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IN TRO DUC TION

Map ping of the sur fic ial ge ol ogy of the Mou sam Lake
quad ran gle was car ried out dur ing the sum mer of 1991, as part of 
the CO GEO MAP pro gram of the Maine Geo logi cal Sur vey and
the U. S. Geo logi cal Sur vey.  Field check ing and up dat ing of the
maps was done in 1997.  Two 1:24,000 maps were pre pared:  a
sur fic ial ma te ri als map (Meglioli and Thomp son, 1998) which
shows the thick ness, tex ture, and com po si tion of sur fic ial ma te -
ri als at points where ob ser va tions were made; and a sur fic ial
geo logic map (Meglioli and Thomp son, 1997) which shows the
dis tri bu tion of geo logic units and fea tures that can help to re con -
struct the geo logic his tory of the quad ran gle.  The sur fic ial de -
pos its mapped in the Mou sam Lake quad ran gle are de scribed in
this re port.

PREVIOUS  WORK

Sur fic ial de pos its in the Mou sam Lake quad ran gle were
mapped at a scale of 1:62,500 by Smith (1977) based on
reconnaissance- level field work and air photo in ter pre ta tion.
This in for ma tion was used to pre pare a sur fic ial geo logic map of
the New field 15- minute quad ran gle, and was in cor po rated in the
Sur fic ial Geo logic Map of Maine (Thomp son and Borns,
1985a).  Map ping of ad ja cent quad ran gles has been com pleted
by Boothroyd (1997a,b - Great East Lake), Neil (1997a,b - San -
ford), Meglioli (1999a,b - Wa ter boro), and Wilch (1999a,b -
Lim er ick).  

INVESTIGATION  PROCEDURES

Field ob ser va tions were made in nu mer ous ac tive and in ac -
tive gravel pits, build ing ex ca va tions, and road cuts through out
the quad ran gle.  Sub sur face in for ma tion was ob tained through
the use of hand augers and shov els, from an aq ui fer map of the
study area (Lanc tot and Tol man, 1985), and from test- boring
logs pro vided by the Maine De part ment of Trans por ta tion.  Bed -
rock out crop ar eas, gla cially stream lined hills, and ice- contact
de pos its (in clud ing del tas and es ker ridges) were in ferred partly
from the analy sis of air pho tos and topo graphic maps.  The air
pho tos also aided in the de linea tion of ter race scarps and con tacts 
be tween map units. 

The Na tional Wet lands In ven tory map of the Mou sam
Lake quad ran gle, pre pared by the U.S. Dept. of the In te rior -
Fish and Wild life Serv ice (1992), pro vided the ba sis for many of
the wet land bounda ries shown on the geo logic map.  Much use -
ful in for ma tion on the dis tri bu tion of sur fic ial ma te ri als and bed -
rock out crops in ar eas of poor ac cess was ob tained from the York 
County soil maps by Flewel ling and Li sante (1982).  

LOCATION  AND  TOPOGRAPHY

The study area is the Mou sam Lake 7.5- minute quad ran gle, 
lo cated in York County, south west ern Maine (Fig ure 1).  The
Mou sam Lake quad ran gle ex tends in lati tude from 43o 30' to 43o

37' 30" N, and in lon gi tude from 70o 45' to 70o 52' 30" W.  It cov -
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Fig ure 1.  Lo ca tion map of the Mou sam Lake quad ran gle, York County, Maine.
    Line marked M.L. indicates the limit of marine transgression.



ers an area of 54 square miles (ap proxi mately 142 square kilo -
me ters).

Ele va tions in the study area range from ap proxi mately 350
ft above sea level (asl) in the vi cin ity of North Al fred, in the
south east cor ner of the quad ran gle, to 1,100 ft asl at Fort Ridge in 
the cen tral por tion of the study area.  Most of the quad ran gle is
char ac ter ized by mod er ate and hilly to pog ra phy.  Maxi mum lo -
cal re lief is ap proxi mately 700 ft, be tween the sum mit of Fort
Ridge Moun tain and Mid dle Branch Pond in the east ern por tion
of the quad ran gle.  There are sev eral gla cially stream lined
northwest- southeast trend ing bed rock and till ridges.  Bed rock
out crops are scat tered through out the area, but they are par ticu -
larly abun dant in the cen tral and south ern parts of the quad ran -
gle.  

The south west ern cor ner of the quad ran gle in cludes Mou -
sam Lake.  Sur fic ial de pos its around this lake are char ac ter ized
by an abun dance of sand and gravel form ing flat- topped glacial-
 lake del tas and elon gated es ker ridges.  Del taic sand and gravel is 
also very abun dant in the north ern part of the quad ran gle.  In
many places these del tas and re lated de pos its are pock marked by 
de pres sions (ket tles) left by the melt ing of gla cial ice rem nants.
The re main der of the quad ran gle is domi nated by a gla cial till
cover on the un der ly ing bed rock.  

The study area in cludes parts of two ma jor river ba sins.
The south ern half of the area drains south ward into the Mou sam
River, while the north ern half of the quad ran gle drains north -
ward into the Lit tle Os sipee River.  The ele va tion of the drain age
di vide, an al most straight line from east to west, is about 650 ft
asl.  The net work of riv ers and streams drain ing to the north is
bet ter de vel oped than its coun ter part to the south.  Ero sion and
sedi ment depo si tion by gla cial ice has played a ma jor role in
shap ing the drain age net works that we see to day. 

BEDROCK  GEOLOGY

The dis tri bu tion of the bed rock units in the Mou sam Lake
and neigh bor ing quad ran gles was mapped by Hussey (1985),
and by Gil man (1972, 1991).  Bed rock out crops ex posed in the
study area in clude a va ri ety of ig ne ous and meta mor phic rocks.
Most of the quad ran gle is un der lain by strati fied Silurian-
 Devonian rocks of the Shapleigh Group.  Ig ne ous li tholo gies are
rep re sented by bio tite and two- mica gran ite and gra no dio rite of
Meso zoic age.  The rocks found in the area and their ages are: 

Shapleigh Group (Hussey, 1968)

The Shapleigh Group is rep re sented by a lower un named
mem ber at the base of the lower Rindge mere For ma tion.  It is de -
scribed as a thin, dis con tinu ous quartz- feldspar- biotite and
calc- silicate grano fels.  In sev eral small out crops  through out the
study area, calc- silicate gneiss and mar ble, part of the lower
mem ber of the Rindge mere For ma tion, were also rec og nized. 

Ab bott Moun tain Stock (Gil man, 1972, 1991)

The Ab bott Moun tain stock is an oval plu ton oc cu py ing an
area 2 x 3 km just east of the vil lage of North Shapleigh.  It is pri -
mar ily com posed of coarse- grained brownish- gray al ka line sy -
en ite.  It has a re ported K/Ar age of 221 ± 8 Ma.  

Un named Plu ton

A small plu ton in the south west ern part of the study area is
com posed of fine- grained, gray, fo li ated gra no dio rite to quartz
dio rite.  It has been as signed to the New Hamp shire plu tonic se -
ries of De vo nian to Car bon if er ous age (Gil man, 1991).  

BEDROCK OUTCROPS

Bed rock out crops are widely dis trib uted in the Mou sam
Lake quad ran gle.  A few large in di vid ual out crops are mapped as 
unit “rk,” while small out crops seen in the field are in di cated by
dots on the map.  Many oth ers (of ten too nu mer ous to map in di -
vidu ally) oc cur in the thin- drift ar eas des ig nated by the ruled-
 line pat tern.  Some of these out crops have been smoothed by gla -
cial ero sion, and they may show scratches (stria tions and
grooves) pro duced by rock de bris be ing dragged across ledge
sur faces at the base of gla cial ice.

Most of the mapped thin- drift ar eas oc cur in up lands where
there is a thin, patchy cover of gla cial till (unit Pt).  The sur fic ial
sedi ments in these ar eas gen er ally are less than 10 ft thick.   In the 
field, the thin- drift ar eas are char ac ter ized by an abun dance of
bed rock out crops.  Of ten the un der ly ing struc ture of the bed rock
is dis tin guish able on air pho tos.

SURFICIAL  DEPOSITS

The quad ran gle is cov ered by a blan ket of gla cial, gla cio la -
cus trine, and gla cio flu vial sedi ments, which are mainly the
prod ucts of the last gla cial ad vance and re treat across the area
dur ing late Wis consi nan time, ap proxi mately 25,000 to 10,000
years ago.  The com po si tion and dis tri bu tion of the units shown
on the geo logic map are de scribed in the fol low ing para graphs.

Till (units Pt, Phm)

Till con sists of het ero ge ne ous rock de bris that was de pos -
ited di rectly from gla cial ice.  It is a mix ture of clay to gravel- size
sedi ment, lo cally with large boul ders.  Till oc curs at the ground
sur face over much of the quad ran gle, es pe cially in the up lands,
and proba bly un der lies many of the other mapped sur fic ial de -
pos its.  It is usu ally a poorly- sorted, weakly or non- stratified,
loose, sandy, light olive- gray sedi ment.

Two kinds of ge neti cally dif fer ent till de pos its were rec og -
nized in the study area.  Lodge ment till, con sist ing of gray, com -
pact silty dia mic ton, was found in a few lo cali ties in the
quad ran gle.  The more com mon type of till is loose to mod er ately 
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com pact sandy- silty dia mic ton of light olive- gray to brownish-
 gray color.  The mor phol ogy and sedi men tary char ac ter is tics of
the lat ter till (which com monly con tains lenses of washed sand
and gravel) sug gest that it can be clas si fied as an ab la tion de -
posit.  Both types of till are in cluded in map unit Pt.

Unit Phm in cludes ar eas of thick hum mocky till de pos its,
which may be very boul dery and con tain vari able amounts of
water- laid silt, sand, and gravel.

Gla cio flu vial De pos its 

Gla cio flu vial sedi ments were de pos ited by gla cial melt wa -
ter streams dur ing the re ces sion of the last ice sheet.  In the Mou -
sam Lake quad ran gle, they in clude es kers (Pge), some oth er wise 
un clas si fied ice- contact de pos its (Pgi), and por tions of de pos its
mapped by Boothroyd (1997a,b) as the Square Pond fans in the
ad ja cent Great East Lake quad ran gle. 

Es kers (unit Pge).  Elon gate grav elly ridges in the study
area were mapped as es kers.  These ridges formed in tun nels
within or be neath gla cial ice, where there were fast- moving
streams ca pa ble of trans port ing coarse gravel.  A promi nent es -
ker sys tem passes through the Mou sam Lake val ley in the west -
ern part of the quad ran gle.  This dis con tinu ous se ries of es ker
ridges trends north- south.  Its to tal length in the quad ran gle is
over 7 mi, and in di vid ual ridges stand as high as 65 ft above the
sur round ing ter rain.  A sec ond es ker sys tem is lo cated in the east -
ern part of the quad ran gle, and can be traced dis con tinu ously
from Ross Cor ner south ward for over 6 mi along the val ley that
con tains the Mid dle Branch of the Mou sam River.

A few ex po sures found in pits in the es kers re vealed well-
 bedded gravel with vari able per cent ages of sand.  In gen eral,
gravel proba bly forms a large part of the es ker de pos its, but sand
may be abun dant lo cally.  High- angle nor mal faults were ob -
served in the flanks of the es kers.  Col lapse to pog ra phy (ket tles)
and other ice- disintegration fea tures are com monly pres ent in
the other gla cial sedi ments ad ja cent to the es kers.

Ice- Contact De pos its (unit Pgi).  This unit in cludes sand
and gravel that was de pos ited on the sides or bot toms of val leys
by gla cial streams in close as so cia tion with rem nants of de cay -
ing ice.  These de pos its typi cally in clude coarse, poorly- sorted
gravel, and show un even sur face to pog ra phy.  The prin ci pal oc -
cur rence of unit Pgi in the Mou sam Lake quad ran gle is along the
Mid dle Branch of the Mou sam River, in the south east ern part of
the map area.

Square Pond Fan De pos its (units Pgfsp1-2).  The Square
Pond fans were de pos ited in front of the gla cier mar gin as it re -
ceded from the Square Pond ba sin in the Mou sam Lake and ad ja -
cent Great East Lake quad ran gles.  They con sist of sand and
gravel that is proba bly quite thick in the area be tween Square
Pond and Mou sam Lake.  Unit Pgfsp1 shows many ket tles that
formed where ice blocks were bur ied by the rapid build- up of the
fan and later melted out.  The Square Pond fans may be partly
del taic; and the streams that de pos ited them ul ti mately dis -
charged into gla cial Lake Mou sam and built the large ir regu lar

delta as so ci ated with the high est stage of this lake (unit Plmd1,
de scribed be low).

Gla cial Lake Mou sam De pos its (units Plmd1-3)

Gla cio la cus trine del tas were de pos ited into ice- dammed
lakes that ex isted in the study area dur ing de gla cia tion.  These
del tas have flat tops that were graded to the lake sur faces, but in
places they ex hibit very ir regu lar to pog ra phy with mounds,
ridges, and de pres sions re sult ing from depo si tion in con tact with 
rem nant ice masses.  Fur ther ir regu lari ties have re sulted from
ero sion by post gla cial streams.  

Though the del tas are com posed largely of sand, ex po sures
were found show ing lenses of fine gravel in ter bed ded with the
sand.  There is typi cally a gravel layer on delta tops, formed
where gla cial streams washed across them, but this gravel usu -
ally has been re moved in pit ar eas.  The sand beds within del tas
dip in vari ous di rec tions, de pend ing on lo cal con di tions when
each delta built out into its as so ci ated lake. 

The la cus trine del tas in the quad ran gle were de pos ited into
a suc ces sion of three closely re lated lakes that are col lec tively
called “gla cial Lake Mou sam.”  This se ries of lakes was im -
pounded be tween the gla cier mar gin to the north and topo -
graphic bar ri ers to the south.  As the ice re treated north ward, new 
spill ways were un cov ered and the lake level changed.  The evo -
lu tion of gla cial Lake Mou sam is dis cussed be low in the sec tion
on the gla cial his tory of the quad ran gle. 

Un dif fer en ti ated Gla cio la cus trine De pos its (unit Pl)

A small area of sand and mi nor gravel in the up per Buff
Brook val ley (north east part of map) proba bly formed in a gla -
cial lake when ice blocked the north ern por tion of the val ley.  The 
en vi ron ment of depo si tion and re la tion to gla cial Lake Mou sam
are not well un der stood, so these de pos its are sim ply mapped as
lake sedi ments (unit Pl).

Stream Ter race De pos its (unit Qst)

In late- glacial to early post gla cial time, the mod ern drain -
age net work be came es tab lished as streams be gan to erode the
pre vi ously de pos ited gla cial sedi ments.  Riv ers and brooks cut
down ward and even tu ally reached their pres ent lev els.  In some
places this pro cess has cre ated ter races on the sides of val leys, re -
sult ing from the aban don ment of ear lier and higher flood plains.
Some ter races may be strictly ero sional, but usu ally there is a ve -
neer of al lu vial sand and gravel on their sur faces.  

There is a con spicu ous ter race sys tem in the north west cor -
ner of the Mou sam Lake quad ran gle, at ele va tions of about 460-
 480 ft, which formed as the Lit tle Os sipee River cut down
through the del taic de pos its of gla cial Lake Mou sam.  A less ex -
ten sive ter race was noted along the up per part of Davis Brook,
like wise in the north west por tion of the quad ran gle.
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Eo lian De pos its (unit Qe)

Eo lian (wind blown) sand de pos its have been mapped on
the east sides of the Buff Brook and North west Pond val leys in
the north east ern part of the quad ran gle. These de pos its are pre -
sumed to have formed mainly dur ing late- glacial time, where
there was lit tle vege ta tion cover on the freshly de gla ci ated land -
scape.  The pre vail ing winds blew from west to east, as they do
to day,  pick ing up sand from the sur faces of gla cial lake del tas
and blow ing it onto the val ley sides.  

Eo lian sand forms both mounds and ridges (dunes) and
blan ket de pos its.  The sand is gen er ally well sorted and may
show thin pla nar bed ding.  Wind- polished stones (ven ti facts)
com monly are as so ci ated with these sands.  The areal dis tri bu -
tion of eo lian de pos its is ir regu lar and dif fi cult to map in wooded
ar eas where ex po sure is poor.  Some of the small ex am ples seen
on till slopes were not shown on the geo logic map, and it is likely
that eo lian sand is con sid era bly more com mon than we have in -
di cated.

Holo cene Al lu vium and Wet land De pos its (units Ha and Hw)

Al lu vial de pos its (unit Ha) were iden ti fied along sev eral
streams in the quad ran gle.  They have ac cu mu lated on the flood
plains of mod ern brooks and riv ers, and were de rived from re -
work ing of gla cial sedi ments.  Most of these de pos its are fine-
 grained (silt and sand), but gravel and or ganic ma te rial may also
be pres ent.  Wet lands have of ten de vel oped on flood plains along 
low- gradient streams in the quad ran gle, so the mapped bounda -
ries be tween al lu vial and wet land units are some what ar bi trary. 

Ex ten sive Holo cene wet land de pos its (unit Hw) are pres -
ent in the Mou sam Lake quad ran gle.  They form in ar eas with
poor drain age, and in the up lands are likely to be un der lain by
low- permeability till.  Some of these wet land ar eas hold stand ing 
wa ter dur ing rainy pe ri ods or af ter snow melt, and thus change
their as pect over the course of the year.  Many of the wet land
bounda ries on the geo logic map were de rived from the wet lands
in ven tory map for the Mou sam Lake quad ran gle, pro duced by
the U. S. Fish and Wild life Serv ice (1992).  

GLACIAL  AND POSTGLACIAL  HISTORY

Al though it is al most cer tain that Maine was af fected by
more than one gla cia tion (Wed dle and oth ers, 1989; Thomp son
and Borns, 1985b), the de pos its in the Mou sam Lake quad ran gle
re flect only the most re cent (late Wis consi nan) gla cial epi sode.
In ter gla cial ero sion and weath er ing are proba bly re spon si ble for
the lack of evi dence of ear lier gla cia tion.  The re gional ice flow
in late Wis consi nan time is in ter preted to have ranged be tween
south east and south- southeast, as in di cated by stria tions on bed -
rock (134- 170o) and the ori en ta tions of gla cially stream lined
hills.  One bed rock out crop showed a younger set of stria tions

trend ing 187o, which may in di cate the south ward shift in late-
 glacial ice flow re corded else where in south west ern Maine.

Re gional stud ies in di cate that ice en tirely cov ered the Gulf
of Maine dur ing the last gla cial ad vance.  Ice re treat be gan ap -
proxi mately 17,000 yr B.P., and al though ra dio car bon dates on
the time of de gla cia tion are not avail able for the Mou sam Lake
quad ran gle, dates ob tained else where in south west ern Maine
show that the map area was ice- free by 13,000 yr B.P. (Smith,
1985; Thomp son and Borns, 1985a) and per haps as early as
14,000 yr B.P. (Wed dle and oth ers, 1993).  

Stag na tion oc curred in the mar ginal zone of the re treat ing
gla cier, re sult ing in the for ma tion of debris- covered ice rem nants 
and great out pour ings of sediment- laden melt wa ter.  The Square
Pond out wash fans, the gla cial Lake Mou sam delta com plex, and 
other ice- contact sand and gravel de pos its formed as the ice
with drew.  Gla cial Lake Mou sam was ini ti ated when melt wa ter
was ponded be tween the ice mar gin and a topo graphic thresh old
at about 505 ft ele va tion in the north west ern part of the San ford
quad ran gle.  Unit Plmd1 was de pos ited into this first stage of the
lake.

When the ice mar gin stood in the Spi cer Pond area (north -
west part of quad ran gle), a thick de posit of fan- delta sedi ments
(unit Plmd2) built into gla cial Lake Mou sam, reach ing ele va tions 
of 560- 580 ft.  At this time, the lake may have been dammed by
the ear lier Pgfsp1 and Plmd1 sedi ments in the Square Pond-
 Goose Pond area.  Wa ter drain ing south ward out of the lake cut a
broad chan nel across these ear lier de pos its.  The spill way chan -
nel has an ele va tion of about 525 ft and can be seen to day where
it crosses Route 11 east of Goose Pond.

The third stage of gla cial Lake Mou sam de vel oped when
fur ther ice re treat al lowed the lake to ex pand across the low lands
in the north ern and north east ern parts of the quad ran gle and
drain though a spill way at about 440 ft in the vi cin ity of Mid dle
Branch Pond.  Unit Plmd3 is a large fan- delta com plex that built
into the lake at this time.  Melt wa ter streams filled the lake with
sedi ments de rived from both the Lit tle Os sipee River val ley to
the west (Great East Lake quad ran gle) and an ice- margin po si -
tion north of Sil ver Lake in the ad ja cent Lim er ick quad ran gle. 

The seg mented es ker ridges are thought to have formed se -
quen tially from south to north as the ice mar gin re treated.  Sub -
gla cial streams flowed through tun nels in the gla cier and car ried
sedi ments to the mar gin of the ice sheet, where they were de pos -
ited to form the del tas and other melt wa ter de pos its de scribed
above.  The ice tun nels pro gres sively be came filled with sand
and gravel, form ing the es ker ridges that now re main.

Fol low ing de gla cia tion, wind ac tion blew sand up onto the
sides of some of the val leys in the Mou sam Lake quad ran gle.
Grad ual down cut ting of stream val leys has oc curred in post gla -
cial time, with ero sion of the older gla cial sedi ments and depo si -
tion of al lu vium on flood plains.  Wet lands have formed in ar eas
that are poorly drained and have a high wa ter ta ble.  Modi fi ca -
tion of the land scape by hu man ac tiv ity is very lo cal ized, mainly
in the form of gravel pit ex ca va tions and ar eas where fill has
been dumped.
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