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IN TRO DUC TION

This re port de scribes the sub ma rine geo mor phol ogy,
surficial sed i ments, and Qua ter nary strati graphic frame work of
the west ern Gulf of Maine within French man and Blue Hill
Bays, and along the ad ja cent in ner con ti nen tal shelf (Fig ures 1,
2).  Al though ref er ence is made to many im por tant ter res trial ob -
ser va tions, the re search is fo cused on the nearshore re gion out to
the 100 me ter isobath.  Spe cial em pha sis is placed on the seafloor 
southeast of Mount Desert Island.  

Within the study area, comp lexly-de formed bed rock
ranges in age from Pre cam brian to De vo nian, with mostly Pre -
cam brian to Or do vi cian meta mor phic rocks (Ellsworth For ma -
tion) along the main land of the bays, and De vo nian gran ites
form ing is lands in the bays (Osberg et al., 1985).  Bed rock is
widely ex posed along the shore line and ex er cises the pri mary
con trol on the shape of the coast (Kelley, 1987).  The French man
and Blue Hill Bays area is an im por tant el e ment of the Is -
land-Bay Com plex coastal com part ment of Maine (Kelley,
1987).  This area is char ac ter ized by broad embayments pro -
tected by nu mer ous is lands.  The bays are gen er ally carved out of 
meta mor phic rocks, with gra nitic is lands through out the area.
There are no large sand beaches in the bay, al though small sand
and gravel pocket beaches abound (Duffy, 1989).  The intertidal
zone of French man and Blue Hill Bays is dom i nated by tidal flat
de pos its with mixed gravel and mud tex tures, de rived from
erosion of glacial sediments (Kelley, 1987).

Like other shelf ar eas of New Eng land and the Ca na dian
Maritimes, French man and Blue Hill Bays have prob a bly ex pe -
ri enced nu mer ous Qua ter nary glaciations, and rel a tively thin

glacigenic sed i ment only partly man tles sub merged bed rock ex -
po sures (Needell et al., 1983; Piper et al., 1983).  Un like the
outer re gions of the Gulf of Maine and be yond, how ever, lo cal
rel a tive sea level has fluc tu ated pro foundly in cen tral Maine due
to iso static crustal move ments as well as eustatic sea-level
changes re lated to growth and dis in te gra tion of the Laurentide
Ice Sheet (Stuiver and Borns, 1975; Belknap et al., 1987; Kelley
et al., in press).  Within the  past 14,000 years, the study area has
ex pe ri enced a deglaciation, two ma rine trans gres sions, and a re -
gres sion of the sea.  It is these changes in sea level, which have
per mit ted a va ri ety of ter res trial and ma rine pro cesses to re peat -
edly op er ate over the in ner shelf, that have es tab lished the re -
gional strati graphic frame work and most sig nif i cantly af fected
the na ture of the surficial sed i ments.  The pur pose of this pa per is
to de scribe the surficial sed i ments of the area in the con text of a
stratigraphic framework dictated by Holocene sea-level
fluctuations.  

PREVIOUS  WORK

Many peo ple have stud ied the Pleis to cene ge ol ogy of
Mount Desert Is land, but lit tle work has oc curred in the ad ja cent
bays.  In the late 19th cen tury Shaler (1889) (Ta ble 1) mapped the 
surficial ge ol ogy of the is land and noted the over whelm ing ev i -
dence for late Pleis to cene sea-level changes. His map (Shaler,
1889) in cludes “blue clay” as a unit in most of the val leys of the
is land, and he rec og nized its gla cial and ma rine af fin i ties.  He did 
not rec og nize the prom i nent mo raines at the south ern ends of
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Jor dan Pond and Echo Lake, how ever, and could not es tab lish an 
ex act chro nol ogy for the deposition of the mapped units.

Al though Bloom did not work in cen tral Maine, his de -
scrip tion (1960, 1963) of south west ern Maine’s glaciomarine
sed i ment (Shaler’s blue clay), which he el e vated to for ma tion
sta tus as the Presumpscot For ma tion, fits the muddy, late Qua ter -
nary de pos its of the area very well.  Thomp son and Borns (1985)
com piled large-scale surficial maps from around the re gion into
a state surficial map.  More re cently, Lowell and Borns (1988)
re mapped Mount Desert Is land on a large scale and de picted an
as so ci a tion of mo raines block ing the ma jor val leys and lakes of
the is land, with glaciomarine sed i ment or del tas ex tend ing sea -
ward from the mo raines.  The cur rent model for deglaciation of
this area in vokes a float ing ice shelf dur ing the early stages of
deglaciation.  When the ice shelf be came grounded upon top o -
graphic high places, such as Mount Desert Is land, small mo -
raines were de pos ited in close association with glaciomarine
mud.

Ostericher (1965) was the first to em ploy cor ing and seis -
mic re flec tion meth ods to ex am ine sub ma rine stra tig ra phy over
the cen tral Maine con ti nen tal shelf.  In Penobscot Bay, to the
south of the study area, he de scribed acous tic re flec tors which
cor re lated with bed rock, till, and the Presumpscot For ma tion,
and de scribed the acous tic prop er ties of the surficial sed i ments,
which he sam pled.  He rec og nized the com plex transgressive/re -
gres sive un con formity on the sur face of the Presumpscot For ma -
tion and dated wood frag ments from cores of its sur face at 7,390
years be fore pres ent (yr B.P.).  On the ba sis of this he con cluded
that the “post-Presumpscot For ma tion” lowstand of sea level oc -
curred at that time at a depth of 15-20 me ters.  On the ba sis of
data col lected for pre vi ous re ports to the Min er als Man age ment
Ser vice (Kelley et al., 1987a,b; Kelley and Belknap, 1988, 1989;
Kelley et al., 1990) we have es tab lished that the lowstand is
marked by shore line de pos its closer to the 60 me ter isobath
(Shipp et al., 1991).  We have also in ferred that the lowstand was
reached around 10,500 yr B.P. (Kelley et al., in press).

In the nearshore en vi ron ments of the Mount Desert Is land
area, Ray mond and Stet son (1932) and Leon ard et al. (1981)
noted high con cen tra tions of cal cium car bon ate (shells) on Cran -
berry Is land Beach and Sand Beach, re spec tively.  These anom a -
lous high lat i tude shell beaches were in ter preted to re sult from
con cen tra tion of shells by waves in an en vi ron ment de pleted of
clastic sed i ment.  In Somes Sound, a fjord-like es tu ary on Mount
Desert Is land, Folger et al. (1972) also noted high car bon ate con -
cen tra tions as so ci ated with gravel de pos its near the en trance to
the bay.  They mapped a gen er ally muddy seafloor over much of
the re main der of Somes Sound on the ba sis of bot tom sam pling.
In 1985 the U.S. Geo log i cal Sur vey col lected seis mic re flec tion
data across much of the study area, but did not oth er wise in ter -
pret the records (Robert Oldale, Woods Hole, MA, personal
communication).

METHODS

Bot tom Sam ples

Dur ing the sum mers of 1989 and 1990, 188 bot tom sam -
ples were col lected from the Blue Hill and French man Bay re -
gion by means of a Smith-Mac In tyre grab sam pler (Fig ure 3).
The de vice re li ably gath ers 0.25 cu bic me ters of sed i ment with
min i mal loss of ma te rial.  Sam ple sta tions were gen er ally lo cated 
on LO RAN-C time de lay in ter sec tions, al though spe cial at ten -
tion was fo cused on the re gion south of Mount Desert Is land and
north of the Cran berry Is lands.  This area is be tween sandy shell
beaches pre vi ously re ported (Ray mond and Stet son, 1932;
Leon ard et al., 1981) and, thus, held the po ten tial for sig nif i cant
ac cu mu la tions of ag gre gate.  All depths were evaluated by a
Raytheon fathometer.

All sam ples were frozen im me di ately af ter col lec tion and
field de scrip tion (Ta ble 2).  Af ter sam ple split ting, gravel was
screened out of a subsample which was refrozen for later car bon
anal y sis.  Gravel was also screened out of subsamples for car -
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TA BLE  1.   PRE VI OUS  WORK  IN  THE  MOUNT  DESERT  IS LAND  RE GION.

Study                             Lo ca tion Data

Shaler, 1889 Mount Desert Is land Ter res trial surficial map ping
Bloom, 1960 South west ern Maine Re gional ter res trial map ping
Bloom, 1963 South west ern Maine Study of sea level changes
Ostericher, 1965 Penobscot Bay Seis mic Stra tig ra phy, cor ing
Folger et al., 1972 Somes Sound Bot tom sed i ment map ping
Stuiver and Borns, 1975 Coastal Maine Study of sea level changes
Smith, 1982 Coastal Maine Ter res trial map ping of mo raines
Thomp son and Borns, 1985 Maine State surficial map
Knebel, 1986 Penobscot Bay Seis mic stra tig ra phy
Kelley et al., 1987a South west ern Maine in ner shelf Seis mic stra tig ra phy, bot tom sam ples
Kelley et al., 1987b South west ern Maine in ner shelf Seis mic stra tig ra phy, bot tom sam ples
Kelley and Belknap, 1988 Muscongus Bay Seis mic stra tig ra phy, bot tom sam ples
Lowell and Borns, 1988 Mount Desert Is land Ter res trial surficial map ping
Scanlon and Knebel, 1989 Penobscot Bay Side-scan so nar
Kelley et al., 1990 South west ern Maine, in ner shelf Cores



bon ate anal y ses, al though the weight of gravel was de ter mined.
Car bon anal y ses were made by weight loss fol low ing ig ni tion in
a muf fle fur nace, while car bon ate anal y ses were made by the
acid di ges tion method of Molnia (1974).  The tex tural anal y ses
fol lowed the out line of Folk (1974).  A Micromeritics Sedigraph
was em ployed to per form the mud frac tion size anal y ses, and a
rapid sed i ment an a lyzer (a settling tube) for the sand fraction.

Seis mic Re flec tion Pro files

Seis mic re flec tion pro files were made within the study area 
where no in for ma tion had pre vi ously been gath ered (Fig ures 4,
5).  Nav i ga tion was by LO RAN-C and po si tion fixes were made
ev ery 4-5 min utes.  Two types of seis mic equip ment were em -
ployed dur ing the study:  an ORE Geopulse “boom er”, and an
EG&G “boom er” sys tem.  The seis mic sys tems were used to de -
duce the na ture of the subbottom ge ol ogy as well as of the
surficial ma te rial.  In the lat ter ca pac ity, side scan so nar and bot -
tom sam pling pro vided ground truth cal i bra tion for in ter pret ing

surficial tex ture as re vealed by the rel a tive in ten sity and over all
ge om e try of the sur face acous tic re turn.  The seis mic lines were,
thus, use ful for in ter po lat ing be tween the rel a tively
widely-spaced bot tom sam ples.  In all, 490 ki lo me ters of seismic
reflection records were interpreted for this study.

In ter pre ta tion of the subbottom ge ol ogy was based on in -
fer ences drawn from ob ser va tions on land and from nearby stud -
ies where core sam ples were avail able (Kelley et al., 1990).
Bed rock was never pen e trated by the seis mic sys tems and its sur -
face usu ally formed the lower-most re flec tor on a re cord.  Re lief
on the sur face of the bed rock was ex treme, and ranged over tens
of me ters across short hor i zon tal dis tances.  A seis mic unit with
cha otic in ter nal re flec tors and an ir reg u lar sur face oc ca sion ally
rested on bed rock.  This has been in ter preted as till, and small
mo raines, dis cussed be low, may ex ist ex ist within the study area. 
Fre quently, a rel a tively trans par ent acous tic unit with
closely-spaced basal re flec tors man tled the till or bed rock.  The
hard sur face re turn of this unit was usu ally flat, ex cept in val leys
where it was chan nel-shaped.  Where it out cropped near the sur -
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TA BLE  2.  DI A GRAM  FOR  THE  ANAL Y SIS  OF  THE  BOT TOM  SED I MENT.

Bot tom sam ple (2-5 kg)

Frozen

Split

Sam ple crushed, split (10 g) Sieved (2mm) (50-100 g) Sieved at 2 mm (0.5-2.0 g)

Weight of Gravel

Car bon ate re moved (HCL va -por) (2g) Organics re moved (NaOCL) Fil tered at 0.45 pm (10% HCl)

Weight of CaCO3

Carlo-Erbo Model 1106 El e -men tal An a lyzer Washed, wet sieved at 63 pm

% C, % N Weight of Sand

Sand dried, split (10 g) Dis persed mud (Na(PO4)6) Set tling tube anal y sis

Grain Size of Sand

Heavy min er als sep a rated (C2H2Br4) Pi pette anal y sis

Weight of Heavy Min er als Weight of Silt, Clay

Sedigraph anal y sis of mud

Grain Size of Mud
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TABLB 3. BCYITOM SEDIMENT DATA. 

Station Descriptioo 'l>C.CO, "c 'l>Oay "Silt 'l>Sand %Gravel Mean(pbi) Std. Dev. (phi) 

l mG o.s 6.9 36 22 '1:1 IS S.1 S.2 
2 M 9.1 so so 0 0 9.1 2.6 
3 mG 0.8 1.9 4S 27 12 16 6.1 S.7 
4 1G 9.9 1.0 4 1 16 79 -1.8 2.0 
5 sG 16.3 1.3 3 1 33 63 -1 .3 1.9 
6 sG 13.0 1.7 8 2 36 S4 -1.S 2.2 
7 HB 
8 HB 
9 sG 0.3 1.5 8 5 46 41 -0.1 3.3 

10 sG 1.2 4.1 TR TR Sl 47 0.3 2.6 
11 mG 0.9 3.5 34 20 3S 11 5.6 5.0 
12 1S 1.3 1.8 10 1 S9 24 1.7 4.0 
13 1S l.S 3.3 20 14 SS 8 4.4 4.1 
14 M 0.8 4.0 34 20 46 0 6.7 3.8 
lS 11S 0.7 2.2 17 10 66 7 4.6 3.8 
16 mS 0.6 2.2 14 8 78 TR 4.0 2 .8 
17 HB 
18 mS 1.4 1.5 14 3 81 2 3.9 3.0 
19 HB 
20 es 6.9 4.1 7 1 74 18 1.2 3.0 
21 sG 2.1 4.2 11 3 S1 29 0.7 3.5 
22 11S 44.9 1.9 TR TR 66 33 -0.6 1.6 
23 10 7.1 2.2 s 2 38 SS -1.3 2.7 
24 HB 
2S gS 4.8 3.8 13 3 73 11 2.8 2.6 
26 HB 
'J:7 gS 1.4 2.2 13 s 1S 7 3.7 3.0 
28 gS 2.6 0.6 8 2 6S 2S 13 3.S 
29 es 11.1 1.8 IS 7 58 20 2.5 4.6 
30 mS 1.3 1.4 14 6 19 1 4.0 2.6 
31 mG 22.S 4.8 21 10 30 39 2.3 5.4 
32 M 0.7 1.9 56 30 12 2 9.9 3.6 
33 mS 1.8 1.8 22 10 63 5 5.S 3.4 
34 mS 0.1 2.0 20 9 69 2 S.3 3.2 
35 mS 1.6 s.o 17 6 77 0 4.7 2.9 
36 ms 4.9 3.0 16 6 74 4 4.S 3.0 
37 gS 63.9 2.2 10 s 65 20 0.6 3.0 
38 as 47.4 3.2 TR TR 86 12 1.8 1.2 
39 as 39.6 TR TR 88 10 1.4 1.1 
40 HB 
41 mS S3.3 2.2 9 4 84 3 1.3 1.S 
42 es 19.S 1.0 15 3 71 11 3.3 3.8 
43 gS 2.0 1.0 19 s 68 8 4.4 4.5 
44 gS 8.9 2.2 16 s 53 26 2.9 4.9 
45 gS 14.2 11 s 61 23 2.5 4.3 
46 ms 0.3 3.8 29 8 62 1 6.1 3.9 
47 mS 0.6 2.7 30 18 51 1 6.1 3.9 
48 HB 
49 mS 0.6 3.0 31 13 S6 TR 6.0 3.8 
so HB 
Sl gS 3.4 0.7 19 8 44 29 3.2 S.3 
S2 sG 6.2 0.7 4 1 28 67 -1.2 3.3 
53 HB 
S4 HB 
SS iG 8.9 1.3 13 s 27 SS 0 .8 4.9 
56 gS o.s 1.2 lS 8 60 17 3.0 4.S 
57 gS 0.1 0.7 IS 1 62 16 2.6 4.3 
SS mG 0.0 1.1 11 s 11 73 -0.S 4.2 
59 1G 4.7 0.9 16 1 42 41 2.3 S.l 

Textural Desi&!!ation: 

HB = Hanl Bonom, no umpk: mG =muddy Gntvd TR =Trace Amount 
G= Gravel gS = gravelly sand 
S=Sand 1G = undy Gravel 
M=Mud mS = muddy Sand 
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TABLE 3. CONTINUED. 

Station Dc1cription %CaCO, .. c %Clt.y %Silt %Sand %Gravel Mean(pbi) Std. Dev. (phi) 

60 gS 6.8 12 s 66 17 1.4 3.1 
61 gS 65.2 o.s 1R lR 71 28 -0.3 1.S 
62 s 49.1 0.8 4 2 90 4 1.2 I.I 
63 s 38.0 0.6 lR lR 98 I l.S 0.3 
64 s 6.3 1.2 4 I 92 3 1.9 0.9 
6S HB 
66 sG 2.0 1.9 8 2 so 40 0.8 3.8 
67 sG 0.1 3.4 16 8 33 43 2.5 S.1 
68 mS 4.5 3.3 lR lR 78 I 3.9 3.3 
69 sG 1.9 2.3 10 4 39 47 0.2 3.9 
70 mS 0.9 3.8 lS 11 64 1R S.1 3.S 
71 M 1.1 3.3 36 14 48 2 6.4 4.1 
72 sG 0.7 1.1 12 5 S3 30 1.2 4.2 
73 . HB 
74 HB 
75 M 2.3 S.4 59 34 7 1R 8.9 3.8 
76 mG 1.8 2.7 23 18 2S 34 2.9 5.8 
77 M 1.4 4.6 S9 39 lR 1R 
78 M 1.3 S.3 SS 41 1 0 9.8 3.7 
19 M 0.9 5.2 48 51 1 lR 8.6 3.0 
80 M 2.1 4.9 58 29 9 4 9.3 3.3 
81 M 0.7 3.7 61 31 7 1 9.2 3.6 
82 M 1.6 S.1 64 35 1 lR 9.S 2.4 
83 M 0.8 66 30 4 1R 10.0 3.4 
84 M 2.7 7.4 73 24 3 1R 10.1 3.0 
SS 1G 2.4 0.7 17 16 34 33 2.4 5.1 
86 mG l.5 2.0 18 14 28 40 1.9 5.3 
87 mG 1.9 1.8 26 14 22 38 1.8 4.9 
88 sG 2.1 0.9 9 6 42 43 4.2 7.6 
89 gS 0.4 2.8 16 14 43 27 2.9 4.9 
90 mS 0.6 1.9 26 10 64 0 5.8 3.8 
91 mS o.s 1.4 18 4 77 l 4.7 3.2 
92 gS 67.3 0.8 16 4 52 28 2.4 s.o 
93 1G 90.2 0.8 12 2 27 59 -0.9 3.8 
94 gS 60.2 0.7 2 1 76 21 0.1 l.S 
95 s 64.9 0.9 4 2 90 4 t.S l.4 
96 s 43.7 0.7 7 2 90 l 1.6 1.4 
fT1 s 36.4 0.8 2 2 96 lR 1.8 o.s 
98 s S0.4 1.0 lR lR 97 lR 1.6 0.4 
99 s 43.3 0.9 4 1 95 lR l.9 0.7 

100 s 3S.O 1.0 4 2 93 1 l.8 1.3 
101 s 36.1 0.6 lR 1R 97 1 1.9 o.s 
102 s 44.9 0.6 lR 1R 97 lR 2.0 0.5 
103 gS 48.9 1.2 2 2 89 7 0.8 0.9 
104 HB 
lOS HB 
106 HB 
107 sG 0.8 1.2 12 5 46 37 0.9 4.4 
108 HB 
109 mG 3.3 0.8 30 11 33 26 3.9 5.9 
110 G 14.0 0.9 3 I 17 79 ·1.9 1.S 
111 sG 95.l 0.3 12 3 34 St -0.6 3.5 
112 sG 27.l 0.9 4 I 23 72 -1.7 1.9 
113 HB 
114 HB 
115 HB 
116 gS 33.3 0.4 2 1 71 2(j -0.1 1.9 
117 s 51.2 0.7 1R lR 97 1 2.0 0.5 
118 s 61.2 0.6 1R 1R 96 1 2.4 0.6 

Textural Designation: 

HD = Hard Bottcm, no urnple mG =muddy Gnivcl 1R = Trace Amount 
G=Gnivcl gS = gravelly sand 
S =Sl!ld 1G = sandy Gravel 
M=Mud mS =muddy Sand 
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TABLE 3. CONTINUED. 

Station Description 90Ca00:3 90C '{,Clay 'I. Silt 'I.Sand %Gravel Mean(phi) Std. l)ey. (phi) 

119 gS 39.0 0.8 1R 1R 85 12 1.8 1.2 
120 mS 13.0 2.3 28 JS 56 1 5.6 3.4 
121 mS 0.9 3.6 19 6 71 4 4.7 3.4 
122 s o.s 2.4 s I 92 2 3.0 1.4 
123 Sample Lost 
124 gS 3.3 1.6 11 6 62 21 2.0 4.0 
125 sG 9.4 1.1 1R 1R 34 63 -1.1 2.1 
126 mS 0.1 3.7 21 5 72 2 s.o 3.7 
127 sG 22.4 0.4 1R 1R 23 77 -1.9 1.4 
128 s l.1 1.2 6 1 92 1 2.4 1.4 
129 mS 35.7 4.1 30 7 62 1 S.9 4.2 
130 1G 42.8 1.2 1R 1R 36 62 -1.3 2.0 
131 G S3.9 0.3 0 0 14 86 -2.3 1.3 
132 HB 
133 gS 66.3 2.2 3 2 89 6 1.5 1.1 
134 HB 
135 s 12.8 1.0 1R 1R 97 1 2.8 0.3 
136 s 19.3 1.0 3 2 95 1R 2.9 0.4 
137 HB 
138 1G 93.6 2.3 1R 1R 23 76 -1.5 1.9 
139 sG 53.5 1.S 1R 1R 62 35 -0.6 1.5 
140 HB 
141 HB 
142 HB 
143 HB 
144 mS 1.6 0.7 21 4 70 5 4.7 3.5 
145 HB 
146 HB 
147 s 0.9 1.2 s I 93 1 3.3 0.9 
148 mS 4.8 2.S 18 4 73 s 4.3 3.3 
149 1G 10.2 1.7 1R 1R 30 69 -1.3 2.0 
ISO HB 
ISi sG 21.7 1R 1R 27 72 -1.4 1.9 
152 gS 58.2 2.9 4 2 78 16 0.6 2.2 
153 1G 3.1 5 4 22 69 -1.0 2.0 
154 M 2.3 4,3 74 20 6 1R 10.3 2.7 
155 mG 1.6 1.8 32 22 20 26 4.8 5.7 
156 gS 1.7 1.3 18 9 !18 IS 3.4 4.6 
157 M 0.4 6.1 77 22 1 0 10.4 2.6 
158 M 0.1 4,4 69 30 1 0 9.9 2.7 
1!19 M 0.9 3.6 73 23 4 0 10.4 2.8 
I60 M 1.6 3.3 !13 33 14 0 8.6 3.S 
161 M 0.9 3.3 67 32 1 0 9.7 2.7 
162 M 2.0 3.4 73 2S 2 TR 10.0 2.6 
163 M 2.3 2.3 so 14 35 1 7.7 4.1 
164 M 1.1 1.6 43 19 37 1 7.3 4.1 
16S HB 
166 sG 1.0 2.0 13 s 42 40 1.9 4.8 
167 sG 8.5 1.1 4 3 2S 68 -1.1 3.0 
168 HB 
169 gS 73.2 2.2 17 6 S4 23 2.5 4.9 
170 HB 
171 HB 
172 mS 2.7 1.2 23 9 6S 3 4.7 4.0 
173 mS 03 2.6 38 11 so I 6.1 4.2 
174 HB 
175 HB 
176 HB 
177 HB 

Texblral Designation: 

HB = Hartl Bottom, no sample mG =muddy Gravel TR= Trace Amount 
G=Gravel gS = gravelly sand 
s,,,sand sG ... 11ndy Gravel 
M=Mud mS =muddy Sand 



face this unit was iden ti fied as the glaciomarine Presumpscot
For ma tion.  Where it out crops on land and its up per sur face is
erod ing, the re gres sive un con formity is pres ently form ing; while 
the off shore sur face of the glaciomarine sed i ment is prob a bly
capped by the transgressive un con formity.  Over ly ing the
Presumpscot For ma tion, an acous ti cally trans par ent unit of
mod ern mud was rec og nized in many places.  Lo cally, a rel a -
tively thin, acous ti cally hard unit ex isted over the glacigenic ma -
te rial or bed rock.  Side-scan so nar and bot tom sam ples sug gest
this is a sand and gravel de posit.  As in nearby ar eas (Kelley et
al., 1987a,b; Kelley and Belknap, 1988; 1989) natural gas
occurences were recognized throughout the study area.

Seafloor Ob ser va tions

Ob ser va tions of the seafloor were made by side-scan so nar
pro fil ing.  The side-scan sys tem used was the EG&G model 260
Seafloor Map per.  This sys tem au to mat i cally pro vides
slant-range cor rec tions to the an a logue out put.  It was usu ally
run at a 100 or 200 me ter range (to ei ther side of the ves sel).
Many of the side-scan lines co in cided with seis mic re flec tion
pro files, and 330 ki lo me ters of side-scan re cords were col lected
in the study area (Figures 5, 6).

BATHYMETRY

The seafloor of the Blue Hill and French man Bays re gion is 
as bathymetrically com plex as is the to pog ra phy of the ad ja cent
is lands and main land (Fig ure 7). As in ar eas to the south (Kelley
et al., 1989; Kelley and Belknap, 1991), the bathymetry is best
un der stood when sim pli fied to five phys io graphic com part -
ments (Figure 8).

The Nearshore Bas ins are gen er ally shal low, low re lief re -
gions ad ja cent to the main land, and sep a rated from other ar eas

by is lands and/or shoals.  The con tact be tween the bas ins and the
main land is gradational, and mud and gravel flats are the most
com mon intertidal en vi ron ments bor der ing the bas ins.  In most
Nearshore Bas ins in Maine, the seafloor is smooth ex cept near
bed rock out crops (Kelley et al., 1987a,b, Kelley and Belknap,
1988).  In up per Blue Hill Bay, how ever, an ex ten sive area of
pock marks has dis turbed the for merly flat seafloor as in nearby
Penobscot Bay (Scanlon and Knebel, 1989; Kelley and Belknap, 
1989). 

Shelf Val leys are long, nar row de pres sions which usu ally
ex tend from the Nearshore Bas ins to grad ual ter mi na tions in
deep wa ter.  The Shelf Val leys south of outer Blue Hill and
French man Bays typ i cally range in depth from 30-60 me ters.
These val leys are usu ally bor dered by bed rock walls, and may
pos sess nu mer ous out crops of rock or de pres sions along their
axes.  

The Rocky Zones ex hibit ex treme re lief rang ing from 10
me ter ver ti cal cliffs to ex ten sive ar eas of large boul ders.  In Blue
Hill and French man Bays, the lo cal rock is com monly gran ite,
and so there are few of the sed i ment ponds which are of ten as so -
ci ated with elon gate cracks and cleav age in fo li ated rocks
(Kelley et al., 1987b).  Sur round ing most of the large is lands of
the bays are shoals which may be lit tered with boul ders, but
rarely con tain large sediment pockets.

The sea ward por tion of the study area is the Outer Ba sin,
which gen er ally forms the bor der of the study area.  This is the
least known of the phys io graphic re gions be cause of the lack of
de tailed bathymetric data.  In Blue Hill and French man Bays the
seafloor ap pears rocky for a con sid er able dis tance sea ward of
the lim its of this study to the Jeffrey’s Bank area (U.S. Geo log i -
cal Survey, 1975).

In gen eral, the bathymetry of the study area is shal low and
smooth in the the Nearshore Bas ins of the up per reaches of the
bays ex cept where it is bro ken up by is lands (Long Is land, and
small is lands near Bar Har bor, Fig ures 2, 7, 8).  Wa ter deeper
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than 60 me ters be gins abruptly south of the is lands and con tin ues 
as Shelf Val leys to the south (Fig ures 7, 8).  An ex ten sive rocky
plat form less than 40 me ters deep ex tends di rectly south of
Mount Desert and the Cran berry Is lands and sep a rates the Shelf
Val leys.  While this plat form ap pears smooth when de picted by a
20 me ter con tour in ter val (Fig ure 7), at a 5 me ter con tour in ter val 
it is ex tremely com plex.  The Outer Ba sin was not well sur veyed
dur ing this study, but ap pears more ir reg u lar than similar
physiographic regions to the south.

BOTTOM  SEDIMENT  TEXTURE  AND
COMPOSITION

Bot tom sed i ment tex ture on gla ci ated shelves is no to ri -
ously het er o ge neous (Trumbull, 1972).  All com po nents of the
par ti cle size spec trum were en coun tered in bot tom sam ples from
the Blue Hill and French man Bay in ner shelf (Fig ures 9, 10; Ta -
ble 3).  Gravel was one of the most com mon bot tom sed i ments,
un like other shelf ar eas to the south (Kelley et al., 1987a, b;
Kelley and Belknap, 1988, 1989).  A very large oc cur rence of
gravel ex ists in the Rocky Zone (Fig ure 8) di rectly south of the
Cran berry Is lands and Mount Desert Is land.  Smaller patches
crop out on the mar gins of is lands in north ern French man Bay
and cen tral Blue Hill Bay (Fig ure 9).  One nearshore ramp di -
rectly south of Bass Har bor (Fig ure 8) is floored by  gravel.  At a
scale not mappable, gravel sur rounds most of the submerged
bedrock in the area.  

Sandy grav els and grav elly sands are also more com mon in
this re gion than in ar eas to the south.  While these oc cur rences
are of ten as so ci ated with gravel out crops, sand ier con stit u ents
are most abun dant in the rel a tively shal low wa ter di rectly south
of Mount Desert Is land.  Clean sands are ex clu sively lo cated in
this area as well, and all sam ples with greater than 90% sand are
found in wa ter depths less than 20 me ters (Fig ure 11).  Al though
they are small, the beaches on the south shore of Mount Desert
Is land ex tend sea ward as a nearshore ramp (Fig ure 8) whose sur -
face is largely comprised of sand and gravel.  

Muddy grav els were rarely sam pled and prob a bly ex ist
only ad ja cent to rock out crops.  Muddy sands are un com mon
also, and are con cen trated along the mar gin of the Outer Ba sin
(Fig ures 8, 9).  Along with grav els, muds are among the most
com mon of seafloor ma te ri als (Fig ure 9; Ta ble 3).  Muddy bot -
toms are lo cated in the rel a tively shal low wa ter of the Nearshore
Bas ins or deeper wa ter of the Outer Bas ins.  As a re sult, while
mud con cen tra tion gen er ally in creases with depth, the
correlation is weak.

As ex pected from pre vi ous work (Kelley et al., 1987a), the
pro por tion of or ganic mat ter in creases with in creas ing mud con -
tent.  Al though no sam ples ex ceeded 10% car bon (Ta ble 3) many 
rel a tively high val ues were re corded from the fin est sed i ment.
Since fine-grained sed i ment was gen er ally more abun dant in
deeper wa ter (Fig ure 11), the higher car bon val ues were also
from deep water.

Car bon ate ma te rial was mostly as so ci ated with
coarse-grained sed i ment, and thus, was most abun dant in shal -
lower wa ter (Fig ure 11).  All of the car bon ate val ues greater than
30% were from wa ter depths less than 40 me ters (Figure 11).  

GEOPHYSICAL  OBSERVATIONS

Bot tom sed i ment prop er ties cor re late well with en vi ron -
men tal set tings de fined by bathymetry (Fig ures 7, 8, 9).  Con sid -
er able vari a tion ex ists, how ever, within the var i ous re gions.
This vari a tion is best de picted by the more de tailed ex am i na tion
of sur face sed i ments per mit ted by side scan so nar and the
subbottom in for ma tion gen er ated by seis mic re flec tion data.
The seis mic re flec tion pro files also pro vide in sight into the geo -
log i cal his tory of the re gion, which fur ther abets understanding
of the overall sedimentary framework.

Nearshore Bas ins

As in other parts of the Maine in ner shelf, Nearshore Bas -
ins are ma jor en vi ron ments of sed i ment ac cu mu la tion in the
Blue Hill and French man Bay re gion.  These bas ins are ori ented
north west-south east and sep a rate Mount Desert Is land from the
main land to the east and west (Fig ure 8).  The seafloor of the
Nearshore Bas ins is uni formly muddy ex cept ad ja cent to rock
out crops.  Seis mic pro files in di cate that the seafloor mud is dy -
namic, with al ter nat ing re gions of sed i ment ero sion and ac cu mu -
la tion.  To the north west of Mount Desert Is land the seafloor
de scends to ward the cen ter of the ba sin where an el e vated re gion
ex ists.  Across the slop ing sur face, the closely-spaced re flec tors
of the glaciomarine sed i ment are trun cated at the seafloor (Fig -
ure 12), sug gest ing on-go ing ero sion of that muddy ma te rial.
The raised area at the cen ter of the ba sin is floored by what we in -
ter pret as mod ern mud.  The mound of mod ern mud ap pears sup -
ported by nat u ral gas at a shal low depth.  To the east of the
mound, the seafloor as cends the other wall of the ba sin across
what we again in ter pret as erod ing glaciomarine ma te rial at a
depth of 70 me ters.  At about 50 meters we believe modern mud
lies unconformably over the glaciomarine sediment.

Most of the cen tral axis of the ba sin (Fig ure 13) is also
floored by a rel a tively thin (av er ag ing 10 me ters) wedge of what
we in ter pret as mod ern mud over ly ing nat u ral gas, with
glaciomarine re flec tors oc ca sion ally crop ping out on the
seafloor.  Sim i larly, the cen tral axis of the Nearshore Ba sin on
the west ern side of Mount Desert Is land pos sesses thin and
patchy de pos its of mod ern mud over an eroded or erod ing sub -
strate of glaciomarine sed i ment 10-15 me ters thick.  At the
north west end of this ba sin, near Long Is land (Fig ures 2, 5), a
wide spread and ap par ently thick oc cur rence of what we in ter pret 
as nat u ral gas ap pears (Fig ure 14).  This fea ture is as so ci ated
with de pres sions that are v-shaped in cross sec tion and cir cu lar
in plan view (Fig ures 15, 16), and up to 30 me ters deep.  We
(Kelley and Belknap, 1989) and oth ers (Scanlon and Knebel,
1989) have called these de pres sions pock marks in Penobscot
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Bay be cause of their similarity to gas-escape structures
elsewhere in the world.

Rocky Zones 

The Rocky Zones are the most wide spread phys io graphic
ar eas on this part of the in ner shelf, and their ge ol ogy is var ied.
In the area be tween Mount Desert Is land and the Cran berry Is -
lands (Fig ures 2, 8) much of the seafloor is rel a tively flat and ve -
neered with coarse gravel that is dif fi cult to sam ple.  Over large
ar eas it has been dragged by com mer cial fish er man (Fig ure 17).
At the en trance to Somes Sound prom i nent gla cial mo raines with 
up to 5 me ters of re lief pro vide the hard sur face of the Rocky
Zone (Fig ure 18).  Sam ples from this area are gen er ally grav elly,
but com plex as was noted by Folger et al. (1972).  Ex posed bed -
rock crops out com monly sea ward of the high cliffs of Mount
Desert Is land and de fines the Rocky Zone there (Fig ures 19, 20).
Be tween the rock ex po sures coarse gravel com posed of clastic
sed i ment shapes a flat or sloped seafloor, while car bon ate sand
and gravel com monly ex ists in ex ten sive fields of rip pled
bedforms (Fig ures 19, 20).  Ra dio car bon dates on the shells are
all mod ern, and be come youn ger with de creas ing grain size (Ta -
ble 4).  This sug gests that the shells, which are pri mar ily
hard-sub strate-dwell ing mus sels, echinoderms and bar na cles,
are formed on the rock ex po sures and trans ported to ward the
nearby sandy, shell beaches (Barnhardt, 1991; Leonard et al.,
1981).  

Nearshore Ramps

Un like the ex ten sive Nearshore Ramps along the south ern
Maine in ner shelf (Kelley et al., 1987a, b), there are only 2 such
ar eas in the study re gion, and they are small  (Fig ure 8).  The
Nearshore Ramp near North east Har bor ex tends from 40 me ters
depth to the shore line, and is man tled by rip ples of shelly sand
and gravel like the nearby Rocky Zone (Fig ures 19, 20).  Seis mic 
data across the ramp sug gest that the shelly surficial sed i ment is a 
thin (2 me ters) ve neer over glaciomarine sed i ment (Fig ure 21).
A larger area with a reg u lar, gen tle sea ward slope oc curs be -
tween Bass Har bor and some is lands to the south.  This area is
less than 20 me ters deep and floored by gravel of var i ous sizes
(Fig ure 22).  All pre vi ously mapped Nearshore Ramps (Kelley et 
al., 1987a, b) are sandy and abut sand beaches.  It is no ta ble that
this gravel ramp con nects with sev eral small gravel beaches on
the nearby islands (Duffy et al., 1989).

Shelf Val leys

Two Shelf Val leys con tinue sea ward from the two
Nearshore Bas ins (Fig ure 8) be tween about 40 and 70 me ters
depth. Like the bas ins, the Shelf Val leys are floored by muddy
mod ern sed i ment, or fine-grained glaciomarine ma te rial (Fig -
ures 23, 24) that ap pears to be erod ing.  The tex tural tran si tion
from rock to gravel to mud from the neigh bor ing Rocky Zones is
usu ally abrupt, and of ten oc curs over less than 25 meters.

Outer Bas ins

Ow ing to bud get ary con straints, lit tle data were gath ered
from the Outer Bas ins.  While the deep wa ter bas ins oc cupy a
great deal of area (Fig ure 8), bed rock may oc cupy much of the
seafloor (Fig ure 25).  Large ar eas of mud were mapped or in -
ferred on the ba sis of the side-scan so nar im ag ery (Fig ure 9), but
less than 1% of the Outer Bas ins were sur veyed.  As in other
Outer Bas ins along Maine’s in ner shelf, gravel ap peared to sur -
round the bed rock out crops, regardless of depth.

EVOLUTION  AND  SEDIMENTARY  FRAMEWORK
OF  THE  INNER  CONTINENTAL  SHELF  NEAR
FRENCHMAN  AND  BLUE  HILL  BAYS

The Qua ter nary sed i men tary frame work of the Mount
Desert Is land re gion has been most strongly in flu enced by
deglaciation, and the sea-level changes which ac com pa nied it
(Stuiver and Borns, 1975; Belknap et al., 1987).  Melt ing ice,
pos si bly in the form of an ice shelf, reached the pres ent Maine
coast be tween 13,800 and 13,200 yr B.P..  Many wash board mo -
raines, rep re sent ing brief ground ing-line po si tions of the ice,
were ob served in Muscongus Bay (Kelley and Belknap, 1988),
to the south of the study area, al though none were rec og nized
from French man or Blue Hill Bays.  Large gla cial mo raines are
mapped at the south ern ends of many of Mount Desert Is land’s
lakes and val leys (Lowell and Borns, 1988), and Folger et al.
(1972) spec u lated that the surficial grav els at the en trance to
Somes Sound marked a mo raine.  Side-scan so nar re cords con -
firm this in ter pre ta tion and re veal prom i nent, gravel-strewn
ridges across the en trance to the Sound (Fig ure 18).  These cor re -
late with erod ing bluffs of gravel ob served on the land ad ja cent
to the sound.  No outwash del tas still ex ist sea ward of these mo -
raines as on land, pre sum ably due to sub se quent ero sion.  The
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TA BLE  4.  RA DIO CAR BON  DATES  ON  IN DI VID UAL  CON STIT U ENT  OR GAN ISMS  FROM  SAM PLE  NO.  61.

Or gan ism Size Frac tion % of Sam ple De scrip tion 14C Age (yrs B. P.)

Bar na cle Gravel 24.4 Light tan, shiny luster, an gu lar plates 104.3% mod ern

Bar na cle Sand 9.9 Brown to dark gray, dull luster, mod. rounded 770  æ 40

Echinoderm Gravel 1.7 Green spines and sug ary white plates (whole), mod. rounded 320 æ  55
Echinoderm Sand 0.8 Small spines and plates (whole) No date



coarse-grained outwash was likely re worked dur ing the cur rent
trans gres sion into the ho mo ge neous sheet of terrigenous sand
and gravel found between Mt. Desert Island and the Cranberry
Islands (Figures 9, 17).

Ac com pa ny ing re treat of the ice, glaciomarine sed i ment,
the Presumpscot For ma tion, was de pos ited.  In some lo ca tions
the lower por tion of this acous tic unit dis plays closely-spaced
seis mic re flec tors in dic a tive of rapid de po si tion of beds of
coarse and fine grained sed i ment (Fig ure 21).  It ap pears that
most of the de pres sions of French man or Blue Hill Bays were
rap idly filled with this glaciomarine sed i ment dur ing
deglaciation.  Fos sils from the emer gent glaciomarine sed i ment
through out Maine typ i cally yield ra dio car bon dates around
12,500 yr B.P. (Stuiver and Borns, 1975; Smith, 1982).  On the
west side of Mount Desert Is land (Goose Cove), fos sil shells
have been dated at 12,250 yr B.P. (Gilman et al., 1988).  By
11,000-12,000 yr B.P. it is felt that sea level had with drawn to the 
el e va tion of the pres ent coast (Belknap et al., 1987; Kelley et al.,
in press) as a con se quence of iso static up lift due to un load ing of
the ice.  The Presumpscot For ma tion was then ex posed to
subaerial ero sion some time be tween about 11,000 yr B.P. and
9,500 yr B.P.  By 9,500 yr B.P. it is in ferred that sea level was at
its lowstand around 60 me ters be low pres ent sea level.  No in for -
ma tion on the depth of the lowstand has yet been uncovered from 
Blue Hill or Frenchman Bays.

The up per part of the glaciomarine sed i ment is marked by a
strong re flec tor which has been rec og nized from cores as an un -
con formity (Ostericher, 1965; Knebel, 1986; Kelley et al., 1990
and in press).  The re gres sive un con formity on the sur face of the
glaciomarine sed i ment is only in ter preted from one lo ca tion in
Maine where a thick de posit of river sed i ment cov ers it in
Penobscot Bay (Kelley and Belknap, 1989).  We in fer that the
strong re flec tor, which trun cates lower re flec tors from what is
in ter preted as the glaciomarine sed i ment through out the study
area, is the transgressive un con formity (Fig ures 12, 13, 14, 15,
21, 23, 26, and 27).

Much of the sed i ment which had ex isted in the bays was re -
worked dur ing ei ther the late Pleis to cene re gres sion or the Ho lo -
cene trans gres sion.  The ex ten sive, shal low Rocky Zones
rep re sent what re mains fol low ing that re work ing.  Only in the
more-pro tected Nearshore Bas ins and Shelf Val leys were im por -
tant thick nesses of sed i ment pre served (Fig ures 26, 27).  Even
here, how ever, cur rents have ap par ently be gun to re move
glaciomarine mud where it is well ex posed (Fig ure 21).  “Moat -
ing” or scour ing around rock out crops (Fig ures 21, 22) and
slump ing (Fig ure 12) ap pear to be as im por tant in Blue Hill and
French man Bays as in other Maine embayments (Kelley et al.,
1987a, b; Kelley and Belknap, 1988, 1989). Ear lier, Ostericher
(1965) com mented of ten on the num ber of slump de pos its he in -

ter preted from Penobscot Bay, as did Kelley et al. (1989), from
other regions of the state.

At some point af ter a con sid er able thick ness of Ho lo cene
sed i ment had ac cu mu lated in up per Blue Hill Bay, nat u ral gas
was gen er ated and be gan to ac cu mu late in the fine grained sed i -
ment.  For rea sons that are not yet clear, the gas ap par ently be gan
to es cape from the sed i ment, pos si bly in con junc tion with pore
wa ters as sug gested in ad ja cent Penobscot Bay (Scanlon and
Knebel, 1989; Kelley and Belknap, 1989).  Once a small pock -
mark was be gun, it is sim ple enough to en vi sion ad di tional gas
and wa ter mi grat ing from nearby sed i ment and en larg ing the de -
pres sion.  Scour ing of a hole ap par ently ceased when the bot tom
reached the sur face of the Presumpscot For ma tion, and the end
of the nat u ral gas.  What caused the gas to be re leased in the first
place (if in deed this is the cause of the pock marks), we do not
know.  When they be gan to form, and whether they are still
forming, we do not yet know either.  

We have rec og nized other fea tures like the Blue Hill pock -
marks in Penobscot Bay and Fader (1988) has re cently de scribed 
sim i lar fea tures from the U.S.-Ca na dian bound ary.  They in -
voked seis mic ity as the mech a nism for ini ti a tion of the pock -
marks. While this idea is plau si ble in Penobscot Bay where
fault ing has been rec og nized (Rand and Gerber, 1976), no seis -
mic ac tiv ity is known from Blue Hill Bay.  Much more re mains to 
be learned about the pock marks be fore all as pects of their
occurrence are explained.

A con sid er able ef fort was made to better doc u ment the oc -
cur rence and abun dance of car bon ate sed i ments in French man
Bay.  Al though ob ser va tions on car bon ate abun dance were made 
from through out the area, shell-rich bot tom sed i ment was only
com mon in the area south east of Mount Desert Is land.  The re -
cent age of the shells and the in creas ing age with de creas ing
grain size sup port the sug ges tion that the car bon ate is pres ently
form ing in the Rocky Zone south of Mount Desert Is land.  Waves 
and cur rents (Fig ures 19, 20) then trans port the shells to ward the
coast where they ac cu mu late on a few lo cal beaches.  The rate of
pro duc tion and de struc tion of the shells is not known, and so no
as sess ment of the value of the material as aggregate can be made.
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Fig ure 1.   Lo ca tion of French man and Blue Hill Bays in re la tion to the Gulf of Maine.
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Fig ure 2.   Lo ca tion map of the study area.
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Fig ure 3a.  Lo ca tion of the bot tom sam ple sta tions.
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Fig ure 3b.  De tailed map of bot tom sam ple sta tions be tween the Cran berry Is lands and Mount Desert Is land.
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Fig ure 4.   Lo ca tion of seis mic re flec tion pro file lines.

W. Barnhardt and J. T. Kelley

16



Fig ure 5.   Lo ca tion of geo phys i cal tracklines used in text.
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Fig ure 6.  Lo ca tion of side-scan so nar tracklines.
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Fig ure 7.  Bathymetry of the study area.
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Fig ure 8.  Phys io graphic prov inces within French man and Blue Hill Bays.
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Fig ure 9.  Surficial sed i ments of French man and Blue Hill Bays.

Blue Hill and Frenchman Bays

21



Fig ure 10.  Tex ture of bot tom sam ples from the study area.
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Fig ure 11.  (a) Per cent car bon ate ver sus depth of sam ple. (b) Per cent mud ver sus depth of sam ple. 
(c) Per cent sand ver sus depth of sample.
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Fig ure 12.  Seis mic re flec tion pro file MD85-27 across east ern Nearshore Ba sin; this is also shown as pro file “D” in Fig ure 26.  In this
and all other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till; “gm” rep re sents glaciomarine
sed i ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Note chan nel cut be low transgressive un con formity on
sur face of glaciomarine sed i ment with mud on top, and that gas oc curs be neath thick bulge of modern sediment.
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Fig ure 13.  Seis mic re flec tion pro file MD85-3 along axis of east ern Nearshore Ba sin.  This is also shown as a boxed area in pro file “G” 
in Fig ure 26.  In this and all other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till; “gm” rep re -
sents glaciomarine sed i ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Note gas over thick est location of
sediment.  
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Fig ure 14.  Seis mic re flec tion pro file MD85-9 along axis of west ern Nearshore Ba sin.  This is also shown as a boxed area in pro file
“C” in Fig ure 27.  In this and all other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till; “gm”
rep re sents glaciomarine sed i ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Note patch i ness of mod ern mud 
de pos its and that gas ex ists only over thick est accumulation of sediment.
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Fig ure 15.  Seis mic re flec tion pro file MD85-12 across up per west ern Nearshore Ba sin.  This is also shown as pro file “A” in Fig ure 27.
In this and all other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till; “gm” rep re sents
glaciomarine sed i ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Ar rows point to pock marks.  Note pock -
marks through out nat u ral gas field, and that no gas appears beneath pockmark.
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Fig ure 21.  Seis mic re flec tion pro file MD85-2 across Nearshore Ramp and Rocky Zone on south Mount Desert Is land.  In this and all
other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till; “gm” rep re sents glaciomarine sed i -
ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Note that the sand and gravel is a thin ve neer over the
glaciomarine sediment.
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Fig ure 23.  Seis mic re flec tion pro file MD85-3 across Shelf Val ley east of Mount Desert Is land.  This is also shown as a boxed area in
pro file “G” in Fig ure 26.  In this and all other seis mic pro files, “br” rep re sent bed rock; “ng” rep re sents nat u ral gas; “t” rep re sents till;
“gm” rep re sents glaciomarine sed i ment; “m” rep re sents mod ern mud; and “sg” rep re sents sand and gravel.  Note that only about
about half of the seafloor is covered with modern mud.
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Fig ure 26.  Dig i tized seis mic re flec tion pro files from French man Bay.  Boxes in di cate orig i nal re cords from other figures.
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Fig ure 27.  Dig i tized seis mic re flec tion pro files from Blue Hill
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