" SEEING IS BELIEVING

How Oceanographers Glimpse the Hidden Seafloor

ver 9% of the canth's surface is coverced by
# 53 WALET. ':"Illl.':. Aol 1% of the oceii and

e ocean Noor has ever been :"l.'!'-ln':_'nl Eh,'in_u
Jible to see vast sweeps of the ocean floor, in detail,
# has long been the wish of many oceanographers,

Yer the noean 1."\.|:5-.u'|:|.ll:. the clee p ncean—does
¢ not reveal its secrets casily. It is probably the miost
3 hostile environment on earth to humans. Mostly
.--da.rk., VELY codled, with PrEssure many times Ereater
i than on land, only a few thousand people have ever
“been there, and cven then, for only for a few hours
% at a time, in submersibles like WHOD's Afvin, From
Sa submersible, scientists peer out tiny portholes at

b Lo . -

enormous [eallees, such as mountains as high as
ary on dry lant"Buit because sea water is opague,
it's only possible (o see a very short distance. Even
with a vivid ir|:-:|_|.'|r|:-.I|:lr|. is hard 1o EEl i sense ol
the hig picture

Much is knowm about the OCC SCA 1IN A Very gen-
cral way, thanks especially 1o technigues that wse
Acousiees (sound) 1o create i'|1._|,_ur."\.'_ {For more infor-
mation ow s, see pages 2-3. ) Oceanographers are
always improving the imaging tools they rely on,

Iii this 1ssne, CAcean F 'rp.":ln'r visils sOme screntists
who are devoted 1o seeing what i 50 hard to see, as
they work to unravel the mysteries of the deep,

i
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Do You
See
What I

See?

To Find A Volcano on
the Ocean Floor,
Sometimes You've Gaot to
Trust Your Instincts

Dabbie Smitlh of dack.

chbic Smith, a geo-
logist at WHOI,
studies volcanoes,
= The volcanoes she is inter-
._ eafid i dwre fol oo zagy oy
» find, because they are in
i the ocean. Many volcanoes

in the ocean are along the
T Md-Ovean Redge, part of
; the T0,000 km-long under-

. waler mouniain chain that

i circles the globe like the

§ stilches om a baseball,

2 Finding these volcanoes
> is very hard work that
- 'rr_'qui:rr_'x glate-ol=-the-ar
techmology, patience, and
intuition. “We still know
E wery litthe about the ocean
¢ foor,” says Debbie, “A lod
. of what we know is by
« inference.”

T il worlcamoes, Diek-
¢ bie starts by looking ai

bathymetne (depth-mea-
suring) maps, like
the ones shown on these
pages. The different
colors on the bathymetric
maps represent differ-
ent depths from the
sea gurlace, These maps
were crepted with a mea-
surement system called
SEABEAM. SEABEAM,
which travels to sea
attached to the hull of &
research wvessel, Is an
aconstic system. That
means it gathers the data
that will be used 1o make
images by producing a
series of sounds. Echoes of
those sounds travel from
the seafloor back to SEA-
BEAM’s receivers. Then
the receivers measure how
long it ook for the echdoes
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The mages. st lell wers
M SNE MEasErensenis
Lakcain by e SEABEAM
sysiem, cperated by 'WHOI
sLhenbists during two

Im each crsise, & resssrch
wirksl with the sysiem
migigiibivd o [t il traealled
back and forth over &
secton of Ehie Mid-A Banbc
Ridge botween 24°N and
31°H as the device
rscordad T dipih of U
seafloor ad sel intervals.
The daia that the SEABEAM
spubaim collecised was inpal
info a comparter program
Ehai ereabsd the images.
The kong map on pages
-3 shows an area that is
iiliiil B0 Wi il dil e
than BOO km long.
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TOBI images of o deep-sea volcano OLF amd & ridge (), called
"Tadpole" both abowl 1 km widel, Beth wers found in he ares
linside the parple box on the map ot left.

o trave], Dharing the crudse,
scicntists input those mea-
SUFEMENLS Lo COmpaiter
programs, The programs
use the data to draw maps,
like the long map shown at
befr, and 3-03 mmages like
the ome shown on page 2,
Beaoth shor thie heights and
cutlines of seafloor fea-
tures at secthions of the
Mid-Atlantic Ridge.

FOLLOWING A HUNCH
If you look ot the SEA-
BEAM maps, wou can soe
that it is very hard to iden-
tify specific seafloor fea-
tures, in detail. It's a little
like looking at a moun-
LainOus |¢|.r.|-|l5-:|::|.p-|: !I'rl.lm
the window of an airplans,
But Drebbie and a col-
beague, Joe Cann of Gireal
Britwin's University of
Leeds, became convinced
that the area in the purple
rectangle represented val-
camixes, Many other geolo-
gists studied the same map
and did nat come to the
sarmse conclusion. “How do
you know T the other sci-
cntists challenged Debbie
and Joe, OF course,
Debbie and Joe did not
know for sure. But they
had been h11.Ll|l‘_'.'i1l_E_ iI'I'I:IEI..'H
ke these for a long time,
and they had a sirong
hunach, They declded 1o
follow  their  hunch,
to see if they were right.
The British Govern-
ment agreed to send a
ship to the site, along with
Debbic, Joe, other scien-

tists, and a sonar system
called TOBI (Towed
Creean Bottom Instiros
ment). Like SEABEAM,
the TOBI system wuses
sound o collect data o
mike images, Bul TCEBE
can travel much closer to
the deep seafloor than
SEABEAM, and there-
fore produces much more
detailed images.

Debbie and Joe ware
right. TOBI sent back
many pictures of volea-
noes and other features ar
the site, Twao of the TCEI
images are shown above,
TOEBI imaged some val-
cano [ormations  thar
nobody had ever seen
before, including some
dome-shaped volcanoes
with rims that Debbie and
loe nickmamed "wide-
brimmed hats." They have
learned a lot about the
seafloor by studying the
TOBI imapes.

THE SEA BECKOMED:
Debbie decided to study
occanography after she
el twio Veard on o sadl-
boat, Though she had
already been to college,
she had to go back to
school to take science
courses. After that, she
went 1o graduate schoaol,
and Dinally arrved at
WHOT six years ago.

Debbic enjovs her work.
She hIIFH;!l.. oy returm often
te the volcano-studded
Mid-Atlantic Ridge to see
what she can see.



One Picture

Is Worth
a Thousand
Gigabytes’
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Education wil conduct its fourth onnua! alectran

Ll il

for students around Marth Amence and Great Bntain wo

seateline hookup. The [A50OM Faundation wes estabished by
Fabert Balord a) Woods Hale Ueeonagraphic Institution ond a
rember of sporsors 10 show studenis the excibemont of saentific
eapioraian,  This year's JASON Project 5 broadcasting lve from
Guaymos Bosn, off the coost of Menca's .‘.‘q.l;a Calforma. There

sererlies oo WHOY a

nd ather mhiutions wal study hydrolfer
mi vent sestems, (See Cicean Exploner, Seppamber

1992, for

mave on venis, ) The Projct wil also sudy proy whales at the San
karircia lpaan, Facently, Ocean Explorer ghake wilh pat mem
bers of the JASCM prosect teom, Veronique Robigou of ihe
Linreerity of Washington of Seartle and Ken Stesert of WHCY

VERDHMIQUE ROBMIOU
ronigue Robigou
iz a marine geolo-
gret al the Linvers
ty of Washington in Seat-
tle. She studies hydro-
thermal venis at mid-
ocean ridges, For several
years, she has mapped in
detail |l!.'|Jr-::l[h-£:r||!|u|. vent
gitex on the seafloor, “I'm
trying to get as clear an
idea as possible of what
these areas look like in
three dimensions,” she
says, The undersea arca
that she studies mos olten,
on the Juan de Fuca
Ridge. i5 not too far from
her home in Searle,
For years, Veronigque
has worked to understand
what the ridge looks like

"% pazbyie & a blon bytes of daia
Eas P ——

W ik m Eete el Endas

by studying videotapes
made during Alvin dives,
and by actually div ing in
Alvin. which she loves to
do. Veronigue appreciates
1he apportunites she gets
to dive in Ahvin. “Sudden-
Iy, wou realize you're one
of the few people who
hove ever been down that
deecp.” But trying to get
the sense of a gigantic
underwater mountain by
looking out a tiny porthole
s its limitations. “The
vizihihity 15 himated, the

perspective is limited,” she
says, "You try to get a pond
feel for whal you ne seeing,
you iry to build an image
in vour brain, but it's not
an image that the EYE CEn
L directly 1nto the
brain,” she explains. It's a
Hrtle lke tryimg vo imagine
whal an enfing jigsaw pus
zle would kook like, if you
could only look at a few
pheces of it al a thme,

Lasi vear, 1||'.lq,!r\'|11lll_|1l.|."
went on her first cruise to
Juan de Fuca that used the
remofely-operated vehicle
(ROV) Jason instead of
the submersible Al

Jasan EITTEES T ]'.i.il"bl.' Ti=
gers, Instead, scientists
who use Jeson remain on
the deck of the mother
ship, sitting in a control
van, watching a bank of
meonalars that desplay the
massive amount of visual
information that fason

semids back.

Because the video and
il cameras mounted on
Jazon face m several dir-

gctions, the ROY can
“gee” more than a scietist
pun!ring ot ol Advin s peart-
hole can. Juan de Fuca,
the arca that fazon trav-
elled Ihr::-ugh. Wis One
Veronigue had stodied for
many years. But until her
firsl Jagon cruise, she had
mewer bebore seen o muach
of the area, in o much
detail. “It was fantastic.
My mouth plopped open,”
she remembers. 1 was so
amazed ar what [ was
I11-:'-i-cing al, This tome |
could see much farther.™
On a Jason cruise,
leams of scientists and
technicians work in round-
the-clock shifts in the van
on deck. The van s fillesd
with computers, television
monitors, scientists and



A day in tha Ble of Jasor. The B0V is lowered indo Bha ocean

for a dive (cenferl; 8 busy soone insida tha control ven (rghtl;
Elant crabs {18 inches from foot to foot) on lava, photographed
by Tasow fupper f=ftl; Ublack smokor” Bydrothesial vand, with
tube worms nearby, alse plhotographed by Jeson,

technicians. Ome scientist
directs the dive, and other
people, seated at work
stations, are responsible
for different aspects of
Lason's operation. Many
tasks are going on in the
van at the same time, [if-
ferent people are taking
navigation readings. re-
cording sonar informa
tion, aperaling the video
and shlll cameras mounted
on Jason, entering data,
and keeping track of all
the images that come
through. One person
pilots Jeson by moving a
jovstick, sori of like the
anes used when plaving
COMPULEr games,

On some dives, Ver-
omigue has been the lead
geologist. When in this
role, she feels like she
could use a hundred pairs
of eyes. “I keep moving
my eyes back and forth

between the sonar and the
video screen 1o know
where the ROV is, [ waich
the video camerass to tell
the pilot what to do. |
direct the movements |
woild hke him to make

with Jasawn. [ say: 'Go hepe! 2

Stop there!™

Aler the cruise, 1t usu-
ally takes Veronigue a
long, long time to under-
stand all that she’s seen
As Bob Ballard says, "it's a
firchose of data, and
you're just irying (o take 2
gip with your mouth.”
Yeronigue adds, it is
quite overwhelming.

'I-'n"-:'\-rk'ing with ili1 ROV
is excitimg. “It is wonder-
ful to work with ten peo-
|1||.' arcund you, dis-
cussing problems as you
20, making decisions real-
J'_r' fast,* SHVE "r"-,*.r|,1|'|i.:,!|_|c
“(ne of the purposes of
Jasor is to allow many

people to participate.
Suddenly a much wider
community 15 able to
study the deep sea.”

During the JASON
Froject trip o the Guay-
mas Basin, Yeronigue will
try to create 8 map of the
seafloor, Thigs will be the
Lirst bome she's collected
data while thousands of
students wateh her work

=1t wall be a challenge
i do my science and talk
to all the ;:-l:-.:-[|||.' il the
EAme Lime,” she SAYE,

KEM STEWART

f only we eould remowe
III"-' water,” sighs scien-

tist and engineer Ken
Stewart of WHOIs Deep
Submergence Lab, as he
describes the difficultics in
his career-long efforl o
|:||:l|'| lellow scientists see
the ocean floor in detail.

Een says he s a ool
maker and a tool-user.”
He designs and builds
computer-based decp-sca
sensors. “I'm irving 10 tem
bits and bytes into useful
images,” he explains. Ken
is one of the people
respomsable for the devel-
opment of Jason. He is in
charge of Jason’s “eyes,”
1s ability to send back
images from the sites it
vikits, via sonar, videa
cameras and a shll digih‘lf
Limera

Jazon's abilities are

(earatinied on page )
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constantly bemng réelined
and improved by Een and
others e works with. For
example, as Veronigue
}-'!_.lhi.__l.-:'uu said, the images
that Jason sends back
appear simultansoushy, bai
on several different moni-
tors in the crowdecd, basy,
on-deck van from which
the |-..'|!||||I|:|.jp-l."|.'l||.1| olled
dive is run., 1% up (o the
scientizts and technicians
studying those images to
blend them in their brains
i they ook ol them,

Een is working to
merge those separate
types Ol images inlo one,
This will create what Ken
describes a5 "a very aocu-

rate three-dimensional

image of the area being

studied.” Ken calls this a
“fly-through image,” and
he hopes it will help sci-
entists bener understand
wihsad Ih».'_1.' e 'I||||in.t|u_1 il
Down the road, Ken
hopes to invent what he
describes as the ulimate
n;l.;-;:p--:'-rr.'ln foal: an
untethered (free-swim-
ming) vchicle that can
navigale 1% way around
e .:i-,'-c:p- sl Flesor by fod
lewing a three-dimension-
al map of the arca that is
bt anicr s "Broon.” 1 hs
would be a true under-
water robot. (Jason, by
conirasl, 15 nol a Irie
robot, Each move 1t
makes is initiated by a

pilot operating a jovstick. )
Creating an untethered
undderwiter robol that Gan
self-navigate within its
world 5 a huge challenge.
Een says, “You send a
vehicle down there, 11's
got o okl bumping into
something. It's got to per-
cemve the object. How will
I 1l ot to dio that7 Before
he can create such a
device. Ken believes, “we
meed 1o have 3 much bel-
ter understanding of how
OUF OWT SENSES Operate.”
Ken came to WHOI
ilmaost eleven years ago as
a graduate student inter-
ested in |'||.'|.'-.~\.'.'=iI:I|'|1iI'|h."
underwater vehicles. The
son of an n‘-nl_'in:'-:'r_ Een

has kmown he wanted o
be a scientist since he was
ewelve years old. <1 always
lked to take thmgs apar
and put them back to-
gether again,™ he cxplains,

Ken grew up near the
s o) and bhehieves
“oceanographers have sall
water in their veins."
Cromng (o ses 08, tor Ben,
"the in-:. ol . this wark
That's what drew me in
and that's what keeps me
excatedd,”

Dar ng the JASDOM
Project Ken will be where
he loves to e, al sea, in
the on-deck wvan, hul'pmy
other scientists work with
data the ROV i collect-
g abowl the sealloor,

Three Images from Jason’s Scrapbook

n ik

iition 1o s repulsr ooEanoErapiuc cruses, son has

makiable ad o underswater -":'::'I.I!‘l::-lllPl'.!' Wi S=arct

shups. Here ane sorme examples of images joson sent back from sites
where sunken ships have been locted. These images are of the LI5S
‘oounpe ard the LSS Hamidtan, merchant ships that wene comerted 1o
gunboats of the U5, Fleet during the War of |81 2. Scourge and
Hormilton capsized and sank during a storm on August 8, TR Bath

Corit., at the botiom of Lake

SIS PO

of the submerged ships. Jaso

Jpson caphured this image of the carving on Hamitor's bowsprid.

[l s el

FiFsa & N
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e undErwaier mnear Hamino
Cintano. Three years 3po, the [ASUN Praeat ieam iraeeliad o he sie

sent back some phosthy mapes

=

sereedl a5 an

=

[Hg Toal

e i T e

fwson’s two-dimensional sonar mage of

the US% Scourpe shows that the ship

mank virtually wprighl. AMer besing on B
fioor of Lake Onisria for almasi bwe handred
yoars. i i in surprsingly pood shape,

This is & thres-dimensicnal soner views
al the USS Soourge, creabed by Aason.




Virtual Reality Comes

to the Deep Sea

Will a computer soon take you on
an imaginary voyage to the deep sea!

see for an eternity,”

savs Dave Ciallo, Dar-
ector of Corporate Re-
search and Technology
Programs at WHOL “Un-
derwater, you can’t see
beyond the end of your
hand.” He's exaggerating,
somewhat, From earth,
we can see the stars of
galaxies that are millions
af light yvears away. Deep
beneath the sea, even
using very powerful lights,
it's hard to see much far-
ther than the distance
across a room. Dave
believes computers can
h.|:||'| more |'|-u41'|1|1: t114
more of the sea floor. To
help achieve this goal,
Drave 18 working with a
new type of computer
technology called virtual
reality.

In CUEr SpAce, you can

CAWH OF THE AGE

OF VINTLAL REALITY

The notion of virmual real-
ity was first discussed in
1965 when a visionary
computer scientist named
Ivan Sutherland gave a
talk at & computer con-
vention. In that talk he
sald, “One must look at
the display screen as a
window through which
one beholds a virtual
world, The rhulll:llp.' [ T5]
computer graphics is to
make the pictures in the
window ook real, aound
real, and the objects act
real. Indeed, in the wlti-
mate display, one will nodt
look at that world
through a window, buwt
will be immersed in bt, will
change viewpomnls by nad-
ural motions of head and-

body, and will interact
directly and naturally with
the objects in the world,
hearing and fecling them
as well as secing them.”

The techniguee of virtu-
al reality, which is still in
its carliest stages of devel-
opmenl, will cnable a user
14 o qust that. “"l.*:irlng
devices on the head and
hands that send simulated
sensatbons, the uwker will be
able 10 move throngh an
environment as though he
of she were really there, If
you have ever played a
computer game that was so
engrossing you almest for-
B where YU WETE, YU
have begun vo approach
the feelings that a virtwal
reality user will someday
have, In fact, some tech-
nigues of virtual reality are
beginning to be incorposat-
ed into videao games and
may soon be seen in fea-
ture films, as well

THE VIRTLIAL OCEAM
Dave hopes, before too
long, to be able to hand
ol @ “Vieriual Dcean™ on
a compuier disk, through
which a user may simulate
piloting a submersible
above a simulated ocean
flsor

“If 1 hand someone a
Yirteal Ocean disk, that
person doesn’t just read
aboul an underwater vaol-
cang in a book,” s Dave.
“The person can go inside
the volcano, and see what's
there.”™ From there, the
USET CAn go on i examine
the next wolcano, or into an
adjacent valley, experienc-
ing the scale and magni-
tude of deep-sea features

Two images from Dave Galio’s Virtual Ocean
pregram shew ABE (Awlshioimols Benbhic Explarar)

wisiting a desp ses garbege dump.

along the way.

loday, Dave's Virtoal
Clcean only shows a small
portion of the total sea
flesar, T colbect this mfor
matsin, he trovelked to sea
and “mowed the lawn” of
an area of seafloor, by
directing a sonar device 1o
travel back and forth over
the area until it had col-
lected what Dave felt was
suflicient information
about the details of the
area’s features. Returning
to his office, Dave put the
sdata info 0 computer pro-
gram that could turn the
numbers into pictures. He
added color o the pro
grom, s different depths
appear in different colors.

By “fving™ a simulated
submersible through the
environment, much the
same way an airplane i3
flerwm I:hml.lgh i comput-
crized flight simulator. it’s
possible to see what
IMivie s Timal |.~n|:t-pr-:'-|_l1|-:::
will be like. Using it is a
litthe like playing & video
game, excepl il shiows @
reil place {which most
people will never visit).

SHARING IMNFSRMATION
Dave Gallo didn't star
out as o sceentist. 1 used
to be i shoe salesman,” he
says. “But | always wanted
(1% L'::'|:|I11r|.' xpils,:t:." Thenm,
im 19746, he read an article
in Mational Geographic
written by WHOI gealo-
|_|;ix| Restmert Ballarcl, =1 saw
a picture of an underwater
mountain range in the
Cayman Trough, It was an
artist’s drawing. Next to
the mowuntain was this lit-
tle thing, this submarine
_|'.-F|'|'|'.l|,I'. I was xl,:l.ggi:rcd ¥
That picture prompted
Drave to go back o school
Lo stucy geclogy and geo-
physics, He came to
WHOI in 1987, to work
with Bob Ballard.

Dhve understands wh:.'
many people want to
study outer space, but he's
guick o poant oul  thied
there is still much to leamn
about our own planet .
“Why should we go 1o
space o find other life?
There's a place on earth
that's as foreign as any
far=-pway planet,” he siys
“That's the deep sea.”




