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IN TR ODU C T ION 

Recent investigations of the ocean bottom suggest a fundamental 

relation exists between acoustic domains and major submarine physio¬ 

graphic and sedimentary provinces (Heezen et al. , 1967; Markl et al. , 

19 67; Hamilton, 1969a, 1969b, 1969c; Hamilton et al. , 1969; and Horn 

et al. , 1968b, 1969). Verification of the relationship is dependent 

upon adequate supporting data. Under the Marine Geophysical Survey 

Program of the U. S. Naval Oceanographic Office (Alpine Geophysical 

Associates, Inc. , Atlantic Area I), 93 acoustic stations were successfully 

completed in the region of the Sohm Abyssal Plain. However, the Pro¬ 

gram collected only 16 sediment cores to which results of the acoustic 

survey can be referred. The purpose of the present study is to provide 

a fuller account of the bottom sediments using Lamont's cores from 

this part of the Atlantic. 

Figure 1 shows the region surveyed under the MGS Program and 

the area described here. The latter is larger in order to include major 

sedimentary provinces within and around the abyssal plain. Lamont- 

Doherty Geological Observatory has collected 225 cores from the 

shaded area of Figure 1. This is an increase of control of at least a 

factor of ten over that of the MGS Program. With these additional data 

on hand, it may be possible to clarify the correlation of acoustic 

domains, bottom roughness and sediment type. 
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Figure 1. Index map showing locations of study area and MGS AREA 1, 

(Alpine Geophysical Associates) Northwest Atlantic. 

(Submarine physiography is from a portion of the Physiographic 

Diagram, Atlantic Ocean, published by The Geological Society 

of America. Copyright (c) 1957 by Bruce G. Heezen. 

Reproduced by permission. ) 
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METHODS 

Cores were taken by scientists and crews on research vessels 

of the Observatory under the direction of Professor Maurice Ewing. 

All were examined, 111 described and used to define limits of 

sedimentary provinces (Fig. 5), and 83 analyzed for texture. Forty- 

four of the latter were matched to 69 acoustic stations, some cores 

being related to more than one station (Fig. 4). Matching of cores to 

acoustic stations is based on both proximity and physiography. Specific 

data on each core are listed in the Appendices; whereas locations of 

acoustic and coring stations are plotted on Figures 4 and 5. 

Diameter of the cores is 2 1/2 inches, and they range in length 

from 2 to 51 feet (average in area of report is 19 feet). A complete 

description of shipboard coring procedure and methods of core storage 

at the Observatory were given by Ericson et al. (1961). Methods of 

prediction of the acoustic properties and wet densities of cores has been 

previously stated by Horn et al. (1969b). It is repeated here for the sake 

of completeness and to allow the reader to evaluate the method of making 

the predictions. 

Mean grain size is adopted as the index of speed at which sound 

travels through unconsolidated deep-sea sediments (Horn et al. , 1968a, 

1968b). Cores were first carefully described and sampled for textural 

analysis. Grain size measures were determined by the combined sieve- 

pipette technique outlined by Folk (1968). In short, gravel and sand 
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fractions were sieved through calibrated nests of 8-inch sieves at 

1/4 phi intervals. Mud and clay were analyzed by the pipette method 

with aliquotes taken at 1 /Z phi intervals. 

Predictions of the speed at which sound travels through sedi¬ 

ment (hereafter referred to as sound velocity or velocity) are based 

on laboratory measurements made in a separate program on cores 

from the North Atlantic and Mediterranean. Under the project, 

sound velocities were determined through linered cores which were 

immediately split and sampled at precise points where velocity 

measurements had been made. In this manner, it is now possible 

to match sound velocities to 5 62 determinations of mean grain size 

and 1093 of wet density (Figures 2 and 3). All laboratory measure¬ 

ments of velocity are corrected to 23 °C and a pressure of 1 atmosphere. 

Least squares curves to the third order were fitted to these data by 

computer and predictions of velocities made at specific intervals of 

mean size and wet density. Appendix C lists velocities related to a 

range of mean grain size of 0. 50 to 500 microns and wet densities of 

1. 18 to 2. 28 g/cc. If these data are to be compared with in situ 

measurements they must first be adjusted to prevailing conditions 

of temperature and pressure (see Hamilton, 1963 and 1969c). 

Predictions of wet densities and sound velocities of cores from 

the Sohm Abyssal Plain listed in Appendix D were determined in an 

indirect manner. The method used to arrive at the predictions has been 
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tysec 

M EAM G RAO INI SO 

. Mean grain size of unconsolidated deep-sea sediments 

plotted against sound velocity through sediment. 

Figure 2 



Figure 3. Wet density of unconsolidated deep-sea sediments plotted 

against sound velocity through sediment. 
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to conduct a mechanical analysis of a representative sample from a 

layer and determine its mean grain size. The value was then entered 

into the listing given in Appendix C and corresponding densities and 

velocities taken from the table. Results should be used with the under¬ 

standing that they are only predictions. Undoubtedly there is error 

involved in following the route - mean grain size to sound velocity, then 

sound velocity to wet density. However, initial tests of these predic¬ 

tions have been made and afford confidence in the procedure. 

Format of the report is such that the reader can locate an MGS 

station of interest or a core within his area of study by referring to 

Figures 4 and 5. After selecting a station or core, he can use 

Appendix D to obtain details of sediment lithology, and predictions of 

wet densities and sound velocities. 

DISTRIBUTION OF SEDIMENT LAYERS CONSIDERED POTENTIAL 

REFLECTORS OF SOUND, SOHM ABYSSAL PLAIN AND ENVIRONS 

General statement 

The Sohm Abyssal Plain lies south of Nova Scotia and the Grand 

Banks. Descriptions of its topography and sediments are included in 

many earlier studies (examples are Heezen et al. , 1955, 1959; Heezen 

and Tharp, 1968; Ericson et al. , 1961; Hubert, 1964; Fruth, 1965). 

The plain is T - shaped with each of the arms and trunk of the T approx¬ 

imately 200 miles wide (Figs. 1, 4, and 5). Bottom gradients range 

from 1:1000 to 1:5000, and the floor is at depths between 2700 and 
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3000 fathoms (4938 to 5487 meters). 

Cores from the plain are characterized by multiple sands and 

silts inter stratified with clay. The deposits have been laid down by 

periodic and rapid addition of material by turbidity currents. Infilling 

and leveling have continued into the 20th century with the most recent 

contribution in 1929. That year the Grand Banks Earthquake initiated 

large scale transfer of terrigenous sediment from the continental 

margin to the neighboring plain (Heezen and Ewing, 1952; Heezen et al. , 

1954). Sand and coarse-grained silt emplaced by the turbidity flows, 

triggered by the earthquake, occur at the water-sediment interface. 

These and similar underlying deposits cover the Sohm Plain. They 

have high velocity-high wet density characteristics, present abrupt 

contrasts in acoustic impedence at or immediately below the water- 

sediment interface, and sound reflection should be at a maximum. 

Sediment layers with the potential to reflect sound 

In this report sand and silt layers of intermediate to high sound 

velocity and wet density are separated from associated low velocity-low 

wet density clays. Coarse layers possessing properties known to reflect 

sound are divided into four qualitative classes: 1) Good reflector -- 

>10 cm thick, 2) Intermediate reflector -- 5 to 10 cm thick, 3) Poor 

reflector -- <5 cm thick with clear-cut upper and lower limits, and 

4) Questionable reflector -- <5 cm thick with poorly-defined limits. 

The position and thickness of the layers in the cores are given in 
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Appendix D. MGS acoustic stations are related to core data in 

Figure 4 and Appendix D. 

A comparison of the distribution of potential reflectors with 

that of sand and silt reveals they are essentially the same (Figs. 4 

and 5). The coarse-grained units have physical properties which 

produce sharp contrasts of acoustic impedence. The combination of 

a level sea floor and sediment with suitable acoustic properties 

suggests that sound reflection within the limits of the plain will be 

consistently high. 

It is speculated that there will be a marked reduction of the 

level of sound reflection in areas of abyssal hills surrounding the 

Sohm Plain. South of the plain, cores consist of monotonous sections 

of brown clay and reflectors are extremely rare (Figs.4 and 5). Sound 

absorption rather than reflection should be the rule. There is no 

evidence of a large velocity contrast at the water - sediment interface. 

Where reflectors occur, they are limited to areas immediately adjacent 

to seamounts and consist of carbonate sand and silt which has slumped 

down the flanks of these submarine mountains. 

Prediction of bottom reflectivity north of the Sohm Abyssal Plain 

is difficult. Core data are limited, and there are rapid changes of 

bottom roughness and sediment type. The small amount of data avail¬ 

able suggest topographic lows and channels contain sand and silt; 

whereas areas of positive relief are covered with hemipelagic mud 
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and clay. Lows may contain potential reflectors; and divides 

presumably will be marked by high bottom loss. Large-scale variation 

in the level of sound reflection may make it impossible to predict the 

reflectivity in this region with any degree of certainty. 

The dominant sediment of the continental slope and inner conti¬ 

nental rise is greenish-gray, hemipelagic mud. Sand occurs both 

disseminated throughout the sediments and as poorly-defined, thin 

layers. The latter rarely are more than a few centimeters thick 

(Fig. 5). Lack of well-defined reflectors combined with rugged topo¬ 

graphy of the slope and inner continental rise suggest these provinces 

do not offer suitable acoustic interfaces for sound reflection. 

Cores taken within the limits of the outer continental rise are 

predominantly clay inter stratified with thin layers of coarser sedi¬ 

ment (Figs.4 and 5). The sands and silts generally are one to two 

centimeters thick but occasionally are of sufficient thickness to be 

potential reflectors. Although these units taken individually are thin, 

if combined they may have an additive effect which results in the reflection 

of sound. The numbers of coarse layers in the cores increases sea¬ 

ward across the outer continental rise. Increase in number and thick¬ 

ness of reflective layers combined with progressive decrease in bottom 

gradient and roughness toward the abyssal plain should be matched by 

a parallel seaward increase in the level of sound reflection. 
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CONCLUSIONS 

Bottom and sub-bottom reflecting horizons occur throughout 

the Sohm Abyssal Plain. They consist of thick layers of sand and silt 

at or near the surface. The combination of highly reflective materials 

and favorable geometry suggests the plain offers an excellent acoustic 

interface for the reflection of sound. Reflection should be consistently 

high within the limits of the plain. Sand is widespread and constitutes 

a major portion of cores indicating that overall reflectivity of the 

Plain will be higher than encountered over much of the neighboring 

Hatter as Plain to the southwest. 

Areas immediately south of the Sohm Plain are characterized 

by brown clay, reflectors are rare, and presumably sound will be 

absorbed rather than reflected. In addition, the rugged bottom relief 

will not favor reflection. North of the plain sediments are highly vari¬ 

able, bottom gradients steep, and topography rugged. The continental 

slope and inner continental rise do not appear to offer a suitable inter¬ 

face for sound reflection. Reflectivity will improve seaward across 

the outer continental rise as gradients decrease and the number and 

thickness of coarse layers increases. 
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APPENDIX A 

CORE NUMBER, LOCATION, WATER DEPTH AND LENGTH OF CORE 
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APPENDIX B 

GRAIN SIZE DATA USED TO PREDICT SOUND VELOCITIES AND WET 

DENSITIES OF LAYERS FROM MEAN GRAIN SIZES OF SEDIMENTS 
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APPENDIX C 

TABLE OF PREDICTED SOUND VELOCITIES AND WET DENSITIES 

BASED UPON MEAN GRAIN SIZES OF SEDIMENTS 

(ALL DATA ARE ADJUSTED TO 23° CENTIGRADE) 
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APPENDIX D 

CORE DATA MATCHED TO ACOUSTIC STATIONS OF ALPINE 

GEOPHYSICAL ASSOCIATES, AREA 1 - ATLANTIC, 

MARINE GEOPHYSICAL SURVEY PROJECT 

U. S. NAVAL OCEANOGRAPHIC OFFICE 



LEGEND TO ACCOMPANY APPENDIX D 

Lithology 

Clay 

Mud 

Silt 

Sand 

Gravel 

Graded Unit 

Reflectors : Solid black bars in columns give position and 

thickness of potential reflecting horizons. 

Reflectors are layers whose physical properties 

present high contrasts in acoustic impedance * 

relative to the overlying seawater or sediments 

with which they are inter stratified. 

The breakdown is qualitative: 1) good reflector -- 

>10 cm thick, 2) intermediate reflector -- 5 to 

10 cm thick, 3) poor reflector -- <5 cm thick 

with well-defined upper and lower limits, and 

4) questionable reflector - <5 cm thick with 

poorly-defined limits. 

Predicted velocity: Dashed line outlining the velocity profile 

of core represents predictions taken from table 

given in Appendix C. Velocities are ad-justed to 

23 0C at 1 atmosphere pressure. They must be 

corrected to in situ conditions prior to use in the 

field. Prediction of sound velocity is based on 

mean grain size of sediment. 

Wet density: The profile of wet density is a prediction using 

mean grain size as an index to physical properties 

of the cores. These predictions are arrived at 

indirectly and should be used with this understanding. 

Mean grain size: Solid line on textural profile of core indicates 

actual laboratory measurement. Dashed line 

includes sections of core where direct measurement 

was not made, but data were determined from 

representative samples of similar layers 

comprising core. 
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