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Deep-Sea 
Vents:Worlds 
Without Sun 
Once regarded as dark, cold, and relatively 

lifeless "dcscrls,' 1 deep-ocean seafloors 
have recently been found to supporl smaU 

mineral-rich oases thriving with life. Unlike 
any otber knmvn ecosystems, these self-sufficient 
communities of marine animals survive on energy 
derived not from the sun but from earth1s interior. 

Volcanic energy makes such life possible by driv
ing a global hydrothennal circulation system at 
spreading ccnlers (map, bottom), regions where 
tectonic forces slmvly \\-Tend1 apart. crustal plates. 
Most s@afloor spreading occurs along the spine 
ofrifts pnd ridges called the Mid-Ocean Ridge. 
Although. scientists first ~iscoveret~ deep-sea com-

°fcs m the more actrve spreadmg centers of the 
~u~~ 1~0 cean, recently they found an oasis swarm
. aci 1?iteveless shrimp along the mid-Atlantic 
Jll WI • · · · ,._. · 
R..i~ge.,. ot-; md1c'.1te sites knov.-n to contam colo-
nies of deep-sea 11fc. 

As ei!rth's giant plates separate, magma beneath 
the crust wells up to fill the gap, spilling onto the 
seafloor and creating ne\v ocean crust. Cooling in 
the frigid water, the newly formed crust develops 
cracks and fissures into which cold seawater seeps. 
Hmv far the \.Yater descends remains unknmvn, but 
it is probably several kilometers. Tr,;,,mcndous heat 
and pressure from the underlying magma chamber 
cause the water to leach minerals from surrounding 
rocks. As convection forces the fluid back up .to the 
sealloor, it empts through vents as scalding jets or 
diffuses over a \.\ider area in gentle streams of warm 
water. As soon as the fluid sttikes cold seawater, 

dissolved metals 

copper, and zinc precipitate, building minernl 
"chimneys" as high as 50 meters and blanketing the 
surrounding area \Nitb metallic sediments. 

Scientists estimate that the entire water content 
of carlh's oceans circulates through thls rift system 
once every ten million years, profoundly affecting 
sea chemistry. 

As early as the mid-l 960s, geologists studying 
seafloor spreading predicted that they might ti nd 
hydrnthennal vents as deep-ocean spreading cen
ters, but they did not expect to find much life at 
such frigid and sunless depths. Proof that such vents 
exist iirsL came in 1977 at a site 380 kilometers 
northeast of the Galapagos Islands, \Vhere at a 

o Selected 
ventsite 

depth of2,500 meters geochcmists and geologists 
aboartl the research submersible Alvin discovered 
not only active vents but the astonishing den~ity of 
life surrounding them. 

Illuminated by Alvin:,; floodlight-;, bunches of 
two-foot-long tube worms \vith bright red plumes 
sv,rayed in the abyssal currents, clustered around 
limpet-encrusted lava vents whose warm streams of 
mineral- and bacteria-laden waler registered up to 
ten times the ambient tempernturc of 2°C. A few 
feet away, foot-long '"rhite clams and clumps of 
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yellow-brmvn mussels filled crevices in lhc lava 
\vbile ghostly white crabs scrnmble<l blindly over 
rocks, scavenging fi1r food. Specially adapted to 
zones around the life-sustaining vents, these and 
other species-many previously unknown-benefit 
from a food concentration as much as 500 limes 
greater than lhat normally found in deep waters. 

How can such abundant life exist in a region 
devoid of sunlighl, I.he energy source plants use to 
produce organic compounds crncial to sustaining all 
other life on earth? The ans\ver lies in the hydro
thermal system's chemistry. 

Fluids escaping from tmdersea vents con(ain high 
levels of hydrogen sulfide. Although this gas is toxic 
Lo most life, certain bacteria can metabolize it. Mul
tiplying rapidly, these bacteria form the base of 
vent-community food chains, such as the one at 
Hanging C1ardens (helmv) at the site called 21 °N, 
one of several hydrothennal sites along the East Pa
cific Rise. Higher organisms feast on this bacterial 
protusion or eat other creatures tliat do. Some, such 
as lube wmms and clams, maintain symbiotic rela
tionships \:Vith bacteria that live inside their bodies 
and provide them with a steady tOOd source. 

Since the first discovery along the Galapagos 
Rift, scientists have learned that vents <lifter mark
edly. For instance, the warm, low-lying Galapagos 
vents bear little resemblance to the tall chimneys 
found at21 °N, called '1black smokcrs11 for the dark, 
metal-rich clouds they spe-..v forth at lemperatures 
as great as 350°C. Vent biology varies as ,vell, 
sometimes wilh one species dominating a 
given cmnmunity, a-; at Clam A,;,,-res 
at 21 °N, where gi::mt white 

clams cover an area the size of a football field. 
Across the Pacific, snails by the hundreds crowd 
chimney sides in the Lau Ila.sin, near Fiji. 

Because of the dynamic geologic processes at 
work, vents probably last only a few decades; -..vhcn 
a vent dies out, so do animals dependenl on it, 
Jn 1979 biologists found several species at 21 °N that 
matched those first observed at Galapagos-3,400 
kilometers away. The presence of identical or close
ly related species at isolated sites suggests tl,at these 
animals survive by dispersing their larvae over great 
distances lo colonize new VL'TIL~. However, at the 
Juan de Fl1ca Ridge, o1Ithe coast of Washington 
and Oregon, the discovery of diITerent species of 
inch-long clams, small tube wom1s, and other 
animals indicates that some communities may 
evolve separately. 

Although they have explored less than one 
percent of the global spreading-center system, 
researchers expect to find deep-sea communities 
wherever volcanic activity fuels hydrothermal vents. 
That such complex biological ecosystems can exist 
\.vithout ~unlight raises new questions about the ori
gin oflife on earth. \Vhile most scientists believe life 
began in a solar-powered environment, some argue 
that geothemml energy at deep-sea vents may have 
allowed the first primitive organisms, such as bacte
ria, to evolve. Detennining whether life originated 
at vent-;, or adapted to them, \\ill keep investigators 
debating, and diving, for decades to come. 

-MICHAEL KENNA 

Consultanh., Pete.r A. Rona, Oceanographer; Richard A. Lutz, /11:.titute of 
Marine and Coastal Sciences. Rutgers University; H. Gary Greene, Marine 
Geologist, Timothy J. G. Francis, Oce~n Drilling l'rvgram, rexa., A/-;M Univer.,ity 
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CONTINENTAL MARGINS: Sub

merged land between shore 
and ocean basin, including the 
continental shelf, slope, and 
rise. Most ocean plants and 
animals live in the shelPs 
shallow, sunlit waters. 
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TRENCHES: Formed when 

dense oceanic crust slides 
bsmiath lighter oceanic or 
continental crust. the Mariana 
Trench, earth's deepest, 
plunges nsarly 11 kilometers 
beneath the Pacific's surface. 
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SEAMOUNTS: Active or dead 
underwater volcanoes rising at 
leai.t a thousand meters above 
the seafloor. Those that pene
tnrt.e the surface become 
islands, such as the Hawaiian 
chain. 
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ABYSSAL PlAINS: Develop in 
areas of high sedimentation, 
such as just off continental 
margins. These extensive, 
featureless regions of the 
ocean floor constitute earth's 
flattest surface_ 
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RIDGES: Underwater mountain 
ranges cleaved at right angles 
by fracture zones. The Mid
Ocean Ridge, earth's longest 
mountain chain, winds 75,000 
kilometers around the globe. 
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HYDROTHERMAi. VENTS occur at deep-ocean 
spreading centers, where crust.al plates pull 
apart (yellow arrows). Magma from earth's interi
or wells up and creates new crust, cracldng as it 
cools. Cold seawater (blue arrows) penetrates 
the cracks and sinks toward the magma source, 
where it heats up. lhen under tremendous pres-
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sure the fluid rises (red aTTOWsl. Underground 
"plumbing" and differences in mineral content 
determine whethor the Ruid surfaces as a black 
smoker (30O"C or higher, AJ , white smoker (be 
low 300~C, 8), or warm seep (C). Vents die and 
are buried by sediments as tectonic forces carry 
them from spreading centers toward continents. 
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