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1. Your toured the Deep-sea Drilling Vessel Chikyu earlier this week. What
did you think?
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I think it’s great. It’s truly one of the most impressive research vessels | have ever seen.
JAMSTEC President Asahiko Taira was extremely gracious with his time to accompany us,
and we had a very comprehensive tour of the whole thing, including the many wonderful
onboard labs. The science community of Japan should truly be proud for having the courage
to undertake the bold move of constructing this ship. With Chikyu, perhaps we can finally
realize our dreams to get a piece of the mantle.
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2. How did the idea for the US effort “Project Mohole” come about?
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A few of us, including Harry Hess and me, had been reviewing very boring earth science
proposals for NSF - the US National Science Foundation - for three days; three very long
days. We were having a drink afterwards and someone brought up the question: what would
be the most exciting proposal that you can imagine? And someone else said, drilling a hole to
the earth’s mantle! After a few more drinks and lot more discussion, a new question came up:
why not do it? By the time the evening ended, we had decided to write a proposal to NSF to
do just that. The National Academy of Sciences agreed to take us under their wing for a
feasibility study. We hired Willard Bascom to be in charge of the project. My
brother-in-law, Ed Horton, was a drilling expert, and he designed the first drill string.
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3. What technological challenges did you face in 1961?
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We realized that certain questions had to solved before we could make a meaningful proposal.
We were aware of the fact that the experiment had to be done under the ocean, where the
Earth’s crust is thin. We would never get to the mantle drilling from land. At that time, there
had never been any deep ocean drilling. The very first question was how to keep the drilling
ship in place. | believe it was an Italian - Francois Lampietti - who suggested putting
acoustic transponders on the sea floor, interrogating them at frequent intervals from the
drilling vessel, and controlling powerful outboard propellers/motors to respond to the
acoustic signals to continuously adjust the position.
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Of course we worried about temperature. You can expect temperatures of about 150 to 200
degrees C at the bottom of the crust if you say away from high heat flow areas. Those are

less than what the oil industry sometimes encounters, so should be OK. We worried about
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water depth and current strength, which are still issues for drilling today. And of course, we
knew we needed a specially designed drill string to take the load of being unsupported in
deep ocean, and then be able to cut through sediments and hard rock. Many of these topics,
which are still challenges for the Chikyu today, were summarized in the 1961 book “A Hole
in the Bottom of the Sea.”

HHhAA, BHITREIET D THAIREOLEIZLE L, KT, BYER1NIK
LWE ZANLHENTZE LT, HEO—FRNE AT, HERK150EN5200
FESOHOWOIRENHY £9, LL ZOREORERIIZ, AMERTIIEESH D Z
E7eDT, BB RLKRTL & 9, KIEEWEROFRE RS T 2 HHIZ2 325 2 & bk
TLZ, ZHIEZAIHLTHEIEHmERRT_NEREEL LT TWET, £L T
bH A, RIFEOWIE CHEEZIB D k&, ZOTOEEL BIRD Z LA TE LR
RMANEE S ST RU AL TRy bW oo iHIgaR 2R T 2 HENLE R D
ELRMLTWE L, T —HOMBEIT1 9 6 1FFITO NMEFEIZHAIFLE
EWVIRIZENENTVET, TOLLIE, ZACHED TH&Ew 5| W) AR Z
Lo TLTHMBELTODLRITIUIR RN DL BnNET,

4. The Project Mohole team carried out a feasibility test under the
sponsorship of the US National Academy of Sciences in 1961. Please tell
us about that.
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A decision was made to use an existing drilling ship, the CUSS I, and try to stay close to
home. For the location, we chose the area east of Guadalupe Island off the coast of Mexico. |
had done some work on ocean waves for the US government in connection with amphibious
landings in North Africa during World War 11, so | took part in selecting Guadalupe Island as
an appropriate site. | chose the site under the assumption that it would provide shelter from
the incoming ocean swell. We have since learned that islands can do one of two things
concerning waves: 1) they can provide shelter, 2) they can lead to a reinforcement of wave
height from waves coming around both sides of the island. | had assumed that we would find
shelter, but it turned out that the place chosen was unusually rough. But this turned out to be
alright, because it provided a critical test of our procedures.
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Willard Bascom decided that we should keep a meaningful record of this adventure, so he
persuaded the famous author John Steinbeck to come along and write an article to be
published in Life Magazine. John Steinbeck did a wonderful job of describing the
experiment. |1 would urge you all to read his article, which appeared in Life Magazine in April
1961, with Mrs. Clark Gable on the cover.
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The test was successful beyond our expectation. The position keeping using the acoustic
method worked very well. We had calculated that the ship must remain within 180 meters of
the central point, and it did better than that. We drilled 180 meters below the seafloor and
took 50 meters of hard rock core — it was basalt. We were operating in about 3600 meter of
water, really quite deep.
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We returned in high spirits, expecting an early follow-up of the feasibility test with the real
operation. Unfortunately, that was not to be.
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5. We know that Project Mohole ultimately did not succeed. What happened?
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Whereas there had not been much interest by major oil companies to participate in the
preliminary work, the success of the Guadalupe Island Feasibility Test received a great deal
of attention. So, when we asked for bids for the main operation, 8 major oil companies bid to
become the prime contractor, including familiar names like Shell Oil and Saucony. When the
proposals were ranked, last in priority was a company called Brown and Root, from Texas,
who had no experience with sea-going work. For reasons that have never been understood,
NSF chose Brown and Root as the contractor. A few years and many millions of dollars later,
Brown and Root was still publishing voluminous paper studies, with no end in sight. Finally,
the scientific oversight committee decided that we were getting nowhere, and we requested
Congress to terminate the project. That committee, on which | served, had earlier agreed to
give NSF total control of the choice of the prime contractor. We should have never
relinquished control. | carry much of the responsibility for the failure.

LHERDITFIEND EIFOBRETIEIHE VS MA~OBKERLTH D X0 -
T=DTEN, 7T XN —TEH COREDOMRILN20 OFEHEZEDE LI, TTh
O, HISHEAERDD EE, VY v == WS YDAV vy — 55728

FEHDBARICSIM L TE E Lo, AMLOBREEIEIZA S TR, & TALICWeDIET
DTV K=k EWV D TRV ZADEIT, F 2134 < MBI E] O R ER A B R 2
HTLE, EH9LTEINWIHIMET 2008 I b &< B LW O TR, 7
AV IORFMEIZT 7007 v R— R~ ERKT 5 2 LICROTZD T, fTHFENE
H, ZOHbWEMEN VWIS BENRINTHRB, 7707 Rb— MEFAHLED

6



225 i 0 IR IIE Y T EEROMANCIIR D Hr5[ T 5 H Y FEATLEZ, 2
(2%, Z OIRAIGHE OFEZE B2 2 TIEEF RSB R2D AOFRE R S Hi 7w &fy
L, x i3 TREZDT T NI@BABITH LTI rY =7 FOKEEZEWVELE L,
b —BTholetOrHMliZE R RIT, RWEETT A U I ORFHMENC EDath &2
KT 2O 2 —(EL TWE L, A EHAFHIZESSY A =07 1 X bR
Z DOFERHIWr 2 I D NE TR L TH Y FHAT L, ZORKI A~DE
EZIRE L TR £,

However, it was not a total loss, because it led to so many years of the highly successful
“Deep Sea Drilling Project” and was a forerunner of general drilling in the deep ocean.
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6. What was the legacy of Project Mohole?
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Well dynamic positioning — the method of automatically keeping a ship on position with its
own propellers and thrusters responding to signals from acoustic transponders — became
widely used in commercial offshore drilling. Indeed it is the method used by Chikyu today,
although the reference signals now come from satellites instead of beacons emplaced in the
sea floor. This all grew from the Guadalupe Island feasibility test with CUSS I - the first time
a ship was held in position by a piece of information instead of a piece of steel cable.
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Even in the early 1960s, there was great debate about whether the community should build

two different ships, one to drill sediments and one to go to the mantle. The Deep Sea Drilling
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Project began in 1968 with Scripps as the prime contractor for the National Science
Foundation, using the drillship Glomar Challenger. Following that program was the Ocean
Drilling Program, and then the Integrated Ocean Drilling Program. These three programs
have involved thousands of scientists studying the knowledge contained in the ocean floor,
which is over 70 percent of the surface of our planet.
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There were many marvelous discoveries, but much remains that could be done, particularly in
the deep oceanic crust. Really, very few holes have been drilled there. I would like to think
that our efforts of over fifty years ago provided some of the motivation to build Chikyu and
try again to reach the deep frontier of the mantle.
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7. Late in your career, you went into a field called acoustic tomography.

Please tell us about this.
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In the 1960s, it was discovered, to everyone’s surprise, that the oceans have weather as well
as climate. Ocean storms are called eddies, their typical dimensions are 100 km versus for

1000 km for atmospheric storms. Their duration is typically 100 days, as compared to 2-3
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days duration for atmospheric storms. But the dynamics of ocean and atmospheric storms
are surprisingly similar and closely related to a mathematical solution referred to as Rosshy

waves.
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Prior to that discovery, it was thought that most of the ocean variability is associated with
changes in latitude and seasonal changes. If you’re pressed for some numbers, one could say
a typical current moves at 10 + 1 cm/sec - quite steady! We now know a better number
would be 1 + 10 cm/sec, with a huge variability associated with ocean weather.
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In hindsight, it’s amazing that the ocean weather had been neglected in a hundred years of
ocean exploration — since the days of the Challenger expedition in the late 19" century. The
typical strategy was for a few ocean research vessels to take uncorrelated profiles of the
oceans. This would be equivalent to a few automobiles driving up and down the continent,
and taking independent samples of the atmosphere. It became clear that traditional ocean
sampling was entirely inadequate to cope with the variability in ocean weather.
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Carl Wunsch and | gave this matter some thought, and we came to the conclusion that
acoustic sampling of the oceans might fill some of the need, and would be adequate to learn
something about ocean weather. The technique was designed to study eddies, but turned out
to be very good for ocean climate as well.
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Why? Well, the speed of sound in the ocean is a sensitive function of temperature. So, the
time it takes for an acoustic signal to go from A to B is a sensitive indication of the average
temperature between A and B. And it is not just sensitive to the single ray path. Because of
the way that temperature, salinity, and pressure change with depth in the ocean, the sound
waves become trapped at different depths and end up sampling different parts of the entire
ocean column from the surface to the seafloor. This is why acoustic signals at large distances
come at well-separated intervals. By measuring the changes in travel time of the distinct rays,
each with their peculiar sampling of the ocean column, one can separately measure the
temperature profile from top to bottom between A and B. Not just one number, but the
average temperature profile with depth.
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By putting acoustic sources and receivers at both ends, we can measure the “difference” in
the sound velocity from A to B as compared from B to A. Because sound travels faster with
the currents than against it, this gives you a measure of the speed of the ocean currents as a
function of depth. Using acoustic tomography to measure currents is at least as successful as
its application to measure temperature; the best measurements of tidal currents have been
done this way.
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Additionally, since the ocean is a very good propagator of sound, source and receiver can be
separated by 10,000 km. Accordingly, the measurements give you accurate averages over
large ocean basins that are hard to obtain from spot measurements.
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8. We know that you are still very active in science. What are you working on

now?
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I’m working on arctic problems. Glaciers slide down the mountain sides of Greenland and
Antarctica into the ocean, but eventually come off the seafloor and continue moving as
floating ice sheets up to what is called the “ice front.” The place where the ice sheets come
off the bottom are called the “grounding line.” From the grounding line to the ice front there
may extend 100 km of an ocean wedge embedded between the ice sheet above and the

seafloor beneath. It’s the only piece of ocean on planet Earth that has never been visited by
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humans. Going in by manned submarines is very, very dangerous. In the last few years,
there have been an increasing number of attempts to penetrate the ocean wedge by unmanned
vehicles.
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We have proposed mooring ocean acoustic tomographic sources and receivers just seaward of
the ice front. The simplest study is to measure the water flowing into and out of the ocean
wedge. This is an extremely important set of measurements, because the temperature and
velocity of the ingoing and outgoing water is critical to the melting of the floating ice sheet.
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You can also get information from the water beneath the ice sheet as well. A second goal —
and a more ambitious effort - is to learn about the wedge of ocean beneath the ice sheet. As it
turns out, a wedge with thickness decreasing toward the grounding line has the property of
reflecting incoming sound energy. By choosing the appropriate mode number and frequency,
one can control the depth at which most of the acoustic energy is reflected. You can choose
the reflection point near the grounding line. Changes in acoustic travel time are particularly
sensitive to the water properties at the point of reflection. If this works, we could learn about
the processes in the far interior of that ocean wedge. This second goal is highly speculative
procedure, and may in fact not work — because the underside of the ice sheet could be so
rough that not enough energy is returned. Our guess is that the experiment has a chance to

work, although there is a significant probability of failure. But the first goal is the crucial
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measurement of the degree of melting of ice sheet, because this is related to the global rise in
sea level.
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MoHole To the Mantle (M2M)
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