SMOKERS,

RED WORMS
AND DEEP
SEA PLUMBING

Sea floor oases of mineral-rich
springs and amazing creatures ful-
fill oceanographers’ dreams

BY SUSAN WEST

A scientist propounding a theory is dig-
nified, even aloof. But the same scientist,
with long-sought evidence at last in hand,
becomes the poker player with a royal
flush, the gold digger with yellow sparkling
in the pan.

So, despite their 15-year-old predictions
of the phenomenon, it is no wonder that
scientists on board the submarine Alvin
last April gaped out their porthole and said
things like:

“It is like seeing a 19th century train
going uphill, just pouring out smoke.”

“It's like a municipal fire hose on full
blast.”

“Truly like Pittsburgh in the 30s.”

Such images were apparently the only
way to convey what they saw: Rows of 2- to
5-meter-high “chimneys” were spewing
blackened, mineral-laden, hot (350° to
400° C) water onto the sea floor at the East
Pacific Rise spreading center near the Gulf
of California. Sulfides of copper, iron and
zinc precipitated instantly when the
heated mineral solution hit the surround-
ing 2° C seawater and fell in 20-meter
mounds around the fountains.

Besides providing a spectacular under-
water scene, the hot, metal-rich geysers
are easily the most significant oceano-
graphic find since the discovery of the Mid
Atlantic Ridge. Their discovery marks the
first time that the process of ore formation
has ever been seen. The amounts and
types of minerals they gush are already
balancing long-inconsistent equations for
ocean chemists. The strange animals sur-
rounding them form the first geothermal-
based community found on earth. They
are one end of an extraordinary plumbing
system beneath the ocean floor. And they
are the fulfillment of predictions made
more than a dozen years ago.

The existence of hot springs associated
with the volcanic activity that forms new
ocean crust at mid-ocean spreading cen-
ters was first suggested in 1965. Metal-en-
riched deep sea sediments, ocean vol-
canic rock that appeared to have been
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Called “black :
smokers,” these are
examples of about
two dozen hot vents
found on the sea
floor last May at 21°
North on the East
Pacific Rise. The
“smoke” is
mineral-laden 350° to
400° C water that has
circulated through
the ocean crust and
picked up iron,
copper and zinc. As
the hot solution hits
the cold seawater, it §
precipitates sulfide 5
ores that coat the =§
sides of the vents. 2§
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altered by hot seawater and hot brine
found on the floor of the Red Sea sup-
ported the belief. In the late 1960s and
early 1970s, measurements showed that
the heat loss from mid-ocean ridges is un-
even and, on the average, less than would
be expected from a tectonic plate that is
cooling by simple conduction of heat
through rock. The difference, researchers
postulated, could be made up by heat loss
by convection of water through the newly
formed ocean crust. Cracks and veins
found in deep sea cores also suggested
that young ocean crust was highly perme-
able to water. Researchers proposed that
seawater enters these cracks, circulates
through the young crust, picks up heat,
leaches minerals from the hot volcanic
rock, rises back to the surface and depos-
its the minerals on the sea floor. The min-
erals are then carried by the spreading sea
floor and eventually added to the conti-
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nents to form ore deposits.

In 1972, a likely spot for such activity
was pinpointed. Surveys of the ocean crust
at the Galapagos Rift, a spreading center
located at the equator off the coast of
Ecuador, showed plumes of warm water,
systematic fluctuations in heat flow and
linear arrays of mounds along the spread-
ing axis. These findings were interpreted
as the results of hydrothermal circulation
through the Galapagos Rift crust. Because
the rift is also fairly shallow —it lies about
2.5 km below the surface — it was chosen
for study by a submersible.

In February and March 1977, a team of
geologists and chemists led by John B.
Corliss of Oregon State University in Cor-
vallis made 24 dives to the rift in Woods
Hole Oceanographic Institution’s 23-foot-
long research submarine Alvin. Their path
was guided by about 70,000 photographs
taken by a camera sled called aNGus
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(Acoustically Navigated Geophysical Un-
derwater Survey System) that is towed
along the ocean bottom. To their delight,
the researchers found five warm water
vents. The plumes shimmered with heat—
a maximum of 20°C — and a milky white
precipitate formed in the rising fluid (SN:
3/19/77, p. 182). Unexpectedly, they also
found a dazzling assortment of animals —
red-tipped tube worms, giant clams, mus-
sels, crabs, seaworms, limpets and others
—at depths that are usually sparsely pop-
ulated (SN: 4/30/77, p. 279).

For the researchers, this was proof of
the pudding; the vents could only be part
of the postulated oceanic plumbing. But it
was not so obvious to others, according to
Massachusetts Institute of Technology's
John M. Edmond. “[T]here are people who
are so enamored of models that when you
find the real animal it can’t be right be-
cause it doesn't agree exactly with the
models. It's like elementary physics — for
every real image there’s a virtual image. ...
We were talking about real hot springs.
[They were] talking about virtual hot
springs which you find only in experi-
ments.” The Galapagos Rift does, in fact,
lie over an anomalous hot spot; skeptics
decided that was the cause of the hot
springs.

So, despite the biological and geological
success of the Galapagos dives, the search
for the “real” hot springs continued in
some minds. In January 1979, Alvin and
ANGUS returned to the Galapagos Rift, this
time with biologists and a film team from
National Geographic Society. Fifteen more
vents were found and animals —including
agiant red tube worm — were retrieved for
study (SN: 4/7/79, p. 231; 5/19/79, p. 327).

Leaving the Galapagos hot vents in
March, Alvin traveled north about 2,000
miles to 21°N on the East Pacific Rise, a
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At left (top) stars mark location of active
vents at 21° N and Galapagos Rift; (bottom)
location of active vents — solid circles —
along the volcanic axis of the Galapagos
spreading center. Below, two-ton deep-
towed camera ANGUS that first “found” the
vents. Right (top to bottom) giant tube
worms amidst limpet and crab-studded
rocks at Galapagos, blind Brachyuran crab
similar to shallow water species; 30-centi-
meter clam picked up by Alvin’s mechan-
ical arm. With few exceptions, the same
animals were found at both 21°N and at the
Galapagos Rift.

spreading center near the mouth of the
Gulf of California. There, the researchers
hoped to make surveys of the seismic,
magnetic and gravity characteristics of a
“typical” spreading center. But in the
words of Robert Ballard of wror: “If that’s
typical, then — wow — there’s a lot to be
learned.” First with ANGuUSs, then with Al-
vin, the researchers found about two
dozen hot springs stretched along 6 km of
the half-kilometer-wide spreading center.
But next to these angry-looking,
superheated geysers — called “smokers”
— the Galapagos Rift vents looked like
tepid sprinklers. Not only was the gushing
water about 300° C hotter (the first at-
tempt to measure the water temperature
melted Alvin’s heat probe), but around the
chimneys lay mounds of minerals includ-
ing copper, iron, zinc and sulfur with lesser
amounts of cobalt, lead, silver and cad-
mium. Like the Galapagos, however, the
same animals, with the exception of the
mussels, were clustered in fields near the
vents. Obviously the areas are kith and kin,
though somehow different in develop-
ment. Moreover, as Edmond notes, the
discovery of even more spectacular vents
at an area thought typical makes the
Galapagos findings quite believable.
Simply the existence of the vents settles
some arguments but their geology,
chemistry and biology also have signifi-
cance. Geologically, the vents appear re-
lated to the volcanic cycle of the spreading
center. Early in the 10,000-year cycle, lava
pours out in impermeable sheets. Late in
the cycle, lava forms loose pillow-like de-
posits that are more permeable. Accord-
ing to Edmond and others, if the circulat-
ing water is forced through impermeable
sheet flows, it may emerge with more force
and deposit most of the leached minerals
on the surface. If, however, the water circu-

lates through a “leakier” pillow flow sys-
tem, it may mix below surface with cooler
water, drop most of its minerals there, and
emerge cooled from its original tempera-

ture. A “leaky” system — like the
Galapagos —may become a “tight” system
— like 21°N — if the deposited minerals
plug the leaks between pillow basalts. Bal-
lard suggests that may occur at some time
at the Galapagos, provided the volcanic
cycle doesn'’t shut down first. But little is
known about the lifetime of an individual
vent. Ballard and Ken MacDonald of the
University of California at Santa Barbara
suggest, based on the amount of heat
given off, that a vent may last only a few
years before its heat source gives out or
the precipitating minerals clog the vent.
That the vents are intimately associated
with the volcanic cycle is also evident in
magnetic, seismic and gravity surveys
done by MacDonald, Fred Spiess of Scripps
Institution of Oceanography and others.
These surveys across the spreading center
at 21°N show that the vents occur directly
over a low-density area, probably a
magma chamber that lies very close to the
surface. It is unclear if the water circulates
deep enough to reach the chamber. But
Spiess and MacDonald’s seismic refraction
studies (which used Alvin as a “thumper”
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Own the World's most perfect watch...

The only “PURE-SOLAR” timepiece in existence. Guaranteed to outperform
any watch sold today...or costs you nothing!

The Sunwatch...never needs batteries. .. accurate to within 1 second

et

per month. .. virtually indestructible, beautifully styled
sport/dress watch.

An onglnurlngkldmgn breakthrough in
space-age timekeeping tochnolon‘...mat
now makes all other watches obsolete:
100% Sun-gowereu‘ no batteries that need
replacing. CClearly visible by day or night
O Unique side-window view. simplifies reading
[ Built-in computer calendar — no need to ever
re-set the watch (Not even in 31-day months and
leap years!) (JUnprecedented accuracy — you
pr_og!am the Sunwatch's computer to stay accurate
within 1-second per month!

A “State-0f-The-Art” llmo&hco that com-
bines solar age energy efficiency with a
unique feeling of futuristic elegance and
beauty. 10 years ago the Sunwatch was an
idea, years ahead of its time, on the drawing
board of Roger Riehl. a noted expert in solar
energy, integrated circuitry, and computer chip
technology. As a resuit of these years of costly
and extensive research, Mr. Riehl's dream of a
perfect watch has been realized, and this is now
awailable through the Starshine Group. a California-
based marketing organization specializing in
unique, innovative products

The objective in producing the Sunwatch
was to put an end to all the difficuities
other watches create. For instance. with the
Sunwatch you will never have to worry about
accuracy again. For the rest of your life. you will
know you are on time — almost to the second'
You will also never again stop to check the time
only to find that your watch batteries are dead
The Sunwatch powered by stored light energy
never needs a battery replacement

Another important feature is that you don’t
have to strain your eyes to read the numbers
In bright sun or dark rooms as with other
digital and conventional watches. The Sunwatch
has 4 built-in varying light intensities which
automatically adjust to the immediate light
conditions, making it easy to read at all times,
day or night. These necessities of correct
timekeeping are now possible for the first time
with this remarkable achievement in watch design

Technical Data & Special Features:

-Tln‘ silicon solar power cells are the
incredible power source; they are constantly
being energized from natural sunlight or even
an ordinary light bulb while you are wearin

rpur watch. The watch operates on this store:

light energy and will work even after being kept
ina drawer or suitcase for several days. However,
should storage in darkness for a long period
result in the watch losing its charge, a few
hours in the sun (or overnight under a lamp) will
charge itback up to normal (Note: if this happens
and the watch display loses its charge due to a
long period of darkness, the internal operation
continues on keeping the same accurate time.
Therefore upon re-charging the watch, the display
readout will show the correct, up-to-date time.
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jTusl as if the watch had never lost its charge.

his is because the display will aulomallcallg
shut off at low charge levels. leaving enougl
energy to continue the internal time-keeping
functions)

HNo Resetting Needed Until 2100 A.D.!
Thanks to its own specialized Micro-Clrcult
Computer, the Sunwatch is electronically pro-
grammed to display the correct month and day
with NO resetting for the next 123 years' (Of
course. in 2 or 3 seconds, you can easily
change the time [or any other display] at your
option. should you need to change time zones,
etc.)

@ Permanently Sealed Lexan Module, pro-
tected by U.S. and Foreign Patents until 1992,
encapsulates all energy cells, solar panels,
quartz crystals. Computer-On-A-Chip, Readouts.
etc. This hermetically-sealed watch module is
also filled with a special gelatin which absorbs
tremendous shock, making the Sunwatch virtually
the Most Indestructible Watch Ever.

W Completely Waterproof (You can safely
suspend it in boiling water for 30 minutes!) It's
bgcause of the permanent lexan sea! mentioned
above

M Shock Resistant to 5000 G’s (You can
literally crash it into a rug-surfaced brick wall
at 90 MP H. without noticeable effect!)

i Temperature and Pressure Resistant
Freeze Sunwatch in a block of ice for a year or
wear in 750 feet deep without damage.)

 Natural Side-View Window lets you tell
the time, day, and date without twisting your
arm into an obvious, awkward position.

[l Continuous Seconds Display — Useful for
pulse-taking, stopwatch timing, etc.

4 Ditferent Readout Modes: Mode #1...Dis-

Iays the time in hours and minutes (as shown).

ode #2...Displays the month and day in
numerical form (i.e., 3:13 for March ISL. Mode
#3...Displays the day of the week (alpha form)
and the seconds counlln(i off (i.e., TU: 48 for
Tuesday, and 48 seconds alter the minute display
in Mode #1.) Mode #4...Displays the ieap
year status, and the programmable speed
calibration setting that the watch is currently
setat. (i.e., 23:45. The first digit "2"" means
that this current year is 2 years after the most
recent leap year. The next 3 digits tell you that
your Sunwatch is operating at a speed setting
of 3:45. This setting can be changed by you in
just seconds to anywhere between a range of
0:00 to 7:77. This allows you to adjust your
watch speed to compensate for local climatic
and magnetic conditions, etc. After a little
experimentation you will soon find the proper
setting to keep your Sunwatch accurate to
within an unprecedented one second per month.
(That's 5 times better than the latest Quartz
Accutron!)

Free Custom Engraving: At your request,
each watch will be hand-engraved with your
name (or any name you specify) to label and
personalize it yours for a lifetime.

Limited Warranty Is Your Protection. The
Sunwatch is covered by a 2 year limited warranty
issued by Rieht Time Gorporation (Manufacturer
of the Synchronar 2100), and included with
your watch. A copg of the warranty masv also be
obtained free of charge by wntmg t0 Starshine
Group, 924 Anacapa St., Santa Barbara, Calif.
93101, This warranty gives you specific ]eﬁal
ri?ll_'ns, and you may also have other rights
which vary from state to state

Never Needs Batterles. Tiny silicon solar
cells gather and store energy from sunlight.

daylight. even an ordinary lightbulb. What a
relief never to replace batteries!
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No numlna — Ever. Microcircuitcomputer
to

lily
is programmed to display the correct month and
day with no resetting until 2100 AD.

The exciting Sunwatch offers split-second
acc_ulacr based on solar energy and advanced
design features, all packaged in a striking,
comemoorarr styled timepiece that is virtually
indestructible even under the most severe
conditions. The Perfect Watch of a lifetime for
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Athietes etc

The Philosophy behind the Watch and this Advertsement
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manner with the honest 1acts and features of a timepiece
that we several thousand current Sunwatch owners,
genuinely believe to be the most advanced, most practica
watch in production today We have attempted to tell
you as much as possible about the Sunwatch because
we know It sometimes can be difficult to make an
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just a few words and pictures

Should you decide 10 try wearing and using one. we will
engrave your name on itat no charge. and send it to you
by United Parcel Service (or USPS it UPS doesn't
service your areaj You then have 2 weeks to literally

try 1t.on for size” and see for yourself how incredible
this watch actually 1s If you decide you don't care to
keep 1t for any reason. you can feturn it to us (within 2
weeks of receipti for a prompt refund. or a credit to your
charge card

Credit Card Orders Call Toll Free: 1-800-
235-6945, ext. 1045. Calif. Residents Call:
805-966-7187

Note: Thousands of earlier models of this “pure

solar”timeplece have been sold nationwide for as
high as $500 or mors. Recent cost reductions in
certain components now make the watch much
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to produce the seismic signal) may show
the extent of fracturing of the rock and
help determine how deep the water can
circulate.

The discovery of the vents also has a
major impact on ocean chemistry. Tra-
ditionally, the river runoff from continents
has been thought responsible for the en-
tire chemical composition of the ocean.
But some of the calculations were a little
contrived, says MIT’s Edmond. The oceans
had too much manganese and not enough
magnesium, for example, to match the
river deposits. When Edmond examined
water samples for the Galapagos and 21°N,
however, he found they contained exactly
the proper minerals in the proper concen-
trations to make up the difference. “The
amounts that are coming out are exactly
what you'd want to eliminate the special
pleading and appeals to magic and so on
that were going on before.” In addition,
based on the chemistry and the heat loss
from the system, Edmond estimates that
the entire ocean recycles through the
crust approximately every 8 million years.

Perhaps the most unexpected discovery
of Alvin’s recent dives is the community of
creatures associated with the vents. Two
miles below the surface, the animals thrive
where no light can reach. An analysis of
the sulfurous vent water and the stomachs
of some of the animals reveals the secret
— sulfur-oxidizing bacteria. Apparently,
say the researchers, this is the first com-
munity of animals not based on photosyn-
thesis. And, though related species live
elsewhere, “this is not the usual list of
deep sea animals,” says Robert Hessler of
Scripps.

Several of the recovered specimens,
such as the tube worms, the clams and the
crabs, represent additions to their respec-
tive groups. Especially interesting are an
apparently new family of polychaete
worms called Pompeii worms because
they live on the chimneys directly beneath
the shower of precipitates. Several of the
animals contain high amounts of hemo-
globin, a possible adaptation, suggests
one scientist, to the toxicity of the abun-
dant hydrogen sulfide in the vents.

The researchers agree that the vents
will probably only be found at “fast”
spreading centers such as the East Pacific
Rise, which spreads about 6 cm per year. A
fast spreading rate seems to set up the
necessary combination of energy and vio-
lent activity to stoke the “smokers.”
Farther south, near Easter Island, the ridge
spreads at 18 cm per year. Anxious to see
what effect a three-fold higher spreading
rate will have, researchers from several
US. institutions are proposing a five-year
study of that area that may begin in 1981 or
1982. In the meantime, Ballard will accom-
pany a French expedition that plans to
explore the area next May using their
submersible Cyana and the French equiv-
alent of ANGUS. As one researcher said,
“Just think what's happening at a really
fast one. I can’t wait.” g
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