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Acoustic environment of the Hatteras and Nares Abyssal 
Plains, western North Atlantic Ocean, determined from 
velocities and physical properties of sediment coresa> 

Brian E. Tucholke 

Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543 
(Received 12 February 1980; accepted for publication 13 August 1980) 

Seventeen piston cores up to 13 m long were recovered from representative acoustic and lithologic 
environments of the Hatteras and Nares Abyssal Plains in the western North Atlantic. Compressional-wave 
velocities (corrected to in situ conditions) and bulk physical properties measured on the cores are used to 
characterize the acoustic framework of these areas. For correlation with conventional seismic data, whole
core averages of properties are a better index to the acoustic nature of abyssal plain sediments than properties 
of the upper few centimeters of the seafloor because (I) strong changes in lithofacies (and acoustic properties) 
occur over depth scales of tens of centimeters to meters in the sediment column, and (2) conventional seismic 
frequencies of 3.5 kHz or less sample these variations to subbottom depths of tens of meters and more. Whole
core properties are a function of the thickness and distribution of high-velocity silt and sand layers in the core; 
they vary in a complex fashion with proximity to the source of turbidity currents, distance from axial paths of 
turbidity-current flows, local and regional basin geometry, and seafloor slope. Thus strongly reflective seabed 
regions with numerous high-velocity layers are not restricted simply to near-source areas nor are weakly 
reflective seabed regions (clay sediments only) limited to "distal" areas. Whole-core properties show a good 
qualitative correlation to variations in 3.5-kHz reflection profiles, and 3.5-kHz echo character therefore 
provides a useful means of mapping general acoustic properties over large regions of abyssal plains. 

PACS numbers: 43.30.Bp, 43.30.Dr , 92.10.Vz, 43.40.Ph 

INTRODUCTION 

Knowledge of compressional-wave velocities (here
after called velocities) and bulk physical properties of 
marine sediments is important in interpretation of the 
geologic and geophysical framework of ocean basins. 
Only a few experimental s tudies on natural marine 
sediments were conducted prior to the 1960s, but they 
confirmed that general correlations exist between ve
locity and density, porosity, and grain size, and that 
surface- sediment velocities lower than bottom- water 
velocities were common (summarized by Nafe and 
Drake1

). Subsequently, the gr oss seabed velocity struc 
ture has been resolved in greater detail by wide-angle 
reflection s tudi es.2

•
4 However, such remote- sensing 

measurements still are limited by uncertainties in sound 
travel paths and velocity gradient, and they average 
over large volumes of sediment. 

Direct sampling for both acoustic and physical prop
erties has been accomplished by divers and from sub 
mersibles,5 but these measurements have been made 
mostly on seafloor su rface samples and at shallow 
water depths. Laboratory analyses of a much broader 
spectrum of samples from the upper 30 em ofthe Pacific 
Ocean seafloor have been reported by E. L. Hamilton,6"8 

and these data form the basis for much of our present 
knowledge of the velocities and bulk properties of un
consolidated marine sediments. Hamilton8 also showed 
that for prediction of in situ properties , laboratory 
measurements of velocity should be corrected to in 
situ conditions by applying seawater/ sediment velocity 
ratios at the appropriate temperatures. The applic
ability of this method was confirmed by Tucholke and 
Shirley9 in a study comparing in situ nose- cone veloci-

a>contribution No. 4547 of Woods Hole Oceanographic Institu
tion; Contribution No. 3048 of Lamont-Doherty Geological 
Observatory. 

meter measurements of piston cores with laboratory 
velocities corrected to in situ conditions. Similar cor
rections of laborator y porosity and density measure
ments to in situ conditions normally are i'lsignificant, 
or they are so small that they are within the errors of 
measurement and can be ignored in practical appli
cations.8 

The most s uccessful characterization of sediments to 
depths of 10- 20 m below the seafloor has been by anal
ysis of samples recovered in gravity cores and piston 
cores. In the equatorial Pacific, Embley10 and Embley 
and Johnson11 measured bulk properties and velocities 
in piston cores and correlated the results with reflector 
sequences · in 3.5-kHz seismic profiles. More detailed 
studies of pelagic .carbonates in the Pacific by Mayer12 

showed that s trong correlations exist between velocity 
and mean grain size and that diagenesis in carbonates 
has a significant effect on physical properties. 

In the western North Atlantic Ocean, velocity and 
physical-properly measurements have been made on 
piston cores that recovered a variety of lithofacies 
including hemipelagic clays, turbidites, and calcareous 
oozes and marls. 13

"
1 5 In these studies sound velocities 

we·re measured at, or corr ected to, temperatures of 
20° to 23 °C; thus they must be recalculated to obtain 
in situ velocities. The velocity measurements were 
made through both the sediment core and a core liner, 
and uncertainty therefore exists about potential mea
surement errors introduced by variation in liner 
thickness or by voids between the core and the liner. 
These measurements also were made parallel to bedding 
planes in the cores; although there probably is little 
velocity anisotropy in visually uniform clays within 
the upper few tens of meters below the seafloor, 9 there 
may be significant anisotropy in well- bedded sediments 
such as turbidites. Preferred grain orientation is com 
mon in turbidite beds ,16

•
17 and this orientation can cause 
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velocity anisotropy .6 '
18 Thus velocity measurements 

made parallel to the beds on suc h samples may not be 
representative of normal-incidence so und trans mis sion. 

In 1976 we began a program of velocity and physical
property meas urements on pis ton cor es r ecovered from 
var ied acoustic and morphologic prov inces in the west
ern North Atlantic. There were two primar y objectives: 
(1) To determine quantitatively the sedimentary velocit ies 
representative of in situ, normal-incidenc e sound 
transmis sion and the relation of these velocities to 
physical properties of the sediments, and (2) to relate 
qualitatively these measured para mete r s to the acous tic 
character of the sedimentary column as record ed i n 
3.5-kHz (and, to a limited extent, 12-kHz) profiles . 
During the program, more than 3600 measurem ents of 
both velocity and bulk properties have been obtained on 
64 cor es from the western North Atlantic. 

This report prese nts a subset of results obtained 
on seve nteen pisto n cores fro m the Hatteras Abyssal 
Plain and the Nares Abyssal Plain. These co res 
comprise a transect of turbiditic sediments extending 
from a "proximal" depositional location in the north 
central Hatteras Abyssal Plain to the most "distal" 
portions of the Nares Abyssal Plain. These data 
are used to illustrate the probable range of i11 si/11 

acoustic and physical properties cha racteristic of 
abyssal plain sediments in the western North Atlantic. 
Although the number of cor es is limited, they adequately 
sample most of the variations observed in echo char
acter on the abyssal plains; it therefore is possible to 
use the more widely dis tributed 3. 5-kHz profi les to 
predict sediment acoustic and physical properties of 
the abyssal plains on a regional bas i s . 

I. METHODS 

All piston cores were obtained using a s tandard Ewing 
piston corer with a 1200-lb. corehead. Once recovered , 
the unlinered cores were extruded and wrapped to pre
vent moisture loss while they equilibrated with lab
oratory temperatures (normally 2-4 hours) . Velocity 
was measured perpendicular to the bedding at intervals 
of 20 em or less along the length of each core, and the 
sediment temperature at each meas urement location 
was recorded. 

The velocimeter consists of two probes 3 mm thick 
and 27 mm wide, rigidly fixed 5 em apart, that are 
attached to a drill-press stand and ins erted into the 
center of the unsplit core. Each probe contains a 
transducer resonant at 200 kHz; the puls e de lay be
tween probes is proportional to the velocity of the 
medium being measured and is read from an attached 
dual-trace oscilloscope . The velocimeter is calibrated 
(and periodically checked during core measurement) in 
distilled water at varying temperatures . Accuracy of 
measurements is ±3m/ s . Because of the fixed 5-cm 
probe spacing, velocity measurements across high
velocity beds thinner than 5 em will be minimum val
ues. 

All laboratory velocities were corrected to in situ 
conditions us ing the method outlined by Hamilton6 and 
tables for the speed of sound in seawater .19 The values 
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also were corrected for a down-core thermal gradient 
of 0.06 C/ m which is an average value for the a reas of 
interest.20 

Sediment-bulk properties were determined on 8 - 10 
cm3 sy ringe san1ples obtained at the same lime and in the 
same loca tions as the velocity measurements . These 
samples were capped, sealed with wax, and r efrigerated 
until they could be processed in the shore labora
tor y . Shore -lab. determinations were made for wet
bulk density , water content, porosity, void ratio, and 
gr a in dens ity . Corrections fo r pore- water salinity of 
35 I . were applied to all samples. 

The 3. 5-kHz profiles used for comparison with s edi
ment properties are analog profiles r ecorded under a 
variety of weather and instrumental conditions , and we 
emphasize that .the comparison of echo character and 
s ediment properties is strictly qualitative. However, 
certain useful and previously undocumented correlations 
do exist, as discussed at the end of this paper. 

II. GEOLOGIC SETTING 

The Ha tteras Abyssal Plain lies between the Bermuda 
Rise and the lower continental rise off t he eastern U. S. 
and it extends southward from near the latitude of Cape 
Hatteras some 1250 km to the Caicos and Gr eater 
Anti lles Outer Ridges (Fig. 1). Its depth ranges from 
5200 to 5500 m, with a southward slope of about 1 : 6000 . 
Primary sour ce area for the turbidities are the Hat
teras, Wilmington, and Hudson Canyon fan-systems 
t r aver sing the continental rise along the northwest part 
of the abyssal plain .21' 22 

Turbidity currents r eaching the southern part of the 
abyssal plain from Providence Channe l via Cat Gap 
probably are of minor importance. The near- source 
areas off t he northern canyons generally contain the 
coarsest, sand- size debris with interbedded s ilts and 
clays, and the southern part of the plain contains only 
inter bedded silts and clays. 

At the southeast corner of the Hatteras Abyssal Plain, 
Vema Gap pr ovides a deep (5600- 5800 m) passage al
lowing turbidity currents to flow eastward onto the Nar es 
Abyssal Plain. The Nares Abyssal Plain is elongated 
east- west and i s about 800 km long and from 200-400 km 
wide . Its depth ranges from 5800 to nearly 6000 m 
with an eastward sloping seafloor having a gradient 
of about 1: 4000 . Because the only major source of 
turbidity currents is distal flows from the Hatteras 
Abyssal Plain entering through Vema Gap, the turbidites 
on the Nares Abyssal Plain contain only silt and finer
grained sediment . Silt beds are thickes t near the 
western end of the plain, and they becom e both thinner 
and more numerous toward the east until they represent 
m ere s ilt partings in otherwise c lay- size turbidites . 
At the easternmost end of the plain, such s lit partings 
are rarely r ecognized. 

At the northeas t corner of the Nares Abyssal Plain, 
the distal margin of the plain connects to two major 
fracture-zone valleys, the Kane (or Nares) Fracture 
Valley and the Nares Deep Fracture Valley (Fig . 1). 
Myriad abyssal gaps through the rough abyssal hill 

Brian E. Tucholke: Acoustic environment 1377 



84" so• 76" 72" 68" 64" 60" 56" 52" 
40"1 I J.l ) ~/;:;:::\'lA .. 1 I I I 

\.,. 
I 

36"~ . ~ ~If ,...) '{1- \ ~" ____.!) r"o.l\,. ...,"")' ( 
\ 

·" I 

32l 

24" 

20" 

16" 

12" 

a· 

( ;! ~~~(_~o~!~27: r 

~ 

DI SPERSAL ROUTES 
....--- AN D CHANNELS 

a APPROX . A.P. 
BOUNDARY 

• CORE LOCATION 

CONTOURS IN METERS x 100 

B ERM UD A 

.JBCRANOA 

RI SE 

· .. ... 
' ~ 

SO HM 

A.P. 

HI LL S 

FIG. 1. Locations of abyssal- plain 
cores measured in th i s s ludy. Arrows 
show major disper sal paths of turbidity 
cu t·rents . 

4"L-------~------~--------~------~--------L--------L------~~----~ 

topography probably connect both the 6150m-deep Kane 
Fra ctu re Valley and the more nor therly, 6400 m-deep 
Nar es Deep Fracture Valley to the Nares Abyssal 
P la in. 23 The flat-lying sediments in the Kane F racture 
Valley contain numerous thin s ill beds and laminae, 
but only turbiditic and pelagic clays are found to the 
nor th in the flat- floored Na r es Deep Fractur e Vall ey . 

Ill. RESULTS 

A. Introduction 

Seventeen cores from ten locations define the major 
variations in velocities and physical properties of s edi
ments from the Hatte ras and Nares Abyssal Plains 
(Fig . 1). Although only one core was obtained at some 
loca tions, late r a l variations in 3.5 -kHz echo character 
occur slowly in the sampled regions, and the properties 
of any one core a r e considered generally representative 
for an area within a radius of several tens of kilometers. 
This supposition has been tested and confirmed by 
Tucholke and Shirley9 for cores from the Nares Abyssal 
Plain and Gr eater Antilles Outer Ridge, and it also is 
confirmed by our multiple sampling at several of the lo 
cations in this study. Such core-to-core comparison 
a ls o shows that among the cores studied there is no dif
ferential coring disturbance from one core to another ; 
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if coring dis turbance exists, it is m egascopically un
detected and unifor m in each cor e . 

B. Velocity-general observations 

Although gr a in- s ize analys es were not performed on 
our cores , it i s clear from the vis ua l core descriptions 
alone that compressional- wave velocities a r e closely 
r elated to the mean grain s ize of the beds sampled 
(Figs . 2-11 ). Such a direct r elation has been demon
s trated empirically in previous s tudies by Horn et a /.24 

and Hamilton .6 Velociti es in clay - size sediments 
ty pically are 1510- 1530 m/ s; in s ilts , 1600- 1700 m/ s ; 
and in s ands, up to 1850 m/s . 

In those instances where the sampling inter val was 
s ma ll enough , g rain-s ize grading in individual turbidite 
beds also is reflected by a gr adation in veloci ty values 
(e .g . Fig . 3). This grading in velocity forms high-veloc
ity " tails" on frequency histograms of velocity distribu
tion in the cores (Fig. 12). There is a slight bimodal dis
tribution of velocity in some cores that may reflect a 
fair ly distinct break between gr ain- size modes in the 
turbidites . Such quasi bimodal distribution in grain size 
has been obs erved in other cor es from the Hatteras 
Abyssal Plain! 4

'
21 
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FIG. 3. Core RC20- 26, wes
tern Hatteras Abyssal Plain; 
explanation in Figs. 2 and 4. 
Note increased recording gain 
in profile at right does not 
significantly i mprove sig-
nal penetration. Core 
pene tra t ion indicated at 
upper le ft. 
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FIG. 6. Core RC20- l 8, west central 
Nares Abyssal Plain; cx11lanation in 
Figs. 2 and 4 . Note focusing of sub
bottom r eturns , possibly caused by 
surficial channels tha t control turbi 
dite dispersal. 

FIG. 7. Core RC20-19, east centra l 
Nares Abyssal Plain; explanation in 
F igs. 2 and 4 . Left portion of 3.5-kHz 
profile recorded with 1- ms pulse 
length . 
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Calcareous beds (marls) are uncommon in the cores, 
but in the few marls that are present there is no consis
tent correlation between velocity and carbonate content; 
the same lack of correlation appear s in numerous marly 
layers in other cores that we have recovered from shal
lower depths , in agreement with previous empirical 
studies.6

• 24 The principal control on velocity in the cal
careous beds probably is mean grain size; thus clay
size and fine sill-size nannoplankton marls have rela
tively low velocities, and velocity peaks occur when silt 
and sand-size foraminifera are abundant. 

C. Velocity versus density 

As determined in previous studies6' 21 there is a gen
eral increase in velocity with increase in wet bulk den
sity (Fig. 13). At densities below about 1.5 g/ cm3 , vel
ocity is nearly constant at 1520± 13 m/ s, although it 
may increase slightly at the lowest dens ities. The range 
of velocities at densities less than 1.5 g/ cm3 is con
siderably smaller than that determined in previous 
studies. Compared to plots by Horn e / al. 14 the scatter 
is reduced by nearly 50%. At higher densities {that i s , 
where silt and sand beds were measured) the scatter 
in velocities i s only s lightly less than that in previous 
work. Part of the observed scatter may be due to the 
fact that some velocity measurements were made on silt 
beds thinner than the velocimeter probe spacing, thus 
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giving only minimum velocity values; in addition , some 
sill beds a lso were thinner than the size of the bulk - prop
erty sampling syringe, so that lower {i.e., clay-type) 
densities may result. However, these uncertainties 
normally are paired on a given sample and they s hift the 
data point along the density- velocity trend so that their 
scatter- producing effect is minimized . 

The tighter distribution of sample points in the ve
locity - density plot of F ig . 13 as compared with pr evious 
studies results partly from the fact that our data are 
from only one morphologic pr ovince (abyssal plains), 
whereas Horn et al. 1

'' lumped their abyssal- plain sam
ples with data from surrounding environments. Ham
ilton6 has demonstrated that in the Pacific basin s ig
nificant differences exist between such data groupings 
for abyssal plain, abyssal hill, and continental terrace 
environments. Despite the improvements in velocity
density correlation shown in F ig. 13, enough scatter 
still exists that one parameter cannot be used to pre
dict the other with the accuracy normally required in 
ocean acoustics work . Approximations of in- situ ve
locity can be derived from wet density, but mean grain 
size probably remains the better predictor .6 

D. Velocity versus porosity 

Velocity and porosity exhibit the same inverse rela
tionship previously demonstrated by other investigator s 
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(Fig. 14). The relation also is approximately the in
verse of the velocity/density relation, modified only by 
the generally small effects introduced by variations in 
grain density. Like the plot of velocity versus density, the 
scatter is minimized because the data are restricted 
to abyssal-plain samples. Porosity may be a slightly 
better predictor of in- situ velocity than is wet bulk den
sity (Figs. 13 and 14). 

E. Density X (velocity)2 

The product of density times the s quare of velocity 
is an important term in equations relating constants in 
elastic or viscoelastic media7

•8•
25

: 

Lame's constant A. = (3/l - p~)/2 , (1) 

Poisson ' s ratio a= (3/l - p V !l/ (3/H p v;) , (2) 

Rigidity (s hear) modulus JJ. =~ (pV! - k), (3) 

Velocity of shear wave vs = (JJ.I p)112 = u cv;- k/ p) ]112
' 

(4) 

where /~ =bulk modulus of the water-mineral system. 
Hamilton8 demonstrated that most naturally occurring 
unconsolidated marine sediments have a small but sig
nificant r igidity (JJ.) and that the Wood equation,26 which 
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FIG. 9. Core RC19- 20, western Nares Abys
sal Plain; explanation in Figs. 2 and 4. 

does not include rigidity, is inappropriate to apply to 
most marine sediments. 

The values of pV! determined for sediments of western 
North Atlantic abyssal plains show very strong cor
r elation with porosity (Fig. 15), as was similarly demon
strated for Pacific sediments by Hamilton.6 P orosity 
therefore provides a useful index to pV! that allows 
calculation of other constants [Eqs. (1 - 4)1 in the absence 
of compressional-wave velocity measurements . 

A significant deviation from this correlation occurs 
in a number of sampl es from the most "distal" abyssal 
plain cores (bold symbols, Fig . 15). All of these sam
ples are c lay -size sediment of low grain density (~ 2.50 

g/cm3 ) that probably have been preferentially t rans
ported to these ·" distal" locations because of their low 
density . It is likely that these samples contain large 
quantities of montmorillonite and that the low grain den
sities result from water adsorbed in the crystalline 
lattice . Such expansion of the montmorillonite lattice 
s hould produce bulk samples of lower porosity and lower 
wet-bulk density, shifting sample points as observed in 
Fig. 15. Thus, in "distal" abyssal plain environments, 
por osity may not always be a r eliable ind ex to p V !· It 
also should be noted that Tucholke and Shirl ey9 deter-
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FIG. 10. Core RC19-33, Nares Deep Fracture Valley ; ex
planation in Figs. 2 and 4. Lower recording gain was used fo r 
3.5- kHz reflection profile a t left. 

mined that laboratory measurements of V ~ corrected 
to in -situ conditions are about one percent lower than 
in- situ values for pis ton cores from the Nares Abyssal 
Plain. They attributed this difference to reduction in 
the frame bulk modulus , k1 , and/ or the rigidity (shear) 
modulus, 11, due to visually undetected disturbance dur
ing the coring process. The potential effect of this ve
locity reduction therefore should be recognized in any 
calculations . 

The in-situ system bulk modulus , lz, inEqs. (1) - (4) is 
dependent on the aggregate bulk modulus of mineral 
grains (/? s), the bulk modulus of pore water (lz), the 
"frame" or "skeletal" bulk modulus (lz1), and the frac 
tional porosity (n) as shown in Gassmann' s 25 equations: 

k =k k ,+ Q Q- kw(k , - 1?,) 
s k s + Q ' - n(lz - k ) s w 

Each of the component bulk moduli can be calculated 
and derived from empirical data r eported here and by 
Hamilton 7 as outlined in Hamilton 's paper. 
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FIG . 11. Core RC19- 29, eastern Nar es Abyssal Plain; ex
planation in Figs. 2 and 4. Hyperbolic echoes at lower right 
near 5980- 6000 m probably originate from disruptions at con
tact between laminated turbidites and nonreflective pela gic 
sedime nts; both overlie " basement " at 6050 • m. 

F. Environmental distribution of properties 

1. Introduction 

Interaction of an acoustic signal with the oc ean bottom 
normally occurs over a large area, and the s ignal 
r esponse is an average over both this area and over 
some frequency-depend ent depth into the sedimentary 
layer s. Therefore, over most geophysically useful 
fr equencies (a few he rtz to a few kilohertz) where s ig
nificant signal penetration into the sediment column 
occurs, vertical inhomogeneities in the sedimentar y 
layers play a significant role. Becaus e of these in
homogeneities, "seafloor" acoustic character (within a 
few tens of centimeters of the ocean bottom) may differ 
significantly from "seabed" character (tens of meters 
or more into the ocean bottom). "Seafloor" acoustic 
cha ract er is important at f r equencies of tens of kHz 
where s ignal penetra tion is minimal , but at the con
ventiona l 3 .5-kHz (or 12-kHz) fr equencies cons ide r ed 
in this and s imilar studies , signa l penetration normally 
i s tens of mete r s or mor e and "seabed" acoustic char
acter becomes impor tant. Both sets of characteris tics 
are cons ide r ed in the dis cussion below . 
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FIG. 12. Distribution of measured velocities (corrected to in
situ) in piston cores from the Hatteras and Nares Abyssal 
Plains. Arranged from strongly reflective seabed (upper left) 
to weakly reflective seabed Uower right) environments (see 
Table I). 

2. "Seabed" acoustic character (whole-core analyses) 

"Seabed" acoustic character can be reasonably ap
proximated by using whole-core averages of properties 
measured to depths of 10-12 m into the seabed. 
Arranging the cores in a gradational sequence based on 
whole-core properties (Table I) shows that these prop
erties do not vary simply as distance from the mouth 
of the source canyon ("proximal" to udistal"), nor do 
they vary directly with distance from the axial flow path 
of turbidity currents onto the abyssal plain (i.e., with 
"dynamic regime"). Instead, the whole-core properties 
are primarily a function of the vertical distribution of 
high-velocity (i.e., coarse) beds which is determined 
both by the above parameters and by local and regional 
basin geometry. The whole- core properties of sedi
ments with a few thick sand beds are very similar to 
those of sediments with numerous thinner silt beds. The 
acoustic envi ronment of two s uch sedimentary provinces 
will be similar even though deposition was under 
markedly different dynamic regimes and in much dif
ferent proximity to source. In this report, whole-
core properties that are det ermined largely by the 
presence of coarser, high-velocity beds are considered 
representative of regions of strongly reflective seabed; 
this is in contrast to fine-grained , low-velocity, and 
low-density sediments that are typical of weakly re
flective seabed environments. 

The gradational sequence of whole-core properties 
in Table I can be subdivided into four groups. The first 
group of cores, RC20-27 and RC 20- 26 from the northern 
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FIG. 13. Plot of in-situ velocity versus wet bulk density for 
sediment samples from Hatteras and Nares Abyssal Plain 
cores. 

Hatteras, represent strongly reflective seabed and 
have the greatest variance in properties. Core RC20-
27, recovered off the mouth of Hatteras Canyon, con
tains a thick, graded sand bed and consequently exhibits 
the highest average velocity and wet bulk density of all 
the cores (Fig. 2). Core RC20-26, recovered near the 
southwest margin of the canyon mouth, contains num
erous, thinner graded sand beds of high velocity and 
density (Fig. 3). However, in average velocity and bulk 
properties, this core is virtually identical to core 
RC20-21 recovered from the southern Hatteras Abyssal 
Plain much farther from the source area; as noted 
earlier, the similar average properties result because 
RC20-21 contains more numerous, but finer grain
size, graded silt beds (Fig. 4). 

Cores from three areas, the northeast Hatteras 
Abyssal Plain, the central Nares Abyssal Plain, and the 
Kane Fracture Valley, represent less reflective seabed 
environments (Table I) . Whole- core properties are 
virtually identical in all these cores although detailed 
sedimentary structures and depositional environments 
vary markedly (Figs. 5-8). Core RC20- 28 from the 
northeast Hat teras Abyssal Plain is the only core with 
megascopically graded silt beds and these high-velocity 
beds are fairly thick and widely spaced. Proc eeding 
toward more "distal" environments in cores RC20-18 
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FIG. 14. P lot of in-situ velocity versus porosity for sediment 
samples from Hatteras and Nares Abyssal Plain cores . 

and 19 (central Nares plain; Figs. 6 and 7) and core 
RC19-37 (Kane Fracture Valley; Fig. 8), the silt beds 
become thinner and finer grained (and thus have lower 
velocities), and they are more numerous. It is puzzling 
that the "distal" sediments in the Kane Fracture Valley 
contain several thick silt beds. They probably are 
not derived from a local source because similar beds 
do not occur in the adjacent Nares Deep Fracture Valley; 
they may represent nearly tota l deposition from turbid 
flows trapped in the virtual cul-de- sac of the Kane Frac
ture Valley. 

Cores from the southwest Nares Abyssal Plain 
(e.g. RC 19-20 ; Fig. 9) and Nares Deep Fracture Valley 
(RC19-33; Fig. 10} contain substantially fewer or no 
silt beds and thus form a group whose whole-core prop
erties describe a still less reflective seabed environ
ment. It is notable that sediments from the more 
"proximal" southwestern edge of the Nares Abyssal 
Plain (RC 19-20, Fig . 9) have fewer high-velocity silt 
layers and define a less reflective seabed than lhe sedi
ments from the more "distal" central Nares Abyssal 
Plain and Kane Fracture Valley. This probably occurs 
because these sediments were deposited farther from 
the axis of turbidity-current pathways impinging on the 
Nares Abyssal Plain. 

The cores from the eastern Nares Abyssal Plain con
tain no silt beds and rarely exhibit silt partings. They 
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form a group whose whole-core properties describe the 
least reflective seabed observed in this study. 

The whole-core properties s how marked gradations 
through the sequence of acoustic environments just 
described (Table I). Whole-core velociti es range from 
1636 m / s in the strongly reflective seabed of the north 
central Hatteras Abyssal Plain to as low as 1521 m / s 
in the least reflective seabed of the easternmost Nares 
Abyssal Plain. The same pattern is observed in dis
tribution of maximum velocity on a sample-by-sample 
basis (Fig. 12). In the regions with a more reflective 
seabed, ve locities are distributed over broad ranges, 
and they progress to very narrowly defined ranges in 
less reflective seabed areas. Velocity gradient in these 
cores does not show any marked gradation (T able I) , 
but the significance of s uch gradients, which were cal
culated in the presence of numerous high-velocity beds , 
may be questionable. 

A gradational decrease in wet-bulk density toward 
the less r e flective seabed environments is observed in 
the whole-core analyses (Table I) and also occurs in 
distribution of maximum density on a sample-by-sample 
bas is. This decrease relates to the progression toward 
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finer grain s izes and is accompanied by complementary 
increases in por osity and water content. The decrease 
in whole- core grain density from 2.72-2 .75 g / cm3 to 
about 2.60-2 .62 g/ cm3 (Table I). The decrease in grain 
density probably reflects decreased competence of tur
bidity currents to transport the denser particles to 
more "distal" e nvironments. 

3. "Seafloor" acoustic character (surface analyses) 

Acoustic properties determined on the basis of sam
ples from the upper 20 em of the sediment column 
("seafloor" properties) are listed in Table I and plotted 
in Fig. 16 in the same order as the whole- core prop
erties discussed above. Although gradations occur 
from the strongly reflective to the weakly reflective 
seabed regions, they are much less well defined than 
the trends in whole-core properties. If the cores were re 
ordered to produce a uniform gradation in seafloor 
acoustic properties, the organization would make little 
sense in terms of the overall depositional or acoustic 
environment. Therefore, as noted earlier, the use only 
of seafloor properties may be misleading when dis
cussing acoustic environments at frequenci es where 
subbottom penetration of tens of meters and more is 
achieved. 

The ratio of surface-sediment velocity to bottom
water velocity (V; V ..,) shows a general decrease to
ward less reflective seabed regions (Fig. 16), but sig
nificant exceptions occur in cores from the northern 
Hatteras Abyssal Plain. The surface sediments in core 
RC20-27, and possibly in RC20-26, are hemipelagic 
clays that· bear little or no relation to the underlying, 
environmentally characteristic, graded turbidite sands. 

The Rayleigh reflection coefficient 

R = (p
8
V8 - p..,V ..,)/ (p8 V• + p..,V ..,) , (6) 

(where Pw and p
8 

are water and sediment density) shows 
a trend even less well defined than that of V/V.., . The 

4.00 

v, 
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STRONGLY REFLECTIVE WEAKLY REFLECTIVE 
SEABED SEABED 

FIG. 16 . Ratio of in-si tu sediment velocity to bottom- wate r 
velocity (top), Rayleigh r eflection coefficient computed from 
equation (6) (center), and computed bottom los s (lower) all for 
" seafloor" samples within 20 em of the sediment surface ; 
arranged a s in Table I from area s of s trongly r e flective (left) 
to weakly reflective seabed. 
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less reflective seabed environments of the Nares Deep 
Fracture Valley and eastern Nares Abyssal Plain have 
higher computed seafloor reflectivity than more "proxi
mal" regions. The increased reflectivity relates di
rectly to increased near-surface wet-bulk densities 
(e. g., Figs. 10 and 11) that could result from improved 
grain packing in these distal environments where slow, 
particle -by- particle pelagic deposition occurs. 

Computed bottom loss, (BL= -20 logR) shows a trend in
ver se to that of computed reflection coefficient but has 
the same complicating factors. Although bottom loss 
is relatively low (15-16 dB) in much of the region of 
strongly reflective seabed , the value of 16.7 dB in 
hemipelagic clays overlying graded sands in core 
RC20-27 is not significantly different from the 16.7-
17.5 dB bottom loss in the regions of weakly reflective 
seabed. 

It is reasonable to conclude that "seafloor" acoustic 
properties are not a wholly valid method of predicting 
acoustic environments of abyssal plain areas. Such 
"seafloor" properties may differ significantly from 
the properties of immediately underlying sediments 
because pelagic, hemipelagic, and turbidite deposition 
occur intermittently on abyssal plains and each process 
produces a markedly different acoustic signature. 

F. Correlation to 3.5·kHz echo character 

The gradation in acoustic character observed in the 
whole-core properties also is observed in 3.5-kHz ec ho 
character. The gradation is present but is Less well defined 
in 12-kHz records because of more limited signal pen
etration, and 12-kHz records therefore are not con
s idered further here. Because all our 3.5- kHz records 
are analog recordings acquired under varying weather 
and instrumental conditions, their correlation to whole
core acoustic properties is purely qualitative. Four 
kinds of echo variation tend to characterize the acoustic 
nature of abyssal plain sediments: (1) Degree of back
scattering , (2) prolongation of reflected s ignal , (3) 
reflector resolution, and (4) signal penetration. 

In areas of strongly reflective seabed (Figs . 2-4), 
3.5-kHz records usua lly exhibit a great deal of random 
subbottom noise or "acoustic haze"; this backscatter
ing contrasts markedly with the clean subbottom signals 
in weakly reflective seabed environments (Fig. 11 ). 
The backscattering is developed only where thicker , 
us ually graded sand and silt beds were recovered in 
piston cores; it is likely that bedforms with spacing 
on the order of a wavelength (about 40 em at 3.5 kHz) in 
these thicker turbidites are r esponsible for the signal 
scattering. If bedforms are associated with thinner 
turbidites in the more acoustically subdued environ
ments , they may have such small spacing that similar 
signal scattering is reduced or precluded . 

Prolongation of the echo return (i.e., prolonged echo27 ) 

also is characteristic of strongly reflective as opposed 
to weakly reflective seabed environments (compare 
Figs. 3 and 11). Damuth27 showed that increased echo 
prolongation occurs with incr eases in the amount of 
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coarse material and the thickness of coarse beds in 
piston cores, and this observation also applies in the 
present study . How ever, it is also true that numerous , 
closely spaced thin sill beds can give a pr olonged echo 
(Fig. 8). The ec ho prolongation therefore probably is 
due to two separate effects: (1) Increased backscatter
ing from thick, coarse beds as noted above. and (2) 
complex signa l interference and "ringing" caused by 
reflections fr om numerous closely spaced beds. Com
pared to regions of strongly r eflective seabed with 
thick coarse beds. the occurrence of numerous thin 
and close ly spaced beds can be distinguished by are 
duction in random backscattering, increased definition 
of individua l reflector s (w here resolved), and generally 
increased subbotlom penetration (compare Figs . 2 and 
8) . 

Reflector resolution generally improves from strongly 
reflective seabed lo weakly reflective seabed environ
ments (Figs. 2-11 ), primarily because of reduced sig
nal scattering. A marked improvement occurs in re
gions of weakly reflective seabed because closely 
spaced coarse beds are r are and signal interference 
therefore is reduced. Il must be recognized that higher 
recording gains usually are used in these regions, and 
reflections generated al smaller impedance contrasts 
therefore can be resolved (Fig. 11 ). The same r ecord
ing gain in an area of str ongly r eflective seabed prob
ably would result in signal saturation for all subbottom 
data. This gain- dependent recognition of r eflecting 
interfaces generally prec ludes using the number or 
spacing of r eflectors as an index to the acoustic nature 
of the sediments. 

Signal penetration a lso improves from strongly re 
flective to weakly reflective seabed regions (Figs. 2-
11). However, signal penetration again is strongly 
influenced by recording gain (Fig. 10), as well as by 
other system and weather conditions. and signal pen
etration a lone is not a reliable indicator of the acoustic 
environment. 

By itself none of the above variations in echo char
acter is totally satisfactory in defining the acoustic 
environment. Taken together, however, these factors 
are qualitatively useful in predicting the fr equency of 
occurrence and thickness of coarser beds and thus the 
gross velocity and physical properties of the seabed. 

No attempt has been made in this discussion to cor
relate individual impedance contrasts observed in cor es 
with reflectors in the 3.5- kHz records. Some cor
relations are obvious (e.g., the impedance break and 
reflector near 6 m subbottom, Fig. 5), but in most 
instances beds of contrasting impedance are so closely 
spaced that signal interference either totally masks 
reflectors (Fig. 8) or "constructs" a reflector at a 
position inappropriate to the known impedanc e break 
{Figs. 7, 9) . Mayer12 has provided an elegant demon
s tration of the s ignificance of such interference ef
fects in records of this frequency range (2, 4, and 6 
kHz) . 
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IV. SUMMARY AND CONCLUSIONS 

Measurements of compressional-wave velocity and 
bulk physical properties to depths of 10-12 m in seven
teen piston cores recovered from western North Atlantic 
abyssal plains show the following: 

{1) The general acoustic character of abyssal plain 
sediments i s strongly related to the frequency of oc
currence, mean grain size, and thickness of high-ve
locity beds beneath the seafloor. Thick turbiditic sand 
beds characterize strongly reflective seabed areas 
and fine-grained c lay turbidites create weakly reflective 
seabed environments. Distribution of coarse beds 
probably is controlled by a combination of factors: Dis
tance from source, position relative to turbidity-cur
rent flow axes, regional and local basin geometry, and 
seafloor s lope. Thus seabed acoustic character is not 
simply a function of proximity to source areas, and 
weakly reflective seabed environments often occur in 
more "proximal" areas than do more strongly reflec 
tive seabed environments. 

(2) The acoustic character of abyssal plains is most 
successfully predicted by using whole-core analyses 
that average the entire range of lithofacies and prop
erties at a given location. Because deposition of tur
bidites is sporadic and alternates with pelagic or hemi
pelagic deposition, the Lithologic and acoustic nature 
of "seafloor" sediments (within the upper few tens of 
centimeters of the sediment column) is laterally highly 
variable and often much different from immediately 
underlying sediments . Because acoustic s ignals with 
frequencies of a few kilohertz or less penetrate tens of 
meters and more into the seabed, use of "seafloor" 
properties in predicting acoustic character of abyssal 
plains therefore can be misleading. Although compu
tation of reflection coeffic ients and bottom losses are 
more complex when subbottom layers are considered, 
such computations probably predict the acoustic en
vironm ent more accurately than the use simply of "sea
floor" properties. Cole28 and Hastrup29 have discussed 
approaches to the problem of considering subbottom 
layers. 

(3) Qualitatively, 3.5-kHz ec ho character across 
abyssal-plain regions correlates rather well with 
whole -cor e properties. Strongly reflective seabed 
areas with thick gr aded sand layers show maximum 
acoustic backscatter and echo prolongation, and min
imal signal penetration and reflec tor definition. These 
relations are reversed along a gradational trend to 
weakly reflective seabed regions where no high-velocity 
layers a r e present. 

{4) Relations previously documented between com
pressional-wave velocity and density, porosity, and 
mean grain size are confi rmed by this study. However, 
restriction of in-situ velocity measurements reported 
here to only abyssal- plain sampl es considerably re
duces scatter in plots of these data. The samples 
reported here are representative of most environments 
in the Hatteras and Nares Abyssal Plains, and our data 
on physical properties and in-situ velocities of sedi
ments therefore form a sound basis for prediction of the 
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acoustic and elastic behavior of t he s eabed in these 
regions . 
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