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ABSTRACT 

This i s a status report for the period 1 May 19 6 6 
to 31 October 1966 for Contract Nonr - 4029 with the Office 
of Naval Research . Subjects of this contract are in Oceanic 
Acoustics, Physical Oceanography, Sea Floor Properties 
and Advi sory Activ it i es. 

Preliminary results of a cruise by CHAIN to the 
Mediterranean and the Red Sea during the summer of 1966 
are given. Sound - ve locity and temperature structure south 
of Bermuda as observed from ATLANTIS II (June, July 196 6) 
are described . Continuing analysis of acoustical and geophysical 
data is discussed. Papers, reports, and technical memo r anda 
written during this period are listed. 



INTRODUCTION 

This report is a summary of the activities under Contract 
Nonr - 4029 during the period 1 May 1966 to 31 October 1966 with the 
Woods Hole Oceanographic Institution . The major portion of this 
r e search has been carried out by members of the Department of 
Geophysics. In the middle of this period, Dr . J . B . Hersey resigned 
as chairman of the department to assume senior responsibilities in the 
Office of Naval Research and has been replaced by - Dr. E. - E. Hays. 

The program under thi s contract i s aimed at an understanding 
and prediction of the naval environment to enable the Navy to carry 
out its m i ssion on a world - wide basis . This includes physical oceanography 
and sea floor studies, theoretical ana lysis and fie ld work in acoustics and 
direct liaison with F leet Units . 

During this period CHA IN commenced a cruise to the Mediterranean 
and the Red Sea . Towed temperature sensors, bathymetry, continuous 
magnetic and gravimetric measurements , seismic profiling, sound velocity 
profiles , bottom photography, heat flow, coring and dredging were part of 
the program . During the Atlant i c crossing, CHAIN part i cipated in a 
planned NATO exercise (MILOC 66) in an area west of Ireland. The 
eastern Mediterranean received the major emphasi s in geophysical 
studies , and the data obtained should add considerably to our knowledge 
of that area. 

ATLANTIS n made a two - month c r ui se between Bermuda and the 
Ant i lles to continue the study of the sound v elocity and temperature struc 
ture in that area. 

Members of the depart ment also conducted a crui se aboard CHAIN 
in May and June i n the North Atlantic , Caribbean, and Gulf of Mexico t o 
study and sample mid - water s ound scatterers. Thi s cruise was support ed 
by the National Science Fou ndation . 

Several short crui ses were made t o test equipment prior to longer 
c ru i ses . 
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Analysis has continued ashore in sound transmission, bottom 
reflectivity, geological samples , seismic profile records , magnetic 
a nd gravimetric data. A rock magnetism laboratory has been established 
for studying more fully the physical properties of seafloor materi als. 
Also, a m icropaleontology laboratory has been set up to aid in the study 
of t h e sedimentary process. Development work has been done on a new 
h ydrophone, on a device for measuring the reverberation from midwater 
sound scatterers, on towed temperature devices, and on a sound velocity 
package with corrected read out. 

The addition of Drs. Edward L . Murphy and Eli J. Katz to t he 
department has added strength in theoretical analysis. Dr. Murphy has 
been examining diffraction effects at turning points of rays, and Dr. Katz 
is looking at the causes of variabi lity in long - range transmission. 

Planning has comme n c ed for a shallow wate r sound t ransmission 
study in the Baltic fo r June of 196 7. Thi s is in coope ration with several 
NATO countries. Important in its own right, we also can consider this 
a preliminary step in larger scale sound -·transmiss ion investi gations. 

PAPERS 

The following papers were published during this period under 
Contract Nonr-4029 a nd related grants as not ed: 

Contribution No . 14 18 . Phy seter Clicks , b y R . H . Backus and W . E . 
Schev ill. Wha l es, Dolphins and Porpoi s e s , K. S . Norri s , Ed . , 
pp. 510 - 5 27, 1966. (Contracts NObsr- 8 9464 , NSF-G 957 9, GB543 , 
and G6171). 

Contribution No . 1433. Listening to C eta ceans , by W . A . Watkins, Whale s , 
Dolphi ns and Po r poi s e s , K . S . Norri s, Ed., pp. 471-476 , 1966. 
(Cont r a ct NObsr - 89464) . 

Cont ribution No. 1545. Se rpe ntinized P e r i dotite from th e North Wall of 
the Puerto R ico Tren c h by C . 0 . Bowin, A . J . Nalwa lk a nd J . B . 
H ersey. Bu l l. G eo l. Soc. Am. , Vol. 77, No . 3, pp. 25 7 - 270 , 
1966. (Cont ract Nonr ~1 36 7 and Nonr-40 29) . 
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Contribution No . 1649 . Continuous Seismic Profiles of the Outer R idge 
and Nares Basin North of Puerto Rico by E . T . Bunce a nd J . B . 
Hersey . Bull. Geol. Soc . Am. , Vol. 77, pp . 803 - 812, 1966 . 
(Contract Nonr-1367 and Nonr - 4029 ; NSF Grant G - 822) 

Contribution No . 1671..: An Ear thquake Recorded at Sea by F . S . Birch . 
B ulL Seis . Soc . of Am. , VoL 56, No. 2, pp. 361 ~ 366 , 1966 . 
(Contract Nonr - 4 029) 

Contribution No . 1678. Classification of Sea Floor Se diments with a 
Shipborne Acoustical System by L . R. Breslau, Le Petrole e t 
La Mer Section I, No . 132, pp. 3-9, 1966. (Cont ract Nonr - 402 9, 
NObsr~ 72521 and NObsr -894 64) 

Classification of Natural Sounds in the Underwater Ambient by 
W . E . Schevill. U . S . Jour . Und. Acous. , 16, 2, pp. 33 9 - 340, 
1966. (Contract Nonr - 4029) 

Contribution No . 1787 . Sound Structure and Directionality in Orcinus 
(killer whales) by W . E. Schevill and W . A . Watkins. Zoologic a, 
51 , pp. 71 - 76 , pl. I-V I. (Contr a cts Nonr - 4446, Nonr-4029, 
a nd NSF GA-141) 

Contribution No . 1853: Magnetic Survey over the m id Atlant i c Ridge 
b etween 4 2°N a nd 4 6°N by Pete r R . Vogt and N ed A . Ostense . 
Jour. G eophys. Res. , 71 (1 8) :4389 - 44 11. (Contract Nonr - 4029) 

The followi ng papers were submitted either under Contracts 
Nonr - 4029 or Nonr - 136 7 and related contracts or grants as noted: 

Contribution No . 1614.: Seismic Reflection Profiles a long the Line of 
J O IDES Dr i ll Holes, JOIDES Drilling on t he Continental Margin 
off Flor ida by K . 0 . Emery and E . F . K . Zarud zki. Submitted 
to U. S. Geological Sur vey - Professional paper . (Contract 
Nonr-·4029 and NSF G - 8358) 

Contr ibution No . 180 0 . Seismic R eflection Observatio n s on the Atlant ic 
Continental Shelf, Slope and Ris e Southe ast of Ne w England by 
Hartley Hoskins . Submitted t o Jour na l of G eology. (Contract s 
Nonr-1 367, Nonr~286 6 , Nonr ·-4029, and NSF GP- 822 , GP-112 3) 
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Contribution No. 1802. Some Deep- Water Sound-Transmission Paths 
South of Cyprus, Part II, Diffraction Effects by Lincoln Baxter 
and Robert Brockhurst. Submitted to Jour. Acous . Soc. (Con
tracts Nonr~402 9 and Nonr- 4730) 

Contribution No . 1828. The Geology of the Western Approaches of the 
E nglish Channel V . The Continental Margin and Shelf under the 
South Celtic Sea by J . B . Hersey and W. F. Whittard. Submitted 
to Proceedings Volume of the International Upper Mantle Symposium. 
(Contracts Nonr-402 9 and NSF GP2370 and GP822). 

Contribution No . 1837. A Shi pboard Oceanographic Data Processing and 
Control Sy stem by C . 0 . Bowin, R . Bernstein, E. Ungar, and J . R . 
Madigan. Submitted to IEEE Transactions of Geoscience Electronics . 
(Contracts Nonr -· 1367 and Nonr- 4029) (Also WHOI Ref. No . 66 -44) 

Contribution No . 1855. Structure of t he Western Somali Basin by E . T. 
Bunce, M . G. Langseth, R . L . Chase and M. Ewing. Submitted to 
Jour . Geophy. Res. (Contract s Nonr - 4029 , NSF GP-2370 and GA 
283, also Lamont G eologi cal Observatory Contract s Nonr266 (48) 
and NSF G-22260) 

Contribution No . 1388. Resonance Scattering of Sound by a Small Gas 
Bubbl e in Liquids b y M . S . Steinberg. Submitted to Jour. Acous . 
Soc. of Am. (Contracts Nonr - 1367 and Nonr - 4029) 

UNPUBLISHED WHOI REPORTS 

The following u npub lished reports have been c ompleted during this 
period under Contract Nonr - 4029 and other contracts or grants as noted : 

WHOI Ref. No . 66 -2. Track Charts, Bathymetry and Location of 
Observations, CHAIN Cruise No . 51 , North Atlantic Ocea n, Blake 
P lateau, Project Sea Spider, Part I , 22 July - 31 August 1965 
by W . M. Dunkle a nd F . M . Dakin. (Contract Nonr-4029) 

WHOI R ef. No. 66 ·~ 6. Track Charts, Bathymetry and Location of 
Observat i ons, and C ruise Journal, GOSNOLD No . 73, Geological 
and Geophysi cal Inve s tigations in the R egion of the Proposed Site 
fo r Proj ect Sea Spider, 9 July - 6 August 1965 by A . J . Erickson 
and J . M. Woodside . (Contract Nonr-4029) 
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WHOI Ref. No. 66 - 7. Track Charts, Bathymetry a nd Location of 
Observations, CHAIN Cruise No. 55, North Atlantic Ocean, 
Caribbean Sea, 11 Nove mber - 19 December 1965 by J. E. 
Arena . (Cont ract Nonr - 4029) 

WHOI Ref. No. 66-13. Sound Velocity Measurements on the Blake Plateau 
by R. E . Payne. (Cont r act Nonr - 4029) 

WHOI Ref. No. 66 - 15. Track Charts , Bathymetry and Location of Observa
tions , ATLANTIS II . Cruise No . 13, North Atlantic Ocean, 1 Sept . 
- 5 Octobe r 1964 by B . Cormack and W. M . Dunkle . (Contract 
Nonr-4029, Nonr-2196 and NSF GB-543 and GB - 861) 

WHOI Ref. No . 66 - 17. Radio Tagging of Whales by W . E . Schevill and 
W . A. Watkins . (Contract Nonr-4446) 

WHOI Ref. No. 66 -19. Index Charts to Cruises condu cted by Me mbers 
of Geophysics Department. Issue I , Sections I - XIV , Issue II, 
Sections XV - XXVIII, North Atlantic, South Atlantic and Indian 
Oceans, Mediterranean and Red Sea s by W . M . Dunkle and H. C. 
Hays. (Contract Nonr - 4029) 

WHOI Ref. No . 66-20 . Suggested Methods of Compiling a nd Indexing 
Scientific Observations for Cruise Navigation Reports by W . M . 
Dunkle . (Contract Nonr - 4029) 

WHOI Ref. No . 66 - 38 . Track Charts, Bathym etry and Location of Observa 
tions, CHAIN Cruise No . 53 , North Atlantic O cean, Hatteras Abyssal 
Plain, 14 October- 27 October 1965 by J. C . Douglass a nd W . M . 
Dunkle. (Contract Nonr -·4029) 

WHOI Ref . No . 66 - 44 . A Shi pboar d Oceanogra phic Data Proc e s sing and 
Control Sy stem by C . 0 . Bowin, R. B ernstein, E . Ungar a nd J . R . 
Madigan. (Contra ct Nonr - 4029) 
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UNPUBLISHED TECHNICAL MEMORANDA 

The following technical memorandum was compl eted during this 
period under Contract Nonr-4029{00): 

WHOI Tech . Memo No. 3-66. Cruise Plans for ATLANTIS II, Cruise No . 22 
by J . C . Beckerle. (Contract Nonr - 4029 and Nonr - 2866) 

WHOI Tech . Memo No. 4 -6 6 . Instructions for the Use of the WHOI Capacitive 
Line-Hydrophone (The Snake) by S . T . Knott, . F . R . Hess , R. T. 
Nowak and F . L . Lynch. (Contract Nonr - 4029). 

WHOI Tech. Memo No . 5 - 66. Outline of Cruise No. 61 of the R/V CHAIN to 
the Atlantic Ocean and the Mediterranean and Red Seas, July 9 -
December 17, 1966 by E. F . K. Zarudzki. (Contract Nonr-4029) 

WHOI Tech. Memo No. 6 - 66. Instructions for the Use of the Chesapeake 
Array as Reconstructed in June 1966 by S . T. Knott, R . T. Nowak , 
F . L . Lynch and F . R . Hess . (Contract Nonr-4029) 

WHOI Tech. Memo No. 7-66. A Manual Explaining the Theory and Operation 
of Heat - F low Measuring Equipment by F . S. Birch. (Contract Nonr -
4029) 



Use of Vessels 

Cruise No o 
and Sponsor 

CHAIN 60 
NSF-GB4431 

GP53 19 

CHAIN 6 1 
Nonr - 40 29 

ATLANTIS II , 
. No . 21 

Nonr-4029 
and Nonr - 2866 

ATLANTIS II 
No. 22 

Nonr-4029 , 
Nonr - 2866 

GOSNOLD 
94 

Nonr-4029 

Date 

18 May 196 6 
30 June 1966 

11 July 1966 

24 May 1966 
27 May 1966 

10 June 1966 
3 Aug 1966 

13 Oct 1966 
17 Oct 1966 

CRUISES 

Work Area Principal Invest igation Chief Scientist 

Atlantic Ocean, Caribbean 
Sea and Gulf of Mexico 

Echo-sounding, mid - water sound R o Backus 
scattering observations, surface tem:-

N 0 Atlantic Ocean, Medi
terranean and Red Seas 

N. Atlantic Ocean 

Atlantic Ocean 
Caribbean Sea 

N . Atlantic Ocean 

peratures, bt 1s , plankton tows , mid-water trawlingo 

Hydrographic stations, velocimetry, E . Hays 
thermometry, bathymetry, photography, E . Zarudzki 

sea floor sampling, heat flow measurements, J . Hunt 
sea -floor reflectivity, continuous seismic J . Phillips 
profiling, gravity and magnetic measurements. 

Testing Gear 

Sound velocity profiling, internal 
wave measurements, echo sounding 

Line hydrophone tests 

J. Beckerle 

J. Beckerle 
R. Payne 

S. T. Knott 

-.J 
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CHAIN #61, Woods Hole - Lisbon (Dr. Hays) 

CHAIN departed Woods Hole about 1030 , 11 July 1966, bound for 
L i sbon along a northern route. Heavy fog was encountered immediately 
south of Nantucket and persisted for several days reducing speed of advance . 
After steaming easterly through the fog, a great circle course was taken 
towards an area 500 m iles west of Ire land . In this area CHAIN participated 
in MILOC 66 , a study of the area by several NATO countries . 

Two stations were made enroute to the area to test equipment and 
check out personnel in operations . A sound velocimeter lowering and a 
hydrographic cast were made . Quartz thermometers were measuring 
temperatures at depths of 5 meters and 30 meters. Bathymetric , magnet ic, 
and gravimetric measurements were made along the track. 

During the NATO exercises CHAIN made 15 sound velocity profiles, 
13 hydrographic casts , 14 current meter lowerings, took 123 BT's and towed 
the GEK for current measurements during transits from station to station. 
All data except the sound velocity profiles were worked up and sent to La Spezia 
which is acting as the coordinating center . The sound velocity data are being 
processed now. 

The last 36 hours of the exercise were used in monitoring currents as 
measured by three drogues . These were retrieved and CHAIN steamed 
directly to Lisbon, arriving on 29 July as per schedule. 

CHAIN Cruise #6 1 (Mediterranean) (Mr. Zarudzki) 

Tlhis leg of the cruise was planned to achieve specific acoust i cal, 
geophys ical , geological and oceanographic objectives in the Eastern 
Mediterranean. The acoustic and oceanographic objectives were investi
gations of the vertical dist ribution of the velocity of sound and temperature 
throughout the water column, a nd nephelometry and particulate matter 
studies a i med at elucidation of the water structure and the transport of 
sediments . The near - surface sea water salinity and temperature obse r va 
tions were also to be taken to help tie continuous underway studies of the 
water temperature by towed s ensors with bathythermograph data. 
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The objectives of underway geophysical investigations of the sea - floor 
and the underlying strata included high resolution bathymetric measurements, 
continuous seismic profiling using two sound sources (the 100, 000 - joule 
sparker and the Bolt air gun) as well as, the measurements of the earth 1s 
gravity and total magnetic intensity fields . On stations the sea-floor was to 
be photographed with a WHOI stereoscopic underwater camera system and an 
oblique Thorndike camera. Dredge and core samples, the latter accompani ed 
by heat flow measurements, were to be taken for geological and acoustic 
studies of the sea floor . 

The tracks of the cruise, the location of stations and the program for 
the "underway'' and "on stat ion" measurements were chosen to supplement 
data previously collected by the WHOI and the Lamont Geological Observatory 
expeditions to the Mediterranean. The program covered the Sicilian 
Escarpment, the sedimentary basins of Ionian, Aegean and Levantine Seas 
and the Mediterranean Arc structures. A study of s e l ected volcanic seamounts 
and a geophysical investigation of the active volcano of Thira (Santorini) was 
also planned. 

The Mediterranean part of the cruise (legs 2, 3, and 4 ) started from 
Lisbon on August 2, 1966 and ended in B eirut on October 5, 1966 . During 
the 58 days at sea 7347 nautical miles of track (see Figure 1) were c overed 
in carrying out simultaneously continuous geophysical measure m e nt s, i.e . 
bathymetry, continuous seismic profiling, gravity, and magnetics . In all, 
50 stations were occupied during that peri od, at which 160 individual lowerings 
were performed. These included : 37 velocimeter lowerings ; 38 nephelometry 
sta tions; 38 Thorndike bottom camera stations; 13 bottom current station; 
1 dredge station. 31 cores of a t otal l ength of 178 meters ; 31 heat flow measure
ments; and 8 WHOI unde rwater c ame ra runs . The overall daily work averages 
were : underway observations, 19 hours 55 minutes ; on s tation observations, 
4 hours 5 minutes; cruising speed, 6. 5 knots . The interim ports of call were : 
Piraeus and Rhodes . About 92% of the program initially proposed for the cruise 
h a s b een completed . Instrumental breakdowns w ere responsible for approxi 
mately 8% of the p r ogram loss . The w eather was favorab le th roughout the c r uise . 
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Figure 1. Cruise Chart of CHAIN 61 . 
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CHAIN #61 - Beirut - Port Sudan (Dr . Hays). 

An area near 2 1°20 'N, 38°E has been observed to contain water of 
an anomalous temperature of 56°C at a depth near 1050 fathoms. These 
measurements had been made whi le the ·observing shi ps were in transit 
through the Red Sea and could not devote enough time for studying the area 
thor oughly . The Nat ional Science Foundation funded a six weeks study of 
thi s area and this became part of CHAIN Cruise #61. 

CHAIN departed Beirut 10 October 1966 (one day behind schedule 
due to clearance required for a scientific shipment) and arrived at Port Sudan 
27 October 1966 . 

Two short seismic profili ng runs were made at the junction of the 
Red Sea, the Gulf of Aqaba, and the Gulf of Suez . Near this junction the Bouguer 
gravity anomaly changes sign and the subbottom profiles are of particular 
interest . Bathymetry, total magnetic fi eld intensity and gravity were 
measurements made on all transits of CHA IN while in the Red Sea . 

At the hot - hole location buoys were set fo r radar navigation and the 
topography of the area determined . Then a detailed sampling of the area 
followed . This included : free fall cores to obtain shallow surface sediments 
along specific tracks; gravity cores with heat flow apparatus attached to 
determine the heat flow pattern; piston cores also with heat flow apparatus 
to obtain deeper sediment samples ; Kasten lott cores to obtain undisturbed 
sediments to depths of four meters so that the sedi ment layering could be 
correlated over the area ; many hy d r ographic casts to obta in water samples 
throughout the area, (so m i neral distribution could be studied) a large (1 000 
liter) water sample of the 5 6° water for c 14 and uranium series analys i s ; 
water samples collected i n a s terile manner for bacteria samples ; and many 
lowerings of a temperature pinger that g ive temperature of the water versus 
height above the bottom . In a dd ition s e i smi c p r ofiling, magnetic and gravi 
metric measurements were made in the area above and arou nd the hot hole . 

Considerable analysis for heavy metals took place aboard the ship . 
Samples were also prepared for isotope determination. Bacteria cultures 
were attempted from the hot water . Some bacteria were found at the brine 
normal Red Sea interface and were cultured only at temperatures e x ceeding 
40°C . The 56° water was sterile , however , the fi r st such place ever fou nd 
in the ocean to our knowledge . 
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An immediate interpretation of these results suggests the hot -ho le 
to be the location of a now quiescent volcano that erupts or perhaps geysers 
periodi cally supplying the heated water enriched in heavy salts by a percolation 
process. 

ATLANTIS II Crui se #22 (Dr. Beckerle and Mr. Payne). 

Cruise 22 of ATLANTIS II , June 10 to August 4, 1966 , was devoted 
primarily to sound-velocity-profiling in the waters between Bermuda and the 
Antilles. It was funded under the Office of Naval Research contract Non- 2866 
and a grant from the National Science Foundation funded a major portion of th e 
ship costs. However , the research is pertinent also to Nonr-4029. A track 
chart is shown in Figure 2. 

Earlier sound velocity profiling cruises were made to this area in 
July 1962 by ATLANTIS (Cruise #282) , in July 1964 by ATLANTIS II, (Cruise 
#11) and in April 1965 by CHAIN (Cruise #47) , and revealed large scale 
horizontal variations in sound velocity at 800 meters depth. These are believed 
to reveal the existence of "internal" Rossby waves in the ocean. During the cruise 
this summer, a study was made of the thermal front region locate d at about 
latitude 30 o N, southwest of Bermuda. A temperature sensor was towed and a 
line of sound velocity profile (SVP) stations was placed as shown on the ship ' s 
track through this region. In addition, preliminary tests for internal ocean 
waves were made in the seasonal thermocline us ing the sound velocity 
profiling system. This tes t experiment was carried out close to Bermuda to 
allow radar fixes on Argus Island. A portion of th is cruise was a cooperative 
study of the acoustical environment with Hudson Laboratories of Columbi a 
University and Bell Telephone Laboratories. 

On the technica l s i d e of the cruise , we demonstrated the feasibility of 
obtaining_ sound velocity profiles using an on- line computer with the WHOI 
velocity profi ling system. The computer was a PDP- 5 that has been used on 
earlier cruises of ATLANTIS Il by A. R Miller from the Physical Oceanography 
Department. The development effort for the on-line system was undertaken by 
staff members of the Applied Research Laboratory of the Sylvania Electronics 
Products Corp. in Waltham, Massachusetts at their own cost. Their engineers 
des igned and construc ted a logical s~gnal process ing circuit to improve signal 
dete ction and tracking of the echo from the inverted echo sounder in the under 
wat er instrument package and their mathematicians developed the on-line 
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70°W 

CAPE COD 

ATLANTIS II CRUISE 22 
S.V.P. STATIONS 

WOODS HOLE- BERMUDA-SAN JUAN- BERMUDA 
10 JUNE-3 AUG.1966 BECKERLE- PAYNE 

Figure 2. Cruise Chart of ATLANTIS II, Cruise No. 22. 
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c.omputer program for the PDP- 5 computer under consultation with the 
Geophysics Department. This computer program and other parts of the 
system were tested on a short 4 - day cruise, ATLANTIS II #21. Several 
spec ialists from Sylvania participated on both of these cruises. 

117 SVP stations were made on a triangular grid with a spacing of 
about 65 nm. This summer's coverage was broader and on the average, 
more detailed than either of the previous surveys and should s e rve to 
resolve some of the features i ndic at e d in contour s of the data from the 
other cruises. 

Measurements taken in addition to sound velocity inc luded tempera 
ture at the sur fa ce and at a de pth of about 130 m . Hourly BT's were made 
throughout the cruise. 

Cruise Report, GOSNOLD 94 (Mr. Knott) . 

A cruise of a few days was taken in mid -October t o make further tests 
of various types of hydrophones. In the course of this work a h igh- resolution, 
seismic profiling run was made down the meridian, 7 1 °We st. What we 
believe to be glacial pressure ridges, and a b erm-like outwash feature found 
20 miles south of Martha's Vineyard on earlier cruises (BEAR 192 and 221 , 
1958 and 1959) were found to ext end westward to 71 °W. 
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TASK UNIT I - OCEANIC ACOUSTICS 

Work Unit - Sound Transmission 

Generalized WKB Methods Applied to Diffraction Effects (Dr . Murphy) . 

Duri ng this reporting period an analytical study was begun of diffraction 
phenomena that may be associated with turning points on a sound ray. in a medium 
with a spatially varying sound velocity (see Note 1 below). 

Since the turning point region is a region where geometrical optics: fails 
(there are no valid asymptotic expansions for the exact solution), the. ingredients 
that lead to this failure may give rise to mechanisms exhibiting a high sensitivity 
to perturbations of the medium properties in this region. Therefore, it is of 
particular interest to examine special diffraction effects that may be associated 
with turning point regions. It wol].ld be expected that if such effects do arise and 
are significant, in turn, they should be very sensitive to perturbations of the 
medium properties in the turning point region. 

The so-called generalized "WKB-type" approximation (see Note 2 below) 
is used in the analysis . The ordinary WKB-method, which l eads to a geo
m e trical-optics formalism, fails in the imme diate n e ighbo r hood of a turning 
point, whereas the generalized WKB-type approximation, with certain limitations, 
can be designed to be valid in a configuration giving rise to a number of turning 
points . 

As a fir st s tep in the study, the generalized WKB -type approximation 
has b een applie d in an analysis of the "split-b eam'' sound fi e ld as shown in 
Figure 3. In this f igure, C {Z) represents the sound velocity as a function of 
depth Z . The solid lines represent rays constru cted according to Snell's law, 
i ncluding the "split - ray~ " oc.;'oo"and oc" . The generalized WKB method was 
applied using Web er functions (s ee E. T . Whittak er and G . N . Watson, "A 
Course of Mode rn Analysis " , The Macmillan Company, New York, 1947, p. 347) 
to cons tru ct approximate solutions valid in the e nti re range of z including the 
two turning-poi nt regions for each ray. The extension of the analysis to include 
two turning-point p r oble ms opens up the possibility of treating, in this c onve nient 
way, sound c hanne l p r oblems, as w e ll as the split - b eam patte rn, and other non
monotonic v e locit y profile s . 
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Although the Weber functions are exact solutions for a parabolic 
velocity profile, with the generalized WKB - type procedure a scheme is developed 
to "distort" these functions to app roximate solutions for somewhat more general 
profiles . It may, in turn, represent a convenient way to examine the sensitivity 
of the results to specific changes in the velocity profile . 

In some regions of the X l. - p lane for which asymptotic expansions 
fo r the generalized WKB - type a p p r oximations are valid, an equivalent ray 
representation may be introduced . Some of these will be the usual geometrical 
optics rays (solid lines in Fig . 3) but there may be additional regions of valid 
ray representation. It is then possible to introduce "diffracted rays" in these 
regions , associated with these diffraction effects, and to obtain quantitative 
connections between the amplitude of these diffracted rays and the usual geo 
metrical-optics rays . 

The analysis for the split - beam, or two turning point problem, is nearing 
completion and details will be given in a separate report. The dashed curves in 
Figure 3 are intended as an indicat ion, based on preliminary results, of 
"reflected diffracted - rays" (i.e ., segments E,E', D, D' and c,c ' ) and 
"transmitted diffracted rays " (i. e ., segments A:1. N' and B~ 1311 ) for which 
quantitative connections with the ordinary geometrical - optics rays (solid curves) 
have been obtained. 

Although a ray representation for diffraction effects i s of some interest, 
for a thorough examination of turning point phenome na it will be n ecessary to 
r etain the complete generaliz ed WKB - type r esults a nd examine the configuration 
with the receiver actually located i n th e t u rning point region . The extension 
of the analysis to some of these problems i s in progress . 

Note ~ 1: In a medium with sound ve lo city C ( Z) a function of Z only, the ray 
path is given by Snell's law 

~ecz) 

c CZ) (1) 

Where 6 ( Z) is the angle of the t angent to the ray measured with respect to 
the posit ive Z- di rection . The subscri pt o refers to values at some 
refe r ence leve l z - - Zo The ray turns around ( 9::. tr/:;) at a level zt. 
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given by 
I 

C (Zt.) (2) 

In gene ral, any dept h for which Eq. (2) i s sat isfied is called a turning point 
for the eo - ray. 

Note 2: ' 'WKB" refers to the so-called Wentzel-Kramers-Bri llouin approxima 
tion; see , for exampl e, P . M . Morse a n d H . Feshbach, "Methods of Theoretical 
Physics", Vol. II, McGraw -Hill Book Company, Inc., N . Y., 1963, p . 1092. 
F or the "generalized WKB - type" app roximation, seeS. C . Miller, Jr ... a nd 
R . H . Good, Jr., Phys. Rev. 91, 174 r{ 1953). 

Sound Transmission NE of Bermuda (Mr . Doutt). 

Data from BEAR Cruise 16 7 consists of successive m easureme nts of 
pressure levels at a vertical st ring of five hydrophones for successive ranges 
up to 10, 000 yards from an explosive source . Adequate bathythermograph data 
were obtained to verify the stability of the temperature profile during each run. 

From these data, energy levels as a function of range and depth have 
b een computed for various frequencies . Velocity profiles have been calculated 
using the t e mperature information and an average t e mperature versus s alinity 
curve for the area of interest. A new computer program has been written for 
the GE 225 which will calculate the energy level at any specifi ed range for a 
point source and an arbitrary velocity profile . These theoretical calculations 
can then b e compared with the experimental data . 

Diffraction and Interference Effects in Underwater Sound Transmission 
(Mr. Baxte r and Mr. Brockhurst) 

Officer ( 195 8) states that the ray theory i s applicabl e to sound trans -· 
missio1:1; measurements if the fractional change i n the velocity gradient over a 
wavelength is small compared to the ratio of the sound ve locity to the wavelength , 

that is l-Ao f; r L <.. I . Analysis (WHOI Ref. No. 66-43, 1966) of deep 

ocean sound transmission measurements (BaiKte r , Brockhurst a nd Hay s , 1964) 
has shown (Baxter and Brockhurst , press) that appreci able diffraction effects in 

converge nce z one transmission are fou~d if I ).,0 J' ~ 1 i s gre ater than 
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5 x 10 . During the period 1 May 1966 - 31 October 1966 we completed our 
fina l draft of a journal publication (Baxter and Brockhurst, 1966} on this subject. 
This paper has been accepted for publication i n December by the Journal of the 
Acoustical Society of America. 

At the completion of thi s work, we commenced to study available 
data on conditions in the Baltic Sea south of Gotland in preparation for sound 
transmi ssion measurements planned for a cruise of ATLANTIS II in May a nd 
June of 1967. 

Data taken in June 1966 by the Danish research vessel HENRICK 
GERNER indicate that the temperatu re and salinity gradients in the southern 
part of the Baltic produce a sound channel having an a x is depth of 50 meters. 
There is a r i dge rising south of Gotland to a water depth of about 35 meters . 
This ridge divides the region into two relatively flat are as where the water is 
about 100 meters d eep . On the western side of the ridge , th e bottom water (which 
originate s in the North Sea) is more saline than that on the eastern side. In the 
western area, the gradient below the sound channel i s steeper and the velocity of 
sound at the bottom is greater . The surface water in both areas is the same (with 
salinity of about 7. 5 o / oo) . 

Dr. Frank Mannheim , who has studied the geology of this part of the 
Baltic, tells us that b e low the flat areas there is a laye r of soft mud, glacial 
clay, and sand which has b een sounde d acoustically and found to be about 100 
meters thick . 

These conditions, the strong sound c hannel and the deep l aye r of soft 
sediment, will probably produce interesting shallow water t ransmi ssion effects 
with c losely s pace d convergence zones at h i gh fre quenci e s and short ranges, 
and normal mode effects a t lower frequenc ies and longer ranges. B eca use of 
the continuous variation of the velocity of sound i n the water c olumn, the version 
of normal mode theory d i scussed b y T olstoy & May (1 9 60) and Tolstoy (1964) will 
be more app licable t han trw· si:1nple theor y of· Pekeris (1948) . 

In studying the theory of mode s i n continuously varying m e dia , w e 
noted that the t r ansmiss ion ver sus range computed b y Tols toy (1964) for 
convergence zone transmi s sion in the d eep ocean is simila r to that which we 
measured in the M e dite rranean. It i s interesting that Tolstoy ' s normal mode 
theory i s a l so applicable to convergence zone studies where sharp gradients 
exist . If w e develop a program for mod e computations for the Bal tic experiments, 
it may a l so b e u seful to r eexamine the Mediterranean data in more detaiL 
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Studies of the Effects · of Currents on Acoustic Transmission 
(Mr . Nowak) . 

Since the propagation of sound is affected by the properties of the 
ocean, the possibility of measuring these properties by measuring propagation 
changes suggests itself. For example, the time required for sound to travel 
between two fixed points is less if the sound moves with a local current than 
if it moves against the current. 

An experimental range has been set up in the water between the 
WHO! dock and an adjacent dock. Transducers at each end of a 150 ft . sound 
path alternately send and receive short - 32, 64 , or 128 cycles - coherent 
bursts of 12. 5 khz sound. The phase of the received signal at each transducer 
is compared with the phase of a master oscillator supplying the coherent 12 . 5 
khz through the use of two VLF phase tracking receivers . The phase difference 
between the signals from each receiver is used as an indication of the magnitude 
of the average current encountered by the sound in traveling between the 
transducers . Records of this phase difference have shown fluctuations with 
amplitudes and directions such that they could be produced by the currents 
flowing through the sound range . The currents were roughly monitored with 
small drogues at first. A savonius rotor and direction vane unit were installed 
in order to get more quantitative assessments of the currents. Only a short 
period of simultaneous recording with these two syste ms was possible because 
of fouling of the rotor and electronic troubles with one of the dock mounted units _. 
It was decided to rebuild the electroni c s to eliminate the electronic troubles and 
provide for a longe r path experiment. The se modifications are being made at 
the present time. 

Seismic R eflection Analysis (Sea Spider) . (Mr . Olmsted and Dr . Beckerle) 

During evaluation of the Sea Spider installation on the Blake Plateau 
in August 1965 several oblique seismic reflection records were obtained using 
hydrophones attached to the legs of the Sea Spider structure . The sound 
source used was the 100, 000-joule sparker aboard CHAIN. The PGR records 
c ontaine d the variable d e nsity r ecordings of the hyperbolic range versus trave l 
time curves from the multiple bottom and surfa ce reflected sound paths through 
the water layer. However, analysis of the s e data has been hampered b y a 
ringing noise chara ct eristic of the recorded s i gnals which has remained un
explained. We b e lieve some improveme nt in the t e chnique of mounting t h e 
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hydrophones o n the cable i s necessary. Some of the records suggest 
that the hydrophone near the large sub - surface buoyant float may re qui re 
special consi de rati on to avo i d echo interference from the floaL 

Magnetic tape recordings of these oblique seismic records were 
examined {as ment ioned in WHOI ReL No. 66 ~ 43 ) to determi ne whether 
an extensive correlation analys i s between di rect arrivals and arrivals 
reflected from the botto m and sub - bottom would be profitable . We 
conclude that an extensive study is not waranted because of the character 
of the noise on the recordi ngs . 

Work Unit - Sound Scattering 

Midwater Sound ~ Scattering Integrator (Dr . Backus and Mr. Wi ng) . 

In order to s t udy better the geographic variat ion in midwater 
s ound scattering we have bui lt an apparatus that measures 12 - khz 
sca ttering in the upper 40 0 fat homs of the water column. Thi s depth 
i nterval e ncompasses most of the age nts responsible for volume 
reverberation. 

The apparatus i s u s ed a s an attachment to the Precis io n Graphic 
Rec order a nd other elements of a 12 - khz echo - sounding s ystem . Whe n 
the a pparatus is used _, the PGR is operated on the 4 00 - fathom sweep or 
a ny slower sweep. The a pparatus sums the integrating scattering from 
100 swe e p s of the PGR and di s plays the result on a digital voltmeter, 
Outgo ing signal and bottom echo are excluded by gat ing . The signal 
voltage ge nerated during a ny one sweep of the PGR is squared with time 
i n orde r to compensate for spreading losses. The s um of the integrated 
voltage i s corrected by subtracting a figure repre senting the ambi e nt 
noise . This fi gure is dete rmined by operating the s ound- s cattering 
integrator fo r 100 s weeps of the PGR with the echo sounder tran smitter turned 
off. 
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A preliminary version of the apparatus was tested at sea during 
CHAIN Cruise 60. As a result of this experience a refined apparatus is being 
built . 

Work Unit - Ambient Noi se (Mr . Schevill and Mr . Watkins) . 

In the laboratory we have continued our study of high- latitude ice
field ambient, with analysis of tape recordings from the Bering Sea and the 
Canadian Archipelago supplied by U. S. Navy Electronics Laboratory, U . S. 
Navy Underwater Sound Laboratory, Canadian Pacific Naval Laboratory, and 
Dr . Carleton Ray, and from the Ross Sea {C . Ray and ourselves). 

We are completing a report on reactions and responses of Antarctic 
seals to playback of their own calls (supported jointly by USARP, NSF) . We 
had temporary success in apparently persuading the wild seals that the playback 
represented another individual. 

Sound produced in air from lumpback whales (Megaptera novaeangliae) 
have been compared with the familiar underwater sounds of this whale . The 
sounds of normal blows are largely inaudible underwater, but the relatively 
unusual purposeful wheez e produce d in air at the blowhole couples well to the 
water. A report of this phenome non is in progre ss . 

Directionality of low-·frequency (250 to 500 cps) echo-ranging c licks 
of killer whales is discussed in our newly - published report. The main lobe 
seems to b e at most 40°, and probably less. 

TASK UNIT II - PHYSICAL OCEANOGRAPHY 

Work Unit - Physical Properties 

A nalysis of CHAIN 4 7 Sound V elocity Data (Dr. Beckerle and Mr . 
Bergstrom) . 

Sound velocity profile s were obtained along a 300 - nautical mile line 
southwest of Ber m u da in April 1965 dur i ng CHAIN Cruise 47 . The s catter of 
sound ve locity m easurements for these sound velocity profiles has a region of 
small scatter (a node ) at 1800 meters d epth, Figure 4. Possible explanations 
fo r this observa tion include the following : a) The node in th e scatte r of points 
may b e evidence for the depth of no moti on r equired to evaluate geostrophic 
currents from hy d rographic data. b ) The node in the observations might be due 
to internal waves in the o cean. c) The node in the obse rvations at 1800 mete r s 
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may be evidence for the constant depth isotherm expected according to 
Sverdrup (Defant , 1961) along the north - south meridional section at this depth 
and location in the Atlantic Ocean. The p rocess respon s ible is lat eral a nd 
vertical m ix ing of large water masses a long isopycnic surfaces which rise as 
they approach polar regions . The location of the constant depth isotherm near 
latitude 30°N is attributed to an asymmetry of the temperature contour patte rn 
caused by the very cold, extensive Antarctic water . These three as well as other 
e x planations are being examined. 

Sound Velocity Measurements (Dr. Beckerle and Mr . Olmsted). 

A computer - velocimeter, real-time, data - acquisition and proce s s ing 
system was installed on the ATLANTIS II cruise #22 . Work has been done both 
with this system and with the data so acquired.. The system has been studied 
with the aim of increasing its capabilit i es and standardizing its operation so 
that it will become a reliable velocimetry tool. 

In addition, a set of programs has been written to perform off- line 
process'ing of the data taken during ATLANTIS II cruise #22 . These programs 
utilize the GE 225 computer to calculate sound velocity profiles from the 
magnetic tape output of the shipboard system . The profiles are kept in a va riety 
of forms (punched cards , printed lists, and magnetic tapes) so that they may be 
conveniently displayed and/or subjected to further analysis. 

Analysis at Sea of a Line of Sound Velocity Profiles Southwest of 
Bermuda (Dr. Beckerle and M r . P ayne) . 

During the sound velocity profiling cruise of ATLANTIS II ·#22 , this 
summer, the sound velocity profiles were analyzed with an on- line computer . 
The profiles taken on a line southwest from Bermuda revealed a pronounced 
bulge , an upward shift of over 200 meters in the main thermocline region. T he 
bulge which extended over a range of 60 n . m . was located just north of latitude 
28°N which is known to be the boundary of a thermal front zone , as well a s . the 
southern boundary of a region of marked increase in marine life . This findi ng 
fulfi lled one of the purposes of the cruise which was to look for additional con
firming evidence of the deep transit ion region in the sound velocity structure 
re porte d earlier. in this report (p. 12) . 
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Deep Towed Temperature Sensor Observations (Dr . Beckerl e} . 

The pronounced bulge in the thermocline region revealed by the line 
of sound velocity profiles on ATLANTIS II cruise #22 was also examined using 
a towed temperature sensor on a fi sh as an independent check on the existence 
of the bulge. The towed fish cont a ined a quartz thermometer and an inverted 
echo sounder . The fish was periodically raised and lowered every 10 minutes 
between 200 and 400 meters during the tow by changing the ship ' s speed . The 
ship ' s average speed was about 8 knots . Standard BT's were also taken from 
the surface to 200 meters duri ng thi s work . The temperature observations are 
shown in a contour chart , Figur e 5 . There is a pronounced rise in the contours 
in a region where the temperature gradi ent i s weak which emphasizes the 
sensitivity of the techni que . The bulge in the temperature contours was found 
to be in the same region as that observed from the sound velocity profiles . 

Test Measurements of Internal Wave F luctuations with Sound Velocity 
Profiling System - Yo - Yo - Experiment (Dr. Beckerle}. 

During A TLAN'L'IS IL Cruise #22 , sound velocity profile measurements 
were also obtained by raising and lowering the veloc imeter i nstrument package 
every 2 . 7 minutes through the depth interval of 50 to 250 meters . Th ese 
observations revealed a 16 - m i nute period internal wave as well as waves having 
longer per iods . In addition to t h ese results, on raising the i nstr ument we found 
the depth of a sound velocity measu r eme nt to be slightly shallower than whe n we 
lowered the instrument. Thi s d ifference was attributed in part to the manner in 
which the sound velocimeter was mount ed in the instrument package; appa rently 
some water was carried along w ith the apparatus a small distance when t he 
i nst r ument was bei ng rai sed . Tests whi ch confirmed thi s explanation were 
c arri ed out in a water tank . This measurement problem can be corrected by 
mounting the sound velocimete r in a manner that will permit the free flow of 
water through it. In v i ew of thi s diffi culty we we r e unab l e to attribute flu ctua ·
tio ns with measurements of 5 - minute pe r iods to internal waves . Howev e r, 
m uch longer period fluctuations we r e observed and could be cons idered to be 
evidence of internal waves. 

Long- range acou stical experi me nt s between fi xed source and fi xed 
re c eivers carried out s evera l y ears ago exhibited flu ctuations in the orde r 
of minute s . It was sugge ste d that tho s e acoustical flu ctuat ions were caused 
by inter nal wave s . Since that time , cal culati ons were made of the m i nimum 
period of vertical oscillatio n s in t h e main a n d seasonal thermocline i n the 
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Bermuda area from hydrographic observations. These calculations produced 
periods of 4 minutes and 16 minutes giving support to the conjecture that 
internal waves were responsible for the acoustical fluctuations. Measurements 
of the internal wave fluctuations described above with an on-line sound velocity 
profiling system give further support to thi s role of internal wave movements 
on the fluctuation of acoustical transmi ssion. In order to relate the degree of 
correlation between acoustical and environmental exper i ments further studies 
requi re s i multaneous measurements. 

A Surface Temperature Sensor (Mr. Dow , Mr. Leonard and Mr. Scott). 

During the Mediterranean Cruise #61 of CHAIN an effort was made to 
measure temperature in the top few inches of sea water while underway. To 
accomplish this a small sea - sled was developed which follows with remarkable 
fidelity the undulations of even a choppy sea. A thermistor was fastened to this 
sled and was connected via an electrically conducting tow cable to the ship. · 
The sled was towed from the end of a long pole secured to the starboard rail 
a t the bow, to keep t he sensor clear of bow wave turbulence. The electrical 
line to the thermistor was terminated in a stabilized transistor bridge circuit 
mounted in the ship 1s laboratory. Strip chart recorders provided the final 
readout of temperature. The system was constructed and used extensively 
between Athens and Beirut. 

Such a sea - sled appears to have many advantages in the study of the 
thin air - sea interaction water layer . 

Deep Towed Temperature Probes (Mr. Dow, Mr. Witzell , Mr. Scott, and 
Mr. Grant ). 

Two towed bodies were des igned for towing temperature probes to 
depths up to 900 feet. Each was provided with a quartz thermometer probe 
and a 50 kc echo sound ing transducer beamed toward the sea surface. Thi s 
equipment was connected t o the ship via a special double armored towing cable 
containing four coaxial lines. The temperature probes were read out on counters 
and strip chart recorders in the ship 1 s lab. , and the transducers were connected 
to short pulse echo sounders on board. The round - trip travel times of an 
a c oust i.c pulse bet ween the transducer and the ocean surface provided a c curate 
and continuous measurements of the fish depth. 
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The fish towed from ATLANTIS II, Cruise #22, was also equipped 
with a hydrophone and high gain preamplifier unit. This hydrophone was used 
in acoustic transmission experiments between ATLANTIS. II and other ships 
and Bermuda. 

The fish towed by CHAIN, Cruise #61 , was operated successfully from 
Woods Hole to Beirut. However , the quartz thermometer probe finally suc
cumbed to severe corrosion. This can be corrected only through a design 
modification by the manufacturer. 

All components of the towed body are readily available materials. 
The materials are , steel pipe , pipe cap , tubing, stra.Rs, bolts and lead. There 
is a minimum of machine work and the weight of the fish can be controlled by 
the amount of lead poured in the body. 

TASK UNIT III - SEA FLOOR PROPERTIES 

Work Unit - Sea Floor Structure 

Preliminary Results Obtained during CHAIN Cruise #61 in the 
Mediterranean (Mr. Zarudzki). 

During CHAIN Cruise #61 in the Mediterranean a great volume of 
acoustical, geophysical and oceanographic data was acquired. It will be 
analyzed and reported in appropriate task and work unit subdivisions throughout 
the 1967/68 period. 

However , some interpretation of geophysical data was carried out on 
board ship during the cruise. Our work along the Sicilian escarpment confirmed 
and elucidated many aspects of its complexly faulted origin and subsequent: 
sedimentation processes. The seamount complex off Libyan coast showed its 
dual sedimentary and volcani c character. It was the only place in the 
Mediterranean where we succeeded in photographing sediment-free hard rock 
outcrops , in this case at a depth of about .1000 fathoms. 

The wes t ern approaches to Greece , across the zone of maximum 
regional seismi city (Galanopoulos , personal communication) revealed several 
complex structural features i. e. , fault scarps , tilted sed imentary basins , etc . 
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caused by continuing tectonic activity. 
magnetic anomalies caused by plutonic 
of Greece. 

Noteworthy is the absence of any 
activity associated with the tectoni cs 

The investigation of the Thira caldera, however , revealed one of the 
strongest (approx. 1000 gammas) magnetic anomalies in the Mediterranean. 
This anomaly appears to be associat ed with the group of central vents now 
forming an i sland of Nea Kaimeni. Remarkable correlation of the bottom 
morphology, and the total magnetic intensity, obviously controlled by the pas t 
volcanic activity, was noted. This is interpreted as an indication of ancient 
basaltic intrusions in the form of lava flows and volcanic vents , and led to 
the discovery of an old submerged volcanic vent on the outside of the 
southern rim of the caldera. 

During the study of underwater sills between Crete and Karpathos , 
elevated sedimentary basins were found on the tops of tectonically controlled 
sills. These basins appear to have been filled by several different , some 
possibly yet unknown , sedimentary processes, and lie at an elevation of 400 
fathoms to 500 fathoms above the adjacent abyssal plains. 

Sound Source (Mr. Witze ll). 

A Bolt Associates air gun was purchased to be used as an underwater 
sound source for continuous seismic profiling studies. The gun was tested 
dock-side and then insta lled on the R/V CHAIN with appropr iate piping and 
air manifold control sys t em. It is now being used on CHAIN Cruise #61 in 
conjunction with the present underwater electrical spark discharge method . 
Tests are being conducted to determine frequency and sub-bottom penetration 
of the air gun sound source as compared to the spark sound source. 

60 Cycle Alarm for Se i smic Profiling and Recording (Mr. Wi.tzell and 
Mr. Church) . 

On magne tic tape recordings of continuous seismic profiling data , 
it is necessary to record preci sion 60 hz from a precision graphic recorder 
(PGR) on one channel of a multi-channel recorder for playback purposes. 
Other channels are reserved for data , and voice announcements. The taped 
60 hz controls the time base of the synchronous motor which drives the PGR 
upon playback. 
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To insure that the precision 60hz signal is being recorded on the 
tape, a battery operated, transistorized, bell alarm was constructed, which 
rings if the output signal of the tape monitor jack drops approximately one 
half a volt or lower from an initial setting. 

Cruise Navigation and Bathymetry Reports; and Compilation of 
Geophysical and Geological Data (Mr. Dunkle, Mrs. Witzell and Miss H:ays 

Seven cruise navigation and bathymetry reports were completed during 
this period . These are reports i ndicating the location of the various scient ific 
observations made during a particular cruise . The ship's track is plotted on 
the standard plotting sheet scale . 

WHO! Ref. No . 66 - 2 CHAIN #51; WHO! Ref.. No. 66-6 GOSNOLD #73; 
WHO! Ref. No . 66-7 CHAIN #55; WHO! Ref. No. 66 - 15 ATLANTIS II #13; 
WHO! Ref. No . 66-19 Index to Cruises, WHO! Ref. No. 66 - 38 CHAIN #53. 

A manual descriqing methods now used by the Department of Geophysics 
in compiling and reporting cruise observations, WHO! Ref. No . 66-20 , Manual 
to Compiling of Cruise Navigation Reports , has been completed. 

The c ompilation of the various types of observations made by the 
Department of Geophysics over the last ten y ears has continued. An atlas 
which will show the location of scientific observations made by the Department 
of Geophysics is in preparation. 

The total of mounted, stereo - pair, bottom photographs held and 
c ataloged at Woods Hole i s now 28, 216 and singles, 18, 105 . 

Our flow camera, which is used to reduce continuous strip records 
to microfilm siz e for storage, safe keeping, as well as viewing, has also 
the capability of changing the vertical-to - horizontal ratios of records . This 
permits the adjustment of v ertical exaggerations in profiles a nd the like. 
Of late, in addition to our own work we have photographe d and reproduced 
records for a number of naval and government supported faci l ities : U . S . N . 
Underwater Sound Laboratory, N ew London, Connecticut; U. S . N . 
Oceanographic Office, Washington, D. C .; Lamont Geological Observatory, 
Palisades New York; and Environmental Science Service s Administration 
(ESSA), Washi ngton, D . C . 
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Work Unit - Physical Properties of Rocks and Sediments 

Sediment Cores from the Eastern Mediterranean Sea (Dr. Chase) . 

Thirteen sediment cores were taken in the Eastern Mediterranean 
in August and September 1966, during legs two and three of cruise 61 of 
CHAIN. The objectives were 1) to sample bottom sediment types, 2) to study 
the h istory of sedimentation of the various topographi c features of the area, 
3) to find the age of subbottom layers, observed in continuous seismic 
reflection profiles, by coring outcrops of these layers, and 4) to investigate 
magneti'c susceptibility and remanence of the sediments. 

The cores were taken between Sicily and Rhodes in depths of water 
which varied between 200 and 2100 fathoms . Topographic features sampled 
include sediment ponds, the Central Mediterranean Ridge, the slopes of 
trenches and submarine hills, and the floor of a volcanic caldera . The 
lengths of core s varied between three and thirty-five feet. Several of the 
cores were split aboard ship and described in a preliminary way. 

The c ore from the volcanic caldera of Thira, in the Aegean Sea, 
consists of pumice gravel and black mud. Highly variable conditions of 
sedimentation on the Central Mediterranean Ridge, perhaps during the last 
thirty thousand years, are evidenced by striking diffe rences in color and 
composition of layers of sediments present in the cores from the Ridge : 
alternation of periods of stagnation and oxidation is shown by green-·black and 
red layers respectively ; vo lcanic eruptions are evidenced by layers of volcanic 
ash. In the sediment ponds lie layers of olive-green c lay, several meters 
thick, inter layered with pteropod ooze . 

Further analysis is planned after the ship returns to Woods Hole 
in December 1966. 

Tertiary Stratigr aphy and Plankt onic Foraminifera (Dr . Berggren). 

In December, 1965 , the D epartment of G e ophysics at WHOI formally 
incorporated a micropaleontological section within the scope of its research 
program. As i t appli e s to the work carried on within this department, 
micropaleontological i nve stigations will be directed primarily towards stu dying 
the s ed imentary and stratigraphic record preserved b eneath the s e a and 
recoverabl e by means of pi ston cores taken at selected sites. 
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Space was allotted for establishing labor atory facilities and they 
were designed and built. Two major problems faced us a t the beginni ng: a ) 
lack of suffici e nt scientific literature in the field of m icropaleontology; b ) 
lack of comparative fossil sample material to use as a basis for comparison 
in the course of our nor mal research work. Although these problems have 
not been completely solved they have been materially r educed. Literature 
has been ordered and much has been donated. 

A s y stemati c sampling program from the type localities of t he 
Tertiary of western Europe a nd comparative s ections in the Middle E ast was 
undertaken duri ng the summer months (196 6) . This m aterial, which will 
arrive here late this year, wi ll form the background for all m ic ropaleontological 
investigations which we shall carry out here in the future. We have been engaged 
in cataloging and preparing sample material from various areas in a n e ffo r t to 
prepare the way for a systematic study of deep sea sediments . In particula r 
we hope to initiate a program of study d evoted to the deve lopme nt and dis t ribution 
of marine planktonic organisms as recorded in the stratigraphic record . 
Relatively complete sequences are apparently preserved on the slopes of sub 
marine ridges and it is to these that we shall turn our attentio n at f i rst. 

In summary this period has b een spent i n planning and building 
facilities for a micropaleontological la bor a t o ry and in obtaining the necessary 
literature and comparative s a mple material which is the indispe nsible foundatio n 
upon which a research program must be based. 

Work Unit - Geom agnetism 

G eomagnetic Obse r vations over the Oceans (Dr. Phillips and Dr . Bowin}. 

More than 3500 miles of magnetic profiles i n the eastern Mediterranean 
were obtained during CHAIN Cruise #61 in an effort to determine the nature of 
the basement structures beneath the s e diments in the region south of Cyprus 
a n d Crete . In addition to the above detailed surveys a profile was obtained on 
the eastward crossi ng of the North Atlantic to the Me diterranean. Another 
profile of the m id - Atla ntic Ridge and a detaile d survey in the vicinity of 
latitude 30°N h a s been planned during th e return l eg of CHAIN Cruise #61. 
Rock dredges in t he axial zone of the ridge and piston cores of the sediment 
cover of the Ridge flanks wi ll also be attempted for the purpose s of determining 
the age and s t ructure of the R idge s b y paleomagnetic a nd radiometric techniques. 
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In addition to our shipboard magnetic operations , plans are bei ng 
formulated to util ize the C54Q aircrafL rurirg the next report period for 
magnet ic studies of the mid - At lantic R i dge in the North Atlantic . Howeve r , 
i nit ial operations wi ll b e limited to evaluation of studi es of the system in t he 
vic inity sou th and east of New England. 

Magnet i c Properties of Ro cks (Dr . Phillips). 

A rock magnetism laboratory has been established which consists 
of a spinner magnetometer, magnetic susceptibility bridge, and alternating 
field demagnetization device . A susceptibility anisotropy device is under 
construction. A nalysis of dredged basalts from the mid - Atlantic R i dge, Puerto 
Rico Trench, and Barracuda Rise, show that the remanent magnetizati on com 
ponent is much larger than that induced in the earth ' s field , adding fu r the r 
confi rmation to the hypothesis that remanent magnetization of rocks in the sea 
floor is primarily responsible for the observed geomagnetic anomalies . In 
addition, a flux - gate magnetometer system has been devi sed to measure the 
remanent magnetization direction of core samples . Preli minary analysis of 
the remanent magnetization direction of sediment cor es in the Puerto R i co 
Trench, Outer Ridge, using both the flux gate and spinner magnetomet er s how 
that polarity reversals along the core length may reflect reversa l of the earth ' s 
magnetic field during late Ceno~oic time . 

Work Unit - Gravit~ 

Gravity F ield over Ocean Areas (Dr . Bowin, Mr . Nichols , Mr. Dugan, 
Mr. Aldri ch, Mr. Ruppert and Mrs. Zwi lling) . 

Gravity measurements were made aboard CHAIN 6 1 du r ing thi s 
reporting period on the first two ·- thi rds of the Mediterranean a nd Red Sea 
c ruise still i n progre ss. These measurements wi ll be particularly i m portant 
for defining the major a s pects of t he gravity field in the eastern Mediter r anean 
Sea east of Crete where little data i s presently available . 

Analy si s of our Caribb ea n gra vity data has been continuing, in 
particular the co r relating of t h e g r avity fie l d over the Cayman Trough a rea 
and adjoining is la nd s with bathym etri c and magneti c f i e ld info r mat ion taken 
at sea and geophysi cal a nd ge ol og i c dat a on the islands . In s ummary , it 
appea r s that the Cayman T rough was dev e loped on the gentle - sloping northern 
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flank of the Nicaraguan Rise by extension of the crust. The initiation of the 
extension began in the Paleocene or earlier, and the history of development 
has been complex. The structure i s presently growing towards the east . 
It is also concluded that the Cay man Trough structure is not a westward 
continuation of the structure producing the Puerto Rico Trench negative free 
a ir anomaly belt. 

Our gravity meter (S-13) was r eturned to the manufacturer, L a Coste 
and Romberg, Austin, Texas, for repairs and calibration from 22 April to 
18 June 1966 . Problems which we have had previously with the horizontal 
acceleration correction and und esirable response to vertical accelerations 
were corrected during this period, static and dynamic tests under controlled 
conditions were carried out, and modificat ions to the s ystem were made. 
These modifications included signal-noise ratio improvements and replacement 
of the vacuum tube output stages with solid state units so that the gravity meter 
impedances would match the IBM 1710 system input impedance more closely. 

While the gravity meter was in Austin, the reduction of real -time 
gravity data at WHOI indicated that the absolute calibration table for the gravity 
meter might be in error. For this reason, the return trip from Austin was 
re - routed to cov er the Army Map service and Lamont Geological Observatory 
gravity calibration ranges. These ranges extend from southern Florida to 
the Canadian Border (in New York State}, and cover a range of approximate ly 
1600 mgals. The results of this trip showed that the calibration factor was 
in error by 0 . 49 percent. The necessary corrections were made to the 
calibration table and the computer program. 

On 11 July the s ystem was re - installed aboard the R /V CHAIN and 
left WHOI for CHAIN Cruise #6 1 to the Mediterranean - Red Sea area. 
Preliminary a nalysis of data from this cruise indicate that the modifications 
made to the system and its calibration were successful in i mproving static 
and dynami c performance . The experi ence gained in the period of this 
report has c learly shown the need for a static and dyna mic test 
and calibration program of wider scope that heretofore had been thought 
necessary. 
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Shipboard Data Processing System (Dr. Bowin, Mr. Ruppert , 
Mr. Nichols, Mr. Dugan, Mr. Aldrich, and Mrs. Zwilling). 

With the essential c ompletion of the real-time program ( Mod 8) 
for our shipboard IBM 171 0 computer prior t o the d eparture of the CHAIN' s 
Mediterranean cru i se (CHAIN Cruise 61), our attention has increasingly 
turned t o the completion of post- cruise processing and analysis computer 
programs. The inter-relation of the various processing ti me and post-cruise 
computer program is indica ted in the accompanying chart (Figure 6 ). Several 
of the post-cruise programs are still under development, but we anticipate 
completion of all of the programs shown in the ch art b y th e end of the year. 

A paper (Bowin, 1966) describing CHAIN ' s shipboard data processing 
and control system was presented at the Sec ond International Oceanographic 
Congress , in June at Moscow, U.S. S. R. It was learned from dis cus sions 
with Soviet scientists that the Soviet Union has no e quival ent system. 

TASK UNIT I V - ADVISORY ACTIVITIES 

Cooperation with Navy Activities (Dr. Hays and A. C. Vine). 

During the April - October period the r e was considerable cooperation 
with the Navy and Navy oriente d activities. 

Mr. Vin e made two tr ips totaling about five weeks a t Pearl Har bor 
working with COMSUBPAC, COMASWFORPAC and the F leet Numerical 
We athe r Facility on oceanographic aspects of pro and anti- s ubmarine 
warfare in the Pacific and t o assist in th eir oceanographic-acou stic trainin g 
programs. This was done cooperatively with Mr. Swanson of t he U. S. Naval 
Oceanographic Office who is now station e d a t COMSUBPAC. A day of 
comparable d iscuss ions was spent at the Fleet Nume rical Weather Faci lity 
a t Monterey while e n r oute to Pearl Harbor. An important part of these two 
v isits was to refresh Woods Hole on modern F leet problems. 

Specific a ctivities were: 

1) Two l e ctu r e s and study sessions with submarine sonar operators. 
2) A l ectu r e t o th e s ubmarine Prospective Commanding Offi cer (PCO) 

c lass and to a group of FBM p e rsonne l. 
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3) The making of a short TV film on submarine oceanographic
acoustics in the Pacific. 

4) Discussions of deep submersible problems with COMSUBPAC staff 
at Pearl Harbor and at the i r principal deep submergenee activity 
at San Diego. A stop enroute was made at the Lockheed-Sunnyvale 
plant to inspect their new deep submersible DEEP QUEST and to 
discuss oceanographi c uses and accessories for the Navy's experi
ment Deep Rescue Submersible. 

5) At San Diego Mr. Vine was brought up to date on the oceanographic 
acoustic support work that NEL is doing for Fleet and R&D support. 

6) Most of the time was spent discussing their problems with staff , 
operational, and training people. A simple but special set of instruc 
tions for refraction correlations for their sonar was made for BARB. 

Several projects and training aids were initiated but are not yet finished : 
7) A brief set of oceanographic-acoustic notes for operators, to ca ll fueir 

attention to particular effects, areas , or more complete reports. 
8) Finding out if special correction curves or instructions are needed for 

some of the new sonars and if so, to help prepare some. 
9) Look into the practicality of updating WHOI Ref. No. 56-50 (C) "Sound 

Ray Patterns from Shallow Sources in Deep Water" by J. B. Hersey 
and P. K. Davis for a catalog type book of refraction ray diagrams 
prepared for training and operational use. Tentative planning and 
pricing for such a manual is being investigated. 

Mr. Stanbrough and Mr. Vine spent August, and Dr. Hays spent several 
days with a U. S. N. - N. R. C. Study Group at Woods Hole on specialized Navy 
problems . The report of the study is covered in a recently published classified 
NRC- Undersea Warfare report. Dr. Hersey, Dr. Hays and Mr. Vine each spent 
several days a month working with Navy committees and on specific Navy 
oriented problems. 1 

Mr. Stanbrough and Mr. Bruce attended the one week Navy ASW Tactical 
School at Norfolk to better acquaint themselves with Navy operating and equip 
ment problems and to see how recent advances in oceanography might best help 
the fleet. 
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JOIDES, Committee Meetings (Dr. Von Herzen and Dr. Berggren) . 

Drs. Von Herzen and Berggren of our staff are members of the 
JOIDES Atlantic Advisory Panel. Meetings on 30 September 1966 were 
attended. Dr. Von H erzen i s serving as secretary of this panel. 
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