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IN TRO DUC TION

This re port de scribes the sur fic ial ge ol ogy and Qua ter nary
his tory of the East Stone ham 7.5- minute quad ran gle in south -
west ern Maine.  Sur fic ial earth ma te ri als in clude un con soli dated 
sedi ments (sand, gravel, etc.) of gla cial and non gla cial ori gin.
Most of these de pos its formed dur ing and af ter the lat est epi sode
of gla cia tion in Maine, within the last 25,000 years.  Sur fic ial
sedi ments cover the bed rock over most of the quad ran gle, and
are sub ject to many uses and en vi ron mental con sid era tions.
These in clude sand and gravel ex trac tion, de vel op ment and pro -
tec tion of ground- water sup plies, siting of waste dis posal fa cili -
ties, and ag ri cul ture.

The field work for this study was car ried out in stages, first
to gather data for the Maine Geo logi cal Sur vey’s (MGS) sand-
 and- gravel aq ui fer map ping pro gram (Wil liams and oth ers,
1987) and later to com plete the sur fic ial geo logic map ping of the
East Stone ham quad ran gle.  Field work to up date ear lier ob ser -
va tions, and prepa ra tion of the pres ent re port, were done in
2001- 02 for the STATE MAP co op era tive be tween the MGS and
the U. S. Geo logi cal Sur vey (USGS).

Two maps are as so ci ated with this re port.  The geo logic
map (Thomp son, 2003) shows the dis tri bu tion of sedi men tary
units, and in di cates their age, com po si tion, and known or in -
ferred ori 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, along with map ping done by
the author in ad ja cent quad ran gles, pro vides the ba sis for the dis -
cus sion of gla cial and post gla cial his tory pre sented here.  The
ma te ri als map (Thomp son and Locke, 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 auger holes, con struc tion
sites, and natu ral ex po sures along stream banks.  Sand and
gravel aq ui fer stud ies by the MGS pro vided sub sur face data, in -

clud ing seis mic and well logs for parts of the quad ran gle
(Wil liams and oth ers, 1987).

Geo graphic set ting

The East Stone ham quad ran gle is lo cated in the White
Moun tain foot hills (a.k.a. Oxford Hills region) of south west ern
Maine.  The map area ex tends in lati tude from 44o15’00" to
44o22’30" N, and in lon gi tude from 70o45’00" to 70o52’30" W.
It en compasses parts of the towns of Al bany, Stoneham, Ma son,
Be thel, Lov ell, and Green wood, but the only popu la tion cen ter is 
the vil lage of East Stone ham.  The prin ci pal stream in the map
area is the Crooked River.  Nu mer ous brooks in the quad ran gle
are tribu tary to this south- flowing river.  Other streams - no ta bly
Mill Brook and the East and West Branches of the Pleas ant River
- drain north to the An droscog gin River.  The to pography across
the quad ran gle is gen er ally hilly to moun tain ous.  Ele va tions
range from about 550 ft (168 m) above sea level (where the
Crooked River crosses its south ern bor der) to about 1960 ft (597
m) on Pe ter Moun tain near the west edge of the quad ran gle.

Part of the White Moun tain Na tional For est is lo cated in the 
East Stone ham quad ran gle.  These For est lands, to gether with
ponds, lakes, and streams, are im por tant for out door rec rea tion
in this part of Maine.  Other natu ral re sources that have been util -
ized in the study area in clude tim ber, sand and gravel, crushed
stone, and a va ri ety of in dus trial and gem min er als such as
feldspar and beryl.

Bed rock ge ol ogy

Qua ter nary sedi ments cover the bed rock over much of the
East Stone ham quad ran gle, but out crops are very com mon on
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hills and moun tains.  Most of the map area is un der lain by a large
gran ite body of De vo nian age, called the Songo Plu ton (Os berg
and oth ers, 1985).  Veins of gran ite peg matite are found through -
out the area.

PRE VI OUS  WORK

Stone (1899) con ducted a re con nais sance of south west ern
Maine dur ing his state wide USGS study of Maine’s gla cial grav -
els.  He briefly dis cussed the es ker sys tem and re lated gla cial
melt wa ter de pos its in the Crooked River val ley in the East
Stone ham quad ran gle and ad ja cent ar eas (Stone, 1899, p. 248-
 250).  Stone in cluded the es ker de pos its with the “Albany- Saco
River Se ries,” which he traced from Al bany south to East
Brown field in the Saco Val ley.  He fur ther noted that in some
places in south ern Al bany and north ern Wa ter ford, this es ker
sys tem con sists of two ad ja cent ridges.  Stone also pro posed that
a lake for merly ex isted in the vi cin ity of Be thel in the An -
droscog gin Val ley (just north of the pres ent study area), and that
the early post gla cial drain age of the An droscog gin River may
have “over flowed” across the low di vide into the Crooked River
val ley.

Pres cott (1979) com piled well and test hole data in the area
of the East Stone ham quad ran gle, and also car ried out pre limi -
nary sur fic ial and gravel aq ui fer map ping (Pres cott, 1980; Pres -
cott and Dick er man, 1981).  Thomp son com piled a more
de tailed aq ui fer map that in cluded the East Stone ham quad ran -
gle, as part of the Sig nifi cant Sand and Gravel Aq ui fer Pro ject
spon sored by the MGS, USGS, and Maine De part ment of En vi -
ron men tal Pro tec tion (Wil liams and oth ers, 1987).  The U. S.
De part ment of Agricul ture’s soil sur vey of Ox ford County
(Wilk in son, 1995) pro vided use ful ma terials in for ma tion for
sev eral sites that the pres ent author did not visit in the field.

DE SCRIP TION  OF  GEO LOGIC  MAP  UNITS

The sur fic ial de pos its rep re sented on the geo logic map
have been clas si fied on the ba sis of their age and ori gin.  Map
units are des ig nated by let ter sym bols, such as “Pt”.  The first let -
ter in di cates the age of the unit:

“P” - Pleis to cene (Ice Age);
“H” - Holo cene (post gla cial, i.e. formed dur ing the

last 10,000 years);
“Q” - Qua ter nary (en com passes both the Pleis to cene

and Holo cene ep ochs)

The Qua ter nary age is as signed to units which over lap the
Pleistocene- Holocene bound ary, or whose ages are un cer tain.
The other let ters in the map sym bol in di cate the ori gin and/or as -
signed name of the unit, e.g. “t” for gla cial till and “lw” for sedi -
ments de pos ited in glacial Lake Wa ter ford.  Sur fic ial map units

in the East Stone ham quad ran gle are de scribed be low, start ing
with the older de pos its that formed in con tact with gla cial ice.

Till (unit Pt)

Till is a gla cially de pos ited sedi ment con sist ing of a more-
 or- less ran dom mix ture of sand, silt, and gravel- size rock de bris.
In south ern Maine it typi cally in cludes nu mer ous boul ders.  Till
blan kets much of the up land por tions of the quad ran gle, where it
is the prin ci pal sur fic ial ma te rial; and it pre sumably un der lies
younger de pos its in the val leys.  Some of the till in Maine proba -
bly was de rived from gla cial ero sion of older sur fic ial sedi ments
(ei ther gla cial or non- glacial), while the re main der was freshly
eroded from nearby bed rock sources dur ing the lat est gla cia tion.

Pit ex po sures in the East Stone ham quad ran gle have
revealed up to 40 ft (12 m) of till, and well logs indicate the thick -
ness locally reaches 50 ft (15 m) or more (Thomp son and Locke,
2003).  Till is thin on the tops of many hills, where bed rock is
likely to be ex posed.  A ruled line pat tern on the geo logic map
shows ar eas where bed rock out crops are common and/or the till
thick ness is in ferred to be less than 10 ft (3 m).

Till is, by defi ni tion, a poorly sorted sedi ment (dia mic ton)
in which there is a very wide range of rock and min eral par ti cle
sizes.  How ever, the tex ture and struc ture of in di vid ual till de -
pos its vary de pend ing on their source and how they were
formed.  In the East Stone ham quad ran gle, till may in clude a
small per cent age of clay, but it has a domi nantly sandy or silty-
 sandy ma trix as a con se quence of hav ing been eroded from
coarse- grained bed rock.  Till has lit tle or no ob vi ous strati fi ca -
tion in some places.  Else where it is crudely strati fied, with dis -
con tinu ous lenses and lami nae of silt, sand, and gravel re sult ing
from sort ing by melt wa ter dur ing depo si tion.

Stones are abun dant in this unit, and boul ders scat tered
across the ground sur face of ten in di cate the pres ence of till.  Till
stones in the quad ran gle chiefly con sist of coarse- grained ig ne -
ous and meta mor phic rocks, es pe cially gran itic rocks de rived
mainly from lo cal bed rock sources.  Many till stones are more-
 or- less an gu lar, and some have smooth, flat, stri ated sur faces due 
to sub gla cial abra sion.  These fac eted sur faces are best de vel -
oped on dense, fine- grained rocks.

Va rie ties of till formed be neath a gla cial ice sheet in clude
lodge ment and ba sal melt- out tills.  Lodge ment till was de pos -
ited un der great pres sure be neath the ice sheet.  It may be very
com pact and dif fi cult to ex ca vate (“hardpan”), with a platy
struc ture (fis sil ity) evi dent in the up per, weath ered zone.  Ba sal
melt- out till is dif fi cult to iden tify with cer tainty, but typi cally
shows a crude strati fi ca tion in her ited from de bris bands in the
lower part of the gla cier.  Ab la tion till formed dur ing the melt ing
of the ice and tends to be loose- textured and stony, with nu mer -
ous lenses of washed sedi ment.  More than one of these till
varieties may oc cur at a sin gle lo cal ity.  For ex am ple, a thin ve -
neer of stony ab la tion till com monly over lies lodge ment till.
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Field evi dence in the Ox ford Hills re gion, cou pled with
stud ies else where in New Eng land (e.g. Ko teff and Pessl, 1985;
Thomp son and Borns, 1985; Wed dle and oth ers, 1989), sug gests 
that till de pos its of two gla cia tions are pres ent in the re gion.  The
“up per till” is clearly the prod uct of the most re cent, late Wis -
consi nan gla cia tion, which cov ered south ern Maine be tween
about 25,000 and 13,000 years ago.  Ex po sures of up per till can
be seen in many small pits, road cuts, and tem po rary ex ca va -
tions.  It is not weathered (ex cept in the near- surface zone of
mod ern soil for ma tion) and is usu ally light olive- gray in color.
Ab la tion fa cies of the up per till have been rec og nized in the East
Stone ham quad rangle.

The “lower till” con sists of com pact, silty- sandy lodge -
ment de pos its.  In south west ern Maine, as in other parts of New
Eng land, it is likely to be found in smooth, gla cially stream lined
hills where a con sid er able thick ness of till has ac cu mu lated.
These thick de pos its of ten oc cur as “ramps” on the gen tle
northwest- facing slopes of hills, while bed rock is ex posed on the 
steeper, gla cially plucked south east slopes.  The lower till is dis -
tin guished by its thick weath er ing pro file, which may ex tend to a
depth of 10 ft (3 m) or more.  Within this weath ered zone, the till
is oxi dized and has an olive- gray to dark olive- gray or dark
grayish- brown color.  Dark- brown iron/man ga nese ox ide stain -
ing coats the sur faces of stones and joints (Thomp son, 1986).
Prob able equiva lents of this till in south ern New Eng land are be -
lieved to be have been de pos ited dur ing an ear lier gla cia tion in
Il li noian time, prior to 130,000 years ago (Wed dle and oth ers,
1989).

A thick de posit of lodge ment till was seen in a small aban -
doned pit on the hill side just south of the south west cor ner of
Kee way din Lake, ad ja cent to Route 5.  This sec tion is ap proxi -
mately 45 ft (14 m) high.  It was less over grown with vege ta tion
when de scribed by Thomp son (1986).  Dig ging in the pit face re -
vealed ~ 3 ft (1 m) of sandy, stony late Wis consinan till overlying 
at least ~ 40 ft (12 m) of what is proba bly the lower till.  The lat ter
till is com pact, olive- gray, silty, and less stony than the up per till.
The up per part of this unit has iron or man ga nese ox ides coat ing
joint sur faces.  Be tween the two tills is a 3-ft (1 m) unit in which
frag ments of the lower till are mixed with de formed sand lenses.
This unit proba bly re sulted from ero sion of the lower till by the
late Wis consi nan ice sheet, pro duc ing a mixed zone in which
sheared clasts of lower till were min gled with sandy sedi ments
from the over rid ing gla cier.

End mo raine (unit Pem)

On the south side of Kee way din Lake, be tween the lake
shore and Route 5, there is a boul dery till ridge that trends east-
 west.  This fea ture proba bly is an end mo raine, which was de pos -
ited along the mar gin of the last gla cial ice sheet as it re treated
north ward from the lake ba sin.  Sev eral other till ridges be tween
Kee way din Lake and East Stoneham vil lage are in ferred to be
end mo raines.  Their ori en ta tion sug gests a tongue of gla cial ice

re treat ing north west ward up the Mill Brook val ley.  The crests of
these ridges are shown on the geo logic map.

Es ker de pos its (unit Pge)

A dis con tinu ous es ker sys tem (Pge) ex tends from the south 
edge of the quad ran gle northward along the Crooked River for a
short dis tance and thence to Knee land Pond and the val ley oc cu -
pied by a chain of ponds in the White Moun tain Na tional For est.
This map unit con sists of ridges of gravel and sand de pos ited by
melt wa ter streams flow ing south in tun nels at the bot tom of the
last gla cial ice sheet.  It is part of a seg mented esker sys tem that
can be traced from the East Stoneham quad ran gle south ward for
many miles to a large gla cioma rine delta in the Day ton area
(York County).  This delta con tains sedi ments that washed into
the sea at the ter mi nus of the ice- tunnel net work.  Whether
meltwater flowed si multaneously through the en tire tun nel net -
work is de batable, but it is likely that the esker seg ments formed
pro gres sively from south to north as the tun nel be came clogged
with sedi ment dur ing de gla cia tion.

The ridges com pris ing the es ker sys tem are typi cally 20- 60
ft (6-18 m) high and about 200- 300 ft (60-90 m) wide.  Be tween
Lit tle Pa poose and Knee land Ponds, the es ker con sists of two
par al lel and closely spaced ridges.  This in di cates the former
pres ence of two ice tun nels, though it is not known whether both
of them car ried melt wa ter at the same time.  A long gap in the es -
ker ex ists north west of Knee land Pond, in the Al bany Brook val -
ley.  The val ley is very nar row and con fined be tween bed rock
hills in this area.  The sub gla cial stream carved a gorge at least 80
ft (24 m) deep in the east- west por tion of the val ley.  Large pot -
holes oc cur in the walls of this gorge.  Many years ago, the site
was a tour ist at trac tion called “Al bany Ba sin,” but it is now on
pri vate prop erty and off- limits to visi tors.

Gla cial Lake Wa ter ford de pos its (unit Plw)

Gla cial Lake Wa ter ford for merly oc cu pied a part of the
Crooked River val ley from East Stone ham to North Wa ter ford,
and extended south west to the Kezar Falls gorge in the North
Wa ter ford quad ran gle (where its out let was lo cated).  It was
dammed by remnant ice in the North Wa ter ford area, which pre -
vented the lake wa ters from es cap ing eastward down the
Crooked River val ley (Thomp son, 1999a,b).  The sedi ments that
rec ord the ex is tence of this lake (Plw) are thought to be largely of 
del taic origin.  They were de pos ited where glacial melt wa ter
streams en tered the lake and dropped their load.  Ele va tions of
the flat, graded tops of del tas in the North Wa ter ford quad ran gle
in di cate that the lake sur face stood at ap proxi mately 600- 620 ft
(183- 189 m).  The up per sur face of the Plw de posit in the south -
ern part of the East Stone ham quad ran gle has the same ele va tion
and like wise may be del taic.  There is lit tle in for ma tion on the
maxi mum thick ness of the unit, but pit exposures in the East
Stone ham quad ran gle reach depths of at least 20 ft (6 m).
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Crooked River ice- contact de pos its (unit Pgic)

Ice- contact sand and gravel depos its (Pgic) oc cur along the
Crooked River val ley be tween Town House and the south edge
of the quad ran gle.  They have flat to hum mocky to pography on
their up per sur faces.  In some ar eas unit Pgic forms val ley- side
ter races bor dered by till- covered slopes on the up hill side and
out wash (Pgoc) or post gla cial al lu vial sedi ments (Ha) at lower
ele va tions to ward the val ley cen ter.  Good ex am ples of these ter -
races oc cur on both sides of the Crooked River val ley in the area
east of Square Dock Moun tain.  Ele va tions of the tops of Pgic de -
pos its de crease south ward from about 660 ft (201 m) in the
Ingham Hill area to 610 ft (186 m) at the south edge of the quad -
ran gle.  Ket tles and kames are pres ent lo cally.  To gether with
faults and slump struc tures ex posed in gravel pits, these fea tures
show that unit Pgic was de pos ited ad ja cent to remnants of de cay -
ing gla cial ice.

Tex tures in unit Pgic vary widely from sand to boul der
gravel.  The ex posed thickness of the unit reaches at least 40 ft
(12 m) in some gravel pits, but the to tal thick ness can be sub -
stantially greater.  Ob ser va tion well 14-6, lo cated at the Al -
bany/Wa ter ford waste dis posal fa cil ity on the east side of Route
5, is proba bly within unit Pgic.  This well pene trated 87 ft (26.5
m) of sand and grav elly sand (Wil liams and oth ers, 1987).  Pit
ex po sures ad ja cent to the waste fa cil ity have shown a va ri ety of
sedi men tary struc tures in sandy out wash, in clud ing ex cel lent
ex am ples of trough and tabu lar cross- beds, dunes, and cur rent
rip ples.  Sec tions observed in 1990 showed 20 ft (6 m) of this ma -
te rial, over lain by 6 ft (2 m) of coarser out wash con sist ing of
poorly sorted pebble- cobble gravel.

A coarse up per gravel was also noted in the Hat stat pits, lo -
cated 0.8 mile north of Flints Brook on the east side of the
Crooked River val ley.  In this pit com plex, unit Pgic in cludes
thick de pos its (up to 40 ft or more) of gla cio la cus trine sand.  The
well- stratified sand ex hib its cur rent rip ples, water- escape struc -
tures, and other sedi men tary fea tures typi cal of sandy del taic and 
lake- bottom de pos its.  These fine- grained sedi ments are lo cally
un der lain by mixed sand and gravel, and over lain by sev eral feet
of gla cio flu vial gravel.  An other sandy la custrine com po nent of
unit Pgic oc curs on the west side of the Crooked River val ley,
along a log ging road lead ing to the north flank of Square Dock
Moun tain.

Crooked River out wash de pos its (unit Pgoc)

The young est gla cial de pos its in the Crooked River val ley
are out wash sand and gravel (Pgoc).  These de pos its un der lie a
dis continuous flat sur face at eleva tions in ter me di ate be tween
unit Pgic and the mod ern river flood plain.  Ele va tions of the out -
wash plain range from 665 ft (203 m) in the north to about 610 ft
(186 m) in the south.

Pit ex po sures in unit Pgoc are gen er ally shal low (10 ft or
less) and ex pose ma te ri als rang ing from sand to boul der gravel.
Bed rock out crops pro trud ing from the floors of some pits show

that the out wash is lo cally thin.  The coars est gravel in this unit
was seen in a pit on the west side of Route 5, ESE of Square Dock 
Moun tain.  Here there are many boul ders with di ame ters to 3 ft
(1m).  The lo cal oc cur rence of coarse gravel within unit Pgoc
sug gests that the out wash may have been de pos ited from sev eral
ice- margin po si tions in the Crooked River val ley and its tribu tar -
ies.  Melt wa ter drain age from ice in the main val ley was sup ple -
mented by gla cial tribu tary streams car ry ing sand and gravel
from the Barkers Brook and Walker Brook val leys, and from the
same drain age that formed the ice- contact de pos its south of Ing -
ham Hill (the con tact be tween Pgic and Pgoc in the lat ter area is
gra da tional and has been drawn some what ar bi trar ily).

Gla cial Lake Mill Brook de pos its (unit Plm)

Sand and gravel de pos its (unit Plm) are com mon in the Mill 
Brook val ley in the north east part of the quad ran gle.  These de -
pos its form flat to gen tly slop ing sur faces at ele va tions up to
about 720 ft (219 m), and pre suma bly un der lie the wet land and
flood plain ar eas along Mill Brook.  Much of unit Plm is sand or
grav elly sand.  Ex po sures are few in number and usu ally shal -
low, and the maxi mum thick ness of the unit is un known.  The
low, flat ar eas on the floor of Mill Brook val ley are mostly un der -
lain by sand, while gravel is com mon in the south ern and north -
east ex tremi ties of unit Plm (east of Ing ham Hill and east of
Gro ver Hill).  The coarse grav elly sedi ments proba bly were de -
pos ited close to the gla cier mar gin when it stood in the lat ter
areas.

The Plm de pos its are in ter preted as hav ing formed in a gla -
cial lake, which is here called “gla cial Lake Mill Brook.”  The
Mill Brook val ley drains to the north and would likely have been
dammed by the the northward- receding ice mar gin dur ing de gla -
cia tion of the study area.  There are two prob able spill ways for
Lake Mill Brook.  The first is the gap south east of Ing ham Hill,
which has an ele va tion of about 710 ft (216 m).  The lake would
have drained through here un til the ice mar gin with drew to the
north end of Songo Pond.  At this point a lower spill way be came
avail able at an ele va tion of about 690 ft (210 m).

Ice- contact de pos its (unit Pgi)

Unit Pgi com prises mis cel la ne ous bod ies of sand and
gravel de pos ited ad ja cent to de cay ing rem nants of ice in val leys
other than that of the Crooked River.  These de pos its formed dur -
ing re ces sion of the late Wis consi nan gla cier.  The ice- contact
en vi ron ment is of ten in di cated by mor phol ogic fea tures such as
ket tle holes, steep- sided mounds and ridges, and ter races bor -
dered by ice- contact slopes.  Where ex posed in gravel pits, the
Pgi sedi ments com monly are coarse-grained (abun dant peb ble
to boul der gravel), poorly sorted, and may ex hibit folds and
faults re sult ing from slump ing when the sup port ing ice melted.

Some of the best- developed Pgi de pos its oc cur in the vi cin -
ity of Crocker Pond Camp ground in the White Moun tain Na -
tional For est.  The ponds in this area oc cupy ket tles left by the

4

W. B. Thompson



melt ing of stagnant ice masses.  The Pgi ter race just south of
Patte Hill may ac tu ally be a small ice- contact delta that was de -
pos ited in a gla cial lake be tween the val ley side and rem nant ice
in the cen ter of the val ley.

Gla cial out wash - Kee way din Lake area (unit Pgo)

A small flat area of sandy sedi ments oc curs on the north
side of Kee way din Lake.  This map unit is interpreted as out wash 
de pos ited by a gla cial melt wa ter stream is su ing from the val ley
to the north.  Al ter na tively, it may be a post gla cial al lu vial fan de -
posit.

Gla cial Lake Pleas ant de pos its (unit Plp)

The Pleas ant River and its two prin ci pal tribu tar ies (East
Branch and West Branch) are lo cated in the north west ern part of
the quad ran gle.  The river sys tem drains to the north and emp ties
into the An droscog gin River in the ad ja cent Be thel quad ran gle.
As the last gla cial ice sheet with drew north ward from the East
Branch val ley, the ice mar gin blocked the drain age of this val ley
and im pounded a gla cial lake (Lake Pleas ant).  Evidence of the
lake is pro vided by abun dant sand de pos its (unit Plp).  These de -
pos its for merly oc cu pied the full width of the East Branch val ley, 
but they have been partly eroded by the river.

The Plp sedi ments washed out of the ice sheet and di rectly
into gla cial Lake Pleas ant.  The first spill way for the lake was the
bedrock- floored chan nel at the south east end of the map unit
(along the Na tional For est road south of Browns Ledge).  This
out let has an ele va tion of about 830 ft (253 m).  Plp de pos its at
simi lar or slightly higher ele va tions just north of the spill way
proba bly formed as a delta graded to the lake sur face.

A lower and younger spill way for Lake Pleas ant is lo cated
along the pipe line route be tween Browns Hill and Cum mings
Hill, at about 770 ft (235 m).  This out let would have been avail -
able as soon as the gla cier mar gin re treated far enough to un -
cover it.  The north ern most Plp de pos its formed when the gla cial
lake stood at the 770- ft level.

Most ex po sures of unit Plp are shal low ex ca va tions (road
cuts, stream banks, and tem po rary ex ca va tions) that show well-
 stratified sand, peb bly sand, and/or silt.  The finer- grained ma te -
ri als proba bly were deposited on the lake floor in a quiet- water
en vi ron ment, while the coarser (grav elly) sedi ments were de -
pos ited close to the ice mar gin as del tas and subaque ous fans.
Con tours on the topo graphic map sug gest that unit Plp has a
thick ness of up to 100 ft (30 m) or more.

Gla cial Lake Be thel de pos its (unit Plbe)

The north ern por tion of the Pleas ant River val ley con tains
fine- grained gla cial-lake sedi ments un der ly ing flat to gen tly
slop ing sur faces at ele va tions to about 710 ft (216 m).  These
sedi ments (unit Plbe) were de pos ited in gla cial Lake Be thel,
which de vel oped as the late Wis consi nan ice sheet re ceded from

the An droscog gin Val ley in the Be thel quad ran gle, just north of
the pres ent study area.  Del taic sand and gravel that was de -
posited in gla cial Lake Be thel un der lies a sur face at ~ 700- 710 ft
in the vi cin ity of West Be thel vil lage.  The stra tigra phy of this
delta was ex posed in the eroded bank of the An droscog gin River
at the west ern edge of the Be thel quad ran gle, fol low ing the ma -
jor spring flood of 1987.  This riv er bank sec tion, to gether with
nearby delta ex po sures re sult ing from pipe line con struc tion in
1998, showed that the sur face ele va tion of gla cial Lake Be thel
was ap proxi mately 690- 700 ft (210- 213 m).  The spill way for the 
lake was lo cated in the An droscog gin val ley just south of Ne wry, 
in the north east part of the Be thel quad ran gle.  Here the val ley is
very nar row, and the An droscog gin cuts through till de pos its that 
for merly could have dammed the river and thus im pounded Lake 
Be thel.

In the East Stone ham quad ran gle, ex posures of unit Plbe
are usu ally lim ited to shal low road cuts and tem po rary ex ca va -
tions along the pipe lines in the Pleas ant River val ley.  Ad di tional
in for ma tion was gath ered by auger ing to depths up to 6 ft (2 m).
The ma te ri als com pris ing unit Plbe typi cally in clude fine sand
and/or silt, which in many places is over lain by a thin cover of
gravel or grav elly sand.  These coarser sedi ments are in ter preted
as a ve neer of al lu vium de pos ited by the East and West Branches
of the Pleas ant River af ter the gla cial lake had drained.

Some of the silt and sand included in this map unit like wise
may be al lu vial.  It is of ten dif fi cult to de ter mine the de po si tional
en vi ron ment of the fine- grained ma te ri als, i.e. whether they are
gla cio la cus trine sedi ments or post gla cial al lu vium.  At a few lo -
cali ties in the Pleas ant River val ley, this dis tinc tion was made on
the ba sis of sedi men tary struc tures such as cur rent rip ples that in -
di cate pa leo flow di rec tions.  Gla cial melt wa ter cur rents gen er -
ally flowed to the south, while the post gla cial Pleas ant River
trans ported sedi ments to the north.

Well data on the sur fic ial ma te ri als map show depths to
bed rock lo cally ex ceed ing 100 ft (30 m) be neath the floor of the
Pleas ant River.  Some of the over bur den ma te rial at these sites is
likely to be al lu vium (in the up per most part) and/or till (usu ally
the low est and old est sur fic ial unit), but much of the sedi ment
thick ness re corded in the wells proba bly con sists of gla cial lake
sedi ments be long ing to unit Plbe.

Eo lian de posit (unit Qe)

A small de posit of eo lian (windblown) sand (unit Qe) was
mapped on the west side of the Crooked River val ley, north of
Songo Pond.  Other patchy eo lian de pos its oc cur in the quad ran -
gle, but gen er ally are too small or ir regu lar to dis tin guish on the
map.  These de pos its re sulted from wind ero sion of gla cial lake
sediments in the ad ja cent val leys.  They proba bly formed in
late- glacial time, when vege ta tion cover was sparse.  The pre -
vail ing winds blew from the west, as they do to day (McKeon,
1989).

The tex ture of the wind blown sand may range from very
fine to very coarse.  Coarse sand is com mon in the eo lian de pos -
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its of west ern Maine, and even lenses of gran ules are oc ca sion -
ally found.  Thus, the winds that car ried the sand are in ferred to
have been strong at times.

Fan de pos its (unit Qf)

Al lu vial fans of late- glacial to post gla cial age have been
mapped in two places.  There is a small ex am ple at the mouth of
an un named brook on the east side of Kee way din Lake, and a
larger fan oc curs along Wild Brook in the north east ern part of the 
quad ran gle.  A bor row pit in the Wild Brook fan ex poses very
coarse pebble- boulder gravel which may have been de pos ited by 
a gla cial melt wa ter stream.

Stream ter race de pos its (unit Qst)

Stream ter races are flat- topped benches along streams.
They are remnants of flood plains which have been dis sected by
stream ero sion, with the re sult that the ter races now stand higher
than the ad ja cent mod ern flood plains and may no longer be sub -
ject to flood ing.  One ex am ple of a stream ter race was mapped in
the East Stone ham quad ran gle.  It is lo cated along the West
Branch of the Pleas ant River in Ma son town ship.  A road cut in
this ter race ex posed about 8 ft (2.4 m) of poorly sorted, some -
what an gu lar, peb ble to boul der gravel.  The coarse sedi ment in
the ter race most likely was de rived from ero sion of till de pos its
by the early post gla cial West Branch.

Late- glacial or post gla cial stream al lu vium (unit Qa)

The un named stream valley south east of Bad Moun tain
con tains al lu vial gravel (unit Qa) of un cer tain age.  Unit Qa un -
der lies the Na tional For est road where it crosses the broad lower
part of the val ley.  In this area, the up per sur face of the gravel is
suf fi ciently high above the stream that it ap pears un likely to be
af fected by mod ern flood ing.  Much of the al luvium proba bly
was de pos ited soon af ter de gla cia tion of the val ley or in early
Holo cene time.  Coarse gravel of more re cent age oc curs right
along the mod ern stream, but is not dif fer en ti ated at the scale of
the map.

Wet land de pos its (unit Hw)

Unit Hw con sists of fine- grained and organic- rich sedi -
ments de pos ited in low, flat, poorly drained ar eas.  In the East
Stone ham quad ran gle this unit oc curs in val leys and small up -
land ba sins.  The bounda ries of unit Hw were mapped pri mar ily
from aer ial pho to graphs.  These bounda ries are ap proxi mately
lo cated and should not be used rig or ously for land- use zon ing.
There is lit tle in for mation on the thick ness of wet land depos its in 
the quad ran gle.  A re port by Cam eron and oth ers (1984) de scrib -
ing peat de pos its in south west ern Maine found that they usu ally
av er age less than 20 ft (6 m) thick.

Lake shore line de posit (unit Hls)

A mod ern sand beach (unit Hls) is lo cated at the south end
of Vir ginia Lake in Stone ham.  The sand in this de posit most
likely was de rived from ero sion of ad ja cent till de pos its along
the east and west sides of the lake.  A small wet land has de vel -
oped be hind (south of) the beach.  Simi lar beaches proba bly oc -
cur along parts of other lake shores in the East Stone ham
quad ran gle.

Stream al lu vium (unit Ha)

Unit Ha con sists of al lu vial sand, gravel, silt, and or ganic
ma te rial de pos ited by mod ern streams on pres ent or former flood 
plains.  In the East Stone ham quad rangle these de posits oc cur
along parts of the Crooked River, Pleas ant River, Mill Brook,
and other streams.  They may be closely associated with
wetlands, and some wet lands proba bly have formed on the sur -
faces of poorly drained al lu vial de pos its.  For this rea son, the
mapped con tacts be tween wet lands (Hw) and al lu vium (Ha) are
ap proxi mately lo cated.

GLA CIAL  AND  POST GLA CIAL  GEO LOGIC 
HIS TORY

The fol low ing re con struc tion of the Qua ter nary his tory of
the East Stone ham quad ran gle and sur round ing area is based on
the in ter pre ta tions of sur fic ial earth ma te ri als de scribed in this
re port, to gether with pub lished in for ma tion from sur round ing
ar eas of New Eng land.  It is un cer tain how many epi sodes of gla -
cia tion have af fected the study area dur ing the Pleis to cene “Ice
Age.”  Till de pos its in west ern Maine clearly rec ord the most re -
cent (late Wis consi nan) gla cia tion and proba bly one ear lier
event.  The deeply weath ered lower till found else where in cen -
tral and south ern New Eng land has been rec og nized at a few lo -
cali ties in this part of the state (Thomp son and Borns, 1985;
Wed dle and oth ers, 1989).  Al though it is not well- dated, the
lower till was de pos ited dur ing the pe nul ti mate gla cia tion of
prob able Il li noian age.

Data sum ma rized by Stone and Borns (1986) in di cate that
the late Wis consi nan Lau ren tide Ice Sheet ex panded out of Can -
ada and spread into Maine ap proxi mately 25,000 ra dio car bon
years ago.  As the gla cier con tin ued to flow across the state for
thou sands of years, it re shaped the sur face of the land by erod ing, 
trans port ing, and de pos it ing tre men dous quan ti ties of sedi ment
and rock de bris.  The com bined ef fects of ero sion and depo si tion
have given some hills a stream lined shape.  Their long axes are
par al lel to the south- southeastward flow of the ice.  A mod erate
de gree of streamlining is seen on the till- covered hills in the
north east ern part of the East Stone ham quad ran gle, par ticu larly
east of Songo Pond and north of Ing ham Hill.

Late Wis consi nan gla cia tion pro duced a large por tion of
the stony till de pos its that blan ket the up land ar eas of the quad -
ran gle.  Gla cial pluck ing on the lee sides of bed rock hills eroded
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steep southeast- facing slopes and cliffs.  Many dra matic ex am -
ples of these cliffs can be seen in the East Stone ham quad ran gle,
such as those on Al bany Moun tain, Rat tle snake Moun tain, and
Square Dock Moun tain.  Rocks torn from the hills were scat tered 
in the di rec tion of gla cial trans port.

Abra sion by rock de bris dragged at the base of the gla cier
pol ished and stri ated the bed rock sur face.  The stria tions are not
easy to see in the East Stone ham quad rangle be cause in most
places they are ei ther con cealed be neath sur fic ial sedi ments or
have been de stroyed by weath er ing at the ground sur face.  The
geo logic map shows sites in the quad rangle where stria tion
trends have been re corded.  Some of the best ex am ples of stria -
tions and glacially pol ished ledges are exposed on gran ite peg -
ma tite veins.

Most stria tions ob served in the quad ran gle in di cate gla cial
flow to ward the south- southeast.  This flow proba bly oc curred
dur ing the maxi mum phase of late Wis consi nan gla cia tion, when 
the gla cially stream lined hills were sculpted with the same ori en -
ta tion.  Stria tions in a few places in di cate a more south ward ice
flow (170- 183o).  The lat ter flow trend is gen er ally younger,
based on evi dence from mul ti ple stria tion sets in the Frye burg
quad rangle (Thomp son, 1999c) and else where in south west ern
Maine.  The south ward move ment is be lieved to have re sulted
from re or gani za tion of ice flow as the gla cier thinned over the
Ma hoosuc Range to the north (Thomp son and Ko teff, 1995;
Thomp son, 2001).

In the East Stone ham quad ran gle, nu mer ous stria tion
measure ments were ob tained on peg ma tite ledges ad ja cent to the 
quarry south east of Songo Pond, in clud ing an older 161o set pre -
served on a shel tered sur face ad ja cent to a younger set trend ing
177o.  A very strong set of gla cial grooves trend ing 180o was seen 
on the sum mit of a small un named hill east of Route 5, on the ex -
treme south west spur of Par son age Hill.

The mini mum age of gla cial re treat from the East Stone -
ham quad rangle can be es ti mated from radio car bon dating of or -
ganic ma te rial in lake- bottom sedi ments de pos ited soon af ter
de gla cia tion.  Thomp son and oth ers (1996) obtained an age of
13,200 ra dio car bon years from Cush man Pond in Lov ell, so the
study area proba bly was de gla ci ated by this time.  How ever,  iso -
lated masses of stag nant ice may have lin gered in val leys.  The
nearby Saco Val ley was cer tainly ice- free by 12,000 years ago,
judg ing from dated plant re mains in Frye burg (Thomp son,
1999c).

In coastal Maine it is pos si ble to trace the re treat of the gla -
cier mar gin in de tail be cause there are hun dreds of end- moraine
ridges, sub ma rine fans, and del tas that were de pos ited at the edge 
of the ice dur ing its re ces sion in a ma rine en vi ron ment.  End mo -
raines are rare in the East Stone ham quad ran gle, mak ing it more
dif fi cult to re con struct the pat tern of de gla cia tion.  How ever,
melt wa ter chan nels and sand and gravel de pos its pro vide clues
to the his tory of ice re ces sion in the area.  The lo ca tions and
slopes of chan nels carved on hill sides by gla cial streams gen er -
ally sup port a north ward re ces sion of the ice mar gin.  Ad di tional
evi dence of north ward re treat is pro vided by the topogra phy and

sedi men tary struc tures of gla cio flu vial de pos its, and by the dis -
tri bu tion of de pos its formed in ice- dammed gla cial lakes.
South- draining stream ba sins typi cally con tain se ries of gla cio -
flu vial de pos its such as the Crooked River out wash (Pgoc), in
which the stream- graded tops of the de pos its are lower from
north to south, and struc tures such as cur rent rip ples and large-
 scale cross- bed ding in di cate south ward melt wa ter flow.  On the
other hand, north- draining val leys such as the Pleas ant River and 
Mill Brook ba sins were tem po rar ily dammed by the re ced ing ice
mar gin and hosted gla cial lakes that spilled through the low est
avail able gaps in the sur round ing hills.

The his tory of gla cial re treat from the East Stone ham quad -
ran gle will be dis cussed in re la tion to two ma jor se ries of sand
and gravel de pos its that washed out of the melt ing ice: (1) the de -
pos its of the Crooked River and ad ja cent Mill Brook val leys
(units Pge, Plw, Pgic, Pgoc, Pgi, and Plm); and (2) the se ries ex -
tend ing from the cen tral to north west ern parts of the quad ran gle
(Pge, Pgi, Plp, and Plbe).

The ear li est gla cial melt wa ter de pos its in the Crooked
River valley are the es ker ridges (Pge).  These de pos its were em -
placed in sub gla cial ice tun nels, so their re la tion to the gla cier
mar gin is un known.  Two par al lel ridges formed in some places,
as ad ja cent tun nels be came clogged with sand and gravel and the
sur round ing ice even tu ally melted. The twin ridges are best seen
along the Al bany Ba sin Road lead ing to ward Knee land Pond.
The same es ker sys tem can be traced to the north west, where it
passes through the Crocker Pond Camp ground in the White
Moun tain Na tional For est.  Some of the gaps in the sys tem oc cur
where the sub gla cial stream scoured down to bed rock and no es -
ker gravel was de pos ited.  The best ex am ple of this ero sion is the
deep gorge north west of Knee land Pond (de scribed above).

As the ice mar gin started to re cede northward from the
southern edge of the quad ran gle, sand and gravel washed from
the edge of the gla cier into gla cial Lake Wa ter ford.  Unit Plw is
the re sult ing lake de posit.  The head of this map unit is just south -
west of Lit tle Pa poose Pond, which is where the edge of the gla -
cier pre suma bly stood when the fi nal part of the lake delta was
de pos ited.

As melt ing of ice started to un cover the Crooked River val -
ley, gla cial melt wa ter streams de pos ited large vol umes of ice-
 contact sand and gravel (unit Pgic).  These de pos its choke the
val ley in the vi cin ity of Lit tle Pa poose Pond and are com mon
along the sides of the val ley to the north.  They formed both
along the gla cial streams and where melt wa ter was lo cally
ponded against remnants of stag nant ice.  Unit Pgic has been
traced north to the Town House area in Al bany, where it may
have been built from an ice mar gin po si tion east of Ing ham Hill.
Slightly younger ice- contact sand and gravel de pos its (Pgi)
formed close to the gla cier mar gin in the lower Patte Brook val -
ley and in the head wa ters of Mill Brook (both in Al bany).

As ice remnants con tin ued to dis ap pear from the Crooked
River val ley, glacial streams de pos ited outwash sand and gravel
(unit Pgoc) at lower ele va tions than the ear lier ice- contact de -
posits.  These younger gla cial de pos its filled the cen tral por tion
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of the val ley across much of the quad ran gle, form ing a flat sur -
face seen along Route 5.  Some of the out wash gravel is ex -
tremely coarse, sug gest ing that the ice re mained nearby when it
was de pos ited.  Unit Pgoc wraps around the west ern side of
Songo Pond, but did not fill the pond ba sin.  Per haps a rem nant
ice mass lin gered in the ba sin, leaving a long kettle hole now oc -
cu pied by Songo Pond.

When the ice sheet re ceded from the north east ern part of
the quad ran gle, melt wa ter was trapped in the north- sloping Mill
Brook val ley, form ing gla cial Lake Mill Brook.  The lake is be -
lieved to have first drained south ward through the 710- ft gap
east of Ing ham Hill.  This initial wa ter level was main tained un til
ice re ces sion opened the slightly lower (690 ft) spill way near the
north end of Songo Pond.  Sand and gravel washed into Lake
Mill Brook from an ice- margin po si tion east of Gro ver Hill in the 
north east cor ner of the quad ran gle.

Gla cial re treat from the west ern part of the quad ran gle re -
sulted in a se quence of events simi lar to those de scribed above.
The ear li est melt wa ter drain age was sub gla cial, pro duc ing a se -
ries of esker ridges (unit Pge) in the val ley that ex tends from Wa -
ter fowl Marsh south to Round Pond.  Ice- contact sand and gravel 
de pos its (Pgi) formed dur ing de gla cia tion of this val ley, as melt -
wa ter streams flowed over and be tween rem nant ice masses.
Bed rock knobs and gla cial de pos its in the Crocker Pond area
proba bly blocked the south ward drain age, caus ing pond ing of
melt wa ter to an ele va tion of about 830 ft (253 m).  The ice-
 contact de pos its east and west of Wa ter fowl Marsh may be del -
taic gla cio la cus trine sedi ments that formed in these ponded wa -
ters.

Fur ther de gla cia tion in the north west ern part of the quad -
ran gle un cov ered the East Branch of the Pleas ant River val ley.
This val ley slopes north ward, so melt wa ter was trapped be tween 
the re ced ing ice mar gin and the bedrock- floored 830- ft (253 m)
spill way south of Browns Ledge, form ing gla cial Lake Pleas ant.
A large quan tity of sand (unit Plp) ac cu mu lated in this wa ter
body.  The lake level proba bly dropped to about 770 ft (235 m)
when con tin ued ice re treat opened the gap south of Cum mings
Hill.  Lake Pleas ant per sisted until the Be thel area was degla ci -
ated (north of the quad ran gle), and gla cial Lake Be thel formed in 
the An droscog gin Val ley.  Silty to sandy Lake Be thel de pos its
(unit Plbe) un der lie low flat ar eas to about 710 ft (216 m) in the
Pleas ant River val ley.

Dur ing and af ter de glacia tion of the East Stone ham quad -
ran gle, non glacial streams be gan to es tab lish their mod ern drain -
age pat terns.  Wa ter emp tied from the gla cial lakes upon re moval 
of their ice or sedi ment dams, and the fine- grained lake de pos its
in the East Branch val ley were deeply eroded.  As soon as the ice
re treated from the sides of hills and moun tains, the freshly de -
pos ited gla cial sedi ments were very sus cep ti ble to ero sion un til a 
vege ta tion cover was es tab lished.  For ex am ple, al lu vial gravel
washed down the East and West Branches of the Pleas ant River
and in many places forms a thin de posit on top of the fine-
 grained gla cial lake sands.  Some of the older al lu vium now oc -
curs as a stream ter race (unit Qst) that stands higher than the

present- day flood plain along the West Branch of the Pleas ant
River.

De pos its of re cent flood- plain al lu vium (unit Ha) con tinue
to ac cu mu late along mod ern streams, and organic- rich sedi -
ments (unit Hw) are be ing de pos ited in wet land swamps,
marshes, and heaths.

ECO NOMIC  GE OL OGY

Sand and gravel de pos its are a very abun dant and eco nomi -
cally im por tant re source in the East Stone ham quad ran gle.
Gravel is likely to be found in many places along the es ker sys -
tem (unit Pge) that ex tends through the cen tral part of the
quadrangle, and in the ice- contact and out wash de posits of the
Crooked River val ley (units Pgic and Pgoc).  Nu mer ous pits
have been opened in these depos its, and many of them were still
ac tive at the time of this study.

Other sand and gravel re sources oc cur in the ice- contact
de pos its (unit Pgi) at vari ous lo ca tions in the quad ran gle, and in
the abun dant gla cial lake de pos its.  However, many of the lake
sedi ments are domi nantly sand, and gravel may oc cur only as a
rela tively thin sur face layer.
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AP PEN DIX A
GLOS SARY  OF  TERMS  USED  ON  MAINE  GEO LOGI CAL  SUR VEY  SUR FIC IAL  GEO LOGIC  MAPS

com piled by
John Gosse and Woodrow Thomp son

Note:   Terms shown in ital ics are de fined else where in the glos sary.

Ab la tion till:  till formed by re lease of sedi men tary de bris
from melt ing gla cial ice, ac com pa nied by vari able amounts of
slump ing and melt wa ter ac tion.  May be loose and stony, and
con tains lenses of washed sand and gravel.  

Ba sal melt- out till:  till re sult ing from melt ing of debris-
 rich ice in the bot tom part of a gla cier.  Gen er ally shows crude
strati fi ca tion due to in cluded sand and gravel lenses.

Clast:  peb ble-, cob ble-, or boulder- size frag ment of rock
or other ma te rial in a finer- grained ma trix.  Of ten re fers to stones
in gla cial till or gravel. 

Clast- supported:  re fers to sedi ment that con sists mostly
or en tirely of clasts, gen er ally with more than 40% clasts.  Usu -
ally the clasts are in con tact with each other.  For ex am ple, a
well- sorted cob ble gravel.

Delta:  a body of sand and gravel de pos ited where a stream
en ters a lake or ocean and drops its sedi ment load.  Gla cially de -
pos ited del tas in Maine usu ally con sist of two parts: (1) coarse,
hori zon tal, of ten grav elly topset beds de pos ited in stream chan -
nels on the flat delta top, and (2) un der ly ing, finer- grained, in -
clined fore set beds de pos ited on the ad vanc ing delta front.

De posit:  general term for any accumu la tion of sedi ment,
rocks, or other earth ma te ri als. 

Dia mic ton:  any poorly- sorted sedi ment, con tain ing a
wide range of par ti cle sizes, e.g. gla cial till.

Drum lin:  an elon gate oval- shaped hill, of ten com posed of 
gla cial sedi ments, that has been shaped by the flow of gla cial ice,
such that its long axis is par al lel to the di rec tion of ice flow. 
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End mo raine:  a ridge of sedi ment de pos ited at the mar gin
of a gla cier.  Usu ally con sists of till and/or sand and gravel in
vari ous pro por tions.

En gla cial:  oc cur ring or formed within gla cial ice.

Eo lian:  formed by wind ac tion, such as a sand dune.

Es ker:  a ridge of sand and gravel de pos ited at least partly
by melt wa ter flow ing in a tun nel within or be neath gla cial ice.
Many ridges mapped as es kers in clude vari able amounts of sedi -
ment de pos ited in nar row open chan nels or at the mouths of ice
tun nels. 

Flu vial:  Formed by run ning wa ter, for ex am ple by melt -
wa ter streams dis charg ing from a gla cier.

Gla cio la cus trine:  re fers to sedi ments or pro cesses in volv -
ing a lake which re ceived melt wa ter from gla cial ice.

Gla cioma rine:  re fers to sedi ments and pro cesses re lated
to en vi ron ments where ma rine wa ter and gla cial ice were in con -
tact.

Head of out wash:  same as out wash head.

Holo cene:  term for the time pe riod from 10,000 years ago
to the pres ent.  It is of ten used syn ony mously with “post gla cial”
be cause most of New Eng land has been free of gla cial ice since
that time.

Ice age:  see Pleis to cene.

Ice- contact:  re fers to any sedi men tary de posit or other
fea ture that formed ad ja cent to gla cial ice.  Many such de pos its
show ir regu lar to pog ra phy due to melt ing of the ice against
which they were laid down, and re sult ing col lapse.

Ket tle:  a de pres sion on the ground sur face, rang ing in out -
line from cir cu lar to very ir regu lar, left by the melt ing of a mass
of gla cial ice that had been sur rounded by gla cial sedi ments.
Many ket tles now con tain ponds or wet lands.

Ket tle hole:  same as ket tle.

La cus trine:  per tain ing to a lake.

Late- glacial:  re fers to the time when the most re cent gla -
cial ice sheet was re ced ing from Maine, ap proxi mately 15,000-
 10,000 years ago.

Late Wis consi nan:  the most re cent part of Pleis to cene
time, dur ing which the lat est con ti nen tal ice sheet cov ered all or
por tions of New Eng land (ap prox. 25,000- 10,000 years ago).

Lodge ment till:  very dense va ri ety of till, de pos ited be -
neath flow ing gla cial ice.  May be known lo cally as “hard pan.”

Ma trix:  the fine- grained ma te rial, gen er ally silt and sand,
which com prises the bulk of many sedi ments and may con tain
clasts.

Matrix- supported:  re fers to any sedi ment that con sists
mostly or en tirely of a fine- grained com po nent such as silt or
sand.  Gen er ally con tains less than 20- 30% clasts, which are not
in con tact with one an other.  For ex am ple, a fine sand with scat -
tered peb bles.

Mo raine:  Gen eral term for gla cially de pos ited sedi ment,
but of ten used as short form of “end mo raine.”

Mor phose quence:  a group of water- laid gla cial de pos its
(of ten con sist ing of sand and gravel) that were de pos ited more-
 or- less at the same time by melt wa ter streams is su ing from a par -
ticu lar po si tion of a gla cier mar gin.  The de po si tional pat tern of
each mor phose quence was usu ally con trolled by a lo cal base
level, such as a lake level, to which the sedi ments were trans -
ported.

Out wash:  sediment de rived from melt ing gla cial ice, and
de pos ited by melt wa ter streams in front of a gla cier.

Out wash head:  the end of an out wash de posit that was
clos est to the gla cier mar gin from which it origi nated.  Ice-
 contact out wash heads typi cally show steep slopes, ket tles and
hum mocks, and/or boul ders dumped off the ice.  These fea tures
help de fine former po si tions of a re treat ing gla cier mar gin, es pe -
cially where end mo raines are ab sent.

Pleis to cene:  term for the time pe ri od be tween 2-3 mil lion
years ago and 10,000 years ago, dur ing which there were sev eral
gla cia tions.  Also called the “Ice Age.”

Pro gla cial:  oc cur ring or formed in front of a gla cier.

Qua ter nary:  term for the era be tween 2-3 mil lion years
ago and the pres ent.  In cludes both the Pleis to cene and Holo -
cene. 

Stria tion:  a nar row scratch on bed rock or a stone, pro -
duced by the abra sive ac tion of debris- laden gla cial ice.  Plu ral
form some times given as “striae.”

Subaque ous fan:  a some what fan- shaped de posit of sand
and gravel that was formed by melt wa ter streams en ter ing a lake
or ocean at the mar gin of a gla cier.  Simi lar to a delta, but was not
built up to the wa ter sur face.

Sub gla cial:  oc cur ring or formed be neath a gla cier.
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Till:  a het ero ge ne ous, usu ally non- stratified sedi ment de -
pos ited di rectly from gla cial ice.  Par ti cle size may range from
clay through silt, sand, and gravel to large boul ders.

Topset/foreset contact:  the more-or-less horizontal
boundary between topset and foreset beds in a delta.  This
boundary closely approximates the water level of the lake or
ocean into which the delta was built.
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