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CHAPTER XIIL: EUROPEAN EXPERIENCES

In memory of Professor Maurice Lugeon of Lausanne, Switazerland who gave
me the opportunity to join his summer field excursion in the Alps which
unquestionably helped me to become proficient in French conversation
which was a great boon to the rest of my career, and
also taught me to be more tolerant.

I Learn to Speak French and Get a New Look at Life

As I have already mentioned, I did things badly if not interested
in them, but my ability in these same things seemed to improve vastly
when I developed the proper enthusiasm. In languages I was certainly a
dunce. Latin almost drove me crazy in prep school. I never acquired a

- good grasp of that language even after some five years of hard work
~getting ready for college entrance exams. I received a 'D' in Spanish
in my freshman year at Harvardl As for French, I had a French governess
for a few years as a small boy but never did at all well in prep school
at it, and actually flunked the first reading exam at Harvard, an easy
test that everyone was supposed to take in a foreign language. Just
a fluke got me through my German exam in connection with my Ph.D.. The
~examiners let usbbring in a book to read and I chose a mineralogy and
memorized all the words of a couple of mineral descriptions and so
impressed the professor with words he did not know himself that he
overlooked my gTaring deficiencies. So that was my history in foreign
‘languages when a few years later I got interested in really learning
French.

Elizabeth and I went to Europe with my.parents in 1925. We toured
in their old Marmon car. Elizabeth was expecting our second child a few
months hence and was not much on mountain climbing. The folks knew I was
interested in that activity and so they offered me a couple of weeks by

myself to climb the Matterhorn or whatever I wanted to do in the Alps.
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While we wefe in Lausanne, Switzerland I went to see the grand old man
of the Swiss Alps, Professbr Maurice Lugeon, to talk with him about
Alpine structure, in which I was very interested. He fascinated me, and
at the end of our talk he invited me to join his annual international
field trip.with students and fellow geologists, to a part of the Alps called
the Diablerets. This proved more interesting than climbing the
Matterhorn, and I joined the group at their French penSion in Gryon.

I found myself surrounded by French—speaking people who, aside from one
Canadian, knew very little English and were not interested in it.
Nothing could have been better for my really 1éarning the language.

"~ Having a smattering of French so that I could understand a good deal of
what they were saying, I was forced to try my weak French on many
occasions just to survive. The professor had quite a line of dirty
stories and I had to have the Canadian translate those for me; but I
soon found I was getting most o% the rest of the talk as my ear grew
accustomed to it. I soon began to jabber away with the rest of the

~ group.

Having been brought up in a prohibition family I did not consume
alcohol, but after seeing what fun the group had over fheir wines and
liquors I decided maybe I was missing something in my 1ife and began to
join them on a very moderate scale. It sure made learning French easier
and pleasanter. I was still somewhat of a puritan, so that the professor
having along one or perhaps two mistresses did bother me some, but once
again I decided I should become more broad-minded about the activities
of others. So, I learned to speak French, enjoy a bit of alcohol, and

became more tolerant of sex. In addition, I got a fine understanding of
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the complicated structure of the Alps. That experience made quite a
difference to the rest of my life.

Later while spending three months with Professor Bourcart of the
Universite de Paris andvtalking in French almost continuously I became
much better grounded in the language and greatly expanded my vocabulary,
and for the first timeg began thinking in French. 1 even gave several
lectures in French. I am still a poor linguist, and it is only because
I got interested in learning French that I enjoy talking to French

people when I encounter theh, as I often do.

French Excursions in Marine Geology

In 1953 I began to have rather frequent contacts with French
~geologists and made mahy visits to France. Jacques Bourcart, professor
at the Sorbonne, was the leader in French marine geology at that time and,
hearing that I was coming to a conference in London, he invited me to
take a side trip to Paris. After a wakeful night on an American mili-

- tary plane I landed at Orly Field. The loudspeaker called my name and I
Qas ushered out and given the red carpet treatment by Bourcart and
whisked through customs and immigration. Taken to my hotel, I was given
a few minutes to freshen up and then escorted to the Sorbonne where a
~gathering in Bourcart's office treated me to morning champagne. After
-a tour around the offices where I practiced my still somewhat weak
French on various professors and graduate students I was taken to a
bistro and had a hearty lunch with three kinds of wine. The afternoon
activities grow a little vague in my memory, but I am quite sure that

champagne was served several times. Later we had wine at Bourcart's
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apartment and I met Madame Bourcart. Dinner must have included several
more wines but I lost track during the evening.

After dinner we all had an expresso in a little cafe before going to
a very French musical review, nothing 1ike the Follies, which is very
American. The expresso woke me up alright; in fact, it woke me so
much that I did not sleep a wink until about 8 o'clock the next morning,
sleeping only until 9:30 when another French professor called to take me
in charge for Sunday activities, to see some field geology in the Paris
outskirts. Fortunately I had a reservation to fly to London late that
afternoon and was able to recuperate at Sir Edward Bullard's castle-
like residence in Teddington before the next conference.

My next French visit was in the spring of 1955. I still don't see
how I got away from the API project so long, as I spent a couple of |
months in France on that occasion. Elizabeth was with me, and Robert $:
Fisher, then a graduate student}Snow well-known to marine geologists.

Boui&art had arranged a symposium with the Dutch marine geologist,
Philfip Kuenen, several French geologists including Mme. Gabler of
Petro]g/ Francaises, Bob Dietz and myself from the U. S. I had been
brushing up considerably on my French and gave my papers in that
language. Kuenen followed suit with a rather strong Dutch accent as I
recall, so that the meeting was almost entirely in French.

While waiting for a few days to go on a student field trip along
the coasts of Normandy and Brittany we were entertained by various French
~geologists, always in small bistros. I remember one time a group of

eight Frenchmen invited us to dinner, but instead of talking to us
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during the meal they spent the whole time gossiping about their mutual
friends. They completely left us out of the converéation so we just
sat there and no one seemed to notice anything wrong in the picture.

The field trip was interesting, although to our California-attuned
temperature buds the early April chill along the seashore of northern
France was a bit grueling. I remember one morning coming down for breakfast
in the small inn where we stayed to find all the doors and windows open
to the fresh air, and the temperature outside was about 40°F. Luckily we
had borrowed some warm coats from our Boston relatives.

One thing that did impress me.was that the French kept referring
scornfully to the supposed 6—méter high stand of postglacial sea level that
was so popular in European geological ciré]es at that time, and was also
advocated by my old professor, Reginald Daly. I had never seen any-
thing that supported the idea, and the French coast seemed to have
terraces at all sorts of levels and ages, with no uniformity.

Returning to Paris we prepared for the usual Bourcart summer visit
to Villefranche where the Paris marine station is located. Traveling in
their small French car, Madame Bourcart drove all the way, with Elizabeth
in the front seat and Bourcart and myself in the rear. He held the road
maps and woe be to him if he gave her a mistaken direction -- she com-
plained bitterly if he did ﬁot give her the route correctly. I particu-
larly remember, also, that we stopped every‘hour or so at a tavern and
the Bourcarts would have a 1ittle snort of alcoholic beverage. They
seemed to run down rather quickly and needed a new boost periodically.

At lTeast it did not seem to impair Madame's driving, even after three

kinds of wine with the interminable French dejeuner (often two hours) in
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the middle of the day. I suppose you get used to the alcohol, but

I did note that both of them died fairly young, and otheéiof our French
friends who avoid alcohol are still alive. Of course, the continuous
cigarette in Bourcart's mouth was no help.

While at beautiful Villefranche, located between Monaco and Nice,
Bob Fisher and I had the opportunity to go out on the French Navy ship,
Elie Monier, which was devoted to oceanographic research, and parti-
cularly to scuba diving operations. The truly delightful captain was
a fiend for diving. He was a]ways'the first one in the water after

we anchored, and the last on board before we left. He usually had to
. go into their decompression chamber as he didn't take enough time to
decompress on the way up from rather considerable depths. It did not
seem to hurt him.

The trip gave us a fine opportunity to make soundings and collect
samples in the submarine canyons. These valleys are quite amazing the

‘way they extend in along the coast, so close you could make out the scant
bikini bathing suits at the famous French resorts that are just inside
these canyon heads.

Lunch on shﬁpboard was a ceremony. Everything was shut down; aperi-
tifs and several courses, all with the correct wine, and a liqueur to
top it off. One did not usually have too much enthusiasm for work in
the early afternoon.

We also surveyed the canyons around western Corsica. It was
fascinéting to see how they related so closely to the river canyons on
the adjacent land, quite different from the submarine canyons off

California, where I had done most of my earlier work. Our effort came
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to an abrupt end when we encountered a mistral, one of the sudden
storms that can hit the Mediterranean and make life miserable aboard
small ships. We sought the lee of Corsica Island, and returned to

Villefranche after the storm had blown itself out.

[by Elizabeth]

While Fran was out on the Elie Monier with Professor Bourcart, I was
left in charming Villefranche in a small, intimate hotel with a balcony
overlooking the bay. The hotel was a family affair and there were
uncles, aunts, nieces and nephgws preséed into service by the management.
They were a jolly lot, speaking only French, and with my stumbling
French and sign language, we enjoyed each other. Mme. Bourcart, who was
the chauffeur when Professor Bourcart was around, never left the porch,
and evidently was not able to drive without her spouse to tell her
every turn to take. I did her errands,'even buying cigarettes and going
to the poste for her.

; There was fine bus service along the Mediterranean as far east as

the Italian border, and west to Nice where the bus terminal was located.

I took every one of the radiafing bus routes, leaving early in the morning.
At the various destinations I would prowl around the Alpine villages all
day, having lunch, and returning on the last bus. What fun! And what
beautiful 1ittle hill towns, such as Grasse, where the perfume is made,
and Picasso's home where they make lovely ceramics. Villefranche, too,
was quaint and in my maﬁy walks I became friends with shopkeepers and

mothers sitting in the park, watching their children p]ayingAand chatting

with other mothers.
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[back to F.P.S.] |

A short time later BoB, Elizabeth and I all joined one of Bourcart's
students, Francois Ottman, who was working on the land geology of the
Corsican coast for his doctoral thesis. He had a "Deux Cheveaus," as
they called the small Citroens, and toured us all around the island. We
were particularly delighted with Porto, and took a trip in a small boat
to one of the tributary bays where we climbed the hill to look down on a
series of submarine canyons outlined by the dark blue of the deep,
clear water, contrasted with the green of the shallower water. This was
my first actual view of a submarine canyon. Our geologist guide knew a
couple who were camping in a deserted old Genoese watch tower,
formerly a lookout for pirates, at the top of a small hill. Our friend
Francois let out a yell and a bikini-clad girl appeared at the parapet on
the top of the tower and waved. She came running down, embrated our
friend warmly, and invited us uﬁ to enjoy the beautiful view from the top
of the tower. Her husband soon returned with a large fish he had
caught in the bay. We enjoyed a delightful meal - no three-course
affair this time.

He was a French Navy officer on leave and this was their Corsican
hideout. They were surely living the simple life, with almost no
furniture, but what a glorious view, to say nothing of his beautiful wife.
It is on occasions like this that one's French shows vast improvement.

| These impressions which I obtained of French scientists were
undoubfed]y based on too small a sampling to form any good basis for an
opinion of the French character in general. However, one cannot fail to

note some support of these impressions by following newspaper accounts
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of the relations of the French statesmen with those of other countries
of the world. As individuals, one can find all kinds, from the most
kind-hearted and generous, especially in the country towns, to the most
selfish and thoughtless. We have encountered both types in our travels,
and have alternated between being snubbed and warmly embraced. As I go
over my collections of reprints there is no question but that I have
received more from the French than from scientists of any other foreign
country.

Well, after our French vigit I was soon speeding back to API

Project 51 and the grind, to satisfy my committee.

Visits to Great Britain

There has certainly been a great difference between our visits with
French geologists and our experiences with the British. It is not only
that the language is no prpb]em, or let's say less of a problem, unless
dealing with a strong Scottish burr or other dialect, but they make one
feel so much more at home.

My first visit to a home in England came directly after the rather
strenuous 30 hours in Paris. My friend Teddy (Sir Edward) Bullard was
at that time director of the huge National Physical Laboratory at
Teddington, and a large residence came with the job. He and his first
- wife Margaret, both old friends from their La J011a days, invited me to
visit them while I was attending a conference on submarine geology in
London. I say,it was a fine old historic home, but servants were not
included, so it was with real informality that we lived; breakfast in

the kitchen.
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The grounds were cared for by the government and were beautifully
kept up, like those of an earl. The children, three girls, were all
individualists, and Margaret combined being a wrifer and having many
other skills such as making costume jewelry commercially. Visitors came
and went. My friend Harry Hess, a well-known Princeton professor,
joined the household on the second night of my visit. I had once
criticized him rather severely for an artic]é he had written about
submarine canyons, as I had a]éo criticized Teddy Bullard, but these were
in the past. I probably was at least as wrong in my opinions as they were
in these early attempts to explain canyons of the sea floor.

Anyway, the conference at the Royal Society was very enlightening
and everyone presented conflicting, thought-provoking opinions, and
authors were quite frank. The meetings were followed by dinner at the
Royal Society where, much to my.surprise we all had snuff passed to us.
No drinks were had until the then brand-new Queen's health had been
proposed. I sat next to Aldous Huxley and immensely enjoyed talking
with him.

This short visit to England left me with a warm feeling toward the
English, and it has never changed. Teddy ahd his second wife, Ursula,
later became close neighbors in La Jolla and we became warm friends.
Sadly, this great geophysicist died in 1980.

When I was given the Wollaston medal of the Geological Society of
London in 1966 our friend Perce Allen, a professor at Reading University
invited us to visit him and his wife before the presentation, and asked
me to give a talk before the Geology Department where he was the out-

standing professor.
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After the long flight from Ca]ifornia, nonstop, we arrived very tired.
Perce knew how we felt, though, and took us to his home where he put us
to bed with a warming pan -- despite it béing May, it was frigid in the
bedroom. He said to sleep as long as we wanted, and we awoke much
refreshed. We became like members of the family and were made more
than welcome. They were de]jghtéd when I helped him cut the lawn.

After showing me the Reading Geology Department the Allens took us for a
tour of the akea which included Stonehenge. In the late evening they
took us out into the woods to hear the nightingale; we had many such
pleasant exberiencés. On the'day I addressed the students and faculty at
Reading the students took me out for a bachelor dinner that was delightful
and quite informal.

I must mention one of the differences in our idioms of conversation.
The night before we were to leave for the continent, Perce said to
Elizabeth, "I hope you won't mind if I knock you up at six o'clock
tomorrow morning."

The ceremony of my receiving the medal at the Geo]ogicaI Society
had one rather.amusing incident. Before introducing me to the Society
they had a meeting of the members and, as I was not at that time a
member, I was taken to a small cloakroom to wait while the meeting
progressed. Aside from that, the rest was very friendly, including the
banquet that followed. Here we were marched in; the President of the
society and some higher officials, already seated, rose until we were
seated with pomp and fanfare by;special lackeys who were statipned behind

our chairs. The Queen was, of course, toasted. Otherwise everything
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was very informal. When I was introduced I did put my foot in it by
forgetting to wait fot my name to be announced with the usual fanfare
before getting up and starting to speak. No one:showed any notice, and
I gave an informal talk which seemed to be appreciated and was given
considerable applause.

The ceremony of the proceedings reminds me of attending a conference
in Bristol. It was sponsored by the Colston Society aﬁd was an
informal gathering; one evening our friend Teddy Bullard was the speaker
for the meeting. We were all seated in the lecture hall when the order
came to rise, as if the judge was about to convene court. In swept
Teddy in a pompous parade with some buxom dowagérs and the mayor of the
city, replete with massive gold chain and all his medals. We were then
allowed to be seated. After a fine talk we waited until the "royalty"
were ushered out and then proceeded to a ballroom where refreshments were
served. Here was the catch: One table.was beautifully set, for the use
of the revered and honored guests; the rest of us had to go to a lesser
table and buy our refreshments. Elizabeth and our friend Hazel Rakestraw
waltzed up to the wrong table and were told to desist.

That was better treatment than received at a meeting in Antwerp,
when all delegates to an international sedimentology congress were invited
by formal invitation of the mayor to the city hall. After a long wait
the mayor entered and addressed us in Flemish. Then he said in French,
"Since there may be a few here who do not understand F]émish, I will
repeat in French." The‘majority of the audience spoke only English.

= A rapid tour followed, through the fascinating city hall with its fine

_paintings and beautiful architecture. At this point our tongues were




Page 136
Shepard autobiography

hanging out for the fine refreshments we were anticipating. However, we
were told, "That will be 511. Goodnight!" Everyone had come expecting
sumptuous refreshments. We had eaten nothing before coming to the
reception and were now starving. ‘

Aside from the one slightly stuffy affair in Bristol, our English
hosts were always most.hospitable and if anything, we suffered from too
much good food. They showed a real joy in making all their guests happy.
I often wonder how the English got the reputation of being so reserved
and unfriendly. It must date back to the Victorian era. Whether
encountered at meetings, in trgve], or in their homes, the British seem
as a race to be delightful and humorous. Possibly many Americans may
not find this so because they are in too much of a hurry to strike up an
acquaintance. A little delay does wonders, and some group ceremony is
still maintained.

Going on field trips with English geologists is particularly
pleasant; they point out things of interest and seem anxious to get
your opinion of how things were formed, rather than telling you their
ideaS. They often include points of historical interest. This reminds
me of the title in a British scientific journal: "How to Make a Broad."
No joke intended; a "broad" is a special type of marshland found around

portions of the North Sea.

Experiences with Soviet Geologists

I su;%ose it is difficult to get true impressions of Soviet
scientists from encounters with them at meetings or on cruises and

~geological excursions. However, I find from talking to U. S. colleagues,
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and to my son Tom, a medical research doctor and professor who also has
gone to Russia for many conferences, their impressions of the Soviets
are pretty much the same. First, that most Russians are just delighted
to talk with you and to express in every way their friendly feelings
towards Americans. They don't try to convert you to Communism.

We went to the apartment of a friend in Moscow which looked awful
on the outside, Tike a tenement, but on entering it was charming, if a
bit overcrowded with fine antiques; they even had two pianos. We
admired something and they'took it off the wall or off the table and
handed it to us. How could we refuse? Drinks are quite numerous and
everyone got in a jolly mood. One guest whispefed behind his hand to
Elizabeth about what happened to his father, a doctor, during the Stalin
regime - that he suddenly disappeared, never to be heard from again.
There 1is no discourtesy on the street because you are American. The
people know, and smile pleasantly and try their English with real relish.
English is the second language.

In 1966 we attended the International Oceanographic Congress in
Russia. The experience going from Leningrad to Moscow is perhaps not too
unusual for Russian travel. Before our flight, at the hotel, we were
called at 3 a.m. in the morning - it should have been 5. We dressed at
5:00 and went down, but could not get a bite to eat in this once-elegant
hotel, still the largest in Leningrad. It was terriby run down in most
ways. "Well, that's okay, we'll get breakfast on the plane." We left
the airport for Moscow af 7:00, but to our dismay they:served nothing
but a glass of water en route. There were not even seat belfs on the

plane. "Well, our friend Zhivago is meeting us at the airport. We will
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then soon have breakfast." Our friend, a marine geologist, met us and
whisked us off to the large Ukraine Hotel. There we went to the end of
a lTong line of tourists and inched our way‘s;ow1y to where papers and
reservations were being examined. After an hour and a change to
another line we got to the right desk and showed them our confirmation
of paid-for reservations. A half-hour of rummaging, and they said, "We
cannot find any such reservations." We showed them all sorts of proof
that we were attending the international congress, and confirmation of
everything. They finally said, th, you are in the wrong line."
We had another hour of waiting and another dispute over our reservations.
Our friend Zhivago was still with us, trying to he]p; At last they said,
"Here, we can put you in room 708." Squeezed, and I do mean squeezed, into
an elevator so that we could hardly breathe, we reached the seventh
floor. We hurried down the hall toward our room, me slightly in the
lead, and I saw to my horror that the door was open and they were
- papering the walls! At that our Russian friend exploded and swore
violently (we supposed) in Russian. He went to a hall telephone and
shouted fo the Qesk in loud and authoritative tones. Within two
minutes we got a real room and, descending to the dining room, had a slight
delay in getting the bored waiters to serve us our breakfast.

My secretary, Margaret Miller, had found that I could get a sum of
rubles in Moscow because one of my books had been translated into Russian
(though no permission was asked). A pleasant young lady took me down

Peace Avenue to the Peace Publishing Company where, after some maneuvering,

looking through large record books, they found Submarine Geo]ogyj my book,

N
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listed. "Oh, that is too bad," they informed me. "That came out two
years ago, so the sum is no longer available." I replied something
Tike, "Well, I did not expect any royalty anyway."

“Oh, wait a minute! Your book The Earth Beneath the Sea was

translated recently." "But how can there be any royalties?" I asked.

“There are not royalties; we pay by the number of pages and illustrations,"

they told me. After some delay I got 470 rubles. What to do with

them? I had paid for everything through Intourist before arriving in
Russian, and the stores had nothing but fur and jewels so far as we could
see. Then a solution came to us. We gave the rubles to associates who
ran short of money while there, and would get their checks in dollars on
returning home. It worked out fine and when we left we had only about

10 rubles left, which they actually gave us a dollar each for, which

was far more than they were worth on the open market.

I must tell of our first experience with Soviet geologists in
Switzerland at an International Sedimentologist meeting. Back in 1958
the Soviets always had one or more commissaé keeping track of their
scientists when they visited other countries. However, the Soviets had
some bibulous parties at which both the commissars and scientists got
pretty talkative and let out some things that I am sure were supposed to
be taboo. After one such party we went on a field trip the following
morning and some of the Russians looked the the worse for the indulgence
that preceded at the Russian Embassy. |

We climbed a s1ope‘thrqugh the vineyards with some lovely views of

Lake Geneva. We were admiring the view from the top when one of the

.Russian commissars decided to make a count. Sure enough, one Russian

»*

v
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~geologist wds missing. There was great excitement and a jeep appeared
and off went the commissar to round up the missing member while the

rest of us began speculation on his having escaped the iron curtain.
"Oh," one Russian said, "He does not have any money, any passport, and
could not get away." He was right; he didn't escape, he just got sleepy
and saw a bench and went to sleep behind a hayrick.

I once had an argument with Scott Carpenter, the astronaut and scuba
diver, about the Soviets and oceanography. We were both getting
honorary degrees at Beloit College and the press were, of course,
hanging on his every word. Someone asked us whether we thought that the
Russians were getting ahead of us in oceanography, as they had at that
time (1968) in space travel. I said rather rashly that I thought the
Russians were being spectacular with their large ships and some amazing
instruments, but that we, with our freedom of research and dedicated
scientists and numerous small sﬁips were going to lead the race.

"Don't fool yourself about that," Carpenter said. "We got fooled
enough in thinking that we had space travel all in our hands, and Took
what happened to us fhen.f Of course, the level of 'space' research
later changed sides in many respects, and American marine scientists
have taken a solid lead in oceanography, despite some of our stupidities.
Let us hope that we can hold our own in military matters, where we seem
to have slipped badly as this is being written. Our funding of research
is now on the decline, and the future looks none too bright. We still
have the great advantage of having free men who want to see us win the

struggle, rather than more or less enslaved scientists, as on the other

side.
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. CHAPTER XIII: CONTINUED EXPLORATION OF SUBMARINE CANYONS

Dedicated to Jacques Cousteau, for the opportunity to make deep water
dives in his Diving Saucer, and his remarkable pilots, providing
me with my first opportunities to view the submarine canyons
which I had been. studying by other means for so many years.

General Studies off California and the Tip of Baja California

For a number of years after finishing my tour de force of API and
the sediments of the northwest Gulf of Mexico, I devoted most of my time
to the study of the submarine canyons of the San Diego area as well as
those of the tip end of Baja California where they proliferate. Both are
areas whére land canyons are not particularly well-developed near the
coast, partly because of the low rainfall. Since rivers can cut only
above sea level, one would think that canyons would be much more
striking on the land than on the sea floor, but actually there are a
number of regions in the world including the northeast coast of the
United States, the west coast of France, and the entire coast of Ceylon
(now Sri Lanka) where the canyons of thé marine slopes are much more
spectacular than those of the adjacent lands. This is shown rather
- surprisingly wé]] when one compares profiles across the land valleys
énd across the sea canyons in the same area. I learned this fact back
in the late twenties when I was accompanying the U. S. Coast and
Geodetic Survey ships off Georges Bank. In 1934 my soundings using
wire and a hand-operated winch revealed that the California marine canyons
had sections where the walls were essentially vertical, which was
impossible to tell from echo soundings since the echo comes from the

nearest good reflecting point in a relatively small arc beneath the ship

“from which the soundings are being made.
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The investigations during the period of funding from the Geological
Society of America helped establish the vast size of the submarine
canyons off Californiazythe Monterey Submarine Cahyon, for example, was
shown to be comparable to the Grand Canyon of the Colorado River. It
remained to establish more completely the character of the sediment on
the canyon floors and of the rock on the canyon walls. This I set out
to do, with considerable help from colleagues and students, as well as
some assistants who had been assigned to the work as the result of
~grants from the Office of Naval Research and later the National Science
Foundation. Foreign visitors -- including Arnold Bouma from Holland
(now with the U. S. Geological Survey), Ulrich von Rad from Germany and
David Piper from England -- were a great help in this program. Thus
Arnold Bouma, working with us at Scripps Institution, perfected his
version of the box corer first developed by Hans Reineck. The box
corer allowed us to obtain almost undisturbed cores from the canyon
- floors where we previously had got very little but bent core barrels.
These cores were particularly helpful in studying the effect of
turbidify currents in the canyons.

Monterey Submarine Canyon, the largest on the California coast, has
always intrigued me. What happened to it in a seaward direction? In
1956 we did not have available any good method for electronic position-
ing out beyond where we could get visual fixes or radar, a distance of
about 30 miles. Some of the southern California marine geologists,
including our students, had thought from their dead reckoning positions

that the outer portion of Monterey Canyon had a three-way distributary,
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just as the.Mississippi divides into three branches, or passes, at the
Birdfoot Delta. To check fhis interpretation I took along a buoy with
radar reflectors attached, took it out into what appeared to be the
center of these three-way divides, and dropped it with an attached
anchor. When it was moored, we started a systematic survey using
distances and directions from the buoy for controls. It worked, and
somewhat to our surprise showed not three channels but one large

meander. This solution was quite a novelty at the time, as geologists
had thought of meanders as being exclusively a feature related to rivers.

In 1959 we began the first of a series of cruises to Cape San Lucas
and from there up into the Gulf of California. I had been fascinated
with the submarine canyons that we discovered in 1940 at the lower end
of the peninsula, at the entrance to the Gulf, but we had not had the
time and equipment then for really examining them.

The canyons at Cape San LuEas interested me particularly because
the rocks at the Cape were mostly granite, in contrast to the much
softer sedimentary rocks we encountered in most of our study of
California canyons. When we had the opportunity to examine the canyons
on the sea floor off San Lucas we found that they were also cut in
these granitic types of rock.

In our first expedition we had with us some scuba divers whom we
put ashore on a small beach (tombolo it is called by geologists) that
connects some of the spectacular outer rock pillars at the Cap with the
mainland. Camping on this beach, the party was awakened one night by
large waves which had begun to pour over the tombolo from the open

~ ocean, forcing the campers to move hurriedly to higher ground among the
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rocks. The next day the large ocean waves subsided and the boys, under
the leadership of our fine scuba diver Conrad Limbaugh, dove into a

small tributary submarine canyon that starts almost directly bayward
from the tombolo. To their surprise they encountered streams of sand
moving slowly towards the canyon head and falling into a gorge like a
waterfall. Another first had been rung up: rivers of sand on the sea
floor. We will always remember Connie in connection with this discovery.
Unfortunately he died a few years later while exploring a French under-
water cave, where he ran out of air.

Our explorations of the Cape San Lucas submarine canyons continued
for a good many years.5 We found that the sediments on the canyon floors,
instead of becoming finer-grained as one progressed into greater depth,
either became coarser or alternated between very coarse sand and gravel,
and included some zones where the bottom was muddy for short distances.
It was quite a surprise to find sand as coarse as that of the San Lucas
. beaches even at 5000-ft depths. The canyon walls were steep, sometimes
even vertical, and were usually hard rock-like granite, indicating
powerfuf erosive forces had operated on them, or were still operating.
Narrow gorges like that of Scripps Canyon were discovered where one
could actually touch both sides at the same time.

One attraction of exploring the Cape San Lucas canyons was the
opportunity to observe the marine life of the area. Sea lions inhabited

the outer pinnacle rocks at the tip of the cape and would often swim by

5 ‘
F. P. Shepard, 1964, Sea-floor valleys of Gulf of California, in:
Marine Geology of the Gulf of California - A Symposium, Mem. No. 3,
Amer. Assoc. Petrol. Geol., Tulsa, Oklahoma, pp. 157-192.
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the scuba divers. Ghé§ whales frequented the Cape and would come in
almost to the shore and éckatch off their barnacles on the rocks right
next to us as we were walking on the beach. The:whales also showed
friendly interest in us as we cruiged around in small boats; they came

up to look us over, but always carefully avbided hitting our craft.

The fish population of the area is well-known to sportsfishermen. We

had no interest in catching the huge marlin for a photo that shows the
fish hanging next to the "sportsmanf on the scale near the pier, dwarfing
the fisherman. We enjoyed going through a school of jumping manta rays
that often could be seen splashing all around us. The sharks seen

during dives were somewhat worrisome, but we had no attacks during

swims. We used to go swimming occasionally from a rock, which someone
named after me. It was unique, having almost vertical walls that |
descended sheer to about 200 feet into the canyon. Beautiful coral
~growths Tined this rock as far down as one could see, and 1ove1y‘/
tropical fish swam in schools around these walls. That was some 20 years
ago and our occasional visits to the Cape in more recent years has

’shown the effects of pollution in some places. As the resort at San
Lucas has grown, with many hotels and more and more sewage enters the
water, and more waste comes from the local cannery at the canyon head,
the Tovely clear water seems to be a thing of the past in this bay. It
is the'same af many other resorts on the west coast of Mexico. Alas, the
new highway from San Diego has done much to spoil this interesting area.
It's true, you did take your life in your hands when you flew to Cape
San Lucas in the old days, with Rodriguez in his small planes, but you

still do when using the narrow highway to the Cape, having to get off the
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road when the reckless Mexican truck drivers whiz past, to say nothing
of the wild burros that cross the road at night, sometimes forcing you

off the pavement.

Cooperative Studies of Tokyo and Sagami Bay Canyons with the Japanese

In 1962 I had a month's use of the Scripps ship; Spencer F. Baird
for a cooperative study of the sﬁbmarine canyons in the area around
Tokyo Bay entrance and Sagami Bay where the great 1923 earthquake had its
epicenter. My friend, Professor Hiroshi  Niino of the Japanese School
of Fishery agreed to obtain the cobperation of a Japanese Fishery ship,

Umutaki Maru, to work with us. We thought everything had been satis-

factorily arranged for the diplomatic permission by Niino, but when we
arrived in July by plane to joint the ship, he explained that a few
formalities had to be completed. We started early one morning, and

Niino and I went from one government office to another all day, always
~greeted with politeness and given a cup of tea and pleasant words, but
;always informed that they were afraid we would have to go to still
another office. Finally I said we had better just work outside the
12-mile Timit (the good old days before the 200-mile 1imit was in vogue).
Niino said he would make one more attempt, and sure enough, the next morning
he showed up at our ship-with“a paper in Japanese which, he said, gave us
permission to do near-shore studies. Our Captain, who happened to be

the most difficult of all the Scripps captains, was very unhappy about
the paper, claiming he did not want to get his "ass in any Japanese
jail," but we finally persuaded him to take a chance and trust Niino,
affer we had the captain of the Japanese ship confirm the document's

translation.
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The plan worke& out very well. We took Japanese students in shifts,
and sent our American students over to the Umutaki Maru in an exchange
that was most cordial and pleasant. The Japanesé were surprised to
find a lady aboard, and they all took Elizabeth's picture.

There were two things that troubled us on this expedition:

One, the small Japanese fishing boats seemed to have no idea of right of
way, and we constantly had to stop our sounding lines to let them pass.
The other problem was the heat. It was July and the temperature never
seemed to go below 90°; no air conditibning at that time on the Baird.

However, we did succeed in tracing seaward the fault valley in Sagami
Bay wheré, according to the Japanese, depths had changed radically in
1923 during the earthquake.6 We found this fault valley to be in many ways
very much like a submarine canyon and, in fact, it had a series of
typical canyons entering it from the east side, but none from the west,
where fairly recent vo1canic action had occurred. We obtained photo-
graphs on one canyon floor showing vivid ripple marks which was at the
time.was quite a novelty, although this now seems to have proven to be a
feature ﬁommon]y true of submarine canyons the world over.

When we were ready to leave Japan we were asked by a Japanese cable
company if they could see our survey, and we.went to great pains to give
them a preliminary draft. They were very appreciative: They had a geisha
party for us and gave us a rather nice little rad{o. They asked us what

the charge was for the draft, and I said there was none. When Elizabeth

Niino, H, T. K. Chamberlain and F. P. Shepard, 1964. Submarine canyons
and Sagami Trough, east-central Honshu, Japan. Geol. Soc. Amer.
Bull., 75, 1117-1130.
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and I later arrived in Singapore we found two Japanese gentlemen from
this cable company had waited up all night to meet our plane, which was
late. They spent the day taking us around the area and treated us to

a fine meal before putting us on an evening plane for Australia. It
struck me as a bit strange at that time to be escorted around Singapore

by Japanese, who had enslaved the place not so many years before.

Submarine Canyons of the Hawaiian Islands

In the spring of 1963, about a year after the work with the Japanese,

I had the opportunity to use, once again, the Spencer F. Baird, this time

to examine submarine canyons off the Hawaiian Islands. This was particu-
larly interesting to me because almost all of my previous work had been
done on canyons off continental areas. Hawaii on the other hand is
thousands of miles from any continent and is known definitely to hgve been
built up by submarine volcanoes, some of which are still active? fhé
island of Hawaii, for example, with its M;;na Loa and Kilauea volcanoes,
and one that pfobab]y erupted in historical times, Haleakala located on
Maui.

Examination of the Coast and Geodetic Survey charts showed a clear
relation of submarine canyons to the times when volcanic activity had
been active. Thus the northwestern islands of Kauai, Oahu and Molokai
seemed to have a monopoly on submarine canyons, and these were known to
have been built up by the most ancient of the Hawaiian volcanoes. The
canyons off the spectacular cliffed coasts of Kauai and eastern Molokai
appear tu pe the best developed, particularly since these canyons come in
closer to the shore than those off Oahu, which have apparently been

~partia]]y filled by coral reefs.
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We started off on the Baird from Honolulu one stormy morning
following a late night for most of us who had been enjoying the hospit-
ality of friends. With a few exceptions, we did ‘not have our sea legs
well developed and felt most uncomfortable after rounding the protecting
Makapuﬁu Point and feeling the full effect of the strong trade wind and
rough seas. In fact, one of the professors from the University of
Hawaii was so sick it took him two days to recover; the rest of us were
ready for work when we reached the north coast of Molokai. We began a
systematic survey of the canyons that extend along the beautiful Pali
coast, past the leper colony peninsula. We were particularly impressed
by the fact that every time we passed the first large land canyon on
the western side of the Pali, and could look straight up the canyon frpm
the ship, our fathometer was always crossing the deepest part of a
submarine canyon located directly off the land canyon. There seemed to
be no doubt but that they were connected in some way. Less clear
connections existed between the land canyons and other submarine canyons,
but it was not hard to tell that there was some relationship. Only
off the leper colony peninsula, where a relatively new volcano had
built out beyond the Pali, was this relationship missing. Apparently
the canyons off this peninsula had been partly filled by volcanic flows,
as they did not extend in close to the shore.
After completing our work off Molokai we sailed for Kauai and tackled the
Napali coast on the northwest side of the island. Again there are great
cliffs coming down to the waterfront, and the submarine slope is cut by canyons.
Here, once again, we found that the canyons showed considerable relation

between land and sea, and all canyons are definitely located off the great
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sea cliffs of this deserted area which is called the Napali coast. The
history of the Hawaiian Islands seems to offer a possible explanation
for the submarine canyons. It is now quite well;established that these
volcanic masses have undergone considerable submergence. Plateaus off
the islands show remnants of much shallower water conditions than now
exist. Also, borings in the coral formation on the island of Oahu show
that this island has sunk at least 200 feet. Furthermore, it is
~generally found that old volcanic islands have undergone considerable
submergence. Thus it seems possible that what is now submarine canyons
may once have been above sea level in times past. According to some
descriptions of the Molokai canyons, in an unpublished manuscript by
Neil Marshall and Charles Hollister, the appearance of the walls and
floors observed from the U. S. Navy deep diving vehicle were
decidedly those of subaerially eroded surfaces.

However, one can not conclude from these studies of Hawaiian Island
- canyons that submarine canyons in general are the product of subaerial
erosion. There is much independent evidence to suggest that turbidity

currents are a major factor in producing and modifying most of them.

Deep Canyon Dives at La Jolla

Shortly after World War II I became interested in scuba diving.
Several of my students and assistants had become qualified, and I was
anxious to get down into the heads of submarine canyons so I could see
for myse1f what others were beginning to describe and photograph.
Unfortunately, my ears caused me a lot of troub]e and I finally gave up
diving after some unpleasant experiences. For a decade or more I had to

depend on the accounts of colleagues and students who succeeded in
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diving into the canyons to depths of as much as 250 feet, bringing
back fascinating accounts of what they had encountered in the canyon
heads. Then at long fast, I got my chance.

Jacques Cousteau asked us at Scripps if we would 1ike to charter
the Soucoupe, . his diving saucer, to have a Took at the
interesting features which Robert F. Dil1l had described to him from
the La Jolla area. Should I! It was a golden opportunity. We obtained
funds from the National Science Foundation and Cousteau supplied his
well-trained pilots who added greatly to our success. Again I was
glad to be able to speak French.

Thus began a new era in ﬁy life, and certainly one of the most
soul-satisfying. On February 5, 1964 I climbed in the Soucoupe which was
on the deck of the small tug, Surftide. In the interior of the saucer
you lie on your stomach so as to look out one of the forward-facing
portholes. The hatch was fastened above us, and the saucer was swung
over the side with a crane and lTowered gently into the water. A skiff
;owed us to tﬁe location of our planned dive, we were released from the
iine by a scuba diver, and we then took on water enabling us to submerge
and descend genf]y to the bottom. It was only 100 feet deep, and scuba
divers were swimming about, pointing out features exposed on the canyon
walls. The water was rather murky and somewhat disappointing at first.

Turning on our small jets for propulsion, we started down the axis
of Scripps Canyon and left the divers at a depth of 150 feet. The water
became much clearer as we descended and as the Tight from above faded,
we turned on our powerful headlamps and could see the rocky cliffs first

on one side, then on the other. Many fish swam past the porthole. 1In
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the powerfuT lights beamed ahead I saw several large rays that looked
1ike huge bagi not at all disturbed by our presence. A narrow tributary
canyon with vértica] walls appeared on our left side and we began our
photography; we have both movies and stills, punctuated by flashlights.
Our conversation was recorded continually on tape. Pretty soon the
descent steepened so much that we were practically standing on our heads

- going over what would be a waterfall if it were a land valley with a
stream in it. This brought us soon into a larger valley to our right,

and we continued down this, passing over many more potential 'waterfalls.'
These abrupt descents are partly due to large boulders that have fallen
off the sides and allow sediment to build up the channel on the inside.
Everywhere the walls to either side were essentially vertical, even |
overhanging in some places. Beautiful anemones and gorgonian fans with
waving arms were attached to the walls; they are far more colorful by
searchlight than in the picture§ I had seen taken by natural light. Shrimps
lined the walls along with tube worms, which have flower-like antennae
protruding from their tubes which they retract when approached.

After a little over two hours (which seemed like minutes), just
beyond a narrowing of the gorge, we started our ascent, following a
vertical cliff about 100 feet up. We had to frequently push off the
cliff because of overhangs. We came to a terrace edge with sand on it,
alieruating with rock ledges, and finally to a broad sandy slope, from
which we rose vertically to the surface. We were picked up almost
immediately as the surface crew had been tracking us by a pinger that
sends off sound waves from the diving Saucer, and is monitored on the

surface skiff. When we got aboard the support boat and they opened the
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hatch, I came out to a cheering group, everyone taking photos of the man
who had studied submarine canyons for 30 years, but had previously never
seen one. They all shook my hand and I hurried over to have a hasty
lunch before a brief conference and the second dive. |

This time we went down in Scripps Canyon where the water was about
800 feet deep. It seemed to take forever to get to the bottom, and the
walls which had sloped rather gently became steeper and steeper. Finally,
as we descended a vertical wall within a couple of feet of the rock on our
view side, we bumped the rear of the saucer on the protruding rock wall
on the other side of the gorge. This was a very narrow place and
required some care, as the subharine is not very maneuverable. The
excellent operator, Andre Falco, a Frenchman who spoke 1ittle English,
maneuvered along the gorge carefully, looking for a way to the bottom.
We found that the walls got so close together that our 10-foot wide
saucer could not descend any further. We could see that the bottom, a few
feet below, was wider, giving the canyon an hourglass shape. The
driver moved us along the axis until we at least found a place where
the walls were farther apart and we could- touch the bottom. There
were a few rock'iedges crossing the floor, and the walls continued to
be vertical.

Our main batteries weré getting a lTittle Tow so we decided to go
back up, fotlowing the rock face, observing4the fish and wonderful sea
anemones, along with fan corals. Back.again to the surface, and that
was all for that day. It was one of the best days of my life. I felt
I learned more about canyons that day than in 30 years of remote control

study from the surface.
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Two days later I dove again, this time starting in La Jolla Canyon,
which is wider than Scribps Canyon, and where the walls are not quite as
steep, although they are vertical in a few places. We coasted slowly
_down the valley floor, encounteriﬁg the juncture with Scripps Canyon at
a depth of about 900 feet and went a shorf way up that valley to see
its character and find the nature of the contact between the two valleys.
Many large, slow-moving crabs were on the floor of these outer va]léys,
along with lovely red fish and a few flatfish that live partly
embedded in the sandy floor. Again the sea animals seemed to pay almost
no attention to us.

After we had explored thé mouth of Scripps Canyon we went on down
La Jolla Canyon, passing huge boulders that partly covered the canyon
floor. These boulders had virtual rock gardens of large white sea
anemones and little pink corals growing on them. We had to climb over
them to continue on our path. “When we finally reached about 1000 feet,
the lowest we were supposed to go in the saucer, we called it off and
began a slow ascent of the lovely walls with their plant and animal Tife.
We saw an octopus crawling away from us at one point. The walls reminded
me of Zion Canyon in Utah.

We finally got to the terraces and sand slope, and returned from a
3-hour dive. Again I was greeted with great enthusiasm at the surface.
I am afraid I'have not conveyed the true beauty of the scenes that I
had the pleasure of seeing for the first time. They are so completely
out of this world, and so breath-taking, that it is hard to concentrate

on their scientific significance.
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So I had a fine chance to use my French. 1 feel as though the
operator is now a good friend. Elizabeth and I invfted the Cousteaus
and their pilots to our home for an informal lunch in the patio. They
kept arriving for hours after the time we had mentioned and food began
to get scarce, but Mme. Cousteau joined Elizabeth in the kitchen and
more sandwiches were made; these were accompanied by drinks, and we

all had a jolly time.

Deep Canyon Dives at Cape San Lucas

One year after the La Jolla dives we were given the opportunity to
join the scientists of the Navy Electronics Laboratory in their dives in
Cousteau's saucer at Cape San Lucas, in the spectacular canyons that
indent the sea floor off the southern tip of Baja California. Still
later, in 1967, the Navy Electronics Laboratory obtained the use of

Westinghouse's Deepstar 4000, and we were able to explore these same

canyons to greater depths. The dives on those two occasions not only
extended our observations to much greater depths, but also permitted us

to see canyons that had been cut into hard granitic rock in contrast

to the sedimentary rocks of the La Jolla area. In 1966 the Soucoupe
allowed us to see the effects of the river of sand and sandfalls at the
end of the Cape, which had been observed at a higher level by scuba divers.
we found the floor of the canyon in this area had large ripple marks at
900 feet, with an abundance of fragments of rock that must have been
dislodged by these streams of sand and the rocks had fallen from the

walls onto the canyon floor (photographs). Surprisingly, the canyon

head has a muddy floor and sand was found only as we followed the canyon
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to about 1000 feet. During one dive along the steep cliffs we ran out
of power and were somewhat alarmed at the prospect that dropping our
ballast might let us come up under an overhang. -Fortunately no such
trouble developed, but Elizabeth, who was on the monitoring boat at the
surface was worried. Later,in the Deepstar, Bob Dill and I made what
was to me the most exciting dive of my career, going to just over

4000 feet in San Lucas Canyon. Elizabeth was again on the surface

ship hearing all our conversation. |

After two abortive descents in the Deepstar it was with some
apprehensioh that we climbed down into the elliptical sphere and
adjusted our legs into the somewhat cramped position, taking turns
looking out of one of the small portholes. We were soon craned over
the side and into the water, and saw scuba divers swimming around us,
checking to see thaf all was well for our descent. Then, down in a
spiral through the clear water with on1y an occasional fish, shrimp or
siphonophore moving diagonally past the porthole. With the Tights turned
on, we saw we were passing through many changes in fauna, including one
éone where 1ife was very scarce; about 1000 feet (oxygen-free zone).
Then at 3500 fee£ both fish and shrimp became increasing in numbers.
The temperature outside dropped rapidly from 74°F at the surface until
it reached 40°F as we approached 4000 feet and the bottom.

We landed on the canyon wall where a 20° slope was covered with a
sandy silt and pock-marked with holes made by organisms. Brittle stars
showed uneasiness at our'approach and took off, moving through the water
1ike frogs, their legs producing their motor power. Red shr{mp peered

at our lights and then swam past us.
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We deséended the small remaining side s]qpe and after passing an
outcrop of breccia, which ﬁad.granite blocks of all sizes cemented
together, we arrived at the canyon bottom, 4150 feet. A hard, flat sand
floor greeted us. As we skirted over it we encountered zones with
distinct large ripple marks trending across the canyon axis. Arriving
at the far wall, we found a 5-foot vertical scarp that looked 1like
mudstone and was definitely stratified. We took a sample with the
mechanical arm and found the material was quite easily cut; apparently
a fill of some old eroded, formerly deeper canyon.

Moving up the canyon axis we encountered many small blocks of granite
that must have fallen from above. The currents were constantly against
us and often slowed our 3/4-knot progress. Other evidence of downcanyon
flows were the scour holes on the upcanyon side of the larger blocks
of rock, and the dune-like ridges of sand on the downcurrent side. One
hole had a trunk of a palm tree.almost covered with small white living
crabs. The floor kept changing from what looked 1ike a desert pavement,
or salt-covered sand berm, to extensive fields of ripples.

Sudden]y to our left a great c1iff loomed ahead of us. As we
approached it, we saw it was a polished or smoothed mass of granite
with an amazing pattern of zenoliths (inclusions of other igneous
intrusive rocks). We could look up the cliff for what appeared to be
100 feet. Attached to the‘rock face were magnificent pink anemones with
swirling arms adding color to the display. We all felt we had never
seen flowers of greater bgauty than those magnificent marine animals.
Moving up the rock face we could see thét the scoured, clean, eroded
rock was replaced at about 20 feet by a more uneven and organically-

encrusted surface. Irregularities were more pronounced in this upper
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cliff -- gullies with steep sandfalls and grooves, apparently due to
sediment sliding down the slope.

Coming back down to the canyon floor, we moved upcanyon along the
wall. We found alternating right-angled contacts between floor and
wall, with small sand cones or small gullies along the slope base. We
encountered numerous blocks of granite on the floor and occasional
small slump scars where the sediment had been moving en masse down the
axis. We crossed the floor to the other wall, estimating the distance
at about 300 feet. The east wall was also a smoothed granite, but not
as steep as the west wall. Coming back across the valley we decided
it was time to make our ascent. We moved up the wall and found, on
reaching the top, perhaps 200 feet above the floor, a narrow ridge with
a steep descent on the farther side. From there we continued through
water to the surface, which we reached 5 hours and 15 minutes after
starting down. Elizabeth was happy to see me emerge after those long
hours of waiting on the monitoring surface ship. We had at Teast

been in communication throughout the dive.
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- CHAPTER XIV: CURRENTS ON THE FLOORS OF SUBMARINE CANYONS

Dedicated to Captains Woody Reynolds of U.S. Naval Postgraduate School,
and Garrett Coleman of Seripps Institution, both of whom threw all
their energies into helping us to obtain some of our best records of
currents in the submarine canyons. Their management of the small ships
for this exacting work, and the fine cooperation of their crews was a
notable reason for our success both in Monterey Canyon and in
the canyon off Rio Balsas, Mexico.

Ten Years of Observation; Measuring the Currents, including Struggles
with Physical Oceanographers, Lucky Breaks and a Narrow Escape

About the time that I found I would have to retire (at age 70) from
Scripps Institution, I decided it was time for someone to really measure
the currents in submarine canyons. Geologists had talked a lot about canyon
currents and some theora#ists had the currents speeding up to 60 miles/hour,
but no one had really measured them except by doubtful cable-break computations.
I know this is the field that physical oceanographers should cover, but
\despite considerable urging from geologists, they had done nothing. I was
no expert in current dynamics, and certainly was not good at developing
instruments for the purpose.  And I was néw emeritus. However, my colleague
John Isaacs and his associates had developed good current meters that could
be dropped to the bottom as a package, and would return by themselves
after a pre-determined release period, signalling by radio and flashing lights
at night. I had sévera] assistants who were good at things mechanical and
they all quickly learned how to use the instruments. I had known where I
wanted to get current measurements, and in spite of retirement I kept
expanding my field until after a time, the world was- the 1imit; actually
West Africa 2nd ihe Philippines were the most distant places where we
measured currents in canyons.

There were, of course,_troub1es, and some current meters, each of
which cost $7000 or more, were lost from time to time. Also, they did
not always operate properly. However, the ones that did work showed us

all sorts of things that were previously unknown to science.

i
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Among our hundreds of records we discovered things that I believe
should have been knowp for years by the physical oceanographers, if
they had only looked for them. For example, we found that almost all of
the currents on the floors of the submarine canyons and other types of
sea valleys are bi-directional, alternating between flowing up and down
the valley or canyon floor, with alternations occurring at intervals
that are almost always no longer than the time of alternation of the
tides, which are so well known from tide gauges and observations of the
sea along the coasts of the world. Next, we found where tides of
average height, say 5 to 7 feet are found, the currents in the valleys
show a clear relation to the tides, changing on'the average of every
6 hours and 25 minutes wherever we placed our current meters at consider-
able depths - deeper than about 1000 feet. At shallower depths the
alternations were much more irregular and of shorter periods. Next,
we found that in areas with small tida]lranges, say one or two feet, as
in the Caribbean or the Gulf of Mexico, the alternations of up- and
down-valley currents become tidal in their relationship only at very
considerable depths, on the order of several thousand feet, and that in
the shallow valley heads the alternations were usually of very short
period. On the other hand, where the tide range is very large, as off
the Fraser Delta in British Columbia, the current alternations are of
tidal period even in the very shallow portions of the marine valleys.
Apparently it had never been suspected by the theorists among the
physical oceanographers that such relations might exist.

We also began to find evidence of internal waves in our records

made in submarine canyons. Physical oceanographers had known for some
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time that internal waves, that is, waves that occur below the surface
and are not related to surface waves, existed in the ocean, and that
some of them moved progressively toward the shoré from the deeper parts
of the continental shelves. However, it never occurred to them that
current meters placed at several points along the axis 6f submarine
canyons might detect these waves. Our record showed patterns of up-
and down-canyon currents that varied with time in intensity just like
surface waves moving into the shore. We found that when we compared
records from adjacent points along the canyon axes we could often find
~great similarities. The similarity was much increased if we shifted
them timewise, generally so that, for example, a time of rather fast
upcanyon currents observed could be correlated with a similar period of
fast currents at a later time in a station that was up axis. This
indicated that we were dealing with internal waves that were moving
up the canyons. However, we found in a couple of localities that this
~matching was the other way around, so that the internal waves apparently
moved down the sea valley or canyon. In such cases we observed that
there wa§ a source of water entering the éystem from outside. For
example, a large river was coming into the sea at such a point, or a
special convergence of wind waves was driving a mass of water in a
direction of down canyon as at the narrows between Santa Rose and
Santa Cruz Islands, where water is driven down the passageway by the
northeast winds driving water from Santa Barbara Sound into the head of
a submarine canyon at the strait.

The investigation of the bottom currents in the passageway between

Santa Rosé;and Santa Cruz Islands gave us a real thrill. We had gone in
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to Santa Rosa to pick up a surveyor who had been helping us get our posi-
tions in the channel usiﬁg'his instrument on shore, when a northwest
storm condition developed. We had‘troub1e getting him off the island in
a small boat, as the seas in the Channel had begun to build to somewhat
mountainous proportions. Someone suggested that since our 75-foot
cruiser had capacity to speed up to about 30 knots, we should be able to
ride the crest of one of the large waves that was moving down the Channel.
We speeded up and had Tittle trouble getting on a wave crest; pretty
soon we were actually riding one of the great swells, moving rapidly
down the slot between the islands. _

What we had not counted on was that the big waves were far from
regular and we soon found we were slipping into a trough with the
awful sight of the next great wave bearing down on top of us. I had
thoughts that the wave would swamp us and we would be sunk. We had
no 1ife boat or self-inflating raft to use in an emergency; our small
boats were lashed upside down on the deck. Fortunately, however, the
captain was a good seaman and, using every bit of power we had, we were
able to get out of the trough before the wave broke on top of us. From
then on we réde the crest successfully until the dangerous narrows were
passed and we could turn and move along the shore of Santa Cruz to the
harbor where we spent the night.

It was always amazing to see the meters come up at the designated
time, due to their electronic clocks that dropped their weights at a
set time, which allowed the floats attached to the meters to bring them
back to the surface. We really did have a lot of good luck. Once we put

the current meters down in the canyon off La Jolla, and while they were
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down, a storm developed. When they were éupposed to surface nothing
happened, and we concluded that a turbidity current had carried them
away. Some $15,000, gone! By the grace of God,:a few days later we
had a chance to use a deep-diving passenger vehicle Nekton from General Oceanographic
We submerged at the place where the current meters had been emplaced and
found nothing, so we traveled down the axis of the canyon. After about
half a hile we saw a familiar piece of rope rising from a mass of kelp,
Tooking 1ike the rope that one might imagine a Hindu holy man uses to
climb into thin air. Using the grippers on the outside of the diving
vehicle, we caught the rope and exérted our full Tifting power. Presto!
Up came the current meters ouf of the kelp. When we returned them to the
surface ship, the instruments and records were found quite intact. They
had simply gone for a ride down the canyon, wrapped in a mass of kelp,
and one of the floats had Tifted some of the rope gear clear of the
kelp: hence, the rope trick. We did not see the float itself because
~of the murk.

On another occasion the release did not work as expected, but after
about 20 days, the weight was freed from the current meters, perhaps
due to slow wear by currents along the bottom, causing the rope to
part; the current meters returned to the surface and luckily the local
Coast Guard spotted the buoy and brought the meters in and notified us.
One of our meters was picked up by a fisherhan many miles from where we
had dropped it. He saw our Scripps Institution label on it and persuaded
the cannery where he brought in his fish to notify us.

The first free-vehicle devices to be developed used magnesium

releases. With those we could not predict the time of surfacing
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very accurately, but usual]y someone would spot it anchored by the
trailing ropes in the shallow water near the beach, let us know, and
we would recover it. It was amazing that we had:so little Toss in those
days.

Perhaps the most spectacular recovery'was from the Congo Canyon area
off West Africa. We had gone to Africa especially for this operation
as guests of Woods Hole Oceanographic InstitUtion, on their ship
Atlantis II. We saw the current meter come up on schedule but there was
a strong surface current, and the first pass made by the ship to pick up
the meter failed. It was very close to a shoal and the ship's crew
tried a grappling hook -- made a fine throw which netted it but, to our
horror, no one had fastened the line to the ship. The current meter
drifted rapidly into shallow water; it was getting dark énd the small
boats were not working well, S0 we had to stand by all night (1ittle
sleep for me), before the captain could risk sending a small boat after
the meter, into the shoals. The next day, either the radio or the current
meter had stopped transmitting, or else we were too far apart to hear it.
We went 6ffshore around the shoal and up the coast for about 40 miles
in the general direction of the prevailing northwesterly ocean current
and, to 6ur joy, heard the faint "beep, beep" of the current-meter
radio signal. We couldn't see anything, but were able to estimate on
which side of the deckhouse the sbund was more intense, and headed in
that direction. We soon saﬁ the flag and picked up the meter, this
time with no trouble. The current meter had stuck on the shoal twice,
as we could te11’frqm the record, but each time waves had apparently
broken it loose and the strong northwest current had taken it in tow.

A11 was in good shape; our trip was not in vain.




Page 165
Shepard autobiography

After several years of operations with the current meters, our
excitement was immense wheﬁ we at last began to obtain records that we
were certain were made by the elusive turbidity currents that no one
had measured previously, except for very short periods before the
current meters had been lost. These currents were not nearly as strong
as those 60-mph currents that theorists had been predicting for t;?bidity
currents. We recorded only a couple of miles per hour, but the records
were clearly different from the usual currents that exist in the canyons.
We determined that they occur quite frequently in areas where rivers
are carrying large quantities of sediment into the ocean near the head
of a submarine cényon. That made our rather expensive project well worth-
while, at Teast so far as geologists are concerned. Thus it did not
prove to be one of Senator Proxmire's "boondoggles."

One of the strange things about this whole project has been the real
difficulties we have had with some physical oceanographers. Perhaps it
is not so strange, since our reports have been written for geologists,
and have not included the type of lingo that is used by physical
oceanogfaphers. We have tried to persuade them to work with us, with
some slight success, but only from those with a geological background.
The rest of this group seem to find all our numerous records confusing
and contradictory. They seem to prefer to base their theories on small
samplings which we geologists would consider woefully inadequate. Of
course, we do have a lot of trouble understanding their theories, as
they are couched in mathematics and physics and are somewhat beyond the
understanding of most of us. The simple thing§ we observe just don't
have much appeal to these learned gentlemen. Is it our stupidity, or

are they just not willing to confront nature in the raw?
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Getting Cleared for Mexican Operations

In the good old days, that is, before 1970 it was quite easy to get
cleared for scientific operations in Mexican waters. Maybe that was
before it was necessary to do anything but clear the ship for entry; and
sometimes even that was not done properly and the local port authorities
made it rather unpleasant until a few gifts were made and apologies
offered. One time our swashbuckling captain invited us scientists to
dinner at a resort near Cape San Lucas, Baja California, but something
was not in order and the port authorities caught up with him just as
the meal began. While the rest of ate an elegant dinner, he procured
the proper papers to continue. He kept out of é MEXican jail by a
small margin and plenty of under-the- table maneuvers.

About 1970 our State Department and the Mexican government began to
throw red tape into the picture. We started well in advance to get
clearance for an overland trip along thé new highway down Baja California
to Cape San Lucas in a carryall with a rubber raft on the roof, and our
equipment for taking current-meter readings in some small submarine
canyons along this coast. We had our provisions ready to go; tents and
food, and were told that permission was all but granted. Then the day
before we were planning to leave we received a form letter from Mexico
City which simply said, "Permission Not Granted." There was no explana-
tion, and nothing we could do! Our State Department would take no action;
there was no help. We just did not go.

In the spring of 1975 we had been given permission by Scripps

Institution to use the ship Ellen B. Scripps for a month to work off the

Rio Balsas Delta on the west coast of Mexico. We were determined not
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to have any trouble this time so we started a year 1in advance, going
through all the State Deﬁaktment formalities, and had Mexican scientists
and U. S. scientists living in Mexico City helping to get everything
arranged just right -- or so we thought. Time passed and the only thing
we obtained was assurance that there was no opposition in Mexico, and
that the engineers of the new harbor at the mouth of the Rio Balsas,
Mexico's second-largest west coast river, were most anxious for us to

do the work so that they would know more about the area at the entrance
of their harbor.

As the time of departure approached and we had no word, we began to
~get worried. We had the cooperation of the U. S. Geological Survey, who
were providing a panel of instruments built into a mountable deck lab,
and several scientists to operate them. Former Scripps student, Erk
Reimnitz;énd some Mexican participants went ahead to meet the ship and
install shore stations for our Tocations. There still was no answer
on the work permit, although our ship had an entry permit. Some friends
in Mexico City urged us to start down the coast, saying we could at
least operate beyond the 12-mile 1limit while the final clearance for
the project was being approved. We finally did just that. We arrived
at Rio Balsas and picked up two Mexican scientists and three members of
the U. S. Geological Survey at the river mouth, but still no permission.
Erk Reimnitz spoke fluent Mexican Spanish and went ashore every night
to telephone Mexico City to see what was happening. Finally even the
U. S. Ambassador tried to aid our cause.

After working beyond the 12-mi]e 1imit for a number of days we

decided, "This is enough of outside work; tomorrow we return to San Diego."
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We radioed that decision to the Mexican authorities and told our friend§
onshore at the port. Just as we were about to start for home a radio
flash, and permission, came in. The officials ffna]]y stamped the
papers with the permission granted.

We started a fast and furious 10 days of work, crowding all our
program into that amount of time. Almost immediately we made one of
the most exciting discoveries of my career, measuring a complete
turbidity current with a current meter, never before accomplished. The

meter was located in the canyon directly off the mouth of the Rio Balsas.
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CHAPTER XV: THIRTY-FIVE ISLANDS OF MICRONESIA; CARMARSAL EXPEDITION

In memory of our friend Harry C. Patstone, chief engineer of the Horizon
during the Carmarsal Expedition. This man was an inspiration to everyone
on the expedition, not only because of constant and cheerful attention to
duty, but also because of his example, constantly helping the natives
of the islands we visited with such practical things as water pumps.
On retirement he obtained dental technician training and a plane and
began touring Central America, setting up volunteer clinics to help
people care for their teeth. Unfortunately his plane hit an
obscure wire and this fine man died in the acecident.
As a result of our work on the northwest Gulf of Mexico, Joe Curray and
I became very much interested in the history of sea level rise at the end of
the glacial period, and particularly the level during the last 5000 years.
Professor Fairbridge of Columbia University, and many others, had been
advocating that sea level had stood at least 10 feet higher than its present
level for a portion of this relatively recent period. They gave many
examples of terraces of relatively recent date that supposedly favored
this concept. However, the geologists working in the northern Gulf of Mexico
were equally certain that no such high stand could have occurred, and the
work Joe Curray and I had done in,that area seemed to indicate that sea
level had risen slowly during the last 5000 years; there was no indi-
cation of any high stand in post-glacial times.

/ We decided it would be a good idea to have an expedition to an area
considered to be a stable portion of the tropiéa] Pacific, to see if we
could find raised coral reefs among the islands such as should exist if
the sea had indeed stood higher in these relatively recent times. We
chose as a test area the Micronesian islands of the Caroline and Marshall
5roup that are entirely to the east of the Marianﬁé Trench, where there
is no evidence of recent vulcanism or of earthquake epicenters to indi-
cate instability. We wanted to have experts in the study of coral reefs,
marine terraces and coastal processes with us, and tried to get scientists

whose opinions about the controversy of recent sea level changes were

somewhat conflicting. Thus we were able to get Norman Newell of the
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American Museum of Natural History and Columbia University, an authority
on coral; A. L. Bloom of Cornell University, a well-known student of
sea level changes and marine terraces; Joshua Tracey of the U. S.
Geg]ogica] Survey who had studied many of the reefs of Pacific islands;
N.KKC Nez%an of the Scripps Institution, a biology professor who
specia]izeﬁ in coral ecology, and wah. Vé@ of the University of Hawaii
who had become an expert in dating organisms from ancient reefs.

We obtained a grant from the National Science Foundation for the
expedition: Elizabeth and I flew to Guam to join the Horizon in February
of 1967, joining the other scientists and assistants there. We spent
a day examining some slightly elevated coral reefs of the island which
were described earlier in the literature. Guam is on the active west
side of Marianga Trench and has had a very different history from the
islands on the east side, which were our target.
gétt&hg off a couple of days 1ater.with a crew of 17 and a
scientific party of technicians; scuba divers including Jimmy Stewart,
who was in charge of SIO's diving program; a doctor, and Elizabeth who
was the only lady in the group of 15. We rounded the south end of the
island and headéd into the easterly swells. We soon began to get requests
for seasickness pills as the motion of the ship became more and more
violent; most of the scientists did not have their sea legs yet.
Fortunately, no one proved to be a serious victim of the malady.

We crossed the Marianﬁé Trench, where the depths are so enormous
that the echo sounding equipment on the Horizon failed completely to

obtain any record. After all, that is the deepest trench in the world,

and our cressing was not far from where the deep spot was discovered.
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We originally intended to make a scuba dive on what appeared to be
a slightly submerged atoll, but the sea was too rough for such an
operation, so we headed for the island of Ulul in the Namonuito Atoll of
the Caroline group. We were not sure that this would give us enough lee
to anchor and land, nor were we sure whether the island was inhabited.
Presently both questions were answered.

After two days of crashing into the headseas of the tradewind
which were unusually 1arge, we sighted the tops of palm trees on the
horizon. Gradually the Tow is1and$ came into view, and through the
~glasses we spotted thatched-roof hut; and patches of reddish color which
turned out to be the abbreviated costumes of the natives. The seas began
to calm down and we found we had a good lee for our landing operation.
The natives swam out past us, diving around the ship; others came out in
piroques, dugouts with outriggers. Following is an account of our

reception by the natives of the island.

Island of Ulul of Caroline Group [by Elizabeth]

When we came into the protection of Ulul, we were greeted by the
sight of an island feathered with coconut palms and breadfruit trees,
wearing its fringing reef 1ike a necklace. The water varied in color
from all shades of turquoise to indigo blue. The island is about four
miles long and half a mile wide, with a break in the reef next to the
siwoie that was natural, but was widened to about 15 feet. Our approach
was alive with dark youngsters sporting in the channel to reach the
outer reef. No swim fins were necessary for these little swimmers, and
‘there was much splashing and diving with feet in the air, coming in over

the reef without the need of face plates.
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On shore we saw two large boathouseé and people crowding the beach
to welcome us, all wearing dots of red cloth. Three piroques made of
breadfruit tree wood, and outriggers consisting of hibiscus branches, were
paddled out to meet us, filled with excited smiling natives and one white
boy, a member of the Peace Corps. They came aboard and we received
permission from the chief to go ashore. Fran, the captain and I were
landed first, greeted by the chief, and taken to the boathouse.

I was mét there by a dignified elderly woman who very majestically led
me to the village, which consisted of open-air huts and slightly raised
shelters with thatched, peak roofs. There were many small dogs and
wild chickens (finders keepers for their eggs),'and a few birds.

The women and children surrounded me, watching my every move;
they touched me, fe]t my white hair and pointed out my freckles;
naturally, they had none. Al1 these people seemed healthy and happy and
relaxed. I saw no cripples or spastics; and only one white-haired man.
They sang for us and we recorded the songs on tape. As we played it back
for them they laughed uproariously as they identified different voices.

There were two Peace Corps boys on the island, who ran American
movies for the islanders, who particularly enjoyed westerns. The island
religion is Catholic and they have a coral-floored church which would
hold about 75; no doors or windows - just openings in the wall. I got
the feeling that Catholicism was practiced ‘only when the priest was in
residence, and that their own religion of many years was still leading
them in their peacefu1,'honest ways.

Their costumes varied, but consisted mostly of breech c1othi§ for

‘ the men, nothing above the waist for the women, and the children were
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just as nature made them. Their diet conéisted of breadfruit, with its
lovely leaves, sugar cane, yams and, of course coconut and its refreshing
milk. They eat fresh fish and octopus, but not slugs or sea cucumbers

as some other islanders do. Their noon meal is usually rice provided by
the U. S. Territorial Administration which is served at both schools.

School goes through seventh grade, and there were three high'school

[

~graduates who had gone to school in Truk. One boy was a graduate of

the University of New Mexico, and wished to come to Scripps. The girls
made me hibiscus and blue trumpet flower leis, and the chief gave me a
fine lei of cowrie shells with dyed hibiscus fibers. We exchanged
colored beads, pens, fish hooks and gum for shells. The natives share
their gifts with all. I very carefully presented the chief and his
wife with a Kennedy half dollar on a necklace and later saw it on a small
child.

One morning when I came ashore about twenty women were plaiting

palm fronds for a new roof =- the fronds brought up by truck, believe it

or not. I gave each weaver a string of beads and they all passed them

on to their young. One Sunday we were invited to a stick dance. Twelve
of the boys around 15 years old dressed in banana leaf skirts and crowns
of flowers did an animated step to a chant, with elaborate turning and
hitting of sticks. We were told that the women had not danced since
Catholicism had come to the island 25 yearé before (the chief had asked
the women to practice a dance for us). The captain, through the island
chief invited the women to come out to the ship.

After a quick dip, clothes and all, I rushed back to the Horizon

to prepare for the party. When we were ready for them, with the Coke
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machine operating and boxes of cookies, we were at first afraid nobody
would come, but come they‘did, swooping down like a cloud of locusts.
Four of us fed dimes and nickels ipto the Coke machine, opened Cokes,

and filled large bowls with cookies. The guests were seated in the mess
hall and the bowls of cookies were emptied immediately, either eaten four
at a time, or put into paper napkins to take ashore. Three 8-1b

packages of cookies disappeared in 20 minutes. They also sampled the
condiments on each mess table, the mustard, soy sauce and ketchup.

I took the women, in four groups, into our stateroom where they
tried the bunks and made faces at themselves in the mirror. After
we had served 100 or more women, the children came, and then some of the
men. They swarmed all over the ship, even trying the hammock on the
fore deck; the children dove off the upper deck and raced up and down}
the passageways. When they left, we cleared up the "mess," and it was
a mess. :

Before the chief of Ulul left the island to attend a conference on
another island he dined on the Horizon, and gave orders for the women to
practice their old native dances so as to perform for us at a luau. The
entire ship's complement was invited to attend at 4:00 p.m. The work
program for scientists and crew was adjusted so that all could attend
except the ship's watch. The island was a beehive of activity in
preparation; they were unbelievably organized, with each person quietly
and leisurely doing his or her job. We made punch in new 5-gallon garbage
pails and took our largest trash can (well scrubbed) for the punch bowl;
we also took applés.. The crew and scientists wore their best ironed

shirts and I wore a dress and an orchid in my hair. As we landed we were
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met by the one island truck to transport our part of the refreshments to
the school house in the middle of the island, equally distant from the
three small villages.

After an informal greeting I was asked to start the food line to
fi1l my banana-frond plate. There was fish, large ones smoked and
baked; small, deep-fried whole ones, heads and tails included; bread-
fruit, sliced and baked, as well as pounded and cooked in a coconut
sauce; baked bananas, boiled papayas, octopus, looking very much like
live octopus, and wild chicken, the only tough morsel there. The men
waved palm fronds above the food to chase away the flies -- in
fact, only men served, dressed in breech clotheé of various materials.
The porch of the school was carpeted with palm fronds and we were
seated on the floor, using the wall of the school for a back rest;
it was a comfortable seat. We used our fingers and were each given a
fresh coconut to drink. Each guest was'ceremoniously crowned with a
wreath of flowers, grass or vines -- no two were alike -- and each
wearer took on a rakish air. One older woman took a fancy to Harold,
our e]edtronics_expert;énd dramatically came across the stage to place
a wreath on his head. When we finished eating;our eating baskets were
collected and used again by the men, who filled them with so much food
it was unbelievable they could consume it all. No women or children came
to the table.

The dancing women approached slowly and ma3est1ca11y from the other
side of the island, dressed in skirts of bana 1eaves decorated with
flowers and a variety of grass garlands, again no two alike. Most of

_the women were topless, but two were wearing white bras, dazzling against
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their glistening brown skin; one bra had holes cut to facilitate nursing.
The dances they did to chants were love dances, quite restrained except
for one animated clowning middle-aged woman who gave it her all with
rhythm and gusto. Most of the women, all of whom were married, wore
rather sad and dreamy expressions in great contrast to the men who danced
later and enjoyed their dancing as much as we did, with their Tively,
noisy, body-slapping performance. One three-year-old was unhappy to have
her mother performing and began to howl, but she was consoled by the
other children.

AfterAthe women performed their restrained dances they joined the
audience, giving their grass skirts to the men. The men approached with
glee and animation, enjoying the response from the audience. They did
about ten dances, each spontaneous, decided onstage after much discussion:
dances of navigation, war, and love, all performed with vigor, complicated
footwork and rhythmical slapping of armé, body and thighs with gloves
of pakm leaves which made more noise than their shouts. During the
performance people moved quietly about. Three little 3-year-old boys
did a pantomime of their fathers, and three other 1ittle ones crowded into
one discarded skirt and walked around, tripping and stumbling. The
children were unrestrained by adults, sisters or brothers, and were all
very well behaved.

After the dancing our supply of apples and punch was passed around
and we all mingled together, my favorite women and girls coming to shake
my hand -- not an American handclasp, but an interlocking of thumbs.

As I explained we would go away in our boat for a few days, to

return later and pick up the men left ashore drilling a well, one girl
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turned to the others and explained in French to the other girls in
her group. This group was probably from one of the other islands, come
to attend the school in Ulul. We slowly drifted -back to the beach and

came aboard our floating home happy and contented.

[back to F.P.S.]

The scientific study of Ulul began to set a pattern which continued
for the rest of the trip. We found an abundance of blocks of coral well
above sea level, up to about 6 or 7 feet, but never did find a raised
reef with corals in the growth position. The blocks were clearly ones
that had been thrown up by waves such as might be encountered during
ﬁresent day storms (photograph).

When the tradewinds gave out for a few days we returned to the
deep-rimmed bank and our scuba divers descended to look for signs that
this bank might have subsided. Again there was no indication of any

relatively recent change in level from what we observed. The sharks were

 somewhat of a menace to the divers and we lowered a cage so the divers

:cou1d get in, if necessary. No aggressive moves on the part of these

unpleasant fish were encountered, so the cage was never occupied, even
by the sharks. They were around, and some of the divers kept their
spears pointed at them in case they got aggressive. One of our scuba
divers had had an experience with a shark several years previously, and
shows the scar very clearly on his left arm. His attack came when he
neglected to watch a shark which he had been photographing and it came

up behind him.
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Truk Lagoon
Scientifically, our most important investigation during CARMARSAL

Expedition was the visit to Truk Lagoon. If we had been there 22 years
earlier, we would have encountered one of the greatest air-naval battles
of history when the American air forces attacked and sank a major portion
of the Japanese fleet that was bottled up in the Truk Island stronghold.
The Japanese had fortified this area extensively before the war, in
direct violation of the 1919 peace treaty agreements.

Truk includes a series of beautiful high islands surrounded by a
huge blue lagoon, very peaceful after the stormy seas on the outside. It
is 30 miles across and has a circular barrier reef at the outer margin,
the Tatter studded with numerous small atoll islands rising a few feet
above sea level. It is accessible by a number of passes. Inside the
huge lagoon the barrier has an abundance of reefs; it was surveyed
by the Japanese in prewar days,.with extraordinary accuracy and detail
and our Navy acquired the charts after our 1945 victory. Throughout
the Pacific islands, only at Eniwetok in the Marshall Islands are any
other surveys as complete.

I had always been told by my friends in the Coast and Geodetic
Survey never to trust a tangent of an island for use as a means of
location. Truk Lagoon was an exception. With a sextant and one hori-
zontal angle I could get a peffect location where the tangent of one
island ranged on that of another. I just took an angle to some other
point from this range. This proved far better for locations than the
excellent radar which the ship's officers were using. So far as we could
tell, the Japanese charts showed accurately every point and curve in the

island shores.
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Truk was the second major target visited by us, and followed
closely on our de]ightfu] time on Ulul. Despite our very hospitable
reception at the various inhabited islands of Truk, notably Moen, the main
center of administration of the territory by the United States, under
United Nations charter, we felt some disappointment. The natives seemed
to have deteriorated badly from their contact with civilization.
Especially on Moen they impressed us as lazy and listless. "Why should
we fish when we have so many handouts from the government?" Some
of the school children were an exception, partly because they came from
other islands, visiting Truk for their high school education. The boys
delighted us with a gift of a model outrigger after I gave a talk at
their school. Elizabeth, to her surprise, was asked to talk to a group
of girls. In some perp]exity as to what to say, she asked them all their
names. They gave her first names only, and she recalls the following:
S.0.S., AM., P.M., Lazy, Shame, Lover,.Two Loves, Bird and Fish.

We happened to be at Moen when the delegation from the United
~ Nations came to inspect the Micronesian trust territory. They visited
us on the Horizqn and we enjoyed talking with them. Unfortunately, they
seemed to want the U. S. to give more to the natives, when we felt that
what the U. S. really ought to do was given them less and get them back
to work. The head of the delegation was a black lady from Liberia with
a majestic personality, quite dictatorial in a charming way, and she was
certainly impressive.
| We visited Fefan Island where the Japanese had their wartime
headquarters. It .was almost completely overgrown with vegetation. We

“could hardly see any evidence of the old fortifications. Out in the
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waters off the island there were many masts sticking up at rakish angles
from old sunken Japanese vessels. Our scuba divers descended onto
one of them and acquired some souvenirs from the coral-infested decks.

We talked to a few Catholic priests who still 1ive there in their
mission, and they told us they knew the Japanese were rearming the
island well before the war, but no one cod]d_get the story out because of
the extreme secrecy. They actually continued to conduct their Catholic
mission during most of the war and were interned only just before the
Japanese suffered their great naval defeat. The priests had their own
story concerning Amelia Earhardt, to add to many other legends. They
say she was captured and executed on that very island.

Our scientific studies indicated that Truk Lagoon had never
suffered a higher sea level in post-glacial years. We found no raised
reefs. We also got good evidence that several deep holes in the floor
of the Tagoon represented sink holes fofmed, most probably, when the

. . N
sea was much lower, during stages of maximum glaciation.

Ponape and Ruins of Nan Madol

During the Carmarsel Expedition there was but one attraction among
the 35 islands that we visited that caused universal enthusiasm among
all members of the crew and scientists. Surprisingly, it was an
archaeological ruin. Elizabeth had read that Nan Madol, located on the
windward side of Ponape Island east of Truk, had the most remarkable

ruin in all Oceaqg. It has been called the Venice of Micronesia. At

* Curray, J. R., 19__
Shepard, F.P., 19
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first the crew complained, "Who wants to see some old stone ruins?"
Elizabeth and I were but ashore at Matalam Harbor near the ruins.
We were welcomed by the priests of a Catholic school which is actually
financed by the policemen of New York City. The locals filled us with
enthusiasm for a visit to Nan Madol and told us that the approaches had
recently been cleared of excess overgrowth in preparation for a visit by
UNESCO, so our small boats could get there easily at high tide. We
returned to Horizon and persuaded the rest of the scientists and the
captain to join us for the visit. After traversing some reefs and shoals
along the coast for a couple of miles, pushing and poling our way through
the very shallow places, we could see ahead of us some walls rising above
the Tow coastal marshes. We were amazed to find great blocks of columnar
basalt laid on their sides and stacked up to 15 feet or more, enc]osihg
rectangular courts. We estimated some of the blocks to weigh as much
as 35 tons. They were fitted tbgether as though with great care in their
construction. How could the ancient natives bring those huge blocks all
.the way around from the other side of the island, where there is a
volcanic neck that could be the source? They must have lashed together
many canoes for the transportation, and they must have had very competent
engineers for the whole project. There was a series of these rectan-
~gular structures, some of which were now in the shallow water beyond the

reef edge.

When we returned to the Horizon we got the crew interested and they
gradually all went to see this remarkable feature and shared our
enthusiasm. The area does not have the remarkable carvings of Easter
Is]and,‘but the blocks transported by these ancient natives were certainly

much larger. The rock, being hard basalt, was not good for carving.
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Kusaie and the Sunken Pirate Ship

The Tast high is?and of the Caroline group which we visited was
called Kusaie. We had been told that here we would find beautiful
examples of raised reefs of low altitude. Superficially this opinion
appeared to be correct. We could see truncated inclined beds that
certainly looked as though the sea had in recent times stood higher.
However, on closer examination we failed to find a single example of reef
rock that had grown in place at a level higher than the tides, which
had a rather considerable range on this island. What actually emerged,
as on the other islands, was indications that storms had built up masses
of rubble with a relatively flat top, and this rubble had later been
cemented so that it looked to the uncritical eye, 1ike an old reef.

One harbor where we anchored had a special fascination for the
scuba divers when we learned that the pirate, Bully Hayes, had been
anchored there when the island was struﬁk by a hurricane. His ship was
sunk, but he and his scoundrel crew got ashore with their weapons and
‘took over the local town. They enslaved the natives for a number of
years, but finally got an opportunity to escape the lonely outpost when
a ship finally put in at the harbor. However, during the voyage that
followed the ship's cook somehow learned the identity of the pirate and,
when he found him alone on deck, he attacked the pirate with a meat
cleaver and threw his carcass into the sea. The natives, meanwhile, were
overjoyed to be free once again to carry on their peaceful existence.

Qur divers found the old wreck and made a descent on it. They
recovered some interesting relics which we now have preserved in the

museum at Scripps Institution.
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Another interesting experience during our stay at Kusaie was joining
Art Bloom in his attempt to follow some of the streams that flowed out
of the marshy'terraces around the island, in order to take cores of
the underlying formations. As you leave the coral-fringed coast, you
move into a dense mass of vegetation palmettoes and mangrove. It seems
almost impossible to find such a lush swamp right in the midst of coral
islands. It was a spooky feeling. When we found a place where we could
take some cores, it was a surprise to find shells and indications of
beaches at a short distance below the surface. Again however, no
evidence was found that the sea had stood appreciably higher in the past
than it was at the present time. The levels of thesé beaches were
somewhat below present sea level. Taking these cores in the swamps,
with no tradewinds to cool our bodies, was a pursuit that was anything
but pleasant and it was a great relief to drift down.the sluggish

streams to the open coast and encounter the cooling tradewinds again.
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CHAPTER XVI: HUNTING FISH BY CAMERA ON CORAL REEFS

In memory of my friend Ron Church whose remarkable underwater
photographs were a great inspiration to professional and amateur
photographers alike. He was an excellent pilot of underwater

eraft, notably the Westinghouse 4000. Unfortunately, he
died quite young of a brain tumor, but his widow provided us
with an exhibit of his photographs and some moving
pietures shown at the Seripps Museum.

I seem to have none of the instinct supposedly inherited from our
ancestors, who took equally great joy in hunting their enemies and their
game, such as Teddy Roosevelt, who 1iked nothing better than shooting big
~game in Africa. I suppose my lack of interest in hunting and fishing shows
~an inconsistency, as I am not a vegetarian, and especially 1ike to eat fish
that someone else has caught. Bﬁt to swim on a beautiful coral reef where
the colorful fish move peacefully around the coral fronds and graze on.the
bottom vegetation, apparently with little animosity toward their fellow
denizens of the reef, except perhaps to warn a passing fish that it is
intruding on their proscribed teryitory and that it should feed elsewhere --
to enter this community with a spear gun does not appeal to me at all.
Particularly disgusting to me is the fisherman who boasts that he never eats
thé fish he catches, and often brings in big fish that he knows will not be
eaten, but will make a fine photofraph with him standing next to it, or
it will Took impressive when properly mounted on a wall in his den. 1Is
that really very much different from ancient men who showed rows of skulls
of their victims that they had killed?

After swimming for many years with a snorkel and face plate,
marveling at the beauty of what I could see with very 1ittle submersion
below the surface, I decided it was time I began to take photographs of
the beautiful scenes that are virtually impossible to see from a boat,

and very hard for a swimmer to distinguish without a face plate, or even
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from a g]asé-bottom boat. The early cameras were so complicated, and
presented such difficulties with water-tight cases in which to insert

them, that it took someone more mechanically inclined than I am to use them
with much success. I did try a few.

However, with Cousteau's Calypso camera, which later became the Japanese
Nikinos, it was a simple matter of placing the camera cord around your neck
and jumping into the water. It had controls that could be operated for
shutter speed, distance, and aperture, all by small thumb screws. We had
one for our scientific work in scuba dives and used at depths where the
results were generally quite disappointing due to fading of color with depth.

I borrowed the Calypso camera for one of my vacation trips. Going to
Moorea and Bora Bora at the Club Mediterranée.provided a wonderful opportu-
nity to take photographs 1h the clear water around the reefs. I obtained
some pictures of the corals which I used to illustrate chapters in my books
about marine geology (photo). I was, and still am, an amateur. The field
is full of real professionals, but this is true also of those of us who
enjoy taking photographs of land scenery. We don't expect to win any
prizes.

The real trick to underwater photography is getting the fish to pose
properly for you. Generally, you have to sneak up on them with very
little disturbance of the water. The right kind of bait will often lure
them into the picture, but don't just spread pieces of bread around; they
tend to float on the surface and disintegrate. Turning over a rock is
sometimes quite effective in bringing in clouds of fish, but will also
expose a lot of organisms and is bad for the ecology. The rock should be

returned to its original position after taking the photographs.
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You do not have to be an Olympic type swimmer, or, let's say a
Cousteau type, to photograph the antics of various remarkable sea animals.
While swimming in the Galapagos Islands I was at first startled to see a
sea 1ion (I guess you could call her a lioness) come up alongside me,
apparently to get a good look. From then on, while I was in that area I
was ready with my underwater camera, and was able to get a few shots as
the sea lions dove past me, perhaps admiring my special type of face mask.
They generally moved so fast that I got only their tails in my photos, but
some moved slowly enough to Tet me get a decent shot.

The strangest combination shot I got was while swimming near shore
in the Galapagos Islands. As I surfaced I saw 6n the rocks one of the small
penguins whose ancestors had followed the west coast of South America up
from the Antarctic in the cold Humboldt Current. Shaking the drops of water
from my camera I took a photo, then turned seaward, swimming out to the
reef beyond. As I glanced to one side,‘there was my penguin, swimming right
past me underwater. I took a quick shot and managed to catch the bird in
his aquatic environment.

One always thinks of large fish as the attackers of small fish, rather
than their friends, but this is not always true. The 'cleaner fish' go
right into the mouth of large fish and, instead of being devoured by them,
they are cleaning them of parasites. There are actual cleaning stations
where this goes on. Also, relatively large fish often swim next to small
fish, both following the same pattern. This is probably so that the small
fich can eat what the 1§rger fish discards, as is the case of the remora
and the shark, to which it attaches. This also applies to sbme of the reef

_fish where they graze on small organisms growing on the rocks.
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In ancient Hawaii there were areas where natives, having committed some
tabu, could go to; a place called a City of Refuge, and the native chiefs
could not touch them ag long as they stayed there. I found a reef area
off Kauai, in the Hawaiian Islands where the fish seem to have the same
arrangement. They would come in droves into the shallow water and stay
there feeding, often letting you get very close to them without showing
any sign of disturbance. I even saw one blue jack about two feet long in
such an area who positively refused to pay any attention to me. I followed
him for ten minutes, virtually touching him, but he continued grazing
around a large rock, as if I were not there at all. Of course I did not
have a camera at that time. Oﬁe trouble with the area is that small waves
break gently over your head, putting a Tot of bubbles into the water and
stirring up the sand, so photography is not at its best. Fast film seems
to be most satisfacfory at such a place.

Most amateurs are somewhat terrified by encounters with ugly-looking
fish such as barracudas and moray eels. They do look terrifying and there
are cases where people have been bitten by both these types, but so far as
I have learned from many friends who aré ichthyologists and know about these
fish, they are 6f very little danger when they can see you in clear water.
The danger, evidently, is when they just get-a glimpse of a hand or a foot
in murky water. I learned to swim with numerous barracuda circling round
me in the reefs off Belize (formerly British Honduras) and became completely
used to them. They are curious and I have often had them follow me right
in to the beach, but if I turned toward them, they would generally swim
away. Morays have a way of opening their jaws for breathing that makes

them look vicious, but they apparently won't come out of their holes in
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the reef to attack a human, and largely inflict bites only when a human
puts his hand under a rock or into a crevice where the moray is living.
The beautiful lion fish and the ugly stone fish are the really dangerous
types, and then usually only when they are disturbed in their hiding places,
or when someone steps on the camouflaged stone fish. Their spines have
a very venomous poison which causes intense suffering and even death, but
antidotes are available.

Sharks are, of course, a danger to swimmers, but this has been vastly
exaggerated by that awful dramatic movie "Jaws." Probably nothing has
done more to discourage what is perhaps the finest and most healthful sport
of all -- swimming -- that that book and the subsequent movie. It made
millions for the author and more for the producers, but it stopped
millions of people from enjoying their swims. Considering that there are
actually many hundreds of millions of people who swim every day in the
ocean, and that sharks exist in most of these places, is it not significant
that shark attacks are so rare as to make headlines in the newspapers when
they do occur, and that most victims survive? If you are a swimmer, you
are much more likely to be hit by 1ightning on land than bitten by a shark
in the ocean, ahd your chances of being injured or killed by an auto must
be a hundred times greater than by a shark. Who gives up driving or crossing
streets, despite this far greater danger? 4

I do believe that we should avoid playing aroﬁnd with sharks as some
swimmers do. And trying to get up close to get a photograph is a foolish

risk, as one of my friends, Jimmy Stewart, our chief diver at Scripps, found.

~ As mentioned earlier, his companion, Ron Church, got the photograph all right,

and Jim has it on his desk -- but after Ron shot the photo, Jim had the feeling

tha; something (cont. on next page)
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was behind him and looked back, raising his right arm just in time to
encounter the teeth of thelshark that was attacking him from the rear.

He Tost a lot of flesh from his arm, but the shark, unlike stories of the
danger of fresh blood in the water, did not return. Jim's diving partner,
Ron Church, got him ashore and after an emergency flight to Honofu]u

from Wake Island, and considerable surgery, he is - now fine and

continues to be our chief diving officer. One might conclude from all
this that sharks are best not played with, but they are not such a

menace as to keep people from swimming in most areas, even if sharks are

occasionally reported.
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CHAPTER XVII: FRIENDSHIPS WITH STUDENTS AND EMPLOYEES

In these days of bitter fights between emp]éyees and employers, it
may be hard to believe that someone could have had such friendly
relations with those whom he employed as has been my good fortune for
many years. Of course, this relationship had a fine start 'way back in
my University of I11linois years when I was fortunate to have brilliant
students like K. 0. Emery and Bob Dietz funded on National Youth
Administration grants during the depression years. Most of these
students and associates became 1ife-long friends as they continued into
their outstanding scientific careers. Elizabeth and I feel like
parents to many of them. We had several of our students live with us
during their student days.

During the war, in addition to some'young men who went to sea with
me and also did laboratory work, I had the new experience of having
a group of three or four young ladies helping me with the making of
color maps for the U. S. Navy, showing sediment distribution on continental
shelves in enemy territories of East Asia. One of them, Jane Dinkins
was smart as a whip and worked rapidly at what she was assigned to do;
her exampley and pleasant disposition proved inspiring to the others so that,
despite some usual girl gossiping among them, they went right ahead’and
accomplished their assfgnments in record time. We all became good friends.
Tr fa22i, nuw, more than 35 years later Elizabeth and I get Christmas
cards from some of them and see them occasiqna]]y, though they Tive far

away.
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Coming>to Scripps Institution after the war, I was fortunate in
employing as a secretary—aésistant a girl by the name of Ruth Young.
Ruth had a brilliant mind in addition to a very pleasing personality.
She did not have much education but began taking, or auditing courses
around Scripps Institution, in order to help her understand some of my
problems. I recall that she took a course in statistics in which her
examination paper was considered the best in the class, despite the
other students all being graduates. She soon became a research assistant
and was excellent in both field and laboratory work. She worked with me
for ten years, the last three of which she was married to our publicity
manager. To the great sorrow of everyone who knew her, she died of
cancer,

I have been most fortunate in secretaries. They have all helped
my work tremendously. Following Ruth were Betty Sanborn, Margaret Miller
(wife of the well-known author Max Miller), and Nance North, well versed
in Scripps Institution activities and, Tike Margaret, very capable in
criticising my manuscripts, and also excellent in staff relations. They
all became close friends to us, and kept the office going during my
absences on my many trips. My secretaries at Scripps were also good
friends with Elizabeth. She often remarks on how they would te]ephone
her at home when they noted I was having a particularly good conference
with a visitor, and say, "Elizabeth, you better be prepared to have a guest
for lunch (or cocktails)," and Elizabeth wou]d_get something out in
preparation for my last minute call: fDo you mind if I bring so-and-so

up to the house this noon (or evening)?"
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There is no doubt but that my rafher prolific writing was to quite
an extent the result of thé good correcting and copying of my secretaries,
and to their many suggestions for jmproving my style. I should not
blame them for my being a poor speller, just because they were all so
~good and used a dictionary when in doubt. Margaret Miller used to give
me T1ists of words which I habitually misspelled, and that did help me some.

One of my former students says he does not need a draftsman to assist
him; he can do his own illustrations perfectly well. That does not apply
to me. It is hard enough for me to make even crude sketches to show
my draftsmen what I have in mipd. In this respect I was lucky in
employing Donald Sayner as a draftsman when I began API 51. Don was a
natural and drafted for me very satisfactorily for several years, until he
had to move to Arizona for his health; there he soon started to teach
mechanical drawing at the University of Arizona, and still does. We miss
him. Don trained another young'man, James Moriarty, a war veteran who
worked for me for many years, and illustrated many of my books. Jim
became more and more interested in archaeology and finally became a
member of the faculty of the University of San Diego in that field.

In connection with my studies of the currents of submarine canyoﬁs,
I have had three assistants: Neil Marshall, Gary Sullivan and Patrick
McLoughlin. Neil was with me for a number of years before I got started
in the current meter studies and worked into it. The other two, both
Vietnam veterans, acquired the skills rather quickly. There is no doubt

6 would have been impossible without their

that the report on our results
expertise in using the instruments, and I feel that just because I did

most of the writing and theorizing, they played an equally important role,
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and hence are included in the authorship. Actually, Pat showed considerable
_good sense in criticising the original manuscript, though he was less
~involved in the field work than the others. He was the one of the three

who always got things done in the laboratory, working on the records.

When one is getting to the stage in life where active participation
~in field work becomes difficult or impossib]é, it is good to have an
assistant who can carry on independently. That I have.in Gerry Kuhn,
who is, as I mentioned earlier, studying coastal erosion in the San Diego ﬁ
area, a field in which I worked in’the somewhat remote past. He is
. gathering together all of my old s]ide§ and old photographs, and
. getfing them into a form that can be used readily to'1ook'for coastal
changes. Furthermore, he is going way beyond anything that I did in the
past, and I am delighted to have him with me. If he finds that some of my
ideas were erroneous, fhat is finé. I shall be glad to correct my errors.

The most interesting and stimulating, and perhaps also the most
controversial of my staff during a portion of American Petroleum Institute
Project 51, was my good friend Andres Rosefelder. I became well acquainted
with Andre when he spent a year 1n_the.UnTtgd States, mainly at Scripps
Institution. He.is a Frenchman from Algeria, and was quite successful in
developing the petroleum indqstry in Algiers during the days of French
ownership. He became interested in marine aspects of geology and visited
us at Scripps partly to scuba dive with Bob Dill. His 1ife was always
~ exciting, and he seemed to go from one narrow escape to another.

During World War II he opposed the traitorous Peytain French
government in Algiers; he was captured and condemned to a firing squad.

Just before his execution the French got word that American troops were
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rapidly advancing on Algiers and he was released. He fought the rest of
the war with the free French.

Subsequently, aftgr amassing a fortune in Algerian o0il, he became
disgusted with De Gauy;s reversal of sides in the fight for Algerian
separation, and he joined in the bitter-end fight of Frenchmen against
- de Gaut trying to hold on to Algeria. His 1ife once more was in jeopardy.
He escaped by having friends pack him ih a large box and ship him to Italy.
There he worked in a menial job for some time, and I learned of his fate
through Bob Dill. I caB]ed him, offering him a job which I could offer
with my A.P.I. funding. He came promptly and we gave him a position where
he had a free hand to develop ihétruments for use in marine geology.

He was bursting with ideas for new methods to obtain better bottom samples.

For a time it looked as though we had a genius on our staff and
my reports contained enthusiastic accounts of many of his ideas. The
problem was that there was too mugh pressufe in situations 1like this to
produce almost immediate results and, 1ike most successful inventors,
Andre required plenty of time and lots of support to establish these
ideas. Some of my committee memebers from A.P.I., and even some of my
colleagues at Scripps Institution wanted to know what could be shown for
the funds being devoted to this project and a foreigner. Finally Andre
decided. there was too much opposition and that he should find another
position. In the meantime he had acquired. many new and important friends
and had nd trouble finding other opportunities. In fact, he is now doing
very well with some ideas for mining the sea floor. We have continued to
be good friends. As a matter of fact, he asked me to be his best man when

he married an English girl a few years ago. I have mentioned only a few
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of his rather extraordinary adventures here, but I can assure you that
he has tales to tell that Canﬂmake your hair stand on end, particularly
about his fights with de Gauli‘ That he is now welcomed in France is
one of the remarkable reversals that have typified French policy in
recent years.

Thus you can gee that I have derived a lot of pleasure, and some
sadness, from my close friendships which I have genera11y maintained with
the people I have employed. Of course, the fact that I never had large
numbers of employees at.once has made it much easier, but I often wonder
why large employers do not make more of an attempt to become friends
with those who work for them. |

Some years ago my colleague Milton Bramlette told me about how
" his uncle, who had developed a large shoe manufacturing company (Nunnf -
Bush) had preserved friendly relations with his emp]oyees.‘ He -arranged
it so that tﬁey share the profits and are‘therefore greatly interested
in the success of the company. There never were any strikes, and the
employees share in the planning of the business, and so feel an additional
iﬁterest.\ Friendly re]ations exist throughout the enterprise. How much
better it would be if this were the general practice of. labor and management.

Maybe then we could really compete with the Japanese and Germans.
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CHAPTER XVIII:
HOW A HALF-CENTURY HAS CHANGED THE LIFE PATTERNS OF DEVELOPING
MARINE GEQi OGISTS AT SCRIPPS INSTITUTION OF OCEANOGRAPHY

It is rather surprising to compare the conditions under which research
was conducted during the period when marine geology was in its beginning phases
~with conditions in 1980. There have been changes since the early days, some
60 years ago, when I first got started in this new science, and the condi-
tions that now exist are the result. In the old days I made use of any boat
or ship which might bring me some information about the character of the
sea floor. The results were often exciting as related earlier, but i
always felt like a beggar at a feast until finally, in 1938, I was able to
operate a»fair]y sizable craft for my research.

Even then most equipment was quite primitive and all kinds of diffi-
culties developed. Most of these have now been overcome. The echo sounding
devices are greatly improved and it is no longer necessary to read a
flashing 1ight to tell depth; it is recorded on a tape. It is even possible
to tell what the topography is 1ike on either side of the ship through use of
the wonderful new side scanners which operate in part from devices towed
along near the bottom. Nowadays when a marine geologist goes out on an
expedition he is accompanied by electronics experts who are trained to
operate all sorts of geophysical apparatus. The geologist can move from
one laboratory to another, a]ternéte]y observing the records showing what
is beneath the bottom, such as folds and faults which may not show at all
at the surface, and the changes in gravity beneath the ship which provide
information on the nature of rock masses that are well below the surface.
The magnetometers give interesting indications of whether the lava flows
coming from the mid-ocean ridges at a particular time and place were

negative or positive. This enables him to fit the zone he is crossing
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.into the stage of opening of the ocean ridge, say for example that the
flow was erupted in a negative phase millions of years ago.

Geochemists have also made great advances not only in the study of
rock formations which make it possible to tell whether they are dredging
rocks from different intruded stages in layers of the ocean crust, but even
that the rocks come from the underlying mantle. We used to think we had
to obtain any information about the mantle, under the rather thin ocean
crust, by drilling through the crust. This project, called "Mohole", caused
~great interest among a group of outstanding scientists some two decades
ago. I suppose, looking back, that it was fortunate that the budget became
so expensive that the project was abandoned after several years of intense
planning. Fortunate in that in the meantime the deep drilling operations

of the Glomar Challenger in the various oceans had taught scientists so

much about deep drilling that it appears the early attempt would have
resulted in a failure and taught us very little about the overlying ocean
crust. This same deep ocean drilling has revolutionized our ideas about
the history of geology and tectonics. Much of the plate tectonics develop-
ment mentioned previously has resulted from these studies.

Equally important is the discovery of layers in the oceans where the
chemistry of the water differs greatly from layer to layer. This has
suggested to geochemists that bodies of water like the Arctic Ocean have
undergone great changes, alternating fresh water and salt water composition,
so that when connected with the main oceans it had a tremendous effect
on the world climate. This history can be ascertained through water columns

around the Arctic in which remnants of the fresh water stages are shown in

buried layers.
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Another important development at Scripps Institution during the past
two decades has come from our Coastal Studies Institute. Douglas Inman
who once worked with me as a graduate student for a short time, has since
built up a group well known around the world for their expertise in coastal
studies. They have been called upon for consultation all over the world
in helping to find solutions for coastal problems. Doug Inman is now in
charge of our Hydraulics Laboratory; he gradually shifted his primary
focus from marine geology to physical oceanography. I am glad to see
that he is now working in close association with Gerry Kuhn, particularly
through his associate, Scott Jenkins, and the Beach Erosion Board of the
Army Corps of Engineers. Coastal problems require a combination of the two
branches of science working in cooperation. Here at Scripps Institution
we are especially well prepared to fit the two branches together to accom-
plish results in producing beach and cl1iff erosion studies; more so than
anywhere else in the country at present.

As these geophysical and geochemical ideas have come together in the
study of marine geology it is interesting to note what has happened to
scientists in the new field. They have become much more technically
trained for their scientific work which I suppose is largely a good thing,
but it may also detract from their training as naturalists, so that they
may perhaps fail to see features which they would surely have observed in
the days before specialized technology. I feel we need naturalists to go
out looking for the phenomena of nature as well as scientists who devote
most of their time to laboratory calculations of what should or might
have happened. Both are important.

The Tife style of our young scientists has certainly improved in most

cases. At Scripps Institution, for example, a number of shacks were built
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around the two or three buildings used for classes and office and laboratory
work, and these wefe living quarters when I first came to Scripps in 1934
for a few months. I suppose that now the conditions would be considered as
below poverty Tevel, but most of the people seemed quite happy and had
enough to eat; they kept moderately warm in the winiers by huddling around
stoves in the 1living rooms. I remember my young son took joy in poking
holes into the numerous knots in the thin wooden walls. Many of the
occupants did not have cars so that getting groceries could be a problem,
but there was much cooperation between families. The direcfor's house was
somewhat of an improvement. It had a fireplace and several more bedrooms
than the others, but no Tuxuries, and very 1ikely only one bath. As time
went on many of the older shacks were torn down and the better off of the
faculty acquired houses in La Jolla. The other houses were winterproofed
~and generally imprqyed.

Finally in 19;1, under Revelle's directorship, a group of 18 of us
purchased at a very low cost a Targe tract of property just north of the
campus, mostly along a canyon which later became known as Sumner Canyon
after Professor Francis B. Sumner who was a leader in our development. We
subdivided this into 40 Tots and also acqqired ownership of the canyon
which we made into a{éame~and“§gthu+turaT}preserve to help protect the v
wildlife which is quite abundant there still. The net result of this
expansion, along with considerable increases in real salaries has made a
great difference in the Tife style of the faculty of the Scripps Institution,
as can well be imagined.

The Institution has also grown enormously. Some idea of this growth
is indicated by the comparative photographs of the campus when I first

arrived and the way it Tooks now. Unfortunately, growth is not all that
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is needed for success, and the signs of normal deterioration can be seen,
perhaps indicating that we've grown too Targe and prosperous. We lose the
close contact we used to have with professors from other departments, and
even our own. I think most of us old-timers Took back fondly on the weekly

meetings we had with the small group at which some member of the staff would

~give a short talk on what he and his group were doing, or maybe describe

the results of his most recent expedition. This kept us all abreast of
what was going on at the Institution. Now pebp]e are more isolated, despite
frequent seminars.

On the other hand, I think most people would pfefer to héve present-
day conditions. There is no doubt that the better facilities in laboratories
and on ships, along with ample funds for most necessary travel expenses is
of great benefit to staff and students in helping them to accomplish their
work. The extensive reports that one sees is a clear indication that we
are not going to sleep in the lap of our new luxuries. I think it might
be appropriate to finish by pointing out that much of this growth of the
Scripps Institution can be credited to Roger Revelle despite the relatively

short period during which he was our associate director and then director.



