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ABSTRACT 

This progress report conta i ns find i ngs in 1) physical oceanography , 
2) mar i ne bi ol ogy, 3) geology and geophysics , and 4) hydroacoustics . 
1) Long-peri od i nternal waves are deduced from sound-velocity data between 
Bermuda and the Antilles . The region of the thermal front (usually found 
nea r 30°N) was thought on one occasion to be a generator of internal waves . 
2) Midwater fishes were four t i mes more abundant north of the front than 
south and midwater reverberation levels varied similarly . 3) Evidence obtained 
southeast of Charleston, S.C . shows that the continental shelf has been 
bu i lding out over the Blake Plateau. The gravity characteristics of many 
major rifts of the world reveal that as the width of the rift increases, 
the Bouguer anomal i es become increasingly positive . 4) Observations support 
the hypothesis that diffraction effects are required to explain the sound 
propagation in convergence zones in the Mediterranean . 

A m~j o r engineeri ng accomplishment was the installation and use of Sea 
Spider on the Blake Plateau . Sea Spider is a near motionless platform for 
scientific measurements in the deep ocean. The development of an automatic 
digital depth-reading system for use with echo sounders on ships were 
successfully completed, improvements in seismic profi ling techniques were 
made, and special coherency studies of towed hydro~hone array noise have 
progressed. 



INTRODUCTION AND SUMMAR Y 

This report is an account of research activities under Contract Nonr -
402 9 with the Office of Naval Resear ch for the period 1 May 1965 to 31 
October 1965. The work was carried out mainly within the Department of 
Geophys i cs. During this r eport period, three crui ses of the R IV CHAIN 
we r e mounted . On one of these crui ses CHAI N was acc ompanied by 
GOSNOLD to the Blake Plateau to as sist in the installati on of the near
motionless subsurfa c e bu oy s t ructure developed under Projec t SEA SPIDER. 
An evaluati on of this succ essful effort strongly enc our ages pla nning of a 
de e p oc ean installation in the fu ture . The new poss ib i litie s for r esearch 
in o c eanography, underwater acoustics, and submarin e s e i smol ogy that 
ha ve bee n opened up by this engineering achievem e nt have excited serious 
inter est in further SEA SPIDER work from organizations outside of this 
In stitution. A detailed evaluation of Proje ct SEA SPIDER i s underway. A 
partial engineering evaluation of the work is presente d under PROJECT 
SEA SPIDER in the General Instrument Section and in the section on cruises . 
Related work performed during the Sea Spider cruise of CHAIN will be 
descr ibed ih several sections in this progress report. 

A second cruise of CHAIN to the region of the Blake Plateau was 
mounte d for a geophysical investigation of a particula rly interesting 
finding made dur ing the SEA SPIDER crui se relating t o t h e geologi cal 
f ormation of the Blake Plateau and the contine ntal shelf. Irregularities 
showed up in a subbottom seismic reflection horizon over t h e shelf, 
similar to the irregular scoured channels previ ou sly observed on the 
Blake Plate au and believe d to be produced by the Gulf Stream. Thi s 
subbottom hor i zon was shown to be an ext ens ion of t h e B lake Plateau 
b e neath the sedimentary mate r ial of t he contine ntal s h elf. Thi s evi denc e 
suggests that the sedimentary mat erial ac cumulating on t h e cont inental 
shelf has be e n gradually moving outwa rd over the Bla ke Plateau accompanied 
by a slow eastward shift in the course of the Gulf Stream. A comprehensive 
exam ination of the geology of the Blake Plateau with in the Department of 
Ge ology and Chemistry under K . 0. Emery employing s eism i c reflection 
t e chniques c ontains furthe r extension of the above observations. 

A th ird cruise of CHAIN wa s mounted to the deep water of the 
Hatteras Abyssal Plain to compare the measu r em e nts of vert ical reflect ion 
levels at 12 kc with m easurem ent s of vertical and oblique -reflection, 
br oad - band s ignals t a ke n at the s am e time. Summary a ccounts of the 
cru i ses ar e present ed in t he cru i se section of t h i s report . 
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Several interesting observations were made when t h e Sea Spider was 
installed. Numerous sound - velocimeter profiles, obtained while on station 
at t he Sea Spider installation, revea led a marked three - laye r structure 
undergoing substantial fluctuations. These observations are reported in 
t he Physical Oc eanography secti on. In addition, some oblique seism i c 
reflection measurements were obtained using t he Sparker and t he hydrophones 
incorporated in Sea Spider legs . Thi s work i s under analysis. Towed 
hydrophone - array studies were also carried out dur ing CHAIN Cruise 51, 
and no i se-coherency calculations have been made with the data for a number 
of s h ip speeds. 

Progress was made in the analysis of observations from previous 
cru i ses and in the completion of several sc ientific papers. For example, 
under the heading of Physical Oceanography we report the observation of 
large- scale, horizontal variations in acoust i c structure which extend deep 
into the o cean between Bermuda and the Antilles. In addition, evidence 
from doppler shifts of internal waves relative to a moving ship indicate that 
internal waves are generated within the t hermal front region located near 
30°N latitude southwest of Bermuda. 

In the field of Submarine Geology and Geophysic s severa l invited 
papers were prepared and presented at the Upper Mantle Symposium at 
Ottawa. Although National Science Foundation Grant GP - 822 paid for 
travel and preparation of these papers , some of the data were collected 
under other contracts, including thos e of t h e Office of Naval Research . 
Abstracts of these papers are included because of t he appropriateness of 
the material to the interests of t h e ONR researc h program in Submarine 
Geology and Geophys ic s. For instance, correlation of gravity measure
ment over major submarine trenches and ridges seems to indicate that 
de nse substratum materia l tends to rise beneath a trench or rift when 
the boundaries reach separations of 40 km - 100 km. These observati ons 
have major Lrnplications as to the interpretations of p r ocesse s t aking place 
within the upper mantle . Thi s subject i s also dis cussed under the gravity 
p r ogram . 

The s ection on Submarine Geology and Geophysics also contains 
reports of p r ogress in t he analysis of gravity in the Ligurian Sea, seismic 
reflection profiles in the Puerto Rico Trench area, as well as other dat a 
analysis. 



- 3 -

Dr . J . D. Phillips has recently joined the staff of the Geophysics 
Department. He is pr imarily interested in studying the magnetic suscept i
b i lity of marine sediments and the remanent magneti zat ion in rock material 
dredged from the ocean floor. Some evi dence from rocks dredged from t he 
Mid-Atlant i c Ridge supports the hypothesis that remanent magnetizat ion is 
a major f a ctor in oceanic magnetic anomalies. Thi s r esearch effort c an 
pr ovi de important geophys ical information. The research may also lead t o an 
understanding of errors in headings determined from magnetic compasses on 
submarines operating close to the ocean floor where remanent magnet i zation 
i s large. 

Midwater fishes north of the thermal front near 30°N were found to be 
more abundant by a factor of four than those to the south of the front. Thi s 
was in keeping with observations of midwater sound - scattering made at 12 kcps. 

Another contribution discusses evidence for diffraction effects i n RSR 
convergence zones in experiments in the Mediterranean Sea. 

Efforts to analyze bottom reverberation from explosive shot data 
us ing a computer program is now in near - final stages. The computer 
program is now capable of taking ac c ount of noise corrections to bottom 
reverberation levels and computing scattering coefficients as functions of 
grazing angle. Progress in oblique bottom -reflection and in acoustic 
navigation are also described under the heading of Hydroac oustics. 

Each major section also contains descr iptions of progress on instru 
mentation and instrumentation techniques. Sea tests have been successfully 
carried out of automatic depth determ ination equipment des i gned t o c onve r t 
echo soundings into digital form for the shipboard computer. This syst em 
i s descr ibed in Section B of the Submarine Geo logy and Geophysics Section. 
A se ct ion on General Instrumentation is included t o allow for description of 
efforts , such as Sea Spi der , and our shipboard data processing system. 

Seven manus cripts have been published during thi s r eport period_, a 
number of others have been submitted for publication. The titles are 
listed below. In addition, seven unpublished WHOI reports and s ix WHOI 
Technical Memoranda were completed and are also listed. 
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PAPERS 

The following papers were publishe d e ither under Contracts Nonr - 4029 (00 ), 
Nonr-1367 (00 ), or in c onjuncUon with other cont ract s or grant s a s not ed : 

WHOI Contr. No. 138 '7 . The Geology of the Western Approa ches of the 
EngLish Channel. II. Geological Interpretation Aided by Boomer and 
Sparker Records , by D. Curry, J . B. Hersey, E. Martin i, and W. F. 
Whittard, F. R. S. , Philosophi cal Transactions of the Royal Society of 
London, Series B. Biologic al Sci enc es , No. 749 , VoL 248 , pp. 315 -· 
351, 14 January 1965. (Contract Nonr ·- 1367 ) 

WHOI Contr. No. 151 L Navigational Techniques used in the THRESHER 
Search, by S. T. Knott. Navigation: Journal of the Institute of 
Navigation, Vol. 12, No. 1, pp. 3-10, Spring 1965. (Cont ract Nonr - 402 9) 

WHOI Contr. No. 1527. Underwater Calls of Leptonychot es (Weddell Seals}, 
by Wm. E. Schevill and Wm. A. Watkins. Zoologi c a (N.Y.) 50 , pp. 45 .. 
46 , 1965. (Contract Nonr-4029 and NSF G - 141 ) 

WHOI Contr. No. 1550. Underwater Call of T riche chus (M a natee ), by Wm. 
E. Schevi ll and Wm. A. Watkins. Nature, Vol. 205 , No. 4969 , pp . 373 ·-· 
374, 23 January 1965. (Contract Nonr - 4029 ) 

WHOI Contr. No. 1565. A Shipboard Cabl e - Hauling Syst em f or Lar g e 
Electrical Cabl es , by F . R. Hes s and L. V. Slabau gh. Deep - Sea 
Research, Vol. 12 , No. 4 , pp. 53 7 ·-·539 , 1965. (Cont r a ct Nonr - 136 7 ) 

WHOI Contr. No. 1624. On the Exi stence of t he Sea - Mount Known as 
"Ameri can Scout " , by R. H. Bac kus and L. V. Wort h ingt on. Deep -· Sea 
Research, Vol. 12 , No. 4 , pp. 457 - 461 , Au gust 1965. (Cont ract s 
Nonr - 4029 , Nonr-·2196 , NSF GB-543 and GS-·861 ) 

Improved Towline Design for Oceanography, by 
R. L. Rather , Vil Goerland , J. B. Hersey, A. C. Vine and Frances 
Dakin. Undersea Te chnology, Vol. 6 , No. 5 , pp. 57 - 63 , May 1965. 
(Contr a ct Nonr - 4029 ) 

The following papers were published during thi s per iod under other 
contracts ; they are believed t o be of interest to the Office of Naval Research : 
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WHOI Contr. No. 1437. Gular Musculature in Delphinids , by Barbara 
Lawrence and Wm . E. Schevill. Bulletin of the Mu seum of Comparative 
Zoology, Harvard University, VoL 133, No. 1, pp. 1-65, May 1965. 
(Contract s Nonr Biology Branch and, NSF G-6171 ) 

WHOI Contr. No. 1544 . Behavior of Certain Marine Organisms During the 
Solar Eclipse of July 20, 1963 , by Richard H. Backus, Robert C. Clark, 
Jr. , and Asa S. Wing. Nature , Vol. 205 , No. 4975 , pp. 989-991, 
March 6, 1965 . (Contracts Nonr-2196 and NSF GB-543 ) 

Some Long - Range Experiments on Sound T rans
mission, Correlation, and Reverberation, by L incoln Baxter , Helen 
S. Graham and D. D. Caulfield. U.S. Navy Journal of Underwater 
Acoustics, Vol. 15, No. 1, pp. 15 -4 0 , January 1965. (CONFIDENTIAL ) 
(Contract Nonr-2866) 

The following papers were submitted either under Contracts Nonr-402 9(00 ), 
Nonr- 13 6 7 ( 00), or in conjunction with other contracts or grants as noted: 

WHOI Contr. No . 1649. Continuous Seismic Profiles of the Outer Ridge and 
Nar es Bas in North of Puerto Rico, by Elizabeth T. Bunce and J. B. 
Hei"sey. Submitted to Bulletin of Geological Society of Amer ica. 
(Contracts Nonr - 1367, Nonr - 4029, and NSF G-822) 

WHOI Contr . No. 1671. An Earthquake Recorded at Sea, by F. S. Birch. 
Submitted to Bulletin of Seismology Society of America. (Contract 
Nonr-402 9) 

WHOI Contr. No. 1674. Volcanic Rock from Caryn Seamount, by R. H, 

Feden. Subm itted to Deep-Sea Research. (Contract Nonr-4029 and 
NSF GP-1123 ) 

WHOI Contr. No. 1678. Classification of Sea Floor Sediments with a 
Shipborne Acoustical System , by L. R . Breslau. (Monaco). Submitted 
to La Revue Petroliere. (Contract Nonr - 4029 ) 
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WHOI Contr. No. 1707 . Ocean Dr i lling on the Continenta l Margin by JOIDES, 
by E. T . Bunc e, K. 0 . E m ery, R. D . Ge r a r d , S. T . Knott , Loui s L i dz , 
Tsu nemasa Saito and J ohn Schlee . Submitt e d to Sci enc e . (NSF G - 42 33 
and Nonr-402 9) 

WHOI Cont r. No . 1708 . He at Flow Measurem e nts in t he Altant ic Oc ean , 
Indian Ocean, Mediterranean Sea and Re d Sea , by F . S. B irch a n d 
A . J. Halunen. Submitted to Journal of Ge ophysica l Research . 
(Contrac t Nonr-4029 , NSF GP-2370 and GP-1123 ) 

WHOI Contr. No. 1718. The Puerto R i co Trenc h , by Elizabeth T . Bu n ce. 
Submitted to the Proceedings Volume of the Upper Mantle Sympos ia, 
Ot tawa, Canada. (Contracts Nonr - 136 7, Nonr - 4029 , NSF GP-822 and 
NSF GP-1123) 

WHOI Contr. No. 1752 . Photographic Measurement s of Bot t om Curr ents , 
by J . G. Bruce and E . M . Thorndike . Submitted t o J ohns Hopkins 
University Press for publication in "Deep -Sea P hotogra phy " . (Contra ct 
Nonr-4029) 

WHOI Contr. No . 1761. Deep - Sea Photogr aphy in the Study of F i shes, by 
N. B . Marshall and D. Bourne . Submitted t o J ohns Hopkins Unive r s ity 
Press for publication in "Deep - Sea Photography " . (Cont racts Nonr -
402 9 and NSF GB - 2 0702) 

Sound R efle ct ions in and under Oc e ans , by J . B. 
Hersey. Subm itted to Phys ics Today. 

Spar kers a nd Boom e r s, by J. B. Hersey. 
Submitted to Pergamon Pre s s for publicat ion in 11Inter national Di ctionary 
of Geophy s i c s " . 

The follow ing papers were submitted during t h i s p erio d u nder r e l a ted 
contr a ct s a s note d : 

WHOI Contr . No. 1655 . 
by R . L . Haedr ich . 
F ellowsh ip ) 

Identification of a Deep Se a Mooring - Cable Biter , 
Submitted to Deep- Sea R esearc h . (Pre doctor a l 
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WHOI Contr. No. 1670. Heat Flow near the New England Seamounts , by 
F. S. Birch. Submitted to Journal of Geophysical Research. (Contract 
NSF GE-1456) 

UNPUBLISHED WHOI REPORTS 

The following unpublished reports have been c ompleted during this 
p eriod under Contract Nonr-402 9(00) or in conjunction w ith other contracts 
as noted: 

WHOI Ref. No . 64-52 . Final Report of Contract Nonr - 1367 i ncludi ng a 
History of the Contract and the Bibliography of Scientific Contributions 
Supported by Contract Nonr-1367 at the Woods Hole Oc eanographi c 
Institution, 15 December 1953 - 31 August 1963, by J. B . Hersey. 
(Contract Nonr - 1367 , now Nonr-402 9) 

WHOI Ref. No. 64-53 . Final Report of Contract Nonr - 1367 including a 
H istory of the Contract and the Bibliography of Scientific Contributions 
Supported by Contract Nonr-1367 at the Woods Hole Oceanographic 
Institution, 15 December 1953 - 31 August 1963 , by J. B. Hersey . 
(Contract Nonr-1367, now Nonr-4029 ) (CONFIDENTIAL) 

_WHOI Ref. No . 65-9 . Narrat ive of CHAIN Cruise No . 43 , February -
August 1964 , by S. T. Knott, E . T. Bunce , C. 0. Bowin, J . B. Her sey .. 
and R. L. Chase. (Contract Nonr-4029 a nd NSF GP ·- 2370) 

WHOI Ref. No. 65-15. Trac k Charts , Bathymetry and Location of 
Observations , ATLANTIS Cruise No. 260, North Atlantic Oc ean, 
Hydrographers Canyon, Mu ir Seamount Surveys , 11 October - 7 
November 1960, by R. M. Pratt and W. M. Dunkle. (Contract Nonr-
1367 , now Nonr - 4029 and Nonr - 2866 ) 

WHOI Ref. No. 65 - 16 . Narrative of CHAIN Cruise No. 38, 5-·16 August 
1963_, by J . B. Hersey. (Contract Nonr-4029 and Nonr -2 196 ) 

The following unpublished reports completed under related contracts 
ar e deemed of interest t o the Office of Naval Research: 
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WHOI Ref. No. 65-2. Bathymetric and Seismic Reflect i on Studies of t he 
ARTEMIS Envi rons, by S. T. Knott. (Contract Nonr-2866 ) (CONFIDENTIAL) 

WHOI Ref. No. 65-14. Track Charts , Bathymetry and Location of Observations, 
ATLANTIS Cruise No . 282, North Atlantic Ocean, 7 July - 11 August 1962 , 
by J. S. ReitzeL (Contract Nonr-2866 ) 

UNPUBLISHED WHO! TECHNICAL MEMORANDA 

The following technical memoranda were c ompleted during this peri od: 

WHO! Tec h. Memo 8-65. A Cable Clamp for Terminating St eel Cables with 
Conductors , by S. L. Stillman. (Contract Nonr - 4029 } 

WHOI Tech. Memo 9 - 65 . A Manual Explaining the Theory and Operation of 
Heat-Flow Measuring Equipment, by Franci s S. Birch. (Contract Nonr -· 
4029) 

WHOI Tech. Memo 10-65 . Cruise Plan for Project Sea Spider, Cruise Plans 
for CHAIN No. 51 and GOSNOLD No . 73, 15 July - 30 August 1965 , by 
G. H. Savage , J. C. Beckerle and J. B . Hersey . (Contract Nonr ·- 4029 ) 

WHOI Tech. Memo 11-65 . Cruise Plans for CHAIN Cruise No. 52 , 20 
September - 8 October , 1965 , by E. F . K. Zarudzki. (Contract Nonr-
4029) 

WHOI Tech. Memo 12-65. Cruise Plans for CHAIN Cruise No . 55 to 
Western Caribbean, 10 November 1965 - 20 December 1965 , by C. 0 . 
Bowin. (Contract Nonr - 402 9) 

WHOI T ech. Memo 13-65. Cruise Plans for CHAIN Cruise No. 53, 14 
October - 27 October 1965 , by S. T . Knott. (Contract Nonr-4029 ) 

CRUISES 

A. Introdu ction 

The principal vessel fr om which the Department of Geophysics conducts 
researc h i s the R / V CHAIN. During this report period t h i s ship was used 
on three separate cru ises totaling about two months at sea. These cru i s es 
were supported wholly by Contract Nonr-402 9. The c ontra ct also support ed 
the use of GOSNOLD in the region of the Blake Plateau f or approximately 
one month, which was required for assistance to CHAIN Crui se 51. 



B. Use of VesseLs 

Cruise No. 
and Sponsor 

CHAIN 51 
Nonr - 4029 

CHAIN 52 
Nonr-4029 

CHAIN 53 
Nonr-4029 

GOSNOLD 73 
Nonr-4029 

Date 

30 J uly -
31 Aug. 1965 

21 Sept . -

8 Oct. 1965 

14 Oct. -

27 Oct . 1965 

9 July -
5 Aug. 1965 

Work Area 

Atlantic Ocean 
Blake Plat eau, 
30° 15 ' N -78°40 ' W 

Blake Plateau 
Area, Blake Arch, 
Blake Spur, Flori-
da-Hatteras Slope 
30°15'N-32°50'N 

Hatteras Abyssal 
Plain 
2 8°4 9' N -70°50'W 

Blake Plateau 
30°15'N-78°40'W 

Principal Investigations 

Sea Spider, a multimoored 
buoyant s tructu re; measure 
ments of movement of buoya nt 
structure ; acoustical navigat ion 
tests ; seismic profiling, temp
erature , cu r rent and sound 
velocity p r ofiles . 

Seismic profiling, dredging, 
and coring 

Oblique and vertical seismic 
reflections using a radio buoy, 
seismic profiling, coring, 
sound velocity profiles, and 
magnetic and gravity measure
ments . 

Suitable site for Sea Spider, 
topographic survey, current 
measurements, setting marker 
buoy. 

Chief Scientist 

G. H. Savage 
J . C. Beckerle 
,T. B. Hersey 

E. F. K . Zarudzki 

S. T. Knott 

A. Er ickson 

CD 
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C . .CHAIN Cruise #51 (Mr. Savage, Dr. Beckerle, Dr. Her sey, and Mr. 
Zarudzki) 

This cru ise of CHAIN left Woods Hole on July 22 for the Blake Plateau 
for the ocean tests of Sea Spider. CHAIN returned to Woods Hole on August 
31, 1965. The sci entific a nd engineering aspects of this cruise are described 
in several places throughout this report. The reader i s refe rred to the 
General Instrume ntation Section for an acc ount of Project Sea Spider and 
further description of this cruis e . 

D. CHAIN Cruise #52 (Mr. Zarudzki) 

CHAIN Cruise #52, to the Blake Plateau, was mounted both to expand 
t h e seismic reflection, gravity, and magnetic coverage of the area, and t o 
look at certain de tails. The principal ar eas of interest were: the Florida
Hatt eras Slope of the Blake Plateau lying between 30°15'N and 32°50'N, the 
Bla ke Spur (30°N, 76°30'W), and the Blake Arch (28°30 1N to 33°30'N, 72°W 
to 77°W). The two last features are so named on the late st U. S. Geological 
Survey Miscellaneous Geolog i c Inventory Map I - 451 , sheet 1 and 2. They 
sometimes have been referred to by other writers as the Blak e Nose and 
t h e Cape Fear Arch. 

The chief objective of the investigation was the study of the extent and 
implications of the de posits t ransgressing eastward over the Blake P lateau. 
This ph e nome non was noted by us during CHAIN Cruise #51 in the area 
a bout 80 miles SSW of Charleston, S. C. During that cruise t hree seismic 
reflection profiles were obtain e d which c learly showed t h e recent depos its 
progressively encroaching upon the current-scoured floor of the Blake 
Plateau . Of p rimary importance in thi s study is the apparent e astward 
displacem ent of the Gulf Stream , and the implications of this dis c overy 
upon t he study of the Stream's behavior. In this sense CHAIN Cruise #52 
was the follow-up of the original dis covery. 

The Blake Spur had been investigated by previous researchers (Woods 
Hole Oceanographic Institution and Lamont Geological Observatory ) and it 
was felt t hat an additional study of thi s unusua l feature would further 
elucidate its structure , past history, and possible effect on o cean current s 
a nd s e dim ent deposition. 
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The Blake Ridge is a feature of over 2, 000 meters relief, and is roughly 
triangular in plan. It abutts the Blake Plateau Escarpment, its axis trending 
SE, and i s aligned with the geologically well - known Cape Fear structural arch. 
The s t ructure and the origin of the r i dge are speculative at present. So far, 
an inadequate amount of seismic reflection profiling is available for deriving 
clear c onclusions. A seri es of dee p - penetration seism i c profiles , run simul
taneously with the gravity and magnetic profiles was designed to increase our 
knowledge of thi s feature. 

A problem of paramount importance is whether the vast r i dge is formed 
as a sedimentary feature with, or without, structural control provided by 
the ocean floor. Some researchers believe that such a feature could be 
formed at the convergence of the north-east flowing sediment-charged part 
of the Gulf Stream with a deep south -west flowing coastal current. 

Other objectives of the cruise were to obtain seismic reflection profiles 
across the continental slope and rise en route to the Blake Plateau, and 
c ontinuous gravity and magnetic profiles between Woods Hole and the Blake 
Ridge . Bottom photography and dredging for bottom samples were to be 
made in areas of interest. Those were the top and flanks of Blake Spur, 
selected locations on the Blake Plateau paralleling and immediately in front 
of the continental slope, and finally on the crest and flanks of the Blake Ridge. 

The cruise began on September 21, 1965 and ended on October 8, 1965. 
Objectives were achieved to a large degree. In all, 1510 m iles of sei sm ic 
reflect ion profiles, 2310 miles of gravity profiles and 2200 miles of magnetic 
p r ofile s were obt ained. Five camera stations and eight dr edge stations were 
o ccup ied. 

E . CHAIN Cruise #53 (Mr . Knott ) 

The objec t ive of this cruise , from 14 to 27 October 1965, was to obtain 
m easurements of the a c oust i c energy from a broad band source reflected 
f rom the sea floor over both vertical and oblique paths in order to study 
t he reflectivity of the sea - floor a s a function of angle of inc idence and of 
sou nd frequency . An operating area on the Hatteras Abyssal Plain havi ng 
apparently quite uniform s e diments was chosen to simplify and make 
c ontr ol of the experiment easier. An underwater spark wa s used as a 
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sound source for both vertical and oblique seismic reflection measurements, 
and 12-kc sounding equipment was used for the vertical monofrequency 
measurements taken simultaneously with those above . Vert i cal seismic 
refle ct ions were received by a f i ve - element array of Chesapeake type PC 100 
transduc ers which were so connected that signals could be received by single 
elements or by the ar r a y as a whole . Oblique reflections were received at 
a Brush AX120 hydrophone mounted 1000 feet from the sea surface on the 
taut - line mooring of a referenc e bu oy and signals were transmitted by radio
link to the ship. The hydrophone was placed at a depth of 1000 feet so that 
bottom reflection signals were completely received before the corresponding 
s urf ace r eflected signals were received. 

Gravity, magnetic, and bathymetric profiles were obtained between 
Woods Hole and the buoy location on the Hatteras Abyssal Plain over south
bound and northbound tracks on the meridians 70°30'W and 70°50'W, 
r espe ctively. Continuous seismic reflection profiles were taken over 
parts of the continental rise and lower slope south of New England, and 
over a g r id of tracks at the buoy location. 

Measurements of the velocity of sound in the water column, bottom 
photographs , and core samples of the sediments were to be taken at the 
buoy location to supplement reflectivity observations. Although heavy 
weather reduced working time on station by a factor of two, the following 
was accompli shed: 

1. The referenc e buoy was moored at 28°49'N, 70°49 1W, in 2867 
fathoms. A tension of at least 2000 pounds was achieved at the anchor 
e nd of the mooring-line (See the General Instrumentation Se ction, p. 58 
of thi s report) . The mooring held successfully throughout the three-day 
period during the later part of whi ch a sea state of 6 exi sted for some 
15 to 20 hours . The maxLmum total scope of the buoy was determined 
on several separate occasions during the experiments t o be about 0. 2 
nautical mile . A combination of visual bearings of the buoy from the 
ship and Loran-e fixes was used for these measurements. Continuous 
monitoring of the buoy's position was not possible because of the number 
of t imes that Loran shore stations indicated trouble , the failures in our 
Loran-e re ceiver, and the lack of p r oper visibility for bearing determina
tions . Our radar had f ailed earlier in heavy weather. 
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2 . A series of three, oblique seismic-reflection runs were made over 
a grid of tra cks in a 5 by 8 mile area immediately west of the bu oy. During 
these runs periodic measurements of the vertical reflections were made 
with the 12-kc sounder and with single hydrophones in the array. · 

3. Three velocimeter profiles were made a cros s the area. 

4. Four short ( 1 to 2 -foot) cores were obtained with free-fall corers. 
Locations of the cores were distributed along t he north-· south axi s of the area. 

5. High resolution echo-sounding records were taken whenever possible, 
especially in the immediate vicinity of the buoy, in order t o determine the 
extent of shallow stratified reflecting surfaces below the seafloor. 

6. Vertical reflection measurements over the grid at the buoy reveal 
an extensive sequence of reflectors from the shallow str atification to a 
deep, moderately rough and strong reflector some 1. 7 to 2. 0 seconds or 
more (reflection travel- time) below the sea floor. 

PHYSICAL OCEANOGRAPHY 

A. Investigation and Analysis 

Sound Velocity Contou r s Northeast of the Bahamas (Dr. Bec ke rle and Mr. Payne ) 

Seventy-three sound velocity profiles were obtaine d during Cr uise 11 of 
R / V ATLANTIS II in the water southwest of Bermuda in July - August 1964. 
The method of deter m ining the depth of the velocimeter makes use of an 
inverted echo sounder that measures the round t rip acoustic travel time 
between the sound velocimeter and the ocean surface once every second. The 
m e asurements of the local sound velocity as funct ion of the acoustic travel 
time are use d in a c ompute r to c alculate t h e depth of the instrument t hr ough
out the sound velocity profile. The high accuracy and reliability of t his 
technique provides confidence in comparing the measured values of the sound 
velocity at a spec ific depth for the many p rofile stations. 

The geograph ical variation of the sound velocity at a depth of 800 meters 
is shown by c ont ours in meters / s econd as deviations about 1500 meters I s e c ond 
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over a broad stretch of the Atlantic Ocean in Figure 1. The contours in the 
f i gure, which were drawn by Mr. Zarudzki, exhibit several interesting 
features. For instance, northeast of the Bahamas there is evidence of a 
spatial variation in sound velocity, having an average wavelength of about 
240 nautical miles. These variations are believed to be the interference 
of long Rossby waves reflecting from t h e Bahama Platform. This possibility 
is under consideration in plans for future experiments. In addition, there 
appears to be a region of low sound veloc ity labelled -2 meters/ second, at 
about 24°N, 67°W that is surrounded on all sides by h igher sound velocity 
contours . There is evidence in the figure of the deep thermal front region 
(transition region) located near 30°N which was reported in last year 1 s 
Summary of Investigations (Beckerle, 1964 ). Similar contour charts have 
been prepared for a number of depths and they will be included in a manu
script that is being prepared for publication. 

_!i:vi9ence of Internal Waves in Crossing the Thermal Front Region (Dr . Be ckerle ) 

Experiments were carried out during the April 1965 cruise of the CHAIN 
t o determine whether or not the thermal front region about 120 miles south 
west of Bermuda was a source of internal waves and to obtain information 
to aid in planning acoustical transmission experiments across the region. 
The study was made by towing a sound velocimeter at a c onstant depth across 
the frontal zone several times to determine whether or not spatial frequenc ies 
of :internal wave fluctuations on one s i de of the front differed f rom those on 
the ot her s i de. 

A striking feature of the sound velocity fluctuations in cross ing the 
frontal region were several step-like changes with the maxim um sound 
velocity occurring near the center of t h e region. During each cross ing 
there was a larg,e set in the tr a c k of the ship, although t he heading and 
speed of t he ship were held c onst ant. This observation implies the exi stence 
of strong cross currents delineating the frontal region. The observations 
are presented in Figure 2. 

A c onjecture was made prior t o this experiment that internal waves 
should be generated at the t her mal front (Beckerle, 1965 ). In this event 
one would expect to observe a h igher spatial frequency when t he ship 
was moving oppos ite to their dir ection of propagation, that is toward the 
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thermal front, and a lower spatial frequency when moving away from the 
fr ont. An examination of the measurements from the towed sound veloci
meter indica ted just the opposite . This doppler effect in the s ound velocity 
fluctuations is easily observed in F igure 2. For example, there is a lower 
spatial frequency in the region A and B of the top record relative t o regions 
A ' and B ' of the bottom record and also relative to the region C and D in the 
t op record. A doppler shift could explain these observations if the advancing 
phases of the internal waves were moving toward the thermal front from both 
s ides; i. e. , the thermal front was a. s ink for the internal waves rat h er than 
a source . 

Variations in Sound Velocity on the Blake Plateau (Mr. Pay ne, Mr. Stillman 
and Dr . Bec kerle ) 

On Cruise 51 of t h e R/V CHAIN t wenty-seven sound velocity profiles 
were obtained within a five-mile radius of the Sea Spider buoy at 30°15'N, 
78°40'W on the Blake Plateau during the period 26 J uly t o 23 August 196 5. 

Depths accurate to ±1 meter were calculate d f rom these data and aided 
in the anchoring of the Sea Spider buoy. The Sea Spider loc ation is near a 
boundary between Areas 13 and 14 outline d in Matthews' Tables. Depths of 
the o cean bottom calculated with t h e use of Matthews 1 Tables differ from 
thos e c alcula t ed from the sound-veloc ity profile measurement s by 2. 5 m to 
8. 5 m depending on which area, 13 or 14, one assumes in c lu de s the buoy . 

The mean velocity (over vertical travel time), calculated from four 
lowerings during t h e 24 hours t hat mea surements were made on t h e motion 
of t h e buoy, showed that the small variations observed in acoustic travel 
t.im.es from the bottom -mounted p inger to the Sea Spider hydrophone c ould 
not be a ccounted for by variations in t h e s ound velocity. (For further 
discu ssion see "Acoustic Measurement of t h e Motion of Sea Spi der " in 
Hydroacou stics, Section B. ) 

Initial profile s r e veal ed a three -layer water stru cture which , however, 
ch anged markedly during the period of observation. In s p ite of these 
changes the harmonic mean velocity remain e d remarkably constant. 

A recording obtained from a current m eter attached t o t h e Sea Spider 
buoy showe d a s ignificant variation which we hope t o c orrelate with flu ctuations 
in sound velocity profiles made during the time the meter was operating. 
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The Ray Theory of Internal Waves and Temperature Measurements in the 
Ocea!l (Dr . Beckerle) 

During the t owed thermi stor -· string experiments of July 1964 from 
ATLANTIS IL one thermistor in the string was set in the isothermal wat er 
at the knee of the temperature-depth profile. The intention was to det ect 
the depth variations of the t op of the t hermocline along the ship's track. 
In the waters approaching the Gulf Stream from the south, on a course from 
Bermuda to Woods Hole, temperature fluctuations were observed which 
resembled level fluctuations of acoustic bottom - r eflected signals from 
explosive shots. Of course, the time s c ale and the method of recording the 
temperature fluctuations were entirely different. A typical temperature 
recording is shown in F igure 3. In thi s figure , a drop in temperature at 
the thermistor, which results from the upward movement of colder water 
from below, corresponds to an upward deflection on the recording. The 
temperature fluctuations along the ship's track are made up of a series of 
pulse-·like variations, with each successive pulse reaching greater amplitude 
and having greater width. In view of their appearance, the writer supposed 
that a ray theory for internal wave propagation m ight be useful in describing 
the observations. A ray approach to internal waves was found in the works 
of Eckart (1960). Preliminary interpretations of t h is t h eory appear t o be 
able to explain portions of the observations. Since these observations were 
made, similar temperature fluctuations have been found on other towed 
ther mistor-string measurements. 

B. Oceanographic Instrum e ntation 

Towed Thermistor Equipment (Mr. Tasko and Mr. Boutin ) 

An objective. in the continui ng development of thermal-· s t ructure 
profiling equipment (the thermi s tor string) is the provision for analysis 
of t h e . measurem e nt s by computers. Both on-lin e analy sis through t he use 
of shipboard computers and immediate visual prese ntation of t he r e sults 
are required. 

At pre s ent, t h e system consists of equipment for c ontinuously scanning 
and rec or ding all points in a 52- s tation the rmistor cable with a n active 
l e ngth of 208 m et e rs ; eve ntua lly, the thermistor str ing will b e exte nde d t o 
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depths of 1500 meters or more. As in the system des igned by Hubbard a nd 
Ric hardson ( 1959 ), a c onti nuous contour temperature recorder (analog 
pre sentation) will be used to display the thermal str uctur e prof ile for 
immedi a t e shipboard interpretation and guidance in data gathering. Each 
ind ividual temperature measurement is now stored digitally on magneti c 
tape. Digital techniques are also being applied in ot h er parts of t he system 
outlined in the bloc k diagram , F igure 4 . Those parts of the system worked 
on in thi s report per iod are shown in the dashed line s. Solid lines indica te 
completed portions of the total system. Dotted l ine s represent anticipated 
future expansion of the system. 

The digital-to - analog converter is be ing in corporated int o the system 
as shown in the diagram . Synchronization of the scanning mechanism of the 
a nalog recorder to the scanning program of the digital e quipment has pre
sented several problems. A low-inert i a stepp ing-motor system was first 
tried as a drive for the helix drum of the recorder, but be cause the helix 
drum would not respond properly t o the step by step delivery of torque , t he 
design has been altered to a continuous drive mode . System modifications 
to allow for this change are being made. 

Poly urethane was used as a waterproof jacket for t he towed cable 
because of its excellent wear characteristics as previously reported. 
However , d ifficulties were encountered at the indiv i dual thermistor stations 
in bonding polyurethane to conne ctor p ins at the bas e of t he thermist or 
socket s. Besi des these problems, there was difficulty in molding a urethane 
sta tion on the cable without causing air from the cab le 1 s interior to bubble 
out. This resulted i n a small porous region at splice s which would leak 
under pressure. 

Alum inum cable fair ings lined with polyurethane to reduc e chafing of 
the electrical c able and the strain member are be ing tested. Marked 
re ductions in abrasion and in tow noi se have been observed in these test s. 

An Impr oved Keel-Dept h Temperature Measuring System (Mr . Tasko and 
Mr . Boutin ) 

The thermis t or mounted at t he bow of the R / V CHAIN has proved to b e 
unsatisfactory for quantitative keel - depth temperature measurement s. 
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Although such phenomena as thermal fronts could be detected, accurate 
measurements of temperature and calibrations of the therm istor were 
impractical. A new system using a quar tz the rmometer has been built 
into a p it -log shaped sword installed thr ough a pit-log-sword gland in the 
hull of R / V CHAIN. Both an analog r e c or d ing and a digital output to the 
shipboard c omputer for storage are now provi ded, and an accurate digital 
di splay is used to calibrate the analog presentation. The system is 
sufficiently accurate to be u sed as a referenc e standard and can be calibrated 
throughout its entire range by one m easurement since t he sensing device i s , 
by its ve ry nature, almost linear and its curve cannot cha nge with age. 

Velocimeter System (Mr. Stillman, Mr. Payne and Dr. Beckerle ) 

Efforts continue to improve the reliability of the sound veloc imeter 
system and to make the system compatible with the computer at sea for 
calculation of sound-velocity profiles during each lowering. For instance, 
in a laboratory set-up of the velocimeter system, adjustments and modifi
c a t ions were made to the inverted echo sounder whi ch resulted in subst antial 
improvement in the sy stem signal-to - noise ratio. Thi s effort is directed 
t oward the e ventual use of a counter to measure the round - t r ip acoustic 
trave l time between the instrum ent package and the s e a surface during a 
lowering. The counter output will directly feed the digital computer on our 
r e s earch vessel with these measurements. We were also able to r e du c e 
t h ird-harmonic noi s e from t h e sound - ve locimeter s :lgnal which c ou ld be 
obse r ved in the b a n d c entered at 12 - kc used for t h e reception of the inverted 
echo - s ounder signal. During CHAIN Cruise #53 efforts were made to 
reduce noi s e s a r i s ing from t h e win ch . Besides s l ip-ring noi ses g e nerated 
by t he winch, som e of the winch noise observed in the echo--sounder signal 
apparently results fr om the applic ation of t h e winch. b rake . Bra king i s applied 
frequ e ntly by the win ch operator t o m aint a i n a constant rate of de s cent of 
t h e in strum e nt. 

Freque nt ca l ibrations a re m ade of sound veloc :i.rneters in order t o 
obtain information about the a ccur a cy of the s e instruments. Recently a 
velocim eter was s en t t o us from t he Hudson L a borat ories' group in order 
t o be c a libr a ted by our techniqu es . 
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SUBMARINE GEOLOGY AND GEOPHYSICS 

A . Investigations of Geographical Area~ 

Report on International Upper Mantle Sym_p_g_~_gm (Dr. Bowin, Miss Bunce, 
Dr. Hersey and Mr. Knott ) 

Four members of the department, Dr. Hersey, Miss Bunce, Dr. Bowin, 
and Mr. Knott_, participated in and presented invited papers at the International 
Upper Mantle Symposia held at Ottawa, Canada, in September 1965. This 
participation was supported by Research Grant GP-822 of t he National Science 
Foundation. Investigations reviewed and reported in the papers have been 
supported by the National Science Foundation and the Offic e of Naval Research . 
Since they are c learly of interest to the Office of Naval Research they are 
reported here in abstract form. 

Abstract 
Gravity over Trenches and Rifts 

Carl 0. Bowin 

Mid-ocean ridges and the deep trenches are the most prominent features 
of the ocean basins , and both have been explained by investigators as owi ng 
to convection in the mantle. Some aspects of these int erpretations are 
e xamined. The ridges are in nearly isostati c equi librium (fre e -air anomaly 
values are generally less than 50 mgal s ), but the t r enches ha ve ve ry lar ge 
negative free-air anomaly values and are considerably out of isostatic 
equilibrium. The Puerto Rico Trench has t he largest fr ee - a ir anomaly so 
far measured on the earth's surfac e (-- 380 mgals ). The Cayman Trough in 
the Caribbean Sea, although of s im ilar dimens ions in plan to t he Puerto 
R ico Trench, has a sea Bouguer anom a ly h :igh over the trough and thus 
compares more closely with troughs such as the Red Se a and the Gulf of 
California. A compari son of the Gulf of )\qaba, the East Afr i can Rifts , the 
Red Sea, the Gulf of California, and the Cayman Trough is made. 

Assuming a tensional origin for these features , it is concluded that 
between 40 and 100 kms of separation appear to be necessary before dense 
substratum begins t o r i se upward beneath the trough or r ift. 
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The Puerto Ric o Trench 
· Elizabeth T . Bunce 

The results of recent marine geophysical investigations have been 
integrated with those of several earlier studies in an effort to define the 
structure of the Puerto Rico Trench. The observations include seismic 
refraction and continuous seismic reflection profiles , measurements of 
free -·air gravity anomaly, and bathymetry. 

The floor of the Trench is an abyssal plain 8. 3 km deep (depth 
corrected for ve locity of sound}, sloping gently to the south. The shallow 
layers of the sea floor revealed by short-pulse echo sounding are uniform 
across the axis but thicken towards the western boundary. The deeper 
sedimentary layers both tilt and thicken to the south. A continuous 
reflection profile approximately along the axis of the Trench shows between 
1. 5 and 2. 0 km of layered sediments overlying a rough ba sement surface. 
The basement rises to north and south, forming the slopes that bound the 
plain. The crustal structure s ection shows a difference in the compres
s ional wave velocities of material underlying the Tre n ch a nd the Outer Ridge. 

Much of the seismic activity of the area is located beneath the south 
slope and occurs as shallow-focus earthquakes. The minimum free - air 
gravity anomaly is displaced f r om the axi s of t he Trench t o1;-;..'ard t h e sout h 
slope. The T ren ch may be a downfaulted or downwarped structu re with 
a ctivity c ontinuing along t h e southern margin. 

An a coustically transparent sedime nt layer beneath i;h e bottom reflection 
can b e traced in places continuously down the north slope and beneath the 
upper section of abyssal plain s e dim e nts. The for mation of the T rench 
thus post -date s thi s layer. 

R ecent dre dge hauls on the nort h slope have obtaine d Eocene rocks 
from this layer. Thus the age of deformation of the Trench may be as 
recent as Eocene. 
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Geophysical Investigations in the Eastern Caribbean Sea Area 
J. B. Hersey 

The ocean area between northeastern South America and the Nares Deep 
has been the object of intensive gravity, seismic, and bat hymetric investi
gations since 1930. The early gravity observations of Vening- Meinesz, 
Ewing, and Hess here and in the East Indies stimulated two decades of 
theorizing about the structure of Island arcs and foredeeps. The seismic 
refraction studies of the late forties and fifties have s hown that the Nares 
Deep and adjacent outer ridge have the characteri stic thin crustal layer 
and associated structures of typical ocean basins. The Caribbean Sea has 
a slightly thicker crust, consisting of two layers, a shallower one of 6. 0-
6. 7 km I sec compressional wave velocity and a deeper one of 7. 0-7. 5 km I sec. 
The crustal layer deepens and is overlain by a complex suite of layers having 
lower velocities in both greater and lesser Antilles and beneath the foredeep. 

Since 1960 seismic reflection profiling over the Nares Deep, the Outer 
Ridge and the Puerto Rico Trench have revealed detail in the associated low 
velocity layers which corroborate earlier refraction observations and show 
two contrasting bodies of stratified sediment and rock. These lie uncon
formably on a surface of high relief which corresponds to the top of the 
5. 2-5. 5 kmlsec layer (just above the crustal layer 6. 5 - 6.7 kmlsec). The 
shallowest major group of sed]ments , called the transpar ent layer appears 
to be older than the formation of the Trench. Its topography, structure, 
and distribution suggest that it may be the remnant of a continental rise 
which formed northward from Puerto Rico before t h e Puerto Rico Trench 
existed. 

Red Sea Seismic Reflection Studies 
S. T. Knott, - E. T . Bunce and R. L. Chase 

Seven continuous seismic reflection profiles were made across the 
main trough of the Red Sea north of 17°N latitude. These were accompanied 
by short-pulse echo--soundings and measurements of the t otal intensity 
magnetic field and the free-air gravity anomaly. 



- 26 -

The horst-and-graben structure of the Gulf of Suez continues southward 
beneath the western marginal zone of the main trough at least as far as · 
latitude 20°05 ' N. Deformation of sediments in the grabens indicates fault 
activity during and after deposition. Short - pulse echo - soundings reveal 
several episodes of faulting , probably Pleistocene_, in the top 20 meters of 
subbottom sediments in the Gulf of Suez. 

The main trough between the shelves of the Red Sea can be divided into 
mildly deformed marginal zones and a deeper, intensely fractured axi al zone. 
Sed imentary sequences in places over 1. 8 km thic k are found in the margina l 
zones. Sediment-filled depressions in the western m a rginal zone at latitudes 
18° and 2 5°N appear to be basins partially closed at their eastern margins by 
bur ied blocks of crystalline basement. A strong reflector 0 to 500 meters 
below all zones of the main trough is postulated to be an unconformity of late 
M i o c ene or early Pliocene age. If this postulate is correct, the following 
can be stated about ages of deformation in the main trough: (1) Most of the 
deformation in the axial zone appears to have taken place (a) before the 
b e ginning of the Pliocene and (b) late in Plio-Quaternary times. These 
periods of deformation were separated by a period of tectonic quiescence 
during the early part of Plio-Quaternary time. (2) In the marginal zones _, 
horsts and sediment-filled grabens similar to those of the Gulf of Suez were 
formed before the Pliocene , and lie buried beneath little ·- disturbed sediment s 
of Pliocene and younger age. 

Recently deposited layered sedim ent ponds exist in t hE: north and south 
ends of the Red Sea. 

~is of Se i smic Reflection Prof iles of the Puerto R ico Trench (Dr . Chase 
and Dr. Hersey) 

Continuous seismic - reflection profiles taken in 1962 and 1964 dur ing 
Cruise 34 of the R/V CHAIN and Crui se 11 of the R/V ATLANTIS II were 
analyzed to find evi dence of the mode of origin of the present topography of 
the North Slope , sometimes c alled the North Wall, of the Puerto Rico 
Trench. This study i s part of a larger study of the rocks , topography, and 
structure of the Tre n ch and Outer R i dge. 
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The echo-sounding records of the North Slope were used in the production 
of natural- scale profiles of uncorrected depths. These profiles were corrected 
for the velocity of sound in water by use of the tables of Matthews (1939). 
Slopes were then corrected by the method of swinging arcs (Officer, 1954), 
and subbottom acoustic reflectors appearing on the reflection profiles were 
plotted beneath the corrected bottom surface. The velocity of compressional 
waves in the sediments between bottom and reflectors was taken from the 
refraction studies of Bunce and Fahlquist (1962) and used to convert travel 
time to depth for the reflectors. 

The completed natural- scale seismic reflection profiles reveal that the 
Trench is bounded to the north not by a "wall", as seems evident from the 
vertically exaggerated profiles usually resorted to , but a slope of average 
inclination of about 3 degrees. The slope is broken in many places, however , 
by steep scarps, flat plains and even reverse scarps. This topography 
expresses the complex geologic processes by which the North Slope was 
formed. On the basis of the profiles, it is postulated that more than one 
mechanism could be responsible for the topography of the North Slope of 
t he Trench. Previously, normal fault ing had been cons idere d as a mechani sm 
a nd used to support the hypothesis of tensional origin of the Trench. However, 
gravity sliding and transcurrent faulting appear equally feasible mechanisms. 

Seismic Reflection Profiles on the Continental Boundary off Jacksonville , 
Florida (Mr. Knott and Miss Bunce) 

During the return voyage to Woods Hole of R/V CHAIN (Cruise 46 ) 
(WHOI Reference No. 65-46, p . 12) two reflection profiles extending across 
the continental shelf to the Blake Plateau were made at the request of the 
JOIDES Committee prior to the drilling operations in this area. The 
results of t h is work are included in the report "Ocean Drilling on the 
Continental Margin", submitted to Science for publication and presently in 
press. They are summarized here and in Figure 5. The prominent 
reflector (A) found on both profiles continues beneath the shelf and slope 
to become part of the sea floor at the foot of the slope. It is tentatively 
identified as of Paleocene age . The two reflectors identif ied as (B) and 
(C) may correspond to the top of deposits of Upper Eocene and Middle 
Eocene age, respectively. A primary inference to be drawn from these 
data is that major faults between the continental shelf and Blake Plateau 
structures are not evident. 
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Figure 5. Composite tracing of the continuous seismic profiles run from JOIDEs• Hole l to the foot of the 
continental slope. Line width indicates relative reflection strength. The horizontal scale 
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Blake Plateau Seismic Reflection Observations (Mr. Zarudzki) 

Refer to report on R/ V CHAIN Cruise 52 in the Crui se Section. 

Bathymetric, Gravimetric and Magnet i c Studies in the Ligurian Sea 
{Dr. Hersey, Mr. Zarudzki, Mr. Hodgkins, and Miss Atwater) 

The interpretation of the geophysical data recorded in the Ligurian Sea 
dur l.ng the CHAIN Cruise 43 (WHOI Reference No. 65·· 12, p. 34 and Reference 
No. 65-46 , p. 24) continued dur ing the latter part of 1965. 

The continuous seismic profiles were qualitatively reviewed and the 
decision was made to reproduce, by replaying the magnetic tape , about 2 5ulc 
of the total seismic coverage, in order to enhance the observed deep 
reflections. 

To determine the best possible playback band -passes, a frequency 
analysis of the reflecti on spectra was initiated. Twelve sample areas 
were chosen and a Sanborn recorder system was tried as well as photo
graphic techniques of frequency analys i s. The latter was found more 
effective. The te chnique utilizes an endless tape upon whi ch the signal t o 
be analyzed has been gated and impressed. The signal is analyzed through 
a Crown A-7 tape recorder dr iving the Quan- Tech analyzer in its auto 
mode, and monitored by a Tektronix RM 35A oscilloscope . The Fairchild 
osci lloscope camera was used to take time exposures of the scope present a 
tion. 

Insufficient data has been obtained so far to generalize the results. 
It appears though, that no s ingle preferable filter setting can be applicable 
to the whole area. 

A study of unusual echoes in an abyssal depth north of Corsica, 
mentioned in previous reports (Hersey, 1965 ) was made during a fellowship 
study by Miss Atwater. The results point to the possibi lity that the diapir i c 
structures observed are salt domes. 
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Gravity Investigations (Dr. Bowin, Mr. Nichols, Mr. Aldrich, and Mr. Huppert) 

The gravity character i stic s of trenches and rifts of the world were studied 
during this r eporting period. That the deep-sea tren ches are not in loc a l 
isostatic gravity equilibrium i s obvious. Isostatic gravity anomalies of -100 
to - 200 mgal are the rule. However, the extent to which the trench areas of 
the world may be in regional adjustment is still to be decided. Since isostatic 
equilibrium takes place on a regional rather than a local basis , the mass 
deficit should probably be computed over an area including both the trench and 
t h e associated island arc (Talwani, 1964). The only area for which t h i s 
appears to have been done is the Puerto Rico Trench where an over-all mass 
deficiency is obtained (Talwani, 1964, Figure 10). Integration of the gravity 
anomaly (using a planimeter) was performed on the gravity profile of the 
Aleutian Trench (Peter, Elvers, and Yellin, 1965 , F igure 9) and on fiv e 
gravity profiles of the Java Trench pre sented by Collette (1954, Figure 4-8 ), 
All the profiles yield positive integrate d values using zero milligals as datum . 
However, using a +30 to +40 mgal regional datum for the Aleutian Trench_, 
a negative integrated gravity anomaly value across the t r en ch is obtained. 
Usi ng a +20 mgal regional datum, as given in Collette 's p r ofiles, for the 
Java Trench profiles yields a negative integrated value for three of the profile s 
and positive integrate d value s for the r emaining two. 

It is important to ascertain whether all trench -island arc systems have 
an over-all average mass deficit .. or whether some have an average mass 
e x cess. Clearly, if some have a tota l mass exces s , then t h e conve ction 
hypot hesis for the ir origin h a s major diff i cultie s. In any 8ve nt, knowle dge 
of t he total gravity fie ld of t ren ch -isl and arc sy stems Is needed t o s tu dy the 
t ot al m a ss balance of the s e f eatu res , and t h ereby to interpret better their 
origin. 

A summary of t h e gr avity charact eristic s and dimensions of many rift 
and possible rift fe atures of the wor ld i s pre s e nted in T abl e 1. All a re 
char a ct erized by n e gative free-air gra vity anoma l ies although the values 
for the R e d Sea do not dep art greatly f r om zero milligal s. The negative 
Bouguer anomalies suggest a mass deficiency b eneat h t h e Gulf of Aqaba 
and East Afri can R ift s , whereas positive Bouguer a nomalie s and s e ismic 
refra ction i nves tigations show that there :is de nse m ateri a l b e ne ath t he 
R e d Sea, Gulf of Ca lifornia, a nd Cayman T r ough. It i s dear that as t h e 
wi dth of the r:ift :in creases , the Bougu er anomalies bec ome in creasingly 
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positive. The information collected in Table 1 suggests that about 40 to 
100 km of extension of the eart h's continental crust appear to be necess ary 
before dense substratum begins to rise upward beneath the rift, and thereby 
change the gravity characteris tics of the central trough. 

From May 11 to September 4 , 1965, the sea gravity meter was not aboard 
the R/ V CHAIN. This period was used for testing and improving the operation 
of the meter. · In particular , all the vacuum tubes were thoroughly tested and 
defe ctive or marginal tube s replaced by well balanced tubes with low- noise 
characteristi cs. The JAN-typ e tube shields were replaced by heat diss ipating 
tube shields. These and other adjustments of the gear tra:i,n have resulted in 
marke d improvement in operation over that obtained during the previous 
reporting period. Further, a new counter was installed t o simplify and 
improve the entry of spring tension information into the shipboard computer. 

Magnetic Investigations (Dr. Bowin and Mr. Aldrich) 

Magnetic information, together with gravity, bathymetric, seismic and 
petrologic information, aids in the interpretation of the composition and 
history of the oce anic cru s t. The utilization of magnetic information usually 
requires the removal of a regiona l field and the determination of residuals. 
A study of possible methods for the determination of magnetic residuals has 
been our main activity during this report period. Analytical surface-fitting 
procedures are difficult to apply because our data are esse ntially continuous 
along the ship's track, but parallel track lines are commonly 30 - 60 naut ica1 
miles apart . Also, because of magnetic storms or diurnal variations , 
there may be differences in the measured total inte nsity of the magnetic 
f ield at crossings of the ship's track. The computer p r ogram s for surf a ce 
fitting that we have i nve stigated are not able t o adequately process such 
discrepancies. 

A solution appe ars to have been found by utilizing spherical harmonic 
analyses of the regional magnetic field, and this approach gives promise of 
being able to determine re sidual magnetic anomalies with t h e aid of the 
shipboard computer system while the ship is collecting the m agnetic data in 
the course of the cruise. Once the coefficients have been obtained {Cain, 
et al. , 1964) all that is requir ed is the latitude, longitude , and date for 
which the regional fie ld is desired. A computer p r ogram t h e n computes 



Table 1 

Gravity Anomalies and Dimension of Rifts and Poss:ible Rifts 

Gulf of Aqaba 
(Allan, Charnock, and 
Morelli, 1964 , Figure 5) 

East African R ift.. Lake Albert 
(Bullard, 1936, p. 508) 

Red Sea, at 16°N latitude 
(Drake and Girdler, 1964) 

Gulf of California 
(Harrison and Spiess .. 1961; 
Harrison and Mathur, 1964 ) 

Cayman Trough 
(Data from R / V CHAIN 
Cruise 46 ) 

Maximum 
Free-Air 
Anomaly 

-180 

·-100 

0 to -40 

-70 

-150 

Maximum 
Bouguer 
~no_!P~ly 
Crustal 
Density=2. 67 

-100 

-190 
(-50 to -80) 

+120 

+140 

+330 

Width 
km 

26 

42 

100 

150 

220 

(JJ 

I:'V 
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the regional field at that position and time from the given coefficients. The 
program was originally given by Cain, et al. (1964) and subsequently modified 
by the Lamont Geological Observatory group. Lamont's program has been 
modified by us to accept the data in the format generated by t he shipboard 
computer system. We are presently evaluating the results of a test of this 
method us i ng data from CHAIN Cruise 46 in t he area around Hispaniola in the 
Caribbean. 

The trends of isoanomalic lines of large magnetic anomalies, discovered 
during a cruise of HMS OWEN in 1962 in the eastern Somali Basin, Indian Ocean , 
were investigated on Cruise 43 of R/V CHAIN in 1964. The method used to 
determine the local trend of the isoanomalic lines follows that described by 
Raff (1962). Forty-eight trends were determined and they have an average 
bearing of N 65° W. During this reporting period a compilation (in part supported 
by National Science Foundation Grant NSF GP-2370) of othe r magnetic investi
gations was prepared and analyzed. The compiled information (Figure 6) 
strongly suggests that a magnetic lineation trending between N 55° W and N 65° W 
exists between the Carlsberg Ridge and the Seychelles Bank over an area of at 
least 600, 000 sq. km . The trends of the Carlsberg Ridge and of the Seychelles 
Saya de Malha Ridge which border the lineated area are close to N 45° W 
according to the Physiographic Diagram of the Indian Ocean of Heezen and 
T har p (1964). 

Although similar , there does appear to be a distinct difference between the 
regional t rends of the topography of the two bordering ridge s and that of the 
magnetic anomalies. The significance of this difference in trend, if real, is 
unknown, as is the nature and origin of the source of the magnetic anomalies. 

The dis covery of a large area in the Western Indian Ocean having a 
magnetic lineation stirs hope that an important key t o the structure and 
geologic history of thi s region has been found. It is import ant to ascertain 
what happens to this line ation to the east where the Carlsberg Ridge trends 
nearly due south. Does the magnetic lineame nt cross the ridge , disappear, 
change direction, or might it even be discovere d on the opposite side of t h e 
ridge? To t he west the lineament pattern may be helpful in determining dis -· 
placement on the Owen fracture zone northwest of Seychelles Bank (Heezen 
and Tha rp .. 1964 ) and its possible continuation southward. The magnetic 
trends shown in F igure 6 suggest that the lineation may also occur on t h e 
west ern side of the Seychelles Bank and thereby fur nish clues concerning t he 
s e tting of this pre- Cambrian granitic platform . 
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Figure 6. Magnetic lineations between Carlsberg Ridge and Seychelles Bank. The 
straight lines with dots at their centers were determined from jogs i n 
the track of R/V CHAIN. The straight lines without central dots were 
determined from correlation of magnetic anomalies between profiles. 
The area investigated by Vine and Matthews (1963) and Matthews et al. 
(1965) on the crest of the Carlsberg Ridge is indicated by ruled lines. 
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Magnetic Analysis of Oceanic Rock Samples and Its Application to Magnetic 
Co~ass Variations in Submarines. (Dr. Phi llips ) 

With the development of fluxgate and nuclear precession magnetometers, 
extensive magnetic surveys have been made over ocean areas . It has been 
generally assumed that the lo cal magnetic anomalies found are attributable to 
changes of the induced magneti zation of the geologic structure s which reflects 
contrasts of the initial magnetic susceptibility and mineral composition. 
However, re c ent studies of the magnetic properties of oceanic rocks and the 
linearity of oceanic magnetic anomaly patterns have led some worker s ( Vin e 
and Matthews , 1963 ) to propose that the observed anomalies at sea result from 
changes in the polarity of the remanent magnetization of the basaltic rocks of 
the ocean floor rather than susceptibility contrasts . In many basalts the 
remanent magnetization is hundreds of times stronger than that induced by 
the Earth's magnetic field, and nearly is equal to the Earth 's field strength 
(Bullard and Mason, 1963 ; Nagata, 1961). 

If current hypotheses proposing that the Earth's mp.gnetic field direction 
has been periodically reversed in the past are valid (Irv ing, 1964 L the 
remanent magnetization of some rocks may have been acquired in a magneti c 
field direction nearly opposite to the present f ie ld. Therefore, the local 
field direction especially near the ocean bottom, may deviate significantly 
from the normal field direction. Aboard submarines operating in such areas , 
reliance on magnetic compasses may be hazardous unless the magnetic 
effect of the rocks of the ocean floor is taken into account. 

Preparations for a detailed study of the magnetic properties of oceanic 
rocks have been initiated. It is felt that magnetic analysis of dredged and 
cored rock samples with laboratory instruments, in conjunction with profiles 
of total magnetic intensity obtained with towed nuclear -· p recession magneto 
meters , will provi de important information about the remanent magnetization 
of oceanic rocks. Such detailed knowledge will be useful bot h for evaluating 
the effect of remanent magnetization on the magnetic compasses of submarines 
and also in the geophysical interpretation of magnetic data obtained from 
such survey programs as "Project Magnet'' of the United States Navy and 
the numerous shipboard operations conducted by var ious private oceanographic 
groups. With such data sci enti sts may gain considerable i nsight in under 
standing such fundamental geophysical problems as t he origin of the rocks 
of the ocean basins. 
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In order to measure the remanent magnetizat ion of rock samples and test 
its s t ability a spinner magnetometer (sensitivity = 6 x 10-8 emu/ em 3 } 
descr i bed by Phillips (1965) and an alternating magneti c field demagnetizer 
(maximum peak f i eld 2000 oe) similar to that descr ibed by McElhinny and 
Gough ( 1963) have been designed. Construction is approximately 50o/o complete. 
The magnet i c susceptibility of the rocks wi ll be measured with a commercially 
available inductance bridge (Minnetech Laboratories, Model MS- I). Profiles 
of total magnetic intensity have been and will be obtained with the Varian 
Proton precession magnetometers of the R/ V CHAIN and R/ V ATLANTIS H. 

Preliminary measurements of the remanent magnetization and suscepti
bility of rocks from the Mid - Atlantic Ridge have already be e n made using 
out side laboratory facilities. (Summary of Investigations , 1964 , WHOI Ref. 
No. 65-13; Vogt, 1965 ). The results , indicating that the remanent magnetization 
i s as much as 60 times the induced , tend to support Vine and Matthews ' (196 :-n 
hypothesis that remanent magnetization is the major cause of oceani c magnetic 
anomalies. Other rocks available for study include basalts previously dredged 
from the Mid-Atlantic Ridge , Puerto Rico Trench, and the Barracuda Ridge 
near Antigua, B. W. I. 

Frequency Distribution of Some Characteristi cs of Ocean Bottom TopographY 
(Mr. M izula and Mr. Vine ) 

An analys i s of the frequency distribution of bottom slope s , slope l e ngt h s , 
bot tom curvatures and depths, determi ned from measureme nts on t he e cho 
sounding records of two traverses across the central North Atlantic Ocean 
has continued. A quantitative estimat e of the magnitu de and the var iability 
of the topographic properties has been obtained both for t h e t ransoceani c 
profiles and for profiles across many of the different type s of topography 
found in the central North Atlantic. The qua nt itativ e data ser ve to augment 
qualitat ive topographic descr iption and classific a tion by a llowing more precise 
d f • . 't • f h t I 'f} . I f I ! t If If . h 11 II h II . h e 1n1 1on o sue concep s as · a t , s eep , smoot , or roug topograp y , 
and by furnishing objec tive cr iteria t o a:id :in defining and delineating different 
types of bottom topography. 

A report on the fin dings of the s tudy has largely been completed. One 
of the early find ings was that bott om slopes , slope l e ngth s , and bottom 
curvatures all appe a r e d to be lognormally di str ibuted . That :i s , the logarithms 
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of t he measurements, rather than the measurements themselves, tend to 
follow a normal distribution. Previous investigations of both submarine and 
terrestrial topography have variously reported topographic slopes to be 
normally and lognormally distr ibuted (WHOI Ref. No . 65-13 , pp. 140-142). 
It is primarily this aspect of t h e analysis that has received continued study 
during this period . 

For a very few of the 90- odd sections which were analyzed, the dispersion 
of the data, the logarithmic standard deviations, were sufficie ntly low so that 
the data could about equally well be described by either a normal or lognormal 
distr i bution. (A lognormal frequency distribut ion plotted on an arithmetic 
scale shows a positive skewness which is a function of the logarithmic 
standard deviation. If this standard deviation i s small, less than about 0. 14, 
the skewness is not pronounced and the distribution curve has nearly the 
symmetrical, bell-shaped appearance of a normal distr ibution regardless of 
whether an arithmetic or a logarithmic scale is used. ) 

In most cases, however, the distributions are clearly not normal, and 
although they are approximately lognormal, there are, for many of the 
profiles, varying degrees of departure from lognormality. There does not 
appear to be any recognizable pattern i n the departures from lognormality 
that would suggest the use of different frequency functions for different 
types of ocean bottom. 

It is felt that the observed departures from lognorm al:ity can be 
attributed to the presence in the profiles of more than a single type of 
topography. Analyses of slope , slope length, and bottom curvature are 
not all equally capable of detecting these t opographic differences . Of the 
three, bottom curvature analys i s appears most capable of detecting t opo 
graphic differences that may be present :in the profile sections. Analyses 
of slope length appear to be least sensitive t o d ifferences in topography. 

One of the problems i n a quantitat ive investigation of t opographic 
characteristics is the choice of a sample for analysis. Thi s was 
particularly difficult in the present analys i s where two profiles across an 
entire ocean were to be divi ded into shorter sections so that data could be 
obtained about the characteristics of different types of ocean bottom. 
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Basically, this is a problem of topographic classification which has 
traditionally been qualitative in nature. The data here suggest that this 
problem can be fruitfully approached through, or guided by, the use of the 
statistical concept of a topographic population. A topographic population 
would represent a portion of ocean bott om topography, the surfac e of which 
was generated or formed by essentially similar geologic process under 
similar geologic conditions. If the profile section contains only one such 
portion of bottom topography, measurements of some topographic property, 
bottom slopes , for example , c ould be described by a s ingle lognormal 
distribution. If different geologic processe s or conditions have been in 
effect over different portions of the profile , t he associated slope distribution 
would be the sum of two or more slope populations and would be expected t o 
show departure from lognormality. The degree of departure be ing a function 
of the differences in the mean values and standard deviations of the component 
slope populations. 

The frequency d i str ibution curves of the topographic samples that show 
marked departure from lognor mality also show, by the presence of two or 
more frequency maxima, indications that the di stribution may be the sum of 
the distr ibutions of two or more populations of the variable be ing analyzed , 
visual inspection of the sounding records in such cases generally confirms 
the presence of differences in the topography of the profile that had previously 
either been overlooked or had not been cons idered significant. 

B. Techniques and Instrumentation 

Introduction 

The value and variety of studies to which acoustic measurements can 
be applied, be they echo-ranging, sound transmission, or continuous se i smic 
reflection studies i s directly related to the signal-to -noise ratio (S/ N). An 
ideal situation, sought but not yet attained in our se i smic reflection work, 
is one where the noise level is a uniform mini.mum across a broad frequency 
range from less t han 20 cps to more than 5000 cps. In practice, there are , 
o ccas ionally, minima of limited widt h in the spectrum of the noise where 
the level is lower t han in other parts of the spectrum, tending to make the 
S/ N high at these places. The problem is that t he spectrum of reflected 
s ignals varies across the frequency range as a function of t he structure and 



- 39 -

materials of the sea - floor and the strata underlying it; and the stronger 
reflected s ignals only o cca sionally co inc ide with the m in ima in noi se. 

The variation of reflected s ignal throughout the 20 cps t o 5000 cps 
frequency range can be used as a valuable tool in t he analys i s of the nature 
of t he sea-bottom. Of greater importance may be the application of such 
knowledge to sound t ransmission and other sonar problems. Yet, since it 
i s clear that once we are committed to a certain technique for ge nerat ing 
a sound signaL te chniques to improve the S/N c an only be applied to the 
rec eived signal. Thus, at present, our e ffor t is di r ected t OiNa r d the 
deve lopment of less-noisy towed receiving arrays and the enhanc ement of 
t he S/N of seismic data by various noi se - reduc ing data - p r ocessing techniques. 

Studies of possible improvement in s ignal-to - no i se ratio by time and 
space-domain filtering, so called velocity filtering , with the added flexibility 
of adjusting delay networks by digital proc essing, are mentioned where we 
report the work done with Geosc ience Incorporate d . Som e of the work on 
the receiving array is also reported later in thi s s e ction. One aspect of 
the study of on-line s ignal processing techniques to b e applied to seismi c 
reflection signals has evaluated the applic ation of ave r a ging s u ccessive 
s ignals. The resulting maximum gain in S/N amou nt s t h e oretically to ..1L 
where "n" is the number of samples averaged - much the s ame, as in yrr
rec e iving array theory . 

Averaging Wave Trains from Grougs of Succes s iv e Se i ~;ml.c .Reflections 
(Mr. Knott and Mr. Z a rudzki} 

We have devised a method f or u s ing t h e Comput er of Averag e Tra ns ient s 
(called the CAT by its makers , t h e MNEMOTRON Divi sion of the Te chnical 
Measurement Corp. ) whereby, on a n alternating s che dule, an aver age of a 
p r edeter m ined number of sample s i s c ompute d, a nd t h e n in the orig inal 
time space , read out t o re c order s and ot her devi c e s for d i s p lay and analys i s 
(F igure 7 ). Example s of tests recorded on the Precision Graphic Recorder , 
PGR, (Knott & Witzell, 1960 ), us ing t h i s system , a re compar e d with an 
optimum band - pass presentat ion in F igure 8. Althou gh t h e a ve rage d arrivals 
in t he s t r iped r e c or d may, at firs t gla n c e s e em difficult t o c or relate , t he 
averaged inf ormation revealed deep refle ct ions of th e spar ke r s ignal which 
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had not before bee n observable . Since the digital samples were taken 200 
per second, the average d data has in effect been passed t hr ough a 100 -cps 
low-pass filter. 

A s im ilar but significantly different use of s ignal averag ing e qu ipment , 
p r ovides a continuous , on ·- line s t a tistical treatment which resembles a 
runn ing average in whi ch newest measurement s a re weighted more heavily 
than preceding ones. For t h i s use we have applied units (Models ND-180F, 
ND-· lEOM, ND - 180 1 TB) made by Nu clear Data In c. As compared to th e 
c onfiguration in F igure 7, t h is equipment requir es only the addition of a 
signal gate t o be put to us e . A br ief test - re cord of t h i s syst em is shown in 
F igu re 9 where unfiltered recordings are compared t o data processed by 
this technique. In t h i s example the weight given to the 11aver aged" data 
taken about ten sample per iods earlier than that di splayed was negligible . 
The digital sampling rate in the example was slow and, th e refore, the 
processed data shows only low-frequency content , approximately below 50 
cps. Here , a deep reflection, 2. 0 seconds or more below t h e Hatteras 
Abyssal Plain , was revealed and then followe d in a c ontinuat ion of t h i s test. 

One of several possible applications of t hese on-line averaging techniques 
is t o analyze the spectrum of the se i smic reflections from the seafloor , after 
r e ducing the noise by averaging . Periodically t h e averaged waveforms can 
be read out to a wave analyzer , as well as t o the PGR. 

The app lication of either of t he techniques offered by t hese devices 
suffer s when signal arrivals change rapi dly in range or travel time. Since 
changes in s ubbottom structure can be m ade to appear very gr adual by 
moving the ship very slowly over a r eas of inte r est, t hese averaging (or 
"s ignal stac ki ng ") te chniques can b e applied t o many studie~ . 

It is interesting to note that an averag ing te chnique i s also useful 
although the noise may not be truly random. In s eism ic reflection work, 
as :in echo r anging, s ignals or r eflections are expecte d t o arrive w ith 
definite relationships t o the time base and repetition r ate at which samples 
a r e taken. . Although t he noise with in itself may b e c or r elated, such as 
no i s e from s ixty-cycl e ele ctro -magnetic p i c k -up a nd ship ' s screw beats, 
it does not necessarily c orrel ate from sample to sample in t he precise 
tim e space generated for t h e repetitive se i sm ic refle ction measurements . 
Some gain in S/N i s therefore generally r e aliz ed by averaging in these 
cases. 
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Application of Linear Filter Theory to Towed Hydrophone Arrays (Dr. Beckerle) 

Under contract t o WHO!, Geoscience Incorporated has been studying the 
application of digital data analysis techniques to towed hydrophone array 
signals . The effort during the past period has consisted of the following: 

1) Data acquisition: A Geoscience Inc. scientist participated in one l eg 
of CHAIN Cruise #51. During t he cruise a carefully controlled flow-noise 
experiment was performed using the sectional hydrophone array. In addition, 
bottom a nd subbottom profiling runs were made us ing the s parker source . 
Good quality records of both flow noise and sparker returns were obtained 
on magnetic tape for later processing. 

2) Data Processing: Power spectra and multi ·-hydrophone coherencies 
were computed using the flow-noise data obtained on CHAIN #51. Data had 
been obtained at speeds of from 0 to 12 knots in 2- knot steps. These 
calculations indicate that the noise power-spectrum is dom inated by a large 
peak at low frequencies below 100 cps and that the peak moves up in 
frequency and broadens a s ship speed increases. The low frequ ency noise 
ls found to be incoherent at all speeds and the higher frequency nois e ( 100 -
500 cps) becomes more incoherent as ship speed incre ases. T hese results 
are being studied in detail and will be presented in a form a l techni cal r eport. 

-~ectional Hydropho!fe Array (Mr. Dow, Mr. Grant , and Mr. Sc ott) 

The sectional hydrophone array described in the previous progress 
r eport (WHOI Reference No. 65 - 46, p. 34 - 35 ) has been employed for 
seismic profiling on cruises during this period and has proved quite 
rugged and capable of withstanding severe shock and s train. Design of 
t h e hydrophone elements has been improved and the new units installed. 
It i s b e lieve d that performance, particularly above 6 knot s , c ould be 
considerably improved by altering c e rtain t owi ng characteris tics of t h e 
a r ray and d ecr e asing the drag of the t ow cable . The revisions a re now 
underway. Installation of a vibration damping section to isolate tow -·cable 
v ibration from the hydrophone elements is a lso contemplat ed. 
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Reconstruction of Chesapeake - type Array (Mr . Nowak and Mr. Knott} 

Since we have accumulated much of our experience with t owed hydro
phone arrays using Chesapeake Instrument types, one such array is being 
maintained for field use and as a base for evaluating the performance of 
different experimental array designs. To this end, the better components 
f r om our ol d Chesapeake - type arrays were recently re-built f or use on 
Cruise 53 of CHAIN. A number of modifications to t h e basic Chesapeake 
de s ign were made to try to eliminate some of the difficulties encountered in 
the earlier Chesapeake models. The array consists of five Che sapeake 
PC 100 transduc ers spaced at intervals of twelve feet in a n oil-fille d, t h in
wall, neoprene hose. Departures from earlier des ign c onsist of using a 
t en·-foot section of oil- filled hose between the f irst hydrophone and the 
preampli.fier housing, and using oil-tight bulkheads with individu a l filler 
holes between each hydrophone. Although other arrangements can b e used, 
a single preamplifier is prese ntly proceeded by a step S\Vitch which provides 
a means for remotely selecting on shipboard indiv idual hydrophones or all 
hydrophones connected together in parallel. P inger units t o determine tow 
depth by echo sounding to the surface are placed halfway between e ach 
receiving hydrophone . Only one pinger and its adjacent hydrophone can b e 
selected at a time. Two types of p inger t r ansducers were installed, the 
Chesap eake PC 100 tra nsducer which h as a resonant frequency of a bout 5 k cps, 
and a c e rami c cylinder transducer which is resonant at about 20 k cp s. The 
h igher frequency unit provides a higher degree of resolution for t h e echo 
sounding m easurements, but signal levels are not as high as those obtained 
by the use of the lower frequency pingers . In addition, t wo pressure-
sensing potentiometers are placed, one at each end of the array, t o p r ovide 
a dditional and possibly c ontinuous de pt h informati on. T h e use of t h e 
pressure sensors in thi s a pplication h as not yet been completely evaluated. 

Acoustical Absorption (Mr. Be nnett) 

T h e fact that large errors atte nd measurements of acousti c a bsorption 
in s ediment specimens wh ich have been even slightly disturbed by sampling 
i s now generally recognized. A program for t h e development of in s itu 
measurements of absor p tion in sediments has been supported by this contract. 
These measurements are being pursu e d through three approaches over the 
frequency range of 40 to 600 cps and a lso at 12 kcps. The data being use d 
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include continuous seismic refraction profiles obtained for this purpose, 
and continuous reflection profile and echo-sounding data collected previously 
for other purposes, but available and useful to thi s study. 

A previously described technique (WHOI Reference No. 64-50 ) using 
the attenuation of critically refracted rays (head waves) from repeating pulse 
sources has g iven results in the range of 4 x 10 - 3 to 8 x lo-2 db/m for the 
lower frequencies ('7 5 - 22 5 cps ), but t hese results c ontain large uncertainties 
(0. 1 db/m). Furt h er correction and refining of the dat a will change these 
values somewhat. The practical difficulties with this m ethod include: a 
lengthy analysis of the data is required to observe t he low-level signals w·hich 
vani sh into the noise as range incr eases; and , the areas where measurements 
are to be carried out need to have a simple geological geometry. 

The remaining two approaches to attenuation measurements in E.i'hl are 
complementary to each other although applicable in different frequency 
ranges. The f irst of these uses oscilloscope photographs of short-pulse , 
12 - kc echo - sounding reflections in areas where the echo - s ounding record 
indicates several shallow subbottom reflectors. The assumption here is that 
two or more of the stronger subbottom reflectors have similar reflectivity, 
an assumption which appears justified in at least some areas of dee p-se a 
turbidite deposition. The decrease in echo strength of t h e stronger subbottom 
reflectors with travel time beyond the bott om reflection, afte r est imating the 
effe cts of proceeding reflections , indicates an addit ional los s , frequently in 
the order of 0. 1 to 0. 3 db / m. Thi s is lower but with in an order of magnitude 
of the absorption expect ed by Wood and We ston or Shum way at 12 kcps. 
While no nearby core has yet been measured to correlate with these data, 
there seems reason to expect that there are large areas in the ocean where 
t h i s method can yield information on in s itu absorption at echo-sounding 
frequencies for relatively little additional effort. 

The other approach being pursued is through t he study of tape-recorded 
c ont inuous seismic-reflec tion profiler dat a f r om an area where a s ingle , 
strong refle ctor dips slowly beneath a flat bott om . On t h e reasonable 
assumption that both the bottom and subbottom reflectivity r emain c onstant 
over a few mile s , t h e change in the ratio of the energi e s in the two r eflections 
is a measure of the absorption. The broad s pectrum of th e c ontinuous 
seism ic·· profiler sources (Sparker in this case ) permits t h is t o be studied 
over a range of fr equencies fr om 40 to 600 cps and h igher. At the present 
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t:irrle , an evaluation of this technique seems to be qualitatively satisfactory. 
Wor k on each of these phases has recently been a ccel erated by the acquis i 
tion of a moder n osci llogr am reader . 

Automatic Depth Determination (Mr. Hess ) 

The Aut omati c Depth Deter m ination Sy stem described in the last 
P r ogress R eport has s in ce bee n use d ope rationally aboar d the Research 
Vessel CHAIN. T h i s s y stem pr ovide s aut omati c ech o- sou nding dept h 
measurements in digital form to the shipboard comput e r s y stem. 

To review; the system, shown in Figure 10, which in corporates its 
own echo-sounding receiver-transmitter, measur es t h e t im e interval 
betwee n the transmitte d ping and the rec e ived echo. Midwater target s , 
wh ich would cause fals e depth indications (since they woul d arr ive ear lier 
than the bottom echo), are el:irrlinated by use of an automatic range-gat e 
sy stem. The range gate "remembers" the travel t im e of th e bottom e cho 
from the proceeding ping and will not a ccept an echo wh i ch differs fr om 
t h i s by more than 0. 2 s econds . 

Visual di splay i s by means of lighte d c olumnar digital di s p lay in 
fathoms and tenths of fathoms . In addition, a 5 - digit_. parallel, b inary
coded, decimal (BCD) electrical output, which i s compatib l e wit h the 
IBM 1620 c omputer_, i s provide d . An "interrupt program 1 ~ c ontact- clo sure 
i s p r ovided t o s ign a l t h e c omputer that a valid depth m easurem ent has 
b e e n made . In ab ility of t h e c omputer for any r eason to accept the de pt h 
m e asureme nt immediately is overcom e by the provis i on of a memory 
shift r e g ister in the Automatic Depth Syst em so that the c ompute r can 
read t h e number at it s c on ve nien c e. 

The u se of th is syst em has reduced t h e top-la boratory watch requi r e 
ments. Th e m anual e nt r y of depth to t h e c omputer by an ope rator r equire d 
c ontinuous attention. T h is watch s t ander i s now free t o p e rfor m different 
a ssignm ents. The _butomatic :Q_e pt h _l)eter m ination (ADD) sy s tem r equir es 
only o ccas ional attention t o ch eck its a ccu racy wh e n bottom t opography is 
relatively unifor m . 



Figure 10. Automatic Depth-Measuring Equipment. 
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A wide dynamic range preamplifier for radio-linked hydrophone receivers 
(Mr. Hess and Mr . Knott) 

A hydrophone preamplifier which was used successfully in deep-water 
seismic-reflection work during Cruise 53 of CHAIN was designed to have a 
dynamic range of 56 db for any given attenuator setting and flat response 
from less than 20 cps to 50 kcps . Tubes rather than trans i stors were used 
to produce an amplifier whose signal voltage swing was more nearly 
equivalent to those anticipated from the hydrophone , and remotely controlled 
signal attenuation was incorporated. The hydrophone element is the Brush 
AX -120 which has been in use for many years. In addition, a calibrating 
square wave of very high purity and known amplitude is incorporated for 
standardization of the system. 

Control of the attenuator from the surface buoy allowed the system to be 
set for optimum gain for different ranges and sea conditions without 
retrieving the hydrophone from 1000 feet below the attendant radio buoy. 
The overall gain of the amplifier is adjustable by means of the attenuator 
in 6 db steps from 20 db to 80 db. Equivalent input noise i s 3 microvolts 
RMS. 

The entire unit is contained in a 2"-diameter , twelve-inch long pressure 
case. This required a 6-inch extension of the standard AX·-120 hydrophone 
case but caused no difficulties . 

C . Reports and Routine Data Processing of Shipboard Observations 

Cruise Navigation and Bathymetry Reports , and Charts (Mr. Dunkle, Mrs . 
Witzell, Miss Hays and Dr. Hersey) 

Two cruise navigation and bathymetry reports were c ompleted during 
this period: 

WHOI Reference No. 65-15 
WHOI Reference No. 65 - 14 

ATLANTIS, Cruise #260 
ATLANTIS, Cruise #282 

This type of report summarizes the location of the various observations 
made during the particular cruise, and contains the ship's track plotted on 
a scale of 4 inches per 1 o of longitude, and bathymetry along the ship's trac k. 



- 50 -

Compilation of Geophysical and Geological Data (Mr. Dunkle, Mrs. Gallagher, 
Mr . K. Fuglister) 

The locations of the various observations made on cruises mounted in 
the last ten years by the Department of Geophysics and other groups at Woods 
Hole continue to be compiled on a series of charts having a scale of 3/4 inch 
per 1 o longitude. The coverage of the WHOI Plotting Sheet Series used for 
these compilations is shown in Figure 11. The compilation of bathymetric 
observations (a continuous observation on most cruises) now includes the 
coverage of 39 cruises, 34 having been added during thi s reporting period. 
Compilations of the locations of continuous magnetic field intensity measure
ments, underwater photography (usually bottom photographs), and sound
velocity stations have been completed. Compilations of gravity measurements 
and continuous seismic reflection profiles are well underway. 

In our continuing program in bottom photography there are now on file 
26, 730 stereo-paired and 17, 085 single prints of bottom photographs. The 
locations of these observations are compiled on the previously mentioned 
plotting sheet series. Location information and other pertinent data are 
also listed with the filed prints. 

Each camera lowering generally contributes several hundred prints 
making up a photomontage of considerable coverage of the bottom which is 
particularly useful in evaluating the roughness of the bottom. 

A film library of 35 - millimeter copies of the major ity of all re cords 
of continuous observations is being maintained. The file includes copies 
of the following original records on hand : bathymetri c records ; echo
location records of camera, sound velocimeter , dredge, corer and such 
lowerings ; continuous seismic profiles ; and continuous summary plots 
showing simultaneous measurements of magnetics , gra vity and bathymetry. 
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HYDROA COD STICS 

A. Investigation and Analysis 

Distribution of sound-scatterers in the Western Sargasso Sea (Dr. Backus) 

In its western part, the Sargasso Sea runs from the Gulf Stream in the 
north to the Bahamas and Greater Antilles in the south. It is common to 
think of the ocean as being rather homogeneous over this stretch, but there 
is a good deal of evidence that this is not so . Attention has recently been 
called to the existence of so- called "thermal fronts" in the southwestern 
Sargasso Sea (Voorhis and Hersey, 1964). These relatively superficial 
features run roughly east-west, show a sudden temperature drop across 
them to the south, are best developed in the winter , and are most commonly 
encountered near 2 8° or 2 9°N. Their existence implies that the ocean 
region north of them is different from that to the south. 

One goal of CHAIN Cruise 49 (June 1965) was to see if the region of 
the thermal fronts has any significance as a boundary between ocean regions 
having different inidwater faunas. To this end, 22 collections of mid-water 
animals were made with a 10-foot Isaacs-Kidd midwater tr awl along 70°W 
from Silver Bank Passage (21 °N) to about 38°N at the Gulf Stream. 
Accompanying these collections were observations of m idwater sound
scattering at 12 kcps, using a UQN -1b and PGR , it being our hypothesis that 
changes in the composition of the midwater fauna are ac c ompanied by 
changes in sound-scattering. Although thermal fronts were expected to 
be poorly developed in June, we sought them by making surface temperature 
observations using a recording thermistor and hourly bathythermograph 
observations. 

The 12-kcps echo soundings made during CHAIN 49 on ,June 17-20 
show that there is a very poor development of deep scattering layers in the 
southern part of this area. With the echo-sounding system pushed right to 
the limit of noise, we saw a fair amount of patchy scattering in the upper 
100 fathoms with almost nothing deeper save for a fa int l ayer occasionally 
appearing at 300 fathoms. 

A marked change in the sound-scattering p i cture took place during the 
early hours of June 2 1, and deep scattering layers were quite well-developed 
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in the area thereafter. Generally, two pronounced layers were detectable, 
one with its top near 200 fathoms and another with its top near 250 fathoms. 
At times, these two formed a continuous band of reverberation between 200 
and 300 fathoms. 

Coincident with the change in sound-scattering, a change in facies of 
the ocean in general was noted. In keeping with the incr ease in sound 
scattering, there was an increase in other signs of life , and the ship seemed 
to be passing out of the trade winds region with its typic al weather. 

These changes occurred between 28° and 29°N and were accompanied by 
a marked and sudden change in the temperature structur e of the water 
column as shown by the hourly bathythermograms. This change consisted 
of a surfacewards migration of isotherms, such that t he 20°C isotherm 
moved from 200 m or below to 100 m or above. Thi s is interpre t e d as a 
manifestation of the front phenomenon alr eady m entione d , a lthough surface 
temperatures showed no sudden cooling, but rather a slovv, steady cooling. 
As noted above, surface manifestations of these fronts a re expected to be 
slight during the summer. 

The twenty- two c olle ctions of mid - water animals m a de b e tween Silve r 
Bank Passage and the Gulf Stre am have been studi e d little s o far .. but t h e 
displacement volumes of the fishes caught have been m easured. Collections 
1111-1123 were made over the track of weak sound s c at t e r ing south of the 
therma l front , and colle ct ions 1124-1132 t o the north of t h ere. The mean 
volume of the fir st group is 9. 15 units, that of the s e c ond, 35. 14. 

We a rgue simply, until more informa tion disproves :it , that t h e 
western Sargasso Sea can be divided into two areas by a z one of t hermal 
fronts near 28° or 29°N. Populations of mid-water a nimals and volum e 
reverberation levels a re high e r north of this front t h an they are south of 
it . The same can be a ssumed to b e so of th e in ciden ce of false tar gets . 

The z one of t h e t h e rmal fr onts itse lf can b e exp e cte d often t o be t h e 
site of unusual biological activity as are alm ost all z ones where diffe r ently 
char acte rized are as m e et. 
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Ambient Noise (Mr. Schevill and Mr . Watkins) 

Analysis of a wi de var iety of underwater sounds has been the main 
interest this period. These in clude the sounds of antarctic and arctic ice 
that covers the entire spectrum with all kinds of squeaks and trills and 
groans , the walrus and its bell-like calls, two kinds of antarctic seals 
with thei r musical calls, the killer whale ' s loud -strident voice, thenar
whal's distant talk, and the porpoise with its rapid modulated click series . 
This work has been done jointly with Contract Nonr ·-4446. Further study 
of 2 0- cycle signals is also in hand . 

In May, with the cooperation of ONR (446 }, NAS Quonset, and the 
Coast Guard, we spent some time off shore between Cape Cod and Sable 
Island on the movement and distribution of the whales that contribute to 
low-frequency ambient. Efforts were concentrated especially on the right 
whale and their migration past Cape Cod. This included photography, 
visual reconnaissance, and radio tagging. 

In October we engaged in a joint operation with NEL off Point Sur, 
. California, using USS SALUDA (IX 87) and S2F airplanes out of NALF, 
Monterey. The weather was very unfavorable , and though results were 
generally negative, some recordings (including Dall' s porpoise) and 
cetacean contacts were made . 

Mr. Schevill attended the Inter - Ameri can Naval R esearch Conference 
in Puerto Rico in July. 

Sound-transmission in the Convergence Zone of the Me diterranean Sea 
(Mr. Baxter, Mr . Broc khurst and Dr. Hays) 

During long - range transm ission experiments south of Cyprus in 
November 1961, we noted t hat low-·intensity refract ed arrivals were 
received at shorter ranges a nd travel times than predicted by ray 
acoustics from any possible average-sound-veloc ity p r ofile. The increase 
in broadband acoustic intens ity as the sourc e increased range toward 
the conver gence zone and e ntered it was much more gradual than that 
predicted by ray theory, and the f irst m aximum of the broadband acoustic 
intensity was r eceived a t a range about a m ile greater than predicted. 
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Considering the high near-surface gradients indicated by thermistor 
t ows dur ing and after the experiment, these r esults a re more easily 
explained by diffraction than by scat tering. Assum ing diffraction, high 
frequency components of a Fou r ier analysis of the data should yield 
intensity measurements closer to ray theory and indicate the precise 
location of the convergence zone , while lower frequency components should 
map the diffract ion effe cts. Such a detailed empirical study of diffraction 
effects on convergence zone transm i ssion is valuable bec ause theoretical 
c omputation i s very difficult even for relatively s imple models. 

During the period 1 May - 31 October, extensive digital analysis has 
located the precise convergence zone (consistent i n the 800 -cps component 
with ray theory), and mapped the acoustic intensity as a function of range 
for components at 800, 667 , 533, 400, 267, 133, and zero cps. (The 
zero-cps component is, of course, really representative of energy at 
frequencies lower than the fundamental of the analys i s period. ) 

Since the analysis was based on arrival times taken from the broad
band flow - plots discussed in our previous progr es s r eport (WHO! Reference 
No. 65-46, p. 35-36) and since arrival times for the 133 a nd zero-cps 
components appear to vary more than expected, the intensity - versus-
range for the last two components may be less accurate than desired. 

Our results show significant effects consiste ntly increasing with 
de c reasing frequency (as would be the case for diffraction on all com 
ponents below 800 cps). We are preparing the s e r e sult s for journal 
publication. 

Bottom Reverberation (Mr. Hall and Dr. Hersey) 

During this report period, an analys i s of bottom r e verberat ion was 
c oncluded. A total of thirty- eight explosive shots from e leven locations 
in the North Atlantic Oc ean and Eastern Mediterranean Sea were digitized 
at 51 time poi nts between the f i rst and second bottom reflections for 
twenty logit frequency bands between 100 and 10, 000 cp s . Backscatter ing 
c oefficient s were di g itally computed for all 1020 time -·frequen cy poi nts 
using a model s im ilar to that developed by Chapm a n and Harris ( 1962 ) 
for surfac e rever ber:;ction investigations. The data was examined 
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statistically for repeatability of shots from the same loc ation, and for 
var iability between locations. Noi se corrections wer e f inally made when 
inc reased programm ing ski lls allowed manipulati on of inc omplete data 
arrays . All results were then recomputed, and the f inal data lim ited to 
nine shots from seven locat ions. A good physiographic s e lection is 
offered by these lo cat ions. The final results were automatically plotted, 
and f it to a variety of cu_nres suggested by radar and a coustic scatter theory. 

At present the bot tom - reverberation process appears to result from 
specular reflection for graz i ng angles of 90° to 70", and backs catter ing 
be low 70°. A complete report is in preparation. 

B. Instrumentation and Techniques 

Acoustic Measurement of the Motion of Sea Spi der (Dr. Hersey) 

As outlined elsewhere , a main design obj e ctive of Sea Spi der was 
t o maintain the structure as nearly fixed as possib l e with respect to the 
earth, both in translation and rotation. The plan for m easuring it s 
mot ion was to monitor over a period of days the a c ous t ic travel t ime 
betwee n two sources about two miles apart on e ith er side of the central 
float and an array of four receivers on Sea Spider . The r eceivers 
were attached at the float and about 800 feet down from the float on 
each of the three mooring l i nes. These hydr ophones were operational 
through the early wee ks of the work at sea, but t heir t elemetering radios 
caused major delays and the sound sourc es p r oved not to be loud enough 
to be detected at a mile over an unexpectedly h igh background noi se at 
the rece ivers in tests early i n August. 

During these early tests the sound source, a 4 -· k c p i ng er, was 
pulsed onc e every thirty seconds, an interval for which our recordi ng 
apparatus provided no processi ng gain. A h igh s ignal-to - no i se ratio 
had been anti cipated. After the sound sources proved t o o weak for 
the prevailing conditions, the programmer of one wa s altered to pulse 
once per second. The second unit had flooded and was b eyond repair. 
The remaining operational unit , however, coul d be h e ard by ear out to 
a di stanc e of 0. 6 m iles from Sea Spider's float whe n t o wed at shallow 
depth. It was then lowered to the bottom at about t h is distance. In 
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this position it could no longer be heard, but, when recorded on the 
Precision Graphic Recorder (PGR), operating on its one - second swee p , 
visual correlation allowed the received pulse train to be discerned quite 
readily. 

' By this time (late August) the receiving equipment had been reduced 
(because of cable failure at a connection to the telemetering radio raft ) to 
a single jury-rigged hydrophone on the main float. Travel tim·e of the 
sound pulse from the single source on bottom to the single receiver at 
the float was monitored on one to three PGR' s for nearly thirty - s ix hours . 
The quality of the records vary, but there were long periods of a cceptable 
recording during which the arrival times of the pulses could be compared 
with the sweep rate of two of the PGR's. The time signal from radio 
station WWV was recorded for many hours on one of these PGR ' s. From 
these measurements it proved possible to detect travel time variations of 
about 0. 5 x 10-3 sec (2. 5 feet travel}, but it was possible only to determine 
that such variations were not in the manner of recording or comparing 
with WWV on the ship. The pattern of arrivals showed a very small steady 
drift which was attributed to the crystal osc illator c ontrolling the sourc e. 
Superimposed on this steady drift were long-period oscillations (ca. 14 t o 
22 hours) having a maximum (peak-to-·peak) excursion of 4. 0 x lo-3 sec. 
Short period (an hour or less) osc illations were clearly less than 0. 5 - 0. 6 x 
10-3 sec. At this writing it is not possible to translate these observations 
into motion of Sea Spi der. It seems possible that oscillatory translations 
having an amplitude of ten feet about a m ean position may h ave occurred. 
It seems equally possible that the observed variation in arrival time was 
caused by mechanical drift in the progr ammer of the s ound sou rce. 

The design objective of Sea Spider (maximum translational motion of 
3-5 feet) may have been a chieved or it may have bee n narrowly misse d. 
In any event the performance of the str ucture seems quite promising 
enough to be well worth further development of the c oncept and th e hard
ware as an oce anograph ic and a coustic tool having great potential. 

Acoustic Navigation through A ccurate Measurement of Range_e_ (Mr. Olmsted 
and Dr. Beckerle) 

In anticipation of experimental possibilities with Sea Spider, a method for 
short-range (5 km), high - accuracy acoustic navigation has been derived a n d 
implemented. 
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The method requires a pair of hydrophones r ig i dly fixed at some 
c onvenient depth and with a horizontal separation on the order of several 
hundred meters. If we can measure the distance of a ship from these two 
points with sufficient accuracy (within 5 meters }, then the position of the 
ship relative to a fixed point (say one of the hydrophones) can be deter 
mined by triangulation with the same accuracy in range and with an 
accuracy of well under a degree in bearing. 

In order ·to obtain this high accuracy in the measu rement of range we 
must take account of the variation with depth of the speed of sound in the 
water. Computer programs have been written (in FORTRAN language ) 
which, utilizing acoustic ray theory, solve for the range given the travel 
time and a sound-velocity profile. 

The results are presented in a tabular form compatible with ship
board travel-time measuring instruments such as the PGR or PDR so 
that quick and easy at-sea reduction can be made of acoustic fixes. 

These tables are general enough so that they can also be used in 
any experiment such as oblique seismic profiling which requires accurate 
measurement of range. 

The first use of these tables occurred during experiments with and 
around the Sea Spider. 

GENERAL I NSTRUMENTATION 

Project Sea Spider (Mr . Savage ) 

The purpose of project Sea Spider was t o design, build and test a 
near-motionless buoyant structure that woul d extend from the deep 
ocean bottom to within 100 feet of the surface. The project began in 
March 1964 . Mathematical design of the structure and computer 
analysis of the motion was completed in October 1964 . Since that time 
the first Sea Spider prototype was constructed and field tested on the 
Blake Plateau. This hydrostructure had been proposed and designe d t o 
serve as a nav:igatioi:lal reference frame for precise (±200 ft. ), lo cal 
(within a radius of perhaps 20 miles from the structure) navigat ion in 
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the deep ocean, and as a near-motionless instrument base from which to 
measure acoustic , current , temperature and other phenomena that have 
proved highly sensitive to extraneous instrument motions introduced by 
ship motions or buoy excursions and v ibrations. 

Last winter and spring were devoted to turning this engineering 
conception into operational bl~eprints and then into component parts for 
the structure. At the same time, our scientific and techni cal staff designed 
several special experiments to be undertaken using Sea Spider and built 
the hydrophones, thermistors , radio telemetry, bottom -mounted sound
sources, and other equipment to accomplish them. The task of collecting 
the some 50 major components of the main structure and its hundreds of 
associated small parts plus all of its instrumentation was a major logistical 
undertaking for WHOI. The R IV CHAIN had to be specially rigged to serve 
as the installation ship for the 25 - ton structure. CHAIN, und'er Miss 
Elizabeth Bunce, made a survey of the proposed site (29°N, 78°W) in April 
to determine bottom topography and bottom composition. GOSNOLD 
(Cruise 73) , with Albert Erickson as chief scientist , sailed twelve days 
ahead of CHAIN (Cruise 51) to study further the installation site on the 
Blake Plateau, measuring currents , depth, dredging the bottom, and 
tracing out acoustic patterns surrounding the site so that subsequent Spider 
seismic work could be tied in with prior surveys in adjacent areas. 

CHAIN 51 was divided by plan into four subcruises of nearly equal length: 

Leg 1 - Installation of Sea Spider and its instrumentation. 
Engineering tests to determine the structure's 
resistance to wave and current surges and check out 
of instrumentation. 
Chief scientist: G . H. Savage 

Leg 2 - Acoustic navigation experim e nts us ing Spider 
hydrophones for reference, temperature and 
sound velocity experiments to study internal 
waves , reflection se i smology. 
Chief scientist: Dr. J. Beckerle 
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Leg 3 - Acoustic measurements of motion of Sea Spider; 
investigation of bottom reflectivity changes using 
acoustic navigation from Spider and coordinated 
with dredge hauls, cores and bottom photography. 
Chief scientist : Dr. J. B. Hersey 

Leg 4 - Retrieval of structure and instruments plus several 
continuous seismic profile runs to tie in CHAIN 
Cruise 51 work with previous work in adjacent areas. 
Chief sci entist: E. F. K. Zarudzki 

Personnel changes were accomplished by bringing CHAIN to Charleston, 
South Carolina, approximately 160 miles from the site. CHAIN departed 
Woods Hole on July 22 and after several delays due to difficulties with the 
Spider 1 s radio telemetry system and weather, succeeded in installing the 
structure as planned by August 4. Figure 12 is a sketch of Sea Spider . 
The three main cable legs were rendered neutrally buoyant by 75 equally 
spaced, 10-inch diameter glass spheres attached along each leg. Therm is
tors and hydrophones were placed on each leg, 950 feet below the surface; 
a string of four self-recording Richar dson curr ent meters were suspended 
on a vertical wire extending from the sub-surface float (a 9-foot diam ., 
aluminum ellipsoid) to the sea floor . The Radio Buoy was connected to the 
sub-surface float by an elastic-electrical connector through swivels with 
22 separate conductors to transmit information u p to the radio. 

Due to difficulty with the radio telemetry, whi ch was a most ambitious 
and necessarily advanced 2- ch a nnel, suppressed carrier system, some of 
the scientific studies planned for t he crui se had to be curtailed or r edesigned 
at sea. A review of the objectives vs a ccomplishments i s as follows: 

1) Installation feas ibility - complete installation as per des ign 
accomplished in 37 working hours vs 48 p l anned - h ighly successful. 
This was accomplished by CHAIN using inflated 14 -foot Zodiac 
boats with GOSNOLD standing by for safety. 

2) Measurement of Spider Motion - Over a 30 to 36 - hour continuous 
record of the variations in the acoustic travel t ime from a bottom 
mounted pinger to a hydrophone at the apex of Sea Spider was obtained 
on August 2 0 and 21. These variations i ndicate not more than ±10 
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Figure 12. Schematic of Sea Spider. 
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feet of movement of the Sea Spider apex along a line joining the 
apex and the bottom mounted pinger. No continuous current 
measurements were recorded while the Sea Spider motion studies 
were underway. However, currents were measured for a consider
able period just prior to this work. Currents measured by a 
Richardson current meter at a depth of approximately 20 feet 
below the subsurface float for the period August 4 to August 18 
indicated a maximum speed near 1 knot. During any 24-hour 
period the average current direction varied less than 30° in azimuth. 

3) . Current Measurements - Although three of the four current 
meters were lost during retrieval, the record from the remaining 
one is remarkably free of high frequency noise (a major problem 
with other instrument bases) and very encouraging for the potential 
of Se a Spide r as a curre nt mea suring base . 

4) Thermistor investigation of internal waves - wide discrepancy 
from calibration of the thermistors after installation eliminated 
this program. 

5) T e ns ion studies to correlate motion recorded for Spider with 
leg tensions - similar calibration difficultie s after installation 
eliminated this program. 

6) Reflectio n seismology - s everal Sparker r uns recorded on 
Spider hydrophones indicate that Spider has exce llent pote ntial 
for acoustic studies of the s ubbottom using dee p fixe d hydrophones 
for recording. 

7) Bottom reflectivity difference studies - data of high quality 
r ecor ded . Analysis still in process. 

8) A theodolite study to record path of a freely rising sound 
s ource to measure cu rrent transport - not attempted in absence of 
complete telemetry capability. 

9) Retrieval feasibility - using a mine-cutter type device designe d 
by Frederick Hess, all of Sea Spider but the anchors, some s teel 
wire, and about 50 of the glass floats were c ompletely recovered 
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in 30 hours, All instruments except the three previously mentioned 
current meters were recovered successfully. 

Subsurface Instrumentation for Sea Spider Buoy (Mr . Dow, Mr. Grant and 
Mr. Scott) 

The Sea Spider assembly consists of a four channel radio - acoustic 
buoy tethered by a reinforced electrical cable to a subsurface float which 
forms the top of the hydrostructure described in Mr. Savage's section of 
this report (see Figure 12 ). The float is anchored to the bottom by a tripod 
having 3200-foot legs containing electrical conductors. 

Hydrophones and thermistors, mounted on pressure cases containing 
their respective preamplifiers, are attached to each leg of the tripod near 
the bottom, and the acoustic and temperature information is piped to the 
transmitting radio buoy via the conducting legs and tethering cable 
described above. 

A fourth sensor unit is attached to the structure near the sub- surf ace 
float to relay surface data in the same way. 

These four units (and a spare) along with their respective suspens jon 
systems were designed and fabricated at Woods Hole Oceanographi c 
Institution during this period. The Sea Spider structure was planted on 
July 25 - 26 , 1965 off Charleston, Sou th Carolina and retrieved about a 
month later. 

Although difficulties with the transm itter , swjvel, and cabling near 
the sub - surface float prevented a proper f i eld e valuation of the complete 
system as a tool for scienc e , engineering information essential to the 
correction of these problems was gleaned from a detailed examination of 
the entire underwater structure following its retr ieval. 

This examination also revealed that, other than two broken steel
cased thermistor leads apparently smashed by the grappling hook during 
retrieval, all the de e p gear and cabling was in good order and that the 
hydrophone preamplifier and thermistor bridges still followed the 
origi nal calibration curves indicating exc ellent long-term stability. 



- 64 -

Surface Instrumentation for Sea Spider Buoy System (Mr. Hess) 

The Sea Spider booy plant required the telemetering of four channels 
of acoustic (hydrophone) information and seven channels of thermistor 
and load cell data over long ranges (20 miles) by radio. The range require
ment necessitated the use of an H. F. channel rather than U. H. F. which is 
more practical for large volumes (band-widths) of data. 

The system block diagram is shown in Figure 13 . Hydrophones 2, 3, 
and 4 are transmitted all the time, and Hydrophone 1 is used when data from 
thermistors and load cells are not needed. The sampling switch for the 
data channels was fabricated at Woods Hole and consisted of individual reed 
switches for each input which were actuated by a motor driven magnet as 
it passed each switch in turn. This provides low noise switching with no 
moving or exposed contacts. The sampling rate is one complete set of data 
each 90 seconds. This slow scanning speed eliminates the need for any 
expensive de-commutation equipment at the receiving location. 

In the Sea Spider experiment signals from the load cells and thermistors 
were converted by a Voltage Controlled Oscillator (V. C. 0 . ) such that a 
frequency range of 500 to 4000 C. P. S. was obtained for a 2- volt input signal 
range. The V. C. 0. is a saturable reactor type and its associated D. C. 
amplifiers give a repeatability of better than ±1 o/o and an overall accuracy 
of ±2o/o of the reading. A frequency counter with digital printer was used 
t o retrieve the data from load cells and thermistors. 

The radio transmitters were fabricated at Woods Hole and consisted of 
twoJ double, independent sideband transmitters. The use of separate) 
independent sidebands gives i mmediately a two for one advantage in infor 
mation carrying capability as each radio fre quency can handle two separate 
types of information simultaneously. Sideband generation is by the 
mechanical filter method with audio passband of 100 cps to 5, 2 kc at the 
3- db points. The sideband generators are heterodyned up to the desired 
output frequencies (6 208 kc and 2398 kc). Linear amplifiers capable of 
100 watts peak envelope power are used to assure adequate signal strengths. 
Both R. F. channels were fed to a common antenna ; a 24 - foot whip. 
Reception of signals aboard ship presented no particular problems. 
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Power for the entire buoy system was provided by a bank of four propane
fired, thermoelectr ic generators providing 180 watts of continuous power 
at 28 V. D. C. This generator provides continuous maximum output power 
for a period of 11 days using three 100-pound propane cylinders. Some 
difficulties were encountered in keeping the burners 1i t in high winds but the 
manufacturer claims this can be taken care of. This method of power 
generation holds considerable promise for deep sea buoy use, because the 
ease of changing gas bottles (which float even when full) at sea is so much 
greater than that involved in changing or recharging batteries. 

The first trials of this system at sea did not bring to light any major 
flaws in the system concept. Considerable difficulties were encountered, 
however, in preventing R. F. feedback into the low level S. S. B. generation 
circuits. Considerable R. F. shielding was necessary. Additional 
difficulties with the common antenna system were encountered due to the wide 
frequency difference between the two signals generated. More suitable, 
harmonically related frequencies are available and will be used in further 
tests. 

Shipboard Data Processing System (Dr. Bowin, Mr. Ruppert, Mr. Nichols 
and Mr. Aldrich) 

The shipboard data processing system (IBM 1710 system) was removed 
from CHAIN for the four - month period of 11 May to 4 September 1965, and 
placed in inactive storage. It was reinstalled on CHAIN starting September 
4, 1965 and has been operational for the remainder of the period covered 
by this report. Minor improvements have been under consideration and 
discussed with IBM programmers and engineers. These will probably be 
implemented during November, 1965. 

Our goal is to accomplish at sea as much data analysis and inter
pretation as possible while investigations are being conducted. The 
experience we have gained from the operation of a shipboard computer 
during the last three and a half years has suggested basic requirements 
for future shipboard computer systems. Since it is not possible to antici 
pate all the things one might want to do a year hence, versatility and 
flexib i lity of designing are extreme ly important if the ability to take advan
tage of experience is desired. Multiprogramming capability is essential, 
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including the ability to time- share real-time and off-line programs. The 
program should be written with a modular construction and preferably in 
a Fortran-like language with sampling and control instructions. This 
would allow the user greater ability to modify and expand the program as 
desired. Core memory should be made as large as practical; the tendency 
is for best estimates to be too small. Equipment and programs should exist 
that will prevent failures in peripheral units or external input units from 
halting or destroying the operation of the other activities of the computer 
system. It also appears that the use of several similar output devices for 
the visual recording of the various types of scientific data processed is 
preferable to one large unit recording everything in a necessarily less 
flexible format. Last, but not least, reliability should be maximized to 
the extent that urgency demands, and design and money permit. 

In order to investigate the practicality of developing a system meeting 
the requirements stated above, a request for proposal was submitted to 
six leading computer manufacturers on February 15, 1965. Subsequent ly 
two additional companies requested and were furnished copies of the 
Request for Proposal. On June 14, 1965 proposals were received from two 
computer companies, one for a purchase only basis, and one for a rental 
or purchase only. The proposal from International Business Machines 
Corporation was the lowest bid. We have asked IBM to modify their 
proposal in certain aspects, and we are presently awaiting their revised 
budget proposal. 

Using an IBM 1401 computer, programs for the listing of the data and 
logging disk packs recorded by the shipboard computer system have been 
completed. For all CHAIN cruises on which the computer system was 
operating (numbers 41 - 53), listings have been made and copies distributed 
to the scientists requiring the data. Computer programs to transfer the 
information from disk packs to magnetic tape in a Fortran format, and 
also for the 1401 computer, with appropriate parity and zone checking 
have also been completed. Most of our data have been transferred, and 
detailed checking of the results is presently in progress. It is intended to 
supply the NODC with duplicate tapes of these data as soon as possible. 

A lis t ing of computer programs that have been developed and used at 
Woods Hole under this contract are tabulated in Table 2. 
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TABLE 2 

PURPOSE COMPUTER LANGUAGE SOURCE 

Real-time IBM 1710 SPS II D IBM under contraci 
oceanographic data to WHOI 
processing and control 
program 

Loran C position IBM 7090 FORTRAN II IJ 

deter mination from GE 225 
m i croseconds 
(card input ) 

Time-shared Loran C IBM 17 10 SPS II D IJ 

real time computation 

T ime-shared VLF IBM 1710 SPS II D IJ 

position determination 
from microseconds 

Time -shared Long IBM 1710 FORTRAN II D C&GS with modifi -
distance calculation and cations by G. Rq::pe r 
determination of equivalent 
m icroseconds 

Gravity m eter IBM 1710 SPS II D IBM under contract 
calibration program to WHOI 
(KAC) 

Velocimeter Data IBM 1710 SPS II D IJ 

Acquisition program 

Gravitymeter pote ntiomet er IBM 1710 SPS II D IJ 

spring tension converter 
interface check program 

Off -line profile plotiing IBM 1710 SPS II D IJ 

program 

(Disk Input ) IBM 1710 SPS II D IJ 

(PLOTDK & PLKMDK) 
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PURPOSE COMPUTER LANGUAGE SOURCE 

(Card Input ) 
(PLOTCD & PLKMCD) IBM 1710 SPS II D IBM under contract 

to WHOI 

Time - shared land IBM 1710 FORTRAN II D c. Bow in 
gravity computation 
program 

Land gravity anomaly GE 225 FORTRAN II c. Bow in 
computation 

Sea gravity anomaly GE 225 FORTRAN II c. Bow in 
computation 

Regional magnetic field IBM 7094 FORTRAN IV from J. Heirtzler 
computation from spherical of Lamont adopted 
harmonic coefficients from Cain, Hendrie 

Daniels, & Jensen, 
1964 - with modifi -
cations by Bowin 
and Ruppert 

Gravity computation from GE 225 FORTRAN II M . Talwani of 
2-dimensional structure Lamont modified by 
models and plotting on HSP Ruppert and Bowin 

Paper tape to magnetic tape IBM 1401 AUTOCODER C. E. I. R. under 
transfer to data CHAIN contract to WHOI 
Cruises 28 through 39 

Segr egation of position fix IBM 7090 FORTRAN II IBM under contract 
information CHAIN Cruises to WHOI 
2 8 through 3 9 

Updating of navigation and IBM 7090 FORTRAN II II 

gravity valu es CHAIN Cruises 
2 8 through 3 9 
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PURPOSE COMPUTER 

Updating of navigation and IBM 17 10 
gravity value - CHAIN 
Crui se 41 to present 

Sea Bouguer correction GE 225 
card input - card output 
Matthews table s on tape 

Sea Bouguer correction IBM 1710 
disk input - disk output 

Subroutine Curve Fit up GE 225 
to order 13 (polynomial) 

Program to generate new GE 225 
seg fix cards with effective 
time modified 

Program to put Matthews GE 225 
Tables onto tape 

Program to put Matthews GE 225 
tables and S-13 table onto 
Mag tape 

Programs to punch gravity IBM 1401 
data from mag tapes cruises 
CHAIN 2 9-39 , also mods 
with/without time shift 

Plotting subroutines 
Plot/INPL 

Draw 

Program to load data 
from card to di sk at 
specified locations 

IBM 1710 

IBM 1710 

IBM 1401 

LANGUAGE 

FORTRAN II 

FORTRAN II 

SPS II D 

FORTRAN II 

FORTRAN II 

FORTRAN II 

FORTRAN II 

AUTOCODER 

SPS II D 

SPS II D 

AUTOCODER 

SOURCE 

IBM under contract 
to WHOI 

G. Ruppert 

IBM 

F. Keyte 

G. Ruppert 

G. Ruppert 

G. Ruppert 

Madigan and 
Ruppert 

IBM library 

IBM library 

IBM library 
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PURPOSE COMPUTER 

Program to list mag IBM 1401 
tape on HSP 

Console T. W. program IBM 1710 
to transfer data on disk 

Data Plot - program to GE 22 5 
generate card input to 
Electronics Associates 
flat bed plotter 
BOUG, FA, WATER DEPTH 
LAT/LONG 

Listing of data disks IBM 1401 

Listing of log disks with IBM 1401 
code selection capability 

Disk to Magnetic tape in IBM 1401 
FORTRAN format 

Disk to Magnetic tape in IBM 1401 
condensed format 

Magnetic tape in condensed IBM 1401 
format back to disk 

Wate r depth correction IBM 1710 
program for data disks 

LANGUAGE 

AUTOCODER 

MACHINE 

FORTRAN II 

AUTOCODER 

AUTOCODER 

AUTOCODER 

AUTOCODER 

AUTOCODER 

SPS II D 

SOURCE 

IBM library 

G. Ruppert with 
assistance from IBl' 
Providence, R. I. 

G. Ruppert 

G. Ruppert with 
assistance from IBIV 
Providence, R. I. 

G. Ruppert wtih 
assistance from IBN 
Providence, R . I. 

II 

II 

II 

IBM under contract 
to WHOI 
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A method to develop high tensions in a taut-line mooring in deep water (Mr. Knott) 

The work during Cruise 53 of CHAIN required a reference buoy , t o which 
a h ydrophone was attached, that could be relatively easily set and would hold 
its position within small tolerances in a depth of more than 2800 fathoms. It 
was anticipated that the mooring line should have about 2000 lbs. tension at 
the anchor end and that this could be attained using a Richardson-type buoy 
which has about 6000 lbs. displacement and an anchor made of 4 railroad 
wheels weighing about 3100 lbs. in water. Fish-bite problems (WHOI Reference 
No. 65-22) were to be expected in the region of the Hatteras Abyssal Plain 
where the buoy was to be placed. This necessitated the use of a 1/4-inch 
wire mooring line to a depth of greater than 500 fathoms. A 9 I 16-inch nylon 
double braided line (made by Samson Cordage) provided the strength, stretch, 
and non-twisting properties required. Since most plastic lines can tolerate 
less stretch when wet than when dry before breakage occurs (troublesome 
above 40o/o of the breaking strength), a stretch of about 15o/o was chosen which 
produced a tension of 20o/o of the breaking strength (10, 000 pounds) of the 
9/16-inch nylon. A hydrostatic coupling was used at the anchor so that all 
but the anchor could be retrieved at the end of operations with the buoy. A 
5/8-inch piston in the hydrostatic coupling provided, at depth, 2500 to 2800 lbs. 
tensile strength which gave 500 to 800 pounds in excess of the r e quired tension 
of the mooring. The d e adwe ight anchor was prevented from dragging by a 
90-pound Danforth attached by a short chain to one side. 

Length-of-line and stretch calculations were determined from water 
depths measured on a Precision Graphic Recorde r (PGR) and corrected by 
Matthews 1 table s, and from curve s supplied by Samson Cordage Works. 
Calculations of tension in the mooring line , which included the we ight of the 
mooring line and fasteners, were c orroborated by observations of the 
moored buoy1s displacement. At least 2000 pounds of tension was attained 
in the line above the anchor, but the tension did not exceed 2500 to 2800 
pounds even during state 6 s e as b ecau se the hydrostatic link at the anchor 
did not fail. 

As often as practical during the work, the position of the buoy was 
checked using simultaneous ly -taken visual bearings and Loran-e deter
minations of the ship 1s position. Maximum total migration of the mooring 
buoy, with another radio-transmitter-buoy of greater drag attached, was 
within a circle of 0. 2 sea mile in diameter. Everything but the h ydr ophone 
was s uccessfully retrieved; the hydrophone mount and cable parte d during 
high seas the day before retrieval. 
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