p1_'|.'i|,:s
found nowhere else on eanh.
In the 19th century, the scien-
tist Charles Darwin stuched
plants and animals on the
Galapagos, which bed o his the-
aries of evolution and natural
selection. Jennifer and the
other Argonauls saw one l.'.ll.'-al
cxample of natural selection.
“{n most of the islands, the
prickly pear cacti are short.

Jennifer with a
Ealapagos orioid

Iguanas chew on the cacti to get mwis-
ture. But om one sland they were iall,
and surrounded by a FI:I'-I1|:Ll\'_|.I'|-L layer,
which kecps them from being eaten by
the lond tortoBses."”

EXCERPT FROM

JENNIFER'S DIARY

December 1004

{Dury 1)

SEnorkeling ofl Bariolome [sland was
amazing! | was swimming along
admiring the numerosues hrightly-col-
ored fish, when all of a sudden three
sca lions were directly in front of me
Ad first [ was a little scared. Bul they
were cule and quite friendly, Never in
my wildest dresms had | imagined
that ome duy 1 would be swimming
alongaide sea lions!

For more imforrurton on e JASON
Foundation for Education and its
cowporile sponsors, wrike i The JASCUY
Foundation, 91 Toien Pond Road,
Wb, MA (2154




AN OCEANOGRAPHER'S VIEW OF THE PLANET EARTH

This computer-generated map of the world shows the depth of the seas and the elevation of continents, Study this map
tor see i vou can find some features on the ocean foor decussed in this ssee. Locate: (A) the San Andreas Fault; (B) the
Hawanan Islands; (C) the East Pacific Rise; (DY) the Mid-Atlantic Ridge, What other important features can you find on
the ocean floors?
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