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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 Pur ga tory 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 (Thomp son, 2001).

The field work for this study was car ried out in 2002 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, 2003b) 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 (Locke and Hildreth, 2003) 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 Pur ga tory 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, on the in -
land edge of the Sea board Low land phys io graphic prov ince,
about 80 km (50 mi) north-north east of Port land  (Fig ure 1).  It

in cludes parts of the towns of Monmouth, Wales, West Gar di ner, 
Litch field, and Rich mond.  Al ti tudes range from about 135 feet
(41 me ters) above sea level (asl), where Cobbosseecontee
Stream and Pleas ant Pond flow east ward in the south east part the 
quad ran gle, to 166 m (553 ft)  at Springer Hill near the south west
cen tral part of the quad ran gle.  Thus, max i mum re lief is 125 m
(418 feet).

Many hills in the Pur ga tory quad ran gle were shaped by
gla cial ice flow ing south-south east to south east and have been
elon gated in that di rec tion.  The ma jor fea tures of the to pog ra phy 
in the study area, how ever, es pe cially stream val leys, are con -
trolled by struc tures in the un der ly ing bed rock.  The bed rock
con sists pri mar ily of north-north east-trending, folded, steeply
dip ping, metasedimentary rocks of vary ing re sis tance to weath -
er ing and ero sion, re sult ing in al ter nat ing ridges and val leys with 
that ori en ta tion.

Jock Stream flows north east from the cen tral west edge of
the quad ran gle, on the north side of Oak Hill, into the head wa ters 
of Cobbosseecontee Lake, which is dammed to the north, in the
south east part of the Win throp quad ran gle.  Cobbosseecontee
Stream thence flows south to the cen tral east edge of the Pur ga -
tory quad ran gle and flows into Pleas ant Pond less than a mile
east of the quad ran gle bor der.  The Ta coma Lakes drain north -
east on the south side of Oak Hill, con trolled by a dam near Pur -
ga tory vil lage, from which the out let stream me an ders north east
less than a mile to the south-flow ing Cobbosseecontee Stream. 
Jug Stream on the north west ern edge of the map drains
Annabessacook Lake, which lies just north of the quad ran gle,
south ward into Cobbosseecontee Lake.  The south and east parts
of the Pur ga tory quad ran gle drain south east into Pleas ant Lake
via Pot ters Brook and its trib u tar ies.  Magotty Meadow Brook
drains the south-cen tral part of the quad ran gle south ward and
thence east ward into the swampy north ward-flow ing head wa -
ters of Pleas ant Pond in the Bowdoinham quad ran gle.  Pleas ant
Pond drains to the Kennebec River in the Gar di ner quad ran gle.
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Bed rock ge ol ogy

The north west part of the quad ran gle is un der lain by
steeply dip ping, north-north east-trending, metasedimentary
rocks of the Si lu rian Sangerville and Waterville For ma tions. 
Many of the lakes oc cupy de pres sions de vel oped along weak
lime stone units in the Waterville For ma tion.  The south east part
of the quad ran gle is mostly un der lain by folded, north-north -
east-trending, high-grade metasedimentary rocks of the Si lu -
rian-Ordovician Vassalboro For ma tion.  In the south east cor ner
of the quad ran gle, Pleas ant Pond is un der lain by the weakly re -
sis tant rocks of the west ern edge of the NNE-trending
Norumbega fault zone.  The late Pre cam brian-early Pa leo zoic
Cush ing For ma tion lies within the fault zone and oc cu pies the
south east ern-most part of the quad ran gle (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 and Smith, 1977; Thomp son and Borns,
1985).  The soil sur veys of Androscoggin and Sagadahoc Coun -
ties (McEwen, 1970) and Kennebec County (Faust and
LaFlamme, 1978), and the re cent surficial ma te ri als map

(Locke, 1999), all fa cil i tated field work. Surficial geo logic
map ping has been com pleted at the 1:24,000 scale in sev eral ad -
join ing quad ran gles, in clud ing Lis bon Falls North (Weddle and
oth ers, 1999), Lis bon Falls South (Weddle, 1997a), Bruns wick
(Weddle, 2001), and Monmouth (Foley, 2002).  In ad di tion,
map ping at this scale has been completed in the Bowdoinham
quad ran gle (Hildreth, 2003a).

GLA CIAL  HIS TORY  AND  LATE-GLA CIAL 
HIS TORY

South west 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 Pur ga tory 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 Pur ga tory area there are few, if any, true drum lins. 
How ever, sev eral gla cially stream lined hills that have bed rock
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Fig ure 1.  Lo ca tion map show ing the
Purgatory 7.5' quad ran gle.



cores are elon gated in a south east- to south-trending di rec tion. 
Ex am ples are scat tered through out the map area.  In ad di tion, in
the south eastern part of the quad ran gle, there are a num ber of
nar row, low, par al lel ridges that trend south east, which are
herein in ferred to be grooved till sur faces that were carved by the 
flow of gla cial ice par al lel to their long axes (and they may be re -
lated to struc tures in the un der ly ing bed rock as they are ap par ent
only in the area un der lain by the Cush ing For ma tion; fur ther de -
tailed in ves ti ga tions of these land forms may clar ify their or i gin).

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 Pur ga tory) 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 Pur ga tory area by about that time or 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 Pur ga tory quad ran gle ly ing be low a cur -
rent el e va tion of ap prox i mately 350 ft above sea level, which is
at the limit of max i mum ma rine sub mer gence for this part of
Maine.  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 80+ km (50+ mi) south west of the
Pur ga tory quad ran gle.

In his re port on the Lis bon Falls South quad ran gle, Weddle
(1997b, p. 8) states:  “An un cor rected 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 ad ja cent
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 (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 Portlandia 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 intertidal fauna sup ports the older offlap
dates.”

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 Pur ga tory 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 in places.  Fur ther low er ing of sea level led to
downcutting of ear lier glaciomarine de pos its by the late-gla cial
Jock, Cobbosseecontee, and other streams in the area.  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 de pos its (Pe) in the area, most of which are too thin
to map.

GLACIAL AND POSTGLACIAL DEPOSITS 

As the ice sheet melted in the Pur ga tory 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 is the agent of 
de po si tion, and eolian de pos its (Pe) for which wind is the agent.
Postglacial de pos its in clude ma te ri als laid down since the gla cier 
melted north of the Pur ga tory area and sea level dropped well be -
low the sur faces it had cov ered here. They in clude ma te ri als that
may have been con tin u ously de pos ited since the re ces sion of the
sea; that may have been de pos ited dur ing a time that spanned the
Pleis to cene and Ho lo cene; or that may have been de pos ited in ei -
ther Pleis to cene or Ho lo cene time. 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.

The suc ces sion of Pleis to cene and Ho lo cene surficial de -
pos its in the Pur ga tory 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 Pur ga tory 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 -
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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 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 map area pen e trated at least 18 me ters
(60 feet) of prob a ble till, and one in the south east part of the map
pen e trated 110 feet of in ferred till. Some of the ar eas mapped as
thin gla cial drift (Ptd), where gen er ally less than 3 me ters (10
feet) of ma te ri als overly bed rock, are com posed of till, es pe cially 
on hill slopes and ridge crests within the area. In places, very low
ridges cored by till are in ferred to be mo raines that were de pos -
ited and/or de formed by ac tive gla cial ice; they are mapped as
mo raine ridges, whose long axes are in ferred to be per pen dic u lar 
to the di rec tion of ice move ment; the ridges are com monly man -
tled by Presumpscot For ma tion (Pp). An other till landform in the 
south east part of the area is mapped as grooved till sur face; the
SSE long axes of the grooves and ridges are in ferred to have been 
carved into the till sur face by the ice as it flowed over the area.

Ma rine delta de pos its (unit Pmd)

Unit Pmd con sists of sorted and strat i fied sand and gravel
de pos ited by gla cial melt wa ter in con tact with, or down stream
from, ad ja cent ice, and graded to the late-gla cial sea. They are
dis tin guished pri mar ily by their com po si tion, flat tops, and
foreset and topset beds (of ten seen in gravel pits). The topset
beds were de pos ited by streams flow ing across the delta tops.
They gen er ally form a hor i zon tal grav elly layer on top of the in -
clined foreset beds, which were de pos ited as sed i ments cas caded 
down the ad vanc ing delta front. The con tact be tween topset and
foreset beds in each delta closely ap prox i mates the po si tion of
sea level when the delta was built.

Two delta de pos its in the Pur ga tory quad ran gle have been
as signed unique geo graphic names. The Litch field Plains delta
(Pmdlp) has a topset-foreset con tact el e va tion of 308 feet
(Thomp son and oth ers, 1989). The Grant Cem e tery delta
(Pmdgc) lies just to the north east of Pmdlp and is in ferred to be
con tem po ra ne ous as in di cated by the ice-mar gin po si tion on the
map (Hildreth, 2003b).

Glaciomarine fan de pos its (unit Pmf)

Unit Pmf is com posed of strat i fied sand and gravel de pos -
ited as sub ma rine fans at the gla cier mar gin. Pmf de pos its oc cur
in the Jimmy Pond and Cobbossecontee Stream val leys, as well
as the north west cor ner of the quad ran gle. In some places the up -
per por tions of the fans have been re worked by ma rine nearshore
pro cesses dur ing re gres sion of the sea.

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 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 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 310-foot con tour, and may un der lie units Ha,
Hw, Pe, Pmd and Pmn in the quad ran gle. Subsurface 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 sub aque ous outwash ma -
te ri als. It is more than or equal to 15 ft (5 m) thick in one dug well
in the north west ern part of the quad ran gle (Locke, 1999) and is
prob a bly gen er ally much thin ner. In places through out the map
area, Pp is over lain by thin un mapped dune de pos its.

Ma rine nearshore de pos its (unit Pmn)

Unit Pmn con sists of waterlaid sed i ments that range from
clay to gravel and 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
through out the map area. They formed as rel a tive sea level fell
dur ing up lift of the land in late-gla cial time. Pmn de pos its are
thin (com monly less than 10 feet [3 m] thick) and gen er ally over -
lie till or high-level ma rine bot tom de pos its.

Eolian de pos its (unit Pe)

When sea level fell and ex posed the gla cial outwash and
ma rine re gres sive de pos its, 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, dune de pos its con sist ing of eolian (windblown) sand
were formed.  Only one Pe de posit is shown on the map (ad ja cent 
to the Litch field Plains delta), but eolian sand prob a bly is more
ex ten sive than in di cated here. Many dune de pos its in south ern
Maine are thin and patchy and thus not eas ily rec og nized un less
they hap pen to be ex posed in ex ca va tions. Fur ther de tailed in -
ves ti ga tion of these dune de pos its is needed to de ci pher their
com plex dis tri bu tion and his tory.

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 Pur ga tory 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 -
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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 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). 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.

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 not ex ceed 20 ft (6 m).
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