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IN TR ODUCTION

Thr ’ i -ener~l bathymetr~ of Block Island Sound is quite well known .
E~wever . inssffici.eri t knowledge of’ the detailed distribution of osoll
scale features , the time varying features , and the influence of navi—
gatLnal ir~a:c’uracics precludes a comp letely accurate description of

~be S~ u n 1 ’ s bathyinetry.

The area sf s tudy cornprises two physiographic provinces , i.e., the
Embayed Section of the Coastal Plain and the Upland Section of the New

~nr ~inn i Province (i). Tho bathymetry of Block Island Sound is due ,
Large l ,r , to a his&or ,r a t ’ up l i f t  arid erosion during the Tertiary Period ,
c’~nt  m o r t a l  glacial erosion and deposition processes during the Pleis—
t~ cene epo h , and ~uhsequent submergence.

The ge 1~raph L: a l  descri~tL~n of Block Island Sound as des c ribed by
Williams (2) will be briefly summarized here . Block island Sound is a

~ar t i a  Ll y closed b~~1y of water  wi th  an a r c a  of about 525 square miles.
Block i~~l a r ~i dou iii s ’parates Fisher ’s Isla n d , N . Y . ;  Montauk  Point , N.Y. ;
ar i l t~i~ isla nd . R. [. The adjacent wate r  bodies are Long Island . Sound
to th~ we : t , Rhode b lon d Sound to the eas t , Fisher ’s I sland Sound to the
north , a nd the t t L a n l .ic OQeah to the  sou th .

This les ’r ip f. I on of  the ba thyinetry of Block Island Soun d. , particu-
L a r l y  Lhr  BIFI SILO ? l ow Water  A u st i c  Propagation Rangea , is the f i rst
in a s~ r l •s of ~1amei m~mo randa descr ibing the geology of t~~ Sou nd.
Subre ~j o r i t . memor anda wi l l  d i s o u s s  d i s t r i b u ti n of phys ical and. aco ust ic
pr o p er ~ iou of the un t .o iidated ucd Lmerits , mineralogical  d i s t rLb u t i on ,
: e It mont th ickness  m l  La sement rock topography.
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This effort was undertaken to support the Laboratory ’s shallow
water acoustic propagation programs by defining the characteristics of
the bottori boundary along the acoustic transmission corridors .

HISTORY OF FORMATION

The basins of Block Island S:•ur~d and Long Island Sound , were prob-
ably formed by erosion during the TerSiary çeriol; between 2 million
and 60 million years ago.3

During the Eocene and Oligocene epochs southern Connecticut expe-
rienced cycles of gradual up1ift~, c~~~~1~n, an inun~ ation by the sea.
Following each uplift drainage was southeasterly from the eastern
Connecticut land mass as evidenced by the pattern across the exposed
sea f1oors.~ Block Channel appeared to be the trunk of this dendritic
drainage system , draining most of southern New England.5

Apparently, uplift continued from late Miocene — early Pliocene
time to the end of this Tertiary period . During this longer erosional
time span the valleys were widened and deepened ky the cutting away
of softer material. From sub-bottom profiler records , the depths of
these river channels imply that the land elevation was much greater
than at present. In Block Island •and Long Island Sounds the inshore
edge of the Tertiary fluvial0deposits formed lowlands, and a cuesta out
of the existing sedimentsj’°

Distribution of’ Tertiary deposits on land in southern Rhode Island ,
southern Conne ct icut  and Long Island is extremely limited . Where pre-
sent , these d posits are usually tess than 15 meters thick , and show
many out:ropp ings of older rocks. These deposits are chiefly non—
marine and contain l i t t le  organic content .

The close of the T~ r t i a ry  per iod was cLaracterized by a marked
land up lif t , and renewed. erosion . This a c t i v i t y  preceded the early
giaoial activity, which marked the beginning of the Quat ern ary  period .

During the Pleistocene epoch southern New England was invaded
several times by southward. advancing continental ice sheets. During
each g lac ia l  s tage the L ttom of the Sound was exposed above sea
le vel.  Each advance w oo followed by a warmer interg lacial period ,
during which the gl.a i c’ r s rec ’ ded’ n o r t h w a r d .  and the sea 1.evel rose.
The t i uv i a l  deposits of the Tert iary period in  Block Island and Long
Island Sounds were modified by gl.acial erosion and deposition. The
‘c )r l r lect icu t  River ’s pr o— g lacial outlet  at New Haven was diverted

eastwa rd to its present lucatioji at Old Saybrook.
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The maximum southerly advance of each glacial movement is usually
marked by the deposition of a terminal moraine . Two such moraines are
s!grcificant in this geograj hic area. The earlier deposit is referred
to as the Ronkonkoma-Nantucket mo raine, and is partially evident today
as Nontauk Point, L . I . ,  Block Island , Martha’s Vineyard , arid Nantucket
Island . The later moraine , called the Harbor Hill-Buzzards Bay moraine,
or, the Charlestown moraine , is partially evident as Orient Point, L.b.,
Fisher ’s Island , and the south shore of Rhode Island, through Watch
Hill , R . I .

It is estimated that a maximum sea level lowering of about 120
meters occurred during the last glacial stage , about 18,000 y~ars ago.
It is believed by some authors that Long Island , Block Island and
Rhode ~sj5nd Sounds were fresh water lakes during the last glacial
stage .7’ The last glacial retreat appears to have occurred about
12,000 years ago. It had little effect on Block Island Sound because
the meitwater of the receding glacier was trapped in Lake Worden , an
ancient glacial lake which formed behind the Charlestown moraine and
drained westward via the Pawcatuck River into what is now known as
Little Narragansett Bay.3

Today, the sea is still encroaching upon the land . Radio carbon-
dated samples show that the Connecticut coast has submer~ged about 3
meters in the last 3,500 years and about 8.L~ meters in the, last 8,000
years.ll Erosion of a shoreline is dependent upon the resistance of
the shoreline rock. Since a considerable pa rt of the Connecticut and
Rhode Island shorelines are formed by unconsolidated glacial deposits,
they arc changing quite rapidly.12 Profiles of the eastern Connecticut
shoreline show highly dissected terrances and cliffs that represent
ancient uplifted coastlines which were eroded by rising sea levels and
accompanying wave action . The eroded material contributes to the for-
mation of barrier beaches and bars generally running east-west , normal
to the predominant north-south axes of tributaries and embayments.
The stretch of ocean beaches extending from Watch Hill to Poin t Judith
constitute barrier Leaches which were built in part from erosion 5f
terminal moraines and other glacial materials, blocking off estuaries
to form lagoons that are locally called salt ponds. It should be
noted that the rate of erosion above sea level (sub-aerial) is usually
more rapid than that below. Thus, prior to rising sea levels the
bottoms vI~ these sounds were subjected to sub-aerial erosion. As
submergence progressed. waves and currents worked and sorted surface
sedim nts until sea l:evel rose sufficiently to place the sediments
beyond the influence of the waves. Since that time subsurface currents
have been the dominan t influence in forming the pre sent sediment distri-
bution . Throughout mu ch of the post-glacial his tory Block Island Sound
remained a relatively closed basin , protect ed from the de stru ctive
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forces of storm waves. This condition and the very small river discharge
into the sound since the Pleistocene have allowed the bottom to retain
many of its glacial and postglacial characteristics. Today, the
bulk of the surface deposits in the sounds are chronologically classi-
fied as Pleistocene .

TOPOGRAPHY OF BLOCK ISLA ND SOUND

The character is t ics  of the larger topographic features in the
Sound can be inferred from similar features  on adjacent land masses.
The eastern Connecticut rock outcrops tend to be aligned along a North-
North-East to S0uth— South-West direction , and dip West -Nor th—West  at
about a 100 ang le from the horizontal . The precipitous c~Lif f s  and the
steep escarpments of hills generally face East to Southeast , s loping
more gradually to the West-North-West. Basement rocks in Block Island
Sound have been observed from sub-botto~ profiling records to strike
East-Northeast and dip South-Southeast.

The bathymetry of Block Island Sound is shown in Figure 1, the
track chart for this data is shown in Appendix I. This data was
collected aboard the USIi S SANDS (T-AGOR-6) in 1967 , using a hull mounted
UQN-l 12 kHz echo sounder and a Gifft model GDR-IC-19T recorder; the
data is not corrected for tide height  or transducer depth (13). A
portion of the Sound south of Fishers Island and Watch Hill was not
surveyed at the time because this zone was res t ric ted .  Another avail-
able detailed bathymetric map which includes this zone is shown in
Figure 2. This chart was extracted from a larger U.S. Coast and Geo-
detic Survey Chart , number H.O. Misc. 15359-5A . The type ‘~f sounding
equipment used to collect the C & GS data in 1939 is not known.

A natural  division of’ the topography of the Sound appears to
ex i st .  The eas tern  half of the Soun d i•s character ized by a flat to
gradual  southeastwa rd s~ pping su r t o e c , wi th r e l a t i ve ly low rel ief .  The
western half also slopes ~outheastwer 1  but is dissected by many holes ,
submerged valleys and ridges.

EASTERN SECTOR - A broad flat, rather smooth plain covers most of
the coot  central porticci of’ the Sour.d. at a mean depth of about 33 . 5
meters. Th is pla in is be?.:ieved. to be a delta type deposit formed at a
time of lower sea ievel. l t  Water  flow rate is impeded in this  zone by
an elormgate i Lopr)grap lLi c h ij;Ii trending N ~rthwes i—Southeast , north of
Block Island . It g rades out to the north into deepe r water~ and is
truncated on the southern end , just north of BLock Island , by a North—
Northeast-South- Southeast ti ’ riding valley.

5
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WESTERN SECTOR - S uth of Fishers Island two well defined sub-
mcr 1:e I va l ley s  trend N: r thwest - Sout l i ’ : as t .  The northermost valley
diverges eos~ ward and then converges to the South—Southeast. The
floers of both of these valleys reveal a mean dep th of about 51.5
meters  indicat ing that both are a l a r t  of the same draina~ e system .3
loch valley has limited depressions in the f l o o r  about 14.6 meters deep .
At ab ut 14l01O~ N~ rth la titude these valleys tend to form the h :ad of
E~ ock Channel. This channel trend s Southeast cut t ing  throug h the sub—
mer~ed t erminal  moraine between ft nt~uk Point and Block Island , feedi ng
Block Canyon.

The greatest depth recorded in the S iund is a closed basin about
9~.5 meters ‘leep, located about four miles south of East Po int , Fisher ’s
Island . It is located at the head 01’ the northern valley . Two other
closed basins at deiths of 57.9 meters and 73.2 meters lie approx imately
two miles to the north, in a general East—West trending depression which
extends into Rhode Island ~Sound. On either side of the s ill  tha t ;  extends
across The Race from Valian t Rock to the~western terminus of Fisher ’s
Island lie deep depressions. The eastern depression reaches a depth of
86.9 meters while the western depression is as much as ~J7 meters deep.

An extensive shoal area t r en d ing  Northwest—Southea st  r e st r i c t s
the f ree  ex cha nge of water  be tw een Block Island and Lor!E: lslonI S unds.
Ende avor and Cerebus shoals ri~ r t h - w~~;tward to Va l ian t  R c ~ cons t i t u t e
this circulation boundary. at depths of from 3.0 meters to 9 meters .

TOPOGRAPHY OF THE BIFI ACOUSTIC RANGES

Geographic perspective for the axes of both ranges is provide], in
Figure 3.

a) Block Island - Fishers Island Range

The axis of this acoustic range lies approximately an a 2790 
T

bearing from the entrance to Great  So It Pond , Block Islond . The range
t ransec t.; both the smooth , sh allow l o s  in in t i e  eastern sector  and the
hi~’h1y van . I relief in the western sector 01’ the Sound. A cross—
0 ’ ’ tion profile along this bearing was constru l ed •from the bathymetric
‘ho ct sh ~wri as Figure 1, ai~’l is presented in Figure 

I~

A cr ; ;—s’o’Lion p r u f . i e  of the b o t t o m  aLong a track ~ppruximate1y
‘) k LI ~~~~ ero s at h ot the 2790 T ‘ r~:ii ~ line is shown in Fl ~Ofl’C 5. rhis
t r a ( e  was re,o r lc , 1 aboar ! the Univ ’ rs i ty of : n r ~oct iout . vessel R/V UCunn,
using a towe l 12 kHz i’oLe, sr ’in ler. The depression between the 20 and 22
Ku .me ter  Ii stances fr  rn the submerge l acou st , I ’  source , off  l~l ock Isi and ,
r e j i ’esents the out er poi t ~n ~ the nor thern  ,li ’:i i nage valley converg ing
t~war’i the southern valJ..~ ’ to form the head of Block Channel.. The relief

6
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in the w e st er n  sector is sicoificantly less , than that  at about 9 Kilo-
met e r s  t o  t h e  north al though that  in the cistern sector is no t  modified
si g n i f i  ‘uri t ly .

It . h~ uld  be noted that small errors in navigat ion in the  western
sect r c:1 ’ t he  r an ~ can resul t  in si~ ni f ’ i om n tl y ‘l i f ’f ’ rer it bathymetric
p r o f i l es .  The p i ’  ~b le rn  is f u r t h e r  aggravated by the s t ron g  surface
‘u: ’ r c n ts  i n  the sector , whi ‘b tend to :Iivc rt a pres’ribed course . Bathy—

a’!’ r ic I~~1 fe r o n  c : :  between Figure  1 an’], Fi gu re 2 could be c lue  primarily
° n~ ’.G :a ’ io n er r  ‘ 0.  The 1 ‘~~

‘( USES GA~ DS .:ur vey u~~~.1 ship ’s t a P i r and
I; ron—A to r r .avi, -ation . t’be t av igat i  na l. t e chn ique used d u r i r .g the

& dS sur vey is re~t kn~ wn.

b) B o .’i’ Island — Watch Hill Range

The axis of this  range lies approximately on a 2990 T bearing from
the ent rance  to Great Salt P iot , Bloc k Island. A c r . ’ss-sec t t ~ n p rofi le
of t.h ’: ba thymetry along this bear ing is shown in Fi gure 6.

i h e  eas tern  port ion of t h i s  t r ansec t  is also represented by the
ti. p lain. Thet ’~ is much less reliol’ in this we st er n ’  s o t , o r  than

that in  I h e  l i l o e k  I r1 .mn I— F i s h ’c r ’ s Island range . At about V~ K i l meter s
from t i .  a c ou s t i c  ;ouree the transect dio ’cnally i n t e r s e c t ~ an Fast—West
t r en d  in ,’ d e p r e s s i o n .  At about 1.9 Ki lometers ftnn ic: source th e  tram—
re~ t er ; ;unters a re la t ive ly  s toop r ise wh i t h  ch a r ac t er iz e s  the tran-
si t ion sn e between the Soon I bas in  and the adjacent land  masses.

WATER CIRCULATION

+ :rachy inf luences  water c i rcula t ion , par t I~’ul. a rly sub—surface
c i r c u l a t i o n , by chonnel in , ’ or chstt’u’’ting t’Lo w . (~o i i v r sely , water
c i rcu i a  i n  m l’ ’ O n e s  t o p  . c ’o p hy by cc : i $ . x ’o i l i ng  e r o s i o n  and lej oc cit ion
~~!‘O ’C C O ’ : 0.  Th t : ; :g r a p tc 1 ’  c nt t ’o i  c i ’ fl w is evident th rou gh ou t  Block
Islan d Sound , part icularly in it, s inf luence  of tidal “urrent  f low.

The p r e s t ; : t . ~~ ; t r i b o t .io ’n t’ sedi m en t :; in the soun d is due pr imari ly
to ‘ i ;:t l cu r r en t s , which t r iA l to r a n k  the ti ,n—t ; .idal el r .u l a t i o n .  the
f l  c c i  I. Ja l  c u r r i r t . enters  BI k Island S an d from two di re t i con s  a
n o r t low otw ar d  set thr . ’u : -Fc B l o c k  Channel and a southwestward set from
1tho~ ’’ .1. 1 a nd Sound . ‘~hc surface e mponcnt  of the N ’r’t h—W stwrrr i set t ing
‘u r ’ r ’r t also enters Long b l a d E Sound but the sub— sur f ace  c ’ : o p u t e n t .  of
th is  r t  l i—We stwa rd flow ve x’s eastward iii  Block Island Soun’1 . 1

~ During
the ebb p eriod it . flow s both eastward along the Rhode Island coast and

7
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southward along the western ed ge of Block Channel. The Southwestward
se t t ing  flood “urrent  t r c n  Rhode Island Sound turns southward toward,
the western shore  of B la ck  Island and appears to exit through Block
Channel during the ebb t’low.

The ebb t idal current  from Long Island Sound sets sout h eastward
throu , :h The Race ani Piuj n Gut.  A f t e r  passing through the Ha :e the
cu r ren t  d iverg es  to form a Southeastward set toward Bl o ck C}ia cnel an I
an ~sstward set toward i T h o l e  Island Sound . While there is an
able volume excharo’e of water through the Race arid Plum ~iUt  the st : on:’
cu r r e n t s  t h r : n T h  these passages probably pr~ cl.ude deposi t  Iddc of ’ f i n e —
grain sedime n t s  f r m  the Thwnes and C nn ec t icu t  Rivers in Hi :ck lol and
Sour i. In all p robabili ty  the bulk o f  the s u s pe n de d  b a  I of f ine
ma te r i a l  e n t e r i ng  b l o ck  Island Sound is t r an sp 0r t e d  t h r o u l. Block
Channel  ar , i l ’r o s i t e d  on the Cont inental  shelf .  In the w e st e r n  ;:art 01’
the Souri l the top ogra phic  depressions act as sediment t r aps  P r  :he
coarser sediment  t ransport ed along the bottom by t ract ion.

A net sub—surface d r .i f t  westward fr om Rhode Island P on d tL~’zsch
Bl ock  I si ar i Gooind and i n t o  Lon~ 1~ sland Sound at speeds ot ’ i. l3-~~.’(
K i l om e t e r s  per day was observed. ‘ru e eas t—cent ra l  p la in  ‘ r c a  r r ’ohoVl y
received the bulk of i ts  siltysand mater ia l  from this wes l : i o , r i  fl~ o; .

1 SU1~4ARY . ~~ •

Th is descri pt ion at’ the bathymetry  of th~~~3IFI~ shall: w water
acoust ic  pr opagat ion ranges is the f i r s t  in a series  of p J m a c d mO?f l )
randa desc r ib  Lag the pool )gy of Blo~ k Is land Scimd~~~ Subsecue n t  m c i
rarida will liscuss  d i st r i b u t i o n  of phys ical and acoust ic  pr’up ertie:3
of the u n co ns ol i d a t e d  sed i m e n t s , mineral  d is t ribut ion , se liroen t thick-
ness , s t r uc tu re  01’ the sediment cu l c i ror i  and basement r o ck t~~~~gr aphy.

°Thi:; e f for t  supports  the l c iborato r , ‘ s shallow watci ’ ao ’o ;st I ’  1 r opa ~~ —
t ior l  p r ogra ms  by Iescrib.L i the c h a r a c ter i s t i c s  of the b3t . t rn bound ary
alan,: the acoustic earn’ l iars.

Block b lar E Sound i~ r :c t t u ra l ly divided i n t o  two d iss imi lar  bathy-
metr ic  sec t ions :  the f’l at ,, gradua l sloping eastern sect,ot ’ and the h igh
r e l i e f  western sector. Tht~ acoust ,i ’: ran ims t ransec t  both sectors.  The
western sect . r of the Block Is land— Wa tch Hi l l  a ustic r rtrc . e  however
reveals a somewhat lower r’ l i ef  than that of t h e  Block I s l a n d — F i s h er ;
I s l an d a cous t ic  range . In the eas te rn  sector there is no si gn i f i c a n t
ii fl ’erence in t he’ bat ,hymetry of oiLie r range.

Lateral var iabi l i ty  of’ bathyrnetry in the western sector of the
S.und imposes a severe lernan i on high resolution , hi gh ’ accuracy n av i .at  ion
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in ;otermlnin : depth at a par t  ico n tar g rr’n~ hi’ site. P tr ng currents
a i d  to the problem in t h i s  a; ic cat i o n  a ;  well as in st a t ion  keeping ,
imp lant.mo tnt , gri i— pattern measurements , etc.

ih e  smooth eastern sector of ’ the a e o : st i c  r ’angc s may provide a
conve n i en t  area for  the field s tu dy  of small scale r u ~ hnes s  ef f ec t s
on t h e  d~ s t o rt i ’n ~ f’ l ow  -r a z i ng  ang le a 0 0 0 o c i :  sigr ~als at short lateral
r anges in the 1-5 ku :: f requency rangc , or hi ghe r .

,
‘~JA~~ P GAi~~~Ci

Od . ariogra [ he

• ~~

DR. I dj ci ,~ ~(J~LWALK
Asso c ia te  Professor
Rarine Science Inst i tute
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