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The ~co~’3tic and pH’. icai properties of bottom sed kiec,ts p lay a sig—

ni fic~r1t ro’e In the bottc~ r~~ lect Ion il ~~ of scund csi ssi~~:.

Refl -~ct or~ frog; the ocean bottom effect the total t~an sm i s s~on l~i s

a sound source end a receiver. In genera l these ~~ are nOt

so ~~~~~~ ca~culated from known or measu rab le  constants ~ a reg :ni nor

~~~~~~~~ be r~~dI1’! pred i cted in advance. An e - ~’n natc c~n of the f~i:da

r~cn~~1 r~~! ~t io~v be~ -.’e~a t he m t  :~nsi ty oi r l ~ c~ ~d ene rgy and t~i~

~~ the ~~~~~ is of VEJ L:e in 5:~~estinq the orG~ r of ay~~tude

o~ the Foss to be expected under ~r ious c jtj~ n~

-‘~~
-
~~~~~ a ‘-

~~~
‘ ~~ vay is r efI e c~ e~ ~~~~ ~~~ ocean ~~~~~~~ account ~~ st be

~1 ~ -~e 1t ~~.~t r~~~s i~ ~~~ it .u da and ~~~~5 3.  The c i ~~~) C~~?5 in

~~~~~~~~ t~or ~~~ ref) ~~~ed ray •~~v be qiv.~ Ly the Ray~ ~igh

~c?~ect~~~ ic~~n~: for p : 3 ~’~ waves.

o~ ~:h~ acoustic . :::~ s.~re hi a ~~~~ to the a~: ~a.ed

paF t ftla velocity is d i n ~’:~ a~ the ~~~~~~~ acoUstic i~ p.~darce o the

ft~~ The ~~~~~ 3’~l~~ acoust ic .  :~ edence iS ~ rea ’ quant~ ty u~

Pc ~~~ is a~~loçjcus to the ;~~chc nica l end elect r ic~l e~pres~ ions ror

~o~~~i d ’~ ~-n ~de~-~l p lane  s’n ~~ce sep a : at i ng  ~~‘o f lu i d  ~tied~ a . f  ecoust ~ c

• T . :~~~f ;eiel c 1 and e2 ~~ 
In the boundary plane bet~seen these t~ -’ ~r~~F j a

~~~~~~~ ~~ o:~~an~ conditions must be s~.t is f ie d at a l l  t i~ie~ . Thesc a : :e  ( I)

. .~~tlriuit’5’ of pressure and (2) conL~~~~~ ’ of nor~ al par~~cIe veloc ity .

The ~i : ;~ ccti - i t ~on requ i res th.~ ~ the acoustic ~~~~~~~ f the ~.a”~’ In

~Lt ~ se~ ~H e~w’l the acoustic pressure of the wave in ~he ~:lrst

cced u~ . Tl-~ second c~~~i t :n requ~ res ~c~• the c ’ .~n~ r:t ~f the l”~rt I d c  *: -

vel - ;~~ P’ , i..:~~r~~l to the b ~~n~~’ry plane b~ the same on both sk ~s o~ the

p lane5
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At nor~iol ~~~~~~~~~ (~~~z c)  ~~-cn~ ~~~~~~~~~~~~~~~~~~~~~ .ceduce to

Th V~~: _~~~C ~ ,~:,,c..
an~ -

— ——-~~~
--

~~~~~~~~~~ 
— 

• 

(6)
~~~~ + ,o,c.,

The reflection coefficient, R; nay a1z~o be ~ritt2n as

-R ‘~ 
- 

-

~k ~~~~ 
afr (7 )

These ~ ‘essure ratios may be i~anoformed into ratios of acuus tic

intensity t~y -using the relation 
~~. me ratio of intensities

/
oc

~

i9 then

~~~~~~~~~~~~~~~~~ ~~ L.-. and ( 8)I~. V~ [pa. 
~~~~ 

.

~

- ~~~~~~~~ ~~~~~~

~~~~~~~~ ~~~~~~~~~& L ~~~S~~ S~~~~’
‘ ~‘P~~,G~c~) [1

,~* C.. c~~~~~

The loss in decibels per refloction w~y be conputed L~ ~a 5 ;

Lo~~~in cTh~~~2O lo~~R (10)

wh~~e R is the Ray1ei~ i reflection ~ -

When the velocity of sound in th~ bct~on is ~rc~.tor t -~i~ ri the

velocity of sound in ti’~e ocean (c .~~ c ) ~~ an.pl-i tudo o.t’ tt~ reflected

wave will increase from a fir~ite ~~~~ ~1- :.?o:~’i~~i. incide~ice to s 151ue

of uiL~v- ( perf ect reflection) at t1’~ •Vv~~ an ’lr z~nd re iain at

unity out to ~ ‘azing ins~icj~nce (ø ,~ ~~~~~~~~~~ Tne cri-~~eai angle i.e

~~~~~~~~ ~~L-4~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~The most rapid rate of increase is rimediate]~r oe1 c~ t~ .- ‘ ..r~ -

angle 0 The phase change is friin 0 degrees at the critIcal a~ -~le

to 180 degrees at grazing incidence (~ ~~
If the velocity of sound in the sediment is less tlia. . ti~-

velocity of sound in the ocean(cj(4)ithe reflec tion coefficient

decreases from a finite value at nonnal incidence to 0 at an engLe

of incidence

~ ~~~~~~~~~ 7 
.

At the angle of introm tssion~ &~. ~ all sound ener~ r will ~
- -
~~ ~~ • -

mltted into the bottom0 Foz~~)4~the rei’lected ~~&VC ±8

in phase by 180 degrees and the reflection coefficien t ~
rapidly to a ‘value of 1 at 4’~~t~

One of the major uncertainties in the ~~~~~~~~~~ ci f h -~ r~ -~

flection coefficient is det’armiiy. ~ the -in 8ith dens ~~ &~~~ d ~ n~ t

aediments~ In situ aed.tment ve1oci~ia~ may be ~~~~~~~~~ by ~~‘i~~i

methods whereas in situ sediment d~naitiea a~e deten~iin’~d in Ji~

laboratox~y~. Sedi~nent sound velocities are also caJ~ cula~~~ I r the

laboratory arid agree quite well with Sei8aic res~ilts - S .ci~~ mec~ —

urements of water temperature and salinity are nec s~arj .:or deter-~
mining sound ray path~ ar 4 water denaity .

Whenever acoustic and pP~’sica1 propartisa are diocusaed.; sedi~
ments must be defined rather precisely The term mud i~ naef~il as

a fi’,ld term or as a term on charts 0 but is t~c~ va~uci w~e~ •~:act 
~~
. 

•*‘ 
-
~

determinations of physical ~~opertiea are made -~ Th~ nonenclature ~~~~ 

,.
.__5

in a~’~Ay~ing the eediment~ presented in th is repor t ts that 
- 

-
S - 

~
. -

‘ ~
• - S ‘ _ _5

~ ‘ I I• recommended by Shepard in which a eedimenL nanë t~ derI ~ed b~ the
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relative amounts of sand , sil t , and cla~’ prcsent T~~ followi ng

illustration is the diagram recommended by Shepard ;
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The sediments within any one i.~.vision may be further named

according to the Wentworth grade scale of particle diameters 0

coarse sand. l~00 - O~~0 z~mi

medium sand O~5O -• 002S mm

fine sand ~~- ~~- 1,-~125 ma

very fine sand 0~.l2~ 0~062 mm

silt 0~0ó2 O~00h ma

clay :ess than 0~,001~ mm

The density of a sediment is dependent on the densities of the

solid consti tuents or mineral grains~ the water in the pore spaces

between the grains, the gas tra-pned or formed in the sediment, and

on the relative amounts of thest ~onstituents 0

A small rnnrber of comrron minerals compose ~r:ost rocks The iin-~-

portent solid constituent s of unconsolidated marine sediments are

the mineral particles derived from these rocks ~, the mineral grains

which form In place ,, and organic deposits. After the sediments

are deposited on the ocean f~oor additional minerals may be fori~sd

1 
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by chemical precipitation or by the ~ ~~~-~ti~~ of other ‘- ‘- ‘

In detrital mineral ~tudie~ i~ iS co’~imon ~~~~ -~~ r~~~-~~ t~~ ~Sr -

erals in ~. }‘eavy liquid such as bromoform~ ~o that the ~~~ ~~~~~ 
-.. ‘

Th*t are cailed the ~lig~t~ ninerals (less than at ou~ ~ ~ g.

and those which sink are cafled the 1heavy ~’ m~~~~ais~
The light minerals~ wh±~h make ~p thout ;~~ ~f inr r~ ~~~~~ ar~

mai~~~r ~uax-t~z ~~- I~6 g/ce) and feldapars ~~~~~~~~~~~ ~~ - - ~~C~~~? ~~~~~~~~~~

dominanc*~ of light m Lnerels reaults in an ~~~~~~ ~~~~~~~~~~~ -~•~~t~~ ~~~~-

mos t. sands of about ~~~~ g/ca~

If ~~~~~~ sedimen t has an un ~al~ 
-
~~ l~rge ~~~~~~~~

-
~~~~~ ; of —~~ ~~~~~~~

the dena~ty of the aolid constituents wil~ • .~ ~~~~~~ ~~~~~ 
- .~ ~~~~

of 2 06S g. ’ -e It ha~ been found t~ the h~s~ v ~- -~-~t~~~ is ~~~~~~

trat,~d~~ the ~~~~ siz~~ of sand~~~-~ tha t~ 7($ th~i r v . ’~~~ - -~~~~

grains have median diameters between c- - - - ~~ an~ Q~ ~6 ~~~~~ -

The den~ih~,y of the solid constituents ~~i a ~ra~ ~. 
- -

~

pntod• aa foUow~ ~-; -%.et wt of di~eiit -
~ ~~ of sea ~~~~~~~~~~~

Density of $~)lids 
_ _ _ _

total V01Um6 ~~~ 8~tP~)1& 1~~•’ ~~~~~~~~ 
~~~~. ~~~~~8 ~t ~~‘ .

The in sit-u density of shallow ~~~~~~~~~~~~~~ ~~~~~~~~~~
- -‘ vs~ies ‘

i~O2 and 1-03 ~~~~~~~~~~~ The deasity of bottom ~~~~~~~~~~~ 
- ;r~a- -”~ ~~~~.

• to about lC O~ at 3~,OOO fa thoms0

The porosity of a rock IA*~~ be defined as th~ ~e e~t~ j :€~ c-~ p~ra

space in the ‘-~ t.~d volume of the r4~’c~: - , ~~ e~~ ~~~~~~ Sy —~~~~~ ’. ~~~
S by solid mineral matter 0 The poro~~ ~-y ;t a~~-~’” ~~~~~~~~~~~ ~~~~~~~ ~~~~ -v. ~o ’-~

trasted with the effective or available ~~ r~’ spac~~ Th•~ ~~ ~ ~
apace incl-sdea sU interstices or v- ) .~ -i~, and ~~ larger ~ ~

6
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Tab’e

Sed iment data and computed bottom loss

!~ed!aia Inipcdance ~eflection -

Sed3aent grain diem Porosity Donaity ~te1ooity (1O~gi’cm’ see) loas
type (mm ) (

~
) (g/oc ) (ft/eec ) ( pc... ) (db ) ~~~si

Med.j .um sand 028h 39 1099 6oC

Medium sand ~27O l~50 6690 3~O6 9~.8

• Medium sand -,2~9 1s2 L~9S 3~2~i 9~O

• Medium sand ~~~~ t~3 l~9~ 3~~~)46 8~~~1~~

Fine sand - 176 1~96 ~~76 3~33 808

Sandy coar se ~0~9!~ 61 1.~62 ~~76 2~76
silt

Sandy coarse ,O~63 ~7 i- c - 77 ~90)~ 3~,19
silt

Sandy coarse 6S 1~6O 14907 2J4 0 134k
nilt

Coarse silt ~O~3 63 i~9f3 2~t~7 i2~8

C1a~~y sandy ~0~i.6 66 1o56 4q87 2j3 1~3~9coarse silt

Medium silt ~~~~~ 61 1 63  f~~~~~~3 
2~ 76 U0)

• Fins silt ~OO91& 6~ l~.60 2~51~
Fine silt ~OO78 69 1~5l~ t~9~3 2 - ,33 ]lk~ 

8

Fine silt ~OO73. 61 1q62 ~35O ~~~~ 1~3~O

Fine silt ~O07O 69 ~21~8 2 -2C 3.~~3

Very fine ~OO66 79 1~3~ li.88i~ 2~Cfl. 17:6
i _ S ailt

v~7 rj~ .~oo63 1~7t~ %1o 2 92 1O,~silt

Clayey very ,O~~8 76 1O1CL 14097 2 - 2 0  i6~~fine eilt

Claysy very ~OO~2 78 1~37 lj .887 2)0~ 3.8 7
fine silt

c~~vey very ~OC~O 1o2i3 1~9~3 2q16 16J4
fine silt

7
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rhine ~~lt

Coarse clay :OD~~ 69 ~ . 77 15th,

Coarse clay ~OC33 :‘~ . 77 ?-?7 lO~3

Coarse clay 00Q3C’ 71~. ~ ~~ 0 2~28 1~~S

Coarse clay ~• o~~8 2 ~952 2 . 2 7  i~- 14,
Coarse clay ~O02~ 8,3 -! . .~~~~. i~E,L ‘LC~~
Coarse clay ~.OO2O 8]. ~ .~~? 2O~0

Coerce clay -M020 ~~
. .~~

.) 
~~~ 93 ‘0,_SO

Coarse clay ~.002O ! .~~

Coarse clay ~~~~ 82 1 ~~: . ~~~~~~

~ifecti~t~ ~~~~ ~~~~~ :-:~ ~ w~i~ - - . ?~~ 1~~~~~~~. ~~~ ~t~T ~~~~ -b ~‘ 7~~~~~~~ •~~ )~~~~~ ~~

water f±l ’~ d.-

Porosit~r ~~~~
—
~~~

- 
~~~ .i~•:~ - -~ . f ’ r ~~~~~~~~ ~~~~ j - - - - -

~~~~ S

Original poroaii~y Is ‘- -i .~.n:~ .rc’nt c~ : .‘: -
~~~

‘- 
~~~~~ ~~~ —~~- m r- : Tr- . .~

at ~ ie t~uuo thc ~c 2 ~~ic~ ~~ ~j as i~~r~
- 

S p-~-:-~ ~ ~;- - ‘.-~s k

la yer changos9 ~.~ :Lch ~-~y ii~ rr-~sr ~~~~ c~
-
~~

--~ ~: - ~~~~ ~~ ~~~~~~
The i: ~~. ~:-~‘-~ ;.1ty ~f t~c s~~~ :-~~i ~~ ~~~~~~~ l~ tini•-

f-~r~iity c~f grain ~~~~ -~2)  shape -~~~ ‘-~:ti ~~ ~3)  ic~~t ~~ c~~ - ~~~~~~~

and i~anner of ~~~ :~~~~-~ .ui ci (LL ) c~;~’ - - -
~~~~~

;-
~~~ ~~~~~~~~~~ deposition.

Theoreti~a1iy~ ~‘~~ual i~ a1.n ~ ~~ 5 •~~~r~i -
~~ . ~o:’~sit

iT~~~~-r~, ~~~~~ has been fo~r4 -Um’~. ~~ _~~~‘~~c~ - - i ~~ ~ ~~~~~~~ :~~v-~ ;a

‘~ c - ~’( -~i ~:- thafl t~ •~~ r~~ •r~~ —r; --’- ~~ :r-~ ~~~~~~ 
t, i ~~ ‘h~ no~ec-

that s .) ’~. - 
~~~~ ~~~~~~ ‘

~~~ 
)~,1~~r r L ~) T S. .~~~~3 ) ~t.c’L c-n - -~~~~~ :~~ • ; ~ 1 ~nay be

a~ :tr-_fJ ~r-<~tn~ :-‘
~~~. :~ - - - ~~ roe~.t;~ -~ ~~~~~~~~

Sand rains~ because o~ their ~ 
- c~~ sink o~~.c -~~~~ to t~~

bottom 3.1L 5~ th5y 5~’5 +~~ j~~~~ S~?fj ~~~~ ~)p 
~~~~~~~~~~~~~~~~~~~ 

}~~ ~~ ;.: ej
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water on their surfaCes or by intermolecular forces , they asswne a position

among the other grains on the bottom under the influence of gravity and

bottom currents. Sand and coarse—grained silt-sized particles either

assome a single grained or mixed grained structure . ~ihether the grain

size is uniform or nonuniform is of fundamental Importance , The highest

porosity is obtai ned when the grain s ar e all of the same size . It has

been shown that equal-s ized spher es , if regu~ta rly packed , will have

porosities ranging fr om 26% to 48% , Naturally deposit ed sands of uniform

size have porosities ranging from 23% to about 50% . If finer -gxained

particles are added to the uniform assethia ge the Po~caity wi ll be low-

ered. This is due to the interstices being occup ied by the finer part-

id es, thereby leaving less room for the interstitial, water .

The finer-grained sediments generally possess greater poros~~y

chiefly as a result of two factors ) The finer-sized particles have

filma of water absorbed on their surface aud are affected by inter-

molecular forces. ihen these particles fall to the bottom they will

most likely stick to the grain on which they first fall , They will be

‘I 
• held there oy intermolecular f orces and will form a three dimensional

hone
~
y—c

~~~ 
structure. Smeller particles also tend to be less rounded

than larger particles , a phenomenon which is known to produce an in-

crease in the original porosity. These factors tend to increase the

porosity of the finer-grai.ned sediments .

Grain shape is another factor that will .~ffect porosity , Labora-

tory studies show that minimum porosity is obtained with disc-shaped

particles. These studies show that the addition of pla y minerals,

such as clay and .ca , to sediments will increase the porosity con-

sid.ra bly. Crushed mica has a maximum porosity of 92%.
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-ua-t er a~ic ~ rj~- p~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~
-; a : .-:~~.t ,.-j~n~ ~i-

~sy be expresse~3 a~ f ( ~~~),ft~ ~ ~~~~ ~1-n1~7 is n ~~~ ‘~~~~- . ~~

relaUonship in ~~-~i~ib wet density ~~~~~ ~~~~~~~~~~~~~ ~r- t}~ ) S ~~~~~~~ I j ~~~~~~ .

be’b~een the oxtr’enie~ of no ~a~c’ and 100,~ ~at-:r--

If the m eat ;-~r~tiJ~ dsn~iiy of a. cairtpie is k~~-~n ~t -~~ 1d ~ e~n

be possible to predict ~~-~os~.ties - ~-x sc& -~en- ic~ of at i ~ ;- -~:tn size

S in a given-area~ The ~ncwr~ densit~ .~s pi~~:-th~ at ~ r-rr~ - - ~~

on a density verun ~c~- --c~- - .t~i ~T~-~~~- : (Fig I). A l ine Is tbsn dram between

this knz~m densi~ r ~~d t.h~ y~-~ r ~~~ ~~~~~ ~1~ 02~ ~~

porosity-),. The wet 3er.s~ t ~~ ~~~~ ~~~U:~z ~~~ -~~ -~c: . ~~,:- : i~.-

should lie ~ri~ or close ~o this 

2 - 6  --

S 2 -~3 - -

U

‘ ‘
pI -.’

~~ :L8 L
~ 1~-6 

-

1J4 

~

— 
.

- I -

• lc2 r
100 ~~~~~~~~~~~ -S

• 0 10 20 30 W) ~0 3fl ~~~~~~ )-1. 1-~~

G~ - )~t~~: (~
) t

Figur. I Sediment Wst Dens i ty vs Porosity

For sediments raxiging ft-on z~ed~.un2 ~~-t~ -. to - . -~r~ C ~-~1t ~—h ’~ por osity

varied from 39 to 6~% while the wet densi~~- ran~~- ~~~ i~- - ‘ -  ~~~~~~ 1) i~~

1~. 29 :~~/c~ The porosity ra~~o for- ~~~~ ~~~~ :-,~~i ts cr~d ~~~~
--
~~ is ~‘om
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Equation (13 ioes not hold :nr  ~~~~~i~i - -~ ~i- -~ -with median diameters

in the fine and very fine sand range b ’—~a~ise of the grain-to~.grai n S

contact which causes a more rigid str uct-ure ,. Equation (lh .i gives

some idea of the compressibility values for these aedimen ts~,

An exantnation of the date shows that the velocity of sound

in the botto m sediments, at various stations, is less than or near

the velocity of sound In th. water just above the bottom. Laboratory S

studies have provided a theoretical explanation ~or the low velocities

in the fine~-grained highly porous sediments -

These sedim ents are lacking a rigId elastic structure and the

eecmzinent particles are largely free to move in the sound field ~~

velocity behavior will follow that of a suspension. It a pears that

when the mIneral concentration reaches 23% (7?~ porosity) in a fine

gra tned sediment , a structure is assumed in which the era-. n - to — grain

contacts cause the sediment to assume elastic properties which were

not present in the suspension0 At this point the sedimnent assume~ a

me~iscrao1e rigidity,, its Poisson’s r-v~.i.o decrem~ses from 0 50 for fluida~
- S 

and Its compressibility becomes less than that of a fluid ‘- ,ix t-u~~ ,-

The elastic properties , previo usly smrall or ~bsent~ now become tin -

por tant in the computati on of the velocity of sou nd ~~d this velocity

increases. labora tory measurements indicate that there ~- -e mar 1~,r fine

• 
gra ined sediments with  ~ porosity greater than abou t 60’.~. ~‘rhIch possess - 

-

a loose structure and can be considered Lo conform approximately to

the beha-cio of a s-~ispens~ct~

A plot of v’ ioci ty vs ~~~‘o~~ t~’, shows an incre~-tse in velocity

with a decrease in porosity(?i~ 2 ) - .
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The veloci ty vs wet density relationship (F Ig 3) shows an Inc r sss

of velocity with wet density. A plot of velocity ver sus edian dianster
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secfiments Imsy either be greater than or less than the ve1ocit~ of 
S

sound in the water over1~ing -the bottom1~ Figures 9 and 10 are
plots of calculated values of the ref1ec~~.on coefficient va angle

a 
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Sy using tquaei n (10) it is possible to compute the reflection loss f rom

the re~1ectton coefficient , Fiaur.a U and 2 are ptota of ref lection

S l-38e vs angle of incidence, Figures 9 and ll(C,>C~) Sho~r that as the angle
O of incidence increases the reflection coeffieient decreases co ~e~-o at

- 
the angle of intro mission and the reflection loam increases ~*nti l all of

the sound energy La trans mitted into the bott om 0 At angles of incidence

greater than the angle of intromission th e reflection loss rap idly de-

creases to zero at& ~ 90. i~ng1e of
- — t~~~~~ iss ion

~~~,0-

~~~20.

-~~ — --

a)

~ 10

0 — -L 1 ____________
- 0 20 40 60 60 ~1.0o

Angle of incidence

F igure II Ref lect ion Loss vs Angle of Incid ence.

I4hen C,<CL the reflection b a a  ~zt i~ dec rease as the angle of inc idenc e

increases . At the critical angle and beyoi-id , a ll of the sound energy c~ill

-; be reflected (Fi g l1)~
A comparison of Figure . ii and 12 aho~.is th~~~ h Lgh ref &~ection

1~ 
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losses are obtained in those secthnente in which the aVO1OCjt~T of som~J

is less than the ve1ooit~r of sound in the water~ The average computed

reflection loen~, at nornal imideme~ was found to be about 9 db tbr

the fine and medium saxtda9 ]3 cib for the silts, aM 16 db for the o1a~rs~,
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