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• Foreword

This collection of b ric t “summaries at investigations ”
has been prepared b y the members of the research stall oIl the
Woods Hole Oceanograp hic Institution and this volume repre-
sents a return to Ont ’ of our early traditions . For the first
decade or so reports of progress by individual investigators
were i n c l u d e d  as an •ippt ndix t o  each annual report. There were
onl y f o u r t e e n  such s um ma r i e s  occupy ing less than seven page s
in the  1931 Annual Report; there were but thirt een persons on
the research st al l at that t i m e .

• With the expansion of the Institution during the World
War II years i t  became impractic al to include a comprehensive
report of  progress for each investigator , but the Annual Reports

• did continue to describe very briefly the work being done by
each. With the continued expansion of the Institution the
printed annual report has become more and more impersonal and
the lack of a comprehensive summary of current investigations
has been apparent to all. The Collected Reprints of the insti-

• tution have continued , at course , to provide a record of the •~ •

s c i e n t i f i c  r e s u l t s  o b t a i n e d  by our staff members , but publica- :‘
tion delays make these at least a year  out of da te  be fore  they

• appea r .

• Las t  year we prepared the first of this new series of
summaries ot investigations. These were similar in s ty le to
the reports of progress included as appendices to earlier
Annual Reports and a limited number of copies were printed .
The volume was so enthusiastically re ceived that we have again
prepared the summaries for 1963. This collection of summaries
is intended not onl y to supp l ement the limited information

• about the scientific investigations included in the Annual Report
for 1963, but also to let our friend s and associates know what
each individual staff member is currentl y study ing.

These summar ies  have been reviewed hy the deoartment
cha i rmen  but typed , insofar as possible , without editorial change ,
adhe r ing  s t r i c t ly  to the o r i g i n a l  m a n u s c r i p t  in most cases.

Ac kuowl edgmen t of F luau c I a I Supp ort

A v e r y  large pa r t  of t h e  support of our research programs
came from the agencies and depar tments  of the Federal Government
listed below . We wish to express our thanks to these organtEations
as a whole  and to t he e x e c u t i v e s  and a d m i n i s t r a t or s  in them who have
been so hel p f u l  to us dur in g t he  past year

I l — I
I ! I : ‘  

cZ~~~
. 

.•-•• •— •  •
~ 

—•.— ..



Federal Agencies and Departments

Atomic Energy Commission

Department of Commerce
U.S. Weather Bureau

Department of Defense
Army Signal Research and Development Laboratory
Bureau of Aeronautics, U.S.Navy
Bureau of Naval Weapons, U.S.Navy
Bureau of Ships, I J . S .N avy
Office of Naval Research

Department of the Interior
Bureau of Commercial Fisheries ,

U.S.Fish and Wildlife Service
U. S. Geological Survey

Departntent of Health , Education and Welfare
National Institutes of Health

National Science Foundation
a.
)

a.

The support for our research programs provided by
private foundations , individuals and by the Associates of

• the Woods Hole Institution is also very much appreciated ,
for it enabled us to initiate projects for research or
education which could not be funded through Federal agencies.
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OCE ANOGRAPHIC OPTICS

Lincoln Baxter

Study of the effects important in analysis of resolution
and contrast in underwater photography and viewing have continued .
Collection and review of the widely-scattered literature of

-

‘ 
research into oceanographic optical conditions, and some theoreti-
cal study based on recent developments in optical Fourier analysis
have lead to several conclusions which will be tested as soon as
possible .

I. In spite of pessimistic reports published by some workers,
oceanographic conditions in which properly chosen polarized
lighting and/or polarized filtering can significantly improve
image quality are probably common. The early pessimism is based

— on attempts to improve seeing in waters more turbid than average,
while measurements of optical conditions by Ivanoff , Waterman,
Duntley , etc., suggest to me that the greatest improvement in - ‘

seeing - obtainable by the use of polarization - will be found
in the deepest , clearest ocean waters. In such waters side- ‘
scattered light is strongly polarized and forward-scattered light
remains polarized for quite large distances.

2. The great concentration of scattering at very small , forward
angles suggests that considerable improvement in sharpness and
contrast at obtainable resolution would result from proper spacial

-: filtering of the photographic image to match the point spread
function of the water path.

3. In cases where one was searching or surveying only for a large
object or objects , spacial filtering for the expected image size
would permit detection of objects of lower contrast even at extreme
optical ranges.

All of these conclusions point to more improvement in clear
than in turbid water , but even in clear water significant improve-
ments in visibility and optical range would greatly speed and
facilitate many bottom surveys.

In the course of reviewing current publications , I noted
that the use of spectral radiance as the principal variable in
the equations of radiative transfer (astrophysical practice) lead
to a more sti,aightforw~rd derivation than that given in oceanographic
papers where it is common to use “monochromatic radiance”. Astro-
physicists , however , do not use the standard physical terminology

4 and notation for spectral radiance or many other radiometric quan-
tities. For example , in the most recent book on radiative transfer

- - - .-
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(Sobolev translated by Gaposchkin , 1963) the concept known to
physicists and oceanographers as spectral radiance is called
“intensity of radiation ”. In view of the completeness and
excellence of the treatment of radiative transfer in this book ,
but the confusion created by the non-standard terminology used ,
I submitted for publication a note comparing astrophysical and
oceanographic notation. (WHOI contribution #1450).

DEEP OCEAN ACOUSTIC STRUCTURE

Robert R. Brockhurst
-I

Efforts are continuing to improve our methods of inter-
preting hydrographic station data for use in under-water acoustic
problems . General machine methods are desirable for sorting
data by similarity in configuration and for determining- limiLs.
As part of this problem , improvements are being made in our new
interpolation method. The original form shared with standard
Lagrange methods the disadvantage that the resulting curve
depended significantly on the choice of independent variable.
An improved version provides rcsults that are more nearly
invariant when the variables are interchanged.

We are also studying various methods for predicting the
results of acoustic experiments in a known velocity structure.
It is possible , for example , to approximate the smoothed observed
velocity structure in a deep sound channel very closely with a
matched set of equations of the form C = Cl cosh AZ and
C = C2 EXP(BZ). Since the exact ray path solutions in such
layers are well-known , a complete solution can readily be
obtained . This was done for a North Atlantic sound channel
which had previously been approximated by linear segments. The
results proved very surprising. Although the sound velocity of
the linear approximation averaged slightly higher than that of
the continuous approximation over all depth intervals, the
resulting mean horizontal ray velocity was significantly lower
for the l inear than for the continuous approximation. In addi-
tion, the first derivative of mean horizontal ray velocity with
axial angle was discontinuous at angles for which the resulting
ray reached each profile layer boundary, although both velocity
and velocity gradient were continuous across each boundary. The
magnitude of this discontinuity does not seem to be related to
the change in second derivative across the indicated profile
boundary. We are now attemp ting to explain these results.

_ _
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TEMPERATU RE STRING TELEMETRY

George Erlanger

A sy s tem fo r  t e le m e t e r in g  sea-water  t empera tu res  from
a moored buoy to a shore station is being developed . A series
of 20 thermistors spaced along a 500’-long cable forming the
uppermost l ink in the buoy ’s mooring are the temperature sensors.
At each thermistor station is also mounted a switching circuit
to permit sequential sharing of a common signal lead h~’ all the
thermistors. The buoy contains the necessary readout and radio
equipment to permit data telemetry to the shore station upon
command .

A system of this nature was successfully tested at
dockside in January 1963. A further test of a more fully-
developed prototype was p l anned for Jul y 1 963, but was prevented
due to a failure of the cable manufacturer to deliver the
required cable.

The cable in question consists of parallel electrical and
strength members housed in a common plastic shroud . This cable
is presentl y on hand , but in the past months a more suitable
cable design - with concentric electrical and strength members -

h as proven feasible for construction. A cable of this second
design has been ordere L Both will be tested this winter and
in the coming spring .

The original readout equipment comprised an analog, auto-
maticall y-balanced wheatstone brid ge and an analog-to-digital
converter along with accessory components. The design of this
equipment is presentl y being simplified in a second design using
a di gitally-balanced bridge ; operation , again , being automatic
after a radio command to the buoy. Readout equipment of the
first design was used successfull y,  but it is felt that the later
development will be simpler , less costly , and more reliable.
This equ ipment will also be tested at sea during the coming
months.
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CURRENT MEASUREMENT S FROM MOORED BUOYS

Nicholas P. Fofonoff , Paul B. Stimson , Charles H. Wilkins ,
John F. Garrett , James Gif ford , Myron P. Howland , Jr. ,

and Nellie E. Anderson

During 1963, 35 moored current meter stations were set.
Of these 27 were completely recovered , one comp letely recovered
adrift , four partiall y recovered adrift , two partiall y recovered
on station , and one completel y lost. The major effort was applied
to EQUALANT I. which accounted for 26 of the above total . Of
the remaining stat- ions , two were set at the “Thresher” site ,
three in Kane Basin in the Arctic, three near Bermuda and one off
the continental shel f  south of Cape Cod . In addition , nine sta-
tions were set in local waters to test modifications of the
current meter design .

Several modifications of the design of the instruments
and of the mooring system have been made to improve performance
but much remains to he done . The transient response of the
current meters and their dynamical characteristics in a current
are not yet well enough understood . It is evident that motions
of the moor~~g affect the response and introduce spurious velocity
signals. Experiments to determine the amplitude of these motions
for sing le moorings and to reduce them by using three-point moor-
ings were carried out off Bermuda. The three-point mooring was
severel y damaged by ‘fish bite ”.

Fish bite is still the primary cause of mooring failure
and the quest for a more resistant cable construction continues.
In August a buoy was anchored off Bermuda on a nylon cable
armored with aluminum wire , but it went adrift after several
weeks and remains unreported .

Detection and location of the buoys have been improved by
the adoption ot a Xenon discharge light and a solid state keyer
fc- r the beacon transmitter -

The problems of automatic readout of the data film have
been ~rgely overcome by strobing the encoding lights and increas-
ing film transport speed . Computer programs to manipulate and
anal yse the data are being developed and tested . Programs to
decode , li st , compute trajectories and develop elementary statistics
from the readout magnetic tapes are in operation. 
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DEEP SEA RESEARCH VEHI CLE GROU P

Introduction - Earl E. Hays

The construction of the 6,000 foot submersible ALVIN
has been the major concern ot this group dur i ng 1963. This
construction has not proceeded as rapidly as originall~’ planned ,
but the tempo has increased and at the end of the year is
proceeding satis tactori lv- In such an undertaking , responsi-
bilities for var ious phases must be well defined , but contribu-
tions to the successful completion of each phase come from the
whole grDup . Working closel y with the General Mills Electronics
Group (now App lied Science Division of Litton Industries),
BuShips and ONR , the Deep Sea Research Vehicle Group has attempted
to get the best under-water vehicle we can. We discuss the
various aspects of the program below , and also a few other
projects in which the group has been involved .

~ve rahl Contract Coordination and Inspection - W i l l i a m  0. Rainnic ,Jr .

The submersible ALV IN is basicall y a simp le craft, but
under the p lanned operating conditions, nothing can be left to
chance . To prosecute this philosophy , we decided to avail our
selves of evcr~- opportunity for inspection and quality control.

— Using the “Special Specifications for a 6,000 foot Submersible”
written by BuShips as a guide , our close inspection has paid off ,
eliminating some potential trouble spots before they became part
of the c r a f t .  Our inspection (independent of separate materials
e v a l u a t i o n)  has ranged from monitoring timperatures during heat
treats , to machine and acoustic inspection of spheres.

Although the basic craft and its operating specifications
were defined in the contr act , many details remained to be worked
out with the contractor. These included the spatial arrangements
inside the sphere , safety features in electrical , hydraulic , and
air systems. the obtainment of flexibilit y in the electrical
system and the specific arrangements for outside instruments.

The necessary paper work for the construction of such a
craft is great; drawings must be approved , back-of-the-envelope
ideas must be made official and most important . communication
between all concerned parties must be clear and prompt . 

. ~~~~~~~~~~~~~~~~ - - 4
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Mechanical Design and Ma teria l s - Jame s W . May or ,
Je sep h B. Walsh , Henry M. Horn

The design and construction of the pressure hull is
the most important part of a deep submersible. The primary
responsibility rested with the contractor ; our effort was to
aid where possible and double check on all proceedings , as far
as the actual craft construction. However, this contract with
construction of three hulls with intended collapse of one of
them in a pressure t aci l itv at Southwest Research Institute and
testing of the other two , gave us an opportunity to add to the
reliabilit y of hull design for deep submersibles in general.

To do this our inspection and material sampl ing has
exceeded normal construction practices. Specimens have been
taken from all material used in the hull , before and after all
processes (except final welding) . These are being tes ted  to
carefull y determine the properties of the material . The plate ,
forging inserts, and welds have been magnafluxed , x-rayed and
sonicallv tested as appropriate. A very extensive set of
sphericitv measurements were taken on the finished hulls.

The purpose of this extensive effort is to determine the
cause of f a i l u r e  in the h u l l  we hope to collapse. Such hulls can
fail before the ideal yield condition , due to flat spots in sup-
posedl y spherical shapes, or due to bending moments created by
the necessary thickened areas for windows and hatches. Models are
useful for some of this work but lull-scale tests allow better
strain sage placement and have a higher reliability factor.

the first hull went through preliminar y pressure tests in
December and the results are being studied in relation to the
geome t ry .

In a d d i t i o n  to the h u l l  there are other pressure-resistant
components , and problems of mechanica l  d e s i g n  to be considered .
Each d rawing  is approved b y Woods Hole personne l and the pertinent
program de termined.

A twelfth-scale model of ALVIN was cons t ruc ted  and t e s t e d
for hydrod ynamic and stabilit y characteristics.

A program of stress corrosion e\periments were planned with
Northeastern University on high strength aluminum .

1~_ _ _ _ _  
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Instrumentation and Support Equipment - Marvin .3. McCamis,

William M. Marquet , William C Rainnie,J r . ,  Henry H. Learnard

The contract called for General Mills to supply the craft
and certain basic navigation equipment . Other instrumentation
is to be provided by Woods Hole.

Including the basic navigation instruments supplied with
ALVIN , we have worked up a navigation package using a gyro-
compass , speed indicator , computer , dead reckoning tracer and
a doppler sonar. Navigation is also planned using acoustic
beacons and reflectors.

Other instruments for which specifications were determined
and orders placed were :

mechanical arm for sampling
a graphic recorder
echo sounders for craft depth and height above bottom
underwater telephone system - - ..

underwater television for more flexibility in viewing
than the windows provide

lights , cameras
continuous transmission frequency-modulated sonar

for distant “vision”

These instruments are being tested to see that they meet specif i-
cations.

Charging batteries , replenishing air supplies and main-
tenance of the craft and instruments are necessary parts of the
operation. Three vans have been obtained and are being fitted out
to supply this support ability. Within reasonable limits, these
vans and equipment should make the operation self-sufficient .

Catamaran - Henry M. Horn, James W . Mavor,Jr.

The availability of two hulls approximately 100 feet long and
a beam of 14 feet from the U S.Navy has given us the beginning of a
catamaran for handling ALVIN or other submersibles. We have worked —

up tentative specifications for such a craft , for engineering design
and construction bid purposes. We have also constructed a twelfth-
scale model to look at sea keeping , and towing properties and to
measure stress levels. A catamaran of this size has some advantages
for submersible handling.

- ~~~~~~~~~~ 
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Other Pro lects

A one-sixteenth scale model of the ALtJMINAIJT hull (as of
1962) was strain gaged and collapsed in the Woods Hole pressure
chamber. The stress levels and mode of collapse were in good
agreement with theoretical predictions . (Mayor . Walsh).

We investigated the feasibility of using a privatel y-
owned submersible (the CETACEAN) to examine Planiagene t Bank
off Bermuda but repairs and moditications required were too
extensive so we could not meet the desired t ime schedule.
(Rainnie , Learnard , McCantis, Swinhart).

Personne l participated in one cruise of R/V CHAIN on the
continental shelf and to Bermuda, in two  cruises of the THRESHE R
search , and part ct the Indian Ocean cruise of ATLANTIS II .
(Learnard , ha ys ).

INFORMATION PROCESSING CENTER

Duncan E .  M o r r i l l

The activiti es o the Information Processing Center
during 1963 divide roughl\’ into two equal phases - preparing
and beginning to use the GE 225 I n f o r m at i o n  Processing System .

In April part ct the GE 225 was in st alled on a temporary
basis In the l,aboratcrv ot Oceanography: this provided better
preparation for the eventual use of the entire system . In June
this initial part of the GE 225 was moved to the Laboratory of
M ar i n e  Sc iences ;  the res t  of the sy s tem was del ivered , and the
e n t i r e  system set up in the new i n f o r m at i o n  Processing Center .

The GE 225 i s  an i n t er m e d i a t e - s l ~~c computer  - the Inst itu -
t ion ’ s c o n f i g u r a t i o n , a r a t h er  large one .  It Is a very flexi bl e
system for a modest  coat . T e ch n i c a l l y ,  i t  I s  a s ing le address
binar y computet with f i x e d  and floating point binary arithmetIc
and BCD I i xed point a r i t h m e t  Ic. It  has  an 8,0% 2(1-bit word
18 microsecond core memory. ~l index registers, a real t ime clock
and automatic priority interrupt. Its peripheral units, which
are bu l fered , are 400 card per minute card reader , 100 card per
minute card punch , 1000 120-character line per minute p r i n t e r ,
four 1 5000 charact er per second magnet i c tape unit a ,  6 ml!  I ion
word disc storage unit , 1 000 character per second paper tape
reader , 110 character per second paper tape punch . a special com-
munic ations unit (flatanet i )  l~~r a t t a c h i n g  special  input and
output equipment a nd 2 Teletype u n i t s .

- - - - -
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4: Along with the usual preparatory activities, training,
develop ing general-use programs , et cetera , we continued opera-
tion of the Recomp II computer.

By the end of the summer the GE 225 was in general use
for the Institution ’s scientists at about a 6-hour-per-day level;
at this writing, in-use time has increased to 10-12 hours per day.
The users do most of their own programming. Our princi pal program-
ming system is Fortran II. The IPC staff , assisted by General
Electric Company personne l . and the Computer Department personne l
provide training , assistance , consultation , key punching and

— computer operation. Users may operate the computer for themselves;
qui te  a few l ike te  do t h i s .

This  is a samp l e  of the app l i c a t i ons : Current  Meter  Data  -
~~ 

-

R e d u c t i on , Sed iment Si ze Analysis , Acoust ic  Ray Tracing , S ta t ion
Data  R e d u c t i o n , Veloc im ete r  C a l i b r a t i o n  and Plankton Abundance
Anal y sis. The l i s t  of users has grown to about s e v e n t y - f i v e .
The types of calculations performed include power spectrum , f i le
maintenance , cu rve f i t t i n g , solving pa r t i a l  d i f f e r e n t i a l  equations ,
anal ys is  of var iance and s imula t ion .

A small , second-hand computer , a G- 1 5 , w i th  a special paper
tape reader and p lo t t e r  a t tached was ins ta l led  on the ATLANTIS II
fo r the In t e rna t iona l  Indian Ocean Expedi t ion , to provide general-
purpose computing.  Its heavy use attests to i t s  va lue , and i ts
r e l i a b i l i t y  was about the same as that  for an o f f i c e  i n s t a l l a t ion .
A ge nera l -purpose  computer is a va luable  accessory for oceanogra-
ph ic  research vessels and it is rapidl y becoming an essential  one .

The 1PC s t a f f  consis ts  of a c h i e f ,  a research associate , a
systems progransuer , a lead computer operator , a computing assistant ,
a computer operator , a key punch operator and a systems engineer
for the G-l5.

The Computcr Coninittee consists of scientists from the
var ious research groups and provides guidance and assistance to
the IPC and Institution management .

In process is the attachment of the ADDReSOR, an FM tape-
analog-digital converter , to the GE 225. Under consideration for
attachment are a graph plotter , cathode ray tube display unit , and
a flying spot Input unit. The rapidl y increasing use of the GE 225

— has necessitated consideration of a more powerful rep l acement [or

— 
the GE 225. Also under consideration are proposals to augment the
staff , to increase i t s  capabilities , broaden its activities and to

4 ~
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prov ide a limited programming service Though none have been imple-
mented , several administrative applications are being considered .

Computing has become a valuable and essential tool for the
Institution ’s work.

UNDERWATER PHOTOGRAPHY AND SELF-CONTAINED DIVING

David M . Owen

The underwater photograp hy and self-contained diving work in
this project Is primaril y concerned with the development of under-
water camera equ i pment (both deep-sea and hand-held) , the use of
underwater cameras as a supp lementary too l app lied to some of the
research problems at the Institution , and the  development and super-
vision of the self-contained diving activiti es at the Institution .

A camera and strobe flash was assembled and attached inside
a large Campbell Grab (bottom dredge) for Dr.R.O.Emcry of the Insti-
tution , who is engaged in the geological study cf the Atlantic conti-
nental shelf and slope , which is being sponsored by the U.S.Geological
Survey. This camera , a 35mm Robot , photographs the undisturbed sed i-
ment surf~ace before the Grab closes on approximately the same bottom
as shown in  the p ictu re.

Bot tom photograp h y w i t h  a suspended camera during this period
took p lace from R/V ASTERIAS in the Narragansett Bay region (.July
10-13) . In a continuation of previous work with Lloyd Breslau , the
Twin-Robo t Stereoscopic Camera was used to photograph small-scale
roughness and the various bottom types sampled , and the results will
be correlated with the echo-strength and bottom-reflectivity measure-
ments taken by Mr. Bresisu . (The camera mentioned takes up to 24
stereoscopic bottom photograp hs per station , at a lens-to-bottom
distance of as little as 28 inches , enabling life-sized enlargements
of an area about 14 inches s q u a r e . )

During Oct.20-28 in Bermuda, accompanied by Dr. Robert Hessier
and Mr. George Hampson of W.H .O.I. (N.S.F.) - the techniques of diving ,
hand-held camera photography, and underwater tape recording were used
effectivel y in the direct observation/evaluation of deep-sea dredge
operation .

In a continuation of past efforts, additional close-up slow-
motion pictures were made dur ing Nov .l-13 of wave-induced sediment
movement for Dr. John M. Zeig ler of the Institution , on the island
of Sint Maarten , N.W.I . The camera set-up for this study has become
more sophisticated in that wave height , velocity , time , and a

—- .~~~~-~~~~-~~~~~~~ - --1—-- -  -
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PHOTOGRAPH OF PEBBLY SAND ATOP A SMALL RIDGE IN THE GULF OF
MAINE AT STATION 1052 , 42° 0 9 . O ’ N 69°14. O ’ W , 194 METERS.
NOTE BURROWING SEA ANF21ONE (Cerianthus borealis) . 
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digital counter (for “ty ing in” with recordings of these values
made on the beach) may be shown in the same picture with the
shifting sand particles.

During Nov.l9-28 , returning to Bermuda and assisting David
Rounbehler of the W.H.O.I., underwater motion pictures were taken
of the behavior of an anchored Richardson Current Meter.

During 1963 Mr. Owen was personally engaged in various
diving projects for a total of 68 days (in addition to overseeing
the diving activities of about 26 other W.H.O.I. employees).
These projects may be described as follows:

1) Training dives 42 days

2) Dredge or coring apparatus evaluation 9 days - - -
~

3) Beach studies - sediment movement 9 days

4) Current meter evaluation 4 days -

- 1
5) Maintenance or adjustment of ship or

oceanographic tower instrumentation 4 days

MECHANICAL SOUND SOURCE IMP MODEL 2

L 

Arnold G. Sharp , W i l l i a m  S. Shultz , Thomas L. Gallerani ,
Henry P. Leonard , and James R. Sullivan

In May, 1963 , Harold Sawyer , the original principal investi-
gator of this contract , passed away after an illness of some three
months. Personnel who were members of Mr. Sawyer ’s group are con-
tinuing the work of the contract.

A summary of the work of the contract up to that time was
prepared and issued as a technical report , WHOI Reference No .63-21 ,
“Fundamental Studies of the Generation and Transmission of High
.Amplitude Pressure Pulses in Water” , by Harold E. Sawyer, James W
Mayor , Jr., and Arnold G. Sharp.

The present status of the High Intensity Impact Energized
Sound Source , IMP Model 2, can be summarized briefl y as follows :

(a) The entire “radiating section” (radiating piston ,
liquid spring system , spring support grid , and outer
case) has been completed and assembled , and except
for hand finishing of the impact surface , is ready
tor use.
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• (b) The “drive section” , a system for accelerating the
impacting slug or striker to its required velocity,
has not yet been built nor completely designed .
E f f o r t s  are being concentrated on the development of
this part of the device and progress has been made as
described in the following paragraphs.

Harold Sawyer ’s proposed device for achieving the required
acceleration of the striking mass , a mechanical velocity multiply-
ing linkage , has been studied in detail during the past year and is
the subject of the technical report , WHOI Reference No .63-36, “Kine-
matic and Dynamic Studies of Proposed Drive Linkage for Impact Sound
Source , IMP Model 2” , by Arnold G. Sharp and Joseph B. Walsh .

The main guide for the striking slug has been machined and
honed . This is a cylindrical tube about 5 feet in length. The 5
internal diameter has been held to 14 inches plus or minus .002
inch , and the honing operation has produced a surface finish of
about 6 micro-inches R.M.S. A traveling support frame for the
guide cylinder has been built in the laboratory. This will be used 

-

to bring the guide tube accurately in and out of contact with the
radiator section of the IMP during the hand fitting of the impact
faces of the slug and the radiating piston.

Because it is recognized that certain engineering diffi-
culties would be encountered in building a device of the type
described in Reference No .63-36 , it is hoped that a system in-
volving fewer moving parts can be developed . Such a system could
take the form of a gas gun in which the discharge from a single
cylinder of compressed gas might be applied , directly or through a
push rod , to the rear face of the striker. Systems of this type
have been successfully demonstrated by two manufacturers of high-
energy-rate forging machines.

The main problem areas in the gas gun system are as follows:

(a) High flow , fast response valving of the high-pressure gas. -

(b) Effective sealing of the high-pressure gas from the evacuated
impact chamber .

Gas gun experiments are being conducted on a small scale in the
laboratory so that the above problems may be studied . Concurrently, -

design calculations are underway for the determination of optimum
lengths , diameters , gas pressures , and structural materials.

Initial steps have been taken by representatives of ONR,
Boston , to obtain a patent in Harold Sawyer ’s name for the radiator
assembly of IMP Model 2. Similar action is to be taken soon for a
patent covering the mechanical “crossbow” drive linkage.

~~~~~~~~~~ 
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VLF RELATl\’l~: NAVIGATION

Jess H. Stanbrough , Jr.

Long-range navigational experiments using very low frequency
transmissions were conducted in 1963; in addition , magnetic measure- -

ments were made in the Indian Ocean aboard the R/V ATLANTIS II by
Dr. Earl E. Hays and me. Prot Carl Mennekin, Deputy Scientific
Director ONR , London (and of the U.S.Navv Postgraduate School,
Monterey, Californi a ) joined for one leg of the cruise to assist
in the measurements and interpretations. A vartan proton precession
magnetometer with dir ect read-out of the earth ’ s tield in gamma s
was employed . The sensor was towed 600 ted beh i nd t h e  ship .

A long—range re 1st ivt’ nay i gat  iona l  sv s t  cm is obtained with
the V I F  t r a n s m i s s i on s  when an Initial exact position is obtained
by other means and a l l  new I ot -at Io ns are found r e l a t i v e  to this
point until another exact position is obtained . With a precision
o s c i l l a t o r  on board a moving vt’h i cl e , changes in the receiving
l o c at i o n  r e s u l t  in phase differences between the o s ci l l a tor  and
the received VLF signals wh ich are Indicated as t ime and computed
to a geographical po sition. Diurnal effects were previously
t hought  to  be the limiting I ac to r ; r e cent  measurements  in the
Ind i an Ocean i n d i c a t e  tha t  these e t t  ects may he predictable. 

- -

Various carrier-stabilized VLF stations now hold the Ire-
quencies of their transmissions to very close limits , a few parts
in l O~~ being typ ical1~’ realized . There are seven VLF stations in
the United States and Great Brit ain that transmit stabiliz ed fre-
quencies . The development ct phase tracking receivers for the
very low frequencies with very high sensitivities and the avail-
abilit y ci simp le oscillators with st abil ities of a few parts in 10
have made it possible to make phase measurements with small and rela-
t i v c l v  i n e x pe n s i ve  equ ipmen t .  Front November ot  1962 to the sailing
of ATLANTIS 11 in Jul~ l%l , emphasis was placed on ag ing the pre-
cision o s c i l l a t o r , dete rmin ing  the s t a b i l i t y  of the VLF stations , and
obse r v i n g  the d,iurna~ effects. Au t omohi i t ’ t r i ps we r e made in
Feb ruary  about Cape Cod . Short  day c ru i ses  were made aboard the
ASTERIAS in Buz za r ds Ba y and V ineyard Sou nd in M ay and June .
Poaitions t o  w i t h i n  200 feet were obt ained w i t h  day path sig n a l s .

The VLF equipment was in continuous use on R/V ATLANTIS U
throughout the cruise to the Ind ian  Ocean. There were no equ ipment
t roubles. Prior to the cruise . E l i s a b e t h  F u g l i st e r  prograi~ ted the
GE 225 to give the range and hearing trom each one-degree point l.a
the At 1 ant i c and h i d  t an Ocean to seven ret erence s t a t  ions. These
computat  ions were used to prepare ch a r t s .  The Navy Oceanograp h i c
Ottice assisted by preparing a special VLF 30 series ot charts based

-A 
—. - -
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on stations in England , Hawaii , and the Canal Zone . Along wi th
navigational determinations, signa l intensities and diurna l
patterns were recorded throughout the cruise. VLF records
clearl y showed the drift of the ship during current and hydro-
graphic station measurements. Generall y, the difference s
between the ship ’s astronomic positions and the VLF positions
varied from three to ten miles ; this was without correcting for
the drift of the transmitting station .

The desired goal is ± 0.5 miles over long periods.
Short period relative positional changes ot + 0.1 miles are now
possible and app licable to on-station and drift measurements.

Reference: Stanbrough , J.R. and D.P.Keilv , “Long Range Relative
Navigation by Very Low Transmissions”. Contribution No. 1427,
Woods Hole Oceanographic Institution in Deep Sea Research (in press).

ELE CTRONIC S AND INSTRUMENTAT ION

Robert G. Walden , Douglas C. Webb

Experiments were conducted to determine the feasibility
of torroidally coup ling devices such as current meters to single
insulated conducting mooring cables, to transmit current data up
the cable from a plurality of instruments to a buoy where this
data can be stored on magnetic tape and/or be telemetered . A
system has been designed , a basic teletnetering current meter has
been ordered and a field test program is in the planning stages
for May, 1964.

In Jul y, the R/V/CRAWPORD was taken to 37°N, 69°W to test
certain telemeter ing gear and some special instruments to facili-
tate the location of buoys at sea. A current meter 200 ft. below
the surface was moored in 4700 meters on July 13, 1963. A special
4-conductor dacron rope was used between the surface buoy and the
current meter. Plaited 9/16” nylon rope was used from there to
the bottom with about 67. scope . Eight corrosion panels were in-
serted In the l ine at 10, 30. 700, 1500, 2200, 3000 and 4100
meters depth .

The current meters data was telemetered on command and
received at the ship , Waquoit , Mass. , and the Interna t ional
Telephone and Telegraph Station on Long Island , N.Y. it was ‘ 9
apparent after 24 hours operation that the Savonius rotor mag- -

netic follower was sticking resulting in abnormally low rotor

______ 
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counts. The compass and vane continued to perform satisfactorily
unt il July 29 when all binary zeros were missing from the tele-
metered data. It was possible , because of the data format, to
manually reinsert these binary zeros into the data . On August 10
the buoy signal was still strong; however , no bits were being
transmitted , only a steady carrier upon interrogation. The buoy
continued to respond until October 2, 1963. After this date no
signals were heard. On 8 October the CAPT. BILL III was chartered
to locate and retrieve the buoy . Heavy weather was encountered
in the mooring area and a thorough search failed to locate the
buoy. Transmissions from the buoy indicated that it stayed on
its mooring (or very close to that geographical position) for
82 days , withstanding an exceptional amount of extremely heavy
weather . On October 24, a buoy whose description matched that of
this buoy was sighted by U.S.Navy p lanes at position 21°43’N and
74°O6’W or 100 miles north of the eastern tip of Cuba . A message
to the Base Commander , Guantanamo Bay , Cuba from ONR , Wash ington ,
was sent requesting that subject buoy be picked up . No word has
been received yet regarding retrieval . - 

- 
-

During this same CRAWFORD trip (CRAWFORD No.95) a test of
a telemetering Consolan prototype buoy was conducted . It was
determined that it is feasible to retransmit Consolan signals
from a buoy, on command , at ranges of 500 miles and to determine
the position of the buoy remotel y within an accuracy of five miles
or better . Subsequent tests indicate useable ranges to 1000 miles.
Tests of a radar actuated light and a radar actuated H.F. beacon
transmitter were also conducted during this trip . A simple low-
power drain radar receiver was used to key the above-mentioned
devices upon radar illumination. The light was observed to about
2 miles being limited by the small incandescent bulb used . A
new model , using a high- intensity strobe lamp is now completed
and will be tested in May. The radar actuated high frequency
transmitter could be heard out to 3.5 miles. This test indicated
the necessity of increased radar receivers gain on the buoy which
has now been accomplished . These two devices would seem to provide
the buoy user with two new long-life , low-drain locations aides
which would signal their location ~~~~~~~‘ when illuminated by the
search ship ’s radar .

On October 30 a Consolan retransmitting buoy was moored
five miles east of St. George ’s, Bermuda , as a surface marker in
connection with a mooring test by Stimson. At that time the
Nantucket Consolan station was off the air for maintenance purposes;
however , the Miam i station was rece ived and retransmitted from the
buoy. A l ine of position was received from the buoy which showed
agreement with its actual position to within 2 to 3 miles. This

— I ~~~~T
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mooring was either carried away or sunk a week later , enabling
no further data on the Consolan test.

During the last two months of 1963 plans and equipment
have been readied for a test in February 1964 for a wire moor-
ing to a sub-surface float which contains batteries and a tele-
metering transmitter. The output of this transmitter will feed
a surface antenna located on a small float. The purpose of the
test is to determine if longer life and greater reliability of
the mooring system can be obtained by reducing the effects of
surface excitation on the main instruments ’ float by locating
it at depth with a low drag surface unit to support the tele-
metry antenna . Tests will be run to determine the feasibility
of feeding such a surface antenna from a transmitter up to
500 feet below the surface .

During the year specifications were drawn up for an
instrument that would disconnect a deep mooring cable from its
anchor on acoustic command . We hope to have a prototype instru-
ment in 1964.

ADDReSOR : -

Dur ing the early part of the year the ADDReSOR logic and
inter-cabling was modified to enable operation with the GE 225
computer . Prior to actuall y hooking it onto the computer , j -
several small troubles indicated the advisability of incorporating
test circuits into ADDReSOR to simulate the computer. This cir-
cuitry was built and upon operation indicated further logic
changes which simp lified it and apparentl y added more reliability .
A complete test of the ADDReSOR logic is now possible without the —

necessity of computer t ime . 1:

The racks have also been rearranged to improve appearance
and ease of operation . The basic clock has been redesigned and —

built to provide variable sampling rates between 10 ms. and
10 seconds. 

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ —-
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DEPARThIENT OF BIOLOGY

John H. Ryther , Department Chairman
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NU TRIENT CHEMISTRY

David A. McGil l , Nathaniel  Corwin
/

The d i f fe rence  between inorganic and total phosphorus
has been used as a measure of total organic phosphorus. Such
determinations have been made for the Central Atlantic region
and , in cooperation with the International Ice Patrol (U.S.
Coast Guard), for the Labrador Sea in both summer and winter .
A figure showing the distribution of organic phosphorus for
the entire western Atlantic Ocean is included here.

Observations on the nutrient level and other character-
istics of the water masses determined in the region of the
Central Atlantic , Labrador Sea and Baffin Bay show a relation-
ship to an observed high level of organic phosphorus in the
deep water at 40°N. Observations through the Anegada passage
into the Caribbean Sea using silicate-silicon as a tracer
show a definite separation of the deep water between the North
Atlantic and the Venezuela basin. It appears that phosphorus
and silicate may serve as water mass indicators when more coin- - 

-

plete detail s about their concentration relative to the general
ci rculat ion are available

Data has been collected from the surface water s of the
Indian Ocean on the d is t r ibut ion of par t icul a te , as well as
inorganic and total phosphorus. Many valuable and interesting
comparisons between the Atlantic and the Indian Ocean should be
possible with the recent data when all laboratory processing is
complete . In addition , plankton samples from the Indian Ocean
are being examined for their carbon , nitrogen and phosphorus
content , to add more data on the relationship s between the
organisms and their marine milieu.

The pr oblem of oxygen concentration in both distilled water
and sea water has been studied with the equilibrator , the results
of which lead us to reject recent revisions of the oxygen satura- -~~

tion level in favor of older values. A nomogram linking tempera- - 
-

ture , salinity and density with the oxygen saturation level is in
preparation .

A program for the GE 225 computer is also in preparation -~~

for the routine processing of hydrographic observations leading - -

to an interpretation of the relationship between the rate of change
in oxygen and the correspond ing phosphorus concentration. These
data will be compared with similar estimations of the oxygen:phos- -

phorus ratio derived from other techniques of data analysis.

- -
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DISTRIBUTI ON OF NITR OGEN

Ral ph F. Vaccaro

Accelerated oceanographic observations within recent
years, especiall y in some remote and previously little-known
areas, will require a reexamination of many concepts in marine

- 
- 

ecology in t e r m s  of newer information. Among these are impres-
sive quantities of new data arising from such elforts as the
International Geophysical Year, several Antarctic expeditions and
most r e c e n t ly  the Internationa l Indian Ocean Program . In addition
simultaneous observat ions within the Atlant ic and Pacific Oceans
h ave a lso been a c c e l e r a t e d . Man y  of these programs have p laced
commo n emphasis on the distri hu t ion and availabilit y of p lant
n u t r i e n t s  in the ocea ns insofar  as an unceasing and ba lan ced
exchange ot nutrient elements between r es iden t  mar ine  organisms
and t h e i r  env i ronm ent  i s  e s sen t i a l  for a l l  l i f e  in the  sea.
With respect to nitrogen, nitr ate comprises  some s i x ty  per cent
o f  the available nitrogen. hence i t  presumabl y  plays a dominant
r o l e  i n  mar inc pro te in svnt  he s i s.

N i t r a t e  l i k e  other so lub le  c o n s t i t u e n t s  of sea water is
t ra nsported by  advect ion and is exchanged between ad ja c en t  wate r
masses by edd y dit fusion . However , since nitrate-nitr ogen also
becomes Incorporated into the life cycle it is further dispersed
by the migratory and grav itationa l movements ot marine organisms
and t h e i r  res idues .  D i s t i n c t i o n  between these modes of t r a n s p o r t
is not always easy but basicall y depends upon isolation ol the
amount of oxygen dep l e t i on  a s soc iat ed  w i t h  the contributing

- - - 
biological phenomena . In general, there is a consistent rela-

t tionship between the spacial distribution of nitrate and the
amount ot o xy g en  dep letion at and below intermediate depths which
suggests a h ig h degree of uniformity with respect to the con-
trolling processes.

Isel in (1939) t raced conservative proper lie s which  ide~~ i i v
d i s c r e t e  water  masses through the North Atlantic thermoc l ine t o
t h e i r  u l t i m a t e  origin at or near t h e  su r face  at  successivel y
higher latitudes. On this basis , the In t e rm e d i at e  w a t e r  l ay e r
(a— t 27.0 — 2 7 .  5) in the  equator  m l  r eg ion  wh ich  cen te r s  around
a depth of 800 m and extend s n or t h w a r d  to about 50 , is ton-
iguous w i t h  the s u b a n t a r c t i c  area e l  sur face convergence loca ted

~ between 42 0 and 5005. When sun ace-oriented at the higher lati—
t u d es ,  t h e se  waters r etlect their t-lose associat ion w i t h  the
a tmosp here by bec ~m l n g  v i  r I  t i a  l i v  oxy gen— s a t u r a t e d  and • 1~~i l owing
p e r i o d s  o I s u r f a c e  cool I ng , can  acqu  i i-c su i t  I c  ient detis It v to cause
t h e i r  d e par t u r e  t roni the  sur face by si n kin g . A l t e r  convergence .

i-
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thi s relativeU fresh but cold , dense water is transported
horizont all y toward t h e equator by isentrop ic movement along
surfaces of equal potential densit~’ . Nutrient residuals
associated with oxygen saturation at the time of surface
occupancy hav e been designated preformed nitrate and phosphate
by Redf leld (1934) and l ike salinity can be expected to behave
conservativ ely following descent below the photic layer.

l’uirotigh .nit the Indian and with in the southern and
c e n t r a l r egions of the A t l a n t i c  and P a c i f i c  Oceans , n i t r a t e
concentrations be low 2000 in are al so largely regulated by
nitrate preformed in Antarctic regions . The characteristic
salinit y and t emperature of these waters are clos ely duplicated 4
in the Antarctic circumpolar sea and at even more southerly
locations off Antarctica it s elf. Initially rich in nitrate .
these waters undergo little attenuation as far north as the
equator following th eir convergence and departure from high
l a t i t u d e s .  

. 
-

In the ‘,otlth ( rnmo’.t Anta r~ t i~ 0 t  an pi formed n i t r a t e
is uniform ly distributed down to 1 500 in at a concentration
near 20 m i c r o g r a m  atoms per l it e s .  At the above dep t h .  the

[ wate r  t empera tu re  i s  about  -0.30 C and the salinit y 34.65
pa r t s  per thousand . Such me a suremen t s  c lose ly  approximate con-
di t ions  observed below 4000 in in the proximal basins of the
nei ghboring oc e an s .  This  h yd rogr aph ic  c o n t i n u it y  appears to
me an th at  much of the n i t r a t e  a t  these great depth s  is trans-

- - 
po r ted by h o r i z o n t a l  advect ion - However. t h e  ava i lab l e  da t a
also ind i~~.ilc v a r i a b l e  and s i g n i f i c a n t  depar tures  in  to ta l
n i t r a t e  from t h e  20 mIcrogram a t o m s - p e r - l i t e r  l e v e l  e spec i a l l y
in the lndia ’-i Ocean.  Presumably t h i s  i s  due t o  the more confined
nOtuic and s luggish  c i r c u l a t i o n  in the Ind ian Ocean as opposed
tO the At lanti c .

This s ub j e c t  w i l l  he i n v e s t i ga t ed f u r t he r  du r ing  the
com ing year Id lowing the ant  it’ i pa t ed conip le t  ion of a longi t u —
d m a ’. ~e~~t ion in t h e  I n d i a n  Ocean extending from the equator as
f a m  south  as t h e  sub trop i cal convergence at abou t 40°S. Al though
a s c ;m r c i f  y of deep nitrate o b s er v a t i o n s  f r o m  the P a c i f i c  w i l l  r ema in,
we ant i c ipat c comp i et i on of a comprehensive revaluation of the
role ot i no rgan i c  n i t rogen  in the sea somet ime during the coming
year - 
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DI STRIBUTI ON AND REGENERATI ON OF ORGANI C MATTER

David W. Menzel

The obvious sparcity of information concerning the distri-
button of dissolved and solid organic matter in sea water is based
largel y on the fact that existing methods are time-consuming and
subject to large error. During the past year a new method was
developed for the measurement of dissolved organic carbon in sea
water which has increased the rapidity of determinations from 6
to over 100 samp les per day at an accuracy of two t imes better
than previous methods. In addition , a companion method was
developed for the determination of particulate carbon with an
accuracy of + l0 ,.L4g Con 3 to 4 times better than earlier tech-

— niques.

The pur pose of develop ing these techniques was two-fold:
(1) to enable a practical mapp ing of the world’ s oceans in order
to study decomposition rates, biolog ical turnover and the relation
of carbon to the seasonal cycles of primary production in the open 

-

sea; and (2) to prov ide tools for  the measurement of r e sp i r a t ion ,
excretion and carbon synthesis by phytop lankton in culture .

Measurements of particulate forms of carbon have been made
on 1963 cruises of the ATLANTIS II and CHAIN in the Northwestern
Atlantic and on two cruises of the ANTON BRUUN in the Indian
Ocean. Basicall y, these data show values which range from
30 ,ug C/i. in poorl y productive surface and deep waters in both
oceans to over 200 14~g C in highly productive ar eas. No direct
correlation can be shown between chlorophyll , here assumed to be
an index of living , plant matter , and levels of carbon. The reason
for this is that 0-1007. of the carbon may be present as detritus ,
or “non-living ” carbon , and the relative proportions of living:dead
matter may vary considerabl y over the oceans as a whole and within -

a water column at any one station. We are attempting now to develop
methods for the direct estimation of detrital carbon.

Measurements of dissolved organic carbon have also been made
in the North Atlantic and Indian Oceans and have demonstrated a
rather unpredictable distribution . One common and expected feature
is relativel y higher values in the surface decreasing to the permanent
thermocline , and then fluctuating some within the water column .
Fluctuations in deep water presumabl y are correlated with the presence
of water masses of different age and origin , and dissolved carbon
content may therefore be useful as a tracer of water movement .

Preliminary work with cultures has been carried out to
determine normal changes in carbon : nitrogen : phosphorus
chlorophy ll ratios that may be developed by plants under varying
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conditions 01 l ight and nutrients. Measurements of carbon
syn thesis hav e been made by :mnalvt i ~al and C- 14 techniques
and good correlation has been demonstrated be tween  these two
methods. Considerable argument has occurred in the literature
regard ing the re liability ct the C-1-~ t echnique used to measure
plant growth in extended experiments. Our results indicat e agree-
ment. between i nd i cat ed (C— 1 4’m and inca sured carbon synthesis to
with in 107. over 24 hours. C-1 4 measurements a re  consistentl y
1ower~ about 87~ of t h i s  d i f f e r e n c e  can be accounted for by
respir ators ’ losses and o~ lv  2~ l~ ’ i’x c r e t o r v  lo s se s  of the
l abeled carbon .

EXCRETO RY PRODUCT S OF PLANKTON

Edward J . Ktleu7ler

A st t i dy  ot r a t e s  of cxc le t ion o I several physiologically
importa nt elements by marine zoop l ankto ii has been almost compl eted .
Radioa ct ire isotop es ot iod i ne , zinc , iron, cobalt , and manganese ;‘
were measured in the tissues and ex cre ta  of pteropods1 pyrasoma s~
copepods,  e u p hau s i id s ,  and o t iu ’ I an im a l s  contaminated by fall-out - 

-

from .i nu t - l e a r - w e a p o n  t e s t  . ‘~Thercas a l a r g e  part of the iodine and
z i n c  were exc r e t e d  a s soluble au’~cus and c a t i o n s , i ron and manganese
appeared mostl y in parti cu lat e form . Whethe r  t h i s  d i f f e r e n c e  re-
s u i t e d  from d e f e c a t  ion ct i n d i g e s t i b l e  p a r t i c l e s  containing rad io—
ii on and rad io—manganese or from immediate p r e c  i p1 tat ion from sot —

ab l e  forms  of t h e s e  elements after excretion from t h e  anima l Is
not  known . Excretory rates were variable but often totalled abou t
one p er  c e n t  p er  hour .  The dat a on e xcre t orv r a t e s  combined wi th
kn ow led ge of population dens i t i e s  of d inrnall v—m i gr a t  ing spec ies
o b t a in e d  from q u a n t i t a t i v e  h a u l s  in the same a rea  show tha t  zoo—
p lankton can be important in t~~an spor ti ng elements  through the
t h ermo ci Inc .

As part of a long—ran ge s t  n d~ ’ of  the dissolved organic phos—
phoru s compounds i n sea wa tt ’ , we s t iid i ed lie a l k a l i n e  phospha ta se
of mar  i no a lg a e  . This enz vine was found in represen ives o I most
of t h e  i m p o r t a n t  t vpes  o f  p lankton i c al gae . Vt ’rv low level  s of
ph ospha te  comp l e t e l y  repressed  p r o d u c t i on  of  the  en7viwe , hut , when

- 
- phosphorus  defic ienc y i n h i b i t e d  c e ll  growth and c e l l  d iv is ion ,

enzyme product ion began and cont tinted at  a l i n e a r  r a t e  fo r  many
days . The pH optimum for  e n zym e a c t  lv i  tv was 8 t o  10 icr most
spec ies  sI i i d  led.  The enzyme seemed I o be on or near  the coil stir—
( a c t ’ , hut a very  s m a l l  amount was o I en I oiind I n sol ut I on  in the
cu l t u r e  medium . When phosph at e  e st  ‘ m s  such as g 1 u c o s o — t ~-p hosphat e ,
adenos In c  monop hosp ha te , or a I pha — g i veerop hospha te were added t o
c u l t u r e s  of phosp ho ru s - dc  t i  c i  cut a l g a e .  t h e y  a s s i m i la t e d  phosph~ rus
at the same rate regardless of substr ate . Furthermore, when C’ -
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- labeled gluco~e-6-phosphate was added to cultures of deficient
algae , the C~~ remained in solution while the phosphorus was
assimilated . It is apparent , therefore , that many species of
algae may be capable of hydrol yzing certain organic phosphorus
compounds extracellularly rather than assimilating the whole
molecule in order to alleviate their phosphorus deficiency.

PARTICULATE MATTER IN THE SEA

William H. Sutcliffe , Jr. , Edward R. B- ylor and William S. Maddux

This summary of our 1963 work (currently supported by N.S.F.) —

presents three theories and preliminary observations consistent
with them . If confirmed , these three theories would expalin , at
least in part , the small-scale patchiness of plankton , the origin -

of particulate matter in the ocean described by Nishizawa and
Riley (1962), and would solve the missing-food paradox of copepod s -

enunciated by Marshall.and Orr (1955). Although apparentl y uncon-
nected , these three theories are closely l inked by the hydrodynamic -

variables of Langmuir circulation and the colloidal phenomena of
adsorption , desorption and peptization. S

The first of the three theories relates zoo- and phyto-
plankton patchiness to hydrodynamic patchiness by means of: (a)
hunting and feeding behavior of zooplankton that respond to the
hydrodynamic variables of Langmuir circulation , and (b) adsorp-
tion of phytop lankton to foam that is subsequently concentrated
by the flow patterns of Langmuir circulation.

The second theory accounts for the origin of particulate
organic matter in the ocean by adsorption of dissolved material
onto surfaces that are compressed and peptized to particles by
the forces of Langmuir circulation.

The third theory proposes tha t the particulate organic
matter formed by Langmuir circulation is suitable for filter
feeders and hence may be the missing food in the missing-food
paradox of copepods.

Distribution of Surface-Water Temperatures and Zooplankton

Our theory relating to Langmuir circulation to plankton
abundance predicts that measurements made during a cross-wind
tow will show that small , sharp horizontal gradients of tempera-
ture are correlated with small, sharp horizontal gradients of
plankton abundance. Currentl y the tests of this prediction are

-S -S -S 5- 
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made by pushing ahead of the boat a fast-response thermister
and the transducer oil the Maddux-Kanwisher plankton counter.
The output of these instruments is recorded on magnetic tape
for subsequent statistical anal yses by an electronic computer.

We have collected approximatel y litteen rolls of magnetic
t ap e  data describin g the surface-water temperature and p lankton
abundance in the Sargasso Sea. The computer  anal ys i s  of these
da ta  w i l l  be do ne in 1964 . A p r e l i m i n a r y  a n a ly s i s  has been made
us i ng a desk c a l c u l a t o r  to check the performance  of the elec-
t r o n i c  computer  and we h n v t ’ exa mined 6 , 000 p a i r s  of tempera tu re
read ings  wi t h t he i r  cor responding  p lank ton -abundance  measure-
men t s .  The r e su l t s  of  t h i s  p r e l i m i n a ry  anal y s i s  arc  c o n s i s t e n t
w i t h  cur theory tha t  zoop lankter s  tend to c o l l e c t  in windrows.

P roduc t ion  oil or ganic p a r t i c l e s

Bubbles r i s i n g  th roug h sea wate r  adsorb organic  m a t e r i a l s
and collect phytoplankton cells. When these bubbles reach the
sea surface they burst, releasing the adhering phytoplankton .
According to our theory of the origin of organic particles , the
ad sorbed compound s on bubbles form monomolecular films which
.ire carried by convergent tllow to the windrows where compression ,
coll apse , and peptizatiofl of these film s return the organic
matter to the water column in the form of p a r t i c l e s.  Some bubbles
ma; be held beneath the surface in the trajectories suggested by
Stommel (1949). These bubbles of gas may grow larger and escape
to burst at the surface , grow smaller until only the adsorbed
materi al of the bubble skin remains as an organic particle , or
be ingested , skin and all , by a filter feeder. These processes
account , in part , for the greatly increased li ght scattering
observable beneath the windrows . and may also exp lain the in-
creased phosp hate concentrations we have found in these zones
( S u b c l i t l f e  et  a l , 1 963).

Labo r a t o r y  e x p e r i m e n t s  (SavIor et al , l % 2 ;  S u t cl i f f e et al ,
l9~~3) conf i rm t h a t  d isso lved  organic  ma te r ia l  in f i l t e r ed  sea water
adso rbs to b u b b l e s ,  forms f i l m s  and is converted to particles, and
is pro ved to have n u t r i t i v e  v a l u e  by h a v i n g  supported the growth
of cu l  Lures  ot  A r t e m ia  ( B ay l o r  a n i  Sutc i  i f  i c  , 19b3)

L it c rat .ure Cited

Bay lor, E.R., W.H .Sutclitfe and D .S.Hirschte ld . 1962. Adsorption
of phosph ates onto bubbl es. Deep-Sea Research 9(2): 120-124.

Bay lor , E R. and W . H . S u t c l i f t e .  l - ~(” 3. Dissolved organic  ma t t e r  in
seawater as a source cif particulat e food . imno l. and Oceanog.

~ (4) Oct. 1963.

5- -

~~~~~~ 

_ _ _ _ _

- -——5——- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ( S  - -.5-- —-S --S



~ -

- 2 9 -

M ar s h a l l  S M , and A P Orr 1955 Tht bio logy of marine
copepod . 1st Ed. Oliver  & Boyd Lt~~ ,Edinburgh.  188 pp.

- Nishizawa , Satoji , and G.A.Riley. 1962. Research in par t i cu la te
S 

materials suspended in sea water. Proc.First Nationa l
- -I- - Coastal and Shallow W8tcr Research Conf.,D.S.Gorsline, Ed. ,

published by NSF and ONR .

Stommel , Henry. 1949. Trajectories oil small bodies sinking
slowly through convection cells. Sears Found., J.Mar.Res.
8(1): 24-29.

Sutcliffe , W.H. . E.R.Baylor and D.W.Menzel. 1963. Sea surface
chemistry and Langmuir circulation. Deep-Sea Research,
10 , pp. 233-243.

L IGHT IN TILE SEA

George L . Clarke

Observat ions  on the t r an sparency  of the sea and the
occu rrence of bioluminescence,  made in the slope water  southeast
of New York , were compared with similar studies carried out in
the Browuson Deep and around the Virgin Islands. The changes in
ligh t conditions wer e scrutinized in relation to the vertica l
migrations of deep scattering Livers as obtained ~y Dr.R.H.Backus ,
using the Precision Graphic Recorder. Highly transparent water
was observed at stations in both areas. The sensitivity of the
photometer and the clarit y of the water were so great that day- -

light could be detected to 1090 meters, a depth greater than
ever befote reported . The attenuation coefficient for the stratum
from 400 meters to 700 meters in the Brownson Deep was k .023
and thus represents the clearest water ever reported (except for
a few observations at depths l e s s  than 100 meters).

Luminescent flashing was detected at ever station and at
ever~’ depth where li ght from the surface did not interfere. The
frequency, duration , and lntensit\’ of the flashes varied g r e a t ly
with depth , revealing the presence  of luminescent organisms oil
d i f f e r e n t  spec ies , or a t  l e a s t  w i t h  Vt’rV di  t fe r e nt  behavior
p a t t e r n s ,  in the d i f f e r e n t  s t ra t a .

One or two deep sca t t e r ing  l ay e r s  wer e d e t ect e d  below
300 meters during the midd l e  of the d ay .  These l ayers  tended to
s p l i t  toward the beginn i ng of  t h e i r  r ap id  upward mi grat ion with

U -
, the result that three or four separate l ayers could be d e t e ct e d
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during the sunset period . The same , or similar , layers formed
before sunrise in the upper layers arid descended rap idly during
the earl y morning hours. In the Brownson Deep the animals of
certain of the scattering layers swam upward for a vertical dis-
tance of over 100 meters , at a rate greater than 12 meters per
minute. This high rate , the fastest upward migration ever
reported . indicates that the an imals  involved were fishes or
fast-moving invertebrates such as shrimp or squid .

By using the deep-sea photometer in the inverted position
and placing over the window a view reatrictor limiting the cone
of light rece ived to 190, i t  was possible to record the flashes
of luminescence at the depths and t imes at which the principal
scattering layers were migrating rap idl y. Before this procedure
was developed , such observation had been prevented by the inter-
ference of the ambient light. In this way evidence was obtained
that a higher rate c f  flashing occurred during periods of active
vertical migration. Since luminescence has been shown to be so
prevalent in the upper 1500 meters oil the open sea and to vary
according to depth and to the activity of the organism present ,
it is evident  that this phenomenon is important in the l ives of
the i n h a b i t a n t s .  To what extent and under what conditions lum i-
nescent I lashing plays a critical part in obtaining food , in
avoiding enemies , or in attracting others of the same species
must  be determined by further investigation .

Participation in the International Indian Ocean Expedition
was arranged to obtain badly needed information on li ght condi-
t i ons  in that ocean and to compare the findings with the results
of our  extensive observations in the Atlantic. A total of 19
lowerings of the photometer were carried out aboard the R/V ANTON
BRIJ1JN between Bombay and Mauritius. Transparency was determined
and re- :ords of lumines~eut flashing were obtained . A new pro-
cedure was established in which the hydrographic measurements
were made at the same time as the light studies. This was accom-
plished hr attaching the Nansen bottles to the conducting cable
used for the photometer, arid attaching the depth meter with its
mercury switch to the deepest of the reversing water bottles .
This plan not only saved a great deal oil t ime , but it also provided :
(1) a rec--’rd of the moment when (- he messenger tripped the deepest
water bottle, (2) a precise measure ot the depth, and (3) a deter-
mination of the transparency which was imediately available for
producti vity studies and f o r  avi v other ship-board investigations .
From Maur itius south to latitude 43°S and returning to Aden my
program of light studies was continued by Mr. Mahlon C. Kelly.
More than 20 additional set ies lowerings were carried out for
transparency measurements and iecords of bioluminescence . During
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these cruises laboratory studies of luminescent flashing were
conducted on a variety of planktonic invertebrates obtained
by net hauls.

From the latitude 01 Bombay southward transparency was
found to be only moderatel y high s but near the equator i t  was
as high as in other tropical regions. South of the equator
extreme clarity was detected at all depths. At one station the - 

—

transparenc y was higher from 200 meters  to 700 meters than ever
previousl y recorded for these depths . or at any depth , except
for a few measurements of strat a less than 25 meters thick near
the surface. — 

- -

Throughou t the investiga t ion there was ev idence of a
relation between the amount oil luminescence and the volume of
animals caught in the net hauls. The light records and the net
catches are now being analyzed to relate the type of luminescent
flashing with the kinds of animals present.

PHYTOPLANKTON DISTRiBUTION

Edward M. Hulburt

During 1963 phytop lankton samples were collected from
the southern Sargasso Sea (Bermuda to the West Indies) in Jan-
uary and August. The enumeration of the species from these
samples has been finished . These counts, in conjunction with
similar counts from the northern Sargasso Sea (Bermuda to the
Gulf Stream off Woods Hole) throughout the year. show a seasonal
change in the flora. In winter and spring a majority oil species
are more abundant either toward the north or more abundant to

— the south , while a minority of species are more or less uniforml y
distributed . In summer all species tend toward uniformity of
distribution. In winter and spring the water column is homo-
geneous to 200-300 meters in the north but is stratified in the
south , while in summer it is similarl y stratified throughout the
Sargasso Sea. The changes in the flora correlate very well with
these h yd r o g r a p h i c  changes .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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ALGAL PHYSIOLOGY
- 

Johan Hel lebust

Studies on al gal ex cr e t ion wh i ch we re in i t i a t e d  in 
. 

-1962 were continued . Rates  of excret ion of photoassimilatedcarbon were determined for 22 species of marine unicellularalgae in culture during periods of log-phase growth , and fornatural marine phytoplankton populations from Vineyard Soundand the Gulf of Maine . Some information about the compositionof the excreted material was obtained using C~
-4 tracer tech-niques.

Most of the algae excreted 3-6~ of the ir photoassjmjlatedcarbon during logarithmic growth . Moderate changes in lightintensity did not cause significant changes in excretion ratesin most eases. However , very high light intensities (10-12 ,000ft.candles) increased the rates of excretion considerably, possiblythrough damage to the cells by photooxidation . Several species ,Olisthodjscus sp. , chaetoceros p
~ lagic,~~~ Chiorococcurn sp. andSkeletonéma costatum excreted measurable amounts of glycolic 

- 

- 

-acid . A manuscript on these studies is under preparation forpublicati on.

Preliminary investigations on protein synthesis in algalchromatophores were begun last summer in coopera tion withMr. David Habeshaw (WHO l summer fellow). Chromatophores wereisolated by an aqueous method from hizosolenia setigera.The incorporation of C14-labeled leucine into the protein ofthe chromatophores was determined under various experimentalconditions . Very low incorporation rates were obtained due to
— I) low yield of isolated chromatophores , and 2) inactivationor loss of enzymes necessary for protein synthesis. Studieson protein synthesis in al gal chromatophores will be continuedwith more suitable algae and improved isolation techniques.

Work is now in progress to determine what enzymaticstep(s) are limiting to the rate of photosynUiesis duringdiurnal fluctuations in photosynthesis by synchronized culturesof algae.
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— PHYTOPLANXTON CULTURE AND NUTRITION

Robert R. L. Guillar d

We continued study of vitamin B12 specificity of marine
diatoms , extending both the number of species and the number
of B12 analogues considered . The diversity of responses shown
by tf~e different species can be applied to bioassay of natural
water.

Several additional species of diatoms and flagellates
— were cultured in enriched sea water, but not all of the cultures

were maintained . We are interested in the survival of single
cells isolated into vessels of cul ture medium or sea water.
Almost all individuals of some species survive , while few to
none do of other species. Observations suggest that apparently
minor details of the procedures used to prepare media may be
responsible for some of the failure. to surv ive. This must be
understood better before we proceed to compare the physiological
responses , under controlled envirormiental conditions , of clones
freshly isolated from nature .

We continued morphological studies , chiefly of di atoms .
Navic ula ostreprip, which is known for the production of a
wa ter-soluble blue pigment external to the chromatophores has
been cultured . We also isolated diatom clone s that are struc-
turally identical to the blue ones (by light and ele ctron
microscopy) , bu t which have not produced the blue pigment under
any culture conditions to which we have subjected them .

Continued attempts were made to control the production
of gametes by diatoms in culture through manipulation of envi-
ronmental conditions. While we observed both gametes and auxo -
spores , the numbers were small and the occurrence could not be
controlled or predicted .

For the first time we suc cessfully shipped col d-water
algae by airmail , using vacuum bottles and plastic insulated
containers. One hundred and forty-five sub-cultures of various —

al gae were supplied to workers at institutions away from
Woods Hole.

- - - - - -5- 5- - - .~~.



-

- 34 -

ECOLOGY , PHYSIOLOGY AND BIOCHEMISTRY
OF MARINE NITRIFYING BACTERIA

Stanley W. Watson

- 
Wg are continuing studies on bactçrial nitrificatiori 

-

In - the ocean. In 1.962 we isolated and d~~cribed a new nitrifying
bacterium Nitrosocystis oceanus. During 1963 most of our - -
t ime was spent st~idying the metabolic pathway by which this
nitrUying .bacte$um oxidizes aumonia tp. nitrite. Since six
electr ons are transferred during this oxidation ~~ t w~s speculated
that three di~ t -inct steps were involved iii, this reaction.
Evidence obtained however in this l ab oratory durLn ~~, this last
year suggests that four rather than three steps are -involved.
We are present ly  separating an4 p u r i f y ing the enzymes involved
in this - reaction s~quenee . Although much work is still required ,
considsrable progr ess  has been made on - this  problent. : -  -

In our ecolog~.cal studies we made enrLchment cultures
for n i t r i f ying bacter ia  from the Indian and At lan t&c Oceans. - —

From the Indian Ocean nitrifying bacteria which oxidized
ammonj a to nitrite were, cul tured. 4ctive-nitrification was
detect~d . in these original enric.hmertt cultures in 13-16 days ~~
while in- previous cultures fro u, the Atlantic, nitrification was
not detected until 30-60 days following the enrichment of sea
water with ammonia. - This observation indicates that- n i t r i f i ca-
tion occurs more rapidly in the Indian Qcean than in the Atlantic
Ocean. - - - - - - - - - -

- - F~om inshore Atlantic waters - we succeeded in culturing
for the first time marine nitrifying bacteria which oxidized
n i t r i t e  to n i tr a te . It is now being - a t t empted to -isolate ~.n - -

t 

pure culture both of the abov e types ~sf bacteria for Lutute -

ecological and biochemical s tudies .  - - 
- 

-



PHYSIOLOGY AND BIOCHEMISTRY OF5 MARINE PHYTOPLANKTON

Charles S. Yentsch

The principal efforts this year have been concerned with
(1) the r.~lationship of certain hydrographic features and plant
production , (2) chlorophyll decomposition in the natural environ-
ment , (3) l i gh t  ab sorpt ion and phytop lankton , (4) diurnal cycles
of chlorop lyll synthesis , photosynthesis chioroplyll and bio-
luxnin~scence .

Geostrophy and P l a n t  Product ion

Th ree cruises in areas of intensive water-mass movement
have demonstrated a positive relationship between water-mass
v e l o c i t y  (computed from the slope of the density f ie ld)  and the
amount of chlorophyll. High chlorophyll concentrations occur
to the left of the main body of the current in the northern
hemisphere , to the right in the southern and are associated with -

the higher density water nearer the surface in these regions.

A ma themat i ca l  model has been designed to predict  chioro-
phy il  concen t ra t ions  in the section of currents .  The model con-
siders that  high de ns i ty  nu t r ien t  rich water is “tilted” into the
euphotic zone by geostrophic  ac t ion  and that chlorophyll synthesis
depends only upon nutrients and light. The model demonstrated
that , (a) chlorophyll concentration depend s on the slope of the
density field and hence the velocity of the current , (b) the

— growth of a population of plants is from the base of the euphotic
zone upwards . and (c’ chlorophyll concentration increases from
r ight to left across the current cross section in the northern
hemi~phete and vice versa in the southern. Model predictions are
in good agreement with direct observations.

Chlorophyll Decomposition

As a consequence of the development of a highly sensitive
and precise method for measuring chlorophyll and its magnesium void
decomp- sition product phaeophytin , these measurements can be made
in open ocean waters. As a part of the ATLANTIS II Indian Ocean
Survey 2000 observations of chlorophyll and phaeophyt in have bee n
made throughout the Indian Ocean. The total quantities of the
pigments vary widel y; however , a general feature is one of increas-
ing phaeophytin with water depth. 

-

The decomposition of chlorophyll a in cultures of marine
plankton algae has been studied. Phaeophytin is not produced in
cultures which ate nitrogen and phosphorus deficient . Phaeophytin
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Is produced after 100 hours in darkness. Microscopic examina-
tions of these cultures has shown that the appearance of
phaeophytin is accompanied by considerable cell disintegration .
This p igmented cell debris accumulates as large particles and
possesses an orange-reddish fluorescence when radiated with blue
light. In contrast , intact cells exhibit a dark red fluorescence .
S u r p r i s i n g l y ,  c u l t u r e s  kept  in darkness for more than two months
regain their capacity for growth in a matter of days when placed
in li ght , the phaeophyti u being rep laced by chloroph y l l  ~~~ . The
general scheme -i t decomposition at chlorop hy ll in nature is
descr ihed by the equation helow :

ch1orop h y 11~ + 155~~,1.~15~,-phyt ol 
~ chlorop hy l l  tdcil + cnzyme (? ) M6H.~~

~~~~ phaeop horb  idea p hacop h y t  in

Data i n d i c a t e s  t h a t  d i s a s s o c i a t i o n  of p h y to l  from chlorophy l l
m u st  oc c u r  a lmos t  s i m u t t a n c o u s l y w i t h  the forma t ion at  phaeoph y t in
or phaeop h o r h l d & -  and t h a t  c l i l o r o p h y l l i d e  is not  a l ong- s t and ing

• product ot~ cel ls kept in darkness .

D i u r n a l  C y c l e s  of Phytosynthes i_s; Chlorophyll and Bio luminescence  . 
. 

S

F u r t h e r  inqu i ry  into  t h e  c o u s at  ly e  f a c t o r s  of d iurnal f luc tua-
t ions  ot photosynt be t  ic capacity and chlorophy ll content has led to 

.

.

an ex a m i n a t i o n  of  t l i i  rat -’s of these processes in marine cultures 4-
held  under a var iety of l ight conditions .

Compared to cont m ucus i l l  um in a t  i on ,  a dark period of the
order of hours is s u f t  i c t e n t  t o  augment pho tosyn thes i s  considerably
and marked l y a t l e c t s  p i g m e n t  sy n t h e s i s .  P h o t o s y n t h e t i c  rate and
c h l o r o p h y l l  content. are a l s o  r e l a t e d  to s tage  of  c cl i  division in
c u l t u r e s .  The p o s s i b i l i t y  t ha t  n a t u r a l  p o p u l a t i o n s  are synchronized
w i t h  respect t o  d i v i s i o n  r a t e  i s  b e i n g  s tu d i e d  as well as photosyn-
t h e t i c  r a t e , re s p i r a t i o n ,  and ch lorop h y l l  conte nt  du r ing  cel l  d iv i s ion .

With R.H.Backtis t l i .  causat ly e  factors in diurna l cycles of
bio l u m i ne sc en c e  arc b e i n g  i n v e s t i ga t e d . M~ix imum b ioluminescence
occurs nf ter darkness and decreases rap idl y after sunrise. The cycle
appears  to he a f un e t  ion of 1 ig li r i n l iihl ion similar to the pattern
observed in cul L u r e s  of certain dinofiage l lates .

L~j~~j  absorpt ion and phytoplankton

il - ic major part icu late substance absorbing 1 ight in coastal
waters i s  an ultra — vi o l e t .ihsorber , the act ion of which extend s into
the  visible region. the at tenuat ion of blu e— green light is caused

~~~-~~~11~~~ :~~:~~~~~~~~~~~~~~~ -:~~ 
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primaril y by this material while absorption of red light is
caused by chlorophyll absorption. Observations in the open
ocean show much less of the U.V . absorbing material and in
these cases the soret. band s of the phy top lank ton pigmen t s are
clearly visible.

By subtraction of the attenuation by chlorop lastic pigments
of phytoplankton the spectral characteristics of the U.V. absor b ing
material may be determined . The material is characterized by slow
increase in attenuation from long to short wavelengths in the
visible spectrum termination in a broad absorption peak at
265 ,.-t . - A second and much stronger band is found at 2l0,~t
The nature of the material is not known but is certainl y derived
from plants. The material is considered to be largely a residue
of the carrier protein and degradation products of the chloro-
plastic pigments.

ZOOPLANKTON TAXONOMY

George D. Grice and Kuni Hulsemann

Studies continued in 1963 on the systematics ,~ distribution
and abundance of bathypelagic copepods. Major emphasis was devoted
to a series of plankton samples collected by the National Institute
of Oceanography, Surrey, England . These samples were obtained to
depths of 5000 meters by means of a Nansen vertical net in the
eastern North Atlantic between 300 and 60°N and constitute one of
the most important deep sea plankton collections yet made .

We have recently completed identifying , measuring and
counting the species and indiv iduals in these samples. Illustra-
t ions have been prepared for 30 new species and at least three
new genera . Approximatel y 15 species have been redescribed . In
all more than 160 species of calanoid copepods have been found in
the samp les. Anal yses of the data are currentl y be ing made on
the variation in species diversity , size and abundance with depth .
Preliminary impressions are 1) maximum diversity occurs well below
the surface , 2) there is a dramatic decrease in ntunerical abundance
at great depths and 3) very small copepod species predomina te in
the deeper samp les.

Many unique distribution records hive been recorded in the
North Atlantic swtp les. The genus Tenvrhinue erected in 1936 on -

the basis of a single specimen collected north of the Great Barrier
Reef , Australia and not since reported was four~ in two of  our

- 

- 

-

~:~.i:—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.



F ’ ~~~~~ 
- ~-~~~~~~~~~~

---— —~~~~—~~~~~~~
-----, - -

- 38 -

samples. The distinctive species Mimocalanus inflatus
described without illustrations in 1949 from a single speci-
men collected off the coast of Washington and not subsequently
reported appeared in one of our deep samples. Specimens of
Scolecithricella lamelli fer and Scaphocalanus bo~orov i originally
described from the co~ist  of Japan and the Kuril-Kamchatka trench
respect ively,have been detected in our samples as well as two
species of Racovitzanus not hitherto known from the North
A t l a n t i c .

Papers on Foxtonia babatula n. gen. et n. sp. , a species
typical of waters deeper than 2000 meters in the eastern North
Atlantic (300_400N), and on the occurrence of species found
between 4l°N and 15°N in the western North Atlantic have appeared .
A manuscript describing a new siphonostome copepod genus has been
submitted for publication. The new siphonostome is of interest
because most known species are small (less than 2.0 inn) and occur
on shallow-water hosts. The present species measured 5.2 mm and
was fou nd in samp les co l lec ted  between 3000 and 5000 meters .  No
obv ious hosts were present.

D u r i n g  the  year over 500 cataloged entries hav e been made . 
-

in the WHOI collections. Most of the entries are copepods , the
collections now consisting of representatives of 106 genera and
approximatel y 340 species.

ZOOPLANKTON PHYSIOLOGY

Robert  J. Conover

Studies on the large arctic copepod Calanus hvperboreue
have been continued . A superficiall y normal adult male , which
molted f rom a stage V copepodid in the laboratory, proved to have
a number of feminine characteristics as well. Although it had the
male five-jointed urosome , it was too large for a male , had the
general body contours of the female , and it fed readily unlike
normal males. Comparison of the mouthparts with norma l males and
females revealed a predominance of feminine characters. The genital
system showed both male and female structures.

D i f f e r e n t i a t i o n  ol primary and secondary sexual characteristics
in t h i s  species takes p lace l a t e  in the l a s t  i nt e r m o l t  pr ior  to the
adult stage . No reliable means of sexing the animals was found
befo te the gonads had begun to take on adult characteristics
shortly before the molt. Molting to the adult stage in nature was

,
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L
large ly restricted to the breeding season, late fall and
winter . Immature animals could be kept in the laboratory
for many months , but the period of molting and development

- 

- still coincided qu ite well with that in nature . Stage V brought
into the laboratory during the breed ing season produced nearly
equal numbers of males and females , but stage V captured~~t other
seasons produced females exclusivel y.

The suggestion is made that some factor in the natural
environment influences the sexual differentiation in this copepod ,
resulting in the production of sufficient males for successful
reproduction onl y when they are needed.

Physiolog ical studies on Calanus hyperboreus were mainly
concerned with feeding and utilization of food . Growth studies
have revealed efficiencies of 18 to 397.. Calanu s hyperboreus
Stage V , when fed diatoms Thalassiosira fiuviatilis or Rhizosolenia
setigera, both having caloric contents of around 5200-5300 calories!
gram , put on nearl y all their new weight in fat having a caloric
content over 10,100 calories/gram . This is accomp lished although
less than 607. of the to ta l  organic  m a t t e r  in the food organism is
a s s i m i l a t e d . E i t h e r  a s s i m i l a t i o n  is se lec t ive  for h igh-energy
compounds , which are less abundant in activel y growing algae , or
else algal proteins and carbohydrate are converted to copepod fat 

-

through loss of ammonia and oxidized carbon . During 85 days ’
starvation , the weight loss in this animal was only about 207.,
attributable almost entirel y to fat metabolism.

I n v e s t i g a t i o n s  of the  n u t r i t i v e  v a l u e  of various cu l tu re s
of al gae are s t i l l  q u it e  p r e l i m i n a r y  but ce r t a in  organisms
definitel y appear to be assimilated better than others. The green
algae Dunaliella , though more than 957. organic matter and soft-bodied ,
is poorly assimilated as is the common neritic diatom , Skeletonema
costatum. On the other hand a large Coscinodiscus (300-400,u ) is
readil y eaten and assimilated although its test constitutes 60-707.
of its dry weight.

In conjunction with assimilation studies , preliminary
bacterial analyses of fecal pellets were made with the kind coopera-
t ion of R.F.Vaccaro. Numbers r~nge from 400 to 4000 cells/fecal
pellet , amounting to roughly 10 1 to 1012 bacteria/gram of dry
pellets. Miong the numerous types present were chitin utilizers
and agar  l i q u i f i e r s .

Short  c ru i ses  to the Gulf  of Maine were made in January. May,
June , September and December. A longer April cruise to study the
spring bloom , was cancelled due to the sinking of the THRESHER .

-j

A



-- -. - - -5 -~~~- - -

36.0 .1 .2 .3 .4 .5 .6 .7 .8 .9 3.0 .1
12 14 16 18 20 22 24 26C0 

~ I I

SALINITY

~—PARTICLES

10o~~-. —

~~~~~ (f)

~CELLS I ~
I

- ---TEMPERATURE J
~~200 — /I

/
I

V . :

300 — —

(I~

j c ’ ~400 — — I ~~~1

500 I~~~~~~~~~L I I I L I I  1 1 1 1 1
0 1 2 3 4 5 6 7

X105 PARTICLES/I
— FIGURE 1. VERTICAL DISTRIBUTION IN RELATION TO T~1PERATURE ,

SALINITY AND CELL COUNTS OF’ PARTICLES WITH APPRO XIMATE MEAN
DIAMETER GRE ATER THAN AS DETE CTED BY THE COULTER COUNTER R .
R/V CHAIN STATION #570 , 21°48’ N , 64°57 .5 ’W.

~~~~~~~~~ - - -~~~~~ 1 - - - -~~~~~~



- - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - •_~ . —.- .--
~5 - 5 - —--- - -

- -40 -

- 
. The parachute drogue technique was employed to maintain contact

with specific water masses during diurnal studies. None of
- .~ the stations showed great enough diurnal fluctuations in par-

ticulate carbon and chlorophyll for the calculation of pro-
- 

:- , ductiv ity or grazing . Additional cruise s hav e shown that the
-

- -~ total quantity of particulate carbon beneath a square meter of
sea surface varies by not more ~han 367. from season to season- 

- (23.3 g/m2 in January, 36.5 g/m in la te  Apr i l )  but the ve r t i ca l  -

- - distribution varies markedly. During low productivity periods
total  ca rbon in the l ower h a l l  of the water  column may exceed
that above while during the spring and summer the reverse is
t rue . On the  other hand , ..~lilorop hy l l  ranged from 31 mg/rn2 in
January to 324 mg/rn2 in late April. Zooplankton biomass in-
creased from 2.6 g dry wt/m2 in March to 7.9 g in May. Maximum

- 

- bioma ss is pr obably obtained in summer with 11.7 g being observed
in June 1963 and 10.6 in August 1962- Contribution of the micro-
zooplankton was determined for only one cruise in May and amounted
to 1.3 g dry wt/m2 compared with 7.3 for the larger plankton. In
the same size range as the microzooplankton . one phytoplankton
organism , Ceratium tripos, contr ibuted 2.1 g dry wt/m2. As frag-
ments of Cerati~~ have been observed in fecal pellets of Gulf of 4
Maine Calanus , this large cell may prove rather important as a
food for the copepods of the area.

Considera~.4e t ime has been spent on evaluation of the
Coulter Counter ~~ as a research tool in oceanography . The instru-
ment will enumerate accuratel y laboratory cultures of unicellular

- -
~ organisms of similar size It can also be used to distinguish

between d i f f e r e n t — s i z e d  organisms in mixed cul ture . However it — -
~~

2 cannot d i s t i n g u i s h  l i v i n g  and dead p a r t i c l e s  and thus counts
detritus as well as living cells - Particle counts of natural - —

waters , even S~rgasso Sea , ate always several orders of magnitude - -

greater than optical cell counts (see Figure). However , the role
of detritus is becoming increasing ly important to the study of
production biology. In surface waters, Coulter counts usuall y
correlate well with total chlorophyll or particulate carbon.

- 
Total pa iticle s are most numerous in the surface waters

but their distribution does not follow a smooth curve with depth .
In the surface layers high and low particle counts may alternate
at adja cent depths  wi thout  any obvious corre la t ion  wi th  other

- phys ica l  or biolog ical parameters  (Figure) .  In the Sargasso Sea
mi nimum p a r t i c l e  counts gene ra l ly  occur at  mid-dep ths  but even

- there were found 50-100 pa r t i c 1~~s/ntl wi th  mean diameter greater
than  4~~

The Coul ter Counter m e a s u re s  the resistance of a particle

- 
suspended in an electrul yte as it passes through an iectric field.

~~~~~~~~~~~~~~~ L
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Theoretically the resistance is proportional to the volume of
the particle. This relation holds true for particles with max-
imum and minimum linear dimensions varying not more than 2 or
3 times , but when one dimension is many times the other two, i t
is doubtful that  a direct proportionality is maintained . However ,
the counter may be used to compute rough “total particle volume”
for any sample. A maximum value of 6.852 mm3/l. was recorded off
No Mans Land at the south of Vineyard Sound and a minimum of
0.014 at 1400 meters at 22°40’N, 65°00’W in the Sargasso Sea.

MAR INE FOULING IN DEEP WATER

Harry J. Turner

Preliminary observations on various anchored buoys set
between Woods Hole and Bermuda have shown tha t significant fouling
appears to be limited to the upper 500 meters. As a general pattern ,
objects within 20 to 30 meters of the surface accumulate stalked
barflacles of the genus Lepas with an occasional specimen of the
genu s Chonchoderm a. Hy droids of the Camp anularia type accumulate 

)

on moored objects  down to a depth of 500 mete rs , and separate 7
moorings usually contain different species. There appears to be
little significant fouling below 500 meters although pelagic
Coelenterates , usually Siphonophores , often become tangled with
the mooring lines at  all depths .

Samples of deep-water fouling in the Tongue of the Ocean
supplied by the Atlantic Underwater Testing Experimental Center
have been examined . In this locality fouling is abundant , probabl y

- because of the tropical climate and proxituity to land masses. In - -

the upper 50 meters the fouling community resembles a benthic
community that might be expected on the bottom in shallow water.
Assorted species of filimentous algae grow luxurientl y forming a
mat containing errant polychaetes , crabs and shrimp . Imbedded in
the mat are various tropical oysters , musa~1’s (iinna) and scallops.
There are also numerous stalked barnacles . At greater depths
fouling consists of Campanularia-type hydroids down to 250 meters
and an unidentified species of Tubularia-type hydroid from that
level to 500 meters. Apparentl y, objects moored in deep water in
the Tongue of the Ocean provide biological niche s in a vertical
column on which a surface at any given depth acquires a benthic
community similar to that which might be found at an equivalent
depth on the bottom nearer shore.

Our attempts at making additional determinations of open
ocean fouling with our own apparatus have been unsuccessful because
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we have been unable to maintain deep-water moorings for
periods long enough to permit significant growth of organisms.

— Three moorings in 2,000 meters southeast of Bermuda have
been lost in spite of the fact that the specifications of
the ropes and hardware included a large factor of safety .
We suspect that failures are due to some organism biting
the l ines because failed moorings previousl y set by others
have shown evidence of this. Additional confirmation of
the “fish bite ” cause of failures was obtained recentl y.
A group from the Department of App lied Oceanograp hy set - -

a buoy moored by three separate lines in deep water off
Bermuda. Within a few days one of the l ines parted at a
depth of 800 meters. Upon retrieval , it was found that
two of the strands of the three-strand 9/16 pol ypropy lene - 

- -

rope had been cut off sharp ly and the third appeared to
have parted due to stress failure . Figure 1 is a photo-
graph of the broken end of the rope. An additional near- - 

- 
-

failure was found in which one strand had been cut (Figure
2) and a second strand partiall y cut (Figure 3). Examine-
tion of the fibers with the microscope showed that the
severed fibers had apparentl y been cut with a very sharp
object while those of the frayed strand had broken under - 

-

tension. We have now obtained some experimental ny lon
rope imbedded in a flexible p lastic and intend to moor
another buoy with this material . We hope that the organism
that is cutting the l ines may be assisted by the fibrous
nature of the conventional ropes and that a smooth outer
surface may act as a deterrent.

k
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REPRODUCTION AND LARVAL DEVELOPMENT OF MAR INE INVERTEBRATES

Rudo l f  S. Scheltema

Inver tebra te  ‘ a rvae  taken from p lankton samp les in the
open sea f a l l  in to  three general  ca tegor ies :  (1.) those belong-
ing to organisms which spend the i r  adu l t  l i f e  a f l o a t , (2) those
o r i g i n a t i n g  from organisms a t t a c h e d  to pelagic  seaweed of the
genu s Sargassum, and (3) those which  come from organisms on the
bottom . It has been the l a t t e r  two categories w i t h  which I have
been concerned .

Among the commonest l a rva l  forms are those of the
Sargassum organisms : a cyphonautes  presumed to be that  of
Membranip ora tuberculata ,  the ve l iger  of the Sargassum snail ,
Li t iop a melanosto ma, and the ~oea and megalops believed to be
tha t  of Por tunus  ~~~

The forms which o r ig ina t e  from the bottom cons t i tu te  a
wide v a r i e t y  and include to rna r i a , a u r i c u l a r i a , trochophores ,

-: veligers of gastropod s and l am e i l i b r a n ch s , and the larvae of - 
-

sipunculids , brachiopods , pol ychaet es  and stomatopods.  The
origin of the benthonic larvae must be e i ther  from the conti-
nental shelf or from the deeper waters of the slope or abyss.
Unt i l  a larva is re la ted  to i t s  a d u l t , the species cannot be
determined and consequently the place of its origin cannot be
inferred.

Of p a r t i c u l a r  in teres t  has been the d i st ~~ibu t ion  of
certain sipunculid larvae (See Fig. 1 , lower r ig h t ) .  These
have been found in p lank ton  samp les between 300 and 400 north
l a t i t u d e  from the edge of the Gulf Stream to the Azores.  They
occur more than a thousand mi les  from t~~e nearest  coast. It
is of great interest to know whether these larvae originate
from the ab yss or whether  they are carr ied over great d i s tanc~ s ,
in this  instance perhaps  across the A t l a n t i c  an eas ter ly
d i rec t ion  and hence southwesterly in to  the Sargasso Sea . The
principal obstacle for planktotrophic development of larvae from
abyssal species is the necessity to move several thousands of
meters  ve r t i c a l ly to the sur face  of the sea to feed. The large
dis tances  which larvae may be t ranspor ted  is of great  zoogeo-
grap hic  impor tance .

During the pas t  two years  deep-sea dred ge samp les have
been collected in order to investigate reproduction of the deep-
sea benthos. Fourteen samples from a station 2000 meters deep ,
located near the bot tom of the con t inen ta l  slope at  approximate l y

— 39°42’  nor th  l a t i t u d e , 70°39 ’ west  longi tude , have been co l lec ted .
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FIGUR E 1. LARVAE FROM THE OPEN SEA TAKE N EAST OF THE GULF STREAM
ON A TRANSECT FROM LONG ISLAND TO BERMUDA .

U pper  left: CYPHONAUTES LARVA OF Membranipora tuberculata (?L
Upper right: LARVA OF AN UNIDENTIFIED TNARTICULATE BRACHIOPOD ;
Lower l e f t :  “GIANT AURICULARIA ” FROM AN UNKNOWN SEA CtTCUMBER ~
Lower r i g h t :  LARVA FROM AN UNIDENTIFIED SIPUNC TJ LID . THIS FORM
HAS BEEN FOUND ON A WIDE ARE A OF TIlE ATLANTIC . 
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The very laborious task of separating and identifying this
material was very much accelerated by the hel p of a summer
assistant , Miss Janet Rodman of Bryn Mawr College . Certain
forms such as the Scalibregmidae , a famil y of polychaete worms,
are now known to be present in suf f i c ien t  numbers and are
ident i f iab le  so that the stud y of periodicity of reproduction
by the examination of histological  preparations can proceed.
Other questions such as the incidence of hermaphrodism and
asexual reproduction wil l  be determined among various species
of the benthos. A knowledge of reproduction and planktonic
development among deep-sea benthos is necessary for an under-
standing of speciation and evolution in the deep sea.

The stud y of the larvae of New Eng land intert idal
gastropods was continued in collaboration with A.H.Scheltema.
A description of the larvae of Nassar ius t r iv i t ta tus  grown in
the laboratory has been completed and submitted for publ icat ion.

.5

BENTHIC COMMUNITY STUDIES

Howard L .  Sanders and Robert R. Hessler

The year of 1963 was primarily devoted to the systematic
analysis of deep sea fauna of the Gay Head-Bermuda transect. Our
e f f o r t s  centered on three groups: Pelecypoda (Sanders) ; Isopoda
(Hessler); and Polychaeta (Dr. Olga Hartman).

The three major faunal components show essentially similar
distribution patterns. No species has a ubiquitous distribution
and , in fact , each species is restricted to a specific portion
of the transect. These data are consistent with the reasonable
hypothesis that  the species components of the deep-sea benthos
are layered according to depth along the ocean floor .

Of the three groups, the Pelecypoda is the one element
that is somewhat adequately known in the area of study, primaril y
from the efforts of Verrill , Bush , and Dali  before the turn of
the century . Between 60 and 65 species have been found in the
samples so far analyzed . There is strong evidence for a zoo-
geographical boundary in the region of the Gulf Stream since
almost no l amellibranch species were found both north and south
of the Gulf Stream. Those present north of the Gulf Stream can
usually be placed within a known bathyal or abyssal species
occurring at higher latitudes of the North Atlantic and frequently
from approximately s imilar depths.  Those species collected south of
the Gulf Stream appear to have no North Atlantic affinities.

- 
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More than h al t t hi’ specimens by number in our samp le s
are po lvch aetcs . Until the prosont surv ey , 500 species ot
pol ych as tas wet-c known as the result ot  one hundred years oi
coll ecting from all oceans at bathyal and ab ysaal dep ths . Yet
from 26 samp les in our geograph icall y restricted tran sect ,
Di - . Hartatan ha~ found about Ut) spot’ i’s of wit I cli oiio—quarter
ar e now. In d~~cr thing some ot (hose forms , I t was necessary

o i’t~et - t h igh er  t - - xons. P t. Har t man document s I lii ’ p-re sauce ot
three separate poi vclta i ’ti ’ assi ’mhta ges  along the t ransec t a
Cont in~ nt~~l Slop e ~ssoci~~ itm , an Ab y ssal associati .on, and a
Bermuda R i s e  a s s oc i a t i o n .  This i s  the first report of a clear
and dl at I not St ope t a i s u n .

The study ot  I ~opo41a tound a long our t r an s ee so far  has
heen 1 tin f t  Oil to t ho Asc ’ 1 lot a , ‘c.inse it I a suborder oompr I sea the
vast ma b r  It v o 1 t Ito I so1’od 1 anna at I owi’r hat hya I and abyssa 1
di’p tits indeed , ot h ey I sop odan t vpi’ s are ou t y rare i v present .
Thus I he Aso it ~‘t a ~d I Sri ’ g a i t I lug I to sitwa I or and op Iso I c $~~~

t i .
~~t~~~t )

thas ac t or I ~o I hi ’ I vp I cat sli ’i ’l i - sea I anita . whose bou n d a ry  wit Ii 
- 

-
~~

tha t ot t he shall ow—wat i’ t -  she It t anna I a bctw~en I 00 and 200
me 1-era a I out-i t in’ t rausoc I . ‘FIt 1 $ 1 ends  to ho dct’pc r titan the uppe t~

1 Em it f ~ ~~~~ r a t ’  I o :t~’oc i i ~~ do sot I hod from t ho Scand m a y  Ian coast
support t isg ( I n ’  idea I h a t  I hi’ n

~
’pi ’* l imi t b r  deep— sea forms a

i’n tj ’ c ’ t t i  I uiUu’ — i l i ’pu ’ ssu l c ’ t s (  and I a I hose I ore ~~~ I l ower a t hi ghet ’ let  I — - -

t~ tith’ ~ . ituppvo ~ I nut I ol ~ / 
~ ~~~

‘c Ii ’s o I A so! I i ’  ta are i’ at imated to occur . 
-

In out tr ansec t saint’ I e a . M o te C l a s s  h a l t  o t  I hose are proba hi y
i siule ci tied spec los * For nat ant e • t ho genus Des~~ soma is
r ep re s i ’s t l  i ’d by  ‘

~ ~~~~ i’ i I i ’s ~t I  ong I hi ’ t r a n se c t  . All  bu t tour of
I h e a t ’ a l t ’ now . t’Iti~ rOu st~ known spot’ i t ’s  W e l t ’  doscr  I hod I i.om

and o t Sc~ nd I nay I a i i  wa t i ’ % S ,  ) i’t-ev to ut s 1 o our st tidy t lit ’
wo r ld  t O t i f lt  [or lt t ’mnosoma was on1 v I I  s p •  I os . That  such a larg e

roen I age o I new spec I es cots l i t  he tak en i ~ s u c h  a l i m i t  i’d area
~s our I r anst ’c  I suggi’s I a I hat at I eas t  among I I to  a r t  hrop od~ , [hi’

sea b~ n t h  t o  f a un a  I s  s t i l l  har d I ~‘ known a t  a l t .

The vat Ui’ S tot out r quan t  I t a I ly e  s tud I t ~$ arc appt’ ec tab I v
gloa t or titan that toutid I i i  any p s - er Ions inves t t~ at lost ot l iii’

i leep — sea bentlios ra I s l u g  (l i i ’  
~~~~~~~~~ 

I li lt I t v [list ( In ’  densi I v 0

anima l a pr o sent i n  our i-c g ion  • i t sI nil v I s  abuorma I t  ~
. it Ig h . To

oat I his puss lb itt ty , Mr . [eo i- go K t hu mp son co i l  ccl  ~ tI samp I es
n A p r i l  ~ t comparahi o depths ot I Iii’ coast ~ f Son [it Am erica d u r i n g

I he FQUALANT ct -ui si . Ilto st i tmu ’ 1 I ia I i e sul I a agreed c los t ’  I ~
. with

oust (1 od I ngs in t Iii ’ North At I ant 1 c

A sustana r ~‘ ot SOnti ’ 0 I out  I t i ’  suit a and conc i t s  a ions regard tug
tao  di’ep —sva  t i e n t  lios can hi’ I ound in Pro XVI. ln1~rn. Gen~r . Zool .
4_~ III ; t i i t l  A IBS [lull . I t ~ ’i) : t~t —t~ I .
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D u r i n g  t Ito past atus~nvt’ iii collaborati on u’ I t it Itt  . Paul
Mangelsdorf , We’ compared aub t i d a l  sediment s a l i s t i t i t ’s with that
o 1 the ttt~nod tate 1 ‘~‘ o v e r t  \‘ ing wat et in a sutal 1 estuary tior (ii of
Wo ods lie i t ’ , the Pocasso t Riv et - • and vi ’ 1 at i’d these I m d  tugs t o
the d [str [button of t h e  estuar  t n t ’ t antia . llit’si data were cot —

lected by  a Sa l t  l i t t d ~~t’ an in s t r um e n t  dt ’ve ’ l opod h~’ Dr. Maug els—
dor I - Our f i n d ings t-eg atsi i ug hot I ~‘t u — w a t e r  sa t  l i t  i t  it’s ahowod
p i t  I oil a ot It igh , .s s i n t  t a t  Iv stat i ti ~ sal iii ii los and pt ’t - I otIs s i t  ( ow ,
at nuts I I to sIt —wa I , i -  sal i n I I (os sepas at ~-d ‘v a htut 1 t t and h r  l e  t~
transit i oust I pi t- I od a t I t t  o t t 5 t i t ’t t  t ( h i t  n l i l i e ’I l i s t  I I ot  (lit’ es t u t sttv •

L’Iso l ow — ass I t n t  t v p I t a  a t - 1 a o I I ,‘tts ~e’ 5 s li t t at I ~‘t t  at 5 lie n i tr i c t ’t n l
,i~~ the i’s [nat v w i t it I he it t glt — sal ( s i l t  v p h ase ~ s as i t t a  I I v pt~’ lout—
m a t  ing as otto I~roce’tsl s is, ~swat s i .  itt eost trast to the ’  marked ‘ 

- - 
-

t i  u ctua  t ion in h o t  I o u t  - ‘~-a I es  isa h i t  i t  \ , (Itt ’ st il l tiio ttt s~t l  i t t i t  l o s
at e ’ st al’t o anti i- o u s t  ant i, i t  i t each ~ t at tos t has- lug it a own chtssu a c -

I i i  1 a t  I c sal li t it V V a l i t - an -i w i t  It a ~ t sitlit a I I it . - l e a s t ’ iii sit ~ in  I t  V

I rots [Itt’ upt\t -t mao a t  to a olie a I o I hi’ molt t i t  o t  t i lt ’  t a t  t s a r  v .

Tho 
~
. po o I sal I n i t v i t  e t ta t  Ita a a m at  k , d  ~ I t i ’~ t o~ t hi’

d I at  r ihut ion ~ t t hi’ hin t lion ! c I a i t U s u  . I t t i ’ i
~~’ it a n i t a ,  I h a t  cow—

r0~~~’~~ I 01 1 Itt ’ lu st t hit s I s a t  I i v  oa Ot t  t 110 SI t i  I a ~ ~ I t  (Iii ~t’it I I1W’ttt

- - and t h o t , ’  I it i t’  sub t o  t , ’d o I lit ’ ,‘xt i t t i t i ’ i s s (  I n i t  v I I is.- (isa I i o n  and
t u t u  l i t  an t i  S e V ot i ’  rat es oI sal t n t  Iv ~- l t u t t t ~~o , is \ i ’ t V  pt ’,’ i l v  i i ’~i ie

si’tt t cit • tiat I en I at  I v in it , i s p~ ’. t p a t  t o I I he’ cii i t t a t  v . ‘l’ltc
iii ta ttii a , I h ose ’ a n i m a l s I iv lug i t t  s i t  h o t  tIt an ~‘it t Ito hot tout , on
ito s i t  hit itand • I iv i ttc~ tli t eIO t tuucIl itt,’to at at’ It sal in It \ t ottd It ions ,

n u s k o  up the vast sit s t ot - i t v o I the I a t i t t u s  . It is proc i at’ lv I li e t. i g id
p
~
’
~ 

I t uil I t is l t , u — term I l t t c t n a t  I on a in t Iii ’ wi l t ’ s sal in It v I hat
a t  ahi I tu~c or hut I~~i t itt’ sod ins t - i t t  sa l  t i l t  I t i s  at isi t hote ’ l o r e  titsirkod l v
r i -du o  o the  doe.t 00 01 pltvs to I , i t ,- t I  ~~t ri  it -t i al so sosi on t he I u fa un a
as t o t i p a v i d  to t he op I I anita

The f i r s t  pun t ot out tuotlo~ t ap htt o I t , a t  i t o t ti 01 [it t ’ crust at’CStt

stt t ’c I a as Cep ltu s 1 ot - i t  I d  it , ,ic ’ it I i t t ~~~ wi [It I i t i t e  [ I  otlul I lne t t u t i o  1 05V  , t~t t ~v al I 
-

,Io ~~o I t u h s u a ’ t t t  , ails1 cs u stt t i a t z s t i v  e ext ‘t  ins t ansi t .‘tttv , list s I tOW h’Oc ’ii pitt’t i shed
(Sa udi -t a , I ‘)(u 1 , t-Iout L ’s ’sist - -\~-a,l \ t  l’ s ~, S. I ~I ’ u :  50 pp. ‘1 . A S t c ’tls l
. s ’t t t  t-Ihttt lo st c,ust o ,’t s titto (It, .- s iii p ai , tt  lvi ’ ak,’ht ’t al — t t t u s c t a t t u t i’ sy s te m  -

1~ itt I’~~’~~ ( I l o s s l  et  , Mt -nt ~‘, ‘ t t m  -\,- ,s,i \s t is ~, Sc - s ‘t , Anu ttt t ’t (‘~ P°~ 
‘I

rola t it i ~~~ to the i~o1’ha Is ’.-a i  I d a  a p p e a l  a in a t i - s - t n t  svtipos i t s l i t  v o l t s m i ’
(Sa stlota I ‘)(u I in: ~ t~~i o~~~~~ attd l-v , ’ I i t t  t oil .‘ I Ciiss t aco~~__ Mttit , ~

‘ostq~.

- 1__ _ _~poc Li i  ~~b l  tc~jt io n - X I I I  - S i ~~t t i  I c as t s , ’ c i t  t i e  Ci’ph~~lo-
car let s 11 , 1—1 ,‘‘ i t  - i t t  p i e  as i a it papot stoat i Ui ’ w it It I sit \5 t~ i ’\- ’ I op
sh ill ot liii i slt t ’hi an cep tta I .‘~-a s Id, 1 ~ ‘,it t t el I a i t t . - I isa to ,u cl lug I i cait

spi’i t t lt ,’ns wu’ cot I i o i  oti itt Pist ’s I.’ R 1 s , ’ i Siti ,I o t a i\ Ht’ssl i i  • _ _ _ _ _ _ _ _ _ _ _ _

as Is a ttot o it ’pot t I t t ~~ I he’ I t ttdiug ol ,-oj ’hal ,‘, :si Ida i i  100 not i ’t s ol
wa t e t cUb s~~h i t ~\ Sa t ic l t ~ i -i , ~

‘ t t t  t i t s ~i’ au 1
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MARINE COMMUNITY METABOLISM

John M. Teal

Work began with measurements of resp iration of various
species of trop ical euphausids under vary ing conditions of
temperature and pressure . This was done in collaboration with
Dr. Frank Carey aboard R/V CHAIN in the tropica l Atlantic
during February and March. Difficulties with tile pressure
apparatus were encountered which have been corrected since .
In general the results indicat ed an increase in respiration - 

-

I - with increasing pressure which would tend to counteract the - 

-
-

effect of decreasing temperature with depth . In other words
the metabolism of the vertical migrants tend s to remain constant
during their migration. We are about to cont i nue these studies .,~-1 

-

with Meganyctiphanes, a euphausid from the Gu lf of Maine .

Whi le  in the  t r o p i c a l  ocean , we a l so  made measurements
of respiration of a number of representatives o1 planktonic
groups o the r  than  c rus tacea  ( sa ips , heteropods , p teropods , e t c . )
which are difficult to keep alive and which must be studied
soon after being caught.

During the sunsuer and fall , studies were carried out in ‘ -
- 

- -

local salt marshes in coopera t ion  w i t h  Dr. John Kanwisher. Plastic
tents held up by air pressure , were placed over individuals or
group s of Sp ar t ina  p l a n t s  and t h e i r  CO2 u p t a k e  measured over
24-hour periods. Respiration was greatest just after dark and
decreased d u r i n g  the n i g h t  w h i l e  a l l o w i n g  for  v a r i a t i o n s  in l i g h t,
photosynthesis was greatest earl y in the mornIng and decreased
during the day. CO2 uptake continued when p lants were artifi- 

- -

c ia l l y darkened in the m i d d l e  itt the t h a v .  Th is  was traced to
- ‘ CO2 t~~take by the roots which  were d r a w i n g  the gas down through

the stem as they do oxygen. The phenomena disappeared soon after
we discovered i t  so is  presumably  l i m i t e d  to voting plants. We
expect to exam ine it in some detail this spring .

In several cases measurements of transpiration rate were
made by drying the air before it passed over the p lan ts and then
weighing the water added to the alt- . These showed that transpira-
tion was proportiona l to l ight i n  a genera l  way.  The water trans-
pired was calculated to c o n t a i n  no more than 1-2 0/oo salt by -- -

comparing the salt secreted by the l e a v e s  with the amount of water
transpired . This indicates that Spartina like the other salt marsh
tropical plants studied b y Scholande r, ex c l u d e s  moat  of the salt
at the roots before the transpirat ion stream gets i t ito the plant .
The remaining salt, which is almost pure N a P I  , is secreted by the
leaves .  T h i s  would t l i e ’ort ’ t i ca l  lv  hav e I l i e  o t t o c t  itt concentrating 
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all salts in the marsh mud s but since some NaC1 is lost through
the plant , there is actuall y a relativel y greater concentration
of bther ions in the muds and of NaCl in the water. This change
in relative composition was detected in the late sumer when the

-
- 

ratio of Na to K was increased from 49 to 51 in the water draining
- the marsh and decreased to about 45 in water squeezed from the

mud . Larger changes could be expected earlier in the season when
the grass is growing more activel y.

— The roots of Spartina are living in an oxygen-free mud and
get their oxygen from the upper parts of the plant . Changes in
oxygen and carbon dioxide around both top and bottom of plants
were measured starting with moist nitrogen around the roots and

- - moist air around the tops. Three times as much oxygen was trans-
- 

- ported to the roots under these conditions as they required and
the excess diffused out into the gas su rr ounding the roots.
Although the rates for plants growing naturall y in the mud might
be qui te  d i f f e r e n t  from those measured , it is clear that Spartina
can supp ly oxygen for aerobic organisms living in close associa-

- tion with their root systems .

During the late autumn and winter a study of pCO2 changes
in estuarine waters has been begun as a way of stud ying  r a p i d l y
the sum of the biological activity in various waters. By con-
t inuously e q u i l i b r a t i n g  the sea water through which tile boat is
moving with a small gas volume circulating through the infra-red
analyser one can make a continuous recording of pCO2 in the water.
W i t h  a shallow-draft boat a survey can then be done of local shallow
waters where biological activity is intense and such an integrated

1 measure makes it possible to compare the total biological activity
— in a v a r i e t y  of areas. Some areas which are subject to intensive

4 
study by others at the Institution are being included for compara-
tive purposes.

I 

:~ 

- -
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MARINE BIOPHYSICS

John W. Kanwisher and William S. Maddux

The concentration of marine animals and plants varies
abruptly on both small and large scales. We have been develop-
ing some means of rapidly assessing this inhomogeneous distri-
bution. The animals are counted j

~ ~~~~ 
when they interrupt an

electric field. The resulting electrical pulses are proportional
to volume and can be size-sorted. Animals as small as .2mm give
a clearly defined signal. There is no upper limit of size. The
animals which have been counted can be retained in a net to
check the species composition. We are attemp ting to monitor
phytop lankton concentrat ion wi th  a long path (4 meters) spectro-
photometer working at the chlorophyll peak. Past work has shown
local sharp variations in CO2 tension in the surface sea water .
We hope the additional information will help exp lain this in
terms of the local plant-anima l dynamics.

The central aim of the work on porpoise physiology has
been to understand how the smaller cetaceans strike a thermal
balance in cold water . It was found by both direct and indirect
calorimetry on a harbor porpoise that  a high rate of metabolic .

. 
-

heat production (3 times man) is necessary if small animals
(20 Kg) are to keep a mammalian body temperature (36-38°C). - 

-

Heart rate was found to vary by a factor of 2, and was most rapid
directly after breathing . As this is opposite to what would have
been expected , we are building telemetering gear to transmit -

:

acoustically from a free swimming animal. The present traits- - 
-

mitter (a 60 kc device) has been tried successfully on a skin
diver .

In the R/V CHAIN cruise to Brazil , CO2 tension was measured
along the track of the ship. Repeated crossings of the equatorial
undercurrent showed that surface water CO2 does not strongly reflect
underl y ing hydrograp hy ,  cont rary  to our expecta t ions .  In addition
repeated lowerings to 1500 meters were made wi th  polarographic
oxygen electrodes. The resulting continuous profiles were sub-
stantiated by Winkler oxygen determinations from Nansen bottle
samp les.  
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W i l l i am C. Schroeder
k
4 Research was continued throughout the year on skates

and rays trawled by U.S.Fish and Wildlife vessels operating
along our South Atlantic coast , in the Gulf of Mexico , and
southward to the offing of Brazil. In addition to a large
amount of material received in 1962 , part of it in November

4

. and December of that year , substantial collections came to
me in May,  July and October 1963.

All , excepting a few pending items , are included in a
manuscript about ready for publication. However , in December ,
I was informed that another collection would be shipped in
January,  1964. As this was taken chiefly off the coast of
Venezuela , and in deep water , it should prove of particular
interest and I plan to include the resu l t s  of i ts stud y in the
manuscript at hand . Publication is expected to be in the -

Bul le t in , Harvard Museum of Comparative Zoology.

BIOLOGY OF LARGE PELAGIC FISHE S

Frank J. Mather , Margaret E. Watson , and Martin R. Bartlett

The continuing growth of the purse-seine fishery for
tunas and the long-line fishery for swordfish Xiphias gladius in
the northwestern Atlantic facilitated further advances in the
stud y of the yearly distributional and reproductive cycles of
these fishes as well as seasonal changes in body condition.
Simila r invest igat ions  of other large pelagic  f ishes  were
advanced , along with studies of the visceral and skeletal
anatomy of many species and of the taxonomy of amberjacks ,
genus Seriola.

Field work included over 200 man-days on 10 cruises in
four research and commercial vessels in the A t l a n t i c , covering
the edge of the Continental Shelf from Cape Hatteras to the
Nova Scotia Banks , and extending eastward beyond the Azores.
In addition , a cruise of 49 days in the Indian Ocean worked from
Maur i t i u s  northward into the Arabian  Sea , t e rmina t ing  at Bombay.
Large fishes were caught on long-line and trolling gear , while
larvae and small juveniles were collected with nets. Field col-
lections were augmented by important acquisitions and loans from
other research organizations and from commercial fishermen. - 

-v- - - - -~~--- --~ — --;- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Landings of the latter were examined on 18 occasions and
over 6 , 000 tunas were measured by Mr. Gerald Pesch , employed
under a grant of the Sport Fishing Institute , and five other
projec t  members. Log-book data  from f i sh ing  vesse ls  were also
recorded . The compilation of biometric and other descriptive
data continued concurrently with the above activities and also
through museum and laboratory visits. Uniform systems of
examination were set up with Mr. Noel Tibbo , who directs the
swordfish and tuna studies of the Fisheries Research Board of
Canada.

Project personnel and cooperating fishermen and scien-
tists marked some 3,400 fishes , and 76 returns were obtained ,
far exceeding all previous annual totals for the Cooperative
Game Fish Tagging Program)-

Information on the areal and seasonal distribution of
tunas was increased through the above activities. The mid-winter
presence of small numbers of bluefin and bigeye tuna and albacore ,
Thunnus thynnus, T. obesus, and T. alalunga, along the edge of
the Continental Shelf from Hudson Canyon to Norfolk Canyon

2
was

- - established for the first time during R/V GOSNOLD Cruise 6 , and
was further confirmed by commercial catches in this area and off - 

-

Georges Banks and Nantucket Shoals. Long-line exploration was
extended for the first time into the central and eastern portions 

-

of the Nor th  A t l a n t i c  by the Nat iona l  Geographic Society-Woods
Hole Oceanographic Institution-U.S.Bureau of Commercial Fisheries
Pelagic Fish Research Cruise in M/V DELAWARE (Cruise 63-4)~ April
22 - June 10. Consistent catches between the Grand Banks and the
Azores indicated a transatlantic distribution of bigeye tuna in
the middle latitudes. A giant bluefin was unexpectedly taken in
mid-Atlantic and a few others near the Azores , but our hopes of
making a positive contact with the eastern Atlantic population
of this species were disappointed. In warmer waters between the
Azores and Bermuda , the ycllowfin T. albacares was the dominant

1-Supp lemental financial support for this program was received from
the Charles W. Brown , Jr. Memorial Foundation , the International Game
Fish Association , the Sport Fishing Institute and several contribu-
tions from clubs and individuals.
2Vessel use financed by NSF Grant 23472.
3One-half of vessel use financed by National Geographic Society
Grant to 141101.
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. tuna species, and bluefin were encountered as usual in the Gulf - - 

Stream and off South Channel. Environmental data including tempera-
ture , salinity, chiorophy l , and plankton volumes were gathered for
comparison with fishing results. Mr. Bartlett participated in a
fall cruise in the M/V DELAWARE (Cruise 63-11), which , l ike R/V
CRAWFORD Cruise 56 it-i the fall of 1960 found bluefin absent from
the deep waters beyond the edge of the Continental Shelf , but
supp lied new distributional information on yellowfin and bigeye
tuna and albacore .

The seine tuna fishery produced record landings due to the -

participation of some 18 vessels with several times the capacity
of previous local fleets , but the catch of bluefin on a unit-effort
basis declined from the 1962 level. Increased fishing mortality and
a possible diminution of the stock were also indicated by a dramatic -

increase in tag returns for bluefin in the northwestern Atlantic
from 6 for the previous S years combined to 19 for 1963 alone . Pre-
l itninary analysis of size composition data for bluefin , which will
be used in studies of population dynamics in cooperation with the
U.S.Bureau of Commercial Fisheries and the ICES bluefin tuna work-
ing group , showed no dominant year class in the 1963 land ings, in
contrast to the preponderan .e of 4-year-olds in 1962. On the other -

hand , indications that skipjack , Katsuwonus pelamis, might consti- -

tute an important resource , first noted in 1962, were amplified by
greatl y increased landings and by reports from seiners and their
spotting planes of enormous skipjack schools south of Long Island. —

The long-line swordfishery, which received much of its
impetus from successful experiments conduc ted in WHOl research - - -

vessels May - October, 1962 , has main tained contact with this
species throughout the year. R/V GOSNOI,D Cruise 6 first revealed 

-

the mid-winter occurrence of the species in the Cape Hatteras - -

Norfo lk  Canyon area after its disappearance from the fall fishing
grounds between Georges Bank and Hudson Canyon . Commercial vessels 

-

r ecor ded i ts  re turn to the no r the r l y area in the spring,  as well
- -~~ as the seasonal influx of sharks and tunas. Additional measure-

4 ments and examinations confirmed the attainment of larger sizes by -

- k females than males. Tile sex composition of landings varied greatl y,
- 

- - a group wintering off Cape Hatteras included only 37. male f ish , con-
trasting with October findings of equal numbers of each sex off
Long Island .

Much progress was made toward public ation on the description,
iden t i f i ca t ion , taxonomy, and d i s t r i b u t i o n  of A t l a n t i c  amberjacks ,
Seriola,  wi th  notes on their relationships to Pacific species. Exatni-
nat ion  of external  cha rac t e r s  of our very extensive collection ,
inc lud ing  comp lete  ser ies  of each of the 4 North At lantic and
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Mediterranean species, ranging from ten (10) mm , to or nearly to
maximum known size for each , and smaller -samples of South
Atlantic material , including these species and one other has
nearly been completed . X-rays and skeletons indicate good
possibilities of identifying two species by vertebral counts.
Ana lysis of these data , some of which concern important type
and topotypical specimens , should end the long-standing confusion
over the nomenclature of Atlantic Seriola. Indo-Pacific specimens
and data are being acquired at an accelerating rate , and a world-
wide revision of the genus is planned. Gerald Pesch , John
Creamer, and Kay Oliphan t , a summer research fe l low , assisted in
this effort. Thirty-three tag returns for the greater amberjack
S. dumerili, all from Florida waters , indicated heavy fishing
pressure on the species in certain localities , where the overall
return rate of lO~ was considerabl y exceeded . None of the a
recaptures was over 100 miles from the release point , and most
of them were in its immediate vicinity.

Eighteen tag returns were ob tained from istiophorid fishes.
Most interesting among 16 for Atlantic sailfish Istiophorus albicans
was the first to record a migration from off southeastern Florida
to North Carolina waters . The first Pacific return for this
family showed a movement from off La Paz, Baja California , 1150
miles southward to the Equatorial Current area in 72 days by a
striped marlin , Tetrapturus audax.

Rare specimens and unusual distributional records obtained
from M/V DELAWARE cruises and commercial trips included two addi-
tional specimens of the rare pelagic ray Dasyatis violacea, several
additional specimens of the gempylid Lepidocybium flavo-brunneum —

and the opah Lainpris regius, a northern record for the longbill
spear fish Tetrapturus pfluegeri, and the first western North —

Atlantic long-line catch of a black ruff , Centrolophus niger.

Early Life History Studies.

Iden t i f i ca t ion  of larval tunas by microradiogr aphs continued
but for only the first half of the year . Laboratory facilities at
the Blake building were moved into the new Laboratory of Marine
Science in June . As soon as the X-ray room in this new building
becomes operable it will be well-used by many besides ourselves
for delineating detailed and a c c u r a te  ske let al st r uc tu res in
specimens as small as one-quarter of an inch in length to as long
as 10 feet .

Larval tunas and istiophorids were obtained on the cruises
by dip-netting and plankton tos~s. With the summer help of Margaret
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Anne Sp ilhau s 1 many l a rva l  t ish were  sorted from mixed col-
lections made on recent cruises . Many valuable s~ ecitnens were
acquired at Messina while enroutt’ to the Indian Ocean Cruise ,
aboard the R/V ANTON BRUIJN in the Indian Ocean and during a
visit to t h e  Nanka i Reg ional Fisheries Laboratory in Kochi ,
Japan. From f u t u r e  X-ray  ana lys i s  of these specimens we hope
to comp lete the identification of the six species of larval
tunas and to solve the problem of the two skeletal types of
swordfish . .

Maturation Studies.

Gonads of tunas , swor d f i sh , marlins , sailfish , amber-
jacks , bonitos and dolphins were processed for histological
anal ysis. This accomplishment was made possible by the donation
of institutional funds for two summer employees, Margaret Anne
Spilhaus and Helen McKenzie2. About three-fourths of the
specimen s on hand are now processed and await - anal sis .

Anatomy

M acrosc op ic  ana t omy ~f interna l organs and skeletons of
species collected d u r i n g  recent field trips advanced consider-
ably with the sununer hel p. From these dissect ions material for
growth studies accumulated . e.g. . ot~~liths. scales and vc t IL -brae
which await X— ra\ - i ng. l’tt;:~ l ing teatures of airbladders and
urin ary bladders in tunas presented themselves dur ing these
dissections . For an i-xp lattat ion we turned t o  the microsc op ic  - -

anatomy found in their h i  sto logi cal prepa rations - Cytological l v
there were structures present in a ir b l a d d e r s  of tunas not - 

-

ropor ted from any other t I sh ,  I i1~cw i se each species di f l er e d  - 
-

sl ightlv one from another. Dist inct ions of habit, habitat and
popul at iot ident its’ may be dtscernihle from further studs- ~t
these airbiadder dj t t c r e n c e s .  We at - c v et - gi-atefu l for the
t ime atld knowledge donated to the probi em of a irbladders by
Dr. Thomas Ma I umphv during the past suttmte r .

‘Support from Nonr-~ l96(00) NH O$~ -c.tO4-

~Support from NSF Grant CB-8c~i
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Publications

Mathet-, F.J.III. Tags and tagging techniques for large
pelagic fishes. lnt.CouIu.North Atlantic Fish.
Spec.Publ . No-.4(-46) : 374-380.

Mather , F.J.III. Tunas (genus Thunnus) of the western
North At-l-antic.part II. Description , comparison
and identification of species of Thunnus based onexternal characters. spec. Publ .Mar. Biol . Assoc.
India. (in press)

Mather , F.J.flI. Tunas (genus Thunnus-) of the western
North Atlantic,Part III. Distribution andbehav ior of ~h~unnus species. .~2~~.Pub1.Mar.Biol.Assoc. India. (in press).

Squire , J.L.,Jr. and F.J.Mather,III. Observations on thecommercial potential of tuna in the oceanic north-- west Atlantic. Proc Gulf Carib.Fish,Inat. 15thAnn.Sess., Galveston , Texas. November , 1962:124-133,
Watso n , M.E. Tunas (genus Thu~~us) of the western NorthAtlantic. Part I. Key to the species of Thunnusbased on skeletal and visceral anatomy. $pec.Publ.Mar.Biol.Assoc, India.
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HYDROCARBON S IN THE SEA

Max Blumer

A chemical study of zooplankton from the Gulf of Maine
has led to interesting results. Pristane (2,6,l0,l4-tetramethyl-
pentadecane), a low-density hydrocarbon , occurs in a wide range
of planktonic animals, which derive it from phytol in their
phytop lankton diet. A particularl y high pristane concentration
is reached in Calanus finmarchicus, C. glacialis and C. hyperboreus,
whe r e th is h ydrocarbon may aid in buoyancy regulation during
periods of starvation. Of additional advantage to these cold- -

water species may be the low melting point of pristane ; it would —

tend to keep the fat deposit in a liquid form. From Calpnus,
pristane moves through the marine food chain, first appearing - -

in predator s feeding on Cala nus and then in larger animals like
herring, squid , sharks and whales. Recently, it also has been
isolated from marine sediments and petroleum. Other planktonic
animals , which are poor in pristane may contain other species-
specific compounds. It is likely that these compounds find their
way into the surrounding water mass at a concentration exceeding
their detectio~-i limit. This may enable us to follow the movement
of such a biochemically tagged water mass in vertical and hori-

- - zontal direction away from the source.

The solubility of hydrocarbons both in sea water and in
the lipids of organisms permits their exchange between various
biological and non-biological sources in the sea. In such a way
man-made pollutants may become adsorbed on the surface or incor-
porated into the lipids of marine organisms , especially algae.
This causes an uncertainty with regard to the origin of the
hydrocarbons isolated from natural plankton sources. In order
to define the hydrocarbons actually synthesized by the cells we
have constructed and put into operation an apparatus for growing
and harvesting marine algae under conditions excluding contamina-
tion with hydrocarbons . This experiment should also provide
information on the species variability of hydrocarbon synthesis
in marine algae and permit a clear differentiation between the

- ~
- recent , biosynthetic hydrocarbons of organisms and the fossil ones

- 
-
‘ of petroleum , fuel and lubricating oils and petrochemicals.

The realization of the wide occurrence of hydrocarbons in
the sea has led us to search for them in manganese nodules , highly
adsorptive ~~~~ marine deposits. The finding of pyrene and fluo-
ranthene , the most abundant aromatic hydrocarbons of sea water ,
in the nodules lends further support to the idea of an exchange
of hydrocarbons between sea water and the media in contact with it. 

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L _ _ _ _ _
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Pyrene and fluoranthene are a minor fraction of the many - -

compound s which were separated by gas chromatography but - 

-

not yet identified . We plan to determine the structure of
additional organic components of the manganese nodules , to
study their survival at the high redox potentials involved
and to extend this investigation to other pelagic sediments.

Much can be learned about the conditions that organic
molecules encounter in the subsurface from a study of the 4
gradual transformation of reactive biochemicals itt the sedi-
ments. We have recentl y shown that the complexity of the
hemin and chlorophyll deriva tives , which survive in the
sed iments , is far greater than anyone had anticipated . Each
of the  fo rty-odd new p igments which we have iden t i f i ed  is
the product of environmental modification of a very limited
number of original pigments; each compound gives us an indica- - -

tion of the organic processes which occur in subsurface sediments.
We plan to investigate in detail several new groups of chlorophyll
and hemin derivatives which we have recently isolated ; among
them a number of unknown porphyrin-metal complexes.

The detailed study of the organic pigments and the hydro-
carbons of a fossil sea lil y of Triassi.c age has provided us
with one of the best understood sequences of geochemical reactions.
A biosynthetic , primary p igment is converted under ring closure
to a polynuclear hydroxyquinone which then undergoes gradual ,

‘ 
- —

reductive elimination of substituents. The final products are
a number of unusual aromatic and aromatic-alicyclic hydrocarbons .

Professor L. D. Quin of Duke University . who is spending - 
-

~ sabbatical year at Woods ,~ole , has isolated an unusual compound
con ta in ing  a carbon-phosp horus bond (aminoethy ipho sphon ic acid )
from the local sea anemone Metridium dianthus. This amino acid
analogue appears to be incorporated into the proteins of
Metridium. The search for this and similar organophosphorus
compounds will be extended to other marine organisms .
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INORGA Ni C GEOCHEMISTRY

Vau ~ ita t ~ ‘1 Bowen , V c t or i~ - Noshk in and I’e I et L . Sacits

l o w — l e v e l  Beta Count ej~

At t e t- t e s t s w i th some , and e xant I ita t ion of o I her conunc~r ci a I
eon i t t  I n~ u n i t  s , l t lV or I I Sot! to count ht’ a pal- t Ic I es with tea sonabi o
o h  I i c i  one and w i t  Li hac -k gt - o t i t t d s  l o s s  than 1 count pet’ nti n u t  e • we
dec ided t o  d e s i gn  .tncl b u i l d  out - own . l’hte ele si git set t I ed on is a
I low countet , w i t h  a c v i i  t i dy  I ~-a I h sodv cut out o t — inch thick
b l a c k  t u e  i t o  s h o o t  t h e  c v i  tudor be lug 14— inch 111 . This  is
lined w i t Ii I nt~ / cm go I d spat it’ red utv 1 ar wit felt I s a I so used
t o t  t h e  w indow . The ecu I or w i r e  , a c toss a d l  aitto I ci o 1 t h e
e l  i t ide i , I s I ml 1 51 a I iii o ss si  00 I . Th e’ cv I I titl e t I s ely  11 I i’d ~ n
OPI ~OS l I e ’ s I d e ’s  with — t u t c h t  p o t t s , au th t h e  count  e u opera t ed
with Q gas ( d ) Q . 0 ,  Hel turn , u~). ‘)‘

-,~~ , Isc ’hut auie ’l as a t low counter,
In the go I got -  — u n to  I I or l e g i on  - Four such nit it s are  bti l I t  loge t her
In to a 1 t c k . t c ~e 2 x 2 x 4 inches, the gas t Lev i ug iii series.
Bac k gr octu ~1 t -odue I i on  is aci t  ( t v  ed Icy a vi ui-, es t I brass walled
c~e i c~el  — co unt e r s  ( / I t i t hes  l ) \  9 ~uciie ’s~ ol etat cd in ant ( —

C O  Inc ide ’ uce w i  th  I Ito sattqc I e coun t  e u s ,  i ’hie u n i t  i s mount ~.‘d i n  - -

a s t i l e  id  wade ’ oh  s tanda rd  ~l x I i~ x t~ i it ch I oath hr I ~‘Iss • 1 1 it ch es
tit I ck , 1 I i toe l  w i t h  ~~~ — i t i c h t  c i  e ’c t  r o t  V t  e copper s he et  - ‘Flie

~h u b i d  ‘ s ou t s i de ~l i tu toti s jolts at e ’ 11 x 12  x .~~t I i t c h e s .  A new
w h o l l y  ii -  aus  I st or i .~Cel sot  o t ci e~- t i - ot t t-s wa s elOs I gtte ’eI and built
I o u  us  by  Mr . Emil Pe’Aga i o o I St onoltarn , Ma s sae l t t i  set I a .  i5 et  —

t o  u-wa tic e has hoe ’ ii xee ’ I lou t , t h e  a\- or a go isa ck grou nd t a t  e I or
t h e  4 counters over t h e p a s t  six moult his has boon 0. _12 -+ 0 .04
cou n t  is pet. minute. .ltlCI \ C ’ t \  st  e’.ItI\ - ‘I’lie’ uni t is now being
I e ’guI  I ar ty  Usoet tor coun t  tug oh I iss l o u t  p l o c l i u c t 5 I t otu 50:1 vat 01

samp IC ’ s t i - out liii ’ Pa c I t I e - Us i tig s t a lie1 a r d  t4 — Sit e ’u t ( t i n t  90 auth
Ce’ S (unit 1 17 — e-a I I hi-at eel hc~ t lie’ N a t  i e ctia I hlt tre ,iuu oh St at td : i rd  s
and by th e ’ AEC h e a l  t h  au th S i  t o t  v I, .ibe ’ta t ory  , we are  now I n  the

ol iii or — c -a I thrat I ng our c ount I c t  at Cl ai l s Uti I ~‘ e’rS i t  V .
Worce’ itt or and the tiow unit at Wiit ~ 1

F ie ld Work ju l91’1

M o nt  i ot t  was m ach e  in  last ve.ur ‘ s l ’ e’pot 1 o I out - I We~ 
— sit I I’

p rogr am bout  t Ito oqu:u I or , wit I cit t~’a I hte ’it lit t’ t o  e~~e ’ 55 .  lii 51’ it ~
o h  a sot l o c u s  I O S S  o h  sh I p 1 inn  by R/ \ ’  CHAIN,  I l i s t  Iso eatist ’ oh an - -

,ice t.le ’itl  in Ro e  I t o  l i . t i h o r  i t t ie t  t I t e t i  because o h  an oat  I v  to t ui- u
1 o Jo i t t  in t lit’ ‘r1tRF~~UER Se’~t l  cli , the pt .ogt- :i~it was v O t V  S t t e ’t O  st liii

.1 1 0  ~iii~5 L ’Il&l I t~~, ht ’ LOW t. u- t eL  tht.ut t S 5110W t u g  11w wotk 
~
‘‘

~~ 
I ot meel on

I t o  L a s t  t w o  l egs  • I rout R o e  I t o  t o Roe’ itt’ au th t rout R e cite to St •

l’huon t .i s . The I irs t log, I torn St . thoma s to Roe li e Is st i ll  itt ploee ss
oh summat 1 - .u i  1 ott -

,_~~~~
-— r
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Pro gress on analysis of the samp les  end da ta has been
gratify ing, if uneven . The survey of subsurface echo-soundings
itt the Gulf of Paris - suninari.sod below - is currently in
press. Dr. Donald Squires ot th e U.S.National Museum , reported
his survey of the Guiana Shelf “Shelt-edge prominences” at the
USGA meetings in November ; Dr. Squires has also completed identi-
fication of the coral specimens collected , and is awaiting our
su~~~ry of hydrography, nav i gation , and geology , before preparing
this for publication. The Acanttiaria . Foramiruifera and Rad iolaria
of the plankton ~ol1ect-ions are in various stages of study at the
University of Parma , the U.S. National Museum and U.S. Geological
Survey respectivel y; the pteropod s hia\’c been sorted , par t ial l y
identified , and now await sittlsme ut t o  Oregon State University.
Stud y has begun on some of t h e  dred ge samp l e s  - see below for
one aspect - and on several o h  t Ilt ’ cores; the fission product
samples a rc  in process of aimivisis . Much remains to be done ,
and in some areas , no c o o p e rat i n g  s ci en t i st  has  vet been found .

A second short cruis~’ i t t  N o vem b e r  - R/V CRAW FORD - was
made. In add ition to large volume fission product samp les , th is
resul ted in some collection s of shtt’If sediments for fallout
anal ys is , large plankton col b e t  ions and tests of new instrumenta-
tion (see below under “Gu lf  Streant” and under “Free Fall Coring
Device ” ) .

Distribution of Fallout Fission Products in the A t l a n t i c  Ocean .
‘

The surface water collect ion program from the U.S.- manned
- 

weather ships , ment ioned a year ago , has been continued with con- —

-
~ siderable success. Because of t he Toss of production in moving

to our new laboratory, and the pr esistute of other samples from
the research - cruises mont  b o n e d  above , comp le tion of analyses has
lapsed far behind th e sample ’ ccc l I oct i on .  The Sr9° analyses for
all the samples whose lanthanicle analyses were discussed last
year , are now in hand . In general the  sets  of data  arc remarkabl y
concurrent , though the pat h ~‘ruis are revealed in enough detail
that we can often see the rapid sc -p --ira I lot -u f rom strontium of the
lanthanides, as we have p 1 e v  i o i i s iv  p o stul a te d . The changes in
surface concentration ot Sr ’

~
0 d i u u i u u g  summer, are q u i t e  in te res t ing :

at 35°N, 48°W , an increase of over  l00~ t rotu April 15 to July 15;
at 44°N , 41°W an increase  of barely ~‘0’Z l roni Apri l 1’ s to July 1;
at 52°l5’N, 35°30’W, an increase of just tO07~ to July 15, and no
subsequent increase to S e p t e m b e r  1; at ‘~h°i() ‘N. ‘il°OO ’W , an
crease of about 207~ to July I. Receipt of comparable analyses of
precipitation at th e’ two I titerme ’thiate p081t  i c t t t i s . permi t s  us to
conclude that these var i at i outs at - c hot Li hydrograph I c and in rate
of supply. Unfortunately tlti ’ p r e cip i tat i on data is still quanti-

— -~~ ~- -~~~ —~~~~~~ - - --~~~~ - - - --  ~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iii,... - .~~~~~~~~ . 
- - - - ~~~~~~~~~~~~ _ -~_a~ .-- ~~ -..—-----’-——’ —--c -



r’
~

’ 

~~~~~~~~~~~~~~~~~~~~~ ~

— .‘.—-.-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~ ~~

—
. - ,~~~~ _~~~~~~__ ___

- 6 3 -

‘
~~~
. ta tivel y enigma tic , and unavailable from the far northern and

southern stations . It is anticipated that 1965 will see , how-
ever , an improvement in the collection of this important col

- ~ lateral data , both in respect to coverage and to its quantita-
t ive  expression.  It is also to be hoped that collection of
large volume sample stations in the area 400 to 55°N, and 270

to 49°W , on the current  ATLANTIS II cruise , w i l l  c l a r i f y  the
interpretation of the surface sample data.

An illus tration of such clarification is offered by
the Sr9° from Erica Dan Station 237, 11-26-62 at 57°40’N,
48°00’W , the closest obtained to Weather Station B. The
hydrographic station shows the water column approximately
isopycnal down to 800 m; Sr9° concentrations are :

O m  11 .4±1.0
100 m 12.2 ± 0 .7
300 m 12 .7 ± 0 . 7
500 m 11.5 ± 0.6
800 m 14.0 ± 1.0

In contrast , the samp les from 1500 and 2000 m , a layer s l igh t ly
colder and more saline , show respectivel y 7 . 2  ± 0.6 and 6.1 ±
1 .3; tha t from 3300 m, almo st 2°C colder still , shows 10.1 ±
1.4. It is clear that surface concentrations in this area must
be explained in terms of homogenization by mixing down to about
800 m , occurring rap idl y in relation to the rate of fallout to
the surface . Equall y,  no wa ter has been seen of Sr9° con-
centration below 507~ of the value for the upper layers. The
da ta is clearl y consistent with Worthington ’s hypothesis that
deep water in this part of the Labrador Sea has left the sur-
face more recently than has that at intermediate depths. A
sharp ly-contrasting profile , sti l l  incomp lete , was ob tained
from the same cruise at 59°23 ’N, 26°Ol’ W , IV-l7-62. Here the
water column shows a regular increase of density with depth ,
and the Sr9° decreases by 1/3 from surface to 500 m , by 1/4
again from 500 to 800 m . Sr9° is no t detectable by our method
a t 1500 in , but again is approaching shallow-water values at
2000 m. H

In September 1959 we attempted to obtain a series of
samples through the Gulf Stream and into the southward-flowing
undercurrent beneath it , postulated by Stommel and demonstrated
by Worthington and Swallow. A Sr9° profile was obtained showing
high values (10 and 13 d pm per 100 L.) at surface and 300 m , a
minimum of 2 a t 500 m , and then increasing to 3 at 800, 3.5 at
920 and 6.6 at 1400 m. Unfortunately the sampler pretripped on - 

- 
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the lowering to 2700 m. In 1961 several stations were made ,
again in September , to confirm this result. Profiles are not
precisely reproduced , but one station through the Gulf Stream
shows a minimum at 1500 in (Sr9° concentration below detection
limits) with a value of 4 at 1960 in, and a second station ,
18’N and 3l’W of the first ,, shows Sr9° below detectability at
1000 in and up to 5 at 1500 m. Attempts in 1963 to repeat this
sampl ing program ran into especially inclement weather , result-
ing in stations of only par tial usefulness.

Fallout Measurements in the Chukchi Sea

We have now determined Sr9° on Chukchi Sea samples
collected in August of 1959, 1960, 1961 and May 1962. As
noted in last year ’s report , the 1959 samples showed the Sr9°
levels to be expected from direct delivery at that latitude.
The 1960 and 1961 concentrations , however , are very much higher:
657. and 1007. respec tively. Since these samples represent the
per iod of the moratorium on atmospheric testing , during which
surface deliveries were minimal , the increase is best explained
by the hypothesis that these samples were taken during passage
through the sampling area of highl y-contaminated Pacific water.
Since the volume of the entire Chukchi Sea approximates only
20 x iO3km~ and the northward-flowing current approximates
40 x 103km3, it seems to us unlikely that the high values would
prove to represent average concentrations during 1960 and 1961. , 

-

Rather we believe these represent two separate injections of a
possibly larger series of injections. The 1962 value is within
the range reported by Aarkrog of Denmark for near-shore samples
both around Denmark and around Greenland , so may well mark a

• return in the Chukch i Sea to the fallout level due to direct
local del ivery .

Sedimentation in the Gulf of Paria during the Holocene Transgression

A subsurface acoustic reflection study has been carried out
— in the Gulf of Paria with an Edo UQI4 echo-sounder and a Precision

Graphic Recorder of the Alden Electronic Equipment Compnay. Using
a very short ping-length for maximum resolution , penetration
below the bottom in excess of 0.03 sec. (45 m) was commonly
obtained in water depths up to 100 in.

The acoustic profiles show three regionally correlatable
erosional surfaces separated by bedded sediments. The lowest and

— middle surfaces join at 43 in below present sea level , the middle
and upper surfaces at 20 m. It is postulated that these surfaces
were produced by the late Pleistocene regression and two subsequent
temporary regressions , from 43 to 62 m and from 20 to 37 m respectivel y,  -

-

I

-
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which , according to studies in the Gulf of Mexico , interrupted
the Holocene2 transgression.

The depositional sequences show widespread inclined bedding .
The lithologic nature of the beds is unknown . The distribution of
inclined beds shows that throughout most of the post-Pleistocene
in terval , sediment dispersal originated uniformly from all basin
margins. The present dominant role of the Orinoco appears to
have been established very late.

This study was carried out in cooperation with Dr. Tj. van
Andel of Scripps Institution.

Novel Mineral Assemblages from Samples near the Mid-Atlantic Ridge

The curious assemblage of the CHAIN 35 Dredge 11 rocks has
been investigated. Twenty-one per cent of the material consists
of white tabular masses of sepiolite associated with a laminated
light brown clay . Montmorillonite and clinoptillolite are present
in the clay. Rounded , much weathered brownish cobbles and pebbles
of serpentinite containing mostly antigorite constitute 377. of the
dredge haul . They typ icall y contain relativel y unal tered crystals
of orthopyroxene and diopside , and are traversed by calcite veins.
One angular , slickensided cobble consisting primaril y of granular
magnetite with minor amounts of serpentine , accounts for 317..
The remainder of the dredge haul consists of loosely consol ida ted
coccolith ooze. Most of the sepiolite and the coccolith ooze is
traversed by worm burrows , and thinl y coated with a manganese
crust on at least one side and within the burrows. The serpen-
tinites as well are usuall y coated with this material.

Although experimental data and theoretical considerations
sugge st that sep iol i te should be fou nd , i t  ha s not bee n repor ted
previousl y from a modern deep oceanic environment . It may be
expected as an alteration of serpentine with which it is often
associated elsewhere. Dunites and serpentinites have been dredged
north of thIs location , closer to St. Paul ’s Rocks, but no

— sepiolite was found associated with these samples. Even in this
dredge the sepiolite is never found in direct contact with the
serpentine or indeed any other mineral except for those in the
brown clay or the manganese crust. In this occurrence it is
sometimes interlaminated with or present as veins in the brown
cla y. It is not clear , therefore, whether the sepiolite of this
sample has a sedimentary or hydrothermal origin.

Clinoptillolite is present in the brown clay in small crystals .
Usuall y this mineral is associated with other zeolites in basalts

- - ‘
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and its occurrence here is compatible with that of volcanics
dredged in this area. It is probably secondary, and might . -:
result from the devitrification of volcanic ash . The mineral
has not been reported previously from deep-sea deposits.

Design and Testing of a Free Corer

Development continues on a free corer which can obtain
a sediment samp le wi thout  the use of a winch or long wire .
The device consists of an expendable weighted core tube and a —

recoverable float which brings the core to the surface in a
plastic liner . Although this is not a new idea , a number of
difficulties both technical and economical have to be resolved .
A suitable mechanism which would release the liner and float
from the expendable weight was designed and tested . An inex-
pensive pressure-proof light and battery to aid recovery of 

~
j’1 i~the instrument at night was required . Provisions were made

for containing and supporting the 90-pound gasoline float of
the corer to permit more convenient handling.

Two prototypes were field-tested in shallow water on a

t bottom ranging from sand to soft organic ooze. Divers observed
and photographed some of the tests. H

Six units were then tested at sea , one each on the
continental shelf and slope , and four in deep water. All six
floats were recovered easily in sea states ranging from 2 to 4.
Of these , one core was lost when the float surfaced under the
ship and another when the fastener between the float and the
core l iner failed . Four 7 .5  cm-diameter cores ranging from a
15 cm coarse sand sample to 75 cm of clay were recovered .

The major d i f f i c u l t y  emphasized by these tests at sea was
one of handling a relatively heavy weight nearly half of which
was in the form of a soft , flexible bag filled with gasoline.
The latest design is a much more compact and L.ghter unit
incorporating hollow glass spheres as flotation .

Safety Devic~

A hydraulicall y-actuated safety device has been built and
has proved very effective. The device may be used to reduce
accidental premature operation of oceanographic samplers. It
consists of a cylinder , a piston and a shear actuated by the
p iston . Increasing hydrostatic pressure acting on one side of
the p iston shears a pin at a predetermined depth , thus arming
instruments sensitive to sudden motion . In addition to its

- - 
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original use in connection with piston coring gear , this safety
device has been adapted for use with our large-volume sea water

k samplers, and with Dr. Blunter ’ s new sampler to collect water
- samples ur~contaminated with organic materials .

- :  Alkaline Earth Separations

The separat ions of calcium and s t ront ium b y fuming n i t r i c
acid , which we have employed , and tha t by oxalic acid as has been

4 done elsewhere , are accompanied by some hazard , are time-consuming
t and are of far from uniform reliability. We J’ave devoted some

effort in the past year to development of ion-exchange separations
based on the absorption of an alkaline earth mixture from a solu-
tion at

÷
pH 4.7 onto a column of Dowex 50 x 12. At this  pH , and

with NH4 concentration kept below 0.4 M , Mg is not absorbed , and
the heavier alkaline earths are quantitativel y retained . Selective
elution of calcium is then achieved with 0.05 M EDTA at pH 5 - 1 - , 1
maintaining NHt below 0.3 M Selective elution of strontium
follows with 0.0~~M. DCYTA (Dicyclohexane diamine Tetracetic acid)
at pH 6.5, wi th NHi~ below 0.3 M. Conditions for selective
separation of the remaining barium and radium on the column are 1-;-
sti l l  being exp lored . In each case so far studied , as noted
above , ammonium concentration is critical , selectivity of elution
being quickly lost as concentrations rise above the maxima noted .

.4 The method as outlined has been used for quantitative estima-

9 tion of calcium and strontium in carbonate samples counted for Sr9° -

content. In this case , each element is eluted with a measured
volume of a standard solution of the appropriate complexing agent ;
the column is then washed with water and the excess complexing agent
is determined by back-titration with standard calcium solution ,
using phthalein purp le as indicator . This has proved to be very

- 
- quick , and capable of high precision . We intend shortl y to present

it as a general method for alkaline earth analysis in natural
ma terials including sea water.

Using larger columns , the method has been convenient for
separation of strontium in 100 mg amounts , from the calcium and
other interfering ions in 500 ml samples of sea water . This problem
has been encountered in the radiochemical analysis of sea water
from the Pacific , highly labelled with radioactiv e fission products.
The use of still larger columns - containing up to one kilogram
of r esin - is permitting separation of gram quant i t i e s  of strontium
from as much as their own weight of calcium . When perfected this
will permit us to abandon nitric acid separations , even in purifying
the strontium from out 55-liter samples of Atlantic sea water. A
majo r problem at this  stage is that  Dowex 50 is normal ly  contaminated 
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with amounts of Sr 9° which are large compared to our low-level
samples. Tests are now being conducted - counting of the
samples in progress - to see how much of this Sr9U contamina-
tion is eluted under the conditions described above. Meantime
a sample has been secured of Dowex 50 from a new production
method thought to yield a much less contaminated product; tests
are now also in progress on this.

CHITIN SYNTHESIS - —

Fr an cis G.  Ca r ey ~~~~~~
- ‘

~~~~~~-~~

A wide variety of marine organisms have skeletons composed
of the polysaccharide chitin and a hardened protein , arthropod in. - --~T
Growth in many of these animals is synchronized with the shedding :~

- of the old shell and synthesis of a new one . A study of the 
~~~

- - :- 
~

enzymes which synthesize chitin will be an important contribution
to our knowledge of the physiology and biochemistry of these - -

animals and may giv e an ins ight  into the hormonal control of
growth in arthropods.

An enzyme which catalyzes the formation of chitin has
been prepared from the mold Neurospora crassa (Glaser and Brown,
1957) . At the onset of these experiments  this enzyme had not
been studied in animal material ; however , some work on a chitin
synthetase prepared from insect cuticle was reported in a letter
to Nature last summer (Jaworski et al. , 1963)

The immediate precursor of chitin is a nucleotide sugar ,
uridinediphosphate-N-acetylglucosamine . The enzyme transfers the
acetylgiucosamine moiety from the nucleotide sugar to a preformed
chitin molecule (the primer) , increasing the length of the chitin
polymer by one unit .

During the past year C14 acety l labeled uridinediphosphate-
N-acetylglucosamine was synthesized and has been used as a sub-
stra te in assay ing for chitin synthetase prepared from the epidermis
of molting crabs and from brine shrimp larvae. The enzyme activity
is in a subcellular particle sedimented by centrifugation at
140,000 x gravity. It is assayed by incubating it with the proper
salts , buffer , pr imer and the above radioactive substrate. Activity
of the enzyme is measured by the amount of radioactivity incor-
porated into insoluble material at the end of the incubation. This
radioactivity remains in the insoluble material after extensive
washing with acid , ethanol and ether. Whe n the insoluble material 

~~~~- ---~~~~~ — —~ -~~~~- - ~~~~—- — - - —
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is digested with a chitinase prepared from emulsin, C14
acetylglucosamine is the only soluble radioactive product
found on chromatography of the digest. This indicates that
the labeled material is indeed chitin , but definite proof
awaits further experimentation.

The enzyme is most active when prepared and assayed
in the presence of 0.5 N NaC1. It has a pH optimum of about
7.7. The addition of chitodextrins , short , soluble fragments -

of chitin molecules, as primer for the reaction stimulates the
enzyme about twofo ld .  The presence of such primer in the
reaction mixture may be an absolute requirement for the enzyme ,
but the crude enzyme preparation used at present probabl y con-
tains too much chitin and chitodextrin to demonstrate this.
Various size -chitodextrins prepared by acid hydrolysis of chitin - 

-

and isolated by chromatography on sephadex columns are being - :
tested for effectiveness as primers. The crustacean enzyme is
being compared with a similar enzyme from the mold Neurospora
for the effect of various factors on its activity .

References: L. Glaser and D.H.Brown (1957) J.Biol.Chem. 228:
729-742.
E. Jaworski , L.Wang , G.Marco (1963). Nature 198:790. 

- 

-

CHLORINITY OF SEA WATER

Dayton E. Carritt

During the summer of 1963, an MIT fellowship student ,
Robert Rodstrom worked with me on the coulometric measurement
of total hal ides in sea water . This work was starte’i for two
reasons. First , there is a continuing need for chlorinity
measurements of high precision and accuracy. Coulometric tech-
niques are capable of both precision and accuracy at the part-
per-million level. If successful , coulometric measurements may
provide a means of estimating the chlorinity in terms of funda-
mental electrical properties and time. Second , there is a
potential usefulness in learning more about the no t ion of
“constancy of relative proportions” of major dissolved consti-
tuents in sea water. The reasoning here is that the ratio of
total anions (or cations) to chlorinity should provide a gross
(but not unambiguous) measure of “relative constancy”. By meas-
un rig first the chlorinity and then the chloride concentration
after conversion of all anions to chloride (anion exchange resin
techniques) an estimate of the desired ratio could be obtained .
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By the end of the summer of 1963 , Mr. Rodstrom had con- •

structed a coulometric device that showed reproducibility (pre- . 
-

cision) of one part in several thousand . Several refinements
are now obvious and it is believed that the device can be
“debugged” to prov ide the needed accuracy as well as precision.
It is hoped that a summer fellowship student will be interested
in continuing the work in the summer of 1964.

ANALYSIS OF SEA WATER FOR TRACE METAL S 
— 

-

Dayton E. Carritt and John P. Clarner

Most dissolved inorganic sea water constituents are
present in concentrations below the usable limits of conventional
anal y t ical techniques.  Consequentl y,  some ki nd o f preconcentra-
tion is necessary before analyses can be performed . A small ion
exchange column has been developed which is capable of concen-
trating the ions from several thousand liters of sea water. The
equ ipment is simple. It can be arranged to minimize contamination ,
and it is not a f f e c t e d  b y the ship ’ s mot ion.

The method consists of treating the hydroxide form of
Dowex 1 with an aninoniacal solution of dithizone to make the
di th izone form of an anion exchange resin.  The l i t e r a tu re  l i s t s
18 reactive elements that form stable dithizonates. All of
these occur in sea water in trace quantities , i.e. micrograms
per liter and less. We have measured column capacities relating
column size and geometry, method of preparation of packing
mat er ial , to the quantity of element that can be removed front
sea water using both natural and artificial sea water. For the
elements zinc , copper , cobalt , nickel , cadmium and lead , columns
approximatel y 1 x 10 cm have capacities of several thousand
liters of sea water . At present we are u sing a samp le size up
to 20 liters , with 8 l i ter s (la r ge p las t ic  Van Dorn sampler)
being handled rout inel y at sea. Later the columns are treated
with strong HC1 to yield a concentrated solution of the metals
which can he analyzed polarographicall y or by other means.

The use of resin-dithizone (R-Dz) columns as collectors
for trace constituents in sea water is part of a program which
ultimately should provide a better understanding of the geobio-
chemistry of some of the minor elements in the sea. At present
we seem to have solved two of the three major technical problems
encountered in the measurement of the six elements noted above.

~~~~~ We th ink  of these elements in sea water in n~r t i cu lace
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I
that is as a constituent of suspended inorganic minerals,
of plankton, and of detritus; as dissolved inorganic species,
and as dissolved organometallic species. In our present
procedure a sea water sample is led from the sample bottle
through a Millipore filter and then through an R-Dz column.
Analysis of the f i l te r  provides an estimate of the quantity
of each element in the particulate forts. Analys is of the
column elutant gives the quantity present as dissolved inor-
ganic. Actuall y the latter probably is an estimate of the
“exchangeable fraction” where exchangeable must be defined in
term s of the relative stabilities of the complexed forms in
sea water and of the metal-dithizone complex. As yet we have
made no attemp t to measure the organometallic fraction , which
according to only a few measurements by another worker may
account for up to 907. of the total present in sea water. An
M.I.T. student who will probabl y receive his Ph.D. in June is
interested in this problem and he probabl y will attempt tt~asure-
inents of “total inorganics” by neutron activation techniques,
thereby allowing an cstimate of “organdme tal l ic” by difference.

A sea-going technique using M-P filters and R-Dz columns
has been tested during a short cruise on RIV CRAWFORD and work
on R/V ATLANTIS [1 cruises on 17 March to 11 April and during
the fall is planned . Both R/V ATLANTIS II cruises will be in
the North Atlantic .

EQUILIBRIUM BINDING STUDIES OF TRACE METAL COMPLEXE S
TO VARIOUS CLAYS

Alv in Siegel

- - The purpose of this study ic to understand the effect of

- 
-

- 
the presence of complexing agents on the interactions between
clays and trace metal ions in a sea-water env ironment . The corn-
plexing of a metal ion by an organic molecule may result in an
increase or decrease in the uptake of that metal by clay parti-
d e s  or sediment s depending upon the affinity of the clay for
the metal ion, the organic molecule and the various complex ion
species formed .

The relativel y simple system , zinc glycine , was chosen as
a starting point for investigation. Our previous studies on this
system , using nontronite 33A and montmorillonite 19 in a mixed
electrolyte system of NaCl-Na2HPO4, had shown evidence of high
uptake of the zinc-gl ycine~ species. These studies were extended
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to include other montmorillonites and several new clays , illite
and kaolinite. In addition , experiments were performed with
clays in another mixed electrolyte system , NaCl-Na2CO3. On the
basis of the assumption that only the zinc_glycine~ tomplex
bi nds , a binding constant , , was calculated fo.r each clay.

Wher e ~.g [~inc-glycine~ J clay/ gm

[zinc-glycine~J solution/ml

is qui te high for all the clays and in some cases (kaolinite
and1 mon tmor il lon ite 20 ) indicates  th a t the uptake of the complex
is as st’rong as is that of the divalent zinc. In the glycine
system it appears that the second complex zinc-glycine~ does not
bind very readily and so for a clay-zinc system the net effect
of the addit ion of gly ci ne is to decr ease the uptake of zi nc by

S the clay, although by at least one to two orders of magnitude
less than would be expected on the basis of the s tab i l i ty  con-
s tan t s  of the z inc-g lycthe system. Another important effect is
that  the uptake of zinc by the clay is essent ia l ly a l l  in the
form of the first complex.

As a check on the value of our s t ab i l i t y  constants ,
determined by a titration method , distribution runs were per-
formed with zinc tracer , glycine and anion exchange resins. In
these systems the positive zinc-glyc ine comp lexes would no t be
expected to bind . The experimental curves matched the theoreti-
cal curves , confirming the values of the stability constants.

These experiments are being extended through the use of
other amino acids of varying structural  types. It is expected
that the binding relationships of their complexes to clays wil l
give us some better understand ing of the nature of their binding
to cla ys. The study of other trace metals  is being developed .
The stepwise s tab i l i ty  constants of the cobalt-gl yc ine system
were determined in 0.7 M NaCl at 15°C by a titration method .
The log of the stability constant for the formation of Co-glycine~
was found to be 4.63, and the all-over stability constant for
the formation of Co-g lycine 2 was 8.21. Through the use of these
stability constants it will be possible to compare the binding
of the cobalt comp lex to that of the zinc complex in all the
clay systems and pe rhap s come to some conclusion as to specif ic
ion effects in bi ndi ng of comp lexes to clays.

~~~~~~~
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PHYSICAL CHEMISTRY OF SEA WATER

Paul C. Mangelsdorf, Jr.

As a part of our research on the fundamental physical
chemistry of sea water and similar solutions we have begun
investigations of the conductivity of concentrated electrolyte
solutions . The work was begun during the summer by Mr. John
Wexier , a Summer Fell ow , who studied the effects on the con-
ductivity of sea water of added increments of the various electro-
lyte components.

These preliminary data have not yet been properly inter-
preted but they have been checked and shown to be internally
consis tent .  In addi t ion , Mr.  Wi l l i am Fi tzgera ld  has run a
three-way check of our calibrations against those of the
Schleicher-Bradshaw salinometer used for salinity determinations
at WHOl , against the earl y work of Thomas, Thompson and Utterback
(1934) , and against the primary conductivity standards of Jones
and Bradshaw (1933). These checks also proved consistent .

The development and use of long sal t -br idge methods for
marine potentiotnetry has continued to be a major part  of our
research effort. In February , Mr. Fitzgerald and I participated
in CHAIN cruise 35 on the EQUALANT Expedition. During this cruise -

we made eleven vertical GEK measurements on the equatorial under-
current system which , though noisy, gave reasonable transport
figures.  Salinity prof i les  with the salt-bridge salinometer
were attempted during the early part of the cruise but were only
intermittently successful. However , the experience in “debugging”
these measurements proved exceedingl y valuable  for all subsequent
salt-brid ge work.

During the summer we joined Dr.  Howard Sanders in a salinity
study of the Pocasset River es tuary ,  usi ng the sal t-bridge salin-
ometer . The full capability of the instrument was developed in a
sequence of detailed , informative, and highly successful measure-
ments. The salinity microstructure of the estuary waters during
various phases of the tidal cycle was surveyed first. This was
followed by a set of continuous 24-hour records at var ious spots
comparing the in 

~~~~ 
mud salinity with the in ~~~~ salinity of

the overlying bottom water.

Later the salinity profiles of core samples taken from the
mud were determined with the same instrument. This capability of
direct in situ salinity measurements in interstitial waters of
sediments is one of the particular advantages of this salinometer.
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A transport study of the Cape Cod Canal was made using
the horizontal salt bridge GEK. After 2½ days the current carried
away our line but the data obtained meanwhile were the best we

• have ever taken with this system. A method of direct electrical
calibration of the CEnal by introducing an artificial dipole
field from the ASTERIAS was also quite successful.

Simultaneous temperature and salinity records on the canal
waters permitted us to observe the unexpectedly complicated
process of mixing between Cape Cod Bay and Buzzards Bay. The
net transport, which we had expected to be from Cape Cod Bay to
Buzzards Bay, proved to be the reverse , if anything. This was
due , perhaps, to prevailing winds from the southwest.

Theoretical work on molecular properties of liquids
resulted in a successful direct interpretation of the Stokes-
Einstein relation for molecular diffusion in terms of velocity
fluctuation-regression and autocorrelation. This theory was an
outgrowth of a continuing inquiry into the contribution of velocity
and composition fluctuations to the conductivity of fused salts
and concentrated electrolyte solutions .

GEOLOGY 1963

John M. Zeigler

Publications (other than for COLLECTED RE PRINTS) and Manuscripts
(to be included in COLLECTED REPRINTS subsequent to 1963)

Zeigler, J.M. Hydrography and Sediments in the Gulf of
Venezuela. J.Limn2l. and Oceanog. (in press)

Zeigler , J.M., S.D.Tuttle , H. Tasha and G.S.Giese.
Geological History of Outer Cape Cod. Geol.Soc.
America. (in press).

Giese , G.S. , 1963. Billingsgate Shoal . Oceanus, Sept.1963.

Zeigler , J.N. and W.D .Athearn. Hydrography and Sediments
of the Gulf of Darien. Advanced preparation.

Zeigler , J.M., S.D.Tuttle, H. Tasha and G.S.Giese.
Residence Time of Sand on Beaches. Advanced
preparation.
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Zeigler , J. M. Modern Beach Studies - - A Review.
Oceanography and Marine Biology: an annual
review , Vol.2. (in press)

Half of my time this year was spent on leave of absence
to the Republic of Colombia where I served as Director of a
small laboratory which was being established . The staff of
the geology group continued work on programs as outlined below.

Field Work

Two major field experiments were undertaken . The first
took place on outer Cape Cod and was designed to obtain data
concerning the distribution of velocities within a breaking
wave and also to measure the attenuation of surf height and
length close to the beach . Breaking waves damaged out instru-
ments and limited the results.

A second major field experiment was conducted on the
island of Saint Marttn where we hoped to repeat the breaker
experiment and add to them studies of ripples formation beneath
oscillatory waves. Data collection on ripple formation was
excellent. The ripples showed very rapid regeneration under
existing sea states, reforming completely in 5 minutes at a
depth of 4 feet , in 45 minutes at a depth of 9 feet and in
3 hours at a depth of 12 feet. The instruments failed before
breaker experiments could be repeated.

Malor Studies (Zeigler, Miller , Tuttle)

Physics of shoaling waves continues to be the point of
major interest. Much of our time has been used to interpret
past records. Just prior to the move of the computer to the
Laboratory of Marine Sciences we obtained a readout of some of
our magnetic tapes in very satisfactory form. We cont inue to
examine the data on hand and interpret it in manuscript form
suitable for publication.

Field work on Cape Cod has led to some exciting conclu-
sions. We have determined that the outer Cape was deposited as
outwash from glaciers between 20,000 and 26,000 years before the
present. So far we know these are the first carbon dates of
Tazewell age in New England . These absolute age determinations
provide a framework within which the post-glacia l geology must fit.

L L _ _ _ _ _ _ _
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Laboratory Studies

Several lines of laboratory research were pursued . A
system for placing the data output of the Woods Hole Rapid Sand
Anal yzer on magnetic tape suitable for computers was developed .
The components necessary for this operation are either on hand
or ordered . Results from this analyzer continue to cause wide-
spread interest.

COASTAL AERIAL PHOTOGRAPHY
and

EATUYM.ETRY OF THE TONGUE OF THE OCEAN, BAHAMAS

William IL Athearn

Documentation of changes along the coastline of the
ea stern United States b y means of aer ia l  photogr aphy was star ted
at WHOl in 1954. Since then , f l igh t s have been made periodically
along various sections of the coast between Eastport , Maine and
the R io Grande , Texas. Most frequent coverage has been given
tho se areas of the east coast most a f fec ted  by storms , i. e.
bet ween Cape Cod and nor thern  Florida.  In July a f l ight was made
with the Heliocourier  during which ve r t i ca l  photogr aphs were
taken of most inlets  and capes be tween Montauk Point , N .Y .  and
St.Helena Sound , S.C. In November a color t ime-lapse movie was
made of the coastline of Puerto Rico from the C54Q Research Air-
craft. Beach coverage was not as wide as desired during this
flight because cloud s forced the plane to fly at lower than
optimum altitudes. All of the coastal color movies to date and
most of the black-and-white verticals and obliques have been
catalogued and filed so that they are readily available to other
investigators as the need arises.

A paper entitled “Shoreline Changes at Cape Hatteras” by
W.D.Athearn  and F .C. R onne  was published in Naval Research Reviews
in June . This stud y was based on a comparison of vert ical  photo-
gr aphs of Cape Ha t t e r a s  and Hatteras Inlet , N . C .  taken over a
seventeen-year per iod . The ear l ier  photogr ap hs were provided by
the U.S.Coast and Geodetic Survey and the more recent ones are
from our collection. In general , it appeared that within this
period (1945-1962) the easterly-facing beach at Cape Hatteras had
remained more or less static while the southerly-facing beach had
been cut back to the extent of about 1800 feet, mostly prior to
1958. More recent photographs (April and September , 1962) showed
a spit building to the aouthwarG and filling put toward the westward
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in the vicinity of the area of greatest loss since 1945.
Photographs from the Jul y 1963 f l igh t , made subsequent to
publication of the paper , show that a great quantity of sedi-

- . • ment has been deposited to the westward of the spit (see
figure) suggesting tha t if prevailing conditions are not

• reversed , the southerly beach will be nearl y back to its
1945 position.

Historical records indicate that Hatteras Inlet ,
12 miles southwest of Cape Hatteras , has migrated about a mile
southwesterl y in the past 100 years.. The photographs from the
1945-1962 period show that this trend is continuing inasmuch as
the ti p of Ocracoke Island at th’ southwest side of the inlet
has been cut back about a m i l e  in th i s  per iod .  The main channe l
of the inlet is still near its 1945 position and cut-off segments
of Ocracoke Island still remain as islets and shoals , but these
are disappearing gradually and the spit to the northeast (Hat- • •

teras Island) side of the inlet is slowly growing southwestward . •
~~ 

-1
Dr. Sherwood Tuttle and I landed at Hatteras during our fligh t
in July and took a first-hand look at this spit. The older ,
inner par t consists of a sequence of concentric , curved dune-
ridges (inlet-marginal ridges), convex toward the inlet. These
stand ten to fifteen feet above the intervening swales and are
spaced about 150 feet apart. They are topped by a moderate
growth of beach grass which tend s to stabilize them. The two
or three outermost have appeared since 1945, the most recent
being that nearest the inlet. The outer spit , which is rather
flat and low , rising only about f ive feet above mean sea level ,
is swept by high waters during severe storms. Scattered on
this surface for a few hundred feet beyond the line of curved
ridges are some incip ient dunes formed by deposition of wind-
blown sand among clumps of grass which have gotten a foot-
hold here. Apparentl y it is from the growth and coalescence of
these dunes under favorable circumstances , i.e.,lack of a severe
maul ing of the lower spit by storm waves for two or three years,
that the inlet-marginal ridges result , and in this way the tip
of the island advances toward the inlet.

A WHO I Blue-Cover Report primarily concerned with the
bathymetry of the Tongue of the Ocean , B~’hamas , which was com-
pleted in 1962, was revised and published in 1963 in Bulletin
of Marine Science ~~ the Q~~j ~~~~ Caribbean. This was published
as the second of a series of papers , prepared pr imar ily by workers
at the Marine Laboratory, Universit” of Miami , on the “Bathymetry
of the Straits of Florida and the Bahama Islands”.
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JOINT PROGRAM OF USGS AND 141101 FOR CONTINENTAL SHELF AND SLOPE

Kenneth 0. Emery

By the end of 1963 the first year and a half of the joint
141101-USGS program for stud y of the geological history of the
Atl antic continental shelf and slope had been completed . The

• organization has been nearly completel y staffed with five scien-
tists from 141101 and seven from USGS. About the middle of the
year the group moved from temporary quarters into ones renovated
for this work , lead ing to more efficient work. In addition ,

r R/V GOSNOLD was made ready for sea with the installation of
• special equipment for the program . Field work aboard ship was

carried out during 16 cruises totalling about 103 ship-days.
Each staff member participated , to the extent of between 22
and 67 days. Six cruises werc for only one day in order to
test equipment. The longest cruise was for 28 days.

Field work consisted of two principal objectives. In
the first of these , nearly 400 bottom samples were obtained on
a 10-mile grid between Nova Scotia and Delaware Bay. These
are supp lemented by an approximatel y equal number of samples
taken earlier in the Gulf of Maine by the Wood s Hole Laboratory
of the U.S.Bureau Commercial Fisheries. At each station a photo-
graph of the bottom was made an instant before the sampler
closed at the same spot. Other pertinent measurements included
temperature , color , and transparency of the water at most sta-
tions , and la r ge p lankton hau ls  at  some of them. Af te r  removal
01 a portion of each samp le for sed iment analyses and for living
and dead foraminifera the remainder was screened aboard ship to
separate benthic animals (which are being investigated ashore
by BCF in a cooperativo study). The second objective of the
field work was the making of continuous scismic profiles in the
Gulf of Maine and off Florida and Georgia. As expected , this
early sparker work was interrupted by electronic difficulties;
nevertheless , some excellont record s were obtained. They reveal
a general up-building and prograding of tli&’ shelf by post-glacial

- ~ • sediments, but in some areas these deposits are so thin that
underl ying Cenozoic and possibly Cretaceous strata crop out at
the shelf-break.

• ~~• In the labora?:orv . once equipment was instal led and cali-
brated , analyses were made of many characteristics of the earlier
samples from BCF and of the new ones o b t a i n e d  in th e  peesent pro-
gram. Additional prev ious data include soundings by U.S.Coast and
Geodetic Survey and by the Canadian Hydrographic Service; these
were comp iled into topographic charts of the entir e Atlantic con-

- 
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tinental shelf , slope , and rise of the United States. The
results of the studies of samples and soundings will be sum-
marized by those responsible for particular parts of the work.

Seminar:

Spring , Seminar on General Oceanography. Finished by
six of the group , with credit being awarded by Massachusetts
Institute of Technology to those who may later take an advanced
degree there.

The following talks were given:

25 March , Houston, Texas, Annual Meeting of American Associa-
tion of Petroleum Geologists -- “The Development of
Cont inental Shelves and Slopes”.

19 June , Kiel , Germany , Department of Geology , University of
Kid -- “Marine Geology of the United States”.

22 June , Frankfur t , Germany, Sixth World Petroleum Congress
“Oceanographic Factors in the Origin and Accumulation of
Petroleum”.

24 June, Bonn, Germany. Department of Geology , University of
Bonn -- “Sedimentation in California Basins”.

1 August , Woods Hole. Marine Biological Laboratory -- “Con-
tinental Shelf Program”.

24 August, Tilton , N .H., Gordon Research Conference --
“Oceanographic Factors in Origin of Petroleum”

30 September, Bedford , Mass., Cambridge Research Center --
“Origin of Continental Shelves”.

4 November , New York, N.Y. , New York Academy of Sciences --
“Oceanographic Factors in Origin of Petroleum”.

18 November , New York , N.Y., Annual Meeting of Geological
Society of America -- “Marine Geology of the Gulf of
Maine”.

4 December , Marine Laboratory . Unfversity of Georgia, Sapelo
Island , Georgia - - “WHOI-USGS Program for Atlantic
Continental Shelf and Slope”.

a -
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7 December , Marine Laboratory, Duke University, Beaufort, N.C.
-- “WHOI-USGS Program for Atlantic Continental Shelf and
Slope”.

12 December , Washington , D.C., Society of Exploration of Atlantic
Shelf -- “141101-USGS Program for Atlantic Continental SheU
and Slope”.

During 1963 the following were published :

Suniners, H.J. and K.0.Emery, 1963. Internal waves of tidal
period off southern California . J.Geophys.Res. 68:827-839.

Emery, K . O . ,  1963. Oceanographic factors in accumulation of
petroleum . Sixth World Petroleum Congress , Frankfurt,
Sec.I , Paper 42, PD2: 1-7.

Emery, K.O., 1963. Coral reefs off Veracruz , Mexico. Geofisica
Internacional. 3(1): 11-17.

Rittenberg, S.C. , K.O.Emery, J.Hulsentann, E.T.Degens, R.C.Fay ,
J.H.Reuter , J .R .G rady, S.H.Richardson, and E.E.Bray, 1963.
Biogeochemistry of sediments in experimental Mohole.
J.Sed.Petrol. 33:140-172.

Kaplan, I.C., K.0.Emery and S.C.Rittenberg, 1963. The distribu-
tion and isotopic abundance of sulphur in recent marine
sediments off southern California. Geochimica et Cosmo-
chimica Acta, 27:297-331.

Emery, K 0. and J.Hulsemann , 1963. Submarine canyons of southern
California. Pt.I, Topography, water , and sediments. Allan
Hancock Pacific Expeditions, fl.(l):1-80.

Emery, K.O. and H.Niino , 1963. Sediments of the Gulf of Thailand
and adjacent continental shelf. Bull.Geol.Soc.Amer. ,74:541-554.

Degens, E.T., K.O.Emery and J.H.Reuter , 1963. Organic materials in
recent sediments: Part III: Biochemical compounds in San Diego
Trough, California. N.Jb .Geol.Pa1eont.1Mh .,~~:23l-248.

Emery, K.0. and J.S.Schlee , 1963. The Atlantic continental shelf and
slope , a program for study. U.S.Geol.Survev Circular 481:1-li,

• Emery, K.O., 1963. An aerial study of Hawaiian wave patterns.
Pac,Sc i. ,fl:255-260.
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Emery, K.0., 1963. Organic transportation of marine sediments:
in The Sea, Ideas and Observations on Progress in the Study
of the Seas (!4.N.Hill, editor), 3:776-793.

Emery, K.O. and C.J.George , 1963. The shores of Lebanon. The
Amer.Univ .Beirut , Mjsc.~ ao.in the Natural Scien~ea, No.1:1— 10 (WHO I 1312).

Uc hup i , E.  and K.0 .Emery ,  1963. The continental slope between
San Francisco , California and Cedros Island , Mexico .
Deep-Sea Research, 10:397-447.

Several papers were prepared and submitted for publi-
cation:

Emery. K.O., P.A.Saltman and C.Stitt . Amino acid s in basin
sed iments. J.Sed,Petrol.

Hand , B.M. and K.O.Emery. Turbidites and topography of north
end of San Diego T:ough , California. ~ .Geo1ogv 5

Emery, K.0. and J.Hulsemann. Shortening of sediment cores col-
lected in open barrel gravity corers. Sedimentology.
(141101 1362).

Emery , K.0. The characteristi . s of continental shelves and
slopes. Amer .Assoc .Petro1.Geolog~ists . (141101 1363).

Emery, K.O. Turbidites--Precambrian to Recent . Hidaka Volume
(Japan). (141101 1423) .

I:
TOPOGRAPHY OF THE DEEP SEA FLOOR

Richard H. Pratt

Much of my work th is  past year was d i rected toward com-
• piling and analyzing deep-sea topographic data in conjunction
• with the East Coast Continental Shelf study. Sediments which

cross the shelf are traceable to the limits of the abyssal
plains , therefore the topographic anal ysis was extended to a
logical limit at the end of the abyssal plains . The Newfound-

• land Rise and Puerto Rico Trench are the logical northern and
southern l imits of the study area. Topographic data for this
region of the deep sea were assembled in the form of a chart
having contours mostly at a 50-meter interval. A companion 
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chart illustrates the distribution pattern of the chief kinds
of sediments .

The majo r topog r aphic f e a t u r e s , or provinces beyond the
continental slope , off the East Coast are (1) the Sohm (2) Hat-
teras (3) Nares Abyssal Plains (4) the Blake-Bahama Basin (5)
the Blake-Bahama Platform and (6) the Bermuda Rise . The sub-
marine canyons on the continental slope , the continental rise ,
and the abyssal plains form a graded profile. Their gradient and
areal extent seem to be dependent on the distribution and trans-
portation of terrigenous sediment upon them. Recently accumulated
data on deep-sea cores give good ev idence that the silt and sand
covering the plains are disp l aced continental sediment in an

• es s en t i a l l y qua r t z - f r e e  oceanic environment.  H
The fill of terrigenous sediment extends all the way to

the southern arm of the Sohm Abyssal Plain between Bermuda and
the Mid- At lan t i c  Ridge . Here the p lains are very f l a t  and con-
sist  of terrigenous clay and s i l t .  The Nares Ab yssal Plain receives
sediment through Vema Gap f rom the Ha t te ras  Ab yssal P lai n , wh ich
in turn has received most of i ts  sediment through the canyons
c u t t i ng the slope south of New York and New England . Nares
Ab yssal Pla in  is onl y p a r t i a l ly developed and is ac tua l l y
pe rched above depressions in Nares Deep proper f a r the r  seaward .

P le i s tocene  g laciat ion was a major factor  in developing
sedime n t dispe rsal pa t t e rns  a s well  as topograp hy in the northern
part of the region . Besides the direct distribution of sediment
in to the ocea n b y ice r a f t i n g  and g lac ia l  outwash , eu s t a t i ca l ly

• lowe red sea levels resu l ted  in accelera ted  erosion and the dis-
t r ibut ion  of sediment d i rec t l y into the ocean basins.

The Blake Plateau and Bahama Banks form a carbonate
province characterized b y very th ick  accumulat ions  of l imestone
and recent calcareous sediment .  Accret ion of the carbonate

• deposits into steep-sided banks and limited distribution into
the adja cent deep-sea bas ins  resul ted  in abrup t boundary
escarpments with marginal deeps . Sediment transported seaward
b y the Gulf Stream has accumulated on the Blake Outer Rid ge

• which juts into the Hatteras Abyssal  Pl a in and essentially cu ts
o ff  the Blake-Bahama Basin.  S imi l a r ly  Bermuda ap~ ears to have

• been a source of high carbonate sed iments since the Cretaceous
Period and some of the irr egula r swe l l s  and depressions on the

• Bermuda Rise may be largely sedimentary in origin.

During the year 1963 the following were pub l i shed:

_____  ~~~~~~~~-.~~- • •-‘-~~~~~~
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Pratt , R .M. , 1963. Great Meteor Seainount. peep-Sea Research,
j9:1 -25.

Pratt , R.M. , 1963. Bottom currents on the Blake Plateau.
Deep-Sea Research, 10:245-249.

Pratt, R.M., 1963. Photographic aut 1cm Meeresgrund . Ko~~~s,

~~: rn6-311 .

TOPOGRAPHY OF THE SHELF AND SLOPE

Fl a zar Uchupi

A set of three topographic charts of the continental
margin off the east coast ot the United States at a scale of
1/1 ,000,000 has been compiled . These charts are based mainly
on soundings ot about 300 smooth sheets from the Coast and
Geodetic Survey and the Canadian Hvdrograp hic Service plus
soundings from Woods Hole Oceanographi c Institution. The northern
sheet extends t rom the Bay of Fundv to Delaware Bay , the central
one from Delaware Bas- to Cape Fear , and the southern chart from
Cape Fear to Rev West. A 20-meter interval was used to a depth
of 200 meters, and a 200-meter interval beyond that depth .

The following phvsiographtc provinces can be recognized
in this region: (1) The Nova Scotia Continental Shelf. The irregu-
lar surface of the shelf in this area contains a series of basins
about 200 meters deep separated by flat-topped banks. Depth at the
shelf-break is about 140 meters, sediment s range from green silt
in the basins to sand and gravel on the banks. (2) The Bay pf
Fy~dy, a shallow trough between Nova Scotia and New Brunswick .
Sparker records indicate that the B v is a gently-dipping syncline
composed of Triassic sed iments. (3) The G~1f of Maine, a rec-
tangular depression atop the shelf , is flanked on its seaward
side by Georges Bank and is connected to the open ocean by way
of Northeast and Great South Channels. At least 23 basins that
range in depth from 80 to 380 meters and are separated by low
swells and banks , are present in the Gulf. Sediments range from
brown silt in the basins to sand and gravel atop the banks. Con-
ttnuous seismic profiles indicate that the Mesozoic to Recent
sed iments atop the Paleozoic basement comp lex average less than
200 meters thick. t, -e) GeQrges Bank, an immense barrier at the
entrance of the Gulf of Maine . On the ctes t of the bank are many
large northwest-southeast trending sand ridge s that are aligned
in the direction of the flood and ebb t id&l currents. Atop these

L .
- ~~~~~~~~~~~ ~~~~~~~~~ 
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ridges are smaller undulations known as sand waves that stream
at rig ht angles to the trend of the ridges. Sand is the most
abundant sed iment on the bank , although scattered patche s of
gravel are also present . Sparker profil es indicate that the
bank is underlain by a thick sequence ~f Mesozoic-Cenozoic sed i-
ments that dip gently in a seaward direction . (5) Nantucket Shoals,
which consists of a series of northeast-southwest trending sand
rid ges similar to  those on Georges Bank . (6) The Continental Shelf
from H~tssachuset ts to Miami , which ranges in width from about 100
kilometers oft M.issachusetts to less than 20 kilometers off Miami ,
Florida (the shel i-break also decreases in depth frou~ about 120
nitter s oft New England to 50 meters off Miami). Atop the shelf
are many swells about 20 meters high that trend east-west in the
area between Massachusetts and Hudson Canyon and northeast-south-
west south of Hud son Canyon. Previous studies indicate that sedi-
ments on the shell consist ~f relict glacial debris from Massachu-
setts to Hudson Canyon , relict fluvial and paralic sediments from
Hudson Canyon to Cape Hatteras and calcareous organic sed iments
south ot Cape Hatteras Present day detrital sediments are re-
stricted to a narrow zone near shore , and to the outer edge of the
shelf off Block Island . Continuous seismic profiles indicate that
the continental shelf off Block Island is of the upbuilding type
and that off Martha ’ s Vineyard is of the upbuilding-outbuilding
type . (7) Ccntinental Slope, ~dth an average gradient of 3 degrees ,
and a relief that decreases from 2000 meters off Nova Scotia to
500 meters off Miami. From Nova SLo tia to Cape Hatteras the slope
is cut by numerous jagged and steep-walled submarine canyons but
south of Hatteras the slope is smooth and submarine canyons appear
t ’~ be absent . Slope sed iment s north of Hatteras range from sand
and gravel in  the canyon axes to silt and clay on the rest of the
slope. South of Hatteras the scarp is blanketed by glauconic
sed iments and pelagic calcareous oozes.

During 1963 the following papers were published :

Uchup i , E., 1963. Sediments of the continental margin off
Eastern United States. U.S.Gcol.Survey Prof.Paper

• 475—C 132- 137.

Uchupi. E. and K.0.Emerv, 1963, Continental slope from Cedros
Island , Mexico to San Francisco, California.
Deep-Sea Research, 10:397-447.

Uchup i , E. and R.Gaal , 1963. Sediments of the Palos Verdes shelf.
In Essays in Mar ine Geology in Honor of K.0.Emery. Univ .
S.Calif.Press: 171-189.
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The following paper was prepared for publication :

Schlee , J., E.Uchupi and J.Trumbull. Beach and dune
sands from Cape Cod , Mass.

TEXTURE OF SEDD1ENTS2~

John S. Schlee

During the year calibration of a modified Woods Hole
Rapid Sediment Analyzer was completed , 295 samples from the
northern part of the Atlantic Continental Shelf were analyzed - 4
for grain size distribution , and a computer program was improved .

Calibration of the sediment analyzer brought out several
significant observations . The settling time of different size
particles in sediment mixtures follows the general slope of the •

values computed by Stokes ’ Law and the Impact Formula, but the • 
-

curve is shifted toward a faster settling time; the shift results
In settling-time values that are 1/2 to 2/3 of those given by
fall of single spherical particles (fig. 1). Variation of .

. 
-

sample size (5- to 10-gram sample) appears to have little effect
on settling time. To a limited extent , the nature of the size
distribution affects the fall time of size classes within the
distribution. Where a given size grade occurs alone, as in -

•

well-sorted sand , or where this grade is the finest fraction
of a less well-sorted sediment , its settling time can b€. 1.3 to
2.0 times as long as the settling time of the same grade within
several size classes of a less well-sorted sedim2nt .

Of the 295 size analyses for bottom sediments , only 477.
showed a log-normal distribution (fig. 2). This log-normal type
is best shown in sediment where the range of grain sizes is
limited and perhaps, where the sediment was deposited by only
one agent at one time. A polymodal distribution is common
where the range of grain size is broad and in samples containing
gravel that has not yet been analyzed.

The computer program has been modified to improve the
calculation of statistical parameters from size analyses. A
three-point Lagrangian interpolation , applied to data by per-
sonnel at 141101 computer center , fits a series of second-order

1’Publication authorized by the Director , U.S.Geological Survey. 
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curves (parabolas) to the data points so that intervening
points can be generated t o  approximate the curve of a con-
tinuous size-frequency distribution , rather than the chords
of a size-frequency pol ygon. In addition , the computer pro-
gram calculates primary and secondary modes and sed iment type .

Publ icat ions:

Emery , K.0. and J.S.Schlee , 1963. The Atlantic Conti-
nental Shelf and Slope , a program for study.
lhS.Geol.$urvev, Cit . 481, 11 pp.

Schice , John S. 1963. Sandstone pipes of the Laguna
area , New Mexico. ~.Sed.Pet . ~~ : 112-123 .

Schice , John S. 1963. Earl y Pennsylvanian currents in the
southern Appalachian Mountains. Bull.Geol.Spc.
America. 74: 1439-1452.

GRAIN SIZE DISTRIBUTION OF SHELF SEDIMENT!

Donald J. Casey

During 1963 more than 300 sed iment samples of the New
England continental sh e l f  wet-c analyzed for grain size distri-

-

- 
bution . Triangular diagrams showing the percentage s of sand ,
silt , and clay illustrate three distinct associations . Gravel
was present in some of the samples but was omitted from the
analyses.

Non-gravel fractions ot samp les from glacia l areas such
as the Gulf of Maine (figure 1) show a large variation of sed i-

- ment types, rangin” from detritus composed of 857. sand , 107. silt ,
• and 57, clay , to sediment containing equal amounts of silt and

clay , with no sand . A general tel at ion exist s bet wecn t h e depth
of water in which the samp le was c o l l e c t e d  and its size distribu-
tion: samples composed entirel~’ of silt and clay are from the

- basin areas , and those having lot-ge percentages of sand arc from
shallowe r areas.

Sed iments t rom Georges Bank ( t i  gu r t ’ 1) and from the a r ea
south of Nantucket (figure 3) are dominan t ly  sand . Sand in the

1 Publication author ized by the Director , U. S. Geological Snrvt’ .
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latter area is associated consistentl y with a small amount of
• clay, but the amoun t el si lt v a r i e s .  Except for the outer part

ot  the she lf , the amou n t o f  silt becomes more abundant with
increasing distance from shore

GROSS SAND-FRACTION MINERALOGY

AND GRAIN CHARACTERISTICS OF BOTTOM SAMPLES
NOVA SCOTIA TO CAPE MAY1

James V .A. Trumbull

Bottom samp les collected at ten-mile intervals in a
rectangular grid covering the continental shelf and part of
the continental slope between Nova Scotia and Cape May (N.J.)
have been examined microscopically to determine the texture
and gross composition of the sand-size fraction (1/16 mm to
2 mm). The samples total 785, of which 369 were collected
during 1963 from R/V COSNOLD of the Woods Hole Oceanographic
Institution , and 416 were collected in prev ious years by the
U.S.Bureau of Commercial Fisheries.

I
A pilot p l ot 01’ results for 200 samples from the northern

Gulf of Maine and from the shelf south of Martha ’s Vineyard was
made. Over the broad central part ot’ the shelf south of Mar-
tha ’s Vineyard the percentages of rock tragments . dark minerals ,
and shell fragments are vet - v low (ont ’ percent or less) . m di—

cating low-energy conditions of deposit ion, and the percentage s
r i s e  both near the laud and seaward near the shelf break . Con-
versel y, 3 percent of mica and 2 to 3 percent of glauconite are
present on the middle part of the shelf , but percentage s decrease
toward the h i g h e r - e n e r gy  areas landward and seaward . Presumabl y
the  h i g h e r — e n e r g y  na ture  of the sediments  of the outermost part
of the shelf is due to the presence of a shoreline resulting
from a lower sea level during Pleistocene tim e .

Most of the she it ’ sediment s sou t Ii of Mart ha ‘ s Vi nevard
have an admixture of highly rounded and strongly frosted quartz
grains that average about 0.’i mm in diameter. These large grains
contrast with poorly rounded , n o n f r os te d , and much smaller (less
than 0.25 nui~) quartz and f e l d s p a r  g r a i n s  in the same samples.
Many samp les are strong ly bimodal in particle -size distribution

Publication authorized by the Director 1 U .S.Geologicai Survey.
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because of the presence of the large round grains. The
large grains may be due to transport by strong Pleistocene
winds from land areas to the north , and perhaps in part to
aeolian action on the shelf sands themselves during stages of
lowered sea level. The conditions of their origin must have
been markedly different from those of the finer-grained marine
sediments with which they now occur and which were deposited
more recently. Similar large rounded and frosted quartz grains
are found over much of Georges Bank to the east.

In the northern Gulf of Maine the character of the sand
fraction seems little dependent upon distance from shore or
upon absolute dep th of water . Occurrence of the two distinct
types of sediment is controlled instead by whether the sample
is from a topographically low flat-bottomed area of quiet
present-day deposition, or from a topographically high or
irregular area being swept clear of present-day fine-grained
sediments. In the higher areas sediments are poorly sorted and
contain numerous angular rock fragments; they seem clearly to
be of glacial origin Ihe lower areas of present-day deposition
contain almost no rock fragments or particles in the sand and
gravel size range , and they have high percentages of mica and
foraminifera. , -

The only component of the Gulf of Maine sands that appears
to be dependent on distance from land is glauconite . Near the
middle of the Gulf concentrations of as much as 2 percent are H
present, but little or none is found near land .

The standard sample spacing of about ten miles is ade-
quate to portray clearly the gradients of compositional and
textural change in the shelf sediments south of Martha ’s Vine-
yard . In the northern Gulf of Maine that spacing is too great
to portray the gradients. Because of the abrupt and closely-
spaced changes in the topography , a spacing of only a small
fraction of a mile over most of the entire Gulf would be neces-
sary to define individual areas of sediment types.

• 

.
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• MI NERALOGY OF SEDIMENT S FROM THE NEW ENGL AND CONTINENTAL SHELF1

John C. Hat hawav and A. R i c h a r d  ‘L’ agg

The obj ec t  ly e  ot our studies b r  the ~‘ear has been to

~le te rm tue  the m ine ta l e t~v o t bot  torn sed iment s from the nor the rn
part of t lie :\t I ant i c C o n t i n e n t  a I Shc l f . Samp les .tt’ e from ( t ie

• c out  i n e n t  a! shel t son t Ii of Nov a Sc~’ i a to the region sou t h  o t

Block Island excluding t h ’  B ay of Funds’, the area just north and
eas t  of the tip el Cape Cod , and Nantucket Shoals. At least
2 samples per 30’ —quadr angle were  s e l e c t e d  for studies of t h e
distribution of the principal minerals and a wider spacing was
used for determinat ion of c l a y  mineralogy . X-ray diffraction =

was t l ie pi- inc ipa l method used t o  de t c i - i n i n e  t h e  mineralogy as
It penn i t s ob se rva t ion of t ho gi o ss m i n e r a l  t’ompo sit ion o t’ t he
cut i t -c fract ion of tlit ’ saint-ic iner than 2 nun in a s i n g le  r u n ;
m a t e  t ’ i al coar  ser han  2 nun was removed for s e p a r a te  st  t i d y .  Cl  ~iv
m i n e r a l  dot  crul i na t ions requ i it ’d add i t  iona  1 r un s  of  t lie l e ss
than 2 t r a e  t ion.

The p r in c ipa l  m i n e r a l s  are quartz , plagioclase feldspars,
pot ass iuni f e  ld s p a r s ,  mica , chio r i t t ’ , mix ed— La ered mica mont—
mor il  ion i t e , ca l  c i t t ’, aniph i ho I e (probably hornblen de ’i and k a o—
1 m ite. Est im .ites of the q u a n t i t  ies ot  t h e s e  m ine ra l s  were p l o t t e d

maps of ~he a rea  and cont oured . The r e s u l t  lug maps show a
st  ro ng t o p o g r ap h ic  cent  rot over  the mineral eg~’ pr imar 11 y through
t h e  rnechan i sin of  s i  :‘ so r t  i ng . at thoug h t n t  I not i ce of source of
se d Int ent can also he seen.  The gross mineralogy of t he  s u r f ic i a l
m a t  t’r i a I sauip I ed is  at  t e d  ed 1 i t  t I e ’ or not  a t  a t  1 hr di age’ut’t i c
change s  , R a t  i os o t the  V at ’ i oils c 1 a\ ’ m i n e r a l  s t o one another  are
cons .inI throughout  t h e  a rea  anti ar t ’ e sst ’nt tall t l i t ’ saint’ for
samp les  w i t h  large and sinai I pe ’re - e’nt ages ot to ta l  c l ay

The n i i  nt’ral og i c t t ’j n r c  t h a t  most t a t  t h fu l  l v re’ t l ee  t s
opograp hv i s  t l i ~ cent  cut of ot at chlor i t t ’ and mica. H i g h t o f l —

cent r a t  ions t ot low t o~-ograp li i c lows  whereas low conceut i-at ions
occur on the t e pogr ap ti I ~ hi ghs. ‘l’h is d i  str ihut ion was t’xp ee ’t t’d

• because  o t t h e  con cent  rat ion of fine mat  t’v I a t  in  the lows anti
lit ’ winnow ing of such mat cc i a! I rein lit gu s  . The quart content

ic f l e e t s  t opegt’ap hv to some ex t  c u t  but is mod i i i  ed b~ v a r i a b l e
amounts of fe I t l  spat- in t l ie s i  it and sand ti - act ions. Ieorgt’ $

• B ank , for ex .Imp I c  , Is a t opogr aph  i t ’ high has’ lu g h igh  q u a r tz  con-
tent • ~‘crv low ft ’l d s p a i ’  , a nd i - ct - v low e- l i l o t -  i t t ’ and mica  c on t e n t ,

• The are a o t’ J e f t v  cv ‘ s I e~I ge , howe’.- cv , i s a t opogr ap h i ~ h I gh has’ I ng

Pub lication author i :cd by the  Di reel or , U. S. t ;t ’o logical Surv t ’v.
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a moderate quartz content , relativel y high feldspar , and low
chlorite and mica .  The relativel y high feldspar content may

• reflect a strong contribution otT glacial material . The very
low feldspar content of’ Geo r ges Bank may result from either
minor c o n t r i b u t i o n  of g l a c i a l  mate r i a l  or loss of fe ldspar  by
subaerial erosion during intervals of lowered sea levels or by
surf  ac t ion  d u r i n g  p o s t g l a c i a l  t r ansgress ion  of the sea . Plagio-
clase feldspars are much more abundant than potassium feldspars
throughout the area .  The type of feldspar is independent of

• the topography.

Fine tex tured  surface  f e a t u r e s  of sand grains from various
mineralogic and topographic zones of the shelf observable by
electron microscop ic techniques may reveal the erosional history
of the gra ins .  Such s tudies  have been started but as yet have been
l imited to the development of r e l i a b l e  samp le preparat ion tech-
niques.

The minor minera l s  in the sediments are also under study;
heavy minerals in the sand s izes as wel l  as minor c lay  minera ls
in the finer sizes are’ being determined. Insufficient data pre- •

• d ude the drawing of any conclusions at present . •

Seminar : ‘
~

John C. Hathaway conducted a seminar in Principles of X-ray . 
-

D i f f r a c t i o n dur ing the late spring and sununer. It  was completed
by 7 persons including one from the Bureau of Commercial Fisheries.

Publication :

Carroll , D. and J.C.Hathaway, l9b3. Mineralogy of selected
soils from Guam. U.S.Geol.Survey Prof.Paper
403-F , 53 pp.

ORGANIC CONSTITU ENT S

Jobst Hulsemann

Most of the report time (some 60% of the year 1963) was
spent with laboratory work including instruction and training of
technicians . The to t a l  number otT anal yses carried out is: 1034
for calcium carbonate , 1399 for Kjeldah1-nitrogen~ and 1771 for
total and organic carbon. These figures include “blank”- and
“standard-reagent- ” analyst’s.

_____-
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To f a c i l i t a t e  compu ta t ions involved in the large number
of analyses , the WHOI electronic computer was used . With the aid
of Mr. Duncan Morrill (head of the 141101 computer center) a computer
program was written. A descr iption of our method for the analysis
of carbonate itt sediments and computer processing has been pre-
pared for pub l i ca t ion .  Manusc r ip t s  for the machine handling of
the other routine analyses (nitrogen and carbon) are iii preparation .

The samples so far obtained cover most of the northern part
of the continental shelf from the Bay of Fundy and Nova Scotia to
New York. The results are plotted and contoured in chart form and
show that the calcium carbonate content is very low and rather
uniform .  More than 80% of a l l  samp les  contain less than 5% CaCO 3
however in three loca l i t i e s ,  t he calcium carbonate increases to
more than 30% . At two locales (entrance to Bay of Fundy and
sout hwest of Nov a Scotia ) hi gh carbon a te valu es are due to shell
debris of pelecypods and other mollusks, and perhaps reflect
accumulation at the time of lower sea level during the Pleisto-
cene . At the third locality (slopes between Brown s and Georges
Bank) the sediment contains a great many foraminiferans whose
tests are responsible for the carbonate content. We may expect
simi lar resul ts  deeper on the continental slope beyond the pre- =
sently sampled area.

The results of the anal yses for organic carbon and nitro-
gen reveal a different re la t ionsh ip. Here the contour s of equal
contents of carbon and nitrogen r e f l ec t  the irregular topography
of the area. Higher concentrat ions of organic  mat te r  ocëur in
t he bas ins  and low values on the banks . It appears that organic
ca r bon is even a little more sensitive to topography than is
aminoid nitrogen. Noteworthy are two be l t s  of higner concentra-
tions of organic m a t t e r .  One l ies  w i t h i n  50 km of shore and the
other is about 150 km off the coast. It is suspected that the

- 
two belts reflect different sources of the organic matter (land-
derived near shore; marine farther off shore), and this hypothesis

- will  be tested. Typical va lues  within basins and depressions in
the Gulf of Maine are: 1.8% organic carbon and 0 .257~ Kj elda h l
nitrogen , and on banks 0.2% organic carbon and 0.01% Kjeldahl
nitrogen by dry weight.

A lecture tour was undertaken as Visiting Scientist of
• the American Geological I n s t i t u t e  from 17 to 23 February to

Di cki nson Col l ege , Ca r l i s l e , Pa. , and Allegheny College , Mead-
ville , Pa. Seminars on mar ine geology were held and the fol-
lowing talks were given:

The Sed imentary Environment of Marine Basins
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The Sedimentary Environment of Submarine Canyons

Geological Inves t iga t ion  of the Experimental  Mohole 1961 .

In add i t ion  a t a lk  was presented on 15 Jul y before the •

Journal Club , Woods Hole Oceanographic Institution: Some Char- f
acteristics of Experimental Mohole Sed iments.

Papers prepared and submitted for publication:

Emery, K.O. and J.Hulsemann. Shortening of sediment cores
collected in open barrel gr avi ty  corers.
Sedimentology. (WHOI No.1362).

Papers published :

Rittenberg, S.C. , K.0.Emery, J.Hulsemann , E T.Degens ,
R . C . F ay , J.H.Reuter , J.R.Grady, S.H.Richardson and
E.E.Bray, 1963. Biogeochemistry of sediments in

experimental  Moho le. J.Sed .Petrol. 33: 140-172.

Emery, K.0. and J Hulsemann , 1963. Submarine canyons of L
Southern Ca l i fo rn i a :  P t . I  Topography, water , and
sediments. Allan Hancock Pacific Expeditions ,
a:i_~ 

p t .I :  1-80.

FORAMINIFERA !~

Thomas G. Gibson

Approximately 500 surface samples from the Atlantic Shelf
between the southern coast of Nova Scotia and the eastern end of
Long Island have been processed . The samples have been weighed
and the number of Foraminifera counted , then calculated as number
of specimens per gram of sediment . When plotted on a base map ,
these data show several interesting patterns . The lowest number
of specimens is found in the nearshore waters all along the coast
and in the shallow pa r t s  of Georges Bank. Because the nearshore
sediments range from mud of f  New Hampshire and Maine to coarse
sand off  Cape Cod and southward , probably something other than
sediment type or rate of deposition is the controlling factor.
Less than one specimen per gram occurs in most of the nearshore
waters , in s t r iking contrast  to large numbers found at similar
depths o f f  Flor ida and in Long Island Sound . Generall y ,  as the

‘Publication authorized by the Director , U.S.Geological Survey.
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distance from shore increases , the abundance of specimens
also increases. A high of 13 ,000 specimens per gram is found
at a depth of about 200 meters itt the area south of Georges
Ba nk. The progressive increase in abundance relative to dis-
tance from shore exists only in the area south of the Gulf of
Maine . Very heterogeneous patterns are found in the Gulf of
Maine because of the irregular topography.

The ratios of planktonic to benthonic Foraminifera have
a lso been plot ted . Generall y,  t he r a t i o  of p lanktonic to
benthonic specimens increases with distance from the shore.
For this  parameter  the Gulf  of Maine again exhibits a hetero-
geneous pattern , which Is generally related to the topography.
Both the benthonic and p l ank ton i c  fauna s show a striking change
at the northern edge of George s Bank. North of this  area , the
fauna consists mainl y o f a r ct i c  to subarctic species , whereas
farther south temperate to subtropical species predominate.
Thi s change is sudde n an d marked . Although the berithonic faunas
do not overlap , a few warm-water planktonic specimens are found
in the Gulf of Maine , p robabl y due to the incursion of small
masse s of Gulf Stream waters .  Of the few species that  are
common to both areas , the specimen-s in the Gulf of Maine are
only one-quarter to one-third as large as those found south
of Georges Bank ; this is an ir.reresting example of possible
phenotypic var iation.

In both faunal provinces , marked zonation of species with
dep th is exhibited . A fairl y sharp break in faunal composition
occurs at  approximately  40 meters ,  and a majo r br eak occur s at
90 to 100 meters. Al though the fauna is composed of 30 to 50 3 .
species in depths of less than 100 meters , usuall y one or two
species dominate at greater depths.

BENTRIC BIOLOGY

Ar thur S. Merri]J

-
• During the year 1963 , a to ta l  of 387 samples were collected

with a Campbell grab sampler aboard the WHOI R/V GOSNOLD at pre-
determined stations. The samples were received at the BCF Lab-

-
‘ oratory for sorting, identifying , counting, and weighing the macro-

- • faunal components. The stations complement a series of 389 sta-
• tions taken earlier by this laboratory and they complete this

program of bottom sampling from the Bay of Fundy south along the
continental shelf to Cape May, New Jersey, on a 10-mile grid ,
leaving only the deep water slope stations yet to be finished .
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At the beginning of 1963 there remained about 200 earlier
BCF samples to sort and analyze. This work was completed in
August and sorting of the GOSNOLD mater ia l  began immed iatel y.
At the end of the year 129 GOSNOLD samples had been processed .
It is hoped that the remaining GOSNOLD material will be com-
pletely worked up by late spring .

Photographs , taken an instant before a grab is made ,
are being analyzed along with the animals actuall y taken at
stations in order to approximate the usefulness of this tool . - -• • -

A report  wi l l  be issued soon on this technique.

Personnel at  t h i s  labora tory  pa r t i c ipated in two .,~~~~ 
-

GOSNOLD cruises. This resu l ted  in a better understanding -
~~~~~

between the geologists and biologists of the kind of problems - -

which each are investigating . - • 
-

S

ELECTRONICS

Russell K. Paul

Activities since my arrival in March , 1963, fall into
five catagories: instruction; setting up shop ; assembling and
maintaining a seismic profiling system; design and construction
of equipment ; and participation in cruises.

Several trips were made to the Westrex Company in New
York City to be instructed in the operation and maintenance of
the Precision Depth Recorder , and one trip to the Lamont Geo-
logical Observatory for additional information about the PDR.
Three weeks during the spring were spent wi th  Del Electronics
Corporation at Mt.Vernon , Ne w York , during f ina l  assembl y and
test of the 10,500-Joule sparker. In November a one-week sem-
inar was attended at the Alden Electronic and Impulse Recording
Equ ipment Company in Westhoro , Mass., where detailed instruction •

wa s received in the operation and maintenance of the Precision —

Graphic Recorder , or PGR.

An electronics and mechanical shop was assembled , with
proper test equipment and tools either purchased or secured from
the surplus lists. Present facilities are adequate for most
routine maintenance ; the facilities of the Institution are avail-
abl e, and have been used , when our own are inadequate .

During the year most of the components of the sparker and
• receiving systems were received and tested. The sparker was

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ~I~4
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pe rmanen t l y  i n s ta l l e d  aboard R1 V GOSNOLD . as was the PDR.
A five-clement l inear hv dr o p h oite  array of WUO I design was
received from Ray fl..’x Exp lorat ions . Inc., and has been used on
one major cruise . Other couunerciallv-uuinufactured components
include a programmer , two variab le ti t t e r s , and a ten-channe l
emitter follower of 141101 des I g n .

Several it ..’ms ot electronic equ ipment were constructed
in our shop , including a fi v e-ch ~innt ’1 mixer , a monitoring ampli-
fier , and a signal amp l i t  let all ot 141101 design. In addition
power supplies were design ed and constructed for special pur-
poses , namely t he hydrophone atrav , wh ich also required the
construction 0! specl.d cabling and distribution panels. Mod i-
fications were made to several i tems of equipment . Changes
were made in the ignition switch unit el the sparker to enable
faster and t’~tsler switching of t’nel-gv levels. It became ev ident -

•

that the PDR needed t h e  flex ib il its- of a v~trietv of paper-feed
rates to he of maximum use in seismic profiling , and a five—speed
transmission was .tccordi ug l y  designed and constructed for instal
lation in the recorder. Kx cellent results h~ivc been experienced
with this unit. A t u n c t i ~’t’- .switchlng chassis was also designed
and wired jut 0 the PDR to ef lab le  I ~t s t  se l e c t  ion of ~ ‘ ither echo
sounding w i t h  the norma l P1)11 cent  I gura t I ‘n , or seismi c profiling ,
which requ i res  a ra ther  d t ’a s~ i t ’ re-dep loyment of the e le c t ron i c
sub-assembl ie s .

Th ree major  ~- r u i  st’s w e r e  undertaken ter sparker opera—
tion ; two of these wet-c ~t success I t out the stand point of equip-
ment operation. ‘t’lit’ third cruise wits not successfu l due to —

cr1 t ica 1 ma I t u n e  I ion in t’e t ii sound sour CL’ and r eceiving equip —

ment . In add It ion , se\’L’t~ t l shot I crti ses were  made to t e s t  and
adjust equ 1 ptut ’t i t

— —“- 5- ‘
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HYDROLOGY AND GEOCHEMISTRY
OF THE ATLANTIC COAST AND CONTINENT~~ SHELF1

Robert H. Meade and Frank T. Manhejm

Planning has begun for a program of stud y that willextend offshore the Geological Survey ’s traditional interestsin the  h ydrologic  cy c l e .  The problems to be Studied include:(1) the mixing of fresh and saline waters at river mouths, inlarge es tua r ies , a n d over the  open shel f ; (2) the fa te  of thedissolved ions and sediment loads discharged by rivers intobrackish and marjiie waters; and (3) the interstitial waters ofthe sediments , their composition migr,ttjon , and relations tothe bulk physical and chemical properties of the sediments.
These s tudies  wi ll get under way in 1964. Among thosespecificall y planned is a series of observations at the mouthof the Connecticut River to assess the mixing rates and processesat a narrow river mouth , the movement and deposjtjoti of the sed i-ment load , and the fate of the dissolved constituents contributedby the river . Detailed study of the mixing rates and processes 

.i I
on the open shelf will begin with the May-June cruise of the R/V 

t
GOSNOLD , dur ing which the salinity and temperature (and perhapsthe turbid i ty) of the waters between Cape Hatteras and CapeKennedy will be measured to give some ind ic a t ion  of the influenceand the eventual fate of the fresh water that discharges from the , 7land . Interstitial water will be squeezed from the sediments thatare taken during some of the bottom-sampling cruises of R/VCOSNOLD , and returned to Woods Hole where laboratory facilitieswill be set up to chemi call y anal yze the sed iments and waters.Both major and minor elements will be Studied .
Publication durin~g 19(~3:

Meade , R H., 1963. Factors influencing the pore volumeof fine-grained Sediments under low-to~moderateoverburden loads. Sedimento1o~y (i): 235-242,

1Publicatjon authorized by the Director , U.S.Geologjcal Survey.
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APPEND ):X

The Problem~ of QUATERNARY MI CROPLANKTON

David Wall

Background Information

Dinoflagellates as microfossils occur in marine ,
sedimentary rocks ranging from Rhaetic to Recent. In addi-

-; tion to many extinct forms , several of the most common present-
day genera , including Gonyaulax and Peridinium are known from

• the fossil record . Associated with dinoflagellates in these
and much older strata are similar inicrofossils commonly called
“hystrichospheres” . Until 1963 the latter were allocated tax-
onomically to the Hystrichosp haeridae , a group of uncertain
classificatory standing , but then this system was aba ndoned in
favour of a two-fold division into Dinoflagellata and Acritarcha.
A critical review of the morphology of many fossils previously
called “hystrichospheres” , including that of the important type
genus Hystrichosj,haera, demanded that they should be classified with
the Dinoflagellata , even though there were differences between
these and living flagellates. The remaining forms , all of un-
known biological affinity , were allocated to a new group , the
Acritarcha .

Dinoflagellates are recovered f r om sedimentary rocks by
the same techniques as those developed for the extraction of
pollen and spores. Their geolog ical application also lies in
the same direction , name ly. rock dating, stratal correlation and -;

t he determinat ion of ancient  envi ronments .  At present , fossi l
microp la nkton is being s tudied b y pa l ynolog is t s  of most petro-
leum companies and in academic institutions throughout the world.

The programme now being conducted at Woods Hole is an
investiga tion into some problems associat d with Recent and
Pleistocene microp la nkton .  From the p o i n t  of view of the micro-
palaeontologist , very l i t t l e  is known of the p resence and nature
of dinoflagellate remains in recent sediments. Again ,  f rom a

4 biological viewpoir.t , the matked differences between living dino-
flagellat€ populations and dinoflagel late remains found in muds on
the ocean floors require exp lanati on . It is hoped to demonstrate
th at fossi l  d i n o f l a g el l a t e s  can prov id e  t h e  marine geologist  wi th
a new method for the correlation of sed iment cores and reveal to
biologists new aspects of the morphogenesis of dinoflagellates.

4
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The programme was pu,rsued along two l ines, one micro-
palaeontological , the other , biological .

I. Micropalaeontology

A deep-sea sediment core (A 254/330) from the Yucatan Basin
of the Caribbean (l9°35’N, 84°5l’W) has been examined for micro-
plankton . A detailed report of the results of this work has been
prepared ; the important findings are summarized here.

1. The core was 6 m long and comprised a homogeneous grey lutite
from the base to a depth of 34.5 cm , above which there were lamin-
ated silty clays of yellowish-olive colour alternating with grey
lutite bands.

2. Dinoflagellates were extracted in large numbers from 10
selected samples by treating the clays with dilute HC1, hot HEr,
Schulze ’s solution and dilute KOH followed by staining with
Safranin 0. The specimens were found to be very delicate and - •

were examined therefore in open preparations.

3. Thirty-one species of dinoflagellates were identified or
described as new species; of these , 15 were common. Three genera ~~~~~~

were abundantly represented , Hystrichosphaera (10 species),
Hystrichosphaeridium (7 species), Gonyaulax (6 species) and five
other genera were recorded l,~ematosphaeropsis, Actinotheca,
Ascodinium ,? Dioxya plus a new genus to be named later).

4. The 10 assemblages obtained were constant in their species
content ; 15 species were common to all the samples , the remainder
were sporadic in occurrence .

5. The frequency distribution of species and genera varied with
depth in a regular manner . Possibly the changes observed were
due to climatic change and may well provide a suitable basis for
correlation of cores as the investigation proceeds. The most sig-
nificant fluctuation observed involved a marked decrease in the
abundance of species of }lystrichost haera and }lystrichosphaeridium,
together with a rapid increase in the relative abundance of Gonvaula~
between the depths of 10 and 40 cm in the core.

(The absolute ages of the samples will have to be determined
by radiocarbon methods. Comparative data can be obtained by exam-
ination of foraminifera from the core.)

6. The present investigation furnishes original information about
late Pleistocene and Recent dinoflagellate assemblages. The youngest
Tertiary assemblages known are of Miocene age . These are very dif-

- • ~• • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ferent in composition , so that between the Miocene and Recent
there were obviousl y extinctions and evolutions of some dino-
flagellates. These form a good potential basis for dating older
Tertiary and Quaternary strata when longer cores are available
for examination.

7. Preparations of calcareous nannop lankton (discoasters and
coccoliths) were made and examined. These were not studied in
great detail but it was determined that discoasters were present
throughout the core .

— II. Biology of Microplankton

Biological information concerning hystrichospheres and
fossil dinoflagellates was sought by making detailed studies
of the morphology of the fossils and by attempting to locate
similar bodies in plankton hauls.

1. Morphological observations.

Fossil dinoflagellates have a transverse and longitudinal
furrow and plate-areas comparable with those of living armoured
di n o f l a g e l l a t e s .  However , fossil forms , including those from the
Caribbean , also possess a dors~ 1 aperture called the archeopyle
and are invariably characterized by having long spines or crests
upon their surface. Consequentl y fossil forms cannot be identi-
fied with a:~y known living species and the theory currently held
to explain this anomaly is that fossil forms are in fact a type
of dinoflagellate cyst as opposed to a motile phase.

An important observation from Caribbean fossil forms is
that the plate arrangement of species previousl y classified with
the fossil genera flystrichosphaera and Ncmatosphaeropsis is com-
patible with that of Gony au lax.  Th i s  adds strength to the idea
that hystrichospheres of this type are dinoflagellate cysts.
These “cysts” appear to be an intermediate stage in the life cycle
of a thecate dinoflagellate between the existence of the motile
flagellate stage and the formation of a “spore” inside the theca .
The spore is l ibera ted  by escape through the archeopy le. The
intermediate stage is possibl y benthonic, which accounts for its

— absence in literature dealing with the life cycles of dinoflagel-
lates , although on the other hand it is probably a stage which
may be entirel y lacking in some -vcles. It is hoped to gain more
information on this subject by setting up special culture experi-
ments.

I
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2. Examination of Plankton Hauls

Plankton hauls taken on the R/V CHAIN Cruise 37
(July, 1963) between Woods Hole and Bermuda were examined for
organisms resembling hystrichosp heres or other fossil forms
of di n ot l a g e l l a t e .  The resu l t s  of this investigation were
largely negative ; although large numbers of thecate dino-
flagellates were found , only a few specimens comparable with
fossil forms were found . This confirms the rarity of such forms
in plankton but adds a little to the evidence slowly accumula- -

~ 
-
:

ting that hystrichospheres are not extin~t but represent a phase
in the life history of certain dinoflagellates.

In addition to examination of plankton hauls , records
of previous expeditions were examined for the samQ purpose .
This resulted in interest in forms described as Trochiscia
and Pterosperma. Two species correspond to fossil forms ,
namely, Pterosperma ovum Gaarder 1954 and P. labyrinthus —

Ostenfeld 1903. Again , this suggests that hystrichospheres can
be found alive.

III. Miscellaneous 
. 

- •

A catalogue of fossil Dinoflagellata and Acritarcha
is being prepared at the Institution.

IV. Conclusions

1. Fossil dinoflagellate~ and hystrichospheres are abundant in
the Caribbean deep-sea Yucatan B sin and initial results indicate
that they will serve as a means of correlating sediment cores.

2. Hystrichospheres are not extinct and some possess a close
relationship with the present day genus Gonvaulax. Fossil
dirtoflagellates and hystrichospheres are morphologically dis-
tinct from living, planktonic dinoflagellates but may well
comprise part  of the l i f e  cycle of liv ing thecate forms .
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INTRODU CTION

The research program within the Geophysics Department
includes problems in physical oceanography , marine biology , and
geology as well as those problems commonly regarded as part of
geophysics. This combination results from the long-time interest
of many members of the department in hydroacoustics and the sig-
nificance of sound to research in these other disciplines. Hence
the separate reports are deliberatel y grouped in accordance with
discipl ine or problem area as shown in the table of contents.

Several individual scientists confine their active
interest to problems within one area of research so that their
work can be described in a single article . Others work in
cooperation with different combinations of their colleagues and
on problems that are diverse as to problem area or geographic . :1
location. A hopelessly disjointed account of their work would
be presen ted if each wrote a single article about his work during
1963. Consequently, articles have been prepared to present our
scientific progress in the many problems that have been undertaken.
The authorship reflects the principal contributor s to the research
or technical development .

During the past year many months of several individuals ’
time was occupied in the sea rch for the THRESHER . The e f fo r t was
so overwhelming that it is quite impossible to give suitable credit
to individuals in the brief mention of this work below. Many
scientists have sacrificed a large fraction of their time to this
cause since early April and their other research has suffered
correspondingly. Nevertheless , the experience gained during the
THRESHER search and in the subsequent analysis of data has been
valuable scientificall y as well as being a source of personal
satisfaction to the participants. It will be evident from the
other contributions below that the remainder of our research was
not completely suspended.

- I
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LONG-RANGE SOUND TRANSMISSION THROUGH THE DEEP SEA

Lincoln Baxter II, R. Brockhurst , D.D. Caulfield ,
H.S.L.Graham and E.E.Hays

Studies were continued of records of deep-sea , long-
range sound transmission collected over the last few years in
the North Atlantic Ocean and the Mediterranean Sea. The records -

made by the automatic recording system discussed in our 1962
summary report (WHOI Ref.#63-l8) - have provided confirmation of
travel time relations reported by Ewing and Worzel (1948),
Officer (1958), Arase (1959), and Hale (1961). The illustra-
tions in the above reports are based on Atlantic Ocean condi-
tions which are similar but not identical to those in the
Med iterranean . We have prepared graphical records of examp les
of Atlantic and Mediterranean sound transmission which strikingly
illus trate the similarities and the differences between travel
time relations of sound transmission paths in the two seas.

Focussing at intervals , in the Atlantic of 35 miles and
in the Mediterranean of 20 miles , and the larger angle subtended -~~~

in the Mediterranean by refrac ted rays are known from the theoret-
ical discussions of Ewing and Worzel (1948), Officer (1958), and
from experiments with explosive charges. But our new method
permi ts nearl y continuous obsetvation (with high resolution) of
travel time difference as a function of elapsed time . Much more
detailed anal ysis of range and relative intensity can be made
than t).~at provided by previous experiments.

References

Ewipg, M. and J.L. Worzel (1948). Long-R~nge Sound Transmission .
In: Propagation of Sound in the Ocean. Geological
Society of America, Memoir #27.

O,fficer , C .B .  (1958) . Introduction to the Theory of Sound
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Sound Propagation. J.Acoust .Soc.Amer. ~jJ5):588-595.

Hale , F.E. (1961).. Long-Range Sound Propagation in the Deep
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NEAR- SURFACE SOUND TRAN~41SSION

David D. Cau l f i e ld  and Stanley W. Bergstrom

The outstanding question in sound transmission in the
sea is the manner in which the changing physical characteris-
tics of the ocean affect sound propagation. Since near-surface
sound transmission work has been conducted for many years at the
Institution , large amounts of data have accumulated that are
app licable to the problem , including sound velocity measurements,
temperature structure profiles (WHOI thermistor chain), and surface
wave characteristics.

Most of these data are in analog form and consist of
series of numbers too long to handle conveniently by ordinary -~~~~

methods. For instance , one set of sound transmission studies • 

-

resulted in 75,000 measurements of acoustical energy. The past
year has been spent in develop ing digital computing and handling
programs for such large amounts of data. •-: -

~~~

The first problem was to develop means of storing the data
from experimental sound transmission runs and computing normaliza-
tion factors , calibration factors, and automatic data contouring
programs .

Figure 1 represents a sample of contoured field data from
a sound transmission study in the Norwegian Sea. These contours
were computed by the GE 225 Computer and plotted automatically
from IBM card s on the Electronics Associates Plotter . The contours
are lines of equal energy level.

The next problem was to convert theoretical models of sound
transmission into complete digital programs. Figure 2 represents
a theoretical ray diagram based on the velocity structure present

- - at the time the acoustic data in Figure 1 were collected. This

• particular model was based on 80 linear segments representing a
continuous velocity profile. One investigation is being made to

• consider how accurate the velocity profile has to be in the
theoretical model.

Procedures have been worked out , although the computer
programing is not complete , for computing the energy levels from
the ray diagram and ending with a contour plot for direct comparison
with the experimental data plots.

By means of the computer the two plots shown (Erigs.l and 2)
were completed in one day. It required weeks to construct such figures
by older methods and the results were less accurate.

• 
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BOTTOM REVERBERATION

J. K . Hall and J. B. Hersev

Over the pa st decade , many bottom reverberation measure-
ments have been made using a shallow TNT charge as the source
and an omni-directiona l hydrophone to receive the sound scattered
from the ocean floor. A wide geographical distribution was
obta ined  to . i l low c o r r e l a t i o n  of b ack sca tt e r ing  coef f ic ien ts
w i t h d i f f e r e n t  sediment types , bottom structure , and topography.

These hackscattering coefficients are now being computed
using the Institution ’s high-speed General Electric 225 digital
computer. Magnetic tape recordings are p layed back through the
Electronics Associates Mode l 45.001 Oceanographic Computer to
produce a record ~~t’ energy flux density as a function of time
for one- third octave frequenc\’ bands between 100 and 10,000
cycles per second .

At present the data are analyzed using two different
models. Both assume a point source very near the surface ,
isovelocitv propagation, a flat bottom , and no penetration . but
one a ssu mes Lambert diftus e backscattering at the bottom . Mcdi-
ficat ions w e r e  made to  both  models to ca lcu la te  the b acks ea t t e r —
tug c o e f f i c i e n t s  u s i n g  energy  f l u x  spect rum levels at the bottom
derived from the finite amp litude parametric equations of Arons
(1954) and Weston (l’)t~0~t.

Values 01’ energy t’lux density at closel y-spaced t ime
intervals arc read off at each frequency and manually punched
onto IBM cards. For every time point the program computes a
backscattering coeffici ent from each model and its finite ampli-
tude modific ation , and these coefl’icients are automatically plotted - •

as a function of gi-a zing ang le and frequency on the Electronics
Associate s Datap lotter .

From these p l o t s the oblique backseattering mechanism mar be
stud i ed hr observing variation of the scattering coefficients as

-
• 

a tuu ct ton ot grazing angle. frequency , and physiographic province.
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CORRELATION (‘~~ ECHO-STRENGTHS IN HIGH-F1~EQUENCY ECHO-SOUNDING ,
WITH MASS AND GRAIN-SIZE CHARACTERISTICS OF BOTTOM SEDIMENTS

L. R. Breslau and J. B. Hersey

During the past year an analysis of echograms and
samples 01’ bottom sediments taken along the same profiles in
shallow water has been completed . The echograms , recorded
during the familiar echo - sounding process using short pings
of 12-kcps sound , were designed to display both peak-to-peak
amplitudes in the echo and the total energy of the echo-train
of the first bottom-reflection. From these , the apparent
acoustical reflectivity was computed using suitable models of
sound transmission through the water and of the reflection
process. The reciprocal of reflectivity, expressed in decibels
as bottom loss , was found to be correlated directly with the
porosity or with the silt-p lus-clay fraction of the sediment
forming the sea floor at the same place (Fig. 1). While this
sort of result is known from other work , nevertheless the present
demonstration is especiall y valuable because a very detailed ,
yet extensive set of comparisons was made possible by intensive
use of automated and semi-automated data collection and analys is
techniques. This procedure has been developed to such a state
that it readily can be fully automated and used as a routine
survey tool of high reliability on a ship underway at cruising
speed .

The absolute value of bottom loss was found to compare
well with the reciprocal Ray leigh reflectivity. The departures
from agreement probabl y are due mainly to errors in acoustical and
electrical calibrations , which may be appreciable , and to failures
to sample the bottom at the same locations as the echo soundings.

J.~ ~J~IL~ MEASUREMENT OF ACOUSTIC ABSORPTION IN SEDIMENTS
USING A SEISM IC REF1~ACT 1ON TECHNIQUE

Lee C. Bennett

The frequency dependence ct acoustic absorption is thought
to be responsible for the diff erential penetration of some seismic
frequencies into bottom sed iments. Consequentl y, the measurement
of acoustic absorption is 01  interest to seismologists, and an
attemp t to make In ~~~~ mcasurement.s was continued this year.

The method chosen for the study was the measurement of the
attenuation , as a function of range , of acoustic waves which have

Li --••-
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been criticall y refracted in the bottom or sub-bottom strata
(Figure 1). These echoes and others from repeated Sparker and
Sooner pulsc~ are ’ recorded on magnetic tape and later played
throug h band-pass (iltors to an oscillograph . The appropriate
phases are idt’nti tied and measured on the oscillograph record
and the attenuation is determined by comparison of successive
pulses.

The a tt e i t a t t - .”n so d ete rmined consists of contributions
t rom t r I l l’ ahso lp~.io~’ in  the sediments , geometrical spreading,
and loss ~~t energy by diffracti on and scattering. Several
tti”d ols 1Ia\’e I ’ I ’ I ’ I i  ‘~ “ l 5 I e I , i & ’(t rhis year to account for the losses
other than abso~- pt j t.’n, but none was full y successful . This
inv e~~ti gat i * ’n ~~s ~- lI’I t inui.lg using simple models and data from
Local arel s in I~uzzard -i 1a and the near-by continental shelf.

NA’V°RAT. SOUNDS OF ThE SEA

W il i iam E. Schevill

For some t lOW Dr. carleton Ray of the New York Zoological
society had been suggesting that we listen for underwater sounds
made by the ir capt i’ ,e pinnipeds , since these animals might be
expected to use acoustics and especially echo-location in their
natur al hab itat . in January we visited the Society ’s Aquarium
and Zoo , and s i ece e d ed  in recording from six species of pinnipeds
some very taint , sounds. These were for the most par t  impulsive
cl icks di tt ern ig rn st,ructurc trom the familiar clicks of por-
poises , the seal ci i1 -k~ had a d e f i n i t e  and var iab le  harmonic
structure. Fite t a l 1 E I 1 O S s  o f  these  sou nds th rows some doubt on

lie ir s’ i t ab  i i  it v for long—range echo-location in hun t ing  and
nav i gati on . ii may well turn out that the animals can make louder
noises. We p~ hl isli,’d a discussi on of these sounds with spectro-
grap hic aralyscs ~Sche v iIi , Watkins, and Ray 1963).

l”~ r t l i - ~ la st dozen years underwater listeners have been
det ec .’t  lag jot .‘nsc low- frequency sounds near 20 cps in many parts

~~ the ocean , in ‘ludin ~ our c oa st s .  These sounds , inaud i b l e  to
human ears, hut no t’ so to sensitive listening systems , have
great Iv pezzled marine acousticians , Al though most investigators
have emphasized the rhythmic regularit y of the signals (for
examp le , a o ti c- se -ond  p ise at 7, II , 7, 11 seconds and so on.
or again 12 , 12 , 12 , 12~ , we have found that for much of the
ti me the ‘ , - I d S  are l’aiidonl , b e i n g  regiil ar only some of the time.
These signa ls have b r i  attribut ed to geological or meteorological
causes, i clud 1\g mic rnse tsms , a i i--craft , ships , politics , and

‘~ 4 ~~~~~~~~~~
‘ -

~~
-‘ 

__ _ _ _ _ _ _ _ _

— 

~ .a2 ~i ., -‘ -
~ — “.‘— ‘I-..



- 
~~~ ‘~~~~~~ ““~~~~~~‘‘ “~~~ ‘ ‘ ~~~~~~~~~~~~ ~‘~‘ 

- —

- 112 -

animals , including whales , fishes and crustaceans. We soon
became convinced that animals were responsible , but were unable
to determine which . Other workers had offered whales , but we
discounted these suggestions because we had never heard such
sounds when recording cetaceans , and because whale sightings were
usually not associated with the reports. However , the widespread
distribution and the strength and low pitch of the signals made
whales attractive suspects.

We continued to listen for and record these mysterious
sounds , both from ships and shore stations , such as one in Maine
obligingly turned over to us by the Bell Telephone Laboratories;
we often used airplanes and blimp s for spotting.

Although we had a few hints, plainer in retrospect than at (
the time when they were masked by conflicting and inconclusive
data , it was not for several years that the evidence was clear
that the 20 cps signals were definitel y associated with a whale ,
and a particular one at that , Balaenoptera ~hysalus, the common
and cosmopolitan f inback.  We now concentrated on th is  species ,
while continuing to check others , and found that the 20 cps signal
was associated only with B. physalus, never with any other species
encountered. A more dramatic check was made one November in Nova
Scotia , where the sounds were regularl y noticed and where these
whales were unreported. It looked like a good test of our theory.
Th—’ Royal Canadian Naval Research Establishment most hospitably
allowed us to use a listening station , and we went there with our
Hel io Courier float plane . For several days one of us flew over
the area while the other maintained a listening watch. Finally
the listener radioed that he had the signal , and we in the plane
found three finbacks in the hydrophone area.

This whale , Balaenoptera physalus, is practicall y cosmo-
-
‘ politan , more so than the 20 cps signal has been so far reported ,

which is of course no more widel y than the distribution of listening
equipment able to hear this low frequency. It is believed that this
signal has been noticed only in the last dozen years because it was
only about then that sufficientl y sensitive listening gear came
into use.

The problem is not yet fully solved ; for example , it may
turn out that other species of Balaenoptera may be involved ,
perhaps in other rhythms or even other frequencies. However , we
feel that we are far enough to report on it , and did so last April
at the Symposium on Marine Bio-Acoustics at Bimini (Schevill , Wat-
kins, and Backus, 1964).

In the laboratory, analysis of records has continued ,
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especially the further study of pulses and pulse-like sounds
of whales and seals. Part of this is reflected in the paper
on Physeter clicks reported by Dr. Backus.

Mr. Watkins has designed and constructed a simple variable-
reluctance hydrophone for general use , suitable even for amateurs
(Watkins, manuscript), and also a “real time” concurrent frequency
indicator (Watkins , manuscript). He also evaluated twenty dif-
ferent types of magnetic tape to determine which were most suitable
for analog broad-band direct recording . In September he published
a description of our portable recorder (Watkins 1963).

Several visitors have worked on our animal material .
Mr. H.R.Frey of the United States Rubber Company made some
measurements of porpoise skin , Dr. Allen Wilson of Brandeis
University took some samples of muscle and viscera of pelagic
and fresh-water porpoises for an enzyme study, Dr. Roger Atwood
of the Thorndike Laboratory, Boston City Hospital , made some
reconnaissance studies of the intestinal flora of the same por-
poises , and Miss B. Lawrence of the Museum of Comparative Zoology
dissected the laryngeal region of a Stenella ~~~~~~~~~~ Messrs. M. L.
Hanson and D. J. Harris of United Aircraft (Blo-Science and Tech-
nology Department) were given anatomical material for study, and
several students at the ~iarine Biological Laboratory were helped
similarl y.
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SPERM WH~ILE CLICKS

Richard H. Backus and William E. Schevill

Sperm whales utter a characteristic click which we have
heard in more than 20 encounters with these animals. A principle
function, induced from the click-function of another odontocete,
is assumed to be echo-locational. As in most clicking sounds
the spectrum is broad , but the dominant frequency lies near
five kcps. Repetition rates are low compared with similar sounds
from other odontocetes, the highest so far noted being about 50
per second while a commonly observed rate is about two per second.
Oscilloscope photographs show that each click is actually a series
of shor ter events which we call pulses. Clicks studied vary from
one to nine pulses per click and the range of click durations so
far observed runs from two to 24 milliseconds. The production -

of these multi-pulse clicks we call “burst-pulsing”, a term
taken from “sonarese. It is a familiar trick in sound-ranging
when background noise is high .

Individual whales produce clicks which are highly repro-
ducible , that is, succeeding clicks in a series are very nearly
identical with one another . This phenomenon we call “signature”.
It may be useful to a whale in distinguishing echoes from his
own clicks while discriminating against echoes from the clicks of
others and also in recognizing other individuals important to him.

A happenstance recording of sperm whale clicks (as noise)
on an echo-sounder record together with echoes from the whale
making the clicks has allowed us to learn something of the timing
performance and behavior of a sperm whale under a particular set
of circumstances. The sperm whale ’s sense of rhythm , or ability
at time perception, is most excellent . The “jitter” in intervals
between successive clicks, when the repetition rate was about two
per second , is about half of that of the best of human performers
tested in the laboratory.
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The fact that two whales in deep ocean situations of
differing geometry had about the same click repetition rate
(about two per second) and that this same rate has been observed
commonly in tape recordings suggests that this rate is one
employed when the whale is operating in a search mode (search
as opposed to inspection) and that the 1200-foot stretch of
water immediatel y ahead of him is the stretch he can efficiently
examine when looking for weak sound-scatters such as squid .
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UNUSUAL SOUND-SCATTERING LAYER

OFV NORThEASTERN UNITED STATES

Richard H. Backus

Widespread exploration with a 12 kcps echo—sounder during
the last decade in the western North Atlantic has uncovered an
apparentl y unique sound-scattering layer which is confined to
the slope wate r o f f  the northeastern United States. The shore-
ward limit of the area in which this feature has been observed
is about at the 200-fathom curve; the seaward limit is the warm
front of the Gulf Stream . Between these limits the feature has
been observed from off Cape Hatteras northeastward to the meridian
of 65°W. This layer has the general properties of ordinary deep
scattering layers save in the structure of the echo sequences on
the echo-sounder record - Successive trains of echoes, instead of
forming the usual even s tr ipe resu l t ing  from the receipt of sound
scattered by numerous targets of low reflectivity , form crescentic
echo sequences resulting from the receipt of sound scattered by
a few targets of high reflectivity. Such crescentic echo sequences
are familiar features of echo-sounder records made in shallow
water , especia l l y over known fishing grounds, but are of infre-
quent occurrence at depth in the open ocean.

These crescentic echo sequences are arranged to furm a layer
whose midday depth is about 180 fathoms. The layer migrates to or
near to the surface in the evening and away from the surface at
dawn. These vertical migrations are slower and begin sooner than
those of the ordinary deep scattering layers seen in the area with
the 12 kcps echo-sounder.
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In 1959 this peculiar layer was virtually continuously
distributed over thousands of square miles of the slope water
area from Cape Hatteras to the meridian of ll°W. In 1960 and
1961 the layer was very patchil y distributed in this area.

An examination of the broad-band sound-scattering proper-
ties of this layer has been made during an evening vertical
migration. At midday depth or near it the layer scatters sound
Which is sharp ly peaked near 12 kcps. This explains the very
high intensity of the echoes recorded by the 12 kcps echo-sounder .
During the evening ascent the layer best scatters sound at
lower and lower frequencies. Near the top of the ascent at 15
fathoms the sound-scattering peaks between 2 and 3 kcps. Such
a considerable change in peak scattering frequency indicates a
gas-bubble scatterer , doubtless the swimbladder of a fish .
Consideration of the depth-frequency relationship during the
migration suggests that the fish was heavy at depth and simply
let the swimbladder expand with lessening pressure to bring the
fish to neutral buoyancy when near the surface . The surface
swimbladder volume of the scatterer has been computed using
the frequency-depth relationship and indicates a fish whose
total disp lacement volume is about 40 cc.

Fishing with a large mid-water trawl has not yet assisted
in the identification of this sound-scatterer nor have observa-
tions with  an echo - sounder-camera apparatus been successful.
One f i sh  under consideration is the l i t t l e  known but apparentl y
abundant gempylid , Nea lotus  t r ipes Johnson . This bath ypelagic
fish has been observed in great numbers at the sea surface at
night shortly after the evening ascent of the layer in question.
The disp lacement volume measured for a number of specimens col-
lected at such a time is smaller by a factor of two or three than
that  computed from acoust ical  data. (Abstract of pa per del ivered
in the Specia l i zed Symposium en t i t l ed  “The Deep Scattering Layer”,
August 21 , 1963, XVIth International Congress of Zoology.)

MESO- AND BATHYPELAGIC FISHES

R. H. Backus , Giles 14. Mead and Others

Bathypelagic fishes collected on ANTON BRUUN Cruise 3 of
the International Indian Ocean Expedition were returned to Woods
Hole in October and were sorted preparatory to study group by group
b y Backu s , Mead , G ibbs (USNM ) , Cohen (USFWS) , and Ebel ing (UCSB).
These collections were made from about l2°N to 44°S along the
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meridian 60°E. Similar collections are to be made in the spring
of 1964 during ANTON BRUUN Cruise 6. The collections of the two
cruises will be studied zoogeographically and ecologically in
relation to Indian Ocean water masses.

Thirty-three collections of mesopelagic fishes were made
on CHAIN Cruise 35 in deep water of f  the coast of South America
during February. These collections , now sorted and mostl y iden-
t i f ied , were taken along a track paral lel  to , but 900 miles
west of , one along which similar collections were made in 1961
during CHAIN Cruise 17. These CHAIN collections are part of
a long-range study of the zoogeography, vertical distribution ,
systematics, and relation to sound-scattering of Atlantic
Ocean meso- and bathypelagic fishes.  Initial study of the CHAIN-
17 fishes is complete (Backus, et al., ms). In addition to a
systematic list of the fishes collected , consideration has been
given to the nature and location of the faunal boundaries crossed
during CHAIN ’s passage from the Romanche Trench (on the equator
at 170W) nor thwest towards Bermuda. A method for locating such
boundaries from collections made along a long , straight track has
been developed . The method is derived from the simple device of
detecting intervals of greatest faunal change by adding the number
of species collected for the first time at a station to the number
collected for the last time at the preceding station. The method -

ta kes into account the f act that , in a homogeneous population ,
“ f irs t - t ime” captures become less and less probable as the
sampling continues while the reverse is true of “last-time”
captures.  App l ication of the method to the fish data showed two
boundaries of seeming significance. One occurred near l5°N and
is appa r entl y coincident with northernmost penetration of South
Atlantic Central Water into the North Atlantic. The second , and
less marked , near 23°N appears to coincide with the southern
boundary of the Sargasso Sea as defined by the superabundance
of l8°water .

On CHAIN Cruise 35 , collections were made from near
Guadeloupe (ca. l6°N, 6l°W) southeastward to the equator. Although
these collections are far from completely studied, they appear to
show a faunal break near 6°N , 45 W where 200-meter temperature
charts show a circular pond of cool water . The physical origins
of this pond and the faunal boundary (if it indeed exists) are not
at all understood .
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PELAGIC SHARKS

Richard H. Backus

Sea trips of the last few years have given many oppor-
tunities for collecting data on pelagic sharks. Most shark
knowledge is based on along-shore kinds and such common animals
as the whi te- t ip  (Carcharhinus longimanus) have remained virtually
unknown until within the last decade.

Data from several hundreds of captures by long-line and
hook-and-line in deep water off northeastern United States have
been reduced and studied . The common pelagic sharks here are
(in approximate order of abundance) : the blue dog (~rj onace 

- 
-

-

glauca), the white- t ip , the silky shark (Carcharhinus falciformis),
the mako (Is.i~us oxyrinchus), the dusky shark (Carcharhinus
obscu)~~~ and a hammerhead (~phyrna lewini). The occurrence in
the area of several species is seasonally limited . White-tips ,
for instance , move north of the Gulf Stream only in the warm
season. Sexual segregation is a marked feature in the lives of
some . The blue dog population , which is so large in New England
waters dur ing the summer , consists wholly of males. Many other H-
complexities in the natural history of these interesting animals
are unfolding. 

•

.

A paper , which straightens out a taxonomic confusion in
the case of the silky shark was completed during the year (Garrick,
Backus and Gibbs, in press).
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AGE AND GROWTh IN ThE BLUEFISH (Pomatomus saltatrix)

Richard H. Backus and Barbara Jones

• Remarkabl y l i t t le  is known of the life history of this
— 

important and sometimes abundant fish. Save for fragmentary informa-
tion on the Black Sea stock, the only concrete age-growth data were
published in a short note two years ago (Backus, 1962) but conce..aed
a very small sample. Nonetheless , they showed that the bluef ish grows
remarkably rapidly (reaching a length of about 15 inches when little
more than a year old) and probabl y comes to sexual maturity at an
early age. Now we have made age determinations for a sample of 670
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specimens and derived growth statistics from these data ,
fish length , and time of capture.
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BIOLUMINESCENCE

Richa rd H. Backus and Asa Wing

Around-the-clock observations of bioluminescence in Woods
Hole Harbor have been made f or severa l years by pumping water through
a da rkened chamber , detect ing the f lashes of animals with a photomul-
t ip lier tube , and ta l ly ing  the f lashes as a function of time . There -
is a marked diurnal rhythm in the bioluminescent act iv it y ob serv ed in
this way. Flash counts are low during the day and high at night with
rapidly changing counts near sunrise and sunset (Backus, Yentsch and
Wing,  1962). A goal is to get eventually some p icture of seasonal
rh yt hms at Woods Hole.

The most interesting observations made in 1963 were on the
day of the solar eclipse , July 20. The sudden diminution of ambient
l igh t wi th the occlusion of the sun wa s accompa ni ed by an incr ease in
luminescence . When the sun was uncovered luminescence decreased but
(the eclipse took place late in the afternoon) did not return to
normal pre-sunset level before it began the regular evening increase .
A similar behavioral pattern was noted in records of deep scattering
layer s made by Robert C. Clark at a station between Woods Hole and
Bermuda at the same time . These two bodies of data are under con-
sideration together .

Bioluminescence ob serva tions have been made over the deep
sea and show that a diurnal rhythm such as that observed at Woods Hole,
exists down through the euphotic zone. Deep-sea bioluminescence data
are being studied together with Charles S. Yentsch and considered in
relat ion to ambient ligh t levels , water transparencies , and photo-
synthetic rates.
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i f::~ ui’ tn~t: i’ — Sl~A i siu~:s
Norman B. M8rahnl

My work a t  Woods i-huh i’ 0t~ ’niio t ~r~iph Ic I us I ut Ion he~uin

- 
- wi t h an ~QuALAN’r Cru 1st’ on k/ V CHAt N dur tu~ Fehrtuirv , when

R. . H.  Backus anti  I made ~i si ’ r Ii’ s ol ni, ’ so~ i’ I n~ I i fish coil ec t ion*
with un I ~iluic S—Kl dd trawl (maini v at lit ’ depths ot- deep sc:i t b r —

tog vei—5)

On r e tu rn ing  t o  Wood s Ho c , otto o I tin’ 1 li - s t ta sits was to
prepare ~i series of 10 tec urea , which were ~ lv e n  at Harvard
U n i v e r s I t y  B l o~~icli 1 Laboratories betwean April t) and May 9.
The I (rat lecture was on the rise ;iud 8tR~i 0 $ $  oh  t h i s  tele ost
I I shea the Si ’ CO nit t o t our t Ii on t hi ’ p hvs  I ~~ I and hI o I ogical
at rice nrc o I t iii’ di’Ofi t) Ct ’a  ii I ii t ( ~ I l i t  I on to t lit’ 1 i i i ’  of fishes ;
the fifth on sound product Ion In II  shes • w i t h special r e t e r e n c e
t o  the deep si ’~i the $ xth and s e v t ’i t C  ii on Form F in patterns
and I ot -ontot I on In t I she a ; the i’ ighth on buoyancy in Ci shea;
and (he t sat two t i f l  a sp ec t  5 of  (‘oI iver $en (  evolution in fishes.
This ser I e a o C I oCt u r e a  is to h~ h u h  I I shed a a a book.

l i i  t i i t i i i i ~cf  b i t  w I th I l i t ’ work i t t  k. II. t3sckus on (li e t n  — 
•

cli t u r o  Id t~t abcs • I liavi ’ t’xam (in’tL t lii ’ sw imb i a i l i l e r  a t n t i c t  t ir e  ot
a iuinth ,’t- o I spet - I i ’S.  A l  1 i’~ c~’p t Le~ idocybium and RuvvUue

Ii we I I  — I oi -mi ’tl awl nib 1 addi ’ i- . Apart I rem thr ow I ng I ight. on
lii ’ i t ’  h at Ions h ip  ii o F i I cli I ii t~t ’ I i i  and s i -omIt t o  Id I I she ~ , t he

work hits a heiti - lug on I I siti ’s i t s  sound scat  I t’ters In  the deep
( ‘ c t ’ lili . A p ap er  on t ii I s  work is  In  P i t i t a r a t  I o n .

One ot th~ ma In i sh l i ’i- t s o t my v i s i t  bert’ is to i -ou t  I uuie
work on t hi ’ macrour Id t I slit’ n and I am P~°o~ I n~ 1% NI lit ’ r n i t

l i t ise 11111 lire I i n t u i t  in  hi’ Ut ’s t • ‘r i t  Not- l i t At lant - ic . This wi I
h ’  put t  1 1 shed In lie ~t’ar a Founds Li i’fl s~ r It ’s ott t lii ’ F I shea o
I in’ West e t t i  N o t - I  It At  I i t n t ’I t~. Titi a wot-k :il so has a bear i it ~~ on

bit ’ I n s t  I ( U t  b i t ’ a I l i t  c’reat Iii sound s In t lie sea. l~xcept In a
few spec Ii’s • t hi ’ m~t h’s have vii 1 —tk ’vt’ I opi’tI drunsu l ng m u s c le s  on
th e  sw imb t adder • which I li avi’ al so I i ’und I i i  hrol i i i  Id fishes.
Ti-its means • h u t S  t like I v • I It ~ ~lioti 1 (1IIII 01  1 he 

~~‘‘  c ii ~s ot deep —
sea hi’nth Ic F I abcs inns I h~’ ab Ii ’ t it 1ti~~t l t t i i ’ sound ~~~. (Ma ct - o u r  his
anti brot ul Ida I ‘si’ t In ’ i iutiml ’ i’ t -  ~otn~ ‘tO t) species.

Tii1.i.~ I Iu ’t  w i t  Ii I) . W . Bourne • 1 liaVu ’ p i • i ’p ared a on 1 he
poptil at Ion ilenii i v , d ivers It y and hab its ot iiee ’ l i —sea I I sit es i n

t M r .  M ar sha l I , S en i o r  P r i n c i p a l  Si ’ l e n I  1 1 1 , ’ 0 1 1 1  ci’; a t l iii’ fin t t ab
Museum (N:i t Ut al  U t  at  or v ’~ bi’~~an a two — v e~i t - vi al t at the Woods Hit it ’
Oi- eatki5raph I t  l u s t  I t  i t t  l ou t  ~~~~ I v  In  I ‘iti I and hits hc~ n suppor t i’d
l~v N SF )~u - s nt  .‘O /0.’ ,
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the Red Sea and G u l f  of Aden. This is based on bottom photo-
grap hs taken dur ing  ATLANTIS Cruise 196 by J .W.Grah am .  Bourne
and I are also examining photographs taken during the search
for THRESHER . These records, combined with others , should
enable us to  es t im ate  the population density of fishes at dif-
fer e nt depths  in t h e  North Atlantic.

DIRECTIONAL SPECIRUM OF” INTERNAL WAVES

Henr y T. Perkins

With the advent of towed the rmis to r  chains i t  has become
- I c lear tha t  i n t e r n a l  waves , seen as irregularities in isothermal

su r f a c e s , a re  a very widespread f e a t u r e  of the upper 100 meters
o f the ocean. Dur ing 196 3 , in  c o o p e r a t i o n  with Arthur Voorhis ,
obse rva t ions  of these i r u t ’ i~u i a r i t i e s  were cont inued and tech-
n iques  were developed for ana l yzing them.

During the f i r s t  h a i t I  of the year , observations of
internal waves were made by continuously recording the output
of a sing le thermistor  towed at  a depth of about 100 meters while
the ship steamed the courses 450 apart which construct an eight-
pointed star (figure 1). This was done in March during CHAIN
Cruise #35 while on the equator at about 30°W and again in June
during CRAWF~ORD Cruise #93 while about 100 miles  northwest of
Bermuda. In both cases,  the thermistor  was towed nearly on
the axis of a we l l -deve loped  seasonal thermocline .

The ge ner al p rocedure for anal ysis  has been to compute
the apparent spectrum of the observations along each course and
to transform these sp e ct  to into the true directional spectrum ,
giving energy d e n s i t i e s  as  a f un c t i o n  of wavelength and d i r e c t i o n
of propaga t ion. I’entattve results have been obtained for the
CRAWF~ORD da ta  which agree  with results reported by Voorhis in
the “Sunnnary of Invest  Igat ions ” for  l Qn 2  (WHO I R e f .  No. 63- 18,
p t .  5 , p . 29) . Flit ’ powe r dens i  tv  increases rap id l  v w it h increas-
ing wavelength s t a r t i n g  w i t h  a wavel ength  of 2 km and extending
through 10 km , the’ lonrest wave leng th  that could be resolved .

Another interest i t u g  l e at u re  ot  t l i t ’ spec t rum is that t h e
waves in t i t i -  0 .5 km t o  2 0  km wavelength hand show a strong
tendency to  propag ate  along a northwest -southeast I t u e . U n f o r —
tunatci y, st at i st i c a l ins t aht iitv ot  ( l i t ’ spec t ra l  est imates
together with the shape of the spectrum combine t o  prevent us
from e l i m i n a t i n g  the 1800 amb i gu it y .
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While the above measurements were being made , a
record ing thermometer was suspended from a radio beacon
at the same depth as the thermistor was being towed . The
assembly was attached to a drogue and allowed to drift
(figure 1). This yielded a spectrum of per iods w ith much
the same characteristics as the wavelength spectrum . The
energy density increased rapidly as the period increased - 

-

to 6 hours, the longest period that could be resolved . j -
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SEISMIC STUDIES OVER THE OUTER RIDGE

NORTH OF PUERTO RICO

Elizabeth T. Bunce , J. B. Hersey,  and D. A. Fahi quis t

Interest  in the crustal  s t ructure  of the Outer Ridge
and i ts  shallow mant le , shown in the crustal  section by Bunce
and Fahiquis t  (1962) , has resul ted in fur ther  investigation of
the Ridge by seismic refraction and reflection techniques,
including continuous seismic profiling.

Continuous seismic r e f l ec t i o n  p ro f i l e s  were made over
most of the existing seismic refract ion prof i les  during CHAIN
Cruise 34. Correlation of the re f lec t ion  horizons with the
layers determined from the re f rac t ion  prof i les  has identified
the major reflector observed on all profiler traverses over
the Oute r Ridge with the 5.5 km/sec velocity layer .

The refraction results showed a shallow mantle occurring
r in a smal l section of the Outer Ridge, these results being

corrobora ted by continuous gravity measurements made during the
cruise. The continuous reflection profiles did not show details
of structure below the 5.5 km/sec layer bu t clearl y delineate
this surface and those above it. The compressional velocities
of rock samp les from the north wall of the Puerto Rico Trench
descr ibed by Hersey , et al., (1964) suggest that the 5.5 km/sec

r layer may outcrop there at depths of about 6 km.

A joint cruise of ATLANTIS II (Cruise 6) and CHAIN
(Cruise 36) was p lanned to use the same combination of seismic
techniques along an east-west line located to yield the best
information on the structure of the shallow mantle underlying
the Rid ge. We were unable to make continuous seismic prof iles
during the refraction shooting but were able to substitute very
closely-spaced shots for it. It is apparent that the deep
crustal structure so determined is complex but details must
await further  anal ysis.

References

Bowin , Carl 0., 1963. Measurements of Gravity at Sea: A New
Automatic System and Some Resu l t s .  WHOI Ref. No.
63-18, p.53.

Bunce, Elizabeth T. and D. A. Fahlquist , 1962. Recent geophy-
sical inves t iga t ions of the Puerto Rico Trench and
Outer Ridge. J.Geophys.Res. 67(10): 3955-3977.

- -~ p~4~ CID1&4O PM~& ~IALI~



- - - - - ~~~~~~~~~~~~~~~~ -r~~ -~~- -  - - - - - r _ _ - _ _
~

_ _

I

- 126 -

Bunce, Elizabeth T. and J B Hersey, 1963. Seismic reflection
studies over the Outer Ridge north of the Puerto Rico
Trench . WHOI Ref. No. 63-18 p.36.

Cha se , R. L. J. B Hersey, and C. 0. Bowin , 1964 . Analysis
of dredgings on the north wall of the Puerto Rico
Trench . See p.137.

SEISMIC REFRACTION OBSERVATIONS
ON ThE CONTINENTAL BOUNDARY WEST OF BRITAIN

Elizabeth T. Bunce and J. B. Hersey

During CHAIN Cruise 13 a north-south seismic refraction
profile (80 km long) was made on the continental shelf south - ‘

of Ireland in collaboration with scientists of the Department
of Geodesy and Gophysics, Cambridge University, and the
National Institute of Oceanography who were aboard RRS DIS-
COVERY II. The interpretation of these data was completed
during 1963 in cooperation with S. Crampin and N N. Hill of
Cambridge .

One significant feature of this profile was the deter-
mination of a layer of high velocity , 7.76 km/sec , at depths
of 15 km at the north end and 25 km at the south end of the
profile. The velocity-depth relations for materials lying
above this layer are presented in a structure section (Figure
1). Other features of this section are the truncated appearance
of the basement and Paleozoic rocks (layers C and D) overlain
by nearly horizontal layers of younger rock and sediment (A
and B), and the horizontal change in thickness and velocity
of these layers. These shallow structures agree with the
trends described from previous results (Day, ~~ al., 1956)
for the area closer to the continent. High topographic relief ,
like that shown on the Layer-D surface has also been widely
observed in the deep sea for the top of the crustal layer of
intermediate velocity about 5.2 - 5.5 km/sec (Ewing and Ewing,
1963; Bunce and Hersey, 1963). More extensive comparison of
relief of the continental and oceanic layers having velocities
in this range might well aid in elucidating the history of each .
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GEOPHYSICAL INVESTIGATION OF ThE BARRACUDA FAULT ZONE

El izabe th  T. Bunce

The Barracuda Fault Zone, east of the Lesser Antilles,

F is an area of the Atlantic Ocean that has been suggested to
have shallow mantle structure and therefore to be of interest
as a possible Mohole drilling site.

The second part of CHAIN Cruise 36, June-July 1963,
included a topographic and gravity survey from the Outer Ridge
to the Barracuda Scarp and a detailed study of the scarp area
consisting of bathymetry, gravity observations , continuous - 

-

seismic profiling , heat-flow measurements, coring, dredging,
and photography.

The survey tracks to and from the scarp crossed the
shallow extension of the Puerto Rico Trench at depths ranging
from 3900 to 4060 fins as far as 61°30’W at latitude 19°N.
Further to the southeast the depths gradually shoal to 3000 fins
over the termination of the Trench.

The Barracuda Scarp trends ESE near 16° to 17°N, ~~~~ to
59 W , east of Guadeloupe. It has a precipitous north slope
that drops abruptly from 2600 fms to a 3085-fm plain at the
base , roughly a 30-degree slope. The plain is flat at 3085
± 2 fins for several miles. There is no evidence of layering ,
but rather a highly compacted bottom is shown by the echo-
sounder . The seismic reflection data , wh ich was recorded largely
on magnetic tape, is currently being analyzed.

Jr - ~~~~~~~~~~~ - 
--
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THE STRUCTURE OF THE ABYSSAL HILLS SOUTHEAST OF BERMUDA

Richard L. Chase and Elizabeth T. Bunce

Between the mid -oceanic  r idge s and the continental
r ises l ie the ab y ssal hi l l s and p la ins  o f the deep ocean.
The plains , flat areas floored by layered sediment , are the
recipients of sediment carried from the continental slopes
by turbidity currents. The hills , more rugged areas , seem
to be regions of the ocean bottom which turbidity cur~ents
have not yet covered . Southeast of Bermuda , bounded to the
north and southwest by the Sohm and Nares abyssal plains ,
and protected from continentall y-derived material from the
northwest by the Bermuda Rise , lies a large area of abyssal
hills which was visited by CHAIN during September , 1963,
(Cruise #39).

The dominant s t ruc tu ra l  pa t t e rn  in the region is inferred
to be a system of ridges and valleys trending nearly north-
south. This inference is made because (1) analysis of echo-
sounding records of several cruises across the whole prov ince 4
shows that the average distance from the crest of one topo-
graphic rise to the crest of the next is shortest in an east-
west direction , and (2) ten closely-spaced east-west traverses
in an area sixty miles square show that discontinuous north-
south ridges do exist within this area. However , isolated
hills and valleys within the area ot ~ detailed survey demonstratc
that some s t ructural  elements are not par t  of the north - south 

- —

p a t t e rn.  Traverses eas t - sou theas t  across the whole ab ys sal
hills province show several small flat-bottomed valleys floored
with finel y-layered sediment. These valleys may connect with
the Sohm or Nares ab yssal p l a ins  to the north and south of
the abyssal hills. Echo-sounding records from previous cruises
show that such valleys are wider and more common to the north
toward the Sohtu abyssal plain .

Continuous seismic reflection profiles of the abyssal
hills show that a major reflecting surface of high and irregular
relief lies within a few tens-of-fathoms of the sea-bottom
except in sediment-filled valleys. The reflector probably
represents volcanic rock or consolidated sediment . To the north-
west , in the Bermuda rise , a reflector of similar intensity but
lower relief lies at a much greater depth beneath the sea-bottom ,
overlain by shallower reflectors. Of the thin veneer of sediment

- 

- - 
overlying this reflector in the abyssal hills , only the surface
was sampled . Red clay was recovered in eight dredge hauls and

-
• 

a number of heat-probe cores. Manganese nodules were found in

- t
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one dredge haul . Fragments of altered mafic rock, probably
basalt , which form the nucleii of the nodules , indicate that
such rock is at or close to the surface of the sea floor in
the vicinity of this haul (29°47 ’ N, 59°39’W) .

SEISMIC REFLECTION STUDIES ON ThE CONTINENTAL RISE
SLOPE AND OUTER SHELF SOUTH OF NEW ENGLAND

D. D. Caulfield , Hartley Hoskins and W . P. Hom er

Study of the continental shelf , slope , and rise south
and southeast of New England by means of seismic reflection
profiles (Figure 1) has continued this year with the acquisition
of fourteen additional profiles on cruises of ATLANTIS II and
CHAIN . These pr o f i les were made with the 100,000-joule Sparker
and 7,000-joule Boomer sources and extend into deeper water
than the earlier work with the 400-joule Sparker summarized by
Knott , et al., 1963. Among these records were the first made
with an improved detection system which includes a five-element
towed array (Dow, Hoskins and Nowak, p. 151) and a matched-filter
correlator system (Caulfield and Nowak, p . 149) .

Three fifty-mile profiles and four ten-mile profiles
taken in 1962 on CHAIN Cruises 22, 29 , 30 and 31 have been
examined . Each of the long profiles started in about 1500 —

fathoms of water and continued up onto the shelf to 80 fathoms
or less.

Preliminary analyses consist of identifying and tracing
the lateral extent of the sub-seafloor reflection and their
presentation on a scale adjusted to a constant vertical exagger-
ation. The frequency-dependent absorption and reflection pro-
perties of the sediments along the profile taken on CHAIN
Cruise 29 (Figure 2) were obtained by measuring the spectrum of
successive echoes. Horizon “B” returns an echo predominantly
in the band 60-120 cps , whi le  the deeper horizon “A” lies
predominantl y in the 30 to 40 cps band .

These new profiles fill in gaps in earlier data and
reinforce the conclusions of Knott , et flj., (1963) that the
sub-bottom layering on the shelf has an increasing southerly
dip as one moves offshore and that many layers outcrop in sub- 

—

marine canyons and on the slope. The manner in which the sedi-
ments of the continental rise lap up onto the slope indicates
that the rise is the result of erosion of the upper slope.
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GRAVITY INVESTIGATION OF THE REPUBLIC OF HAITI

Carl 0. Bowin

During February 1963 a reconnaissance gravity survey was
conducted in the Republic of Haiti. The survey consisted of
224 stations which have been reduced to Bouguer gravity anomalies.
A contour map of the Bouguer anomalies reveals several interesting
features. The most prominent of these features is an NE-SW trend
in central northern Haiti that cuts across the trend of the Massif
du Nord and the Central Plain of Haiti. A major gravity high,
associated with the - axis of a belt of metamorphic rocks in northern
Dominican Republic and northeastern Haiti , is also terminated by
this feature. To the west of the NE-SW trending gravity feature ,
another axis of high gravity occurs along the center of the North-
west Peninsula. If these two axes of positive gravity anomalies
were once continuous, then the NE-SW trending gravity feature
marks a zone of left-lateral disp lacement. It does appear on the
basis of gravity measurements , however , that the westward contin-
uation of the belt of metamorphic rocks on Hispaniola does not
link up with the submarine rise connecting Cuba and Haiti at the
northeast end of the Caytnan trough.

S

No negative Bouguer anomalies were encountered in Hait i.
This suggests that the lar ge Ter t iar y basin under lying the Central
Plain is not as deep as the Cibao Basin (-30 mgals), the Enriquillo -

Basin (-30 mgal s ) ,  or the San Juan Basin (-40 mgals) occurring in
the Dominican Republic. Further , the San Juan Basin, Sierra de

L 

Nieba , and Enriquillo Basin appear to be related to a larger feature
which terminates westward in central Ha i t i .

The Cul de Sac - Enriqui llo  trough shows but a single
minimum gravity anomaly, and this occurs in the approximate center

- - of the trough. The Southern Peninsula of Haiti reflects neither
a gravity high nor a gravity low, but is crossed by a gravity
gradient with increasing positive anomalies t~ the south.

The gravity survey reported here is part of a continuing
program of investigation on the geology and gravity field of
Caribbean region both on land and at sea. The shipboard data-

t~~~~~
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processing system described elsewhere was developed to assist
in this effort , and it has greatly facilitated the acquisition,
r eduction , and in terp re t a t ion  of the gr avit y and ma gnet ic
values obtained . A recent cruise of the CHAIN (41) was intended
to investigate the gravity and magnetic fields , and bathymetry
around the island of Hispaniola for assisting in the correlation
of the island geology with the structure of the neighboring sea
f loor . Unfortunatel y,  ser ious sh ip di ff icul ties necessi ta ted
the abandonment of the scientific program off western Haiti.

CONTINUOU S SEISMIC-REFLECTION PROFILES SOUTHWEST OF BERMUDA

Syd ney T. Knott

During ATLANTIS II Cruise 1, continuous seismic reflection
data were recorded along tracks forming a fine grid over a small
area southwest of Bermuda. These data were routinely recorded
on magnetic tape but only a small fraction were satisfactorily
presented on Precision Graphic Recorders (PGR). At consider-
able effort a portion of the tape-recorded data has now been
analyzed by planing the tapes through filters and computers
to a Precision Graphic Recorder . The signal quality and the
signal-to-noise ratio on the tapes are equivalent at best to
those received as the data are collected .

Two long p rof i l es  made southwest from Bermuda (Figure 1)
have been anal yzed . Navigat ion was by Loran C. The tracks are
separ ated in some p laces the order of a mile or two . It is
interesting to note not onl y the simifar i t y  between prof i les
but also the differences. Some features appear to be sum-
prisingly local in extent by not appearing on both profiles, but
further exploration of them was not possible at the time. Part
of the profile suggests , bedding close to horizontal and trapped
by r id ges , but no evidence of this bedding appears on l2-kcps
sounding record s taken at the same time. Minimum thicknesses
between these horizons (0 025 seconds travel time) is about an
order of magnitude greater than that commonly observed between
horizons revealed in echo sounding at 12-keps. If the minimum
dimension detected between horizons is an inverse function of
frequency , then the fact that beddi ng shows at lower frequencies,
but not at 12-kcps , would suggest that these thicker layers
have a different origin: marine deposits indeed , but a homogeneous
deposition over discrete long per iods , or a deposition of a lot of
similar material in a series of short periods. Another example
of horizontal variability is the scarp which may be the result of
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I
a fault suggested in the reflections at point X on profile A
and which is less developed nearby in profile B. However , the
deep reflection , which can be traced from the small , probably
volcan ic , seamount at the southwest, continues under this
“fault” with no apparent interruption.

The overburden on this deep reflection horizon increases
and its depth increases toward the Bermuda platform. We do not
have sufficient data to demonstrate , but possibly the high
points at Y extend laterally and are concentric to the island .
If so they may be the result of plastic flow during the corn-
paction and equalization of forces when the seamount was formed .
Near the strong break in slope from the deep sea floor to the
flanks of the island ,occasional records (Figure 2) look like
talus slopes.

HEAT-FLOW STUDIES

Francis S. Birch and A. John Halunen

Heat-flow measurements made on the Outer Ridge of the
Puerto Rico Trench agree with previous work in that area. There
is no correlation between heat flow and sediment thickness as
measured by seismic reflection and refraction , probably because
of the slow rate of sedimentation. Such small differences as
exist are probably the result of basement relief.

The heat flow in the Barracuda Fault Zone is slightly
below the world average both on the ridge and on the flat plain
to the south. On the flat plain to the north the heat flow is
definitely less than 507~ of normal. This anomaly can be explained
by rapid sedimentation into the filled trough beneath the plain
and by differences in the thermal conductivity of the sediments,
crustal rock, and mantle.

Heat flow around the New England seamounts is about normal.
There is no correlation of heat flow with proximity to the sea-
mounts or with sediment thickness. There is no indication that
remnant heat from the volcanic seamount is affecting the heat flow.

Five heat-flow measurements made southeast of Bermuda may
show that the “thermal plain” descrihed by Reitzel (1963) is ter-
minated near the boundary of the Nares Abyssal Plain and the
Abyssal Hills. Heat flow about 200 miles southeast of Bermuda
on the Bermuda Rise is above the upper limit of Reitzel ’s average 
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while those 500 to 600 miles southeast are below the average .One possible explanation of the high heat flow is that it stemsfrom remnant heat from ancient vulcanism or crustal movement inthe area. There is no satisfactory explanation of the low values.Additional work is planned in this area in the near futurefurther to define the relationship of heat flow to geologic structure.
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HEAT-FLOW STUDIES in 1962

John S. Reitzel

Dr. Reitsel’s report on heat flow was inadvertentl y omittedfrom the “Summary of Investigatj0~8 conducted in 1962” . The workhe summarized in that report has since been published as “A regionof uniform heat flow in the North Atlantic ”. 
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ANALYSIS OF DREDGINGS ON THE NORTH WALL OF THE

PUERTO RICO TRENCH

R. L. Chase , J. B. Hersey, and C. 0. Bowin

Further analysis of the dredgings taken from the north
wall of the Puerto Rico trench during CHAIN Cruise 34 (Hersey,
Nalwalk and Bowin , 1963) has y ielded new information both about
the rocks there and the techniques used to sample them.

Paleontological , petrological and geophysical studies
have been made of a haul (CH 34-D3) of basalt , chert , porcel-
lanite and limestone recovered from a depth of 6.1 to 6.7 kilo-
meters at 20°l6’N , 65°42’W on the north wall of the trench
during December 1962. This work continues under contract
Nonr-4029(0O) and NSF Grant 822.

Paleo ntology

Miss Ruth Todd and Miss Doris Low, United States
Geological Survey, have iden t i f i ed  as Cenomanian a fauna of
for aminif era fr om the limestone f r agments obtained in dred ge
haul CH 34-03 (Todd and Low, in press). Fossil assemblages
from rock samp les of previou s dr ed ge hauls from the same area
(CHAIN 19) have been identified as upper Cretaceous and
Paleogene (Riedel , W.R., written comm., June 1962). Still
older rocks are known from the Greater Antilles; in Puerto
Rico and Hispaniola , the oldest dated rocks are Aptian-Albian ,
and in Cuba , Jurassic.

Petrology

Of the three kinds of basalt brought up in the haul , the
main t ypes are porphy r i t i c  and amygdular basalt. A lesser
qua nt i t y  of s l ight ly coarser basa l t  with rare amygdules and
phenocrysts was also recovered .

The porphyritic basalt occurs as angular fragments
weighing up to five kilograms and is coated on external and
irregular internal surfaces with a soft green clay which is :1
probably nontronite , The phenocrysts are bytownite (up to An 85
cent r a l l y ,  down to An 69 peri phera l ly ) . The ground mass con-
sists of microlites of less calcic p lagioclase (down to An 38),

— green layer silicates and , in places, relict pyroxene. Both
phenocrysts and ground mass are partly replaced by layer sili-

• cates. The only one of the latter which showed up on X-ray
d i f f r a c t i o n  records of random and oriented powders of the rock
is a mixed layer clay, two-thirus nontronite and one-third mica . 

‘% ~~~~~~~~~~~~~~~~~~~
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The amygdular basalt has 57~ of its volume as spheroidal
amygdules 0.3 to 2 mm in diameter and filled with calcite or
radia t ing aggregates of nontronite. The body of the rock consists
of laths of plagioclase (up to An 79 centrally, down to An 54
peripherally) and pyroxene , extensively altered to a yellow-green
layered silicate which is identified as nontronite by X-ray dif-
fraction study.

Samples of the third basalt type are less altered than
those of the first two.

The three types of basalt may have come from different
parts of a single basalt flow, or from several distinct flows.
The smallness of the amygdules may be the result of a high fluid —

pressure due to an overlying mass of ocean water at the time of
extrusion of the basalt magma. However , Engel and Engel (1963),
in a study of basalts from the Northeastern Pacific Ocean , remark —

that there is no uniform decrease in vesicles in basalts as a
function of the depth from which they were dredged .

The absence of indications of processes of albitization or 
- -

chloritication in the basalts is in accord with findings of Engel
and Engel (op. cit.) and Khorzhinskii (1963), in rocks from the
Pacific and Indian Oceans. Oceanic basalts prov ide no support
for the theory that basalt magma is converted to spilites during ‘

crystallization in the deep sea. However , the chlorite of
spilites may be , in part at least , a product of the alteration
of the nontronite of oceanic basalts under conditions of low-
gr ade metamorphism.

Seismi c Ve loci t ies

Professor Francis Birch of Harvard University has measured
compressional velocity in samp les of basalts , cherts , porcellanites
and limestones. A summary of the values he obtained is given below.

These velocities accord well with velocities computed from
seismic refraction data north of the Puerto Rico Trench. Bunce
and Fahlquist (1963) show a layer up to one kilometer thick , approx-
imately one-half to one and one-half kilometers below the sea bottom ,
with velocities of 5.1 cm/sec. The pressure on this layer is cal-
culated to be about 1 kilobar , and it lies at the same depth as that
from which the rocks were dredged. A mixture of porphyritic basalt
(the most common type in the dredge haul) and chert would yield
velocities close to this value under a pressure of one kilobar .



]

- 139 -

4 Dens i t y  ~ e~ o~ i~ y_ 
— 
_Xz~/~ e~

1 atm. 1 Kilobar 4 Kilobars

amydgular basa l t  2 . 6 9 - 2 . 7 0  4 .37 -4 . 57  4.89-4. 95 5.42-5.48

por phy r i t i c  basal t  2 . 5 8 -2 .7 0  4 .39-4.96 4.60-5.15 4.90-5 .50

red porce l l an i t e  2 .08-2 .18  3.59-4.28 3.78-4.29 3.96-4.30

chert  2 .50 -2 .55  4 .99 -5 .32  5.31-5.4 1 5.40-5.50

laminated gray
limestone 2.13 3.53 4.81 4.93
(sample crushed)

The accuracy with which it was possible to identify the
location of the dr edged site leaves little doubt that the mixture
of basalt and chert obtained represents , at least in the immediate
region of the dredge haul , the composition of the seismically-
determined layer having a velocity of about 5.1 km/sec. However ,
material dredged at other locations suggests that the geology of
the north wall is complex. Serpentinized peridotite was obtained
from the main scarp of the north wall near 66°30’W and it appears
that the stratigraphy there is serpentinized peridotite with minor
altered basalt , overlain by Upper Cretaceous sedimentary rocks ,
overlain in turn by Lower Te r t i a r y  sedimentary rocks (Bowin and
Nalwalk , 1963). The serpentinized peridotite has velocities close
to 5.1 km/sec and may indicate a compositional variation in the
seismically determined 5- i km/sec layer , or the serpentinized
peridotite may be from an exposure of a vertical intrusive.

Acous t ic  Positioning of Dredge

The acoustic pos i t ion ing  data  o f the dredgings on the north
wall during CHAIN Cruise 34 proves to give the horizontal position
of the dredge relative to the ship with an uncertainty of only
about 200 meters in water depths of 6 to 7 kilometers .  The navi-
gational control of the ship , partl y from Loran C and partly by
other standard but less adequate methods , is much more uncertain ,
probably of the order of 3 to 5 k i lometers .  Since the outcrop s
were located b y the shi p in the course of maneuvers for dredging
the important unce r t a in ty  is the former one , which is small enough
to assure that the apparent outcrop was sampled .

_ _ _ _ _ _ _  
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ROCKS DREDGE D FROM SEAMOUNTS IN THE WE STERN NORTH ATLANTIC

Robert H. Feden

ATLANTIS Cruise 296 and CHAIN Cruise 36 obtained several
good dredge hauls from various seamounts along the eastern coast

— of the United States.

The ATLANTIC cruise was concerned grimarily with the New
England seamounts (between 36°00’N and 40 00’N, 63°OO’W and 67°30’W).
Although most of the rocks recovered were glacial erratics , some
autochthanous volcanic rocks and clays were obtained from Pickett
Seamount. The volcanic rocks are highly altered ; petrographic
analyses show them to consist mainl y of clay with small , decomposed

— plagioclase phenocrysts. Nontronite , an iron-rich montmorillonite
and a probable alteration product of basalt , was identified by
X-ray diffraction techniques. A large phenocryst of clinopyroxene

— was found in one of the rocks.

During CHAIN Cruise 36, fragments of altered basalt and
manganese nodules were dredged from Caryn Peak (36°42 ’N , 67°59’W) .
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The basalts contain many plagioclase phenocrysts in a fine-
grained , partl y glassy groundmass. The p lagiocl ase laths in
a few of the specimens have a preferred orientation which
indicates flow during crystallization.

In general , the basalts appear to be similar to others
dredged from the deep sea. The presence of these basalts strongly
suggests a volcanic origin of the seamounts. The absence of a c~

.
flat top on both Pickett and Caryn makes it doubtful that either
of these seamounts were ever at the surface of the sea. However ,
there is still much conjecture on this point .

ROCKS DREDGED FROM THE BARRACUDA SCARP

Richard L. Chase

The Barracuda Scarp is the steep north slope of a feature
best described as a gigantic cuesta or asymmetric ridge which is

L

over one hundred miles long , and trends east-southeast beneath :
the ocean east of the Greater Antilles . The south slope of the
feature is relatively gentle. At its highest point, the crest
of the ridge is 3270 meters below sea-level. To the north is —

— a flat plain approximately 5840 meters below sea-level.

A haul of basalt was obtained by drawing a dredge up the
scarp at l6°43 ’N, 58°05’W. The basalt is in angular fragments
and is inferred to have come from outcrops on the scarp . Pre-

— liminary examination of thin sections of the rocks shows them
to be little-altered thole i i t i c  basal ts  with p lagioclase pheno-
crysts. The basalts are similar to more altered rocks dredged
from the north wall of the Puerto Rico Trench some 900 kilometers
to the west-northwest , and to rocks described from the Pacific
Ocean by Engel and Engel (1963).
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The following report was inadvertentl y omitted from the
“Summary of Investigations conducted in 1962” (WROI Ref. No. 63-18)
and is now included here.

MAGNETIC PROPERTIES OF OCEANIC ROCKS

John W . Graham

As a consequence of studies made during the past fifteen
years, involving hundreds of measurements of the magnetic proper-
ties of crustal  rocks of the earth , a controver sy of major impor-
tance in geophysics has developed .

Ardent rock magneticians - and they are numerous and
vociferous - would have us believe that their evidence proves
that dur ing the geologic past , the important processes of con-
tinental drift and polar wandering have taken place. A more
conservative school maintains that even though the data, with
some notable exceptions, are reasonably consistent with these
inferences, more must be learned about the mechanisms by which
rocks become magnetized before such conclusions can be accepted.
This view of moderation is strongly influenced by other geophysical
studies which demonstrate clearly that polar wandering and con- 7

tinental drift are incompatible with our present-day understanding
of the dynamic , physical , and chemical properties of the earth.

Oceanic sediment samples have received relatively little
attention in these studies because they are generally difficult
to obtain and because their weak magnetizations can be measured
easily only with exceptionally good magnetometers. During the
year we decided to become active in this field and undertook the
development of an instrument suitable for making semiautomatic con-
tinuous measurement down the oriented core length of samples , of
the “fossil” magnetic compass directions that appear to be

— ac qu ir ed at , or shor tl y a f t e r , th e t ime the sedimentary material
is deposited on the ocean floor. This new instrument employs a

~~~~~~~ number of novel features which have made it possible to achieve
both remarkably useful sensitivity (minimum detectable magnetic
field less than iO~~

0 gauss) and the desired automatic recording.
The following details show how these goals have been accomplished .

An astatic array of magnets is suspended on a stiff fiber
which allows a torsional mode of oscillation of the system at
about 4 cps. The sample is revolved around a horizontal axis below
the suspended system at exactl y 4 cps by a synchronous motor whose
speed is controlled by a constant-frequency tuning fork. The
torsional-oscillation frequency of the suspended system can be

.

~
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adjusted with great precision by controlling the current through
a small Helmholtz coil whose magnetic field acts on one of the
magnets of the array . When the frequencies of the suspended
system and the revolving samples are synchronous and remain so,
the torsional oscillations of the suspended system build up by
resonance to a limit which is determined by the radial magneti-
zation component of the sample and the damping acting on the
system. It has been found practicable , by this system of reso-
nance , to realize gain in excess of 100 over the static deflection
that the nonrotating sample would exert on the magnet system.

-t The oscillations of the suspended system are detected photo-
electricall y and these signals are processed by circuits patterned
after those in common use in spinner magnetometers. A null-
seeking servo system is used to control the output of the phase
detector ; this drives a recorder , so that the desired informa-
tion on the orientation of the magnetization component is plotted
automaticall y. Phase stability is excellent , and the benefits
of long-time integraLion can be realized when measuring weak
samples. Intensity is also recorded automaticall y~ A “lathe”
for revolving either a multiple sample holder of a 10-foot
length of core and traversing it below the magnetometer at any
chosen height has been fabricated and is about ready for test.
With this lathe it will be possible both to examine a length
of core continuously, and thereafter it will be used to process
individual samples cut from selected portions of the core.

It is expected that this magnetometer will eliminate
much of the tedium that is involved in making large numbers
of measurements of weakly magnetized samples , and it is hoped
that its great sensitivity will make possible the study of a
host of samples that previously have not been measurable , or
not measurable after partial demagnetization .

THE FREQUENCY DISTRIBUTION OF SOME
CHARACTERISTICS OF BOTTOM TOPOGRAPHY

Joseph W. Mizula

Quantitative analysis of ocean bottom topography was
extended to more and smaller sub-divisions of two transatlantic
profiles (Long Island - Bermuda - Gibraltar and Long Island -
Bermuda - northern Britain). Such analyses , in general , have two
major aims. The first , purely descriptive , is directed toward an
objective quantitative description of variousj aspects of submarine
topography, such as slope , slope length , curvature , and depth.
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This would serve as the basis for comparing different parts of
the ocean, and would ultimately lead to a quantitative , physic-
graphic classification of the ocean bottom .

The second aim which follows logically from the first , has
a dual purpose. The descriptive information should be applied ,
insofar as this is possible , to the interpretation of cause and
effect in the evolution of various types of bottom topography.
Secondl y, numerical description of bottom topography should be
of practical use in certain engineering applications where the
configuration of the ocean bottom is of immediate concern.

The present analysis has shown that a log-normal frequency
distribution function appears to fit the data for slopes , slope
lengths, and curvatures or rates of change of slope. That is, the
logarithms of these variables appear to be normally distributed .
The distribution of depth , on the other hand , appears to be normally
distributed . If a definite frequency distribution function can be
derived for certain topographic variables and a physical basis
for it found , then it should lead to a clearer understanding of
the operation of geomorphic processes.

There is a well-defined , positive correlation between average
slopes and average curvatures (rates of change of slope in degrees
per mile) for the different types of topogr aphy that  were studied .
This is perhaps not too surprising , for it might be expected that
areas having steep slopes would also have a greater rate of change
of slope than areas with low slopes. What is surprising , however ,
is that in the distribution of average curvatures there is a pro-
nounced gap near the center of the distribution where almost no
values occur . Figure 1 is the distr ibution of average bottom cur-
vatures for the 90 sections of the profile that were studied .
Since curvature is a function of the steepness and length of adja-
cent slopes, the relationship between slope and slope length was
examined for explaining the gap in the distribution. There is a
negative correlation between slopes and slope lengths for those

— sections having average slopes of 0.3 degrees or less. For those
sections having average slopes slightly greater than 0.3 degrees,
the average slope length decreases abruptly from about 0.6 miles
to 0.3 miles. There appears to be no correlation between average
slope and slope length for those sections having average slopes
greater than 0.3 degrees. The explanation may be that the sections
hav ing curvatures less than about 0.7 degrees per mile represent
those portions of the profile where sedimentation has largely modi-

-
~~ fied the original topography (which generally appears to be the case).

This would raise the question as to why there are not transitional
sections where sedimentation is taking place but has not yet greatly -

alt ered the original topography.

- -
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FIGURE 1. DISTRIBUTION OF AVERAGE BOTTOM CURV ATURES.
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CONTINUOU S SEISM IC PROFILING IN THE HARD ANCERFJ ORD , NORWAY

Lee Bennett

Two sei smic p r o t i l i n ~ s t u d i e s ,  the data  for  which were
coil cc t e d  liv summer s t u d e n t s  in l%O in the Rardangerfjord ,
western Norway, were comp leted this yearJ’2 They are publ ished
as a c o n t r i b u t i o n  to the con t  inu ing broad s tudy of the geological
and biological history of this fjord hetng undertaken by Norwe-
gian scientists. Together , these papers discuss the thickness ,
sources, and pending of the sediments in po r t io n s of the mai n
fjord and its tributaries, as determined from the stratigraphic
relationships shown liv the Continuous Seismic Profiler. Two
types of tribut aries were distinguished , one of which has a
characteristic sill at its entrance preventing its sed iments
from entering the main fiord . and the othet- being apparently
an act ive source of sediment s which are distributed along the
central trench et  the fjord (Fig. l~-

‘Cone, R.A. , N. S .Neidel 1 and K. K- Kenven, 1963. The na tu ra l
h i s t o ry  o f  the Hardangeri j ord ~i . Studies of the deep—water
sed iments with the Cent i nuous  Se ismic P r o f i l  or .  Sarsia 14:61 —78 .

Bennett , L. C. , J r .  and S .M. S;,v in . 1 963. The natural history
ot  the Hardanger I ‘ord (i . StudIes of t h e  scd iments of pa r t s
e t  the Vt e r Sami a I o i -d  w i th I he Set sm I c Pro  fit er . Sar 8 La
14: ? ‘4 -94 .
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SEISMIC SIGNAL PROCESSING TECHNIQUES

David D .  C ,u l f i e l d  and Richard T. Nowak

Invest igat ion during the last year of the frequency
spectrum of the sparker pulse , and of bottom and sub-bottom
returns has lead to the development of a matched-filter detection
system for improving the signal-to-noise ratio of the receiving
sy stem by a factor  of about eight to one . This results in
gr eater penet r at ion , and improvement in resolution.

The present system is designed for maximum penetration
rather than for highest resolution , since it operates in the 

- 

-

range from 15 to 150 cps. Models with a frequency response up
to 300 cps are now being constructed to increase resolution.
These systems obtain the cross-correlat ion function of the
re tu rning signal with an approximate model of the outgoing signal
and discriminates against signals that do not have the same fre-
quency components and phase relat ionships as the ini t ial  out-
goi ng signal.

The output of the correlator is basically the convolu-
tion integral of the incoming signal with a model of the out-
going signal after it has passed through a band-pass filter
simi lar to that  used in the receiver. The output signal is
squa red and sent to a s ignal-level  discr iminator .  The output
of the disc riminator is amp l i f i ed  and disp layed on a Precision
Grap hic Recorde r .  Figure 1 shows the correlator being used to
clarify the complex structure near a submarine canyon. Each
dark line in the left side of the figure represents a major or
seismic reflector . It is hard to identif y these layer s on
records made with the older method (right side of figure).
A typical record (Figure 2) shows the dark lines of the major
acoustic reflectors. The width of the dark band is determined
app roximatel y by the time dura t io n of one-half wavelength of
the lowest frequency studied . This record was made southeast
of Martha ’ s Vineyard. Maximum penet ra t ion  is morc than twice
that  obtai ned wit h conven tional passive f i l ters.  -

The energy of the output of the correlator is direct l y
proportional to the actual energy in the returning signal . Hence,
a means is opened up of measuring with greater accuracy the
energy contained in each sub-bottom reflection . Al so, varying
the parameters of the matched filter may enable one to obtain
the characteristic transfer function of a given sub-bottom layer.
This would provide more information about the actual structure
of the sub-bottom.
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SPARK SOUND SOURCE S

David D. Caulf ie ld

Because of the success of the first high-energy -

25, 000-joule spark sound source , a 100,000-joule general-
purpose source was constructed during May and June. This
system can dr ive either a sparker transducer or an electro-
mechanical transducer .

One of the primary difficulties with the earlier
sparkers was the catastrophic failure of the capacitor banks.
Because of these fa i lu res  a new type of capacitor  bank was
designed and constructed . These new capacitors have proven to
be many times more reliable than the older ones. The new system ,
operating on CHAIN Cruises 37, 38 and 39 , cycled over 133 , 000
times. Also added to the new system was a prototype automatic
control panel which has a complete interlock system and failure
indicators for safety and ease of maintenance, This prototype
control system worked so well on the above CHAIN cruises that
an industrially-engineered model is under construction this
winter for use on the Indian Ocean Expedition.

When the unit is used as a sparker sound source the out-
put power is in the frequency range from 10 cps to more than
1000 cps , with  a peak pressure of approximatel y 135 db re
1 dyne/cm2. During CHAIN Cruise 39, many calibration and pres-
sure-time curves were made to analyze the effects of changing
the depth of the source and operating energies on the pulse-shape.
There were only small variations of pulse-shape from discharge
to discharge , an important factor for seismic profiling and sound
transmission. It was found that the theory for p red ic t ing  the
in i t i a l  pulse-shape for a given sparker system (Caulfield , 1962)
could be extended from 25 , 000 j o u le s to 100,000 joules. The
in i t i a l  pulse  of the new 100,000-joule source was well  wi th in
5~ of the p red ic ted  shape.

Studies were made of the sparker pulse-shape as a function
of stored energy,  depth of source and con f igura t ion  of source.
These indicate that it is possible to predict the entire energy
spectrum before the actual equipment is constructed . This results
f r om the app l ica t ion  of high-speed digital computing techniques
developed this fall for obtaining the energy or power spectrum .
Results indicate that the 100 , 000-joule unit operating at a depth
of 15 feet has its maximum energy at 50 cps. with most of its
u s e f u l  energy in the range of 10-500 cps (Caulfield , D.D., 1963).

— These studies have yielded methods for tuning sparker units for
other frequency bands by changing the unit ’s capacitance and the 
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- r operating depth of the electrode. Two of the most important
characteristics of the sparker pulse are the bubble-pulse
interval and the peak pressure. The bubble-pulse interval
behaves as it does in underwater explosions. The peak pressure
of the initial sparker pulse , for a given operating energy ,
remains constant with dep th . The bubble-pulse interval is
proportional to the depth in feet raised to 5/6 power and the
stored energy raised to the 1/3 power . Detailed knowledge of
the energy spectrum for given operating conditions in the field
have further increased the ab i l i t y  to obtain be t te r  seismic
prof i l ing  records.

Spark electrodes have been a major problem in sparker - -

design. During the year a continuing study of various materials t 
-

and consideration of lifetime-versus-acoustic output and cost
has led to the conclusion that brass makes the best electrode . 

- - -

This summer electrode lifetimes of up to 37,000 discharges were
obtained at discharge repetition rates of 1 spark per 10 seconds.
Pr esent mechanical design of the electrode allows for changing it
in one-half hour or less b y exper ienced personnel. Another finding
resul t ing  from electrode research is that , except for the diameter
of the electrodes , the size of the entire spark transducer may be
made the same for all energy inputs from 1,000 to 100,000 joules.
This is an important consideration in handling at sea.

References f -

Cau l f ie ld , David D . 1962. Predict ing Sonic Pulse Shapes in
Underwater Spark Discharges.  Deep- Sea Res. 9:339-348 .

Cau l f i e ld , D. D. (in press) . Pulse Shape Anal y sis and Seismic
Data from the New 100 , 000-Joule Sparker Source .
J.Underwater Acoustics.

HYDROPHONE ARRAYS AND THE FiVE-CHANNEL SUITCASE

t’lillard Dow, Hartley Hoskins, and R. T. Nowak

In seeking a be t ter  si gnal - to-noise  ra t io  in seismic
re f lec t ion  prof i l ing , advantage can be taken of the fact that the
energy reflected from the sea floor back to source travels nearly
verticall y. A directional receiver oriented vertically discrimi-
nates against much of the other sound generated by the towing ship
and by water waves. A simple array that can be readily streamed
consists of a series of elements placed in tandem , i.e., a “line array” .

___________ 
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The resulting directionality of “lobe” pa t t e rn  is cyl indr ical ly
symmetric and discrimina tes against ship-generated sound. Depend-
ing on the spacing of detectors and the manner in which the signals
from each detector are combined , the array may be made quite
directional over the range of an octave or more. By combining the
separately-recorded outputs of each element with a variety of delays
so as to effec tively vary the dimension and orientation of the 

—

array , the coordinate process of “velocity filtering” extends the
usefulness of the array.

For reflection profiling, the receiving array and a Sparker 
—

or Boomer sound-source are towed over the area of interest , the
active portion c~f the l ine being dragged at the end of 1,000 feet
of special neutrally-buoyant cable. The active sections of our
current line arrays were built , and later modified , to our speci-
fications by Chesapeake Instrument Corporation. They contain five
pairs of transmitting and receiving elements mounted 12 feet apart
in a neutrally-buoyant 50-foot reinforced rubber hose. The trans-
mitting elements can be pulsed and the surface echo detected by
the receiving units, thus pr ov iding a continuous depth record of
all parts of the array whenever required .

The commercially-built hydrophone arrays have been unsatis-
factory in certain structural and electrical respects , although
some excellent seismic profiling records have been taken with them
over the past year. The arrays are therefore being modified and
r e b u i l t  a t  Woods Hole. New double-D ari ington comp l imentary-
symmetry transistor preamplifiers are also being constructed for
them on a trial basis. -

A new 5-channel suitcase in compact modular form is being
constructed by Carleton Grant , Jr. It is designed to work either
with arrays or individual hydrophones. The towing assemt..ly con-
sists of a depressor , towed by a faired pendant from which is
streamed 900 feet of neutrall y-buoyant 20-conductor cable cermina-
ting in the electronics housing at the head of the array. We have
experimented with various types of cable construction in an attempt
to improve towing characteristics , thereby minimizing background
noise .

5- ______________________________________
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DEEP-ANCHORED ACOUSTIC BUOY NAVIGATION SYSTEM

Willard Dow

One of the major difficulties encountered during the
THRESHER search was the p in-point  navigation required to fol low
precisely a search grid of the area. The best positions from
electronic navigation were reliable at best to one-eighth of a
mile and even t a u t - w ir e  navigation buoys could move as much as
a mile when anchored in 8500 feet of water . It was therefore
decided to t ry anchoring an acoustic buoy with a hydrophone
buoyed 600 feet above the bottom to restrict lateral movement
of the reference . The survey ship would then range to this
deep hydrophone using a Sparker or Boomer as a pulsed sound
source. The pulses thus received were amplified by the hydro-
phone preamplifier and transmitted via a single-conductor well-
logging cable to the surface  buoy wh i ch in turn radioed the sig-
nals back to the ship . As the interval between transmitted and
received pulses were then essentially ship-to-hydrophone acoustic
travel times through the water , ranges to the hydrophone could be
r eadil y determined.

The buoy system was assembled at WHOI by Messrs. Carter ,
Grant , and Stillman with the assistance of the Oceanographic
Research and Equipment Company. The buoys were anchored by means
of the 1/4” -logging cable near the THRESHER area during CHAIN
Cruise 38 (4-17 August 1963) .

‘
1

The system operated successful l y fo r abou t 11 hou r s but
ope rat ions had to be terminated at a range of six miles because
the marker buoy had d ragged the l ight an chor into deep water .
The experiment demonstrated , however , that the system has the
capab i l i ty of providing precision navigat ion  over small geographi-
cal areas in deep water .  During the run oblique reflections from
sub-bottom layers were also detected , indicating that the system
has poten t ia l for seismic measurements as well.

L



- - -~~,-~~ ..,—~~~~~~~ —-~~~~-
- - - - — - -

- 154 -

HIGH-POWER , SHORT-PULSE ECHO-SOUNDER

t / il la rd  Dow

The transmitter of the high-power , short-pulse echo-
sounder has a l2-kcps circuit similar to that used in the Inverted
Echo Sounder , but is capable of full-power operation at repetition
rates up to 10 pulses/second . This unit , developed with the
cooperation of the Del Electronics Corporation , is designed for
shipboard operation utilizing the IJQN transducer s in the ship ’s
hul l .

The instrument proved useful  in the THRESHER search as a
means of providing fine-line delineation on the PGR record of
individual echo sequences appearing simultaneously and often
intersecting . Echo sequences which do not join the rest of the
apparent bottom trace in a normal fashion could be indicative
of a large object projecting from or lying on the bottom. The
normal long-pulse echo-sounder tends to blend these individual
echo sequences into a single , broad bottom return. If the pulse
is shortened without maintaining, or increasing, the peak power
in the pulse , the individual profiles may become obscured in
background noise. It is for these reasons that the high-power , •

short-pulse transmitter was developed . A wide-band , low-noise
receiver is also required , an experimental model of which has
been constructed at WHOI and is being tested . •

‘

DEEP TOWED VEHICLE

Wil lard Dow

The period from 11 April to 27 May was almost completely
devoted to preparing equipment for the THRESHER search and in
operating this gear at sea. Through the intensive efforts of
Stephen Stiliman , Alexander Johnston , Carl Grant and others , a
veh icle designed f or deep towing was assembled on a crash basis
in about two days ’ time. On this vehicle were mounted stereo
cameras with strobe lights to illuminate the bottom for photography.

An Inverted Echo Sounder (see W}IOI Ref. No. 63-18, pp.24-25)
was mounted on its side in the nose of the vehicle to act as an
echo ranger . This might serve to guide the cameras to any likely
targets on bottom.

A Schlumberger potential device was included in the assembly to
help determine whether any such targets contained dissimilar metals.
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The vehicle was towed from the A-frame of ATLANTIS II
throughout the search by means of a multi-conductor oil well
logging cable. In spite of d i f f i c u l t i e s  in locating and navi-
gating the vehicle close to the bottom in 8500 feet of water ,

— 
the combination in one unit of an echo ranger for survey and
cameras for identification eventually proved a valuable aid to
the search . F~or example , the debris believed to have come from
the THRESHER was first photographed after receiving a series of
echoes which clearly suggested a number of small objects strewn
across an otherwise featureless  bottom area. These echoes, of
course, could not be uniquely identified with the debris , but
they do provide corroborative evidence suggesting that even
small objects such as these can be located by this means.
This experience is in accord with earlier experiences where
similarly recorded echoes accompanied photographs of cobbles
and small boulders sitting on the bottom.

Although the vehicle was finally lost at the beginning of
our last cruise to the THRESHER area , its overall performance had
indicated that with suitable modifications it could have been
made a valuable tool for general bottom survey, and for other
applications such as locating and photographing scattering layers
from the horizontal aspect. Therefore an improved version of
the vehicle is planned for the near future. - 

-

GEOGRAPHICAL LOCATION 0F~ DEEP-SEA TOWED INSTRUMENTS

Lincoln Baxter II

To survey the bottom of a given deep-sea area with a
camera , or other instrument towed near the bottom, one needs to
know continually and precisely the geographical location of the
instrument . In many areas the position of the towing ship may
be determined to within a few hundred feet or better with elec-
tronic systems like Raydist , Decca , Loran C, or by radar ranges
from tautline-anchored buoys. The location of a deep-towed
instrument frequently differs from that of the towing ship by a
half-mile or more. In the course of our participation in the
search for the wreckage of the submarine , THRESHER, we reduced
to practice a sonic-location system which , during the search,
permitted us to locate the towed instrument with respect to the
ship considerably more accurately than we could locate the ship.

A detailed description of the method , with equations for
determining instrument range and bearing from any configuration

_________  
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:SS.--S-
~

,-
~ 

- ~~~~~~~~~~~~~~~~~~~~ 
- - -  - 

- 
- -

~~

- 156 -

of three shipborne hydrop hones , wi l l  be publ ished (Baxter 1964) .

Reference

Baxter , Lincoln , II. 1964. A method for determining the geo-
physical position of deep-towed instruments.
Deep-Sea Res. (in press).

SHIPBOARD DATA-PROCESSING SYSTEM

Carl 0. Bowin

An automatic sea grav i ty  system u t i l i z i n g  a digital corn-
puter was designed and developed during 1962 in an effort to
reduce the time required to bring together the pertinent informa-
tion for the computation of gravity values , to reduce the time
required for the computations themselves , and to make the results
available for interpretation , planning , and checking purposes
aboard ship while the cruise is in progress. Following the suc-
cessful development and operation of this first shipboard computer
system , it was proposed to improve and expand the initial system
along the following lines : introduce control capability , increase
the number and variety of inputs , provide for on-line plotting,
improve the input-output capability of the computer , and add a
logging system to provide a means of storing all  data  then
recorded in various notebooks , log sheets , etc., both in the
br id ge and in th e labora tor ies .

Ideas for the improvement and expansion of this system
were discussed in renewed negotiations with International Business
Machines Corporation. System II, which has resul ted from these
negotiations , is the product of many people ’s creative contribu-
tions blended together to yield a very powerful and versatile
computer installation. System II automatically samples , computes ,
and records values of ship ’s heading and speed , latitude and longi-
tude , water depth in fathoms and meters both corrected and uncor-
rected for variations in sound velocity, gravity in terms of
total acceleration , and free air and Bouguer anomalies , and the
magnetic field of the earth. All of these values are automat ical ly
identified with date and time in both local ship ’s time and Green-
wich Mean Time.

The basic computer of the new system has remained an IBM
— 1710 control system , which includes a 1620 digital computer with

60,000 memory core storage , a 1711 data converter , and now, add i-
tionally, a 1712 multiplexer and termina l unit. The 1712 gives 
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the computer control capability which permits feedback of
information from the computer to various members of the sensing
input units and permits the operation of remote disp lays andk alarms. Input-output capability now includes a 1620 console
typewriter , 3 buffered remote input-output typewriters, a paper-
tape reader and punch , a card reader and punch , and 3 magnetic-
disk storage drive units.

The single most exciting advance made possible by the new
system is the utilization of the magnetic-disk storage units.
These offer very rapid input and output of data combined with
the advantage of random access storage. In addition, the mag-
netic disks are removable , thus allowing interchange of disk
packs when either a pack is full of data or new problems are
to be solved by the computer system. Each pack is able to
store 2,000,000 digits , equivalent to data collected by CHAIN
during two-thirds of a month at sea. These disk units allow a
further significant development , namely, the merging of real-
time, on-line computations with background off-line computa-
tions. Several major difficulties have been encountered in
effecting this time-sharing capability but they appear t~ be
surmountable. Once in operation , this capability will allow us
to compile , and then run, new programs written in symbolic or
fortran language while real-time data is continuously being
collected automatically and processed by the same computer.
Also aboard the CHAIN is a key punch with a typewriter connected
to it, thus making it possible to originate a program at sea,
punch the program cards, compile the program , run the compiled
program , and then list the output cards without interrupting the
basic real-time operations of the shipboard data-processing system.

Three remote input/output typewriters are being used in
experiments to improve the collection , dissemination , and avail-
ability of the scientific and navigational information logged
during the course of a cruise. Previously, this information
was recorded in a variety of notebooks and data sheets in the
top and main laboratories and on the bridge of CHAIN. In the new
system, a typewriter installed at each location replaces the
notebooks. When an item is typed on one of the typewriters, the
same message is immediately typed remotely by the other two and
is also recorded on a magnetic disk unit where it is available

I for listing or searching of the logged information.

New remote computer-controlled counter units display the
computed dead reckoning position on the bridge and on the top and
main laboratories. These counters are updated automatically every
minute. Another computer-controlled disp lay unit consists of four

— 
~~~~~~~~~~~~~~ ~1i. i ~

- -——- 
~~~~~~~



nixit ’ li ghts which disp lay the numerical ontonts of .mv core
location in the computer memoi~’. 11~u s  sh ip ’ s speed , ship ’ s
heading , free air anomal y, Bouguer anomaly , uncorrected water
depth in fathoms , cort outed water depth in titho~i~ or meters ,
magnetic values , or any selected ci ~ t i t e r  value may he displayed
and observed In the main or top taI rator v withou t interrupting
the normal computer operat ions . Tb i $ I ac t  l i t  v has prey ~ tt ye rv
useful for checking . tes t ing , cal ibrat ion , and informa t ional
purposes .

It is hoped that t h is  Incomp let e di~ cus~~ion mar indicate ,
at least to some extent , ( I to  scope and (l ext bi l i t v o t  our existing
ship board data processin g syatc u

BATRYMETRY AND THE SHIPBOABI) DIGITAL COMPUTER

Svdnc \‘ T. Knott

Echo-sounding Inputs to the IBM 1710 DigItal Computer
aboard R/V cHAIN were needed last year for the computation of the
free air anomaly of gravity . Yet this is but a first step toward
full employment of sounding for interpret ing bo t tom topography in
geological terms while at sea (sec. (or tn stalhe. Mizula, and
Breslau and Hersey, pp . 143 and lI Ou l.

At the present stat e of development. cod v the digit ization
of first arrival t (me measurements a “ automat ott . To do this. d is -
criminating circuitt ‘

~
‘ has been dcv i ‘~ed to assure that the measure-

ment is made from the leading edge ot  a bottom echo rather t i tan
noise spikes , scat t e r i ng-  layer cub tes . and sitn i tar inter fere nces .
Unwanted signals are gated out , requ ited signa ls , let in. A d ig ita l
output counter prov i des input I nto tuta t ion to  the IBM 1 710 control
system. Further progranined gating makes the information available
at prescr ibed times.

Logical extensions o ( t i t  i s  t u c i t u  I ~~ t t’ can ho made dl rect 1 v
to all t ravc l-t  ime measurements in tr ic tms t  I us where t he wave
train has an abrupt begianing aga ins t  a back ground el ambient nei~e.
Currently, a signal — to — no I so v o l t  age at to o I ahon t (~ —8 db is needed
for reliable operation.

A next step lit extend ug lb I s t . ’c tn t t  quc is he tug made hr
H. Novak and others by feeding t be travel t lines I ron t hi’ inverted
echo sounder , which i s  an tn t  cg~al j’a rt ot  our veloclmct or system .
into the computer. The ve t out tv  p i ot  l i t’ can qul ckl ~‘ he computed ircott
this information and subsequent inpets from the velocimeter .
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THE SEARCH FOR THRE SHE R

J. B. Hersey

Participation by IJHOI staff in the search for the THRESHER
has been described previously in some detail (Hersey, 1963) and
four papers are currently in press on special navigational methods,
echo-ranging near the sea floor , and the use of phototnosaics as a
search technique. These papers and others will be published in the
near future . One note on navigational techniques by L. Baxter
appears in this sum mary .

It is difficult to report in scientific and technical papers
the response of a whole institution to a national emergency of
this sort. From the time of the decision soon after THRESHER was
lost in mid-April until now, a considerable portion of our staff
have devoted full time either to search , analysis of data from
the search , or to various discussions or researches into means
of dealing more effectively with such a disaster in the future.

Mr. S. T. Knott ably took charge of most of the search
operation from ATLANTIS II. Of the many people who assisted him ,
Mr. Dow and Mr. Stillman for acoustical and mechanical problems ,
Mr. Johnston for photographic problems , Mr. Hess for a variety of
electronic problems , and Mr. Max Silverman (of Scripps Institution
of Oceanography) for navigational plotting contributed very heavily.

The biologists made criticall y important contributions at
an early stage under the leadership of Nathaniel Corwin, Dr. Hays,

} Chairman of the Applied Oceanography Department , and others from
various departments volunteered their services on ATLANTIS II or
on naval ships. Mr. All yn Vine headed a team of analysts of topo-
graphy and other search data reaching the R/V MISSION CAPISTRANO
from various vessels during the mid-portions of the search in May.
Mr. Vine ’s other contributions are detailed below.

Analysis of the photographs taken of the sea floor dur ing

f the search continues today. These can generally be fitted together

-i to form long photomosaics which can be fitted together to tell us

- I much about the geology of the disaster area and perhaps will bring

1 us fundamentally new insights about the disaster itself.

Reference
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SUBMERSIBLE VEHICLE S

Allyn C. V i ne

From May to December the author spent a majority of his
time working as a science advisor to Admiral Stephan of the
newly-appointed Deep Submerged Systems Review Group. This group
was set up by the Secretary of the Navy to make recommendations
as to what the Navy could do to improve their capabilities for
finding sunken submarines , rescuing personnel , and recovering
the submarine if required . In view ~f the worthwhile national
objectives and the group ’s need for oceanographic information ,
several oceanographers around the country spent part time with
the group .

The DSSRG was made up of a small group of full-time Navy
and civilian staff with many part-time individuals from industrial ,
scientific laboratories, and government offices. Oceanographic
factors of great interest to the group were : bottom currents , bo ttom
visibility, firmness of the bottom , and a wide variety of oceano-
graphic instruments. If the group ’s recommendations are carried out
there should be engineered many tools and equipment which would
directl y or indirectl y assist oceanographers in their research
programs. Another likely result of the DSSRG report is that it
will draw attention to the need for oceanographic engineers in
addition to oceanographic scientists. The author ’s participation
in this work was supported by Contract Nonr-4029(00) with the
Office of Naval Research .

The author provided consultation to the Deep Submersible
Group of the App lied Oceanography Department on instruments and
navigational technique s for the Woods Hole research submersible.
In addition he visited Cmd . Houot at Toulon , France to discuss
operationa l and scientific problems and details for the planned
dives of the French bath yscaphe ARCHIMEDE in the Puerto Rico
Trench in the spring of 1964. A scientific problem of particular
interest Is the observ ing , photographing , and collecting of rock
from the outcrops of the north wall of the Trench which has been
explored previousl y (Hersey, Naiwalk , and Bowin , 1963).

References

Hersey, J.B., A.J.Nalwalk , and Carl Bowin , 1963. Rocks dredged
from the North Wall of the Puerto Rico Trench. Sum-
mary of Investigations conducted in 1962. WHOI Ref.
No. 63-18: 58-59.
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DEEP CURRENT OBSERVATION S

Joseph R. Barrett

Investigations into the nature of deep currents in the
western Atlantic ~iave continued this year. The first par t of the
year was spent in analysis of deep current measurements made the
previous year off Cape Hatteras . This work is now nearly completed .

liuring July and August two short cruises were made as part
of the summer student training program in Physical Oceanography.
On the first cruise an oceanographic section of ten stations was - 

~~

made crossing the Gulf Stream south of Cape Cod . Near the south-
em end of the section , close to the southern edge of the Gulf 

~~~

‘- - 

•Stream two neutrall y-buoyant floats and a parachute drogue were
tracked for two to three days. Additional oceanographic stations
were made in order to develop the density field in the near
vicinity of the floats. The second cruise continued in much
th~ same vein . A square grid of nine stations was occupied near
the southern edge of the Gulf Stream. Stations were spaced about
15 miles apart along both axes and oriented as nearly as possible
with one axis parallel to the direction of the surface current.
Two neutrally-buoyant floats were released near the center of
the grid and followed for three days.

P4
During the late summer preparations were also being made

for a cruise of the R/V CRAWFORD in October-November for the
purpose of observing water mass properties and measuring deep
currents north of the Blake Outer Ridge . The current measure-
ments were severely hampered by rough weather but the oceanographic
observation program was satisfactorily completed. These data
are now undergoing processing and analysis.
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PRESSURE EFFECT ON THE ELECTRICAL CONDUCTIVITY OF SEA WATER

Alvin L. Brad shaw

The investigation of the effect of pressure on the
specific conductance of sea water was comp leted in 1963 and a
paper on the work , which will be submitted for publication , has
been written , in brief , the percentage increase in specific con-
ductan~e was measured over the pressure range 0 to 15 ,000 lbs
per in’ gauge (equivalent to about 10,000 meters in depth) for
sea waters of 31 , 35 and 390/00 salinity at temperatures of 0,
5, 10, 15, 20 and 25°C. This covers the ranges of interest of
these variables in the oceans. The accuracy of the results is
estimated to be equ ivalent to better than ± 0.01 0/00 salinity
units.

A joint paper with Oregon State University on “The Effect
of Carbon Dioxide on the Specific Conductance of Sea Water” will
be submitted for publica tion. In it , measurements of the changes
in specific conductance associated with changes in the distribu-
tion of the components ~ t’ the carbon dioxide system in sea water
are presented .

DIRE CT CURRENT ME ASUREMENTS

John G. Bruce

In February and Marcri 1963 a joint cruise was made using
two ships in the Tongue of the Ocean and the Northeast Providence
Channel region to stud y the general water circulation. Four areas
were selected for measurements , the first being at the Northeast
Providence Channe l eastern e’ttrance ieto the Ocean to examine water
movement that might inflt~e’~~e m o t i o n  in the Tongue of the Ocean.
The remaining three areas were each successively further SW into
the Tongue of the Ocear . Drogue measurements were made from
10 meters to 1 ,500 met et~ . in depth. Prevailing northeasterly and
easterl y wind seemed to have a 1.nge effect on the flow into the
channel in the upper 200 meters producieg speeds over 50 cm/sec.
In no case during the cruise was a steady circulation found , but
a somewhat turbulent mo t ion 01 water down to 1,500 meters seemed
to prevail , being in contin’.io~.,s motion with speeds generally less
than 40 cm/sec A flow a! 200 in was found to move steadily for
nearly two days parallel to the edge of the bank region south of
New Providence Island - A similar flow was found in the same loca-
t ion in 1962.

~ 
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Current measurements were made in the northwestern
Indian Ocean from ATLANTIS 11 during September and October
1963. Direct measurements were made on the edge of the north-
flowing Somali Current and at sever .t l locat ions between north-
eastern K. Ligascar and the Stvch elle s Island s where the South
Equatorial Current passes, beco ming a so urce for the Somali
Current.

COASTAL OCEANOGRAPHY

Dean F. Bumpus

A program has been conducted on the continental shelf
concerned with the circulation and the annual cy c l e  of tempera-
ture and salinit y since 1955. PresentI~’ , thts is being supported
by contracts with the Bureau o’  Commercial Fisheries , and the
Atomic Energy Commission. The main features were described in
the previous “Summary of inv es ti gations”.

:71

Mr. Chase has reported the findings of the Oceanographic-
Observation Post program under that heading (below) .

The drift bottl e program has revealed during the past
three years a reversal in the d i re ct i o n  of the non-tidal drift
off the South Atlanti c States. there is a northerly drift during

- 
-
~ March through May, a transiti on during June , a southerly drift

during Jul~’ through November ~ind an apparent offshore component
(no recoveries ’ until March ,

The material for the folio atlas on non-tidal drift on
the continental shelf from Cabo t Strait to Florida is 5/l2ths
complete.

The sea bed drifter program is yielding a higher percentage
of returns that anticipated with good returns during the winter
when drift-bottle recoveri es are limited . This is due to the
year-round toward-shore drift along the bottom which tends to
reinforce the concept o f  the estuarine character of the continental
shelf.

The et fort s with moored current meters and thermographs on
-t the continental shelf have not been ~is productiv e as anticipated .

Instrumental , mooring and read-out problems have sev e re ly  slowed
this part of the program No satisfactory analyses ot data have
been comp leted except for some of the material from off Cape Canaveral
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where results of drift bottles , sea bed drifters , moored current
meters and drogued telemetering buoys all give consistent results.
During March and April there was a predominantly northerly non-
tidal drift of approximatel y 12 cm/sec and during August a southerly
drift of approximatel y 4-5 cm/sec. During March and April the
direction of drift was closely associated with the wind direction.
When the wind sprung up from the south the current quickly turned
northerl y. When it hauled to the north it took a large fraction of
a day to reverse. During August the relationship with the wind
(normally lighter at this t ime than during the spring) was not obvious.

OCEANOGRAPHIC OBSERVATION POSTS

I -I
Joseph Chase

The bathythermograph data collected in 1961 at lightships
along the east coast of the United States (Chase 1964) plainly
reflect in three cases , the influence of the atmosphere on the shelf
water.

Air temperatures which were much below normal along the coast
in January and early February were matched by low surface water
temperatures in winter (especially in February) and spring at most
of the observation posts.

At the lightships from New York to Virginia , the raising and
lowering of the thermocline in response to on- and off-shore wind
(Chase 1959) occurred repeatedl y through the summer . It is hoped
that a quantitative analysis of this response may become possible
with the collection of more data and that the relationship may prove
useful to fisheries investigations .

The fall overturn took place within 11 days at all of the
lightships from South Carolina to New York. The events associated
with the overturn include the cooling of the surface water with the
arrival at the coast of a cold polar air mass in the wake of hurri-
cane Carla , the thickening of the mixed layer in response to a broad
field of northeasterly winds and the mixing of the entire water column
with the passage of hurricane Esther (Chase 1964).

The report for 1961 is in press and those for 1962 and 1963 are
being prepared for publication.

A comparison has been made of the surface temperature records
at the lightships with air and water temperatures at locations along
the coast (Bumpus and Chase 1964).

k~ 
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Among the results of the analysis are the following :

In recent time s surface water temperatures at lightships
off the United States east coast have in general followed the
trends in air t etiiperature along the coast.

Most of the climatic change in both air and water tempera-
tures has taken p lace in the winter months rather than in the
summer months.

Two peaks in winter temperature in about 1931 and 1950
are appare It in all the coastal air temperatures studied and
in the water temperatures at the lightships (except Diamond
Shoals) within the l imits of the available data. A general
downward trend is apparent in more recent winter data.
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DIRECT CURRENT MEASUREMENTS IN THE SARGASSO SEA

C. Godfrey Day

A program of direct current measurements using Richardson
current meters beneath moored buoys was attempted in the Sargasso
Sea. Mooring failure resulted in the loss of much of the equip-
ment , but the records from two of the meters recovered proved

— enlightening.

- The instruments were set at depths of 50 and 100 meters
- at a point some 250 miles south of Bermuda. This region is thought

to be characterized by a slow , westerl y, wind-driven circulation
of the surface waters. Both current meters , however , showed an
unsuspected anticyclonic motion with 24-hour periodicity producing

- ~~~~~~~~~~~
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a net displacement of water toward the north-northwest. For
84 days this pattern persisted , the rotational movement at times
disintegrating and reappearing , until the upper instrument
stopped functioning. During the next 25 days the lower meter
showed a gradual and systematic change in current direction , the
daily displacement slowly veering clockwise until the net trans-
port had become southwesterly by the time the buoy was picked up.

While it is recognized that there are in the overall system
a number of factors that could and do introduce inaccuracies, the
number of individual measurements involved (13,955 in all), the
consistent , periodic current patterns which emerge and the gradual
and progressive nature of change in these patterns cannot be - - -
considered anything but real Additional validation is found
in the consistent agreement between the records of the two
instruments. ~ -~

These data at present are the only direct , long-term current
measurements ever made in this region, a fact that makes their
interpretation difficult. There is no apparent relationship
between the c1irrn1~ t record and the local winds as seen on 5-day
mean sea-level pressure maps, nor can the currents be related to
the phases of the moon nor to its declination.

The 24-hour periodicity does not agree with the inertial
• period of 25 hours , 28 minutes at this latitude. Rather it suggests

solar influence , perhaps through radiation , perhaps through gravita-
- tion , perhaps through a combination of both . It may be significant - -

,

that the major changes in the currents occurred around the time
of the winter solstice and that the currents at 100 meters re-
versed direction as the sun began moving northward .

The data obtained in this experiment indicate once again
the need for long-term , synoptic , direct measurements of the cir-
culation in the open ocean if we expect to develop a realistic
picture of ~his environment. Recent improvements in instrunienta-
tion and mooring techniques bring closer the day when such broad
observational programs can be carried out routinely.

.1 —~- - .-. -~-•~~ - .--—--— — --—-— , 
~~~~~~~ ~~~~~~~~~~~~ _~~_ _ ~~

__



- —~~~‘~~~~~~~~~~~~~~ - -‘—— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~ ~ ~~~~~~~~~~~~~~ ~~~~~~~ ~~ “~~ ‘~ 
,--~~~

- 171 -

EVAPORATION

Dana Denamore

Throughout the Spring of 1963 we were preoccupied with
preparations for the Ind ian Ocean Cruise 8 of ATLANTIS II,
ordering , storing and keeping track of a great variety of gear.
Mv earlier interest in evaporation fitted well with this

- activity, and for two months I maintained an “Hydr aul ic Organ ”
- ~

- of plastic tubes in a housing on the roof of the laboratory
- 

- building, measuring evaporation in various surface-area/depth
ratios.

From earl y July through December I headed up the 4 to 8
watch aboard ATLANTIS II, as well as titrating the better part
of some 6500 salinities. On each station an evaporating pan
was used , extending previous Atlantic and Mediterranean data
through the Red Sea and Indian Ocean. The evaporation rate is
measured by the increase in salinity of the sample , by a formula - I :
modified from W~tst* and agreed to by Charnock. There has been,
of course , no opportunity to work up or evaluate these data.

*p.221 , Physical Oceanography, Vol.1, Defant.

MEDITERRANEAN WATER IN THE ATLANTIC OCEAN

Frederick C. Fuglister

Various methods of using the temperature and salinity
characteristics of the water masses to show the spreading of
Mediterranean water in the Atlantic were compared .

According to Dr. Wüst this water can be traced over
virtu all y the entire North and South Atlantic and the percentage
of Mediterranean water present at any point can be determined —

from a curve for the Temperature/Salinity relationship in the
core layer of this upper North Atlantic Deep Water . Dr. C. O ’D.
Iselin , using the Helland-Hansen anomaly method , shows that the
water extends over a much smaller area , confined to the North
Atlantic , north of 20°N. Dr. Albert Defant believes that this
difference can be explained by differences in the definition of
“Mediterranean Water” but he insists that “traces” of Mediter-
ranean water can be followed far into the South Atlantic
(Defant 1961).
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It is certainly import an t  to de l ine the Mediterranean
water careful ly but the ex ten t  to which this water spreads is
determined actuall y by the end poin t , or end points , chosen to

• represent zero Mediterranean W a t e r .  Presumably , in the “core”
method , the end point occurs where the core or tongue ceases to
exist. The question here is. to what extent does the presence
of a core , say a layer of maximum salinity, depend on the presence
of another core or minimum layer? Would the “traces” of Mediter-
ranean Water at 2,000 meters in the South Atlantic be recognizable
if the core of relativel y f resh water , the Subantarctic Interme-
diate Wctct , were not l~resent ~

The method of lle l l-md-Har~seI1 depend s on the choice of a
“standard T/S curve” t o  i e p :e s c n t  .~cro  Mediterranean Water ; the
anoma ly is the vari attoi ol. sa l in i ty  ~ t constant temperature.

An anomal y of sa l inity at constant sigma—t would seem to
be more log i ca l .  It w o n l  d show a g re a te r  influence of Mediter-
ranean Wa ter in the A t l a n t i c  but brings up the problem that there
is no water in the Atlantic as dense as the water flowing from the
Medi terranean.

Quest ions et th i s na ture a~ e being invest i gated because it
appears that the Inf luence ot the  Med i te r ranean  o ut t l ow  on the ther—
mohaline structur e of the Atl a nti c i’~ frequently somewhat exaggerated .
The North A tlant i c would probahl~ be t h e  most saline of the world’ s
oceans “yen i f  it we i i’ en t o i l  from t his source.

Refe rences

Dcfan t , Alber t. 1961 . P~ y~ ica l t~ce anograph’~ V o l . 1 .  Pergamon Press.

EQUATORIAL CURRENT ~Y S l E M  - - -
~

William ~~~ . Metcalf and Marvel C. Stalcup

From mid-January t o  the cud 01 Ap r i I , equatorial current
investigations were being car ried out aboard CRAWFORD and CHAIN as
a par t of EQUALANT I , an internat iona l coope rat  lye study of the
equa torial region coord i nat  ed by the U. S. Bureau of Commercial
Fisher ies. CRAWFORD ocet i p ted 1 70 hvd rographle st at ions in s i x
north—south sect 1o,~s across the Equa l or most l v  in a rectang le
between lO°N and lO°S, and be tween  25 0 and 4 (t °W . The track chart
and the types of ol ’se rvat  ions wa d e are shown in Ft gure 1 . Shallow
profiles of t empe rat ~ir e and sa Ii n i t  v I row the 2 5°W sect  Ion are shown
in Fi gure 2. 
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In all but one crossing , the Equatorial Undercurrent was
observed to be running strongly to the east. At 40°W there was
less evidence of a strong flow , and it is felt that the Under-
current may receive most of its strength somewhat to the east of
this line. At 35°W and south of the Equator , the wire angles on
station indicated a very strong sub-surface flow to the north
suggesting that this area may be important in the supply of the
Undercurrent .

On three cross-sections (250, 3Q0 and 35°W) the water was
sampled all the way to the bottom. At 27°30’ and 32°30’W only
the upper 1400 meters were sampled , and at 40°W only the upper
350 meters were sampled . The three deep sections all crossed the
mid-Atlantic Ridge and penetrated the deep basins on both sides.

At the Equator on several crossings , buoys towed by
parachute drogues in the Undercurrent showed sub-surface flow
to the east of about a knot and a half.

One of the highlights of the cruise of CRAWFORD was the
performance of the in situ salinometer designed by K,E.Schleicher
and A.L.Bradshaw. Although various mechanical and electronic
ailments of this instrument interfered with the program , two
cross sections (250 and 30°W) were made with it , and the delinea-
tion of the sharp salinity maximum was far superior to anything
that has been obtained in the past by any other method . This
salinity maximum is apparently an extremely important feature of
the Undercurrent , and invaluable data were obtained .

As part of the EQUALANT I cooperative program , CRAWFORD
hydrographic station data were sent to the National Oceanographic
Data Center in Washington , which is issuing the tabulated data plus
charts of the horizontal and vertical distribution of properties
in atlas form.

In addition to the CRAWFORD ’ s hydrographic station work , the
other chief material concerning the Undercurrent was obtained by
CHAIN using Richardson current meters . These meters were set out
in sections of five buoys , each supporting four current meters .
After a week of continuous recording , the assemblies were moved
to another location. One series of buoys with meters record ing
for one minute in each twenty minutes were left in place for
two months.

Although a number of the film records from the current
meters were rendered unreadable due to accidental radiation , some

- 

- 50 useable records were obtained and are being analyzed. Early
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spot checking of these records showed an interesting and fairly
coherent picture of the current system . Further study has dis-
closed some unexpected idiosyncrasies in the behavior of the
current meters , and further work is underway in an effort to
recover as much data as possible . It seems safe to assume that
a very large vo lume of good information about the Undercurrent
will be ob tained .

In addi tion to the above , work has continued on the
equa torial data obtained on CHAIN Cruise 17 in 1961. In collabo-
ration with Dr. Bruce Heezen of the Lamont Geological Observatory,
a new estima te of the sill depth of the mid-Atlantic Ridge in
the Romanche Trench region has been made. Previous estimates had
ranged from 4000 to 4800 meters. A combination of bathymetric and

- - 

- hydrographic s ta t ion da ta from cru ises by CRAWFORD, VEMA and CHAIN
indica tes an effective controlling depth of 3750 meters. A
report of this by Metcalt , Iteezen and Stalcup has been accepted
by ~~~~ Sea ~esearch for publication earl y in 1 964.

Temperature observations from a series of stations taken
to the bottom in the comp l ex topography of the mid-Atlant ic Ridge I -~~~

show a sequence of changes in the deep water as one passes from
the cold Western Basin deep water into the somewhat warmer Eastern
Ba sin deep water-- A schematic illustration 01 this is shown in
F i gure 3. The Guinea Basin a t  the eastern end of the overflow
pa th receives the coldest deep watets which crosses the Ridge .
This Basin appears to be separated from the le st of the Eastern
Basin by ridges which isolate the deep water. As a result , as is
shown in the figure. the Guinea Basin bottom water is about 0.2°C
colder than that of the res t  of the Eastern Basi.n

INDIAN OCEAN AND MEDITERRANEAN SEA

Arthur R . Miller

The first hal f of the year involved prepara t ions for the
ATLANTIS II par tici pa tion in the International Indian Ocean
Exped i tion. These consisted of ordering and acquiring scientific
equ ipment for the new sh ip, te ’~t ing and calibrating equipment,
rt’i ’r”irment and organizing the scientific team , and setting up
procedures to follow dur iti~ !l- te course ol the expedition .

In the meantime the Mediterranean data from three cruises
were not lying idle. Prof. Tc hernia from Paris visited Wood s Hole
to work on some of these data and a joint contribution is in
prepara tion for publication. Mr. Henry Charnock of the N.I.0. also

~ 
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visited the Institution and is presentl y concerned with
evaporation determinations over the Mediterranean. A vol-
umetric salinity-temperature anal ysis is being conducted on
the Mediterranean results with the initial determination oi~
the volume s by one-degree squares alread y completed . —

On July 5 the ATLANTIS II put to sea for her first long
voyage to return 5~ months later on December 20 with about
30 ,000 miles to add to her log. Briefl y, some of her accom-
plishments during this voyage were: (1) making possibly the
deepest hydrograp hic station in the Mediterranean Sea - depth
of the bottom bottle , 5098 meters ; (2) finding a hot salt-water
puddle (25°, 43 0/00) in one of the Red Sea deeps; (3) charting
and delineating the width and depth of the Somali Current ;
(4) making a comp lete oceanograp hic survey of the Arabian Sea
during the height of the Southwest Monsoon which 1 coupled with
the work of Royal Research Vessel DISCOVERY off the coast of Oman,
should give the first comprehensive view of that sea during that
season; and (5) obtaining detailed oceanograp h ic info rma t ion
about the Reunion Basin and the waters from Madagascar to the
Chago s Archipelago . It should be noted that new techniques
were developed during this cruise among which were an electronically-
rigged Nansen bottle to shut off a pinger sound source to indicate
the completion of a hydrographic cast , use of a new navigation
system, progr aimning a general-purpose computer to determine results
of observa tions while at sea , and determinations of various para- .

‘

meters concerned with the phenomenon of air-sea exchange by rain
water analyses , continuous dew point recordings , total sky cover
photograp hy and net radiation measurements.

RAD IAT ION

Robert Munns

The early part of the year was spent in working on Mediter-
ranean data , particularly on the solar and net radiation components
of th e heat budge t , and making preparations for similar work in
the Indian Ocean .

The ThRESHER search occup ied a month of my t ime . This
operation added very considerably to the knowledge and skill in
precise ocean navigat ion and echo sounding for small-targe t location .

I was in charge of a two -week advanced-student cruise on
the ATLANTIS. In addition to demonstrating the use of oceanographic

-— ~~~~~~~~~ 
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instrumentation contributions were made to the knowledge of
the Gulf Stream.

The remaining half of the year was devoted to the Indian
Ocean. Solar and net radiation measurements were made con-
tinual ly on ATLANTIS II for four months.

The British DISCOVERY was doing similar measurements.
With the data from two ships and that planned for future
Indian Ocean voyage s a good understanding of radiative effects
upon Indian Ocean characteristics should exceed that known for
other oceans. These measurements have not been done before on
a large ocean area and t ime scale.

RADIO DROGUES

Charles E. Parker

The experience gained in 1962 with radio drogues has
shown that the tracking procedures used were not satisfactory
in respect to the frequency-of-position reports.

The t ime interval between fixes was severely limited by
the capabilities of the R4D aircraft through normal maintenance
procedures compounded by occasional unsatisfactory flying condi-

-
- tions and personnel endurance. Because of these limitations

lapses of up to three weeks had to be endured , and as the experi-
ment showed (W}(OI Ref. 63-13) much valuable information was lost.
Some uncertainty developed as to the behavior of the drogues
between fixes although gross current features could be seen for

— 
the four-month period.

In an attemp t to overcome these deficiencies a new approach
to buoy location has been developed using the existing Consolan
stat ions maintained by the U.S.Government at Nantucket and Miami.
A dual-frequency Consolan receiver and switching complex has been
designed , constructed and successfull y tested on the existing
buoys (WHOI Ref. 63-12) under field conditions (CRAWFORD 95 and
RSDQ flights 56 to 61).

Briefly, the signals received from the Nantucket and Miami
Consolan stations are monitored in the buoy and directl y retrans-
mitted by the standard buoy transmitter for about one and one-half
minutes each. At the end of the listening period the Consolan
receiver s and the transmitter are automatically shut down and the
standard buoy receiver is put back on stand-by.
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In practice any buoy can be called selectively for its
position about twice during a 14-hour period from our Waquoit 

. 
-

radio station . The incoming retransmitted Consolan signals are
then put on magnetic tape for a permanent signal record and then
transferred to a Sanborn recorder for plotting .

The effect iv t’ range of this sy stem is approximatel y 1000
miles from each stati on and a maximum of about 1200 miles. The
area covered extend s over about one million square miles of the
Western Sargasso Sea. Twelve radio drogues have been prepared to
be set out earl y in 1964 to track current flows at 1000 to ~000 m
in an area west of Bermuda to the Gulf Stream . Life expectancy
of each unit is about six months.

I

SALINCtIETERS

Karl Schleicher

The ip-situ salinometer was used on board the CRAWFORD on
the EQUALANT cruise during the first part of 1963. The instru-
ment was used primaril y to determine accuratel y the depth of the .

. -

-
- 

salinity maximum associated with the Equatorial undercurrent east
of Brazil. For this purpose’ the depth-measuring section of the
salinometer was altered so that the maximum depth of lowering
was restricted to 375 meters, which increased considerabl y the
accuracy in depth measurement over that possible with the ori gi-
nal depth probe (which is capable of measuring depths down to
6500 meters) .

For the first part of the cruise the salinometer operated
satisfactoril y and extremel y useful data resulted from its use.
Trouble was encountered at the start of the second half, however ,
and the instrument failed to function and could not be used for
the rest of the cruise .

Since the in-situ salinometer was completed in 1961 it has
been used on six cruises with varying success. Though it has been
extremel y useful in showing details which could not have been seen
by the standard hydrogr ap h -ica l technique , its overall operation has
not been entirel y satisfactor y . After the latest failure on its
last trip serious consideration was given to the idea of changing
it from a salinity-temperature-depth instrument to a conductiv ity -
temperature-depth one . Br iefly , this would have the advantage of
simplifying somewhat the underwater section and , hopefull y , make

- it more stable. The change should also make it possible ’ to improve
its accuracy and make it more versatile. One disadvantage of the

- 

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - i



~~r- -~~~~~~~

- 178 -

change wil l be a more complicated (and costlv~ shipboard unit.
The decision was made to etle ..- t  t h i s  change and work has been
going on towards this end . This is not a simple conversion to
make tiking into account the system as a whole but it is felt that ,
it successful, it will result in a better overall instrument.

Steps were also taken in 1963 to redesign and rebuild the
bridge and electronics section of the three existing shipboard
salinometers. The purpose of this program is to increase the
stability of the instruments and decrease the maintenance t ime -~~

which of late has been getting larger because of the effects on I-
the brid ge section due to  salt-water contamina tion of the oil - 

-

bath in which the brid ge is inm~ersed . The bridge s will be con-
verted to transformer brid ges and everything will be removed
from the bath except the cells, some switches and a few variable
resistors. The electronics section will be transistorized .

TEMPERATURE V ARIATIONS IN THE NORTH ATLANTIC

Elizabeth H. Schroeder

“North Atlantic Temperatures at a Depth of 200 Meters” was
published in March . 1963, by the American Geographical Society as
Folio 2 of the Serial Atlas of the Marine Environment. It includes
nine ~.o1ored charts which show the average temperature , range of
observed temperature5 deviations from the mean , and seasonal dis-
tribution ot data. An appendix lists in tabular form the data used
in compiling the charts.

An animated movie 01 average surface temperatures , covering
an area from 20°N to -450N and 65°W to 82°W has been completed . It
is based on the monthl y average surface temperature of each one-degree
quadrang le in the area involved. A seasonal curve was drawn for each
degree and monthl y and halt-monthl y charts were constructed from the
curves. The charts were used as a basis for the drawing of the 384
chart~. needed to comp l ete - the animation. A paper presenting these
basic charts is now in preparation.

Because of the trend toward having all published work in
Centigrade degrees , a s t u d~~ of average temperatures from the surface
to 300 meters is being redrawn . The temperatures are sunm~arized in
a series of monthly pro fil es along eight meridians in the North At-
lantic . To date , ‘

~~~ of  the 9€ profiles have been redone .
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INTERNAL WAVES

Arthur D. Voorhis

The extent to which internal waves are excited in the
ocean and the forces which create them are problems which are
of great interest to the oceanographer. To shed some ligh t on
these problems we have been investigating the spatial spectra
of internal waves and their directional characteristics. Three
series of measurements have been examined : one carried out east
of Madeira in 1961 , one at the Equator during EQUALANT I in 1963,
and the last north of Bermuda also in 1963. In each case the
measurements consisted of towing a temperature-sensitive element
from a ship on a number of different courses at a depth of
about 80 meters in the near-surface thermocline and recording
the temperature variations due to internal waves. These records
were digitized and spatial spectra of the waves (that is , the
extent to which they were excited as a function of their wave
length) computed using the G.E. computer. By comparing the
spectra observed in different directions some idea of the hori-
zontal directionality of the waves can be determined .

So far we have obtained spectra for wave lengths from
lOG meters to 10,000 meters and they all show that the greatest
internal wave amplitudes occur at the longest wave lengths. In
the one case we have examined , we found that the internal waves
with the smaller wave lengths appeared to be propagating down wind .

THERMAL FRONTS: A paper is in preparation which describes and
discusses a number of thermal fronts which have been observed

0 0southeast of Bermuda between latitudes 25 N and 30 N during the
last ten years. These fronts appear to extend from the sea surface
to at least the bottom of the wind-mixed surface layer and are
oriented in a general east-west direction. Across the fronts the
water temperature changes by as much as 2°C in a distance of approx-
imately 10 kilometers. Surface currents occur along the fronts
which are in such a direction that the warm water lies to the right
when looking down stream. Further work is planned to determine the

- extent of the fronts and whether they represent boundaries between
different surface-water types.

- _ _ _ _ _ _
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VOLUME TRANSPORT OF THE. FLORIDA CURRENT

Bruce Warren

Downstream from the Straits of Florida , the Florida Current
increases several-fold in volume transport; the vertical shear of
this increment , however , is compatible only in part with geostrophic
inflow from the Sirgasso Sea. Although insufficient current ob-
servations preclude direct estimates of transport , nevertheless,
the vertical shear of geostrophic velocity is specified by hori-
zontal dens ity gradients , wh ich therefore impose stringent limits
on possible dis tributions of transport. Since , moreover , flow
is expected to be approximately along ~~~ - surfaces - except
near the sea surface - an inquiry into the sources of the trans-
port incremen t is being undertaken by computing under various
assumptions the transports across several oceanograph ic sections
in the Florida Current and Sargasso Sea between selected 6~ -surfaces.

As a preliminary result it appears that the downstream
pressure gradient on the inshore side of the Current between the
Stra its of Florida and Cape Hatteras is about twice as great as
that on the offshore side , and thus suggests a s ignificant inflow
to the Current from the slope water. This possibility is con-
sistent with the large westward motions observed in the slope
wa ter by Volkmann (1962), and with the characteristics of deep
water in the Gulf Stream , which seems to flow in the same direction
as the surface current (Fug Hster , 1963); in the temperature
range where deep slope water is easil y distinguishable from Sar-
gasso Sea water (about 3.5 - 4.5°C), the water in the density
grad ients associated with the Stream has salinities much closer to
those of slope water than of Sargasso Sea water.

In connec’ ion w ith this study, I par ticipated in a cruise
organ ized by J. R. Barrett , the object of which was to measure
deep currents off the Cape Fear Arch. The motions observed were
sl ight , bu t much of the program was frustrated by a hurr icane and
other storms. —

A paper was published in Tellus, (Warren 1963) in which the
large-scale meanders ot~ the Gulf Stream , previously thought asso-
ciated with a hvdrcd ’,’nam ~~~~ ~~stih i1 ity, were related to the
sloping topography of the Continental Rise . 1. have also prepared
articles for a forthcoming Encyclopedia of Earth Sciences on the
follow ing subjects: phys ical oceanograp hy, ocean currents , Gulf
Stream , geostrophic motion , and Coriolis force.

~~- 
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CURRENT MEASUREMENTS FROM MOORED INSTRUMENTS

Ferris Webster
I A

Work on the edd y transfer processes in the Gulf Stream
system evolved into an investigation of more reliable techniques
for direct measurement of ocean currents. Analysis of data col-
lected from current meters was closely connected to the work on
instrument development and mooring design being carried out in
the Applied Oceanography department. It is difficult to separate
the work between two departments , since the design of instrument
and mooring system, and the interpretation of the data are closely
interrelated. The most fruitful advances came about when the
collection system was modified on the basis of the data pre-
viously collected and when the data were examined with the physical
behaviour of the instrument in mind .

A suninary of some preliminary analyses of data collected
before the sununer of 1962 was published in Deep-Sea Research.
These early results , which indicate that tidal and inertial motions
are of importance in the open ocean , leave a great deal to be
desired as far as accuracy of measurement and understanding of
the mooring system behaviour . As a consequence , subsequent
research has concentrated on two problems : (1) The diagnosis
of instrument performance from an examination of the data col-
lected , and (2) the development of a system for the rapid read-
out and processing of the large amounts of information which can
be collected by such devices. A large measure of satisfactory
progress in both of these tasks is necessary before any large-
scale program of ocean current measurements can be undertaken.

A feature of the records collected to date has been the
presence of persistent high-frequency (5 to 20 seconds period)
fluctuations in the velocities. It has not yet been determined
whether these fluctuations are the result of actual oceanic 
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t tuctuat ions or are a ri su it ot Instrument response. On the
ot her end ot the t ime sca t  e , I I dal per iod o t t  ects have been
observed at nearly a ll locations and depths whe re cut rent meters
have been moored.

t~v t hc end o I 1963, I lit’ processing of coil ect ed dat a was
proceed ing satisfa ct o ril y , using a high—speed digital computer.
One set t Ing of a single in st t ument v i o l  ds near ly  200,000 current
mea surement s it ~ corded on a sing I e r oe  1 o t p hot ogr ap ti I c ft  hit . The
f i lm is read by a di ~ i tat t oniput or svst ow, and encoded onto mag-
net i c tape I or fu ii hot - p rt’co s sIng . St’ve ra 1 t echu I ques or rapid
grap hi .- a l  pi- o s e n t a t  i O f l , 1)0th of these ori ginal observations and
o I ave agt ’d quan t it it ’ s c t ’ m p i t  1 t ’d I roin them . hay e het’u dev ei oped
These presentat tons art’ b et ng stud ied wit ii the aim of construct — :;~
i nt~ a model o t  I he wa t or en t t out beiiav iour on which a t ime—series
anal vsts system can ho b~i~ t’~l.

WATER MASSl’~S AND CIRCULATION

L. V. i lo nt m e  Woi t t i int~t on

A paper out it led “Anotna b u s  cond i t ions in t he siopo water
a l t a  In 195’)’’ has h~ eii a e e~’pt od by 1 tIe Journal ot the Fisheries
Rt ’se’a r t li Boprd ot çan~ da. i t  appears that in th e  spring ot i’) ’~~
a large mass ot cold w at  or I 1 owed I t o r n  t ilt ’ l al)1 adot Sea around

l i e  ia ii of  the C t antl flanks and o a great ext out rep laced the
si opt’ w a te r  which is not ma! iv  t ound betwee n the Cut I St ream and
t he cont I ne nt a! she 1 1 east  anti son t ii of Ito Unit  ed S t a t e s  and
son th ~‘ I Canada. Tb I s ~-o Id wa s o I water was I it - st not i cod in
a sect ion made on CRAW FORI) n June 1’) ‘i’) at ong the int’ l I titan
s ~o ~ ~~~ I’:xam i n.t I i t ’ii o I l’ .il h~-t lu’imograms (or I ‘) ‘ ‘)  I ud tea t ed
t ha t  I his Lo t d wa t or was not ~-~‘n I j ned t o the CRAWFORD sect Ion
but was found to ho wi tIe - spi ead in he siope w ate r  a t - c a .  The
sunnier ot  19’,’) was chara ct er i;~ed by a vet- v high in~- tdt ’nt’e of fog
at coa stal St a t  I ~‘ii s in t h e  rio i t  boa st em Un It  Ott St at es and In
sout hern Canada.

The catist’ ot t iii s tnt lux ot  t O i  d water Is thought to have
been re I ated t o  an event in t ho North At I ant I e w ea t her pa t t  or it In
I Ito wInter o I 1 958— I’) ‘,~) Start lug in Do cembor I 9 ‘i ~ and t or e sting
t hrough Januat v and p a t  t o I Ft-l’i nat  v I t ) ’ 9  t h e lcd and i t low weakened
and sit i t t  ot t  I t~ ’nt it  s not ma t l’os it I on tesu l I i ng In pr~ I t ’1150tI and
int L ’nst’ eas t  en y ~ ì l os 5oilth ot Ci ooni  anti ,

‘th e ilflI t )ttllt o I wa to t in ‘~-ement i two I ved t~est I mated at
lU ill i ,‘it ltl~~/ 5 0 0 )  s,’,’ms \‘ et  \‘ I a rgt’ . I t  t s rough I v one —h a I t  I Iii’ 
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volume transport of the Gulf Stream. I~ such large water
movements can indeed be initiated by anomalous weather patterns
which persist for only about two months we should know more
about them. The paper is a preliminary suggestion that such
events are at least possible

An examina tion of deep temperature measurements made
in the Caribbean in the years 1933, 1937 and in 1958, during
the International Geophysical Year. raised the question of
whether or not the deepest waters of the Caribbean were becoming
warmer. The four principal basins , the Yucatan , Cayman ,
Colombian and Venezuelan have been examined to the extent that
the rather scarce deep temperature measurements persist.
Roughly speaking , the deepest water in the Cayman basin appeared
to have been 0.03°C warmer in 1958 than in the earlier surveys ,
the Yucatan 0.02°C warmer , the Colombian 0.01°C warmer and the
Venezuelan essentially unchanged . The 1958 data have

8
been put

through a computer program to determine stability (10 E.). All
the basins except the Venezuelan appear to have a layer (varying
in thickness) of neutrally-stable water from the bottom up.
This suggests that the warming may have been caused by heat
flow through the bottom which would be consistent with neutral
stability.

An opportunity to check on this matter was presented
when CRAWFORD concluded a project in West Indian waters in
early September . Two detailed oceanographic sections were made ,
one from the Atlantic into the Venezue l an and Colombian basins
through the Anegada and Virgin Passages and the other from the
Cayman basin out into the A il ant ic through the Windward Passage .

The results confirmed the eviden ce gained during the
I.G.Y. the temperature of the deep water in the Venezuelan
basin is unchanged while that of the Cayman deep water has
apparently increased by 0.03°C or more. The question of whether
or not the deep water of the Cayntan basin is neutrally stable or
not is most critical . It has been cotmtonlv supposed , in the
case of deep basins into which water has flowed over a shallow
sill , that the potential temperature decreases very slightly with
increasing dep th . This is perhaps due to the use of Helland-
Hansen ’s (1912) tables for potential temperature. More recent
works by Fofonoff (1960) and Crease (1962) suggest that the adiabatic
gradient may be weaker than Holland-Hansen supposed and that in con-
sequence many other basins throughout the world may in fac t be
neutrall y stable.

The temperature and s a l in it y  data from the CRAWFORD cruise

.
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are now ready for the computer and potential temperature will
4- be determined according to Fofonoff’s and Crease ’s polynomials

and compared with Helland-Hansen ’s. Furthermore, stability
(lO8E.) will also be determined according to the methods of
Fofonoff and Crease.

- -4
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AIR-SEA INTERACTION

Duncan C. Blanchard and A. Theodore Spencer

We did not engage in any field trips in 1963; all of
our work was performed in the laboratory. Some new research
was initiated , some developmental work was carried out, and
much time was spent in the writing of papers. —

A considerable amount of time was spent in an attemp t to
develop an airborne spray system tha~

’ could atomize sea water at
a rapid flow rate and into small drops. It was shown tha t the
method was not feasible economi~al1y; future plans for salt
seeding in the atmosphere will utilize pulverized dry salt.

Some studies were carried out in the area of bubble
photography , phase changes on airborne saline drops , f lame
photometry, and methods of data reduction. This resulted in
two papers and both have been accepted for publication. One is
on the flame photometric analysis of raindrops and the other con-
cerns condensation nuclei and phase changes.

We have analyzed our data relating to space charge and
potential gradient that were collected during our 1961-1962 —

field trips and have found evidence to support the hypothesis that
a flux of positive charge is being carried from sea to air by drops
from bursting bubbles. This material is being prepared for publi-
cation. The detailed study of this problem , which covers the flux
of particulate matter as well as that of charge , appeared in
Progress in Oceanography in November.

Another mechanism of particle and charge production by the
sea which has been of interest is that which occurs when molten lava
flows into the sea. The charge separation per unit mass of water
is extremely high and cannot be explained by existing charge separa-

- 
~

- tion hypotheses. We suspect that this mechanism of charge separation
may be akin to that of the jet drop from bursting bubbles. Further

- - 
-
~~~ study is imperative; in the meant ime these ideas have been expressed

in a paper that has been submitted for publication.

A final phase of the work concerns the connection that must
exist between dissolved organic material in the sea and particle and
charge production at the surface . Our ideas on this subject are very
tenuous at present but center around the fact that the surface free

- 
- energy of a bubble must change as surface-active material is adsorbed

to it as it rises through the water . The change in surface free
energy is reflected by a change in the dynamics of the bubble collapse

- 
- at the surface of the sea. Any change in the mechanism of bubble
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collapse will profoundl y modi fy the el e ctri c charge separation
and particle production. Some of our work of the past few
years suggests strongly that the above sequence of events is
taking place . and we jntc’id ~o l - ~1law this up during the
coming year.

AIR-SEA INTERAC-rION )F THE IND IAN OCEAN

Andrew 1. Bunker

The first f ive month-, of 1963 were spent in building
and installing equipme~u in  t~ie WHOI C-54Q aircraft BUNO 50874.
The equipment consisted it  a rhermist . r psvchrograph , solar
radiometers , cloud cameras. Jr ’psoc~des.  Dopp ler radar , search
and weather radar, and tUt’bli ~~”ls’ L- and turbulent flux measurement
recorders.

-

~~ A six-week flig ht t o  t h e  ndian Ocean area was made in
June and Jul y to study tli~ -~~‘:tiw , ’,t moa~oon weather. Flights
were made ou t of Bombay over t he Arab i a n Sea to collect data
to transmit to the lnt t-t naticnal Meteor ological Center at
Colaba Observatory icr stud y and d is~rihution, This data in-
cluded temperature , humidi tit s . wind s, clouds , and radiation.
In addition , measurements were made of the turbulent fluctua-
tions of the wind , temperature. arLd water vapor , so that fluxes
of heat , water vapor a ~d tn ’lol- .t-j m through the a tmosphere could —

be computed .

The remainder ol the i - -ar was spi-nt reducing the data ,
and mod ifying equipment for tile ~t’xt flig h t sched uled for
January 1964. Some prel imu&ary anal ysis of the data has been
made which showed the modit ication of the air mass as it flows
over the Indian Ocean towaid india. Tile lifting of the tempera-
ture inversion and the fo ina t ion of cumulonimbus clouds are shown
to be related to convergon-€ ’ ot  the wind fie1 ~~, but complete
analysis of the data w i l  he ~‘~- t-d ~ d before the exact reiatjorv~hip
is determined.

- - ~~~~~~~~
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AIR-SEA INTERACTION

Erie B. Kraus

1) Heat Flux and Surface Stress

Studies under Contract SC 90784 are concerned with
interaction between the air and sea. Stress under conditions
of different wave fetch is to be studied with the help of
systematic observations on both sides of a flat island across
the tradewind stream. The effect of vertical stability - as
represented by the diurnal change of air temperature - is also
to be investigated. Preparatory work dealt with the theory
of transfers across a wavy surface , with the selection of
Aruba , N.A ., as a working site which satisfies the requirement -

‘

of exceptional wind steadiness and with a good deal of instru-
mental development.

2) New Equipment —

— A stable buoy has been constructed with funds from
Contract SC 90784 to carry meteorological instruments without
movement and without disturbance of the airflow in a relatively
heavy sea. This development , as described in reports and a note
in “Qceanus” , has aroused the interest of several groups through-
out the country and abroad.

A new type of wave sensor , which records digitall y and has
little power requirements was developed for the project by Messrs.
Reininiller and Armstrong at Woods Hole Oceanographic Institution.
Some corollary studies were carried by a summer student , Mr. Mori-
setti. A new multiple , dig ital. temperature recorder has been
developed for the project by Geodyne Corporation.

3) Air-Sea Interaction over the Open Ocean

The analysis of the ensemble of weather ship data resulted
in a study of the diurnal variations of precip itation over the
open sea and its cause . This has been pubUshed in the November
issue of the Journal of th.~ Atmospheric Sciences. The work is
being extended now to the systematic study of vertical heat flux
and evaporation with their spatial and temporal variations , as
far as this can be ascertained from all synoptic observations on
all North Atlantic weather ships during the past fifteen years.
Statistical processing is carried out at th e National Data Center
in Asheville , North Caro l m a .  The work is financed under National
Science F~oundation Grant GP 317.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _  

L.I



- 190 -

4) Sea Spray and Its Role in Momentum Transfer is investigated
by Mr. Monahan under National Science Foundation Grant GP 317.

5) The Effect upon the General Circulation of the Distribution
of Land and Sea over the globe is being studied by means of a
numerical model. In order to study the effect statistically, it
is planned to generate “100 years of weather” numerically. An
equivalent to 25 years” weather data has been generated so far
on the Instit’ttion ’s GE 225 computer. The work is carried out in
cooperation with Prof. E. W. Lorenz, M.I.T. The computer program
has been prepared by Mrs. Gillie , M.I.T.

CLOUD PHYSICS AND DYN AMICS

Joseph Levine

The period from January to June , 1963, was spent on writing
my thesis , “The dynamics and mass exchange of positively-buoyant
elements in cumulus clouds”. The work of the thesis was the result
of a combined theoretical , instrumental , and observational approach
to the physics and dynamics of cumulus convection started in 1960.
The thesis was returned for further work.

The month of July was spent on building up and installing
instruments in the C-54Q in preparation for the August field trip
to Barbados. The Barbados trip was a cooperative effort organized
by Prof. Joanne Malkus for studying the interaction of the trade
winds with the island and for relating cloud patterns observed
from our aircraf t to Tiros pho tographs.

My cloud liquid-water-content instruments functioned
properly towards the end of the field trip , but the turbulent
vertical-velocity equipment was only partiall y successful in its
operations. A new component in the turbulence instrumentation ,
which operated successfully throughout the field trip , was an inte-
grator for the vertical-accelerometer output. The turbulence sys-
tem as constituted represents the first step in the development
of an analogue combination of the components, which enter into
the computation of turbulent vertical velocity in clouds.

The remainder of the year was spent on reduction of the
Barbados and earlier field-trip data and recalibration of the
cloud liquid-water-content instruments in a wind tunnel at
Ranscom Field. In the new calibration , provision was made for

- maintaining constant voltage on the liquid-water instruments,
and many more shadowgraph pictures of drops in the tunnel were
taken than previousl y. Thus data for more accurate calibration of
the instruments was obtained . 

., , - ~~~~~~~~~~~~~~~~~~~~~~~
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MARINE METEOROLOGY

F. Claude Ronne

During 1963 Marine Meteorology continued to use photography
as one of its major tools for collecting and recording both
phenomena and data. Hundreds of feet of cm 1  color films of
cloud formations and hundreds of black and white photographs
were used to supplement the extensive field programs undertaken
by this group in the West Indies and the Indian Ocean.

The C-54Q aircraft which was first used this year offered
a new opportunity for using photographs for recording purposes.

This aircraft is equipped with a data panel on which are
d isplayed the indicating dials for time, compass direction and
Doppler navigation (Fig. 1). A 35 mm automatic camera was in-
stalled to photograph this panel continuously during the opera-
tional hours of flight. An interval of 20 seconds between pic-
tures was chosen as being sufficiently frequent to obtain all
pertinent information, while not being so frequent as to burden
the program with excessive and unnecessary amounts of exposed film.

Such photography is certainly devoid of all glamour , but
the unfailing memory of the camera is decidedly advantageous for
the accurate reduction and interpretation of all the data obtained
by the investigation.

THEORETICAL OCEANOGRAPHY AND METEOROLOGY

Peter M. Saunders

A radar study was made of tropical marine showers from the
island of Barbados in the E. Caribbean in August. A 10 cm radar
operated jointly by McGill University and Florida State University
was calibrated with balloon-borne spherical targets. Developing
small showers were selected and the rate of change of radar re-
flectivity was measured within them (maximum values of between 4
and 8 db/min). This reflectivity increase is to be interpreted in
terms of the growth of small rain drops; its magnitude is consis-
tent with estimates of the rate of coalescence of drops under
gravity. Thus in the clouds studied the role of drop electrifica- 

[tion in enhancing the growth process is probably small.

Measurements were also made of the manner in which the peak 
•

reflectivity in shower cloud s was related to the maximum height
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attained by their suninits. A i~t rong ~orre1ation was obtained
showing a rapid increase in t~~fI.~ctiv j~~v in the height range
12 - 17,000’ and a saturation th ereaft er . Thus the reflectivity
(and hence rain intensity) i i m  a 50,000’ cloud is not substan-
tially larger than that from a ~1aud only 1/3 of its size.

A preliminary investigati on ha.-~ been made of the character-
istics of certain baroclinic vortices. They have been generated
in the large (2.5 in) rotating basin by introducing a column of
heavy fluid in the central. region o~ otherwise uniform fluid .When a (cylindrical) wall st-~-ara ’tng t in. fluids is removed , the
heavy fluid sinks under gra~’ity and beg ins to spread over the
bottom of the basin. Becaus~ angu f ir uc rontuin is conserved ,
the angular rotation of the -~pr e-ading ifuid becomes smaller than - -

-

that of the basin. On the other hand lig ht fluid which converges
in the upper parts to repls~c the sub siding column acquires an
angular rotation in excess ~t that of the basin. Thus a complex,

j  developing, vortex is ~eneiared

The constraints on radial motion produced by rotation , - -

manifest through the Can al ~ s f c r ~~e , cause the spreading fluid
to come to rest about onc -.ia t~ l~~~t i t  ion ~~ft~~ t the separating wall.
is removed . In this t ime it reach~ s a rjdfus corparable with or
less than the radius of d,- L n ~jt ion , a concept introduced by
C-G. Rossby. (The radius attain ed is less than the rad ius deforma- —

tion only when there is con’~iderable t-u- l-’alent mixing of the
l ight and heavy fluids.) S’ibseq - ’nt lv the fluid in the vortex —

is subject to a series at  tner tia1- -~i-avi tv oscillations whose
amplitude decreases with t ine .

When the radius of dci ~’rirat ion is small , the central
vortex no longer remains axial l y ~\,umctlic but breaks up into a
number of smaller stable vortices ~~scc accompany i ng photographs).
The instability, which is  baroc linic in ar h ~in, occurs in these

— unsteady experiments in conduticu s which closel y parallel those
found in steady dishpan studies

Although complex , the -xperimenr s described above illus-
trate a number of important pracesst-s operating in the oceans and
atmosphere and pose certain inter esting theoretical problems.
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WHAT KEEPS TEE SALT UP IN THE SUBTROPICAL TRERNOCLINE?

Melv in E Stern ’

This paper has been ~ubmttted~ for publication in Tellus. - -

This paper continues the discussiOn of the convective U
motions which occur when a reservoir of warm saline water lies
above one of cold , fresh, and dense water. At highly super-
cr itical thermohaline Rayleigh number the motior~ in the interior
of the fluid may consist of vertical columns which are alter-
nately (in the horizontal) -rising and sinking through a stratified
thermal field whose vertical gradient is constant . The ampli-
tude of the sinusoidal velocity field satisfies the conservation
laws in detail. A direct application of this result to the
oceanic thermocline leads to a mixing rate for salt which is
four - five- orders of magnitude greater than the rate at which
surface evaporation re-supp l ies the salt. -

We then examine the stability of this equilibrium solu-
tion and find that the columns must buckle in an oscillatory mode - - -

-

at Reynolds numbers which are much less than unity. The energy
source for this second transition is due to the horizontal varia-
tions in salinity associated with the undisturbed columns . It is

- suggested that at l arge values of the relevant non-dimensional
parameter the stirring produced by the induced lateral motions - 

A

becomes strong enough to entirely disrupt the basic salt column
in a vertical distance which is much less than the thickness of
the thermocline . If salt columns, such as are observed in the
laboratory, exist in the ocean it can only be as a micro-convection
which intermittentl y supplies energy to disturbances of larger
dimensions.

WIND-GENERATED WAVES

Raymond G. Stevens

The past year has been devoted to refinements of the
analytical procedures , instrument system and data-processing
system employed in the investigation of wind-generated waves.

While some experimental design criteria have been estab-
lished for a detailed investigation of the directional spectra
of ocean waves there remains a pressing need to explore the
statistical effects of sampling variability on the measured
direc tional spectra.
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Al though the instrument system tar wave and wind observa-
tions has been functioning sat is t .i c torilv It has found rather
little employment. Dur ing the past summe r it was intended to
observe the growth and development ~t 

t i t i ’ direction a l spectrum
- - during the sudden onset of the southwest sea breeze. The sea
breeze , which has been a typi cal m eteoro logic al event during the
earl y summer for the past several years , provides an ideal situa-
tion for observing the rate of growth of wind-generated waves and
the development of directional characte ristics . However , during
the past summer the sea breeze was notabl y absent , and when it
did occur it was characterized by a slowly-increasing wind from
the southeast or east. Although the loca t ion of the observing

- - tower is not suitable for observing waves generated by wind s from
those directions , a few moderately interesting situations were

- 

‘
- observed . However , there was rather little incent ive to carry out

extensive observations since the dat.a reduction and analysis
- -~~ System is not operat ionai. j

- 
- Conversion at  the data-reduct ion equipment for use with

the GE 225 computer is essentiall y comp le ted , and some portions ~~~~~
- -

of the data-anal ysis programing have been completed . It is - -~~
-

- expected that by earl y spring of 1964 an automated data-processing - -

system will be operationa l which will require only four hours to . 
—

calculate a directional spectrum beginning with the analogue
tape-recorded data and ending with a graphic disp l ay of energy
vs direction and frequency.

Another activ i ty of this research has been to install a
ship-borne wave recorder on board ATLANTIS II prior to her depar-
ture for the Indian Ocean cruise in July 1963. The apparatus con-
slats of an NI0 ship-borne wave recorder operated in conjunction
with an analogue-to-digital converter , which punches on paper tape
the observed wave hei ght twice per second . The punched paper tape
is then fed into a Control Data G-15 , general-purpose computer ,
which is installed adjacent t o  the wave recorder , and the wave
power spectrum is computed . Since the equipment do es not require
a highl y-skilled operator , and since It requires l i t t le attention
while recording or calculating it may he ope ra ted  routinely when-
ever the ship is hove to at  an ocean st at ion I or a period ot ten
minutes or more.

A total of 194 wave-spectrum observat ions were made in the
North Atlantic Ocean , Mediterranean Sea , Red Sea and Indian Ocean
during the first five months at . the Indian Ocean Cruise , although
the equipment finally f a i l e d  due t o  a burned-out transformer b efor e
completing the last leg at the cruise through the South Atlantic
Ocean.

~~~~ 
- 

-
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It is anticipated that tii~ power spectra together with
weather maps and local wind observations , if made available as
a data report , will be off considerable value to ocean-wave
forecasters.

The wave recorder has been somewhat modified and reinstalled
aboard ATLANTIS II, and will be operated dur i ng the winter and
spring of 1964 in the North Atlantic Ocean. It is hoped that the
observations made on this cru i se will provide a measure of the
modification of the wind-generated wave spectrum due to the influence
of the Gulf Stream. Unfortunatel y , the digital computer has been
removed from the ship so that correlation of visual observations
with measured spectra canno t be made but much useful information can
be derived from a po’t -analysis when the ship returns in May, 1964

LABORATORY MODEL EXPERU1ENTS

J. Stewart Turner

Work has continued this ~~& ~r on various theoretical and
- 

- 
-
~ laboratory models of dynamtcal processes in the ocean and atmos-

phere. Most effort has been put into an experimental analogy of
the tornado vortex , which is driven by convection and takes into
account the effect of the surface below . A paper on this subject
was presented at the U.G.G. I.  meeting in Berkeley , and a pre-
liminary account has been pub i ished jointl y with D. K. Lilly of
the U.S.Weather Bureau . More detailed measurements of the flow - 

-

and the associated theoretica l analysis are now being carried out.

- -
- 

Several theoretical ideas abou t the motion of buoyant -

“thermals” have been developed and written up. A kinematic
model of the motion has given good agreement with previous
observations , and it has been shown how the overall motion can
be predicted from the nature of the exterior flow alone . Some
progress has also been made towards a detailed description of
the interior velocity and densit y distribu t ions.

Experiments have been begun on a model of the upper mixed
layer in the ocean. These promise to give an explanation of the
sharp density interfaces, and the dependence of the density
structure on the changing rate ot heating during a yearly cycle.

During the summer twelve lectures were given on the sub-
j ect of “Turbulent Processes near the Air-Sea Interface” as part
of the course on Advanced Phys ical Oceanography. There was also

- an opportunity to attend some at the Geophysical Fluid Mechanics

• 
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course , and to give a seminar to that group . An invitation from
the Meteorology Department at McGill University resulted in a
visit there , during which three lectures were given to their
Cloud Dynamics group .

WIND-DRIVEN OCEAN CIRCULATION

George Veronis

The majority of my time was spent on a theoretical model
of wind-driven ocean circulation. The model is a study of the
interaction of various physical processes in the ocean. Sped-
fically, the vorticity equation contains non-linear terms, time
dependence~ friction , the cur l of the wind-stress and the
,~
j -effect. The stream function is represented by a truncated

Fourier series and the resulting equations for the fourier ampli-
tudes are solved . The results are that a) for a sufficientl y weak

- - wind-stress curl the final steady-state solution correspond s to -

that given by Stommel itt 1948 ; b) for a sufficiently strong wind-
stress curl the final stead y-state so lution takes a form similar
to the pattern of the wind-stress curl; c) for intermediate values
of the wind-stress curl (observed values fall in this range) the

— ocean settles into no steady state but oscillates and pulsates in
a complicated but periodic fashion. Throughout the foregoing the
wind-stress curl was taken to be a single anti-cyclonic gyre cover-
ing the entire basin.

A further result is that non-linear effects combine with
the ~~ -effect to give a statisticall y steady circulation when
the ocean is driven by an oscillating (zero-average) wind-stress
curl of small scale. The model is still under investigation.

Part of my remaining time was spent on an analysis of the
approximations made in transforming the equations of motion from
a sphere to the 4 -plane . It was shown that the domain of
validity of the ~~-p 1ane reaches to within a fraction of a degree
of the equator for a baroclinic system.

The stability of a layer of fluid with a stable salt gra-
dient and an unstable temperature gradient has been studied . The
results Indicate that the system becomes unstable to finite ampli-
tude disturbances before it becomes unstable to infinitesima l dis-
turbances. This (continuing) study may help in our understanding of
some of the T-S properties of the ocean.

During the summer I directed the Geophysical Fluid Dynamics
summer school. A report of this program is available.
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west of , . . * . . * 126

Brown ’ s Bank * . * . * 121
Brownson Deep . . * * . . 29 

—

Buoys, acoustic * * * * . * 153
Consolan . . * . * . 17
deep-anchored . * . . * 153
moored * * . . * * 6, 153
systems . * . * * * 153

Buzzards Bay * . . . * * 15

Cabot Strait . . * . . . 167
Calanus hyperboreus * * . * * 39
Calcium * . * . . * 67
Campbell Grab * * * . . . 12 , 93
Canal Zone * . . * * * 16
Cape Canaveral (See Cape Kennedy) . . 167
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Page No.

Cape Cod . * . . . 75, 76 , 89
Bay * . . . . . 74
Canal . . . . . - . 

*

outer Cape . * * . * 75
sediments . . . . . 89
south of , current-meter station . 6
transport . . . . * 75

Cape Fear . . * . . 83, 180
Cape Hatteras * . * 50, 76, 82 , 84, 96, 165, 180
Cape Kennedy (Canaveral) . * . . 96, 167
Cape May . . * . . . 87

bottom samples . . . . . 87, 93
CAPT. BILL III * . . . . . 17
Caribbean Sea . . . . . 21, 99, 183 ‘-

~ 
-

micropalaentology * . . * . 98
- microplankton * . . . . 99

“CARLA” , Hurricane . . . . * 168
Catamaran * . . . . . . 9
Cayman Passage . . . . . . 183 V

Trough * . . * . . . 130
CETACEAN (submersible) . . * , . 10
C54Q (aircraft) . . . . * . 76 - -

Chagos Archipelago . * . . . 175
-

- 
CHAIN , R/V * . 10, 25 , 35, 47, 49, 61 , 65, 73, 100, 117,

120, 121 , 125 , 126 , 127, 128, 129, 131, 137 ,
139 , 140, 150 , 153, 156, 172 , 173 , 174

Cruise 13 . * . . . * . 
- 126

Cruise 17 . . . . - . * . 117, 174
Cruise 29 . . . . . . * 129
Cruise 34 . . * . . . 125, 137, 139
Cruise 35 . * . . . . 65, 117, 121
Cruise 36 . . . . . . 125, 127, 140
Cruise 37 . . . . * . 150
Cruise 38 . * * . . * 150, 153
Cruise 39 . . * . . . 128, 150

Charts , topographic * . * * . 83
Chemistry, physical * . * . . 73
Chitin , synthesis * . . . . 68
Chlorinity (sea water) . . . . . 68
Chukchi Sea , fall-out measurements . . * 64
Circulation . * . . . * . 190, 196 -:

air . . . . * . . 190
ocean . . * . * . . 196

Beta-effect . . . . . 196
theoretical model * . . 196

wind-driven . . . . . . 196
Clay s . * * . * * * 71

‘
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Page No.

Cloud Dynamics . . . . . . 190
for mations * . * . . * 191
liquid-water content . . . * 190
physics * * * . * * 190

Colomb ia , S A. . . . * . . 75
beach studies . * * * . 75

Colombian Basin * . * . . * 183
Computer (see Data Processing) * . * 10, 156

Cen ter . . * . * . 85
Computing . . * . . . 10, ii

ADDReSOR . . * * . . 11
For tr an * . * * . . 11
GE 225 * * * . . * 10, 1]. - -:
G-1 5 * . . . . 11
Information Processing Center * * 10
Recomp II . * . . * * 11

Conduct ivity, cle ctr 1c~i l . . . . 166
Connecticut River , mou th * . * 96 - - ‘

Consolan * * - . . * 17 , 176
stations * * * * . * 176

Nantucket and Mta~ul * . . 176
Continental Rise . . . * . . 79, 180

south of New Eng land * . * * 129
Continental Shelf . * 12 , 51 , 52 , 78 , 79, 83, 84 , 86 ,

129, 167
Atlantic . . * . * * 85. 89
biochemistry ol . . * * * 96
East Coast * . * . . * 81
geochemistry . * * . . 96
hy drology * . . . . . 96
New England . . * . . * 86, 89

outer shelf. south ot . . . 129
topography . . . . . * 83

Continental Slope * * * . 12, 45, 78, 79, 84
south of New England , seismic re fl ect Ion . 129
topography . * . * . . * 83

Convective Motion . . . . . . 193
Corer (free) . . * . * . 66 -:

description . . * * . * 66
design * * * . . . 66
testing . . . . * . 66

Coulter Counter * . - * . . 40
CRAWFORD R/V 16, 17, 52, 62 , 71. 121 . 165, 172 , 173 ,

174 , 176 , 177 , 181
Cru Ise 93 * * - * * . 121
Cruise 95 . . * . . * 176
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Page No.

Curren ts , * . * . * 6, 165, 166, 172 , 180
deep . * * * . . . . 165
Flor ida . . * . . * * 180
measurements 6, 13, 165, 166, 169 , 181

from moored instruments . . * * 181
Richardson Current Meter . . . 13
Sargasso Sea . * . . . 169

Current Meters . . . . . . * 6, 13, 167
moored * . . * * . . 167
R ichard son . * * . . . . 13
station . * * * * . . 6

Current Systems , Equatorial * . . * 172

Data Processing . . . . . * . 10, 156
shipboard * . . * * . * 156
shipboard Digital Computer . . * 158
systems * . * . * * * 156

Data Reading , automatic . * . * . 6
Deep Sea * . * . . * . 81

- flo or . * . . * . . 81
topography * * . . . . . 81

DELAWARL R/V . . * * . - 52, 52 , 53
Delaware Bay * * * . * * * 83
De~unark * * . . . * 64
Deposits , deep marine . * * . . 59 

*

Diamond Shoals . . . . . * . 169
Dinoflagellates . . * . * * * 78, 91

Pleistocene assemblages * * * . 98 -:
recent assemblages . * . * 98
Tertiary assemblages * . . . . 98

DISCOVERY II, R/V * . * * * 126, 175. 176
Div ing, self-contained * * * * * 12
Dominican Republic * * . . . 130
Dredge * . . * . . 62, 65 , 139

acoustic positioning * * * . * 139
Dredge 11 . . . . . . 65
samples * * * . * . * 62

Dredgings . * * . * * 131, 140 , 141
Barracuda Scarp . . . . * * 141
Puerto Rico Trench , North wall * * 137
sea mounts , western Nort h Atlantic , . 140

Drift . * * . . . 167
bott les . . . * * . * lf ~7non-tida l * . , * * * 167

Drifter , Sea-Bed . * * * . . 167, 168
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Page No.

Drogu es . * . * . . * 40, 176
parachu te . * * * * . 40
radio * . . . . 176

Dynami cs , Cloud . , . * * . 190

Ear th Separations (alkaline ) * * . 67
Eas tpor t , Ma ine * . . . . 76
Echo-Sounders * * . . * . 110 , 154 —

E~O UQN * . * * * * 64 - -

high-frequency . * . . . 110 =
THRESHER * . . . * . 154

Echo-Sounding . . . . * * 110
Ecl ipse , solar . * * * . 119

Woods Hole . * . . * * 119
EDO UQN Echo-Sounder . * * * . 64
Elec tr ical Conduct iv ity . . * 166
Electrolytic Solutions , conductivity of * 73
El ec t ronics . * * . . . 16 , 94 , 95

Elec tronics Associates Plotter . * 108
England . . * * . * 16

= 
— Equa torial Current System . . . . 112

Equa torial Undercurrent . . . * 173 , 177
EQUILANT . . . . 45, 73, 120 , 177
EQUILANT I 6 , 172 , 173 , 179 *

Erica Dan Station * . * . . 63
Euph ausids * * . . * . 47
E. U.S * . * * . * 76
Evaporation 171

Fallout . * . . . * 62
Chukchi Sc. * . . . 64
f iss ion prod uc ts * * * * 62
measurements . . . * 64

— Fall-over turn * . . . - * * 168
- 

-
- 

Fil terin g . * . * . * 3
“Fish-Bi te” * . . . . . 6
Fishes * . * 50 , 52 , 54 , 116 , 118 , 12Q

anatomy * . * . . . 54
ba thypelagic . . . * * 116
Bluefish * * . . . * 118
Coopera tive Game-Fish Tagging Program 51

-; 
- deep-sea * . * . . 120

macrciUrid . * . * 120
meso-pelagic * . * . * 116
pc1~~ ic . . * . * 50

— 
Pomatomu s salta trix * * . 118
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Page No.

Fishes (continued)
trichuiroid . * . . . . 120

- Tuna fishing . . . . . * 52
Fission . . * * . * . 62

products of fallout . . . * 62
samples . * . * . * * 62

Florida . * * * . * 53 , 78, 167
• foraminifera * * . * . * 92

North . . . * * * . 76
Florida Current , volume transport . * * 180
Foraminifera * * * * * * 62, 92, 93

Atlantic Shelf * * * * * . 92
Florida , of f  * . * * . . 92
Georges Bank . . . . . . 93
Gulf of Maine . * . . . . 93
Long Island Sound * * * . * 92
M~~,ne . * . . . * 92
New Hampshire * . . . . * 92
Nova Scotia , South coas t . . * * 92

Fortran II * . . . * . 11
Foss ils * . . . . * * 100

Acritarcha * . . . * . 100
Dinoflagellates . * * * . . 100
Yucatan Basin * * . . * . 100

Free Corer * . . * . . * 66
description . * * . * . 66
testing * . . * . * . 66

Fouling , deep marine . * . . * * 41

- - Gay Head . * . . . * . 44
GE 22 5 . . . . 10, 11 , 21 , 108, 109, 193
GEK . . . . * . * * 73 , 74
Geochem is try . * . * . . . 96

Atlan tic Coast . . * * . . 96
Continental Shelf . * . * . 96

Geographical Posi t ion . . . . * * 155
Geophysi ca l Fl u id Dynamics Summer School . . 196
Geophysics * * . . * . 101 , 124

crustal . . . * * . . 124
Geor ges Bank * . . 51 , 83, 89, 90, 91 , 92

foraminifera * * * * * . 92, 93
sedimen t s . . * * . 86, 89, 90

Georgia . . . . . * 78
G-15 Computer . * . . * 11
Gibr al tar * . * . . . . 143
GOSNOLD , R /V * . * * 78, 93 , 94 95, 96

Cruis e 6 * . . * * * . 51 , 52
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Page No.

Grand Banks . . * * . . * . 51
Gravity, Haiti * * * . . . * 130
Great Barrier Reef , Australia * . . . 37
Great Britain . . . * * * . 15
Greenland . * . . * . * * 64
Guadeloupe * . * * * . . . 117

- 
Guantanamo Bay, Cuba . * . . . * 17
Guiana . . . * . . * . 62, 174

Basin . . . * . . * . 174
Shelf . . . . . . . . 62

Gulf of Aden . * * * . * . . 121
Gulf of Maine . . . * 32 , 39, 47, 78 , 83 , 86, 87

foraminifera * * * . . . . 93
sand . . * - * . . . 86, 88
sediments * * * . . * * . 86, 88

Gulf of Mexico . . . * * . . * 50, 65
Gulf of Paria . . * * . . . . 60, 64
Gulf Stream 31 , 43 , 44 , 53 , 63, 64 , 118 , 165 , 180 , 181 , 183

meanders . . . * . . . . 180
Haiti , Republic of * . * . . * . 130

gravity . . * * * . . * 130
Hatteras . . . . . * * * Th , 82

Abyssal Plain * . . . . . * 82
Inlet . . * * . * . . 76

Hardangerfjord , Norway, seismic profiling . . 145
Hawaii . . * * . . . . 16

heat budget . . . * . * * 175
Heat Flow * . 

- 
. * . * . 132 , 133

Barracuda Fault Zone . . * * * 132
Nares Abyssal Hills * * . * . . 132
Nares Abyssal Plain . * * . * . 132

— seamounts , New England * * * . * 132
— 

Heat Flux . . * . . * . . 189
Heliocourier * . * . . . * . 76
Holocene Transgression . . * * * . 64, 65
Hudson Canyon * . . . * . 51 , 84
Hurricane “CARLA” . * * . . * * 168
Hydroacoustics * * , * * . . 105
Hydrocarbons . * . . * . * 59
Hydrology * * . * . . * 96

Atlantic Coast . . * * * * * 96
Continental Shelf . * * * * * 96

Hydrophone Arrays * * . * * . * 151

IMP Model 2 * * * * . . . . 13. 14
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Page No.

Indian Ocean 15, 21 , 23, 24, 25, 30, 34, 50, 54, 116, 171 ,
174, 176 , 188, 191

air-sea interaction * . * * . 10, 188
- wave-spectrum observations . . . * 194

— Indo—Pacific * . . . * * . 53
Information Processing Center * . . * 10
Interstitial Water . * * * . . * 74
Instrumentation * . . . . . * 9, 16

acoustical * . * . . * * 147
oceanographic . . . . * . 147

Instruments . . 13, 76, 94, 95, 108, 131 , 149, 155, 181
deep-sea towed . * . * . . 155 -

~~~

Electronics Associates Plotter . . . 108
moored (current measurements) . . . 181

- 
Precision Depth Recorder * * . * 94, 95
Precision Graphic Recorder , * * 131 , 149
Richardson Current Meter * . . * 13
Woods Hole Rapid Sand Analyzer * * . 76

Internal Waves * . . . . * * 121 , 179
International Ice Patrol * . . . . 21
Invertebrates . * * * * . . 43

larvae * . * * . * * 43 *

reproduct ion * . . * . . . 43
Ireland , Shelf south of . . * . . 126
Isopoda * * * * * . . . 44, 45

Jeffrey ’s Ledge , sediments . . . * . 89

Kane Basin (Arctic) . * . * . . 6
Key West * * * . . . 83

Labrador Sea . . . . . . * 21, 63
Langmuir Circulation . . . * . . 27
La Paz, Baja California * . . * . 53
Larval Development , invertebrates * . . 43
Lesser Antilles , east of . . * * * 127
Light in the Sea * . * * * . 29
Lightships . . * . . * . 168 , 169

observ ation posts . * . * . . 168
Locations , geographical * . . . * 155
Long Isl and , N.Y. . * . . . * 16

topography . * . . . . * 143
Long Island Sound , foraminifera * * * . 92

Madagascar . * * * . . . 175
Magnetism , magnetic properties of ocean rocks * 142
Maine, foraminifera * . * . * * 92

Gulf of * * . 32, 39, 47, 78, 83, 86 , 87
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Page No.

Marine Conmiunities, metabolism . . * . 47
Martha ’s Vineyard , south of . . . 87, 149

shelf sediments . . . * . 87
Massachusetts * * * * . . * 84
Mauritius . . * . . * . . 30
Mediterranean Sea . . * . . 107 , 174, 175

water . . . . . . * .171, 172
in the Atlantic Ocean . * . . 171

wave-spectrum observations . . . . 194
Meganyctiphanes . * * * . * * 47
Metabolism, marine community . . . * 47
Metals (trace) * . . * . . 70, 71
Meteorology * * . * . . 185, 191

marine * * . . . . * 191
-

- 
- - Mexico , Gulf of * * . * . . 50, 65 -

- 
- Miami . . . . . * . 17, 84

Micropalaeontology . * . . . . 98
Caribbean . . * . . . 98
Yucatan Basin . * . . . 98

Microplankton . * . . * . 97, 99
biology . . * . . . 99
Caribbean . . * * . . 99
morphology . * * . . * 99
Quaternary . . . . . . 97

Mid-Atlantic Ridge . * . . . * 65, 174
Mineral Assemblages . . . . * 65
Mineralogy . * . . * . . 87

sand-fraction . . * . . 87
sand-grain characteristics . * . 87

MISSION CAPISTRANO (R/V) . . . . 161
Mixed Layer . . * . . . . 195
Models, laboratory experiments . . . 195
Mohole . * . * . . . 127

- Molecular Properties of Liquids . . . 74
Montauk Point , N.Y. . . . * . 76
Nares ,Abyssal Hills . * . . . 132

heat flow . . . * * 132
Abyssal Plains . * . . . 82, 128

heat flow . . . . . 132
- Deep * * . . . . * 82

Nantucket Shoals * . . * * . 51, 84
— sediments . . . . * * 86, 89

Narragansett Bay . . . * . * 12 
4Navigation . . . . . . 15, 153

acoustic buoys . . . . * 153
deep-anchored buoys . * * * 153
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Page No.

Navigation (continued)
systems . . . * . * 15, 153

acoustic-buoy * . . * 153 *

buoy system . * . . 153
moored-buoy . . . * 153
VLF * . * * * . 15

New Engl and . * . . * * 75, 115, 118
heat flow . * . . . * 132
sea mounts, heat flow . * . 132

Newfoundland Rise . * . . * 81
New Hampshire , foram in ifera * . * 92
New Jersey , bottom samp l ing . * * 93
New York . * * * . . 91
Nitr ogen . . . . * * 23 ;~

==

Nitrosoc y stis oceanus * . * . 34
No Man ’s Land * * . . . * 41
Nor fo lk  Canyon . * * * * . 51
North Atlantic Ocean (see Atlantic Ocean)
North Atlantic Sound Channel * * * 4
Northeast Providence Channel * . . 166

- 
Norway , Hardangerfjord (seismic profiling) * * 145
Norwegian Sea . . . . * * * 108
Nova Scotia * . * . 78, 84, 87, 89, 91

Banks * * . . * . * 50
bottom samples * . . . . . 87
Continental Shelf . . . * . 83
foraminifera * . . . * * 92
South Coast . . . * . . 92

Nutrients . . . . . * . 21 , 23
Nutrient Chemistry * . . . * . 21

Observation Posts * * . * * * 168
East Coast United States * . * . 168
lightships . . . * * * 168

Oceanography * . . . . * 161, 185
coastal . . . . * . . 167
physical * . * . * . * 163
theoretical * * * * . . 185, 191

Opt ics . * . . . . . 3
filtering . . * * . * . 3
photography * * * . . * 3
polarization . * * * . * 3

Organ ic Matter . . * * * . 25
constituents * * . . * * 90
particles , production of . . . * 28

Orino co River * . . * . 65 . -

Oxygen . . * * * . . 21

_ 
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Page No.

Pacific Ocean . . . . . * 24
Paleontology , North wall Puerto Rico Trench 137
Paria , Gulf  of . . . * . . 62 , 64
Particulate Matter * * . * . 27
Petrology , North wall Puerto Rico Trench 137
Phosphorus * * * . * . 21

organic * . . * * * 26
Photography * * * . 3 , 12 , 13, 191

aerial (C54Q) . . * . * 191
filtering . . . * . 3
marine * . . . . * 191
optics . * . . . * 3
stereoscop ic . . . . . 12
underwater . * * * * . 12, 13

Physeter Clicks * . . * . . 113
Physical Oceanography * . . . * 163
Physiology . * . . . . 32, 38

algae * . . . . . 32
zooplankton . * * . * * 38

Pelecypoda * . . . . . 44
Phytoplankton . . . . * 27, 33, 35, 36 - 

- -

biochemistry . * * * * 35
bioluminescence * * * * * 36
chlorophyll . * . * . 35, 36
culture . * * . . 33 -. *

diatoms . * * * * 33
distribution . * * . . 31
flagellates . . * * . 3
geostrophy . . * * 35
nutrition . . * . * 33
physiology - . . . 

- 
. 35

plant production . . * . * 35
photosynthesis * . * . * 36

Plankton * . . . * . 26, 97, 100
excretory products . . * . 26
hauls - . . . * . 100
micro- * . * . . * 97

Pleistocene Regression * * . . 64
Pocasset River * * . . . * 46

- Estuary * * . - . . 73 - -

Polarization * . * . * * 3
Polychaeta * . . . . . 44
Pomatomus saltatrix . . . . * 118 =
Precision Depth Recorder * . * * 94, 95
Precision Graphic Recorder * . 29, 64, 94, 131, 149
Pressure Pulses in Water * . * . 13
Providence Channel (NE) . . . . 166
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- Page No .

Pteropods . . * . . . . * 62
Puerto Rico

coast line * . . . * . . 76
Outer Ri dge . . * . . * . 132

north of . . . * * * 125
Trench . . * 81, 125 , 127 , 132 , 137, 162

Nort h Wall , dredging. * * * . * 137
NW * * . * . * . 137

- - Out er Ridge . * * * . * 132
- pa leon tology . . . * * . 137 -

seismic velocities . * * 138
-

- Radiation . * . . . * . * 175
solar * * * . . . . . 175
spectral * S * * * S S 3

Rad io Drogues * * . . * . . 176
Radio laria * * * . . * * . 62
Rays . . . . . . . * 50
Recife . . . * . . . * 61
Reco.np II Computer * * . . . . * 11
Red Sea . * * . * . . * 121 , 171

wave spec trum observations . . . * 194 *
- Reflec t ion , acous tic * * * * . . 64 -

Refrac tion , seismic . * . * . * 110
= Respiration . * * . * * . * 47 * :

Reverberation , bottom * . * . . * 109
R4D air craft . . . * * * . 176
R5DQ aircraf t . . * * * . . * 176
Richardson Current Me ter * . . * * 13
Ri pple Formation * * . * * . * 75
Romanche Trench . * * . . . . 117

- Rio Grande , Texas . * * . * * . 76

Sa fe ty Device . * . . . . . 66
de sign . . * . * * . 66
testing . . * . * . . 66

Salini ty . . . . . . . 24, 73
annual cycle * * . . . * . 167 

—in subtropical thermocline . . . 193
measurements * . . . * * . 73

- profiles . . * . . * . 73
Salinoinetera * . . . . * 73, 177

salt-bridge . . * . * 73
Salt Br idge * * . . . * 46, 73

- Sal t Marshe s . . . . * . . 47
Sand . * . . . * 87

Anal yzer , Woods Hole Rapid . 73 
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Page No .

Sand-fraction (mineralogy) * . . . . 87
Sand-grain (mineralogy) * * * . . . 87

characteristics . * * * . . 87
- - Sargasso Sea . . . 27, 31 , 40, 41 , 43, 169, 180

direct current measurements . * . . 169
Western . . . . . . . 177

Sawyer , Harold (program and invention.) . . 13, 14
Scattering Layer * * * . . . . 115
Sea Mount s —

New England , heat flow * . . . . 132
Western North Atlantic dredging . * * 140

- Sea Spr ay * . * * * . . 190
Sediment Analyzer , Woods Hole Rapid * * . 85
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