DEEP-SEA DETECTIVES

FOLLOW THE TRAIL TO LUNRAVEL A SEAFLOOR MYSTERY
BY CHERIE WINNER

¥
E IT ALL STARTED
WHEN DAN

LIZARRALDE WENT
TO THE GLLF
OF CALIFORNIA
IN 2002 TO
EXPLORPE A
SPREADING
CENTER AT THE
BOTTOM OF THE
GLIAYMAS BASIN
WHERE TWO OF
EARTH'S TECTONIC
PLATES ARPE
MOVING APART.

In the Gulf of California, magma rises from
y e . I . -
Earth’s interior along a zigzagging zipper of
spreading centers connected by major faults.
The magma solidifies, adding new ocean crust

Gulf of California g .
to the seafloor, widening the ocean basin, and

Seismic profile line further separating the Baja Peninsula from the

rest of Mexico.
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Lizarralde, a geophysicist at
Woods Hole Oceanographic Insti-
tution (WHOI), obtained a seismic
profile across the western portion
of the basin—a sonar slice down
through the sediment to about 2
kilometers (1.25 miles) beneath
the seafloor. It offered a glimpse

of the structure and composition
of the ocean crust.

He taped the seismic profile to
his office wall, where it hung for a
long time before he realized that
some of its characteristics were
more than unusual. According to
conventional wisdom of how seafloor

crust forms, they were impossible.
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Sediment layers

Graben

~2 kilometers

On the profile, the spreading center is easy to spot: It more material to the seafloor.
features a distinct notch in the crust, like a trench dug by Also as expected, the Guaymas sediments
a giant. Geologists call such sites “graben” (GRAH-ben), were thinner near the spreading center and thicker
which is German for “graves.” farther away. Magma rises to the seafloor at the
This graben was heavily cloaked in about 600 meters spreading center and flows laterally from there,
(1,968.5 feet) of sediment. That didn’t surprise Lizarralde. so ocean crust farther away from the center
Sediment accumulates fast in the Guaymas Basin because a is older and has had more sediment accumu-
lot of material blows and washes in from the margins of the late on top of it.
nearby land. Large blooms of plankton in the gulf add even

But one spot on the profile caught 1 million years
Lizarralde’s eye. It was a tall, thin
feature about 28 kilometers (17
miles)—or about a million years—
away from the spreading center, but
it was covered by only 100,000 years’
worth of sediment.

“One day I realized, ‘Wait a sec-
ond, that’s not very much sediment’”
Lizarralde recalled. “It just made
no sense.”

That feature was not the only
oddity on the profile. Much of
the structure beneath the seafloor
didn’t make sense. Instead of smooth
layers of sediment stacked on each Magma intrusions?
other, the layers were disrupted, £ 100,000 years

. ¢ e wT. » of sediment
jumbled—“ratty-looking,” Lizarralde : = -

called them. Normal sediment layers

It looked as though magma had
pushed up into the sediments, dis-

Ragged sediment layers
possibly pushed up by magma

turbing the orderly layers. Normally,
magma gets “focused” at the spread-
ing center, so it emerges within 5
kilometers (3.1 miles) of the plate
boundary rather than across a more
expansive area. Some of it intrudes
into the sediments right near the
graben. But in the Guaymas Basin
profile, magma appeared to have
penetrated sediments in many loca-
tions up to 50 kilometers (31 miles)

away from the plate boundary. For ‘T SAW THAT AND SAID, ‘T'VE 60T TO PURSLIE THIS,”
some reason, it hadn’t focused. LIZAQéALDE SAID. !
*BUT NOBODY'S GOING TO BELIEVE IT.”

Scans courtesy of Dan Lizarralde, WHOI




HE QUICKLY REALIZED there was a relatively easy

way to find out if magma was, in fact, intruding into outlying
sediments. Just as ore prospectors use the presence of certain
plants to indicate deposits of valuable minerals, he would use
the presence of seafloor organisms that feed on methane to
prove the underlying geology. His rationale was simple.
“These sediments are at 0°C, and if all of a sudden you put

2 1,000°C wedge of igneous melt in there, it just fZashes the
sediments,” he said. “All of the water turns into vapor and

Bacterial mat gets released, and a lot of the carbon in the sediments right

fed by methane around the melt gets baked off and released as methane and

other hydrocarbons.”

Animals As those hydrocarbons percolated through the seafloor,

‘\\ “ e \ they would provide nourishment for microbes, which in turn
Gas

i
} \ : would attract a host of predatory and scavenging organisms.
e f ! " Gas . “So if this is happening, we oug}it to see a bunch of seafloor
\ leakage life away from the spreading center.
% That was very much contrary to generally held ideas that
i : Gas the deep ocean floor is mostly barren of large life forms, aside
\ reservoir from oases where circumstances provide nourishment for
« / organisms. At cold seeps, for example, the sheer weight of
, sediments drives methane and other nutrients out of buried
’ S reservoirs into the water. In hydrothermal vent systems at
f spreading centers, volcanism drives hot, buoyant, chemical-rich
tluids to form geysers at the seafloor. Scientists had
studied hydrothermal vents in the Guaymas
Basin in detail, but no one had bothered
“THE FACT to do more than a cursory survey of

THAT NOBODY'D EVER the Guaymas seafloor beyond
DONE IT MEANS THAT NOBODY the spreading center.
THOUGHT THAT THERE WOLILD 8E
ANYTHING OUT THERE TO FIND,” SAID
LIZARRALDE. “"IT'S JUST
THE MINDSET THAT EVERYTHING
MUST B8E HAPPENING AT
THE RIDGE.”

Though the plan to locate seafloor
seep sites was conceptually simple, Lizarralde
didn’t have experience designing or leading the
complex field operations required for a seafloor mapping
program. Needing a partner, he went down the hall to
pitch the idea to his friend Adam Soule, a volcanologist
who had the technical and scientific expertise to lead
such an expedition.

Soule agreed to serve as chief scientist, and in
October 2009, he and Lizarralde sailed to the Guaymas
Basin aboard the research vessel Atlantis to map the
floor of the basin and look for evidence that magma
had come up into the sediments far from the spreading
center. Joining them were WHOI colleagues Dan
Fornari, a marine geologist who has developed several
deep-sea imaging systems, and postdoctoral researcher
Giora Proskurowski, a geochemist.

Top: Jayne Doucette, WHOI; Bottom: Tom Kleindinst, WHOI



The researchers first tacked back and
forth across the basin as a multibeam
sonar mounted on the bottom of
the ship emitted sound waves that
reflected off the seafloor. That
gave them an overall view of the
bottom topography. The study
area was about 55.5 miles
(90 kilometers) by 12.4
miles (20 kilometers) and
included the part of the
seafloor lying above
the seismic profile
that started it all.

e

Multibeam sonar
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Sidescan sonar

THEN IT WAS TIME TO GET A CLOSER
LOOK at the texture and physical character of the
seafloor with a different form of sound imaging.

“I thought the best approach would be to use sidescan
sonar, which is like taking an aerial photograph of the

seafloor, but instead of using light, you use sound to
‘light up’ the seafloor,” said Soule.

They towed the sidescan sonar back and forth
across the study area, keeping it at a height of about

500 meters (1,640 feet) above the bottom. As with the
multibeam sonar, it emitted sound waves that reflected

back to receivers on the device. With sidescan sonar,

lllustrations by

the amplitude of

the return waves reveals
differences in the density, hardness, and roughness of
the surfaces they bounced off. The amplitudes are
mapped to the seafloor, producing an image much like
an aerial photograph. Soft mud yields a nondescript gray
image. Hard features such as crusts of calcium carbonate
or clusters of shelled creatures produce brighter, lighter
images. The images were transmitted up a cable towed
by the ship, where the scientists kept their eyes glued
to a screen—and their fingers crossed.




White dots show hard areas on the
seafloor as indicated by sidescan sonar

Bathymetry obtained
with multibeam sonar

Depth (meters)

White ring shows a hard area
investigated more closely

BUT WITHIN HOURS it became apparent that the team was in
“ luck. Against the dull gray background of seafloor sediment were
THERE WAS A REAL

dozens of bright reflective features.

POSSIBILITY THAT WE/D These things stuck out like Christmas tree lights,” said Soule.

The sidescan images revealed about 100 of the reflective

60 OLIT THEQE AND SEE spots, most about 200 meters (219 yards) across and about 10

N OTHI Ne—IU ST N\Ll D,” meters (11 yards) high. That was encouraging, but the most

crucial test still lay ahead: Would there be a bright spot
SAID SOLULE, over the subsurface feature that Lizarralde had noticed
in the seismic profile, which he thought had been
created by intrusions of magma?

“The prediction was, if we don’t see something
here, then our hypothesis isn’t right. So we were
biting our nails,” said Lizarralde. “I was like,

OK, we need to see something. When we
came across here, we saw not only a dot,

but this big ring.”

“IT LOOKED LIKE A

BULL'S-EYE!”

The screen showed a bright halo
about 750 meters (820 yards) across—
bigger than most vent sites at the graben
of fast-spreading centers. And it lay on the
seafloor directly above the curious feature
that first caught Lizarralde’s attention on the
seismic profile.

Top: Jack Cook, WHOI; Bottom: Courtesy of Dan Lizarralde, WHOI



AFTER SCANNING

THE WHOLE

STUDY AREA, the

team went back to ten of

the reflective spots to gather

chemical and temperature

data. Proskurowski used a

sampling device (below) to

collect water from just above

many of the features and brought
them back for analysis in the lab

of WHOI geochemist Jeff Seewald.
At every site they tested, they found
abundant methane and helium-3, and
less carbon-13 than usual, all of which
indicated that material was coming out
of the sediments as a result of heating.
They also found that water near the patches
was significantly warmer than in areas
farther away. The bull’s-eye was the warmest
spot of all.

So far, sonar, chemical analysis, and temper-
ature readings all supported the possibility that
magma had intruded into the sediments far away
from the spreading center.

But the discovery of lush seafloor life really
nailed it.

MARSHALL

The researchers had planned to look for signs of life at the
bright spots using an underwater camera attached to a high-speed

fiber-optic cable. But when that system needed a time-consuming

repair, they decided to try a new device that had recently been
developed by WHOI engineer Marshall Swartz. (See story
on Page 18).
' Known as the SDSL data-link (Synchronous Digital
‘W“ Subscriber Line), Swartz’s device married an Ethernet
: link to an ordinary sea cable normally used to transmit
: ‘.\“ electrical signals. The resu.lt was an inexpensi.ve, sturdy
/_ % ) system that could transmit images and data in real
y time. It had been used only once before, but the team
: /4‘ had little choice.
{ < “Without it, we were stuck,” Soule said. “Our
targets were so small, we needed that camera to see
things in real time in order to move the ship 50
meters this way or that way to find them. It was
¢ essential to what we needed to do.”
L~ The team towed the device toward the
big bull’s-eye and watched the screen that
displayed what the camera was seeing. Since
the seafloor was about 2 kilometers (1.24
miles) down, for more than an hour they
saw only darkness or the monotonous
gray muck of bare seafloor. But finally,
there it was, right on target: an enor-
mous patch of clams, crusty mats
made of bacteria, and tubeworms.

-

Top: Tom Kleindins |; Bottom: Carolina Nobre, WHOI




AND WHAT DOES IT PEVEAL ABOUT HOW
NEW OCEAN CRUST IS FORMED?

OVER ITS U48-HOUR DEPLOYMENT, the SDSL data-link sent about 15,000 images up the

cable. At most of the sites they examined with it, the researchers saw thriving biological communities—

proof that nutrients were flowing up from the seafloor at those spots.

The oases of living things confirmed Lizarralde’s hunch that magma was pushing up toward the

seafloor far from the spreading center.

BUT WHY DOES THAT HAPPEN IN THE GLUAYMAS BASIN?
DOES IT OCCLUR ELSEWHERE?

Lizarralde said the notion that magma gets
focused deep below the seafloor and emerges only
near a spreading center came from the fact that
magma beneath spreading centers has rarely been
seen not focused. But how melt gets focused has
never been adequately explained.

He thinks his findings suggest that the key to
focusing is the lack of sediment at most spreading
centers. With little sediment to cover and plug
up cracks in the igneous crust, frigid seawater
circulates through the crust and removes heat in
much the same way that a car’s radiator cools a hot
engine. This advective heat loss is so efficient that
rising magma either freezes in the mantle or flows
toward the hottest spot in the region—the graben.

At Guaymas, the thick sediments act like sand
in a radiator. They prevent cold water from circulat-
ing and cooling the magma via advection. Instead,
cooling takes place via conduction, which is far less
efficient. Instead of moving along a freezing front
toward the plate boundary, magma simply moves
straight up—and sometimes breaks through the
crust into sediments far from the graben.

Images courtesy of Dan Lizarralde, Adam Soule, and Jeff Seewald, WHOI
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The large
number of spots
they found suggests
that such “breakthroughs”
happen often: ten or more times per century,
said Soule. And that’s just in one relatively small
ocean basin. The same thing could be happening
at many sites on the seafloor. Similar “warm seeps”
elsewhere have been attributed to volcanic activity,
but Lizarralde now thinks they may be like those
in the Guaymas Basin.

“I suspect that any time you have a spreading
system that has a bunch of sediments on it, the
mechanisms that focus magma get turned off,”
he said. “So you get a wide region where magma
gets into the sediments and cooks off carbon.”




If the process is more widespread,
that raises another question:

JUST HOW MUCH
CARBON IS BEING
RELEASED INTO
THE OCEAN?

Scientists have thought that once
carbon is deposited on the seafloor, it
is sequestered there for a few hundred
thousand years. But the researchers esti-
mate that the process seen in the Guaymas
Basin could drive as much carbon ou#
of the sediments as goes inzo them from
organic detritus, carbonate shells, and
other sources. That means deposits of
carbon in seafloor sediments may not
be as permanent as previously thought,
and we may need to rethink suggestions
to use the deep ocean as a repository for

excess atmospheric carbon.

“We could be burying a lot less
carbon than we think if this is going
on, because these particular sediments
are extremely organically rich,” said
Seewald. “There’s a lot of carbon in
this basin. And if it’s going to be
released back to the ocean or atmo-
sphere, there’s a huge impact.”

Lizarralde said seafloor organisms
would recapture some of the released
carbon, but a substantial amount escap-
ing to the ocean could reduce the pH of
seawater and have impacts on marine
life. If some carbon made it all the way
to the atmosphere in the form of carbon
dioxide, a greenhouse gas, it could play
an unsuspected role in climate change.

Soule, Lizarralde, and Seewald hope to return to the Guaymas Basin with Andy

Fisher from the University of California, Santa Cruz, to collect fluid and rock

samples at the warm seep patches and further explore the sites’ water

temperature, chemical composition, and carbon flow.

Meanwhile, the discovery of unexpected patches

of life on the seafloor is a source of
wonder because of its far-reaching
ramifications linking

Earth’s interior to

its atmosphere.

“I GET EXCITED ABOUT IT,”
SEEWALD SAID, “BECAUSE YOU
= - - = Eammemmmel SO FROM THE VERY FLINDAMENTAL
Top: Julia DeMarines; Bottom: Ken Kostel, WHOI pQOCESS OF GENEQA‘”NG
This research was funded by the National Science Foundation THE OCEAN CRUST TO
and was reported in the journal Nature Geoscience. POTENTIALLY AFFECTING

CLIMATE.”

THE END

(STAY TUNED!)

WO0ODS HOLE OCEANOGRAPHIC INSTITUTION 51




