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M,.OST of this issue is devoted to a

recent visit by the R.V. 'Atlantis II' to

the St. Peter and St. Paul Rocks. These
desolate islets, belonging to Brazil, lie

near the equator, about midway between
West Africa and Brazil. They are fasci-

nating to geologists because of the rock

peridotite which is found there. Peridotite

is believed to be a major part of the layer
of plastic rocks in the earth's mantle
which surrounds the core of the earth

and lies miles below the earth's crust.

For additional information on the islets, refer to Vol. X, No. 2, December
1963 and to Vol. IX, No. 4, June 1963, in which we described a previous landing
on the Rocks made by our R.V. 'Chain' on Cruise #35.
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Editorial VOL. XII, No. 4, August 1966

T,HE long honeymoon enjoyed by basic researchers in the nation's university and
other laboratories appears to be coming to an end. In both the White House and

Congress more and more impatience is being exhibited toward research inspired

by scientific curiosity rather than by the desire to solve specific and well-defined

immediate problems.

President Johnson's recent strictures to Government health research officials

indicate the present trend of thought in Washington. The President is irked about
the slowness of progress toward curing cancer and heart disease, and is wondering
out loud whether too much money isn't being spent on basic research at the cost

of work that might pay off more quickly. He wants to "zero in" on a target he
defines as getting "more results for the survival of our people than anyone else

has ever done in the history of mankind."

The recent Congressional blow at Project Mohole shows similar impatience
with geologists' efforts to gain fundamental information about the earth's internal

structure. The National Science Foundation finds itself under Congressional
pressure to move toward greater emphasis on applied research, a shift that might
reduce its ability to support basic research.

It is understandable that politicians want quick results, preferably delivered

in time to provide useful material to be included in campaign speeches before the

next election. But scientific progress has its own laws and its own tempos, and it

would be perilous for the nation to ignore them.

Basic research provides the capital fund of scientific knowledge on which

applied researchers draw to give society a rich rate of interest. But if that

capital fund is not expanded or is increased too slowly, the time will come when
applied research too will be frustrated for lack of fundamental new ideas and
new knowledge.

No investments have ever paid off so well as those represented by past

spending on basic research. That fact needs to be remembered by those who are

now looking at this area of expenditure as a promising source of economies to

meet the budgetary pinch born of the Vietnam war. And those who think that

applied research is an assured quick way of getting desired results might study the

history of the work done this past decade and a half on controlled thermonuclear
fusion for power production. That eminently practical objective is still not in sight

despite large government expenditures and long years of work by many able

scientists here and abroad.

1966 by The New York Times Company. Reprinted by permission.
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The Rocbedos Sao Pedro e Sao Paulo, commonly known as St. Paul Rocks, belong to Brazil.

They are a part of the Mid-Atlantic Ridge sticking above the sea surface. Located almost right
in the middle of the ocean on the Equator, the rocks form a two level "subway" station for

marine life floating in the Equatorial Current and in the Equatorial Undercurrent.

St. Paul's on the Subway

IN addition to its geological interest, so

widely emphasized, St. Paul's Rocks has

considerable biological interest. Early

reports by Darwin, or from the 'Chal-

lenger' visit emphasized the impoverished
fauna of "land animals" and the large

population of birds (of only three species,
however), as well as the absence of rooted

plants, and abundance of sharks and
other fish in the lagoon.

Neither the equatorial current systems
nor the mechanisms of dispersal of bot-

tom organisms were well enough under-
stood at that time to stimulate interest in

the Rocks as a way station on the direct

migration paths between Africa and South
America. In fact, however, these islands

one is tempted to say: these miserable

islets, until recalling typical stations on
the elevated sections of the New York

Subway sit directly in the middle of the

South Equatorial Current, carrying surf-

ace water both from the Gulf of Guinea

by V. T. BOWEN

and from the Cape Verde and Sierra

Leone areas, westward at speeds of 20
to 40 cm per sec.; furthermore, we have

come more recently to realize they also

sit on the northern edge of the Equatorial
Undercurrent, which carries water be-

tween depths of 40 meters and 1 50 meters

eastward at velocities ranging from 70 cm
at its core to about 10 cm per sec. at its

northern and southern edges. The Under-
current water is thought by our col-

leagues at the Institution to originate as

part of the Brazil coastal current. It is

evident that to the floating larvae of

bottom organisms the comparison of St.

Paul's Rocks to an elevated subway sta-

tion is apt^ those en route from Africa

to the Guiana coast, Trinidad and the

Antilles may be expected to arrive on
the upper level, and those en route from
the bulge of Brazil to Africa should arrive

by the Undercurrent, still at depths shal-

low enough for successful settling and
survival. ?In this context it may be well



to mention that not infrequently, in terms
of time scales of animal dispersion pro-
cesses, the Trade Wind driving the South

Equatorial Current fails, and at these

times the Undercurrent has been observed
to break through the surface, becoming
an eastward-flowing surface current.) A
part of our sampling program in 1963,
and a larger part this year, was designed
to collect bottom organisms to be exam-
ined for their affinities to coastal faunas
of Brazil and of Africa. Parenthetically

again, we may point out that we found,
as so often happens, that collections of

the coastal faunas themselves, especially
of Brazil, were far from adequate, so that

we had to include some time for samp-
ling in this area on our way into Belem.
This was a delightful prospect, for these

tropical bottoms are richly clothed in

mixtures of algae, sponges and corals of

fantastic and infinitely varied colors and

shapes. Each dredge, in the depth range
60 to 150 meters, presented an exciting
and beautiful mixture of organisms in

colors drawn from a palette both too hot

and too venturesome for any modern
artist.

Dredging in the St. Paul's area was

nearly as exciting esthetically as off

Brazil, and much more of a problem
technically. In most areas the bottom is

as rough as is the topography shown in

the air-bathed parts photographed on

page 12. Instead of the light wire-mesh
shell dredge usually used in shallow water

work, we resorted to pipe dredges:
120 cm lengths of heavy steel pipe about
30 cm in outside diameter, closed at bot-

tom with layers of heavy steel mesh, and
with the open end held down for better

dredging with a bridle made of heavy
chain. Used on the trawl wire this rugged
device bounced and banged along the

bottom scooping up anything small

enough for its bite and loose enough to

break off. About 35 to 50 liters* was the

usual yield.

It will be several years at the usual

speed of production of specimen identifi-

cations before we know in detail what
are the answers to questions implied
above: which creatures ride the subways
between Africa and Brazil, and which is

the preferred direction for those stopping
at the St. Paul's station? Even the little

data we now have in hand present some

intriguing puzzles.

;L

To obtain corals, sponges and other marine life near the
Rocks a heavy steel pipe was used attached to a strong
chain bridle. The rough bottom photography made it

impossible to use a light wire dredge.

DR. BOWEN is Senior Scientist in our

Geology-Chemistry Department and was
Chief Scientist of 'Atlantis II' Cruise 20.

The coral collections from our 1963

dredging have been studied by Dr. D. F.

Squires of the U.S. National Museum.
Although the numbers of individuals were

large, and of species quite large also,

there is no evidence that this wide-
travelled group is profiting by the equa-
torial subway system at all! The species
found, and their relative abundances Dr.

Squires reports "might just as well have
been pulled from Ascension or St. Helena

a typical oceanic island assemblage".
This is especially surprising in view of

the abundance of reef corals at each end
of the current system: the island of

Rochas off the tip of the Brazilian bulge
being reported a true atoll, and reefs

being reported well developed off San
Thome and Principe in the Gulf of

Guinea.

The sponges require much more study,
but preliminary examination indicates

many affinities between the St. Paul's

fauna and that collected off Brazil. The
Gulf of Guinea populations are well

known, but have not yet been compared
to those of either St. Paul's or Brazil.

"One to one and a half bushels



St. Paul's

In the cases of echinoderms (star-fish,

sea-urchins and brittle-stars), as well as

of crabs, shrimps and shell fish, no very
obvious affinity has so far appeared be-

between the St. Paul's and the Brazilian

faunas. This raises, then, related ques-
tions: how suitable is St. Paul's now for

coastal bottom dwellers and how stable

an environment has it presented in the

past? All of our answers to these ques-
tions are ift'y and arguable.

Clearly the shallow waters around the

islands now support rich faunas of corals,

sponges, crustaceans and echinoderms as

well as algae, but much less rich faunas

of shell fish. Fossils and fossiliferous

sediments seem to show that the shell

fish have in the past been more abundant

and more varied; this is strikingly true

for barnacles of which none were found

alive, though the plates of a large acorn

barnacle-like species are abundant fossils.

This and the surprising diversity of popu-
lations found on so small an area corals

were mostly dredged from the eastern

extremity of the island's plateau, while

sponges were abundant in other areas-

incline us to suspect we may be seeing a

state of recolonization after a disastrous

depopulation. Detailed examination of

the material at hand may well illuminate

both this suspicion and its possible true

scale.

We have two other possible relevant

lines of evidence: cemented submarine

beach conglomerates dredged in 1963,

from depths of several hundred meters,

contain surface deposits of foraminifera

identified by Dr. R. Cifelli of the U.S.

National Museum as being certainly

Pleistocene. From the fact that erosion

has not proceeded rapidly enough in the

last 15,000 years to cover this material

which was clearly collected from a Talus-

slope accumulation much of which rep-
resented the islands themselves, a certain

physical stability of the platform is indi-

cated.

On the other hand, both bird and fish

populations appear drastically to have

changed since the famous nineteen cen-

tury visits. Not merely has the shark

population as noted during both our

1963 and 1966 visits diminished to a

point that permits ready retrieval of fish

hooked close to the islands, quite contrary

to the experience of the men on 'Beagle'

or on 'Challenger', and even permits a

toothsome geologist or two to fall into

the lagoon and come up swimming with

his rocks in his hands, but the size, and

probably the abundance of other fish

seems less. Again the populations of each

species of bird seem to have diminshed,

when we bear in mind that a stop at St.

Paul's Rocks to collect fresh eggs and

fiedgings was a regular feature of early

19th century whaling voyages; we cannot

attribute the decline in bird numbers to

these collections, however, since the

islands have had most of a century of

rest to allow time for recovery.

It may well prove that our final under-

standing of the use of "St. Paul's on

the Subway": by which organisms, and

in what sequence and when, will do as

much to illuminate the recent geological

history of the rocks as it will the habits

of migrating pelagic larvae. As always,
more visits and more work are indicated.
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The natives were fairly friendly while the author and J. C. Burke made
biological collections on St. Paul's Rocks.

LIFE ON THE ROCKS

1 HE first sighting of St. Paul's Rocks
is a special experience. This small group
of jagged rocks rises steeply out of the

sea just above the Equator about midway
between the coasts of Africa and South

America, over 500 miles from the nearest

continental land mass, more than 300
miles from the nearest island. A more
isolated and inhospitable location is diffi-

cult to imagine. The rocks, when first

seen on the horizon, resemble the super-
structure of a large ship; on closer view
one can make out the individual rocks

glaring in the Equatorial sunlight. The
rocks seem other worldly, foreign, pri-
meval. The surge of the seas breaks

violently against cliffs as it must have

against the shores of the earth before life

emerged from the sea.

The lifeless first impression made by
the rocks is apparent rather than real.

The waters near the rocks teem with

fishes: sharks, triggerfish, flying fish and

jacks; the air above carries many birds:

Noddy Terns and Brown Boobies.

by D. MASCH

MR. MASCH is a Research Assistant in

our Biology Department and was a par-

ticipant in 'Atlantis II' Cruise 20.

During the first night spent dredging
near the rocks large numbers of the big-

gest flying fish I have ever seen appeared
around the ship, apparently attracted and
confused by the shine of the deck lights

in the water. We caught several for

sport, some for science, and most with

culinary intentions. Upon cleaning the

fish we found that they were full of roe

or milt. In the next few nights we
noticed that these large flying fish (33 to

40 centimeters) appeared only when we
were very near the rocks. It is possible
that they had gathered near the rocks for

spawning. The sheer slopes provide the

only solid surface for attaching eggs for

hundreds of miles around. We had fried

Hying fish for lunch the next day. They
were delicious, not unlike shad in texture

and flavor.



On the Rocks

On the morning of the first full day at

the rocks, the sea was relatively calm,
but what seemed to be gentle swell

surged violently through the clefts in the

rock and burst upwards in spray against
the low cliffs. The geological party landed
with some difficulty. Landings on the

rocks are hazardous at best. While the

geological party was ashore several of us

made depth recordings from a small

launch and fished again for fun, food and
science. The triggerfish were so thick

near the surface that it was difficult to get
bait past them to the larger, gamier jacks
that swam below. Many small sharks

were seen, although only one large one
was noticed by anyone in our party.
There were fewer sharks than reported

by earlier visitors. It would have been

easy to fill the boat with fish in a few
hours.

The second day at the rocks presented
ideal landing conditions. Fortunately the

geologists wanted to make another land-

ing, so J. Burke and I had the oppor-
tunity to go ashore to make biological
collections.

The most obvious creatures on the

islands were the birds. Boobies were
seen in silhouette against the skyline and
on the abandoned lighthouse, which re-

sembles a birdhouse in a rundown zoo,
with birds both inside and out. Noddy
Terns were seen at their nests or perching
on the sheer faces of the rocks. I

expected greater numbers of birds than

we found. Because of the nature of the

rockscape, it was impossible to make an

accurate count of the number of birds

present at any one time. Populations of

500 Brown Boobies and 750 Noddy Terns

are probably conservative estimates.

We found only a few Booby eggs, and
no nestlings. There were many fully

fledged juveniles present, occupying and

seemingly defending small areas on which

they had probably hatched. One of these

young birds unsuccessfully challenged
the geologists operating a power drill.

These young birds were actively begging
from nearby adults.

Several terns were brooding eggs, but

no nestlings were evident. The terns some-
how attach a small retaining wall of

seaweed on the outer edge of small ledges
on the sheer rock faces to prevent their

eggs from falling. The boobies nest on
the available flat areas of the rocks forc-

ing the terns to the rock faces. The
terns do nest on the flat feather and

guano-covered floor inside the abandoned

lighthouse which the boobies apparently
do not enter.

A visitor must be careful when entering
the lighthouse for the frightened noddies

inside rush out the one door, sharp bills

before them. One should knock loudly
before entering. In the lighthouse, I

disturbed a brooding tern sufficiently for

it to regurgitate its crop contents, which
I promptly collected: 6 flying fish and a

tiny squid, all in easily identifiable con-

dition.

A weird landscape inhospitable primeval yet with a strange fascination.

~



The rocks hold many tide and splash

pools of crystalline clarity, with pink, red

and brown soft coral bottoms and rilled

with gaudily colored crabs and fishes,

some perching on the bottom, some

motionlessly suspended, and others chas-

ing each other aggressively. The delicate

beauty of the tidal pools is beyond my
attempts at description.

While crouching over one of these

pools attempting to capture fish we were

startled by a sound of loud watery com-
motion. We turned around to see an

octopus come almost completely out of

the water and onto the rocks chasing a

crab. The crab escaped, the octopus
eased himself back into the water,

changed color and swam leisurely across

the pool. With one fortunate swipe we
had him in our dip net, or we thought we
had him in our dip net. This was the

beginning of the fun, for an octopus is

agile and quick, and can, unlike water,

flow uphill as easily as down. We now
tried to get this amorphous, color-

changing, slimey creature into a burlap
sack. It flowed up out of the net, over

our hands and forearms, and flopped on
to the rocks, leaving us slightly shaken.

Now he appeared to be escaping in eight
directions at once. We, not usually

squeamish, were reluctant to touch this

surprising creature: now dark brown, now

pale brown, and always mildly disgusting.

Finally, after some frantic, self-conscious

fumbling and grabbing we got him into

the bag and laughed with both embarrass-

ment and relief. We were disappointed,

upon return to the ship, to find our

adversary a dead, surprisingly small,

shapeless mess, with only a few flickering

chromatophores to remind us of his

former vigor. Capturing an octopus can
be a disturbing experience for the un-

initiated.

Crabs were everywhere on the lower

levels of the rocks - - on vertical walls, in

crannies, hiding under our feet as we
stood on the uneven surface. They were
in the pools, in the surf shining brightly
red or dark green with red and white

spots; they seemed equally comfortable

in or out of water, and they were all

watching us. When one moved, crabs

scuttled away in every direction, their

legs rattling against the rocks sounding
much like wind-blown leaves.

As I stood in the glaring sun listening

to the birds calling above the sound of

the sea breaking against the low cliffs,

feeling the wary gaze of a thousand crabs

1 was moved by the realization that I was

sharing an experience had by Charles

Darwin, the men of the 'Challenger',

and the many other curious or hungry
scientists and travelers who have landed

at St. Paul's Rocks in the past. I had a

strong feeling of intrusion. The rocks

are inhospitable to man. The environ-

ment is primeval. 1 was alien. To visit

St. Paul's Rocks is indeed a special

experience.

At the right moment on the top of the three meter high surf, G. Thompson has jumped ashore

to receive supplies. In the boat: J. C. Burke (left) and P. L. Sachs.
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Geologic Significance of St. Paul's

C,

New studies show that the St. Peter and St. Paul Rocks are quite young

from a geological point of view.

HARLES DARWIN, in his account
of the voyage of the 'Beagle', noted that

the St. Paul's Rocks and the Seychelles
are not simply gigantic volcanoes like

other open ocean islands. Darwin's ob-

servations ring true today. Both St. Paul's

Rocks and the Seychelles are composed
mainly of plutonic rocks, that is, igneous
rocks which cooled deep underground,
and were exposed only after considerable

overburden had been displaced. However,
here the similarities between the Sey-
chelles and St. Paul's Rocks end, and the

contrasts between them serve to empha-
size the many unique and significant

features of St. Paul's Rocks.

The St. Paul's Rocks are composed
mainly of ultrabasic rocks, that is, rocks

rich in magnesium and low in silica and
the alkalies. Mineralogically, St. Paul's

is characterized by olivine more than 50

percent forsteritic. The Seychelles are

granitic rocks, not unlike the dominant
rocks of the continental crust. Indeed,
the Seychelles are often postulated to be

8



Rocks
by W. G. MELSON

a block of ancient (Pre-Cambrian) con-

tinental crust which has drifted east from
the African shield". On the other hand,
St. Paul's Rocks is similar in composition
and mineralogy (mainly spinel peridotite)
to the dense rocks thought to compose the

upper mantle. The islands are, in fact,

generally thought to be the pinnacle of a

massive upthrusted portion of the oceanic

upper mantle. The original plutonic rocks

which composed St. Paul's Rocks have
been thoroughly sheared (mylonitized),

perhaps during the early stages of the

movements which eventually brought
them above sea level.

DR. MELSON is Associate Curator in

Charge of the Division of Petrology at

the U.S. National Museum and partici-

pated in the 'Atlantis II' Cruise 20 this

spring.

There are several mechanisms which

might explain the exposure of these plu-
tonic rocks. Sea floor spreading and

faulting about a central rift zone, and

uplift of subcrustal (mantle) rocks into

the rift zone is one possible mechanism.
The mechanism is consistent with most
models of continental drift, and finds

favor with those who advocate that

process. However, alternative views, such
as intrusion of a cylindrical body derived

from the mantle but intruded into the

upper oceanic crust and followed by up-
lift and minimal erosion, are perhaps
equally plausible.

Recent studies of the relative abun-
dance of strontium isotopes in rock

samples collected during 'Chain' cruise 35
and 'Atlantis IT cruise 20, indicate that

St. Peter and St. Paul Rocks are quite

young, geologically speaking. The ratio

of Strontium 87 (the decay product of

rubidium) to strontium 86 (the common
isotope) were determined by Dr. R. Hart
of the Carnegie Institution's Department
of Terrestrial Magnetism. The new data

suggests that the shearing and meta-

morphism of St. Paul's Rocks occurred
no more than 500 million years ago, and

probably no less than 50 million years

ago. The uplift and exposure testifies to

the rapid "unearthing" which must occur

along portions of the Mid-Atantic Ridge.

The constant rain of salt spray has had

striking effects on St. Paul's Rocks. The
salt spray droplets quickly evaporate,

leaving a residue of salt and other min-
erals. These minerals eventually fill fis-

sures and other small fractures in the

rock. Subsequent rain showers have
removed minerals that are readily soluble,

such as salt, but calcium carbonates, in

part as the mineral aragonite, remain.

Carbonate-rich veins formed in this man-
ner are extremely abundant on the islets,

and are more resistant to weathering and
erosion than the peridotites themselves.

Thus they stand out as "walls" on the

more weathered and eroded parts of the

islets. The carbonates have also cemented
the loose rock fragments and shell ma-
terials in the fissures, giving rise to

breccias, conglomerates, and rarely, shell-

like limestones. Some of the shells are of

extinct organisms.

*See: "A Rocky Puzzle", by C. Bowin,
Oceanus. Vol. X, No. 3, March 1964.
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The boiling surf and steep sides show that a landing
on one of the smaller south rocks is not feasible.

Note the algae growing at the high tide line.

V

Geologic Significance

The abundant birds which nest on the

higher parts of the islets have produced
over the years large amounts of guano.
The guano solutions from rain or spray

have played an important part in

chemical weathering and fissure filling.

Apatite, as well as other phosphates, are

abundant in the fissures, and in the second-

ary minerals in the weathered peridotites
of the pinnacles.

During cruise 20 of the 'Atlantis II",

much information was added to our

knowledge of St. Paul's Rocks. The south-

east islet is made up of rock types not

previously discussed in the few petro-

logical papers describing these islands.

Outstanding among these are dark-colored

rocks rich in brown hornblende and
analcite. These rocks are similar to

nepheline teschenites, relatively rare igne-
ous rocks which, compared to the peri-
dotites which make up the other islets,

are rich in sodium, potassium, aluminum,
calcium and iron, and low in magnesium.
These alkali-rich rocks represent about

30% of the surface area of the southeast

islet. They have gone through the epi-
sodes of metamorphism and mylonitiza-

tion, and are folded and interlayered with

the spinel peridotites typical of the rest

of the islets. The high potassium and
rubidium contents of the "meta-nepheline
teschenites" help substantially in the radio-

metric dating of St. Paul's Rocks. Dr.

Hart's data indicates that these rocks are

the same age as the peridotite with which

they are interlayered, a conclusion in

accord with their field features.

Landings were made on the northwest,

northeast, southeast, southwest, and south

islets. Calm seas aided in the landings,

although the skill of the ship's and scien-

tific crew in handling the ship and boats,

and experience gained during landings on

the southwest islet in 1963 ('Chain' 35)

were prime factors in the success of the

landings. In all, about 80 man hours (on
March 19 and on March 22) were spent
on the Rocks. The smaller rocks on the

northwest, and southernmost of the south

rocks, are inaccessible by small boat with

due regard to safety, and thus were not

sampled.

The islets are cut by numerous frac-

tures. The most prominent of these trend

north-south in the northern islets. Some
of these fractures have opened into wide

fissures, perhaps due to a combination of

submarine slippage of large masses of the

islets aided by the earthquakes which are

common in the area. The gradual widen-

ing of some fissures resulted eventually
in wide channels, such as the one which

separates the northwest and northeast

islets. Waves surging through these

channels have aided in widening the

fissures. Some large fissures extend be-

neath the islets with but small openings
at the surface. Such a fissure extends a

10
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Chemical weathering of the rocks has been influenced by the guano

deposited on the islets hy generations of seahirds.

A pneumatic drill is used by J. B.

Corliss of (Scripps) to obtain rocks

not influenced by the weathering
from guano deposits.

considerable distance beneath the north-

ern part of the southeast islet; wave

surges can be heard extending beneath

one's feet.

Many of the small fractures (joints)

are filled by serpentine, a hydrous mag-
nesium silicate formed by alteration of

olivine and other anhydrous magnesium
silicates by hot watery solutions. The

process of conversion to serpentine oc-

curred before surface exposure of the

islets and proceeded outward from the

factures. Serpentine is less than ten per-
cent of most rocks, but locally as on the

south side of the southeast islet, has

completely replaced the olivine-rich

rocks.

Much work lies ahead on the rocks

and bathymetric data obtained during the

'Atlantis IT visit to St. Paul's Rocks. We
face the lab work enthusiastically, but I,

for one, would like to re-visit St. Paul's

Rocks. Much field work remains.

Studies of St. Paul's Rocks, in view of

its geographic location and petrology,
bear directly on continental drift, the

tectonics of the Mid-Atlantic Ridge, the

mineralogy and composition of the oce-

anic upper mantle, and perhaps on the

origin of "oceanic tholeiites" and "alkali

basalts". Our present data may be interp-

reted in a number of ways in regards to

these subjects, and much additional data

is needed. Nonetheless, cruise 20 of the

'Atlantis II' to St. Paul's Rocks produced
much new information, and the most

extensive collection of rocks yet obtained

from the islets.

With the landing party put ashore the 'Atlantis II' dredged and

cored around the Rocks. An 1 1 meter piston core is ready to be

lowered over the side.

Dr. Bowen and Dr. Melson (right) exam-

ining rocks brought to the surface by

dragging a heavy chain bag over the

sloping bottom. Sometimes it stuck!
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FORAMS
and ROCKS

by R. C. CIFELLI

Tiny hard-shelled organisms, the Foraminifera, are used to help determine the

history of the Mid-Atlantic Ridge and of the St. Paul's Rocks.

T-1

JL HE time or times of uplift and vol-

canic activity on the Mid-Atantic Ridge
are difficult to determine. Thus far,

isotope dating has not been possible due

to the scarcity of suitable material. There-

fore, the geological ages of the sediments

exposed on the Ridge are determined by
the fossils in the oozes. Times of uplift

and volcanic activity are inferred from

the chronological succession of deposi-
tion.

The fossils most commonly used are

planktonic Foraminifera.* Modern repre-
sentatives of these tiny calcareous-shelled

organisms live in the surface waters of

all the oceans. After death, their shells

fall to the bottom and are preserved in

the sediment. They occur in prodigious
numbers, forming foraminiferal oozes

above water depths of 3000 meters.

Below 3000 meters referred to as the

compensation depth their calcareous
shells dissolve. Foraminifera date back

to the early Cretaceous (60-130 million

years ago) and their fossil remains have

been preserved in a relatively continuous

sequence up to recent times. The succes-

sion and evolution of species has made it

possible to construct a zonation of the

Cross section of a hard

conglomerate made up of

small stones cemented to-

gether. Foraminifera were
found imbedded in such

conglomerates dredged
near the St Paul's Rocks.
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A landing party ashore, photo-

graphed from the work boat.

The strange landscape with

guano covered rocks is clearly

shown. At bottom right, above
Gordon's head, a wave is

receding.

DR. CIFELLI is Associate Curator of

the Division of Invertebrate Paleontology
at the U.S. National Museum and was a

member of 'Atlantis IT Cruise 20 this

spring.

geologic column which can be used for

the dating of sediments.

Foraminifera (forams) are about the

size of sand grains and have similar me-

chanical properties. On the bottom they
are subject to movement and sorting of

turbidity flows and other transport pro-
cesses. The Mid-Atlantic Ridge with its

high relief and frequent seismic activity

naturally is an area of much bottom

transport. Thus, the forams often are

re-distributed and sorted so that they are

considerably altered from their original

composition. This re-distribution often

results in the mixing of forams of differ-

ent ages a real headache to the paleon-

tologist trying to decipher age relation-

ships.

In the area of St. Paul's Rocks dredges
have produced an almost astonishing set

of rock types which include a variety of

hardened sediments. One of the interest-

ing rocks is a hard phosphatized ultra-

mafic conglomerate from the slope of

St. Paul's Rocks. Forams found in the

matrix of this rock indicate a Pleistocene

age.

The forams appear to be homogeneous
and contain abundant Globorotalia trun-

catulinoides, a good Quaternary index

species. The association of the foram

group with large ultra-mafic fragments
indicates that the slope was above sea

level during the Pleistocene. This does

not necessarily indicate uplift; the relief

may have been associated with the lower

sea-level stand during glacial times. It

also is possible that more than one depo-
sitional cycle is represented in the conglo-
merate. It is interesting to note that a

virtually identical conglomerate is now

exposed on the rocks above sea level but

does not contain forams, although shell

fragments are present. It is possible that

the island conglomerate represents an

inshore equivalent of the one dredged on

the slope, or, as mentioned, the slope

rock may have been produced by more

than one depositional cycle.

*See: "Foraminifera" by R. Cifelli, Oceanus,

Vol. VIII, No. 1, September 1961.
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.LMOST on the Equator, almost right
in the middle of the Atlantic Ocean, the

St. Peter and St. Paul Rocks are bits of

the Mid-Atlantic Ridge coming above the

sea surface. The islets are close to a

point where the Ridge axis which trends

NW-SE from about 10 North to the

Equator changes through an angle of

120 to an east-west trend; thus they are

closely allied with the transverse faulting
of the Ridge. Typical Ridge structures

with a central rift valley" are absent both

to the north and to the east of the rocks.

What we see on the surface is, of

course, only a small expression of the

form and bathymetry of this unique geo-

logical feature. Using, as an arbitrary

boundary, the 2750 meter contour made
from soundings taken during 'Chain'

cruise 35 in 1963, the mountain mass

appears as an elongated ridge structure

55 kilometers by 22 kilometers with an
^NE trend of approximately 70 True.
The islands themselves, consisting of five

small islets and a number of small rocks
and pinnacles, are slightly less than one
kilometer long in a north-south direction

with an equal circumference; the area
above the tide line is little more than
one-hundredth square kilometer.

*See: The Mid-Atlantic Ridge, youthful key
to an old ocean: hy R. M. Pratt, Oceanus,
Vol. XI, No. 2.

DR. THOMPSON is an Assistant Scien-

tist in our Geology-Chemistry Department
and was a participant in both 'Chain'

Cruise 35 and 'Atlantis IF Cruise 20.

Below the sea surface the bottom is

most irregular and extremely steep to the

north and south of the axis. The general

bathymetry is shown, based on the

'Chain' #35 soundings and those made

by the U.S.S. 'Atka' in 1955. A more
detailed survey is being drawn, based on
these and the soundings made during our

recent 'Atlantis II' cruise. Together with

the results of the extensive coring and

dredging program it will be possible to

compile a detailed map of the structure

and composition of the entire mountain
of which we can see so little on the sea

surface.



... andtheBomb
by W. O. RAINNIE, JR.

The severe tests 'Alvin' underwent

during the search for the lost hydrogen bomb

led to improved capabilities for the little submarine.

T HE call came from the Office of Naval
Research* in Washington on the night of

January 22, 1966 the suspenseful be-

ginning of an episode that would bring
international recognition to our Institution

and the 'Alvin', the small deep diving
(2000 meters) research submarine. The
mission to find a hydrogen bomb lost

near the Spanish coastal village of Palo-

mares in the unfortunate collison on

January 17 of an Air Force bomber and
a refuelling airplane.

"Sponsor of the 'Alvin' Program

The 'Alvin' was just completing an
overhaul mainly devoted to correcting

annoying mechanical and electrical prob-
lems discovered during the disappointing
deep diving test program of the summer
and fall of 1965. However, these prob-
lems did not prevent the 'Alvin' from

reaching her design operating depth of

2000 meters. ** The overhaul as luck

would have it, was being done at the Otis

Air Force Base near Woods Hole in a

borrowed hangar. Plans were made for

**See: "The 'Alvin' ", Vol. XII, No. I, Oct. 1965.



'Alvin'

departure from Woods Hole on or about

February 1 aboard the catamaran, the

special mother-ship designed to launch,

retrieve and support the 'Alvin' at sea.

After a week of discussions and prepara-
tions the decision was made to fly the

sub to Rota, Spain, for trans-shipment by
LSD (Landing Ship Dock) to the search

scene. Although not specifically designed
for air transport, by removing the con-

ning tower (also required for truck ship-

ment), the submarine and its necessary

battery charging vans, machine shop,
electronic shop, etc. were loaded onto

two U.S. Air Force cargo planes on

February 1 and arrived in Rota by the

5th. Bad weather delayed our departure
and extended the normal routing of the

flight through Labrador and the British

Isles.

A quick re-assembly and fix of a minor

problem, believed to have been caused

by the aircraft vibrations, permitted the

'Alvin' to make a test dive in Rota harbor

on February 9. On the same day she was
loaded onto the U.S.S. 'Plymouth Rock'
which also carried the 'Aluminaut' and

departed for Palomares, arriving the next

morning. To our surprise we found that

the submersibles were not to be sup-

ported by the 'Plymouth Rock' but were
to be transferred to another LSD, the

U.S.S. 'Fort Snelling'. The transfer in-

cluded plans to moor both the 'Alvin'

and the 'Aluminaut' to buoys. Unfor-

tunately, the infamous Mediterranean
"mistral" came up during this period with

winds over 70 knots, causing minor

damage to the 'Alvin'. Therefore, diving

operations did not commence until Feb-

ruary 14 when the 'Alvin', launched from
the 'Fort Snelling', descended to 600
meters on the first of 34 dives made in

the Mediterranean.

Prior to this dive we were briefed on
what was known about the accident.

There still was a strong possibility that

the missing weapon had fallen on land.

The Air Force personnel ashore were

making an "inch by inch" search. The
most significant clue seemed to be the

report of a Spanish fisherman who had
seen a "half man" on the end of a strange

looking parachute hit the water and sink

immediately about 70 meters from his

boat on the day of the accident. At the

time his boat was about 9 kilometers off-

*A radio-navigation system somewhat similar
to Loran.

shore. After the Decca network * for

surface ship navigation had been set up,
the fisherman was taken several times to

show the spot. The location was marked
on the chart along with other positions
such as the computed position of impact
using all of the known data from the

crash. The local terrain sloped gently
to seaward to the north and toward the

south broke off into a submerged canyon.
The 'Alvin' was assigned to the highest

probability area, south of the fisherman's

position toward the deeper rougher can-

yon walls, while the 'Aluminaut' at first

was assigned to the northwest area and
then to the northeast over the flatter

bottom more suited to her capabilities.

Quite often the two submersibles were

searching as close as one kilometer from
each other without difficulty except for

some communication interference. The
submarines often could talk to each

other more readily than to their own
surface support units.

On the ninth dive on March 1, the

'Alvin' found a peculiar track that had
the characteristics we had expected the

weapon would make on the bottom. On
this dive the track was lost on the steep

slope in 788 meters of water.

The Bomb shrouded in its parachute photographed on
the bottom of the Mediterranean by the D.R.V. 'Alvin

1
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MR. RAINNIE, JR. is Oceanographic
Engineer on our staff and is the chief

pilot and project manager of the 'Alvin'

Program.

The tracking of the 'Alvin' was crude

at this point. Underwater telephone

ranges, submarine depth and rough

bearings from the surface support ship,

generally a minesweeper, gave an ap-

proximate position somewhere in a circle

with a radius of 300 to 400 meters (as

we found out later). Because of the

surface tracking errors, attempts to regain
the same track were frustrating. It was

not until March 12 on the sixteenth dive

that the 'Alvin' found the bottom track

again. As before, the track was found

late during the dive and low batteries

forced surfacing. Poor surface tracking

prevented finding the bottom furrows

again until two dives later on March 15.

This time the track was found soon after

reaching the bottom and instead of going
forward down the steep slope Pilots

McCamis and Wilson backed down the

track and found the parachute covered

bomb 758 meters below the sea surface.

*See: "The Finger" by G. E. R. Deacon.

Oceanus, Vol. V, nos. 1 and 2.

On this dive the first rendez-vous in deep
"inner space" was accomplished when
the 'Aluminaut' moved to within 30

meters of the 'Alvin' on the bottom and

remained there for about 24 hours after

we surfaced to re-charge batteries. The
'Aluminaut' was fitted with an pinger*
which transponded to a signal sent from

the surface for the U.S.N.S. 'Mizar' track-

ing system. This permitted the most

accurate plotting of the position (40
meters compared to the previous 300

meters). The same tracking system was
used with the 'Alvin' on subsequent dives

and made it possible to return to the

bomb at will. Used in conjunction with

Decca navigation for the surface ship this

tracking system played a key role in the

eventual success of the operation. The
method was developed as a result of the

difficulties experienced in the search for

the Thresher', lost off Georges Bank
in 1963.**.

The 'Mizar' subsequently planted an

anchor on the end of a nylon line 15

meters from the lost bomb, a neat trick

in 758 meters of water. The 'Alvin' took

another 8 cm circumference nylon line

* :!: See: "'Thresher' Search" by J. B. Hersey,
Oceanus, Vol. X, No. 1. Sept. 1963.

The western Mediterranean area where the bomb hunt took place.

Gibraltar is at the center left.
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The grapnel held here by the mechanical arm of the

'Alvin' was hooked into the shrouds of the parachute
around the bomb.

'Alvin'

from the anchor and with the mechanical
arm hooked a grapnel into the shrouds of

the parachute. The 'Mizar' attempted to

lift the weapon but the nylon line was cut

by the anchor and the bomb was lost for

another angonizingly long nine days. This

delay was caused chiefly by bottom evi-

dence that the bomb had been dragged
upslope during the lifting attempt while

it had fallen back down the track into

848 meters of water where the 'Alvin'

finally found it again.

By this time CURV (Controlled Under-
water Recovery Vehicle), an unmanned
vehicle designed for the recovery of tor-

pedoes by the Naval Ordnance Test

Station at Pasadena, had arrived on the

scene. The CURV proceeded in a work-
manlike manner to attach lines to the

parachute so that the bomb could be

hoisted to the surface on April 7, to the

great relief of the 2000 or so military
and civilian personnel involved in this

strange operation.

Our 'Alvin' played a lesser, but still

important role in the final recovery. She

attached pingers to the parachute, assisted

the crew operating the CURV in finding
the bomb, and while submerged watched
on sonar as the weapon was hauled to

the surface.

One of the LSD's (Landing Ship Dock) used as a mothership by the 'Alvin'

during the hunt for the lost nuclear bomb.
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The 'Alvirf was returned to the U.S.

on the U.S.S. 'LindenwalcT the third LSD
from which we operated.

From this expedition, away from our

primary tasks, we learned some lessons

that will make the vehicle and the people
who operate and support her much more
valuable and efficient to our basic mis-

sion. The navigation system, especially

the one planned for the near future work
of the 'Alvin' had not been previously
evaluated. We know now that the system
is not too accurate but that it is good

enough to put the 'Alvirf in position as

required for most of the suggested scien-

tific investigations. It is even good enough
to return us to a given place on the

bottom if a marker such as a transponder,
a pinger, or even a flashing light is planted
on a previous dive. All of these devices

were planted by us and used successfully

during the bomb hunt. The fairly sophis-
ticated system on the 'Mizar' was effective

and is available when special circum-

stances justify the need. We could spend
more time with the 'Mizar' reducing the

errors in the system by calibration. We
also are developing a better system for

our own use. We have a much better

appreciation now of what really is needed

and can plan accordingly. One thing is

certain, the bottom of the ocean is not

flat in our operating depths, and plans
for navigation systems must take this

into account.

We gained invaluable experience in

operating in deep ocean currents and in

rugged terrain, an experience that will

pay dividends when our scientists want

to investigate similar territory. Quite a

number desire this capability. We found

that the mechanical arm is an effective

tool and we gained a lot of experience

using it in difficult tasks. To be more
dexterous we need a second arm.

The 'Alvin' has proven to be reliable

and safe in deep water. She can be used

more often for longer periods than we
had hoped as regards to submerged time,

operating hours, battery charging times,

etc. It must be realized that the batteries

and the people on board run down at

about the same rate; i.e. 6-8 hours. For

special studies, this time can be expanded.
Our longest dive off Spain was 10 '/2

hours.

We returned to Woods Hole better

prepared in every way to carry out the

challenging tasks proposed by our sci-

entific investigators. After a routine

maintenance period, the 'Alvin' proceeded
with plans interrupted by the ''incident

in Spain".

Participants from our Institution were: Dr. E. E.

Hays, W. O. Rainnie, Jr., M. J. McCamis, B. P.

Wilson, M. Marquet. G. deP. Broderson A. C.

Bartlett, P. Fox, R.G.Graham, D. H. Mason, and

C. P. Porembski. An important team member
was Cdr. R. Boykin, USN, of the Office of

Naval Research. All members of the team made

deep dives during the search.

Aboard the USS 'Petrel
1

(ASR-14) off the coast of Palomares, Spain, (L to R) Sr. Don Antonio Velilla

Manteca, Chief of the Spanish Nuclear Energy Board in Palomares, Brigadier General Arturo Mould
Touzet, Spanish Coordinator for the Search and Recovery Operations at Palomares, RADM William

S. Guest, Commander U.S. Navy Task Force, 65, and Major General Delmar E. Wilson, Commander
16th Air Force, inspect the recovered bomb.

o
o

I
a.

_i

<
u 21



Dr. Bigelow Honored

J_ HE Honors and Awards Committee
of the Marine Technology Society pre-
sented the 1966 Compass Distinguished
Achievement Award to Dr. Henry B.

Bigelow during the recent meetings of the

MTS at Washington, D. C. The award
is sponsored by Undersea Technology
Magazine, for significant contributions to

the art and science of oceanography and
marine technology.

Citation

"Respected teacher, judicious advisor,

seagoing marine investigator, author of

classic studies of the fishes, the plankton,
and hydrography of the Gulf of Maine,

Henry Bryant Bigelow has unceasingly

emphasized the unity of the physical,

chemical and biological aspects of the

sea sciences. He perceived the national

need for an oceanographic center on the

east coast, almost singlehandedly brought
about the creation of the Woods Hole

Oceanographic Institution, and in ten

years built it into a facility capable of

supplying the U.S. Navy with invaluable

services during World War II. To Henry

Bigelow, more than any other individual,

is due the credit for the flourishing con-

dition of oceanography in America today,
for by his organizational ability he estab-

lished the firm holding ground on which

the development of three succeeding
decades have been anchored."

The Award was accepted on Dr.

Bigelow's behalf by our Director Dr. Paul

M. Fye who stated:

OIXTY-FIVE years ago, when Dr.

Bigelow set sail for the Maldive Islands

as assistant to the great Alexander Agas-
siz, oceanography in America was the

some-time occupation of a few dedicated

individuals rarely sponsored by the Fed-

eral Government. Today, this conference

demonstrates how far we have come, and

I am happy to note that Dr. Bigelow is

still an active participant, publishing

regularly.

I can think of no better way to accept
this honor on Henry Bigelow's behalf

then to use his own words. Recently on

a similar occasion I had the privilege of

recording a few of Dr. Bigelow's remi-

niscences. In recalling the events subse-

quent to his work with Alexander Agassiz,
he said:

"We thought we did an awfully good
job in the Pacific. In fact, we thought we
had the whole shape of the Pacific lined

out. Well, it didn't quite turn out that

way. When Mr. Agassiz died I wanted
to continue but I didn't know how to do

it; I didn't have any money and then Sir

John Murray, a great friend of his (who
was the fellow who finished collating and

assembling of the 'Challenger' voyage
volumes), came to Cambridge and he

asked me:

"Henry, what are you going to do now?"
I said: "Sir, I don't know. 1 would like

to continue studying the ocean but I've

got no money."
Sir John said: "What do you know about

the Gulf of Maine right out here?"

"I stopped a minute and said I don't

think I know anything."
He asked, "What does anybody else

know?"

"Practically nothing."
"Can't you row?"

"Yes, Sir."

"Can't you borrow a dory?"
"Yes, Sir,"

"Can't you borrow a deep-sea ther-

mometer from the Fish Commission?"

"Well, yes, I suppose I can, Sir" I replied.

"Can't your Elizabeth make some tow
nets out of old window curtains or ma-
terial that she can buy?"
"I said, yes sir -- and you don't need to

ask me any more damned fool questions,
I get the idea."

And that was the beginning.

More recently in writing about those

early days, he wrote:

"Few living zoologists have been as

fortunate as were we on setting sail on
the 'Grampus' from Gloucester on our

first oceanographic cruise in the Gulf

of Maine on July 9, 1912, for a veri-

table Mare incognitum lay before us. We
even had no idea (incredible though it

may now seem) what we should prob-
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ably catch when we first lowered our

two nets into the deeper water for, so

far as we could learn, tows had never

been tried more than a few fathoms

below its surface."

I should note here that as a result of

the work started that day, the Gulf of

Maine is one of the best known bodies of

water of comparable size in the world.

Or again, in the preface to his work
on "Wind Waves at Sea, Breakers and
Surf": "We wish it expressly understood

that we have made no contributions to

the theory of waves, and we would not

have dared to undertake the task if we
had not observed the behavior of waves
at sea from large craft and from small,

in various parts of the world under vari-

ous conditions of wind and weather."

This example of personal experience
at sea as a necessary part of every ocean-

ographer's work and as a necessary pre-

requisite of scientific judgment is

characteristic of HB as his colleagues

always know him (or of Uncle Henry to

my generation of Woods Holers).

Norris Rakestraw reminded me today
that he used to say as he went through
our Institution on his daily rounds, "I'm

not a Director, I'm only an oil can for

rough waters." And then Norris added,
"He was a great deal more than that to

all of us." Boldness was encouraged, for

we were told that an oceanographer, like

a turtle, makes progress only by sticking

his neck out.

Mr. Bussman, Mr. President, you have

honored a great man and I submit to you
that American oceanography has had a

fair wind ever since that day in 1901

when Alexander Agassiz and Henry
Bryant Bigelow put out to sea.

Mr. Iselin Honored

D,'R. Paul M. Fye, our Director, pre-

sented the fourth Henry Bryant Bigelow
Medal for Oceanography to Columbus
OTJonnell Iselin at a ceremony during the

annual meeting of the Corporation and

Board of Trustees of the Institution. The
medal was established by the Board of

Trustees of the Institution in 1960, "to be

awarded to those making significant in-

quiries into the phenomena of the sea."

A handsomely printed booklet was pre-

pared for the occasion and sent to all

Associates and others in close touch with

our work. A few are available for those

who may wish to receive one.

The Bigelow Medal is named in honor

of Henry Bryant Bigelow, the Founding
Director of the Institution. He was also

the first recipient of the medal, which was

awarded to him in 1961. The second

award was made to Dr. John C. Swallow

of the British National Institute of Ocean-

ography in 1962. The third award of the

medal was to Dr. Bruce C. Heezen of the

Lamont Geological Observatory in 1964.



Hans Cook, center, Harold and Cyril
Backus during the farewell party when

we laid up the old "A-Boat".

HANS COOK
Fine shipmate, inveterate cribbase player. Hans died peacefully in his bunk on

board the R.V. 'Crawford' on May 9, 1966.

Hans was born in Norway in 1902 and worked at the Electric Boat Company in

1934 when Chief H. Backus hired him to work on board the 'Atlantis'. He was broken
into engine room duties in 1937 and took over as Chief in 1951, when Harold swallowed
the anchor. When the 'Atlantis' was laid up, a few years ago, Hans went on board the

'Crawford' and served as Assistant to Chief Cyril Backus. With the ship leaving our
shores before long

- - some of her crew also sail away.
j.h.

THE AMERICAN MISCELLANEOUS SOCIETY

PROUDLY ANNOUNCES THE PRESENTATION OF THE

SIXTH
ALBATROSS AWARD

TO

HENRY STOMMEL
OUTSTANDING OCEANOGRAPHER
RACONTEUR AND FRIEND OF

AMSOC

"FOR ABANDONING OCEANOGRAPHY'S
MOST CHERISHED CHAIRS"

AN UNUSUAL ACCOMPLISHMENT AND CONTRIBUTION TO
OCEANOGRAPHIC RESEARCH

At the Eleventh Pacific Science Congress. Tokyo, Japan.

Starting August 22, 1966. Exact Specifications Follow.

YOU ALL COME
ILLIGITIMUS NON CARBORUNDUM

(Advts)
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Associates' News

R. A. VEEDER

R.ONALD ALLAN VEEDER, Manager of the Institution's Development Pro-

gram and Executive Assistant of the Associates' Program, died suddenly on

March 2. Ronnie had been with the Institution since 1951, and arranged all the

Associates
1

administration and functions as well as being in close contact with the

Officers, the Executive Committee and many individual Associates.

An ardent sportfishing fan, Ronnie had a long seagoing heritage. His grand-
father was a whaler. His father, Robert N. Veeder, was a well known Woods Hole

inhabitant who captained vessels of the U.S. Fish and Wildlife Service for

forty years.

Prior to his duties at our Institution, Ronnie was with Trans World Airlines.

During World War II he served as a Major in the U.S. Air Force. He left a wife,

Alice, and two children: Robert N. Veeder and Susan Veeder.

Associates of The Woods Hole Oceanographic Institution
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Executive Assistant

HOMER H. FWING

JOHN A. GIFFORD
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