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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 Veazie quad ran gle in south-cen tral 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 2007 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 geo logic map (Hildreth, 2008) 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 oth ers, 2008) shows spe -
cific data used to help con struct the 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 Veazie 7.5-min ute quad ran gle has an area of about
52 mi2 (133 km2).  It is lo cated in south-cen tral Maine in the Sea -
board Low land phys io graphic prov ince.  It in cludes parts of the
towns of Veazie, Orono, Bradley, Ed ding ton, Holden, Brewer,
and Ban gor.  Al ti tudes range from sea level in the Penobscot

River (tidal up to the hydropower dam in Veazie), to over 470 ft
(143 m) on Mann Hill in the south east part of the quad ran gle.

The large-scale to pog ra phy in the north west ern two-thirds
of the study area is con trolled by north east-trending plung ing
folds in the Si lu rian-Or do vi cian Vassalboro For ma tion
metasedimentary rocks on the south east limb of the
Kearsarge-central Maine synclinorium.  The south east one-third
con sists of a cou ple of nar row steep dip-slip north east-strik ing
fault slices of metasedimentary rocks of the De vo nian-Or do vi -
cian Bucksport For ma tion (Osberg and oth ers, 1985).  Small-
scale to pog ra phy in cludes mod er ate-sized to low ridges that
were shaped by gla cial ice flow ing south east to south, and have
been elon gated in that di rec tion. 

The ma jor stream drain age in the quad ran gle is the south -
west-flow ing Penobscot River, its south east-flow ing north ern
trib u tary brooks (Meadow and a few un named ones), and its
north- to north west-flow ing south ern trib u tar ies (Fells, Eaton,
and Meadow Brooks and Blackman Stream).  In the south east
part of the map area Holbrook Pond and a few large swamps
drain east ward into the Chemo Pond quad ran gle, thence north -
ward to Blackman Stream and the Penobscot River.

Bed rock Ge ol ogy

The north west ern two-thirds of the quad ran gle is un der lain 
by north east-trending plung ing folds in the Si lu rian-Or do vi cian
Vassalboro For ma tion com posed of metasedimentary rocks
whose protoliths were cal car e ous sand stone with interbedded
sand stone and im pure lime stone.  The Vassalboro For ma tion,
here, lies on the south east limb of the Kearsarge-central Maine
synclinorium.  The south eastern one-third con sists of a cou ple of 
nar row steep dip-slip north east-strik ing fault slices of
metasedimentary rocks of the De vo nian-Or do vi cian Bucksport
For ma tion, which had sim i lar protoliths to the Vassalboro For -
ma tion.  The faults are part of the ma jor north east-strik ing
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Norumbega fault zone that sep a rates the Coastal Lithotectonic
Block, which in cludes the Bucksport For ma tion, from rocks of
in land Maine.  All rock units in the quad ran gle ap pear to be of
greenshist meta mor phic grade (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 (Prescott, 1966; Thomp son and Borns, 1985; Thomp son,
1987).  A recent surficial ma te ri als map (Neil and Wil liams,
2001) and sig nif i cant sand and gravel aqui fer map (Fos ter and
oth ers, 2001) fa cil i tated field work.  Surficial geo logic map ping
has been com pleted at the 1:24,000 scale in two ad join ing quad -
ran gles - Ban gor (Syverson and Thompson, 2008) and Old Town 
(Kelley, 2008).

GLA CIAL  HIS TORY  AND  LATE-GLA CIAL 
HIS TORY

South ern 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 Veazie 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- to south west-trending gla cial
striations on freshly ex posed bed rock sur faces.  Sev eral lo ca -
tions con tained more than one set of striations.  In most cases
where it was pos si ble to de ter mine rel a tive ages of the dif fer ent
striation sets, the more east erly of south east sets was the older.  In 
a cou ple of lo ca tions, two or three sets of striations in di cate gla -
cial flow ei ther to ward the thalweg of the Penobscot River or
par al lel to it in the youn gest sets of striae.  Prob a bly the di ver -
sions in gla cial flow di rec tions oc curred dur ing the wan ing
stages of gla ci ation, as the ice mass thinned.  Fur ther, more de -
tailed, in ves ti ga tions of these striations, in this and ad join ing
areas, 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.

There are prob a bly few true drum lins in the area, but many
oval hills com posed mostly of till have stream lined slopes elon -
gated par al lel to the main south east to south flow di rec tion of the
last con ti nen tal ice sheet.  For ex am ple, Coffey Hill in the north -
eastern quad rant of the map has a char ac ter is tic drum lin shape,
con tains till in its slopes, and has stri ated bed rock ex posed at its
crest; the striation di rec tion there par al lels the long axis of the
hill.  In sev eral of the stream lined hills in the area, the long axis
curves on the south ern end from a south east trend to a more
south erly, even south west erly trend; this trend tends to fol low
the pat tern of the youn ger striations in some cases and may also
rep re sent the di ver sion of gla cial flow di rec tions dur ing the wan -

ing stages of gla ci ation, as the ice mass thinned.  How ever, this
part of Maine was in un dated by the late-gla cial sea as the gla cier
re ceded; it is also pos si ble and likely that the shape of some of the 
gla cially stream lined hills may have been mod i fied by sea wave
and cur rent ero sion as sea level fell; more de tailed study of these
fea tures may re veal ev i dence for such ero sion.  In ad di tion to
oval till hills, some bed rock hills (such as Mann Hill in the south -
east part of the map area) ex hibit ramp and pluck to pog ra phy in
which the steep rug ged south erly slopes rep re sent the plucked
lee side of the gla cial flow di rec tion and the smooth gen tle north -
erly slopes rep re sent the ramp (stoss) side of the gla cial flow di -
rec tion. 

As the wan ing gla cier re ceded north ward, meltwaters
flow ing south ward in a tun nel within or be neath the ice de pos -
ited an esker of sand and gravel (Pge) in the north ern part of the
quad ran gle.  As the gla cier melted and the ice front re treated
north ward through the area, the sea in un dated this area and a
vari able thick ness of glaciomarine silt, clay, and sand (Pp) was
de pos ited like a blan ket over the esker.  In places, the top 3-5 feet
of the esker shows signs of hav ing been re worked by wave or
stream ac tion as sea level fell.

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 (south west of Veazie) have a ra dio car bon age of 14,045 yr.
BP (Weddle and oth ers, 1993).  The ice sheet ter mi nus is in ferred 
to have reached the Veazie 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 per haps the area in the Veazie
quad ran gle ly ing be low a cur rent el e va tion of ap prox i mately
440 ft (134 m) above sea level.  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
120 mi (190 km) south west of the Veazie quad ran gle.

GLA CIAL  AND  POSTGLACIAL  DE POS ITS

As the ice sheet melted in the Veazie 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 huge vol umes of 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 the ice is the 
agent of de po si tion and esker de pos its (Pge) for which melt wa ter 
streams are the agent of de po si tion.  Postglacial de pos its in clude
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ma te ri als laid down since the gla cier melted north of the Veazie
area.  They in clude ma te ri als mapped as Pleis to cene de pos its
formed dur ing gla cial to late-gla cial time, prior to 10,000 years
B.P. (years be fore pres ent).  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 10,000 years and most are still in the pro cess of
de po si tion.  Qua ter nary de pos its are of un cer tain age, but usu ally 
are late-gla cial and/or postglacial in age.  The suc ces sion of
Pleis to cene and Ho lo cene surficial de pos its in the New Vine yard 
area is given in the cor re la tion chart (Figure 1) show ing the rel a -
tive ages of the map units. 

Till (unit Pt)

Till oc curs through out the Veazie 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.  Some drum lins are found in the area,
but many 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.  Such hills are iden ti fied on the geo logic map as
gla cially stream lined hills.  Though most till is less than 20 ft (6
m) thick in the area, one well in the east-cen tral part of the map
(about 1 mi [1.6 km] south east of Coffey Hill near Route 9) pen e -
trated more than 156 ft (47 m) of prob a ble till.  Along the bank of
the Penobscot River in Ed ding ton, a well-ex posed sec tion of tills 
and fine-grained wa ter-laid sed i ments was mea sured and de -
scribed by Brady (1982).

Esker de pos its (unit Pge)

In the north-cen tral part of the map, an esker de posit ex -
tends south ward along the west side of the Penobscot River. 
This de posit of sand and gravel was laid down by melt wa ter
streams flow ing southward in a tun nel within or at the bot tom of
the last ice sheet.  The ex posed part of this esker has been mined
in places; it is about 40 ft (12 m) thick.  Pits con tain mostly sand
and gravel, with oc ca sional boul ders, over lain in places with a
blan ket as much as 37 ft (10 m) thick of glaciomarine silt.  Also,
in places the up per most sec tions of bor row pits in these de pos its
ex hibit ev i dence that at least the top 3-5 feet (1+ m) have been re -
worked by wave or cur rent ac tion as sea level fell.

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

Silty, muddy, fine sandy sed i ments con sist ing pre dom i -
nantly of silt and fine sand with lo cal clay and sandy beds and in -
ter ca la tions are in ter preted here as late-gla cial sea-floor 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
and prior to up lift of the area above the sea.  Pp de pos its vary in
thick ness from less than 3 ft (1 m) in places at the sur face to at
least 45 ft (13.5 m).  In places, Pp ma te ri als are draped over older
gla cial de pos its such as Pge and Pt that were in un dated by the sea 
fol low ing their de po si tion.  Also, the up per parts of Pp ma te ri als
have been re worked by wave and cur rent ac tion dur ing re gres -
sion of the late-Pleis to cene sea level through the area, such that
much of the sur face area of Pp is com posed of fine to me dium
sand.  Parts of the Pp unit that lie near the sur face are over lain by
mapped dune de pos its (Qe), and may be coated else where by
thin un mapped dune de pos its.

Stream ter race de pos its (unit Qst)

Dur ing late-gla cial time, when sea level had re gressed be -
low the sur face of the ma rine bot tom de pos its (Pp), the late-gla -
cial Penobscot River was swol len with melt wa ter car ry ing
abun dant sed i ment; as such it  in cised a rel a tively broad chan nel
into these ma te ri als and bor der ing till (Pt), form ing braided
stream de pos its as so ci ated with ter race sur faces above the mod -
ern flood-plain level of the river.  These Qst stream ter race de -
pos its con sist of outwash sand, gravel, and silt of vary ing
thick ness.  In places, some of the area mapped as Qst may con sist 
of a very thin cover on stream ter races carved into un der ly ing
gla cial de pos its.  In places the ma te rial may con sist of postglacial 
stream ter race de pos its.  Where the ter race sur face is un der lain
by al lu vial ma te rial, it may con tain as much as 15 ft (5 m) of sand
and gravel over the un der ly ing ear lier de pos its.
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Eolian de pos its (unit Qe) 

When sea level fell and ex posed the glaciomarine de pos its
(Pp), wind ero sion was ex ten sive be fore veg e ta tion was able to
take root and an chor the sed i ments.  As a re sult, rel a tively thin
de pos its of windblown sand formed dunes (gen er ally less than 7
ft [2 m] thick) in places and a thin blan ket in other places.  Only
the larger Qe de pos its are mapped here, pri mar ily be cause dune
de pos its are patchy and not eas ily rec og nized ex cept in ex ca va -
tions, which are sparse.  Mapped Qe de pos its oc cur near the
north-cen tral edge of the map area.

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 Veazie 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 feet (6 m).  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) 
are co in ci dent along many 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 is 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).  It should be noted that both swamp (Hw)
and al lu vial de pos its (Ha) are co in ci dent along many stretches of 
flood plains in this area.  Thick ness var ies from 3-20 feet (1-6
m).

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 ma te rial var ies
from nat u ral sand and gravel to quarry waste to san i tary land fill. 
The thick ness var ies, but usu ally does n’t ex ceed 20 ft (6 m).
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