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INTRODUCTION

Geo logic maps de pict ing to pog ra phy, sur fic ial ma te ri als,
geo mor phol ogy*, and bed rock play an im por tant role in un der -
stand ing the ori gin of the earth's sur face and the on go ing pro -
cesses that shape it.  Such maps are also in stru men tal in aid ing
the sound eco nomic de vel op ment of natu ral re sources in ter res -
trial en vi ron ments.  They fur ther pro vide guid ance to natu ral
haz ards that ex ist within the land scape.  As peo ple in creas ingly
work in, on, and be neath the sea, the need to un der stand the re -
gional ge ol ogy of the sea bed has also grown. 

Dur ing the past ten years we have con ducted many ex -
plora tory sur veys of the seafloor of the west ern Gulf of Maine.
Re cently we com piled that in for ma tion, along with pre vi ously
pub lished data, us ing a geo graphic in for ma tion sys tem (GIS) to
pro duce a se ries of maps of the seafloor of the in ner con ti nen tal
shelf of the west ern Gulf of Maine (Fig ure 1).  The data com piled 
for this map se ries were origi nally col lected for a va ri ety of re -
search proj ects, con tracts, and gradu ate stu dent the ses.  For this
rea son there are vary ing de grees of geo physi cal data and
bottom- sample cov er age from place- to- place along the coast.
More de tailed in for ma tion re gard ing spe cific lo ca tions and
origi nal field de scrip tions ex ists in Maine Geo logi cal Sur vey
open- file re ports (Kel ley and oth ers, 1987a, 1987b, 1990, 1995a, 
1995b; Kel ley and Belk nap, 1988, 1989; Barn hardt and Kel ley,
1991; Dick son and oth ers, 1994) and Uni ver sity of Maine the ses
(Bar ber, 1995; Barn hardt, 1992, 1994; Dolby, 1994; Friez, 1993; 
Han num, 1997; Hay, 1988; Ma lone, 1997; Rob bins, 1992;
Shipp, 1989).  This re port is writ ten to ac com pany the map se ries 
and to ex plain the field tech niques used to col lect data.  The na -
ture of the seafloor, as well as the late Qua ter nary geo logic his -
tory of the area, is also de scribed.
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* Itali cized words are de fined in the glos sary at the end of this re port.

Fig ure 1.  Geo graphic ex tent of the Maine in ner con ti nen tal shelf map
se ries (Barn hardt and oth ers, 1996, a-g). Boxed ar eas are avail able as
in di vid ual 1:100,000 maps from the Maine Geo logi cal Sur vey.



PREVIOUS  WORK

Ter res trial

In ves ti ga tions of ter res trial gla cial and late Qua ter nary ge -
ol ogy were fun da men tal to es tab lish ing the na ture of the de pos -
its found off shore and the tim ing of their depo si tion.  A syn the sis
of the early ter res trial work by Borns (1989) de scribes the in tro -
duc tion of the the ory of gla cia tion to Maine, and the evo lu tion of 
hy pothe ses re gard ing the tim ing and ge og ra phy of de gla cia tion.

Till of Wis con sin age forms the base of the Qua ter nary stra -
tigraphic sec tion in coastal Maine and New Hamp shire.  Al -
though scat tered de pos its of pre- Wisconsin ma te rial have been
re ported from the re gion (Borns and Al len, 1963), they are few in 
number and poorly pre served on land.  To the south of the study
area, mul ti ple till de pos its ex ist, but till de scribed from Maine is
of Wis con sin age (Wed dle, 1992).

Till ex ists as a lat er ally ex ten sive and varia bly thick de posit 
of mud, sand, and gravel (ground mo raine) rest ing un con forma -
bly on bed rock through out the re gion.  It also ex ists in the form of 
drum lins and re ces sional mo raines (“end mo raines,” Thomp son
and Borns, 1985).  Till may be ab sent in many lo ca tions, and de -
pos its of till com monly erod e along the pres ent coast line (Fig ure
2).

Drum lins are teardrop- shaped hills of till con cen trated
along the Maine- New Hamp shire bor der, in Bos ton Har bor, and
in many lo ca tions on the Nova Sco tia coast.  They have not been
rec og nized in the study area, how ever, and will not be fur ther
dis cussed.

Re ces sional mo raines are widely rec og nized along the
coast and have been re ported from through out the Gulf of Maine
(Oldale and O'Hara, 1984; Oldale, 1985; King and Fader, 1986).
Mo raines vary from a few me ters to tens of me ters in height and
width.  Al though fre quently dis con tinu ous in length, mo rainal
seg ments may ex tend for up to 10 kilo me ters (Thomp son and
Borns, 1985; Fig ure 3).  The sur face of mo raines is highly ir regu -
lar and of ten lit tered with boul ders.

Con cen tra tions of mo raines stretch from New Hamp shire
into coastal Maine (Katz and Keith, 1917), oc cur in lo cal abun -
dance in cen tral Maine's coastal zone (Smith, 1982), and are
wide spread through out east ern Maine (Ash ley and oth ers,
1991).  These mo raines of ten con tain in ter fin ger ing de pos its of
lodge ment till, sand and gravel out wash, and fos si lif er ous
glacial- marine mud (Fig ure 4; Smith, 1980, 1982, 1985; Smith
and Hunter, 1989; Ash ley and oth ers, 1991).  Ra dio car bon dates
from ma rine shells in the Great Hill mo raine in Ken nebunk first
es tab lished that melt ing gla ciers were on the south west ern
Maine coast by at least 13,830 yr B.P. (thou sands of years bef ore
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Fig ure 2.  Aer ial pho to graph of mo raine erod ing in Goulds boro Bay, No vem ber 5, 1984. Note the boul ders erod ing along
the shore line and the tidal marsh in pro tected ar eas of the shore.
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Fig ure 3a.  Aer ial pho to graph of mo raines (ridges) in Sedg wick, Maine. 

Fig ure 3b.  Ground pho to graph of mo raines seen in Fig ure 3a.
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Fig ure 4.  Great Hill mo raine in Ken nebunk port, Maine Oc to ber 7, 1984. This mo raine con tains till at the bot tom and top,
with a ma rine mud layer in the mid dle of the de posit. Shells in the ma rine mud were ra dio car bon dated to 13,830 yr B.P.
(Stuiver and Borns, 1975), and es tab lished the time of de gla cia tion of the Maine coast (Thomp son and Borns, 1985).

Fig ure 5.  Erod ing bluff of glacial- marine mud, Bun ganuc Bluff, Bruns wick, Maine, April 20, 1986. The glacial- marine de -
posit is also known as the Pre sump scot For ma tion (Bloom, 1963).



pres ent; Stuiver and Borns, 1975).  More re cent work from simi -
lar strati fied mo raines in Ma chias and Lu bec sug gests that re ced -
ing ice was in coastal Maine even ear lier, pos si bly by 14,000 yr
B.P. (Do rion, 1997).

The most wide spread late Qua ter nary de posit oc cur ring in
the coastal zone and off shore re gions of the study area is muddy
glacial- marine sedi ment, lo cally known as the Pre sump scot For -
ma tion (Bloom, 1963).  Al though rec og nized since the early
19th cen tury (Borns, 1989), the de posit was first care fully
mapped by Bloom (1960), who also rec og nized its late glacial-
 early post gla cial time of depo si tion.  The Pre sump scot For ma -
tion ranges in tex ture from mas sive de pos its of mud to well lay -
ered beds of sand, silt, and clay (Fig ure 5; Stuiver and Borns,
1975; Ash ley and oth ers, 1991; Kel ley, 1989).  Its sur face is rela -
tively flat to roll ing, and it is thick est in val leys and thin over
topo graphic high points.  It proba bly en tered the sea as rock flour
from gla cial tun nels (Kel ley, 1989) and ac cu mu lated rap idly
near its source be tween 13,000 and 14,000 yr B.P. (Do rion,
1997).  Af ter ice had re treated into the west ern moun tains of the
re gion, ma rine mud con tin ued to ac cu mu late more slowly on the
iso stati cally de pressed land scape.  Nu mer ous fos sils oc cur in the 
Pre sump scot For ma tion and have been most fre quently
radiocarbon- dated to the time be tween 12,000 and 13,000 yr B.P. 
(Smith, 1985).

Iso static load ing of the crust by ice led to the drown ing of
the pres ent land sur face by the sea be tween about 14,500 and
11,500 yr B.P. (Belk nap and oth ers, 1987a; Stuiver and Borns,
1975; Do rion, 1997).  At the land ward edge of ma rine in un da -
tion is the ma rine limit where glacial- marine del tas mark the
high stand of the sea (Cros sen, 1991; Thomp son and oth ers,
1989; Ko teff and oth ers, 1993).  As sea level be gan to fall, es tu -
ar ine con di tions pre vailed in some river val leys and the sandy
Emb den For ma tion ac cu mu lated in the Ken ne bec River val ley
(Borns and Ha gar, 1965).  Sand and gravel out wash de pos its
(sand plains) fol lowed the re treat of the sea across Maine's
coastal low land, pos si bly even sea ward of the pres ent coast.

Ma rine

Os tericher (1965), in Pe nob scot Bay, first rec og nized the
thick de pos its of gla cigenic sedi ment off shore through seis mic
re flec tion meth ods.  He ob tained a ra dio car bon date from above
the un con for mity at the top of the glacial- marine sedi ment, and
es tab lished that sea level was at about - 18 m by 7,390 ± 500 yr
B.P.  Schnit ker (1972) found simi lar glacial- marine sedi ment in
Sheep scot Bay, as did Fol ger and others (1975) off south west ern
Maine and New Hamp shire.  Borns and Ha gar (1965) had fo -
cused at ten tion on the role of riv ers in de liv er ing sedi ment from
the newly de gla ci ated land scape to the fal ling level of the sea,
and Schnit ker (1974) rec og nized a large ac cu mu la tion of sedi -
ment at the mouth of the Ken ne bec River as a del taic fea ture.  He
ar gued for a -65 m low stand of sea level off the Ken ne bec River
mouth on the ba sis of the mor phol ogy of the low stand delta and

sub merged berm on its sea ward mar gin.  Belk nap and oth ers
(1987a) in cor po rated Schnit ker's (1974) sea- level low stand es ti -
mate into a sea- level rec ord for the re gion, but noted the un cer -
tainty of the off shore data.  Shipp and oth ers (1991) pro vided
re gional evi dence for a low stand of the sea be tween 55 m and
65 m depth based on seis mic re flec tion data be tween Wells and
Ma chias, Maine.  Through many off shore vi bra cores, Kel ley
and oth ers (1992) and Barn hardt and oth ers (1995) es tab lished
the com plex rate of change of early Holo cene sea level as an ef -
fect of long- term iso static ad just ment cou pled with eustatic sea-
 level rise (Fig ure 6).
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Fig ure 6.  Graph dep ticting the change in lo cal rela tive sea level over the 
past 14,000 years in coastal Maine (af ter Barn hardt and oth ers, 1995).
The dots rep re sent co or di nates of ra dio car bon dates and ele va -
tions/depths from shells of ma rine ani mals with a known re la tion ship to
tidal sea level da tums (Mya are na ria lives near the low tide line) and
wood frag ments, from which the graph was con structed. Sea level, rela -
tive to land in Maine, was higher than the pres ent coast line 14,000 years
ago, and then fell in re sponse to the iso static up lift of the land fol low ing
de gla cia tion. Sea level reached its low stand around 10,800 years ago,
and has since risen over the land.



Un der stand ing sea- level change is im por tant in the west ern 
Gulf of Maine be cause of its pro found ef fect on the lo ca tions of
sedi ment depo si tion and sedi ment re work ing (Belk nap and oth -
ers, 1987a; Kel ley and oth ers, 1992).  The re gres sion (rela tive
sea- level fall) and trans gres sion (rela tive sea- level rise) of the
sea moved the shore line back and forth across much of the in ner
con ti nen tal shelf and gen er ally stripped glacial- marine sedi ment 
from ba thymetric high points and trans ferred the ma te rial to
lower, more sea ward re gions.  Shipp and oth ers (1991) noted that 
ar eas shal lower than the low stand of the sea (55 m to 65 m) were
rock ier and had lost some of their glacial- sediment cover
through wave re work ing dur ing both the late Pleis to cene fall in
sea level and the early Holo cene rise of the sea.  A marked un con -
for mity on the sur face of the glacial- marine sedi ment trun cates
acous tic re flec tors in that ma te rial (Fig ure 7) at depths shal lower
than 40 m in Pe nob scot Bay (Kne bel, 1986; Kne bel and Scan lon, 
1985), and even deeper else where (Kel ley and Belk nap, 1991,
Barn hardt and oth ers, 1997).  By con stantly shift ing the po si tion
of the shore line and lo ca tions of sedi ment ero sion and depo si -

tion, sea- level changes have been the sin gle most im por tant fac -
tor shap ing the sur fic ial sedi ments of the in ner con ti nen tal shelf
since the end of the Ice Age.

De spite re work ing dur ing sea- level changes, many of the
gla cial de pos its known from land are rec og nized off shore.  Till
has been im aged by seis mic re flec tion meth ods off shore as a
patchy de posit over ly ing bed rock, as well as in the form of mo -
raines (Fig ure 8; Belk nap and oth ers, 1986, 1987b; Kel ley and
oth ers, 1989c, Kel ley and Belk nap, 1991; Kne bel and Scan lon,
1985, Miller, 1997; Barn hardt and Kel ley, 1995).  Till is rec og -
nized on acous tic rec ords by its stra tigraphic po si tion over bed -
rock, its gen eral lack of in ter nal strati fi ca tion and its strong
acous tic sur face re turn (Belk nap and oth ers, 1989).  On side-
 scan so nar rec ords till is rec og nized by its strong acous tic re turn
and boulder- littered sur face, as well as by its ge ome try (mo -
raines, Fig ures 3, 9).  In shal low wa ter, mo rainal de pos its can be
traced di rectly from erod ing out crops on land (Fig ure 4; Belk nap 
and oth ers, 1987b), but in other lo ca tions mo raines are far re -
moved from land (Kel ley and Belk nap, 1991).
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Fig ure 7.  Seis mic line from Casco Bay show ing lo ca tion and com po si tion of vi bra core with as so ci ated ra dio car bon dates (af ter Kel -
ley and oth ers, 1992). The seafloor is made of mod ern mud, which is abruptly un der lain by glacial- marine sand and mud at 22 m
depth. The trans gres sive un con for mity is the ero sion sur face which sepa rates the two geo logic units and which can be traced to mod -
ern bluffs where it is form ing to day at their erod ing base (Fig ure 5).
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Fig ure 8.  Seis mic re flec tion pro file over a mo raine com plex in Wells Em bay ment (modi fied from Miller, 1997). Bed rock is poorly
re solved be neath the till which was shaped by the ice into a se ries of ridges up to 10 m high. The seafloor here is made of sand and
gravel with boul ders like that seen in Fig ures 2 and 3.

Fig ure 9.  Side- scan so nar im age of a mo raine from Wells, Em bay ment (modi fied from Miller, 1997). Ero sion of the mo raine has cut a
notch on the lower side of the im age. Nearby sand and gravel are de rived from ero sion of the mo raine. Boul ders are visi ble as white
specks on the mo raine, which shoals 5-10 me ters above the sur round ing bot tom.



The domi nance of glacial- marine sedi ment as an off shore
de posit was rec og nized by Belk nap and others (1986, 1987b),
and Kel ley and oth ers (1986, 1989a, b, c).  It typi cally fills de -
pres sions in bed rock and is of ten cov ered by mod ern mud (Fig -
ure 7) or sand.  In ar eas of cur rents, how ever, glacial- marine
sedi ment may be exposed on the seafloor (Fig ure 10).  Glacial-
 marine ma te rial has been sub di vided into sev eral acous tic fa cies
on the ba sis of the ge ome try of the de posit and its in ter nal struc -
ture (Belk nap and oth ers, 1989), but it is of ten dif fi cult to dif fer -
en ti ate from mod ern mud on side- scan so nar pro files.

Del taic and es tu ar ine ma te ri als are rec og nized from seis -
mic pro files and vi bra cores off ma jor river mouths (Fig ure 11;
Bar ber, 1995, Barn hardt, 1994; Barn hardt and oth ers, 1997).
The abun dance of sand near riv ers has been re- evaluated through 
cor ing, and con tem po rary vol ume evalua tions are re duced from
ear lier es ti mates (Bar ber, 1995; Barn hardt, 1994; Kel ley and
oth ers, 1995a, b). 

Some de pos its of mud off shore pos sess natu ral gas that im -
parts prop er ties to the ma te rial that are not com mon in ter res trial
sedi ment.  Gas- charged (meth ane) sedi ment is gen er ally found
in ar eas with thick de pos its of Holo cene mud, al though gas may

also oc cur in glacial- marine mud (Shipp, 1989).  Gas re duces the
sedi ment shear strength and abets sub ma rine slump ing (Kel ley
and oth ers, 1989c).  In some lo ca tions, like Bel fast Bay, Blue
Hill Bay, and Pas sa maquoddy Bay, gas has erupted from the sea -
bed and ex ca vated large pock marks on the seafloor (Fig ure 12;
Scan lon and Kne bel, 1988; Kel ley and oth ers, 1994, Barn hardt
and Kel ley, 1995).  The ex act ori gin of the gas and the trig ger ing
mecha nism(s) are un known (Kel ley and oth ers, 1994), al though
some gas- escape pock mark fields may over lie lakes and bogs
drowned by ris ing sea level.

Bot tom sedi ment map ping in the study area be gan with the
col lec tion of sedi ment as so ci ated with early ba thymetric sound -
ings in the late 19th cen tury (see Trum bull, 1972 for sum mary of
early work).  The re sults of sys tem atic bot tom sam pling were
pre sented in a se ries of U.S. Geo logi cal Sur vey pub li ca tions in
the early 1970's (Fol ger and oth ers, 1975; Schlee and Pratt,
1970; Schlee, 1973; Schlee and oth ers, 1973, Trum bull, 1972).
This work was based on a large number of widely spaced sam -
ples that were ana lyzed for both com po si tion and tex ture.  The
tex tural data were pre sented in the for mat of ter nary dia grams
which de pict map units in terms of % mud, % gravel, and % sand, 
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Fig ure 10.  Seis mic re flec tion pro file across the Da ma ris cotta River es tu ary (modi fied from Han num, 1997). Bed rock frames the geo -
logi cal sec tion with glacial- marine mud ex posed and erod ing at the sea bed.  Fol low ing depo si tion of the ma rine sedi ment, a lake oc -
cu pied the ba sin and la cus trine mud rests un con forma bly over the glacial- marine ma te rial. Upon drown ing by the sea, an oys ter bed
cov ered the former lake and is pres ently erod ing at the sur face. Natu ral gas (meth ane) may have formed from mi cro bial de com po si -
tion of a lake or bog de posit. It is no ta ble that no "mod ern" sedi ment is ac cu mu lat ing in this area of gen eral seafloor ero sion.



or % sand, % silt, and % clay.  Ow ing to the in her ent vari abil ity
of the seafloor and the wide spac ing of the grab sam ples, the re -
sult ing sur fic ial maps were of small scale and lacked de tail.
When ba thymetric in for ma tion and seis mic re flec tion ob ser va -
tions were added, a larger scale, more de tailed map was pro -
duced, but for a re stricted re gion (Fol ger and oth ers, 1975).

Even when more re cent com pi la tions were pro duced, ex ten sive
re gions (>25 km2) within our study area were rep re sented by
only a sin gle bot tom sam ple (Poppe and oth ers, 1989).

Be gin ning in the late 1980's, the Maine Geo logi cal Sur vey,
Uni ver sity of Maine, and Uni ver sity of New Hamp shire (Birch,
1984a, b, 1990) be gan off shore map ping pro grams.  Al though
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Fig ure 11.  Seis mic re flec tion pro file of del taic de pos its off the Ken ne bec River (modi fied from Barn hardt and oth ers, 1997).  In the
in ter pre ta tion "br" rep re sents bed rock, "d" rep re sents del taic sedi ment, "gm" rep re sents glacial- marine sedi ment, and "m" rep re sents
mod ern mud. Note the ver ti cal ex ag gera tion of 9.6 makes all slopes steeper than they are naturally. The low stand of sea level is
thought to have oc curred at the depth in di cated in the top panel.



early maps used geo physi cal tools ex ten sively in ad di tion to bot -
tom sam ples, the re sult ing maps em ployed con ven tional, ter nary
(three axis, sand, mud, gravel) dia grams for tex tural map units
(Kel ley and oth ers, 1987a, b).  These re ports also de fined physio -
graphic re gions (Kel ley and oth ers, 1989a, Kel ley and Belk nap,
1991), how ever, by us ing the pro vi sional ba thymetric charts of
NOAA.  More re cent work rec og nized the mappng ad van tages
of side- scan so nar, as well as its limi ta tions, and de fined map
units that were rec og niz able by acous tic im agery alone (Barn -
hardt and oth ers, 1998).  This re port and ac com pa ny ing maps are 
the cul mi na tion of that map ping style.

METHODS

Bot tom Sam ples

Be tween 1984 and 1991, 1,773 bot tom sam ple sta tions
were oc cu pied, re sult ing in the col lec tion of 1303 bot tom sam -
ples.  Two at tempts were made at each sta tion where the sam pler
ini tially re turned empty, af ter which the site was con sid ered a
rock bot tom.

The bot tom sam pler used was a Smith- McIntyre stain less
steel de vice that nomi nally col lected up to 0.25 m3 of sedi ment
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Fig ure  12.  Side- scan so nar im age of pock marks from Bel fast Bay (modi fied from Kel ley and oth ers, 1994). The pock marks are
thought to have formed from erup tion of natu ral gas from be neath the muddy seafloor.
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Fig ure 13.  Smith- McIntyre bot tom sam pler be ing de ployed from the stern of a ves sel.

Fig ure 14. In side of bot tom sam pler con tain ing a muddy grav el sam ple. Pen points at a ma rine worm.



(Fig ure 13).  In mud, the sam pler did gather 0.25 m3 of sedi ment,
usu ally with the sur face com pletely un dis turbed (Fig ure 14).
When the sam pler was used over a sandy bot tom it usu ally re -
turned an un dis turbed sam ple, un less a large shell blocked its
jaws, per mit ting ma te rial to wash out.  Over a gravel seafloor it
was com mon for large clasts to pre vent clo sure of the sam pler's
jaws, re sult ing in loss of some or all sedi ment.  In those situa -
tions, up to two ad di tional at tempts were made to ob tain a sam ple 
bef ore aban don ing the sta tion.  At sta tions where no sam ple
could be col lected, a hard bot tom was in ferred and rock was
mapped.

South west of Cape Small sam ples were gen er ally col lected 
from grid in ter sec tions with a 1 nau ti cal mile (1.85 km) dis tance
be tween sam ple sites.  Fo cus was placed on the large sandy em -

bay ments off Wells, Saco, and the Ken ne bec River mouth, as
well as in muddy Casco Bay.  Rela tively few bot tom sam ples
were gath ered off rocky ar eas like Ken nebunk or Kit tery.  Geo -
physi cal track lines were later run over the sam ple sta tions to per -
mit ex trapo la tion of the bottom- sediment data.  North and east of
Cape Small, geo physi cal data were gen er ally gath ered bef ore
bot tom sam ples.  This re sulted in a need for fewer sam ples, and
so fewer sta tions were oc cu pied.

Fol low ing col lec tion, sam ples were stored in cool ers un til
they could be stored in a freezer in the sedi men tol ogy labo ra tory
at the Uni ver sity of Maine.  De pend ing on the level of fund ing or
spe cific needs of a par ticu lar proj ect, sam ples were ana lyzed for
grain size, or ganic car bon and ni tro gen, car bon ate con tent
(shells) and heavy min eral con cen tra tion (Fig ure 15).  Stan dard

12

Fig ure 15. Flow dia gram de pict ing the se quen tial treat ment of bot tom sam ples. Boxed text de scribes analy sis per formed (modi fied
from Kel ley and oth ers, 1987a).



labo ra tory tech niques were em ployed for the tex tural analy ses,
with pi pette meth ods to evalu ate the per cent of sand, silt, and
clay (Folk, 1974), a set tling tube to evalu ate sand size dis tri bu -
tion (based on grain set tling ve loc ities), and a Mi cro mer it ics Se -
di graph to meas ure the set tling ve loc ity of mud- size ma te rial (<
62 mi crons).  Car bon and ni tro gen were ana lyzed on a Carlo-
 Erba Model 1106 Ele men tal Ana lyzer, and car bon ate con tent
was de ter mined through acid di ges tion (Mol nia, 1974).  Heavy
min eral con tent was meas ured through heavy liq uid analy sis
(Kel ley and oth ers, 1987a) or by means of a Hum phrey Spi ral
(Luepke and Grosz, 1986; Leh mann, 1991; Ma lone, 1997).

Side- Scan So nar Images

Ana log side- scan so nar rec ords along 3,358 km of the
seafloor were gath ered with an EG&G Model 260 slant- range

cor rected de vice op er at ing with a Model 272-T tow fish at a
nomi nal fre quency of 105 kHz (Fig ure 16a). The de vice was
most of ten run at a 100 m range (200 m wide swath be neath the
re search ves sel), al though ranges from 25  to 300 m were oc ca -
sion ally em ployed (swaths from 50  to 600 m be neath the boat).

In ter pre ta tion of the side- scan so nar rec ords was aided by
ground- truth in for ma tion from the bot tom sam ples as well as
from more than 50 sub mersi ble dives (Belk nap and oth ers,
1988).  Al though ob jects as small as lob ster traps and cur rent rip -
ples were visi ble at the 100 m range, it was not pos si ble to make
de tailed tex tural dis tinc tions us ing acous tic im agery alone or to
di rectly com pare acous tic im ages with sam ples that were ana -
lyzed for grain- size dis tri bu tion.  Thus, sandy mud and muddy
sand, which are tex tural cate go ries that can read ily be dis tin -
guished with par ti cle size analy ses (Folk, 1974), are es sen tially
iden ti cal in acous tic im ages.  Where sand gradu ally mixes with
mud, a con tact was drawn at the mid point be tween known oc -
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Fig ure 16.  (a) Side- scan so nar im ages the seafloor sur face by send ing and re ceiv ing sound waves from ei ther side of a sub merged
"tow fish" with port and star board trans duc ers.  Sound is re flected from dis tances of 25 to 300 m on ei ther side of the ves sel's path. 
Hard bot tom re flects more sound en ergy than soft to pro duce spa tially vary ing im ages.  (b) A seis mic re flec tion pro filer meas ures the
ver ti cal lay ers be neath the seafloor.  Sound waves from a surface- towed trans ducer are re ceived by a sepa rate hy dro phone ar ray af ter
they bounce off dif fer ent rock or sedi ment bounda ries.
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Fig ure 18 (be low).  Three of the four "end mem ber" map units in a sin gle 
side- scan so nar im age off Cape Small (modi fied from Barn hardt and
oth ers, 1998). "G" rep re sents gravel (here with rip ples), "S" rep re sents
sand, and "R" rep re sents rock with frac tures visi ble.

Fig ure 17 (at left).  Map units from Maine in ner con ti nen tal shelf map
se ries (modi fied from Barn hardt and oth ers, 1996 a-g). The up per case
let ter rep re sents the domi nant seafloor ma te rial in a mapped area, the
lower case let ter rep re sents the less abun dant ma te rial.



curences of sand and mud.  Simi larly, where grain- size data were 
lack ing, rip pled sea beds were called gravel, even though sand is
com monly a mi nor com po nent of the bed forms.

The het ero ge ne ity of the sea bed at all scales pre cluded
map ping all fea tures ob served in the side- scan so nar rec ords. To
be visi ble on a map, a fea ture must be at least 1 mm2.  This means
that on a 1:100,000 scale map, the small est map pa ble unit on the
seafloor must be at least 10,000 m2.  Be cause out crops of bed -
rock and gravel smaller than 10,000 m2 com monly punc tu ate
gen er ally muddy or sandy ar eas, it was of ten nec es sary to map
tex tur ally com pos ite fea tures (Fig ure 17).

On side- scan so nar im ages, rock, mud, gravel, and sand
usu ally pro duce dis tinct acous tic re turns, and so were mapped as 
dis tinct units (Fig ures 17, 18).  Rock yields a strong sur face re -
turn (dark on side- scan so nar rec ords) of ten with great ba -
thymetric re lief and frac tures that re sult in ar eas with acous tic
shad ows (Fig ures 18, 19).  Gravel de pos its also pro duce a rela -

tively strong acous tic re turn (black to dark gray on side- scan so -
nar rec ords).  They are of ten closely as so ci ated with rock, but
lack re lief and frac tures and, in stead, are of ten cov ered with rip -
ples or boul ders (Fig ures 18, 20).  Sand pro duces a much weaker
acous tic re turn (light to dark gray on side- scan so nar rec ords)
than ei ther gravel or rock, and usu ally lacks lo cal re lief (Fig ure
18).  Mud yields a very weak sur face re turn (light gray to white
on side- scan so nar rec ords) and, ex cept where it ac cu mu lates on
steep slopes or near gas- escape pock marks, it is as so ci ated with a 
smooth sea bed (Fig ure 12).

When sand, gravel, rock, and mud were greater than
10,000 m2 in area, they were mapped as sepa rate units. In many
places, how ever, a het ero ge ne ous sea bed com posed of nu mer -
ous small fea tures re quired com pos ite map units (Fig ure 17).  In
an area where no sin gle seafloor type ex ceeded 10,000 m2, a
com pos ite unit was de fined.  The domi nant end mem ber of sand,
mud, rock, or gravel was modi fied by a sub or di nate end mem ber 

15

Fig ure 19.  Side- scan so nar im age of bed rock with gravel- filled frac tures off Wells (modi fied from Kel ley and oth ers, 1987a).



(Fig ures 19, 20).  Fur ther sub di vi sion on the rela tive abun dance
of one or an other bot tom types was not pos si ble.

Seis mic Re flec tion Pro files

Seis mic re flec tion pro files were gath ered along 5,011 km
of track lines, of ten in con junc tion with side- scan so nar data.  A
Ray theon RTT 1000a 3.5/7.0 kHz unit with a 200 kHz fath ome -
ter trace was used mainly in rela tively shal low wa ter over muddy 
bot toms, while an ORE Geopulse “boomer” seis mic sys tem was
most ef fec tive in deeper wa ter over thicker de pos its of sandy or
grav elly sedi ment (Fig ure 16b). 

Nine seis mic fa cies are de scribed from the west ern Gulf of
Maine, seven of which are oc ca sion ally exposed at the sea bed
(Ta ble 1; Barn hardt and oth ers, 1997; Belk nap and oth ers, 1989;
Belk nap and Shipp, 1991).  Bed rock (BR) forms the acous tic
base ment in the area, but is com monly exposed on the seafloor.

It is rec og nized by its in tense, sharp ini tial acous tic re turn, and
high- relief sur face (Fig ures 7, 10, 21).  It is fre quently over lain
by till (T), which also pro duces a strong sur face re turn.  When it
is thick, the mound shape of the till or the cha otic in ter nal re flec -
tions dis tin guish it from bed rock; when till is thin, seis mic re flec -
tion data alone may not al ways distinguish rock from till
(Fig ure 8).

Glacial- marine muddy sedi ment (GM) may over lie till or
bed rock, and also is com monly exposed at the seafloor (Fig ure
10).  This ma te rial pro vides an in ter me di ate sur face re turn, and
ranges from well strati fied to acous ti cally trans par ent.  In depths 
less than 60 m, it is of ten un con forma bly over lain by mod ern
mud (M). Mod ern mud has a very weak sur face re turn and is
typi cally acous ti cally trans par ent (Fig ures 7, 11).

Del taic (D) and es tu ar ine (E) sedi ments from the late Pleis -
to cene to early Holo cene oc cur near some large river mouths
(Barn hardt and oth ers, 1997; Fig ures 10, 11).  These ma te ri als
pro duce strong sur face re turns, and usu ally have good in ter nal
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Fig ure 20.  Side- scan so nar im age of a gravel de posit on the floor of a chan nel in Mus con gus Bay (modi fied from Kel ley and Belk nap,
1988). The gravel is re ferred to as a "lag" de posit be cause it lags be hind af ter finer grained sedi ment ihas been eroded by strong cur -
rents.
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TA BLE 1.  DE SCRIP TION  OF  SEIS MIC  FA CIES.   PRE SENTED  IN  AP PROXI MATE  STRA TIGRAPHIC  OR DER,  
TOP  TO  BOT TOM  (FROM  BARN HARDT, 1994).



strati fi ca tion.  They are usu ally cov ered by a re worked sand and
gravel de posit (SG), or mod ern mud (M).

Thin gravel lay ers (TGL) and natu ral gas de pos its (NG) are 
also rec og nized be neath de pos its of sand and mud, re spec tively.
These acous tic units are never ex posed at the seafloor, al though
natu ral gas has erupted from the sea bed in some lo ca tions (Fig -
ure 12; Kelley and oth ers, 1994).

Al though seis mic re flec tion pro files are most use ful in con -
struct ing the geo logic his tory of an area, the ba thyme try and geo -
logic con text pro vided by the seis mic re flec tion pro files, along
with the strength of the sur face re turn, also al lows iden ti fi ca tion
of the sur fic ial de posit.  When used in con junc tion with the side-
 scan so nar, both the age and na ture of the sur fic ial sedi ment are
eas ily in ter preted (Fig ure 21).

Navi ga tion and Com pi la tion

Navi ga tion fixes in the outer es tu ar ies and off shore ar eas
were made every 2-5 min utes with LORAN-C.  LO RAN co or di -
nates were later con verted to lati tude/lon gi tude with the com -
puter pro gram, LOR CON, and pro vided an ac cu racy of ± 100 m
(J. Stu art, NOAA, per sonal com mu ni ca tion).  In the up per
reaches of the es tu ar ies, navi ga tion fixes were es tab lished with
line- of- site ob ser va tions, ra dar meas ure ments, and vis ual ob ser -
va tions of buoys and land marks.  The ac cu racy based on these
ob ser va tions var ied from less than ± 10 m to around ± 200 m.
Re cent work in Cob scook Bay, Pe nob scot Bay, Wells Em bay -
ment, and in the Ken ne bec River util ized a Global Po si tion ing
Sys tem (GPS) and was ac cu rate to ± 10 m.

All navi ga tion was con verted to Uni ver sal Trans verse
Mer ca tor (UTM) pro jec tion and plot ted through a geo graphic in -
for ma tion sys tem (GIS), ARC/INFO (UNIX ver sion 7.03).  The

shore line of the re gion and ba thymetry (10 m con tour in ter val)
were dig it ized from NOAA Ba thymetric Charts (Ta ble 2).  The
charts are only pro vi sional blue- line pa per cop ies for most of the
re gion, but they pro vide a 2 m con tour in ter val in many lo ca -
tions.  Dif fi culty in in ter pre ta tion of posi tive and nega tive
changes in ba thyme try on the poorly la beled charts cre ated many 
pos si ble er rors, es pe cially in ar eas where we lacked ac com pa ny -
ing geo physi cal data.  Partly for this rea son we cau tion us ers of
the maps that they are not suited for navi ga tion pur poses.
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TA BLE  2.  NOAA  BA THYMETRIC  CHARTS  USED  TO 
COM PILE  BA THYME TRY

Chart No. Chart Name Date Scale

65 Ma chias 1984 1:100,000

66 Ban gor 1984 1:100,000

67 Pe tit Manan Point 1984 1:100,000

68 Bar Har bor 1984 1:100,000

69 Augusta 1984 1:100,000

70 Matini cus 1984 1:100,000

71 Bath 1984 1:100,000

72 Port land 1984 1:100,000

73 Kit tery 1984 1:100,000

TA BLE 1  (CON TIN UED).   DE SCRIP TION  OF  SEIS MIC  FA CIES.
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Fig ure 21.  Side- scan so nar im age and seis mic re flec tion pro file from Mus con gus Bay (modi fied from Barn hardt and oth ers, 1996
a-g). The data were gath ered si mul ta ne ously, and "x" and "y" re fer to the same places. Si mul ta ne ous col lec tion of side- scan and seis -
mic data al low a more com plete un der stand ing of the seafloor than im ages by only one sys tem.
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TA BLE  3.  LIST  OF  SHIP WRECKS  AND  OB STRUC TIONS
ON  MAPS  OF  SUR FIC IAL  GE OL OGY  OF  THE  MAINE  IN NER  CON TI NEN TAL  SHELF.

Map ID # Geo logic Map No. Wreck Name Lati tude/Lon gi tude (NAD 27)1 Date Sunk Ves sel Type

2178 96-7 Sam uel J. Gaucher 43o 00' 30"/70o 40' 30" ? ?

2181/21822 96-7 Em pire Knight 43o 01' 43"/70o 30' 18" 2/11/44 Cargo

2190 96-7 Em pire Knight 43o 07' 00"/70o 25' 39" 2/11/44 Cargo

2191 96-7 Domin ion Halsyd 43o 07' 05"/70o 17' 45" 10/24/42 Trawler

2197 96-7 unknown 43o 14' 30"/70o 27' 30" ? ?

2200 96-7, 8 obstruction 43o 15' 50"/70o 25' 45" ? ?

2203 96-7, 8 obstruction 43o 18' 15"/70o 28' 32" ? ?

2205 96-7, 8 obstruction 43o 19' 00"/70o 26' 25" ? ?

2226 96-8, 9 Lot tie Mer chant 43o 30' 00"/69o 05' 00" ? ?

2227 96-8, 9 Wash ing ton B. Tho mas 43o 30' 12"/70o 18' 24" ? ?

2229 96-8, 9 Bay State 43o 33' 18"/70o 13' 00" ? ?

2232 96-8, 9 S-21 43o 36' 53"/69o 59' 24" ? Sub ma rine

2233 96-8, 9 U.S.S. 21 43o 36' 54"/69o 59' 24" ? Sub ma rine

2235 96-8, 9 obstruction 43o 38' 40"/70o 12' 34" ? ?

22363 96-8, 9 Cul len 43o 39' 49"/70o 14' 07" 1940 Barge

2237 96-8, 9 unknown 43o 40' 08"/70o 12' 12" ? ?

2238 96-8, 9 Biwabik 43o 40' 12"/70o 13' 52" 1933 Barge

2239 96-10 Bo he mian 43o 42' 00"/69o 24' 00" ? ?

2240 96-8, 9 unknown 43o 42' 25"/70o 08' 15" ? ?

2242 96-9, 10 Hart wel son 43o 43' 45"/69o 37' 30" 3/5/43 Cargo

2243 96-8, 9 unknown 43o 44' 22"/70o 06' 15" ? ?

2251 96-10 Caro lyn 43o 53' 48"/69o 04' 00" ? ?

2293 96-13 D.M. Munro 44o 34' 24"/67o 21' 30" 3/6/43  Cargo

2298 96-13 Edu ardo 44o 37' 06"/67o 14' 18" ? ?

2963 96-11 unknown 44o 27' 52.5"/69o 52' 37.6" ? ?

2966 96-11 unknown 44o 23' 14.4"/68o 58' 41.4" ? ?

3010 96-11 unknown 44o 21' 00.2"/68o 51' 27.48"  ? ?

3011 96-11 unknown 44o 19' 37.2"/68o 54' 34.2" ? Schoo ner

3013 96-11 unknown 44o 18' 26.1"/68o 53' 54.6" ? ?

3023 96-10 sndg 43o 55' 23"/69o 08' 45" ? ?

3024 96-10 sndg 43o 56' 07.00"/69o 08' 34.98" ? ?

3025 96-10 sndg 43o 56' 42"/69o 04' 41" ? ?

3026 96-10 sndg 43o 56' 41"/69o 03' 44" ? ?

3028 96-10 sndg 43o 57' 32.59"/69o 03' 43.21" ? ?

3029 96-11 unknown 44o 16' 40"/68o 54' 58" ? ?

7175 96-11 unknown 44o 27' 31"/68o 53' 51" ? ?

7176 96-11 unknown 44o 27' 29"/68o 53' 50" ? ?

7178 96-11 Squall 44o 27' 13.7"/68o 47' 01.0" ? ?

Source:  NOAA (1990, 1998), Map ID #'s cor re spond to AWOIS num bers.
1Co or di nates are for the North Ameri can Da tum of 1927 (NAD 27) pro jec tion.
2The Em pire Knight broke apart and has two lo ca tions.  No. 2182 is the of fi cial AWOIS number; shown as No. 2181 on 
  Geo logic Map No. 96-7.
3The Cul len is a wreck in Pe nob scot Bay west of Sears Is land; this fix is in er ror (the authors).



The sur fic ial geo logic maps were pre pared by over lay ing
the side- scan so nar navi ga tion fixes on the ba thyme try in the
GIS.  A buffer, or area equal to the ob ser va tional range (swath) of 
the side- scan so nar in stru ment, was  drawn par al lel to the navi -
ga tion fixes and plot ted.  Sur fic ial ge ol ogy was in ter preted from
the origi nal side- scan so nar rec ords and trans ferred by hand onto 
a my lar cover sheet that was it self later dig it ized into the GIS.
Where the spac ing of the side- scan so nar lines was more than
twice the width of the range (i.e. no over laps), the sur fic ial ge ol -
ogy be tween the lines was in ter po lated with the aid of the ba -
thyme try, bot tom sam ples, and seis mic re flec tion pro files
(where they ex isted).  The directly in ter preted swath ar eas have
been mapped in bright col ors (Barn hardt and oth ers, 1996a-g).
Each color rep re sents one of the pri mary map units (mud, gravel, 
sand, rock).  Pat terns over the col ors re late to the spe cific com -
pos ite map unit (Fig ure 17) that was ob served. 

Where side- scan so nar data were scarce or ab sent, re li ance
was placed on seis mic re flec tion rec ords and bot tom sam ples in
con junc tion with ba thyme try.  These data are de picted in dull
col ors on the maps and lack pat terns since de tailed tex tural in for -
ma tion could only be dis cerned from the side- scan so nar data
(Barn hardt and oth ers, 1996a-g, 1998).  

A physio graphic map was pre pared largely on the ba sis of
ba thyme try with sup ple men tary in for ma tion pro vided from the
geo physi cal data (Kel ley and oth ers, 1989a; Kel ley and Belk -
nap, 1991; Barn hardt and Kel ley, 1995; Kel ley and oth ers,
1997).

Fea ture maps (an in set to the sur fic ial geo logic map se ries)
were com piled from NOAA charts for buoys, ca ble cross ings,
dis posal sites, and and lim its of the ter ri to rial sea (Ta ble 2).  Ship -
wreck co or di nates were taken from the Na tional Ocean Sur vey
Auto mated Wreck and Ob struc tion In for ma tion Sys tem (Ta ble
3, NOAA, 1990, 1998).  The ac cu racy of most wreck po si tions is
un known.  Gas fields and gas- escape pock marks were in ter -
preted from side- scan so nar and seis mic re flec tion pro files (Kel -
ley and oth ers, 1989c, 1994).

PHYSIOGRAPHY

In tro duc tion

The in ner con ti nen tal shelf of the west ern Gulf of Maine is
a sub merged ex ten sion of the north ern Ap pa la chian Moun tains,
and its ba thyme try is as com plex as the to pog ra phy on the ad ja -
cent up land.  The oro genic belt con sists of a se ries of sus pect ter -
ranes of vary ing bed rock li thol ogy and struc ture that have
un der gone ero sion since at least the Meso zoic Era, and pos si bly
longer (more than 100 mil lion years; Kel ley and Kelley, 1993).
Rocks ex posed on land and on the seafloor were formed kilo me -
ters be neath the earth's sur face dur ing con ti nen tal in ter ac tions
hun dreds of mil lions of years ago.  The over all geo mor phol ogy
of the re gion is con trolled by the spa tial dis tri bu tion of li thol ogy,

faults, folds, and other struc tural fea tures im parted to the rocks
long ago.

Gla cial ero sion and depo si tion modi fied the bed rock skele -
ton and added to the re gional geo mor phic com plex ity.  Al most
all of the “re cent” sedi men tary ma te rial along the coast and off -
shore is de rived from con tem po rary ero sion of gla cial de pos its.
Al though bed rock de fines the over all shape of the coastal re -
gion, gla cia tion pro vided the ma te ri als for con tem po rary pro -
cesses, like waves and cur rents, to shape into the dy namic
habi tats of the in ner shelf.

The coast of Maine and New Hamp shire may be sub di -
vided into sev eral geo mor phic com part ments largely de fined by
bed rock (Kel ley and others, 1995c; Kel ley, 1993).  From New
Hamp shire to Cape Eliza beth, the Ar cu ate Em bay ments are a se -
ries of rocky head lands sepa rat ing sandy bays of vary ing sizes.
Ex ten sive salt marshes and sand beaches are the prin ci pal geo -
mor phic ele ments of this stretch of shore line.  From Cape Eliza -
beth to Port Clyde, elon gate bed rock pen in su las of the In dented
Shore line are sepa rated by rela tively deep, but nar row es tu ar ies.
De pos its of muddy gla cial sedi ment blocked many of the bed -
rock val leys that were proba bly carved by an cient riv ers, and
most of the mod ern coastal em bay ments pos sess lit tle fresh wa ter 
dis charge.  The larg est stream in the area, the Ken ne bec River,
en ters the sea through a rocky gorge that proba bly never sup -
ported a river prior to the last Ice Age (Kel ley and Kel ley, 1989;
Han num, 1997).  The Island- Bay Coast ex tends from Port Clyde
to Cross Is land and is shaped by nu mer ous, gran itic is lands shel -
ter ing broad em bay ments.  Like the In dented Shore line com part -
ment, mud and mixed mud and gravel flats are the most com mon
in ter tidal set tings.  From Cross Is land to Can ada, bed rock faults
along both the At lan tic and Oak Bay shore lines de fine the
Cliffed Shore line and cre ate a straight coast with abun dant bed -
rock habi tats in the in ter tidal zone.  The 6 m tidal range in this
area has led to con sid er able scour ing of the seafloor by tidal cur -
rents as well as to the for ma tion of ex ten sive tidal flats. 

As dis cussed be low, there are simi lari ties be tween the mor -
phol ogy of the shore line and the ad ja cent in ner shelf.  Sea ward
of the sandy beaches of the Ar cu ate Em bay ments are sandy
Near shore Ramps.  Simi larly, sea ward of the muddy tidal flats of
the In dented Shore line and Island- Bay coastal com part ments,
there are muddy Near shore Ba sins on the shelf.  The high cliffs
of the Cliffed Shore line plunge rap idly into deep wa ter near
shore where a vast Rocky Zone and Hard- Bottom Plain ex ists.
The fault line along the Cliffed Coast, the Fundy fault, trends to
the south west and forms a ma jor ba thymetric dis con ti nu ity along 
the in ner shelf (John son, 1925; Shepard, 1930).

Near shore Ramps

Near shore Ramps are re gions that slope gen tly sea ward
with widely spaced, shore- parallel ba thymetric con tours (Fig -
ures 11, 22; Kel ley and oth ers, 1989a, 1997).  They com prise
only about 5% of the study area and are most com mon in New
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Fig ure 22.  Hyp so met ric dia grams de pict ing the per cent of area of each physio graphic zone with re spect to depth.  Al though Shelf
Val leys show a sym met ri cal dis tri bu tion cen tered on 50 to 60 m depth, Near shore ba sins, Near shore Ramps, and Rocky Zones are
pre domi nantly in shal lower depths and Outer Ba sins are largely in deep wa ter.  Hard- Bottom Plains show a bi mo dal ten dency, with
abun dances in shal low wa ter (off Wells Em bay ment) and deep wa ter (off Ma chias Bay).
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Ta ble 4.  Sum mary of area and bottom- type sta tis tics for the in ner con ti nen tal shelf, west ern Gulf of Maine.

Ta ble 5.  Com plete area and bottom- type sta tis tics com piled at 10-m depth in ter vals for each physio graphic zone.



Hamp shire and south west ern Maine, where they abut large
beaches (Ta ble 4).  Most Near shore Ramps be gin at the shore line 
and con tinue to the 30 or 40 m iso bath; less than 25% con tinue
into wa ter deeper than 40 m (Fig ure 22, Ta ble 5).  These deep wa -
ter ex cep tions in clude the large Near shore Ramps off the Ken ne -
bec and Mer ri mack River mouths, which reach to depths of 55

m, and those in Narr ra gua gus and Ma chias Bays, which oc cur in
deeper wa ter.  

Near shore Ramps are pre domi nantly cov ered with sand
(66% of their area, Ta ble 4) with sub or di nate gravel (27%) and
rare out crops of bed rock (4%; Fig ure 18).  Mud be comes in -
creas ingly im por tant in depths greater than 70 m (Fig ure 23).

24

Ta ble 5.  (con tin ued).
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Fig ure 23. His to grams de pict the na ture of the seafloor in each physio graphic zone.  The data were de rived from dig it ized ba thyme try
over lain with sur fic ial ge ol ogy, and com piled at 10- meter depth in ter vals us ing a GIS.  Each 10- meter in ter val is char ac ter ized by the
rela tive abun dance (areal per cent age) of four sub strate types. This dem on strates that rock domi nates Rocky Zones at all depths; mud
is most abun dant in Near shore Ba sins, Shelf Val leys, and Outer Ba sins; sand is most com mon in Near shore ramps; and gravel is domi -
nant in Hard- Bottom Plains.
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Fig ure 24.  Ter nary dia grams of sedi ment sam ple grain size from each of the physio graphic zones.  Each dot rep re sents the bot tom
sam ple in terms of per cent gravel, sand, and mud (silt + clay).  A dot on the apex of the tri an gle would be 100% of that size; one plot -
ting on a line would be a mix ture of the two near est cor ners.  Pie graphs, based on side- scan so nar map ping of the shelf (Barn hardt and
oth ers, 1996a-g), de pict the abun dance (% area) of rock (R), gravel (G), sand (S), and mud (M) (Ta bles 4, 5); n is the number of



Bot tom sam ples are largely well sorted sand or mix tures of fine-
 coarse sand and gravel (Fig ures 24, 25).

In ar eas <30 m deep, Near shore Ramps rep re sent the
shoreface of the ad ja cent beaches.  In deeper wa ter sea ward of
the Ken ne bec, Mer ri mack, and Nar ra gua gus Riv ers, the Near -
shore Ramps are com plex, re worked del taic de pos its of late
Pleistocene- early Holo cene age (Fig ure 11; Oldale and oth ers,
1983; Barn hardt, 1994).  There is no del taic fea ture in Saco Bay,
but sand cov er ing the Near shore Ramp in that bay is de rived
from the Saco River (Fig ure 26; Kel ley and oth ers, 1989b;
1995a).  There is no flu vial in put to the Near shore Ramps in and
south of Wells Em bay ment, but re work ing of gla cial de pos its
has pro vided a sand and gravel ve neer for that Near shore Ramp
(Fig ure 8), as well as for a ramp south of Mt. De sert Is land (Barn -
hardt and Kel ley, 1991).  Re worked shell de pos its cover a Near -
shore Ramp off south east Mt. De sert Is land (Barn hardt and
Kel ley, 1995).  The Near shore Ramp south of Ma chias Bay is
poorly un der stood, but ap pears to be a steep bed rock slope cov -
ered with a thick de posit of glacial- marine sedi ment (Shipp,
1989).

Off both the Saco and Ken ne bec Riv ers, and Wells Em bay -
ment, many vi bra cores, along with ex ten sive seis mic re flec tion
and side- scan so nar data sug gest that the pro files of the Near -
shore Ramps are main tained by waves.  The seafloor in these ar -
eas is a rela tively thin, and ac tively re worked wedge of sandy
shoreface ma te rial over ly ing gla cigenic sedi ment (Fig ure 26).
Dis crete patches of sand and gravel form com plex pat terns on
these ramps and ap par ently re main sta ble over many sea sons de -
spite pow er ful storm ac tiv ity (Bar ber, 1995).

Near shore Ba sins

Near shore Ba sins are shal low ma rine de pres sions pro -
tected from the open sea by the main land, pen in su las, is lands, or
shoals (Kel ley and oth ers, 1989a, 1997).  They are gen er ally bor -
dered by tidal flats on the land ward side, and 65% of the Near -
shore Ba sins ex tend sea ward to the 30 m iso bath where they
merge with Shelf Val leys (Ta ble 5; Fig ures 7, 21, 22).  Nears hore
Ba sins oc cupy 17% (Ta ble 4) of the seafloor and are con cen -
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Fig ure 25.  Side- scan so nar im age of Near shore Ramp off Popham Beach, Maine.  Wave- formed rip ples and cur rent streaks dem on -
strate sort ing of sedi ment by grain size through com bined wave and cur rent ac tion (from Kel ley and oth ers, 1989a).



trated off cen tral Maine where shel ter from waves is af forded by
the pen in su las and chains of is lands in the In dented Shore line
and Island- Bay coastal com part ments (Kel ley and others,
1995c).  The Near shore Ba sins oc cur over lo cal lin ear de pres -
sions in bed rock that are mapped as faults in parts of Casco,
Sheep scot, Pe nob scot, Mus con gus, Oak, and Cob scook Bays
(Os berg and oth ers, 1985).  Many of the Near shore Ba sins ter mi -
nate against thick de pos its of gla cial sedi ment on land which
cover deep, bed rock bur ied val leys (Up son and Spencer, 1964;
Tol man and oth ers, 1986; Kel ley and oth ers, 1987b).

Nearly 80% of the Near shore Ba sins are floored by mud
(Ta ble 4), with about 20% rock and gravel and al most no sand.
Rock ex po sures are com mon along the mar gins of Near shore
Ba sins (Fig ure 27), and out crops com monly punc tu ate the
smooth seafloor (Fig ure 21).  Near shore Ba sins con tain sedi -
ment coarser than mud where bed rock con stric tions ac cel er ate
tidal cur rents, es pe cially in shal low near shore pas sages.  Sedi -
ment sam ples em pha size the domi nant na ture of mud, how ever;
all sam ples con tained some mud (Fig ure 24), even the outer

reaches of bays with deep channels (Fig ures 10, 28).  In some
Near shore Ba sins, un sta ble muddy ma te rial has slumped into
chan nels; in oth ers natu ral gas erup tions have dis turbed the sea -
bed with pock marks (Fig ures 12, 29; Kel ley and oth ers, 1989c).
Near shore Ba sins on the west ern side of Pe nob scot Bay and
north ern Blue Hill Bay have highly ir regu lar ba thyme try be -
cause of gas- escape pock marks (Kel ley and oth ers, 1994; Barn -
hardt and Kel ley, 1995).

Rocky Zones

Oc cu py ing half of the study area (Ta ble 4), Rocky Zones
are the most abun dant physio graphic re gion along all ar eas of the 
in ner shelf, ex cept off the Cliffed Shore line near the Ca na dian
bor der (Dick son and oth ers, 1994; Kel ley and oth ers, 1989a,
1997).  Rocky Zones are ar eas with ex posed or shal low bed rock
and gravel, as so ci ated with rapid and ex treme changes in ba -
thymetric re lief (Fig ure 19).  Cliffs rang ing from 3 to 10 m ap -
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Fig ure 26.  Seis mic re flec tion pro file over Near shore Ramp, Old Or chard Beach, Saco Bay (modi fied from Bar ber, 1995). (a) Origi nal 
seis mic rec ord; (b) in ter pre ta tion of the seis mic rec ord in which br is bed rock, Pgm is glacial- marine sedi ment, He is es tu ar ine sedi -
ment and Hs is sand on the pres ent seafloor; (c) vi bra core through sand over es tu ar ine mud rest ing on glacial- marine mud. Ra dio car -
bon dates on shells and plants are shown.



pear as com monly as on land.  The Rocky Zones are gen er ally
less than 60  m deep and lo cally form shoals.  Rocky Zones sur -
round many of the large is lands in the Island- Bay coastal com -
part ment and trend par al lel to pen in su las in the In dented
Shore line com part ment (Fig ure 27).

Al though bed rock domi nates Rocky Zones, sedi ment
ponds in fill many frac tures in the rock (Fig ure 19), and gravel
aprons of ten form ha los around more iso lated bed rock out crops
and is lands (Fig ures 9, 27).  Sedi ment in these “ponds” and “ha -
los” is usu ally coarse- grained, and com monly en riched (with as
much as 100%) with shells from nearby en crust ing or gan isms
(Kel ley and Belk nap, 1991; Barn hardt and Kel ley, 1995).  Large
boul ders, up to sev eral me ters in di ame ter, com monly oc cur on
ar eas of ex posed bed rock, and mo raines are as so ci ated with bed -
rock knobs in some lo ca tions.  De spite the gen er ally coarse na -
ture of Rocky Zones, sedi ment sam ples from these re gions
con tain the great est range of par ti cle sizes of any place on the in -

ner shelf, and at least some muddy sedi ment oc curs in most
sam ples (Fig ure 24).

Dur ing times of lower sea level, most of the ar eas that are
mapped as Rocky Zones were is lands or part of the main land.
They may have been once cov ered with till and glacial- marine
sedi ment, but have lost some or all of their sedi men tary cover
due to wave and cur rent ac tion at times of lower sea level.  Rip -
ples as so ci ated with these re gions sug gest con tinu ing ero sive ac -
tiv ity.  Some mo raines were not com pletely re moved by these
pro cesses, but be came ar mored with boul ders and gravel un til
they could not be eroded any fur ther (Fig ures 8, 9).

Shelf Val leys

Shelf Val leys oc cupy only 9% of the study area, but are
con spicu ous, bedrock- framed, sea ward slop ing troughs that
gen er ally are off shore ex ten sions of Near shore Ba sins (Kel ley
and oth ers, 1989a, 1997).  Be cause of their shel tered set ting,
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Fig ure 27.  Side- scan so nar im age of Rocky Zone abut ting Near shore Ba sin in cen tral Casco Bay.  The light area la beled "Cliff Is land" 
is a rocky cliff too shal low to be im aged by the so nar.
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Fig ure 28.  In ter preted seis mic re flec tion pro files from Goulds boro, Maine.  In this in ter pre ta tion "m" means mod ern mud, "gm"
means glacial- marine sedi ment, "br" means bed rock.  Note the in crease in chan neli za tion of the seafloor from land (A, B, C) to sea (G, 
H, I) (from Shipp, 1989, Dick son and others, 1994).  La beled boxes in D, E, and F re fer to fur ther work by Shipp (1989).
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Fig ure 29.  Side- scan so nar im age and seis mic re flec tion pro file of an iden ti cal area of seafloor in Bel fast Bay pock mark field.



they con tain mostly mud, but rock, gravel, and sand are com mon
in less than 30 m depth (Ta ble 5, Fig ure 23).  In ar eas of late
Pleis to cene/early Holo cene sand depo si tion, such as off the Ken -
ne bec, Nar ra gua gus, and Saco River mouths, Shelf Val leys ter -
mi nate against Near shore Ramps.  Here, the deeply eroded
bed rock val leys are bur ied by sedi ment (Bar ber, 1995; Barn -
hardt and oth ers, 1997; Dick son and oth ers, 1994).  In more ex -
posed lo ca tions where tidal cur rents are strong, Shelf Val leys
have no sedi ment and may be very deep, as off Pe nob scot Bay
(Fig ure 30).  In many lo ca tions Shelf Val leys are ap par ently not
ac cu mu lat ing mod ern sedi ment, but are floored by glacial-
 marine mud.  In ad di tion, these troughs cut across the re gional
trend of the bed rock and may serve as con duits for ma te rial es -

cap ing near shore re gions.  In Pe nob scot Bay, for ex am ple, sedi -
ment erupted by gas es cape in the up per Near shore Ba sin in Bel -
fast Bay may travel down the chan nel of the ba sin, along the deep 
Shelf Val ley, and out into the Gulf of Maine.  Con tami nated near -
shore sedi ment may find its way into the Gulf of Maine through
these path ways, but off shore nutrient- rich wa ter may also en ter
es tu ar ies via the same route.

The ori gin of the Shelf Val leys, and the deep bed rock
troughs be neath Near shore Ba sins, is un known.  They were once 
con sid ered to be an cient prod ucts of flu vial ero sion (John son,
1925), but were later viewed as gla cially scoured fea tures
(Shepard, 1931).  More re cently, the deep bed rock val leys near -
shore were de scribed as com pos ite fea tures re sult ing from ini tial
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Fig ure 30.  Seis mic re flec tion pro file over deep Shelf Val ley in outer Pe nob scot Bay (from Kne bel, 1986).
Ver ti cal ex ag gera tion is 20x.



flu vial ero sion and later gla cial deep en ing (Uch upi, 1968).  The
branch ing na ture of some of the Shelf Val leys ap pears flu vial
(Fig ure 31), but there are more val leys than modern- day riv ers
and em bay ments, and many more val leys than pres ent lev els of
pre cipi ta tion re quire (Kel ley and Kel ley, 1993).  Al though pos si -
bly some of the Shelf Val leys were deep ened by gla ciers, they are 
not con sis tently lined up with the di rec tion of ice ad vance (gen -
er ally north west to south east, Thomp son and Borns, 1985), and
some of them are per pen dicu lar to that di rec tion.  It is pos si ble
that sub gla cial melt wa ter was in volved in the for ma tion of these
deep troughs as in ferred else where (Boyd and oth ers, 1988).

Outer Ba sins

The Outer Ba sins oc cur in wa ter gen er ally deeper than
40 m and are poorly stud ied, in part, be cause of their re mote ness
(Kel ley and oth ers, 1989a, 1997).  They gen er ally bor der Rocky
Zones, and al though they com prise only 16% of the study area,
they ex tend with out in ter rup tion into the deeper wa ter of the
Gulf of Maine. In most lo ca tions Outer Ba sins have a more sub -
dued ba thyme try than Rocky Zones, with 77% of their area cov -
ered by mud with oc ca sional out crops of rock (Fig ure 32).
Sea ward of Saco, Mus con gus, and Nar ra gua gus Bays, where the 
Outer Ba sin is a broad ened ex ten sion of sev eral Shelf Val leys,
Outer Ba sins con tain more than 50 m of gla cial sedi ment with
natu ral gas.  Off Pe nob scot Bay, Mt. De sert Is land, and Ma chias
Bay, Outer Ba sins have an ir regu lar ba thyme try, and may, with
more in ves ti ga tion, be re clas si fied as Rocky Zones.
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Fig ure 31.  Side- scan so nar im age of Shelf Val ley off Casco Bay (from Kel ley and oth ers, 1989a).  The val ley is framed by bed rock
and partly filled with mud.
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Fig ure 32.  Side- scan so nar im age of an Outer Ba sin off Mus con gus Bay (from Kel ley and Belk nap, 1991).  Mud is slowly ac cu mu lat -
ing in this deep- water set ting and bury ing the rocks.

Fig ure 33.  Seis mic re flec tion pro file across Hard- Bottom Plain. A dense muddy- sandy- gravelly till is not well re solved from un der -
ly ing bed rock.  The flat seafloor ap pears eroded, al though lit tle re search has been per formed in this lo ca tion sea ward of Ma chias Bay.



Be cause they ex ist in rela tively deep wa ter, Outer Ba sins
ex pe ri ence cur rents and wave ac tiv ity too weak to erode muddy
sedi ment.  For this rea son, mod ern mud ac cu mu lates in these
deep set tings and is only dis turbed by fish ing prac tices like drag -
ging.  At times of lower sea level, the Outer Ba sins be low 60 m
depth were not ex posed sub aeri ally and ac cu mu lated ma te rial
eroded from Rocky Zones.  Thus, only in deep Outer Ba sins has
sedi ment con tinu ously ac cu mu lated to pro vide a com plete geo -
logic rec ord of oceano graphic events since the Ice Age.

Hard- Bottom Plains

Hard- Bottom Plains are ex ten sive ar eas of low ba thymetric 
re lief that are cov ered by gravel (83%), sand (14%), and rock
(3%) (Ta bles 4, 5, Fig ures 23, 24).  The Hard- Bottom Plains oc -
cupy a large area off east ern Maine (Dick son and oth ers, 1994)
and a smaller re gion in south ern Maine at depths rang ing from
60- 90 m and 10- 30 m, re spec tively (Fig ure 22).  Bot tom sam ples
con tain mostly sand and gravel, but mi nor amounts of mud also
oc cur.

The Hard- Bottom Plain in south ern Maine is as so ci ated
with a large se ries of mo raines and till de pos its (Fig ures 8, 9).
Dur ing a time of lower sea level, waves removed gravel from the
mo raines and spread it around, cre at ing the Hard- Bottom Plain.
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Fig ure 34.  Sum mary of depth and bottom- type in for ma tion, com piled at 10- meter in ter vals for the north west ern Gulf of Maine. (a)
Hyp so met ric graph shows a gen er ally de creas ing area of seafloor as depth in creases.  (b) Bar graph de pict ing the area within each of
these 10-m in ter vals that is cov ered by rocky, grav elly, sandy, and muddy sub strates.  (c) Bar graph de rived from A and B, de pict ing
the per cent of each 10-m depth in ter val that is cov ered by the four ma jor bot tom types.



The large Hard- Bottom Plain in north east Maine is also cov ered
by a de posit of till, but it is thin (Fig ure 33) and largely oc curs
deeper than 60 m, the depth of the low stand of the sea.  The bed -
rock in this area is also ex tremely sub dued in re lief.  It is pos si ble
that the rocks here are Meso zoic sand stones that are flat- lying
(Bal lard and Uch upi, 1975; Tagg and Uch upi, 1966) or eas ily
eroded like those in the Bay of Fundy (Hutchin son and oth ers,
1988).  Gla ciers may have smoothed them into the low- relief
rock pres ently ex posed.  Strong tidal cur rents may be re spon si -
ble for re work ing the till and a lack of re cent sedi ment ac cu mu la -
tion over that ma te rial.  Lit tle ob ser va tional data ex ist from this
area.

SURFICIAL  GEOLOGY

In tro duc tion

The sur fic ial ma te ri als of the in ner con ti nen tal shelf of the
west ern Gulf of Maine are the most com plex of any place along
the At lan tic Mar gin of the United States.  Ig ne ous, meta mor phic, 
and sedi men tary rocks span ning al most a bil lion years of earth
his tory form the re gional base ment.  Gla cial de pos its con tain ing
all clast sizes from boul ders to mud partly man tle the rocks.
These ma te ri als, in turn, have been re worked by coastal pro -
cesses dur ing ex treme ex cur sions of sea level over the past few

th o u s a nd years to lo cally cre ate bet ter tex tur ally sorted de pos its
of mod ern sedi ment.  Bio logi cal pro cesses, in clud ing shell for -
ma tion and gas erup tion, have added to and dis turbed the sedi -
ments, re spec tively.  As dis cussed above, the se lec tion of map
units to de scribe this com plex ity in volves a com pro mise be -
tween pro vid ing de tailed in for ma tion where it ex ists and gen er -
al iz ing where data are scarce or ab sent.  For this rea son we have
cho sen the 16- unit clas si fi ca tion for ar eas where side- scan so nar
cov er age ex ists (Fig ure 17), and 4 “end- member” units where it
is ab sent.  Off the en trance to the Bay of Fundy, no data ex ist, and
so only ba thyme try is de picted.  Grain size analy ses were per -
formed on many of the bot tom sam ples (Fig ure 24), and al -
though no new maps based on these were made, older
pub li ca tions did pro duce such maps (Kel ley and Belk nap, 1991).

Rocky Ar eas

Rocky sea beds oc cupy 41% of the in ner con ti nen tal shelf
bot tom (Fig ure 34) and are the most abun dant sur face ma te rial in 
all parts of the study area ex cept ex treme east ern Maine, and at
all depths less than 50 m (Fig ure 34, Ta bles 4, 5; Barnhardt and
oth ers, 1996a-g).  Rocky ar eas are most abun dant in wa ter less
than 40- 50 m deep and be come less com mon with in creas ing
depth.  Where lit tle data ex ist and the seafloor is very ir regu lar, a
rocky bot tom was in ferred.  Thus, large ar eas of rocky bot tom
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Fig ure 35.  Pho to graph of rock out crop with boul ders off Toms Rock (near the Ken ne bec River mouth) taken from sub -
mersi ble.



are mapped off ex treme south ern Maine, Pe nob scot Bay, and off
Petit Manan Point (Barn hardt and oth ers, 1996a-g), de spite the
lack of many di rect ob ser va tions in those places.  Large ar eas of
rock are also in ferred to oc cur sur round ing the many gran itic is -
lands in Blue Hill and French man Bays, and elon gate bod ies of
rock ap par ently fol low the lin ear trend of the pen in su las north of
Cape Eliza beth.

No ef fort was ex pended to iden tify the na ture of the bed -
rock, but side- scan so nar im ages clearly de pict par al lel frac tures
and elon gate out crop pat terns com mon in lay ered rocks, as well
as more rounded bod ies of rock of ten as so ci ated with plu tonic
(gran itic) rocks.  The sur faces of rock out crops are usu ally cov -
ered with al gae (sea weed) and en crust ing or gan isms in shal low
wa ter, and with only en crust ing or gan isms at greater depths (Fig -
ure 35).  Frac tures in rock and re gions sur round ing rock out crops 

are com monly cov ered with shells of dead or gan isms for merly
at tached to the rock sur face, as well as with an gu lar frag ments of
rock.  It is for this rea son that large, “pure” rock out crops (R)
were less fre quently mapped with side- scan so nar than “rock
greater than gravel” (Rg) or “gravel greater than rock” (Gr, Fig -
ure 27).  To gether, these are among the most com mon units
mapped with side- scan so nar on the sur fic ial maps.  Frac tures
filled with gravel are of ten called “sedi ment ponds” and are gen -
er ally thin de pos its (Kel ley and oth ers, 1989a).

 The map unit, “rock greater than mud” (Rm), is most com -
mon in Outer Ba sins where out crops poke through the con tem -
po rary mud that is pres ently man tling the seafloor.  Rm also
oc curs as small ar eas sea ward of tidal flats in the Near shore Ba -
sins.  Rock greater than sand (Rs) ex ists only in a few lo ca tions
on Near shore Ramps.
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Fig ure 36.  Boulder- covered mo raine with ad ja cent rip ples and mud in Somes Sound.  The mo raine is sev eral me ters shal lower than
the sur round ing muddy seafloor (note fath ome ter pro file) (modi fied from Barn hardt and Kel ley, 1995).



Grav elly Ar eas

Gravel (G) is a com mon con stitu ent of in ner shelf sedi -
ment, but ex ten sive ar eas of grav elly sedi ment cover only 12%
of the sea bed (Fig ure 34, Ta bles 4, 5; Barn hardt and oth ers,
1997).  Gravel domi nates the seafloor off the Ken ne bec River
mouth (Fig ure 18) where pal imp sest del taic sedi ments are
exposed, and near re worked gla cial mo raines off Wells (Fig ure
9) and Saco Bays, and off Ma chias Bay in east ern Maine.  In
many in stances the gravel has a rip pled sur face (Fig ures 18, 25),
and may con tain mi nor amounts of coarse sand.  In ar eas where
scour ing of the sea bed has oc curred, a gravel- lag de posit ar mors
the seafloor (Fig ures 9, 20, 36, 37) at least tem po rar ily.  Gravel
also oc curs in small lin ear bands where mo raines ex ist on the
sea bed (Fig ures 9, 36).  Gravel is most abun dant in the 20 to 40 m 
depth range, ex cept in east ern Maine where the Hard- Bottom
Plain is cov ered with gravel to depths of at least 100 m (Ta ble 5). 

As de scribed above, gravel greater than rock (Gr) is a com -
mon fea ture ad ja cent to bed rock out crops and in frac tures in the
rock.  Here the gravel may have a high shell con tent (cal cium
car bon ate) be cause shells are the only mod ern sedi ment be ing
in tro duced to the area (Barn hardt and Kel ley, 1995).  Gravel

greater than rock and gravel greater than sand (Gs) are ma jor fea -
tures of the seafloor from the Ca na dian bor der to Eng lish man
Bay (Barn hardt and oth ers, 1996g).  Here, low- relief bed rock is
man tled by till, which fills in rock de pres sions, but lacks much
re lief it self (Fig ure 38).  Gravel greater than mud (Gm) is very
rare along the in ner shelf be cause the two sizes of clasts are not
de pos ited un der the same hy dro dy namic con di tions.

Sandy Ar eas

Sandy ar eas (S) are rela tively rare along the in ner shelf of
the west ern Gulf of Maine, and oc cupy only 8% of the seafloor
(Fig ure 34, Ta ble 4; Barn hardt and oth ers, 1996a-g).  The sandi -
est re gion is in south ern Maine and New Hamp shire where sand
is con cen trated in Near shore Ramps at wa ter depths of less than
40 m.  In east ern Maine, sand is more com mon in wa ter deeper
than 40 m, so that the over all abun dance of sand re mains nearly
con stant with chang ing depth (Fig ure 34).  Sand is acous ti cally
uni form and strongly con trasts with bor der ing ar eas of gravel
and rock (Fig ure 18).  Al though many sam ples from shal low wa -
ter con tain “clean,” well- sorted sand, ar eas mapped as “sand” or
sand with other ma te ri als fre quently con tain sedi ment in which
the sand is mixed with mud or gravel.
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Fig ure 37.  Pho to graph taken from sub mersi ble of gravel lag de posit off Se guin Is land.



Sand greater than gravel (Sg) is an im por tant seafloor com -
po nent off the Ken ne bec River mouth and pos si bly off Ma chias
Bay, al though ob ser va tional data in this area are scarce (Barn -
hardt and oth ers, 1996g).  Outer por tions of Nar ra gua gus and
Pleas ant Bays also have a mix ture of sandy gravel and grav elly
sand (Dick son and oth ers, 1994).  On the Ken ne bec River pa -
leodelta many small rip pled gravel patches are in ter min gled
with sand in a com plex, but per sis tent mo saic (Fig ure 39) that
has not changed ap pre cia bly in sev eral years (Barn hardt, 1994;
Dick son and oth ers 1995 a,b).  Large storms pre suma bly move
the sand as bars across the rip pled, gravel sub strate, but this has

not yet been dem on strated (Dick son and oth ers, 1993, 1995 a,b;
Bar ber, 1995).

Sand greater than rock (Sr) is a mi nor com po nent of the
seafloor that ex ists ad ja cent to small bed rock out crops scat tered
across the study area.  It is pos si ble that more such ar eas ex ist, es -
pe cially in the sandy south ern part of the study area, but few ob -
ser va tions have been made there.

Sand greater than mud (Sm) is a very dif fi cult unit to map
be cause mix tures of mud and sand look alike on acous tic im -
agery.  The only large ar eas of sand greater than mud are lo cated
in Saco Bay, where many closely spaced bot tom sam ples con -
firmed the pres ence of both mud and sand.  Simi lar oc cur rences
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Fig ure 38.  Map unit "gravel greater than rock" (Gr) from the Hard- Bottom  Plain off Wash ing ton County.  This rec ord was gath ered
near Fig ure 33.



of Sm may oc cur at the sea ward mar gin of other Near shore
Ramps.

Muddy Ar eas

Af ter rocky ar eas, muddy re gions are the most abun dant ar -
eas on the in ner shelf, cov er ing 39% of the study area (Fig ure 34,
Ta ble 4; Barn hardt and oth ers, 1996a-g).  Mud cov ers most of the 
Near shore and Outer Ba sins, and so it is a com mon map unit in
both shal low and deep wa ter, with a mini mum abun dance at 30 to 
40 m depth range (Fig ure 34). It is the domi nant sea bed ma te rial
in all near shore ar eas ex cept for south ern Maine and near Can -
ada.  It is also the ma jor deep- water sur fic ial ma te rial in all lo ca -
tions ex cept off south ern Maine. 

Mud ac cu mu lates where there is an avail able sup ply of
fine- grained sedi ment and quiet con di tions, that fa vor the slow
set tling of small par ti cles, or their en trap ment by ses sile or gan -
isms (Fig ure 40).  In the near shore re gions, mud proba bly comes

from erod ing gla cial bluffs and sea son ally from riv ers.  Deep-
 water mud must be de rived from ero sion of de pos its in shal low
wa ter plus the par ticu late or ganic re mains of for merly liv ing
things.

Muddy seafloors are fea ture less on acous tic rec ords un less
they have been dis turbed or con tain anoma lous, “hard” (dark)
ob jects (Fig ures 12, 21, 27, 29, 32).  Drag marks left by fish ing
boats are very com mon in all sedi men tary en vi ron ments along
the in ner shelf, but are most no tice able over muddy sea beds.
Gas- escape pock marks are more lo cal ized dis tur bances, but,
where they oc cur in abun dance, they pro foundly al ter the sea bed
(Fig ures 12, 29).  In Pe nob scot, Blue Hill, and Pas sa maquoddy
Bays thou sands of hemi spheri cal de pres sions, up to hun dreds of
me ters in di ame ter and tens of me ters deep, mark the muddy bot -
tom (Fader, 1991; Kel ley and oth ers, 1994; Barn hardt and Kel -
ley, 1995).

Mud greater than rock (Mr) oc curs in some deep- water lo -
ca tions, but mud greater than gravel (Mg) is as rare as gravel
greater than mud (Gm) be cause of the hy dro dy namic dif fer ences 
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Fig ure 39.  Com plex seafloor bed forms mapped as "sand greater than gravel" (Sg) off the Ken ne bec River mouth.



be tween the two sizes of ma te ri als.  Mud greater than sand (Ms)
oc curs sea ward of the sandy area of Saco Bay, and is mapped, not 
be cause it is acous ti cally rec og niz able, but only be cause of the
large number of bot tom sam ples that en coun tered this mix ture.

GEOLOGICAL  HISTORY 

The geo logi cal his tory of Maine, be tween the time of
bedrock for ma tion and the start of the Ice Age, is not well
known.  For hundreds of mil lions of years prior to the Ice Ages,
the Ap pa la chian Moun tains were eroded, mainly by flu vial pro -
cesses.  The land scape of Maine, both on and off shore, re flects
that pe ri od of ero sion.  To po graphic and ba thymetric high points
are gen er ally erosion- resistant types of bed rock (Han son and
Cald well, 1989).  Weak ar eas within the bed rock, such as con -
tacts be tween rock bod ies, faults and folds, were etched out by
ero sive pro cesses and are to day marked by low ar eas like bays
and coves.  Lin ear bays like Oak Bay, Eg ge mog gin Reach, and
Cut ler Har bor clearly mark fault traces (Os berg and oth ers,
1985) where frac tures in bed rock were pref er en tially re moved
by ero sive pro cesses.  The Shelf Val leys are also as so ci ated with
weak nesses in bed rock (Kel ley, 1993).  The re mark able gorge at
the mouth of Pe nob scot Bay (Fig ure 30), for ex am ple, ap pears to
be de vel oped on the trace of a bed rock fault (Os berg and oth ers,
1985).

Mul ti ple Pleis to cene gla cia tions proba bly smoothed the
land scape and seafloor with out al ter ing the over all bed rock in -
flu ence on ma jor land forms (Kel ley, 1987).  Thus, bays and pen -
in su las that ex isted bef ore gla cia tion re mained as bays and
pen in su las af ter gla cia tion.  The most im por tant in flu ence of gla -
cia tion was to in tro duce sedi ment to the in ner shelf, and to al ter
the level of the sea and the fo cal point of coastal ero sive and re -
dis tribu tive pro cesses.

 Melt ing gla ciers reached the Maine coast around 14,000
years ago.  Mo raines, mark ing the po si tion of the re treat ing ice,
are well de vel oped in many places.  The larg est field of mo raines
is lo cated in the Wells Em bay ment in 20 to 50 m wa ter depth
(Fig ures 8, 9; Miller, 1997).  Here, the land forms are 5 to 10 m
high, 10 to 50 m wide, and stretch for kilo me ters with oc ca sional
breaks.  Their ero sion has pro duced sand and gravel for the
beaches of the em bay ment.  Promi nent mo raines also ex ist near
Prouts Neck (Kel ley and oth ers, 1989b), par al lel to rock pen in -
su las in Casco Bay (Kel ley and oth ers, 1987b), in west ern Pe -
nob scot Bay (Kel ley and Belk nap, 1991; Kne bel, 1986), at the
en trance to Somes Sound (Barn hardt and Kel ley, 1995; Fig ure
36), and within Goulds boro and Ma chias Bays (Shipp, 1989;
Belk nap and oth ers, 1987b).  In all lo ca tions the mo raines are
mapped as a gravel- dominated bot tom on the sur fic ial maps
(Barn hardt and oth ers, 1996a-g) and are lo cated in Rocky Zones
(Fig ure 41) or Hard- Bottom Plains on the physio graphic map
(Kel ley and oth ers, 1997).  De spite changes in sea level and early 
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Fig ure 40.  Pho to graph taken from sub mersi ble of muddy seafloor in Casco Bay.  Worm tubes pro trude above the muddy
sedi ment.
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Fig ure 41.  Evo lu tion of Rocky Zones. The up per panel de picts the seafloor shortly af ter gla ciers have left, and the ocean level is 80 m
deeper than to day. Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati cally re bounded fol -
low ing melt ing of the ice, and the former seafloor is up to 60 m above the shore line at that time.  Some of the gla cial sedi ment was
eroded dur ing emer gence, and for est cov ered much of the area then.  In the lower panel, sea level has risen to its pres ent po si tion and
drowned the Rocky Zone.  Dur ing sub mer gence, ero sive pro cesses re moved muddy de pos its and ex posed bed rock or left a boul der ar -
mor on the sea bed.
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Fig ure 42.  Evo lu tion of Shelf Val leys. The up per panel de picts the seafloor shortly af ter gla ciers have left, and the ocean level is 80 m
deeper than to day. Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati cally re bounded fol -
low ing melt ing of the ice, and the former seafloor is up to 60 m above the shore line at that time.  Some of the gla cial sedi ment was
eroded dur ing emer gence, and for est cov ered much of the area then.  Bluff ero sion and stream in ci sion has be gun to ex pose the Shelf
Val leys.  In the lower panel, sea level has risen to its pres ent po si tion and drowned the Shelf Val leys.  Dur ing sub mer gence, ero sive
pro cesses re moved mud from some ar eas and de pos ited mod ern, Holo cene mud in deeper places.  Natu ral gas is form ing in some thick 
mud de pos its, and gas has de sta bi lized mud and led to sub ma rine land slides in other places.
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Fig ure 43.  Evo lu tion of Outer Ba sins. The up per panel de picts a rela tively deep area of seafloor shortly af ter gla ciers have left, and the 
ocean level is 80 m deeper than to day. Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati -
cally re bounded fol low ing melt ing of the ice, and sea level is up to 60 m shal lower than the pres ent time. This lo ca tion (greater than
the low stand depth of 60 m) re mains, how ever, un der shal low water.  Mud eroded from shal lower lo ca tions col lects here dur ing the
late Pleis to cene.  In the lower panel, sea level has risen to its pres ent po si tion and this area is deep once again.  Dur ing the most re cent
sub mer gence, ero sive pro cesses again re moved mud from shal lower ar eas and de pos ited mod ern, Holo cene mud in deeper places like 
this.
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Fig ure 44.  Evo lu tion of Near shore Ba sins. The up per panel de picts the seafloor shortly af ter gla ciers have left, and the ocean level is
80 m deeper than to day. Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati cally re -
bounded fol low ing melt ing of the ice, and the former seafloor is up to 60 m above the shore line at that time.  Some of the gla cial sedi -
ment was eroded by streams dur ing emer gence, and for est cov ered much of the area then. In the lower panel, sea level has risen to its
pres ent po si tion and drowned the Near shore Ba sins.  Dur ing sub mer gence, ero sive pro cesses, such as the bluff ero sion oc cur ring
along the shore line to day, re moved mud from some ar eas and de pos ited mod ern, Holo cene mud in deeper places.  Natu ral gas is form -
ing in some thick mud de pos its, pos si bly the site of former lakes, bogs, and coastal wet lands.
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Fig ure 45.  Evo lu tion of Near shore Ramps. The up per panel de picts the seafloor shortly af ter gla ciers have left, and the ocean level is
80 m deeper than to day. Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati cally re -
bounded fol low ing melt ing of the ice, and the rela tive po si tion of sea level has fallen 60 m.  Some of the gla cial sedi ment was eroded
by streams dur ing emer gence, but stream sedi ment was also de pos ited dur ing re gres sion. In the lower panel, sea level has risen to its
pres ent po si tion and drowned the Near shore Ramp.  A landward- thickening wedge of sand marks the in land mi gra tion of beaches and
dunes dur ing the on go ing trans gres sion.
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Fig ure 46.  Evo lu tion of Hard- Bottom Plains. The up per panel de picts the seafloor shortly af ter gla ciers have left, and the ocean level
is 80 m deeper than to day.  Glacial- marine mud man tles most of the seafloor.  In the mid dle panel, the seafloor has iso stati cally re -
bounded fol low ing melt ing of the ice, but this deep- water set ting re mains sub merged and con tin ues to col lect fine sedi ment.  Dur ing
the past few thou sand years, as the tides in the Bay of Fundy area have in creased dra mati cally (Ge hrels and oth ers, 1995, 1996), tidal
cur rents have re moved all fine- grained sedi ment and left a coarse- grained lag de posit.



re work ing by waves, the boulder- littered sur faces of the mo -
raines have served as a pro tec tive ar mor against fur ther ero sion
(Fig ure 36).  Where the till de pos its were thin, as in the Hard-
 Bottom Plains near the Ca na dian bor der, small bed rock out crops
of ten ap pear through the till.

Vast quan ti ties of fine- grained, glacial- marine sedi ment
were de pos ited along with the till.  This well- bedded sedi ment
blan keted the seafloor and still sup ports ex ten sive ar eas of
smooth ba thyme try in the Near shore and Outer Ba sins.  Dur ing
the fall in the level of the sea af ter about 11,000 yr B.P., the
glacial- marine sedi ment was ex posed to sub aer ial weath er ing
pro cesses and re moved from high ar eas to lower lo ca tions.  Riv -
ers carved out chan nels in the glacial- marine sedi ment which
were of ten later filled with gas- rich Holo cene mud. Many of the
Shelf Val leys were com pletely ex ca vated dur ing this time of
emer gence (Fig ure 42), and trun cated seis mic re flec tors from the 
glacial- marine ma te rial are im aged along the mar gins of mod ern
es tu ar ies (Fig ure 7).

Some riv ers, like the Saco, Ken ne bec, Nar ra gua gus, and
Pe nob scot, de liv ered large quan ti ties of sandy and muddy sedi -
ment to the sea dur ing the time of lower sea level (Kel ley and
oth ers, 1992; Barn hardt, 1994; Barn hardt and oth ers, 1997).
The mud, plus fine- grained sedi ment re worked from gla cial de -
pos its, col lected in wa ter depths greater than 60 m.  Where
enough sedi ment ex isted, re lief as so ci ated with rock out crops
was smoothed or elimi nated by bur ial in the Outer Ba sins (Fig -
ure 43).  The sedi ment sup ply to these ar eas has de creased as
con tem po rary sea level rises and the source of sedi ment be comes 
dis tant.

Ris ing sea level has eroded bluffs of gla cial sedi ment along 
the shore line from 60 m depth to the pres ent coast (Fig ures 2, 4,
5).  This bluff- erosion pro cess forms the trans gres sive un con for -
mity, or ero sion sur face, on the top of the glacial- marine sedi -

ment.  Where the un con for mity is bur ied by mud, it forms a
promi nent seis mic re flec tor (Fig ure 10), es pe cially be neath
muddy Near shore Ba sins and in some Shelf Val leys (Fig ure 44).

Im me di ate ly sea ward of the Mer ri mack, Saco, Ken ne bec,
and Nar ra gua gus Riv ers, and a few other places where abun dant
quan ti ties of sand ex isted dur ing the rise of sea level, waves
formed beaches.  The beaches have mi grated land ward with ris -
ing sea level and left be hind the gen tly seaward- sloping sur face
of the Near shore Ramps (Fig ure 45).  In most ar eas, sand on the
Near shore Ramps is only a thin sur face ve neer sepa rated from
glacial- marine sedi ment by the trans gres sive un con for mity (Fig -
ure 26).  The muddy glacial- marine sedi ment is com monly
exposed just sea ward of the shoreface (Bar ber, 1995; Kel ley and
oth ers, 1995a).

Along the shore line near Can ada, and in a few other
smaller ar eas, ei ther no glacial- marine sedi ment was de pos ited
or it was eroded and noth ing else bur ied the bed rock and till-
 mantled seafloor.  Here, the Hard- Bottom Plain is cov ered by a
gravel and rock sur face in a deep- water set ting (Fig ure 46).  It is
pos si ble that the strong tidal cur rents as so ci ated with the large
tidal range near the Bay of Fundy have eroded older, muddy
sedi ment and pre vented new ma te rial from ac cu mu lat ing.

The physio graphic en vi ron ments of the west ern Gulf of
Maine have been shaped by a complex his tory of gla ciation, sea
level fluc tua tion, and mod ern pro cesses - all of which have acted
over an ir regu lar foun da tion of an cient rocks.  Rocky Zones,
Shelf Val leys, Outer Ba sins, Near shore Ba sins, Near shore
Ramps, and Hard- Bottom Plains have formed over thou sands of
years into dis tinct types of seafloor.  Re vealed in the work of ma -
rine ge ologists, these ma rine en vi ron ments are the un der wa ter
land scapes or “sea scapes” offshore of the Maine coast.
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SUM MARY

The geo logi cal his tory of the seafloor of the Maine in ner
con ti nen tal shelf has both young and old com po nents.  The bed -
rock re gions are the old est and date back hun dreds of mil lions of
years to their for ma tion.  These hard crys tal line rocks are pri mar -
ily ig ne ous or meta mor phic.  An cient faults and folds, along with 
vary ing re sis tance to erosion over mil lennia, have re sulted in an
ir regu lar shape to the Maine coast line and its off shore shoals,
can yons, and ba sins.  Un til our re cent com pi la tion of sci en tific
stud ies, many of these unique fea tures were hid den be neath the
sea and only known by a few who made their live li hood fish ing
the seafloor. 

Con ti nen tal gla cia tion re peatedly scoured the state over the 
last two mil lion years.  The most re cent re treat of gla cial ice pro -
duced a va ri ety of mud, sand, and gravel land forms as well as
thick se quences of sedi ments both in land and off shore.  These
sedi men tary de pos its have been modi fied slightly in the last few
th o u s a nd years.

 Land ad just ments due to the load ing and un load ing of the
last ice sheet caused the shore line of the Gulf of Maine to shift
con sid era bly in the last 14,000 years.  As a result, coastal pro -
cesses as so ci ated with waves, tides, and cur rents re worked gla -
cial de pos its from ele va tions as high as 80 m above to as low as
60 m be low the pres ent shore.  This os cil la tion in sea level re -
sulted in the surf zone first fal ling and then ris ing across the in ner 
con ti nen tal shelf in the re cent geo logi cal past.  Re cent sedi men -

tary de pos its cov er bed rock in some places while in other lo ca -
tions sub ma rine or sub aer ial ero sion ex poses boul ders and
bed rock, par ticu larly on shoals.  Dur ing this ice- free pe ri od,
coastal pro cesses have re dis trib uted some gla cial sedi ments to
form eas ily rec og nized mod ern sedi men tary de pos its such as
beaches, mud flats, and a few river del tas.

Sci en tific study has re vealed a com plex seafloor with many 
dy namic en vi ron ments.  With the geo logi cal past as a key to the
fu ture, the recent changes to the seafloor and coastal zone are ex -
pected to con tinue in the near fu ture.  Following its re cent trend,
sea level will rise fur ther along the Maine coast.  Ris ing tides,
waves, and cur rents will re work sedi ments along the shift ing
shore line and con tinue coastal ero sion of beaches and bluffs.
Eroded gla cial ma te ri als will be sup plied to mud flats, beaches,
and near shore en vi ron ments of the in ner con ti nen tal shelf as the
shore line ad vances in land.

As we con tinue to live, work, and rec re ate on or be neath the 
sea, there is much value in know ing our natu ral re sources.  The
im print of geo logi cal his tory is re vealed in a va ri ety of seafloor
types in the west ern Gulf of Maine.  These ma rine en vi ron ments
form dif fer ent sea scapes or physio graphic en vironments that are
in her ited from the ge ologic frame work.  Each of these re gions,
such as grav elly plains, muddy ba sins, sandy beaches, or rocky
shoals are some of the many physi cal habi tats that sup port life in
the ma rine realm.
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GLOS SARY OF GEO LOGI CAL TERMS

acous tic base ment - the ma te rial which forms the base of a
stratigraphic se ction im aged with sound waves. Al though
the in ter face be tween the acous tic base ment and over ly ing
ma te rial can be de ter mined, the acous tic base ment is
acous ti cally “opaque”, mean ing that no struc ture, bed ding,
or other fea ture can be de ter mined within this ma te rial.

acous tic fa cies - in seis mic re flec tion, a por tion of a stra tigraphic 
section im aged us ing sound waves, which is dis tinct and
can be dis tin guished from sur round ing ma te ri als.  In side-
 scan so nar im agery, a gray- scale pat tern char ac ter is tic of a
seafloor type.

acous tic re flec tors - lay ers which pro duce char ac ter is tic
“sharp” or “dark” re turns on a se quence im aged us ing
sound waves.  This sharp re turn is caused by a dif fer ence in
acous tic prop er ties (den sity, com po si tion) be tween ad ja -
cent geo logic ma te ri als.

acous tic re turns - sound waves re flected from sur face or sub -
sur face lay ers and re corded in the course of im ag ing the
seafloor or a geo logic se quence.

acous tic shad ows - ar eas which have not been im aged be cause
sound waves were blocked from reach ing the area by an
ele vated ob struc tion, such as a rock.

acous ti cally trans par ent - a por tion of a geo logic se quence
which can not be im aged us ing sound waves, usu ally due to 
the uni form com po si tion of the ma te rial.

ana log - a pa per copy of the data, as op posed to a digi tal rec ord.

ar mors - pro tects, as in hav ing a pro tec tive cov er ing.

ba thymetric - de scribes the meas ure ment of depth, usu ally as -
so ci ated with bod ies of wa ter (oceans, lakes).

ba thymetric re lief - the maxi mum change in ele va tion (depth)
in a por tion of an un der wa ter area.  Ar eas of high re lief
have steep slopes and large depth changes.

berm -  the nearly hori zon tal por tion of a beach formed by the
depo si tion of sand by waves near the ele va tion of high tide.

bur ied val leys - val leys formed dur ing an ear lier time which are
now filled with sediments.

clasts - in di vid ual sedi men tary par ti cles such as a grain of sand,
peb ble, or boul der that make up a sedi men tary rock or de -
posit.

de gla cia tion - the pro cess by which a gla cier re cedes from an
area.

drum lin - a hill of till or gravel elon gate par al lel to the di rec tion
of gla cial ice mo tion.  The shape of the drum lin in di cates
the di rec tion from which the ice ad vanced over the land.

Emb den For ma tion - a sand de posit in the up per Ken ne bec
River val ley that post dates (over lies) the Pre sump scot For -
ma tion and has flu vial ori gins.

end mem bers - the pure con stitu ents of a mix ture.  For ex am ple,
sand, silt, and clay are com mon end mem bers of a sedi ment
sample.

es tu ar ies - coastal em bay ments where fresh and salt wa ter mix
to pro duce a low-sa lin ity wa ter body.

es tu ar ine con di tions - re fers to sa line and tidal con di tions
which oc cur due to tidal ebb and flow in a re gion where
fresh and salt wa ter mix.  Sa lini ties and tidal ranges are
typi cally less than those in the ad ja cent salt wa ter por tion of 
the re gion, but more than those in the ad ja cent fresh wa ter
area.
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eustasy - world- wide si mul ta ne ous change in sea level.

eustatic - per tain ing to global change in sea level.

fa cies -  char ac ter is tics of a sedi men tary unit that dif fer en ti ates it
from an other.  Usu ally rep re sent ing its mode of ori gin or
en vi ron ment of deposition.

flu vial - a de scrip tive term per tain ing to riv ers; riverine.

geo graphic in for ma tion sys tem (GIS) - a computer- based
map ping sys tem that al lows maps to be cre ated within, or
dig it ized into a com puter, plot ted and ana lyzed.  Once en -
tered into a GIS maps, or lay ers of map- related in for ma -
tion, can be linked to a spa tial da ta base and used to cre ate
new maps.

geo mor phol ogy - a branch of ge ol ogy that studies the form of
the earth, the gen eral shape of its sur face, and the  ori gin
and evo lu tion of land forms.

geo physi cal track lines - the points along a ves sel's course
where geo physi cal data, such as side-scan so nar images
and seis mic re flec tion profiles were col lected.

glacial- marine - per tain ing to sedi ment origi nat ing from a gla -
cier and de pos ited in a ma rine set ting.

glacial- marine del tas - sedi men tary land forms com posed of
gla cially-de rived ma te rial trans ported by gla cial meltwa ter 
and de pos ited in a body of salt wa ter.

gla cia tion - chang ing the earth's sur face by the ero sion and
depo si tion of rock and sedi ments by a gla cier.

gla cigenic - formed by gla cia tion.

gravel aprons - a de posit com posed of gravel- sized ma te rial
which surrounds or par tially rings a land form.

gravel- lag de posit - an ac cu mu la tion of gravel- sized ma te rial
which re mains af ter finer- grained ma te rial is re moved by
ero sion or winnowing.

ground mo raine - a low- relief land form com posed of a het ero -
ge ne ous mix ture of ma te rial de pos ited on the earth's sur -
face by a gla cier.

ha los - ring- shaped fea tures which sur round, or par tially sur -
round a lo ca tion.

heavy min er als - min eral grains which have a high spe cific
grav ity, usu ally greater than 2.8 times the den sity of water.
This char ac ter is tic causes these min er als to be se lec tively
con cen trated by wave or cur rent ac tion.  Com mon heavy
min er als are il men ite, mag net ite, gar net, and horn blende.

high stand - the up per most topo graphic po si tion or ele va tion on
land reached by sea level dur ing a spe cific pe ri od in time.

Holo cene - unit of geo logic time ex tend ing from the end of de -
gla cia tion of the last ice sheet to the Pre sent.  Holo cene is
usu ally taken to rep re sent the last 10,000 years of earth his -
tory.

hy dro dy namic con di tions - con di tions gen er ated by the force
or pres sure of mov ing wa ter.

in ner con ti nen tal shelf - gen tly slop ing, shal low mar gin of a
con ti nent ex tend ing from the shore to a lo ca tion where
depth in creases abruptly, of ten around 120 m depth. Gla ci -
ated con ti nen tal shelves like the Gulf of Maine have lost
their cover of rela tively young sedi ment and have ex posed
bed rock at the seafloor in many places.  The in ner con ti -
nen tal shelf is ar bi trar ily de fined for this re port as ex tend -
ing from shore to the 100 m depth.

in ter fin ger ing - grading or changing from one ma te rial to an -
other in an elon gate, wedge- shaped pat tern.

iso bath - a line of equal depth; used to map ba thymetric
contours.

iso stati cally - changes in ele va tion cre ated by the weight of one
ma te rial on an other; gravi ta tional bal ance of large por tions
of the earth's crust that float  on a denser, un der ly ing layer.

li thol ogy -  the physi cal char ac ter is tics of a rock, such as min eral  
com po si tion and color.

lodge ment till - het ero ge ne ous sedi men tary ma te rial de pos ited
at the base of a gla cier by mov ing ice.  A com mon sedi ment
of ground mo raine.

LO RAN C - LORAN is an ac ro nym for a navigation system
involving transmission of a radio sig nal from two or more
sources.  A de vice on a boat re ceives the two sig nals at
slightly dif fer ent times, and uses the “time de lay” of the
sig nals to lo cate a geo graphic po si tion on a nau ti cal chart
which dis plays time de lay lines as coordinates.

low stand - the low er most bathymetric po si tion or depth reached
by sea level dur ing a spe cific pe ri od in geo logic time.

ma rine in un da tion - the cov er ing of a land area by sea wa ter.

ma rine limit - the high est topo graphic po si tion reached by sea
wa ter.

mas sive - homogeneous, with out dis cerni ble lay er ing.

Meso zoic Era - a di vi sion of geo logic time ex tend ing from 245
to 65 mil lion years ago.  Pre ceded by the Pa leo zoic Era and
fol lowed by the Ce no zoic Era.

mo raine - a landform of gla cially moved sedi ment (of ten
including till) in the form of a ridge par al lel to the former
mar gin of the ice (re ces sional).  Ground mo raine re fers to
blan ket de pos its of gla cial sedi ments of poorly defined
shape.
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mor phol ogy -  the shape of a fea ture such as a land form or the
seafloor.

Mya are na ria - soft shell clam.

oro genic belt - a moun tain range con sist ing of folded and
faulted rocks.

out wash - sand and gravel de pos ited by melt wa ter streams be -
yond the melt ing ter mi nus of a gla cier.  Out wash is lay ered
(strati fied) and gen er ally be comes finer-grained away
from the ice mar gin.

pa leodelta - a delta formed ear lier in geo logic time.

pal imp sest - palimpsest sediments were deposited under one set
of en vi ron mental con di tions (by a gla cier, for ex am ple) and 
then strongly in flu enced by an other set of con di tions (like
ocean waves) so that the sedi ments have lost prop er ties im -
parted by the origi nal agent of deposition.

pi pette meth ods - a labo ra tory procedure of de ter min ing grain
size dis tri bu tions of silt and clay.  This is ac com plished by
with draw ing a fixed vol ume of sedi ment and wa ter at
specific time in ter vals and depths from a speci fied origi nal
vol ume of sedi ment and wa ter us ing a pi pette.  Grains of
dif fer ent sizes set tle at dif fer ent rates through a gradu ated
cyl in der.

Pleis to cene - a unit of geo logic time (an Ep och of the Qua ter -
nary) ex tend ing from 2 mil lion years ago to 10,000 years
ago.  The most re cent Ice Age.

physio graphic maps - maps show ing physiographic re gions of
an area which are iden ti fied on the ba sis of ba thymetric
relief and geology.

physio graphic re gions - por tions of an area which are iden ti fied 
on the ba sis of ba thymetric relief and com po si tion.  Simi lar
to land terms such as coastal low lands or in te rior high -
lands.

pock marks - cir cu lar- to oval- shaped de pres sions on the
seafloor caused by the re lease of sub sur face flu ids or gas
from sea floor sedi ments.

Pre sump scot For ma tion - a sedi men tary de posit of glacial-
 marine mud that con sists of clay- and silt- sized par ti cles
with mi nor amounts of sand.  The sedi ments may in clude
coarser gravel clasts or "drop stones" from ice- rafting.

Qua ter nary - the younger of the two geo logi cal pe ri ods in the
Ce no zoic Era.  The Qua ter nary Pe ri od fol lows the Ter ti ary,
and cov ers the time of many gla cial advances and includes
about the last two mil lion years.

ra dio car bon dates - the age of or ganic ma te rial de ter mined by
meas ur ing the concentration of a natu rally oc cur ring ra dio -
ac tive car bon iso tope, 14C.  Used to es tab lish a chro nol ogy
of geo logic events.

re ces sional mo raines - lin ear, ridge- shaped de pos its of het -
eroge nous ma te rial de pos ited at the gla cier front dur ing its
re ces sion.

re gres sion - the with drawal of sea from land driven by a rela tive
low er ing of sea level and/or up lift of the land.

re work ing - sediment is reworked when it is influenced by a
process fol low ing its origi nal depo si tion.  Gla ciers de pos -
ited sedi ment on the coast of Maine, and waves and tidal
cur rents have re worked the gla cial de pos its into beaches
and mud flats.

rock flour - finely ground rock par ti cles or frag ments re sult ing
from gla cial abra sion.

sedi ment ponds - rela tively flat- lying de pres sions with a sedi -
ment filling.  Sedi ments are of ten de pos ited in bed rock ba -
sins or chan nels in suf fi cient thick ness that bed rock re lief is 
cov ered.

seis mic re flec tion - method of geo physi cal ex plo ra tion using
acous tic waves and in ter pre ta tion of their re flec tion from
sub ma rine lay ers.  See Fig ure 16b.

ses sile or gan isms - ma rine ani mals or plants that re main in a sin -
gle lo ca tion and do not move about; liv ing at tached to the
seafloor.

set tling tube - a tall glass col umn filled with wa ter into which a
sedi ment sam ple is re leased.  A bal ance at the base of the
col umn meas ures the ac cu mu la tion of grains over time to
pro duce a grain size dis tri bu tion.

shear strength - in ter nal re sis tance to stress (or move ment) that
comes from fric tion and co he sion of the sedi ment

shoals - shal low wa ter that may be a haz ard to navi ga tion.

shoreface - the sea ward slop ing sur face of the seafloor com -
posed of sand and gravel and un der the in flu ence of wave
agi ta tion.  Gen er ally the sea ward ex ten sion of the beach
be low the low-tide line.

side- scan so nar - a geo physi cal in stru ment that us es sound
waves re flected off the seafloor to im age the areal ex tent of
dif fer ent bot tom types.  See Fig ure 16a.

slump ing - downslope mass move ment of sedi ments; usually in -
volves de for ma tion and dis rup tion of lay ers and may oc cur
at vary ing rates.

stra tigraphic section - a se quence of rocks or sedi ments.  Stra -
tigra phy is the branch of ge ol ogy that stud ies the for ma -
tion, com po si tion, se quence and spa tial cor re la tion of
strati fied, or lay ered, rocks and sedi ment.

sub aeri ally - be neath air, as op posed to be neath sea wa ter (sub -
ma rine) or fresh wa ter (subaque ous).
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sub gla cial melt wa ter - wa ter be neath gla cial ice.  Wa ter melt ing 
from the base of an ice sheet may be con cen trated into tun -
nels un der the ice and can carry sedi ments that are de pos -
ited in mo raines and es kers (steep sin ous ridges).

sub strate - any layer of ma te rial be low a soil or water- sediment
in ter face.

sus pect ter rane - rocks that have been trans ported far from their
place of ori gin by tec tonic pro cesses.

ter nary diagram - a tri an gu lar graph used to plot per cent ages of
each of three com po nents such as sand, silt, and clay.  Each
apex is con sid ered 100% of one com po nent.  See Fig ure 24
for ex am ples.

tex ture - the size, shape, and arrangement of par ti cles like sand,
silt, and clay grains that com pose a sediment.

till - non- sorted, and gen er ally non- stratified sedi ment car ried or
de pos ited by a gla cier.  Lodge ment or ba sal till was de pos -
ited di rectly be neath a gla cier and is very com pact and may
pos sess clasts with a pre ferred ori en ta tion re lat ing to the di -
rec tion of ice mo tion.  Ab la tion till is a loosely con soli dated 
de posit and was left by melt ing ice.

tow fish - a sci en tific in stru ment towed be neath the sea sur face. 
Used to trans mit and re ceive sound sig nals for gen er at ing
side- scan so nar im ages.

trans ducer - a de vice that con verts elec tri cal en ergy to acous tic
sig nals.  May also re ceive sound sig nals and con vert them
to elec tri cal sig nals.

trans gres sion - a rise in the level of the sea rela tive to land.  Can
be caused by earth move ment or eustasy.

un con form ably - not suc ceed ing the un der ly ing strata in im me -
di ate or der of age.  Un con form able layers sug gest a pe ri od
of ero sion or non- deposition be tween the two.

un con for mity - in sedimentary geology, a significant gap
between two de pos its in the geo logic rec ord which rep re -
sents a pe ri od of ero sion of the lower de posit prior to depo -
si tion of the up per layer.  An un con for mity re sults in an
im com plete stra tigraphic sec tion.  If the lay ers are at dif fer -
ent an gles to one an other, the boundary is called an an gu lar
un con for mity.

vi bra core - a cor ing tech nique which in volves push ing a vi brat -
ing pipe into sedi ment and re mov ing it with a core sam ple
in tact in side the pipe.

Wis con sin - the most re cent wide spread gla cia tion known from
North Amer ica.
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