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IN TRO DUC TION

This re port de scribes the surficial ge ol ogy and Qua ter nary
his tory of the Bel grade quad ran gle in south west ern Maine. 
Surficial earth ma te ri als in clude un con sol i dated sed i ments
(sand, gravel, etc.) of gla cial and nonglacial or i gin.  Most of
these de pos its formed dur ing and af ter the lat est ep i sode of gla ci -
ation in Maine, called the Wisconsinan gla ci ation, dur ing the last 
25,000 years.

Surficial sed i ments cover the bed rock over most of the
quad ran gle and are sub ject to many uses and en vi ron men tal con -
sid er ations.  These in clude sand and gravel ex trac tion, de vel op -
ment and pro tec tion of ground-`wa ter sup plies, sit ing of waste
dis posal fa cil i ties, and ag ri cul ture.

The field work for this study was car ried out in 2003 for the
STATEMAP co op er a tive be tween the Maine Geo log i cal Sur vey
and the U.S. Geo log i cal Sur vey (USGS). Two maps are as so ci -
ated with this re port.  The surficial geo logic map (Hildreth,
2004a) shows the dis tri bu tion of sed i men tary units and in di cates
their age, com po si tion, and known or in ferred or i gin. It also in -
cludes in for ma tion on the geo logic his tory of the quad ran gle,
such as fea tures in di cat ing the flow di rec tion of gla cial ice.  This
map pro vides the ba sis for the fol low ing dis cus sion of gla cial
and postglacial his tory.

The ma te ri als map (Hildreth and others, 2004) shows spe -
cific data used to help con struct the surficial geo logic map. 
These data in clude ob ser va tions from gravel pits, shovel and au -
ger holes, con struc tion sites, and nat u ral ex po sures along stream
banks. The ma te ri als map also shows bor ing and well logs.

Geo graphic Set ting

The Bel grade 7.5-min ute quad ran gle has an area of about
133 km2 (52 mi2).  It is lo cated in south west ern Maine, in the
south ern part of the New Eng land Cen tral Up land phys io graphic 
prov ince.  It in cludes parts of the towns of Bel grade, Sid ney,
Man ches ter, and Augusta.  Al ti tudes range from190 feet (58 m)

along Bog Brook east of Ba cons Cor ner at the east edge of the
map, to over 620 feet (188 m) on Lord Hill near the north west
edge of the quad ran gle.  Thus, max i mum re lief is about 430 feet
(130 m).

A few till hills in the Bel grade quad ran gle were shaped by
gla cial ice flow ing south to south east and have been elon gated in
that di rec tion. Most of these stream lined hills are not true drum -
lins; the ma jor ity are bed rock-cored hills that were plas tered by
till, par tic u larly on their north and north west sides.  The ma jor
trend in the to pog ra phy, how ever, es pe cially that of stream val -
leys, is con trolled by struc tures in the un der ly ing bed rock, which 
gen er ally strike north-north east to north east.

Great Pond at the north west edge of the map is fed by
north-flow ing Bog Brook, which de bauches into Aus tin Bog at
the south ern end of Great Pond, the pond in turn has its
west-drain ing out let at the vil lage of Bel grade Lakes about 2
miles north of the quad ran gle; there, Great Pond drains into
Long Pond, which is drained south ward into the east-flow ing
Bel grade Stream in the Readfield quad ran gle. The south west
part of the quad ran gle is drained north ward by San ford Brook,
which joins the south east-flow ing Bel grade Stream near the
west edge of the map; there, Bel grade Stream bends sharply
north east and de bauches into Bel grade Bog thence into
Messalonskee Lake, whose out let drains north ward to
Messalonskee Stream, which joins the Kennebec River just
south of Waterville.  The south ern part of the Bel grade quad ran -
gle is drained south ward by the head wa ters of Spring, Sid ney
Bog, and Stone Brooks, all of which are trib u tar ies of Bond
Brook, which joins the Kennebec River in Augusta, sev eral
miles south of the quad ran gle bor der.  In the south east ern part of
the quad ran gle, Great Sid ney Bog drains both south (via Sid ney
Bog Brook as pre vi ously stated)  and north via Bog Brook (also
known as Hammond Brook), which leaves the quad ran gle east
of Ba cons Cor ner and shortly joins the east-flow ing Goff Brook
that meets the Kennebec about 2 miles east of the quad ran gle
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bor der.  The south east cor ner of the map area con tains sev eral
other small un named north east- to east-flow ing streams that
shortly join the Kennebec in the Vassalboro quad ran gle.  Mills,
Bangs, Ellis and many un named brooks drain the wa ter shed of
Messalonskee Lake.

Bed rock Ge ol ogy

Most of the quad ran gle is un der lain by nearly ver ti cal,
tightly iso cli nal-folded, north-north east-trending, high-grade
metasedimentary rocks of Si lu rian age. The ax ial traces of the
folds trend about 40o az i muth; “the fold pat terns are sym met ri cal
and elon gated in di cat ing up right folds with gen tle plunges”
(Osberg, 1968).  The Sangerville For ma tion con sists of
interbedded metapelite and metalimestone or metadolostone, in -
clud ing its Patch Moun tain Mem ber, which has thin interbeds of
calc-sil i cate as sem blages and bi o tite granofels (Creasy, 1979);
out crops and de tached frag ments of this rock unit weather un -
evenly, pro duc ing a dis tinc tive ribbed sur face (“rib bon rock”). 
The Waterville For ma tion con sists of interbeds of metapelite and 
metasandstone, in clud ing thin in ter ca la tions of its Lime stone
Mem ber.  The north west ern part of the quad ran gle is un der lain
by the Lower De vo nian Rome pluton com posed of bi nary quartz
monzonite (Osberg, 1968; Osberg and oth ers, 1985).

PRE VI OUS  AND  CUR RENT  WORK

Early work on the surficial ge ol ogy in this part of Maine
was done gen er ally at a re con nais sance level and at a smaller
scale (Thomp son, 1977; Thomp son and Borns, 1985).  The soil
sur vey of Kennebec County (Faust and LaFlamme, 1978), sig -
nif i cant sand and gravel aqui fer map (Neil and Locke, 1999),
and the re cent surficial ma te ri als map (Locke, 1999), all fa cil i -
tated the pres ent au thor's field work. Surficial geo logic map ping
at 1:24,000 scale has been completed in the Win throp (Thomp -
son, 2004b), Augusta (Thomp son, 2004a) and Readfield quad -
ran gles (Hildreth, 2004b).

GLA CIAL  HIS TORY  AND  LATE-GLA CIAL 
HIS TORY

Southwestern Maine prob a bly ex pe ri enced sev eral ep i -
sodes of gla ci ation dur ing the Pleis to cene Ice Age, but vir tu ally
all ev i dence of pre vi ous glaciations in the Bel grade area was
oblit er ated dur ing the last (late Wisconsinan) ep i sode, when the
Laurentide ice sheet ad vanced from the north west to a ter mi nal
po si tion on the con ti nen tal shelf.

Ev i dence of gla cial ero sion within this area is no tice able
mainly as south east- to south-trending gla cial striations on
freshly ex posed bed rock sur faces.  Fur ther, more de tailed, in ves -
ti ga tions of these striations, in this and ad join ing ar eas, may help
in ef forts to de ci pher the changes in gla cial flow more pre cisely
dur ing the last stages of gla ci ation in this part of Maine.

In the Bel grade area there are few, if any, true drum lins. 
How ever, sev eral stream lined hills are com posed of till
overlying bed rock and are elon gated in a south east- to
south-trending di rec tion. Some of these have gla cially plucked
bed rock out crops on the south to south east end. Ex am ples in -
clude Lord Hill and a few un named hills be tween Great Pond and 
Messalonskee Lake in the northern part of the map area.

Af ter reach ing its ter mi nal po si tion on the con ti nen tal
shelf, the late Wisconsinan ice sheet be gan to re cede be tween
15,000 and 17,000 years ago.  Shells col lected from
glaciomarine sed i ments de formed by ice shove in the Freeport
area (about 20 miles [12 km] south-south west of Bel grade) have
a ra dio car bon age of 14,045 yr B.P. (Weddle and oth ers, 1993).
The ice sheet ter mi nus is in ferred to have reached the Bel grade
area a short time af ter that. As the ice sheet melted north ward, sea 
level rose and in un dated the en tire Maine coastal zone, in clud ing 
much of the area in the Bel grade quad ran gle ly ing be low a cur -
rent el e va tion of ap prox i mately 350 feet (160 m) above sea level, 
which is the ap prox i mate limit of ma rine sub mer gence for this
part of Maine.  The ice-front in the Bel grade area there fore ter mi -
nated in the late-gla cial sea and melt wa ter streams flow ing out of 
ice tun nels into the sea de pos ited a wide va ri ety of strat i fied de -
pos its that rep re sent time-transgressive en gla cial to proglacial
ma rine en vi ron ments dur ing gla cier re treat through the area.  As
sum ma rized by Thomp son and Borns (1985), the ma rine sub -
mer gence reached its max i mum ex tent at about 13,000 yr B.P.,
and re gressed from the area some what be fore 11,450 yr B.P.
(Smith, 1985; Thomp son and Borns, 1985), based on shells that
in di cate the ap prox i mate offlap of the late-Wisconsinan sea at
Lit tle Falls, Gorham, about 35 miles (56 km) south west of the
Bel grade quad ran gle.

A ra dio car bon date of 13,300 ± 50 yr B.P. (OS-4419) on
Mytilus edulis from nearshore de pos its in a pit at ap prox i mately
200 feet (61 m) asl in the North Pownal quad ran gle re cords the
ear li est date for ma rine re gres sion in the state.  A youn ger date
(12,820 ± 120 yr B.P., SI-7017) on in-situ intertidal fauna is re -
ported by Retelle and Bither (1989) from nearshore de pos its at
an el e va tion of 152 feet (46 m) asl in a gravel pit in Topsham, in
the Bruns wick 7.5-min ute quad ran gle. An un cor rected date of
13,315 ± 90 yr B.P. (AA10162:  Weddle and oth ers, 1993), from
the same pit in Topsham on Portlandica arctica shells found in
Presumpscot For ma tion mud ap prox i mately one me ter be low
the nearshore de pos its con tain ing the interidal fauna, sup ports
the older offlap dates (Weddle, 1997, p. 8).

As the gla cier melted north ward through the Bel grade area, 
the sea kept apace, lap ping against the ice front; here, melt wa ter
streams flow ing out of the gla cier de pos ited en gla cial eskers and
proglacial ice-con tact esker-fed ma rine del tas, ice-con tact
esker-fed sub aque ous ma rine fans, and ma rine bot tom sed i ments 
(Presumpscot For ma tion of Bloom, 1960).

El e va tions above sea level (asl) of topset-foreset bed ding
con tacts for two ice-con tact del tas in the Bel grade quad ran gle
have been mea sured:  one in the Summerhaven delta at 356 ft
(108.5 m) asl; and the other in the Bel grade delta at 359 ft (109.4
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m) asl (Thomp son and oth ers, 1989).  These re cord a min i mum
el e va tion for sea level at the time of their de po si tion.  El e va tions
of glaciomarine del tas in south west ern Maine indicate that the
land sur face rose fol low ing their de po si tion, and was tilted at an
av er age slope of 2.82 ft/mi (0.53 m/km), higher to the north west
(Thompson and oth ers, 1989, p. 58).  The rise in the land sur face
was due to gla cial re bound of the litho sphere fol low ing the grad -
ual re lief of the great weight of the gla cier as it melted north ward. 
Con com i tant with re bound of the land sur face, rel a tive sea level
grad u ally fell and ap pears to have reached the mod ern-day
shore line by about 11,000 years ago.

As sea level dropped, many of the ma te ri als de pos ited be -
low the level of the late-gla cial sea in the Bel grade area be came
re worked by wave ac tion as their sur faces passed through the
swash zone; they formed char ac ter is tic nearshore and shore line
de pos its (Pmn) in places.  Fur ther low er ing of sea level led to
downcutting of ear lier outwash and glaciomarine de pos its by the 
late-gla cial Bel grade Stream and its trib u tar ies.  At ap prox i -
mately the same time, and prob a bly some what later, the now-ex -
posed fine-grained ma rine bot tom sed i ments be came eroded by
wind ac tion, which trans ported and sorted them into var i ous
dune and loess de pos its, which are too thin to map in the Bel -
grade area.

Esker-del tas and end mo raines in the Kennebec Val ley

The most dis tinc tive de pos its in the Bel grade quad ran gle
are the eskers (Pge) that ex tend north to south for nearly the full
length of the quad ran gle. Caldwell and oth ers (1985) de scribed
this com plex sys tem, es pe cially in re la tion to as so ci ated end mo -
raines and ma rine del tas.  Be cause their in for ma tion is in te gral to 
the pres ent work, much of their de scrip tion and in ter pre ta tion is
given be low, along with data gath ered since then, in clud ing in -
ter pre ta tions and com ments of the pres ent au thor. The term
“esker-delta” is one used by Caldwell and oth ers (1985).

“In con trast to the coastal zone, there are rel a tively few end
mo raines in the part of the Kennebec River Val ley north of
Augusta.  How ever, scat tered clus ters of small end mo raines ex -
ist nearly as far in land as Skowhegan…  Both the end mo raines
and a suc ces sion of esker-del tas mark the north erly re treat of the
ice mar gin in this part of Maine” (Caldwell and oth ers, 1985).   In 
par tic u lar, the esker sys tem in the Bel grade quad ran gle starts “in
Augusta and ex tends north to Norridgewock, and thence up the
Kennebec Val ley. Six ice-con tact del tas oc cur along a
DeGeer-type por tion of this esker be tween Augusta and Smith -
field [Fig ure 1].  Each delta and its as so ci ated esker seg ment con -
sti tute a morphosequence de pos ited from a par tic u lar po si tion of
the ice front.  The ori en ta tions of nearby end mo raines con firm
the geo graphic pat tern of deglaciation in di cated by the del tas,
and these mo raines also sug gest the pres ence of ac tive ice in the
mar ginal zone of the gla cier” (Caldwell and oth ers, 1985, p. 48).
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Fig ure 1.  Map show ing the DeGeer esker, as so ci ated glaciomarine del -
tas, and in di ca tors of ice-flow pat terns in the Augusta-Smith field area
[Flagged striations are older] (from Caldwell and oth ers, 1985, Fig ure
3).



The pres ent au thor has iden ti fied as end mo raines var i -
ously boul der-strewn, hummocky ridges pri mar ily com posed of
till and poorly sorted strat i fied diamicton that in places are
aligned with and/or ac tu ally con nected with rel a tively
coarse-grained ice-con tact col lapsed heads of strat i fied outwash
(ei ther prox i mal slopes of ma rine del tas or sub ma rine fan de pos -
its).  These till ridge de pos its are not sub di vided as a sep a rate Pt
unit on the map, but are in stead marked by a sym bol that iden ti -
fies the ridge as part of an ice-mar ginal po si tion.  As stated by
Caldwell and oth ers (1985), above, these ridges sug gest ice was
ac tive dur ing their and the as so ci ated strat i fied unit de po si tion.

It should also be noted at this point that the pres ent work
dis tin guishes both ma rine del tas and sub ma rine fan de pos its as -
so ci ated with the eskers and herein sug gests that the fan de pos its
have sim i lar re la tions to the eskers and end mo raines as the del tas 
do.  At the north edge of the map area, sub ma rine fan de pos its
arch ing south west ward from the esker into the west embayment
of Great Pond are aligned with an east-west boul der-strewn
hummocky ridge of till and coarse-grained strat i fied de pos its ex -
tend ing west ward over 1 km (1/2 mi) up hill from the shore. 
Also, sim i lar south ward-arch ing de pos its iden ti fied as mark ing
an ice-mar gin po si tion west of the esker near the south end of
Bog Brook ap pear to mir ror (al though slightly skewed) the
mapped ice-con tact head of the Belgrade glaciomarine delta
(Pmdb) east of the esker and are there fore in ferred to be con tem -
po ra ne ous de pos its. Only a few in con clu sive low ridges that may 
be poorly de vel oped end mo raines were found on the till slopes
east of this ma rine delta.

In be tween the pre vi ous two ice-mar gin po si tions lies a
sim i lar south-arch ing set of ridges as so ci ated with the esker; in
the low est part of one ridge, where it crosses Aus tin Bog, Route
27 tra verses the ap prox i mate ridge crest and con tin ues along it
west ward for about a ki lo me ter (1/2 mi). This ridge is also in ter -
preted as an ice-mar gin po si tion in which the low-ly ing parts
have been bur ied by later sub ma rine fan de pos its (Pmf) and ma -
rine bot tom de pos its (Pp). The bur ied ridge de pos its here might
even be DeGeer-type sub ma rine mo raine de pos its (Smith, 1982
and 1985); fu ture ex ca va tions and de tailed stud ies in this area
may pro vide needed ev i dence for this hy poth e sis.   Fur ther
south, the Summerhaven sub ma rine fan de pos its (Pmfs) ap pear
to have sim i lar re la tions with the esker de pos its and with
end-mo raine till de pos its (mapped as ice-mar gin po si tion area in
unit Pt) on the mar gins of the val ley ad ja cent to Pmfs; also, the
mapped head of outwash of this sub ma rine fan is marked by a
dis tinct string of mod er ately large ket tle holes; these may rep re -
sent a stag nant zone of ice (“dead ice”) sep a rat ing part of the
esker from the re ced ing ac tive ice mar gin to the north and open
wa ter to the south east, into which the Summerhaven fan was de -
pos ited as sug gested be low by Caldwell and oth ers (1985, p. 48). 
The Summerhaven delta (Pmds) near the south end of the quad -
ran gle is lo cated be tween till hills at a nar row part of the val ley,
where it ap pears to be fed by the esker at its north end; the till
hills on the mar gins of the delta here do not ap pear to have

end-mo raine char ac ter is tics, how ever. More de tailed study of all 
these de pos its would help in dis tin guish ing their pre cise re la -
tions.

“While ice re ces sion was gen er ally in a north ward to
north-west ward di rec tion, the pat terns of both end mo raines and
striation trends show that an embayment of the ice mar gin de vel -
oped in the Kennebec Val ley south of Skowhegan.  The ice flow
ap par ently con verged on this embayment from ei ther side.  In
con trast to the ear lier re gional flow di rec tion of 160-170o, the az -
i muths of the lat est flow di rec tions re corded by striations in the
Augusta area are 210-255o on the east side of the val ley and
105-120o on the west side…” (Caldwell and oth ers, 1985, p. 48).
(see Fig ure 1). One striation mea sured for the pres ent re port in
the north west part of the Bel grade quad ran gle has striations with
a133o az i muth, whereas oth ers have the usual south-south east
ori en ta tion.

“Al though end mo raines oc cur ad ja cent to the esker sys tem 
men tioned above, the ex act chro no log i cal re la tion ship be tween
the mo raines and the esker is un cer tain.  Smith (1982) has dem -
on strated that esker and end-mo raine de po si tion were es sen tially 
con tem po ra ne ous in the Waldoboro Mo raine com plex of cen tral
coastal Maine.  Short esker seg ments in this mo raine com plex
have been de formed by ice-shove, and the esker grav els are
over lain by lodg ment till.  Each of the esker seg ments north of
Augusta, on the other hand, ap pears to have been de pos ited af ter
the stag na tion of the ice in its vi cin ity.  The esker seg ments as so -
ci ated with the del tas range in length from about 2 km to as much
as 11 km.  These dis tances may be the ap prox i mate widths of
suc ces sive stag nant zones sep a rat ing the del tas from the re ced -
ing ac tive ice mar gin” (Caldwell and oth ers, 1985, p. 48).

“In the Augusta-Smith field area [Fig ure 1], both the de po -
si tion of the del tas and the style of ice stag na tion were con trolled
by the to pog ra phy of the re gion.  With one ex cep tion (at Smith -
field Vil lage), the del tas are sit u ated in gaps be tween hills to the
east and west.  The gaps oc cu pied by the del tas in Augusta and
Bel grade are lo cated on north east-trending, bed rock-con trolled
ridges.  Thin ning of the ice sheet over these ridges iso lated suc -
ces sive zones of stag nant ice be tween them, within which the
esker seg ments were de pos ited.  The for mer lo ca tions of the
stag nant ice bod ies are now in di cated in part by the nu mer ous
lakes and low, swampy ter rain of the area.  Each mass of dead ice, 
in its time was flanked to the south east by open wa ter, into which
a delta was de pos ited where the esker stream reached a low point
on the in ter ven ing ridge” (Caldwell and oth ers, 1985, p. 48-49).

Esker seg ments in the Bel grade quad ran gle in clude two
sec tions of mul ti ple par al lel to sub-par al lel esker ridges sep a -
rated by nar row val leys and in some lo ca tions, by elon gate ket tle
ponds, such as Hammond, Penny, and Gould Ponds.  This pe cu -
liar ar range ment of mul ti ple esker ridges oc cu pies roughly two
sub-seg ments, each about 2 miles (3.2 km) long, that may be re -
lated to stag nant zones as sug gested above by Caldwell and
others (1985).  How ever, given that there is some ev i dence for
ac tive ice in the form of end mo raines as so ci ated with esker-delta 
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and sub ma rine fan ice-mar gin po si tions in the Bel grade quad -
ran gle, stag nant zones for these par tic u lar de pos its do not seem
to fit that data.  No fur ther con clu sions can be drawn from pres -
ent in ves ti ga tions at this time.  More de tailed study and ex ca va -
tions in the area may elu ci date the spe cific or i gin of the mul ti ple
eskers.

GLA CIAL  AND  POSTGLACIAL  DE POS ITS

As the ice sheet melted in the Bel grade area, it dropped
much of the de bris in cor po rated within it in the form of till.  At
the same time and some what later, gla cial meltwaters took some
of the de bris within the gla cier, sorted it, car ried it some dis tance, 
and fi nally de pos ited it as strat i fied sed i ments in var i ous phys io -
graphic set tings within the quad ran gle. These set tings are re -
ferred to as en vi ron ments of de po si tion.  Most of the de pos its
de lin eated on the map (Pleis to cene and Ho lo cene) are char ac ter -
ized on that ba sis. A few de pos its are dis tin guished by the agent
of de po si tion, such as till (Pt), for which gla cial ice was the agent
of de po si tion. Postglacial de pos its in clude ma te ri als laid down
since the gla cier melted north of the Bel grade area and the sea re -
ceded from south ern Maine. These Ho lo cene de pos its are com -
monly re ferred to as re cent or mod ern de pos its; they were laid
down within the last 12,000 years and most are still in the pro cess 
of de po si tion.

The suc ces sion of Pleis to cene and Ho lo cene surficial de -
pos its in the Bel grade area is given in the cor re la tion chart (Fig -
ure 2), show ing the rel a tive ages of the map units.

Till (unit Pt)

Till oc curs through out the Bel grade area.  Its thick ness is
vari able, as is its com po si tion.  The till was de pos ited from the
gla cial ice sheet and forms a blan ket over the un der ly ing bed -
rock; it is in ferred to un der lie youn ger de pos its through out the
area.  In most ex po sures in the quad ran gle, this till is light ol -
ive-gray, sandy, stony, and mod er ately com pact, show ing weath -
er ing only in the up per most few feet.

Rel a tively nar row, hummocky, boul der strewn, short
ridges com posed mostly of till are found in sev eral lo ca tions in
the area. Many are as so ci ated with the mar gins and heads of
outwash of ad ja cent strat i fied de pos its. The till ridges are in ter -
preted as end-mo raine seg ments, but are iden ti fied on the map as
unit Pt marked  by an ice-mar gin po si tion sym bol.

Some drum lins are found in the area, but most hills that are
drum lin-shaped (and ori ented in the ex pected di rec tion for
drum lins rel a tive to the di rec tion of striations in the area) have
bed rock cores that have been plas tered with till.  Many more of
these rock-cored hills ex ist in the quad ran gle than do true drum -
lins.  Though most till is less than 6 me ters (20 ft) thick in the
area, sev eral wells in the West Sid ney area pen e trated more than
21 me ters (70 feet) of prob a ble till.

Glaciomarine bot tom de pos its (Presumpscot For ma tion) 
(unit Pp)

Ma te ri als con sist ing of pre dom i nantly silt and clay with lo -
cally sandy beds and in ter ca la tions are in ter preted here as
late-gla cial sub ma rine fine-grained (ma rine mud) bot tom de pos -
its of the Presumpscot For ma tion (Bloom, 1960).  These de pos its 
were de rived from gla cial meltwaters and laid down at the bot -
tom of the late-gla cial sea fol low ing the re treat of the ice sheet
from the area and prior to up lift of the area above the sea.  The silt 
and clay de pos its com monly lie be low about the 300-foot con -
tour—and in many places, be neath units Ha, Hw, and Pmn in the
quad ran gle. Subsuface data and ex po sures in di cate that Pp over -
lies Pt, bed rock, fans, and end mo raines and can be interbedded
with coarser glaciomarine sediments.  It is gen er ally thin (less
than 10 feet [3 m] thick) in this quad ran gle, which is near the up -
per limit of ma rine submergence. In places through out the map
area, Pp is over lain by thin un mapped dune or loess de pos its.

Glaciomarine ice-con tact delta de pos its (Pmd)

At least two glaciomarine ice-con tact del tas were graded to 
the late-gla cial sea level in the Bel grade quad ran gle. These were
fed by gla cial streams that de pos ited as so ci ated esker (Pge) seg -
ments and are con tem po ra ne ous with some of the nearby
glaciomarine fan (Pmf) de pos its. These del tas are dis tin guished
by (a) top o graphic fea tures such as flat tops (vari ably pock -
marked by ket tle holes), col lapsed ice-con tact prox i mal slopes,
and steep dis tal foreset and/or wave-cut slopes; and (b) in ter nal
fea tures such as foreset and topset beds. The con tact be tween the
topset and foreset beds rep re sents min i mum sea level at the time
of de po si tion. The pres ent-day el e va tions for two of these del tas
were mea sured (Thomp son and oth ers, 1989). Near the south
edge of the map, the Summerhaven delta (Pmds) topset-foreset
con tact was found to be 348 feet above sea level (asl). In the
north part of the map area, the Belgrade delta (Pmdb)
topset-foreset con tact was found to be 359 feet asl.  Over 200 feet 
(60 m) of un con sol i dated ma te ri als have been iden ti fied be neath
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Fig ure 2.  Cor re la tion of map units, Belgrade quad ran gle, Maine.



the south ern delta (Neil and Locke, 1999; Hildreth and others,
2004); of this thick ness, prob a bly less than half is coarse-grained 
sand and gravel delta sed i ments which gen er ally over lie vari able 
thick nesses of bottomset silt and clay of the Presumpscot For ma -
tion (Pp), which in turn over lies vari able thick nesses of till (Pt)
over bed rock.  For the most part, the un der ly ing silt and clay (Pp) 
is not ex posed ex cept in stream val leys that have cut down
through the over ly ing sands, or in man-made ex ca va tions.  In
places, unit Pmd may be over lain by un mapped thin loess and
dune de pos its.  Parts of these ma rine del tas also have been
eroded by streams dur ing offlap of the sea.  In gen eral, delta de -
pos its in this area are less than 100 feet (30 m) thick.

Delta de pos its are use ful as sources of sand and gravel.

Esker and/or ice-chan nel fill ing de pos its (unit Pge)

Dis tinc tive un du lat ing nar row ridges of sand and gravel
were de pos ited by melt wa ter streams flow ing south-south east in
a tun nel or tun nels in the bot tom of the last ice sheet. Two
branches of a com plex esker sys tem are iden ti fied at the north
edge of the map area. These esker de pos its ex tend south ward,
join in the subsurface south of Great Pond, and feed into ice-con -
tact ma rine delta de pos its (Pmd) and sub aque ous ma rine fan de -
pos its (Pmf) -- all of which rep re sent time-transgressive gla cial
melt wa ter de pos its.  Much of the esker unit (Pge) in the Bel grade
quad ran gle is ac tu ally more com plex than most eskers else where 
in Maine, in that much of the Pge unit here con sists of sev eral
par al lel to sub-par al lel ridges, rather than just one ridge; where
the tun nel(s) opened out at the snout of the gla cier, meltwaters
de pos ited ei ther an ice-con tact ma rine delta and/or ma rine sub -
aque ous fan de pos its con tem po ra ne ous with the esker de posit. 
In places, the esker ridge is bor dered by de pres sions (ket tles) left
when de tached masses of gla cial ice melted.  Low seg ments of
the esker de posit are bur ied by youn ger de pos its in the area. 
There is de bate over whether melt wa ter flowed si mul ta neously
through the en tire tun nel sys tem, but other esker sys tems in
Maine ap par ently formed pro gres sively from south to north
when the tun nel be came clogged with sed i ment as the gla cier
melted (Caldwell and others, 1985; see also "Esker-del tas and
end mo raines in the Kennebec Val ley" sec tion, above).  Esker
de pos its tend to be less than 70 feet (21 m) thick, though some
are thicker.

Subma rine fan de pos its (unit Pmf)

Tri an gu lar- to fan-shaped de pos its con sist ing mostly of
sand and silt and some gravel were de pos ited in gla cial sub ma -
rine fans.  The apex of each fan typ i cally is located at ei ther side
of the as so ci ated esker, where melt wa ter streams ex it ing the ice
tun nel spread out onto the late-gla cial sea floor.   Some ma rine
fan de pos its con tain abun dant ket tle holes and they may in clude
esker (Pge) or bot tom de pos its (Pp).  Most fan de pos its were laid
down in the late-gla cial sea di rectly in con tact with or just be -
yond the ice front by streams that de pos ited the as so ci ated ad ja -

cent eskers in tun nels in the ice ‘up stream’ of the fan de pos its. 
The fans con sist mainly of in clined sandy to gravelly foreset
beds of an in com plete delta (one which has not aggraded to sea
level). Al though the apexes of most fans were de pos ited in con -
tact with the ice, the mar gin away from the esker may have been
de pos ited in con tact with ice or it may have been de pos ited in
open wa ter; de pos its con tain ing in ter nal col lapsed bed ding
would sig nify an ice-con tact set ting.

Some fan de pos its may be de lin eated as in di vid ual units. 
Only one, how ever, was given a unique geo graphic name; the
Summerhaven fan de posit (Pmfs) is graded to south-flow ing
chan nels through the top of the Summerhaven glaciomarine
delta. Its ice-prox i mal mar gin is char ac ter ized by a string of
mod er ate-sized ket tle holes, in clud ing Lily Pond, Lower and
Up per Sil ver Lakes, and Em ery and Bean Ponds (See the sec tion
"Esker-del tas and end mo raines," above, for a dis cus sion on their 
or i gin).

Some of the ma rine fan de pos its are also found as dis tal fan
de pos its as so ci ated with Pmd ma rine-delta de pos its. Ma rine fan
de pos its in the Bel grade quad ran gle range in thick ness from 0 to
over 30 m (0-100 ft).

Ma rine nearshore de pos its (unit Pmn)

Cer tain materials con sist ing of waterlaid sed i ments that
range from clay to gravel are in ferred to have been de pos ited as a
re sult of wave ac tion in nearshore and shal low ma rine en vi ron -
ments. Pmn de pos its are thin (com monly less than 10 feet [3 m]
thick) and gen er ally over lie till, ma rine fan, or bot tom de pos its;
some Pmn ma te ri als are as so ci ated with or over lain by un -
mapped thin dune or loess de pos its.

Wet land de pos its (unit Hw)

Fresh wa ter swamp de pos its char ac ter ized by ac cu mu la -
tions of fine-grained or ganic-rich sed i ments, de pos ited in low,
flat, poorly drained ar eas are scat tered through out the quad ran -
gle. Lit tle in for ma tion is avail able on the thick ness of these de -
pos its in the Bel grade area, though Cameron and oth ers (1984)
re port that peat de pos its in south west ern Maine gen er ally av er -
age less than 20 ft (6 m) in thick ness.  In places the unit is in dis -
tin guish able from, grades into, or is interbedded with al lu vium
(Ha). It should be noted that both swamp (Hw) and al lu vial de -
pos its (Ha) may be co in ci dent along some stretches of flood
plains in this area.

Stream al lu vium (unit Ha)

Sand, gravel, silt, and or ganic ma te rial de pos ited by mod -
ern streams in their flood plains are mapped as stream al lu vium.
The ex tent of al lu vium in di cates ar eas that flooded in the past
that may be sub ject to flood ing in the fu ture. In places the unit is
in dis tin guish able from, grades into, or is interbedded with wet -
land de pos its (Hw).  Swamp (Hw) and al lu vial de pos its (Ha)
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may be co in ci dent along some stretches of flood plains in this
area.

Ar ti fi cial fill (unit af)

Ar eas where the orig i nal ground sur face is cov ered by a
sub stan tial thick ness of im ported ma te rial, both man-made and
nat u ral, are mapped as ar ti fi cial fill (unit af).  The thick ness var -
ies, but usu ally does n’t ex ceed 20 ft (6 m).
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