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INTRODUC TION

This re port de scribes the sur fic ial and Qua ter nary ge ol ogy
of the Kezar Falls 7.5- minute quad ran gle in south west ern
Maine. Sur fic ial ma te ri als in clude un con soli dated sedi ments of
gla cial and non- glacial ori gin that over lie bed rock over much of
the quad ran gle. Most of these sedi ments were de pos ited dur ing
and af ter the most re cent epi sode of gla cia tion, which spans
about the last 25,000 years in Maine. Sur fic ial ma te ri als are im -
por tant for many as pects of eco nomic and en vi ron mental ge ol -
ogy, in clud ing sand and gravel ex trac tion for the ag gre gate
in dus try, de vel op ment and pro tec tion of ground- water sup plies,
dis posal of wastes in land fills, and ag ri cul ture. 

De tailed map ping of the sur fic ial ge ol ogy of the Kezar
Falls quad ran gle was be gun by Wil liam R. Hol land in 1983 for
the state/fed eral Sig nifi cant Sand and Gravel Aq ui fer Pro ject
and the Maine Geo logi cal Sur vey's (MGS) geo logic map ping
pro gram. The aq ui fer map was in cluded in a re port by Wil liams
and oth ers (1987), but the geo logic map was not com pleted be -
cause of Hol land's un timely death in 1989. P. Thomp son Davis
com pleted the field map ping of the Kezar Falls quad ran gle in
1993- 1995, which is sum ma rized in this re port for the STATE -
MAP pro gram, sup ported by the MGS and the U.S. Geo logi cal
Sur vey.

Two maps ac com pany this re port. The sur fic ial geo logic
map (Davis and Hol land, 1997c) shows the dis tri bu tion of the
sedi men tary units, whose age, com po si tion, stra tigraphic re la -
tion ships, and ori gin are dis cussed in this re port. This map also
in cludes in for ma tion re lated to the geo logic his tory of the quad -
ran gle, such as gla cial ice- flow di rec tional in di ca tors. In con -
junc tion with simi lar map ping in ad ja cent quad ran gles, this map
pro vides a ba sis for dis cus sion of the gla cial and post gla cial his -
tory of the re gion. The sur fic ial ma te ri als map (Davis, 1998)

shows spe cific site data used for com pil ing the sur fic ial geo logic
map. These data in clude ob ser va tions from sand and 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
Maine Geo logi cal Sur vey and the U.S. Geo logi cal Sur vey pro -
vided ad di tional in for ma tion about the map area, in clud ing seis -
mic logs and depth- to- bedrock data (Wil liams and oth ers, 1987). 
Sup ple men tal depth- to- bedrock data were ob tained from MGS
well in ven to ries. Field work for this proj ect con sisted of driv ing
the road net work, in clud ing nu mer ous un im proved log ging
roads not shown on the topo graphic map base, and hik ing across
many off- road ar eas to ex am ine bed rock out crops, bor row pits,
and natu ral ex po sures of sur fic ial ma te ri als. The authors used a
shovel and hand auger to iden tify near- surface ma te ri als in some
places where ex po sures were lack ing. The sur fic ial ma te ri als
map pri mar ily shows spe cific places where in for ma tion was ob -
tained from be neath the ground sur face. In many places the
authors were able to dis tin guish map units, such as es ker sys tems 
and lake bed sur faces, on the ba sis of to pog ra phy. In some re mote 
ar eas, such as the south east ern por tion of the quad ran gle, aer ial
pho to graphs were used to dif fer en ti ate map units, such as swamp 
de pos its.

Geo graphic Set ting 

The Kezar Falls 7.5- minute quad ran gle is lo cated in the
White Moun tain foot hills, within Ox ford and York Coun ties, in
south west ern Maine. The map area ex tends in lati tude from
43o45'00" to 43o52'30" N, and in lon gi tude from 70o52'30" to
71o00'00" W. The east- central por tion of the quad ran gle in cludes 
the town of Kezar Falls, which is the prin ci pal popu la tion cen ter
and lo cated along the Os sipee River.
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The most sig nifi cant physio graphic fea tures in the Kezar
Falls quad ran gle in clude a number of hills with steep south-
 facing cliffs in the north; a chain of four large ponds in the north -
east (Clem ons, Lit tle Clem ons, Trafton, and Stan ley Ponds); two 
large lakes in the north west (Bick ford and Col cord Ponds); and
the Os sipee River, which flows west to east across the mid dle
part of the quad ran gle. The high est point in the quad ran gle is
1340 ft (408 m) along the east ridge of an un named peak lo cated
in Free dom, New Hamp shire, west of Bick ford Pond. At 1187 ft
(362 m), Bald Ledge, in the north west cor ner of the quad ran gle,
is the high est peak. The low est point is be low 340 ft (104 m) on
the Os sipee River (on the east ern bound ary of the quad ran gle),
yield ing a re lief of 1000 ft (305 m). With the ex cep tion of the Os -
sipee and South River val leys, the ter rain over most of the quad -
ran gle is hilly, with many of the larger hills ex hib it ing steep
bed rock cliffs on their south slopes.

Bed rock Ge ol ogy 

Most of the Kezar Falls quad ran gle is un der lain by me -
tasedi men tary rocks as signed to the lower mem ber of the
Rindge mere For ma tion, which proba bly is Si lu rian in age
(Hussey, 1985). This mem ber gen er ally con sists of high- grade
schists and mig ma tites in the Kezar Falls 7.5- minute quad ran gle
(Gil man, 1977). Out crops of the Rindge mere For ma tion are
mod er ately to highly weath ered. The north east ern part of the
quad ran gle is un der lain by Devonian- age gra no dio rite; the
north west ern part is un der lain by the Devonian- age Effing ham
plu ton and the Tri as sic- to Jurassic- age Con way gran ite; and the
south west ern part of the quad ran gle is un der lain by the Effing -
ham plu ton (Gil man, 1977; Hussey, 1985; Os berg and oth ers,
1985). The Effing ham plu ton con sists of a light gray bi nary
gran ite that av er ages 30% quartz, 45% K- feldspar, 15% pla gio -
clase, 10% mica, and 3% ac ces sory min er als (Gil man, 1977).
Out crops of these crys tal line rocks are lightly to mod er ately
weath ered.  Ba sal tic and gran ite peg ma titic dikes lo cally in trude
the above rock units.

PREVIOUS  WORK  AND  ACKNOWLEDGMENTS

Stone (1899) car ried out an early re con nais sance of the sur -
fic ial ge ol ogy of the Saco Val ley re gion as part of his state wide
study of Maine's gla cial gravel de pos its. Leavitt and Perkins
(1935) com mented briefly on the area in their “Sur vey of Road
Ma te ri als and Gla cial Ge ol ogy of Maine.” Pres cott (1979) com -
piled well and test hole data, and con ducted pre limi nary sur fic ial
and gravel aq ui fer map ping (Pres cott and oth ers, 1979; Pres cott,
1980). Hol land com piled a more de tailed aq ui fer map that in -
cluded the Kezar Falls 7.5- minute quad ran gle, as part of the Sig -
nifi cant Sand and Gravel Aq ui fer Pro ject spon sored by the
Maine Geo logi cal Sur vey, U.S. Geo logi cal Sur vey, and Maine
De part ment of En vi ron men tal Pro tec tion (Wil liams and oth ers,
1987).  

The authors are grate ful to nu mer ous land own ers and pit
op era tors who granted ac cess to their prop er ties and of ten pro -
vided us with use ful in for ma tion about the lo cal sand and gravel
de pos its. In par ticu lar, Dwight Mills pro vided ac cess in North
Par son field to ex cel lent ex po sures of ribbed mo raines and a
strati fied sand and gravel de posit on Mudg ett Road. Thanks are
also due Woody Thomp son and Tom Wed dle for re view ing this
re port.

DESCRIPTION  OF  GEOLOGIC  MAP  UNITS

The sur fic ial de pos its of the Brown field quad ran gle have
been rep re sented on geo logic maps as a se ries of units on the ba -
sis of their age and ori gin. These 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 time, 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 that 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 or “Qlt1” for de -
pos its re lated to the higher level of gla cial Lake Ten mile.
Sur fic ial map units in the Kezar Falls 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 (Pt) 

Till is a gla cially de pos ited sedi ment con sist ing of a het ero -
ge ne ous mix ture of silt, sand, gravel, and larger rock de bris. Till
blan kets much of the hilly ter rain in the up land parts of the quad -
ran gle, where it is the prin ci pal sur fic ial ma te rial; test bor ings in
other parts of the state show that till com monly un der lies
younger de pos its in val leys. Some till was proba bly de rived
from gla cial ero sion of older sur fic ial sedi ments (ei ther gla cial or 
non- glacial), whereas much till was proba bly freshly eroded
from nearby bed rock sources dur ing the most re cent gla cia tion.
Well data shown on the ma te ri als map in di cate that some of the
till de pos its in the Kezar Falls quad ran gle are up to 150- 200 ft
thick.

By defi ni tion, till is a poorly sorted sedi ment (dia mic ton) in 
which there is a very wide range of 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 the de pos its were formed. In the Kezar
Falls area, till may in clude a small per cent age of clay, but usu ally
has a sandy or silty- sandy ma trix as a con se quence of hav ing
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been eroded from coarse- grained bed rock. Till has lit tle or no ob -
vi ous strati fi ca tion in some places, but else where 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 the de po -
si tional pro cess. 

Stones of all sizes are abun dant in this unit, and boul ders
scat tered across the ground sur face com monly in di cate the pres -
ence of till. The geo logic map shows con cen tra tions of many
large boul ders; how ever, these ar eas may be much more ex ten -
sive than noted and we may well have missed other boul der con -
cen tra tions in re mote ar eas. Till stones in the quad ran gle con sist
mainly of coarse- grained ig ne ous and meta mor phic rocks, es pe -
cially li tholo gies of gran itic com po si tion, de rived pre domi -
nantly from lo cal bed rock sources. How ever, er ratic stones from
source ar eas in the White Moun tains in New Hamp shire are also
com mon. Most till stones are suban gu lar to sub rounded, and
many have fac eted and stri ated sur faces de rived from sub gla cial
ero sion. These stri ated flat sur faces are best de vel oped on dense,
fine- grained rocks such as ba salt and rhyo lite.

Till de pos ited un der great pres sure be neath an ice sheet
tends to be more com pact and finer- grained than does till de pos -
ited by ab la tion pro cesses on the sur face of melt ing gla cier ice.
Sub gla cial till fa cies in clude lodge ment and ba sal melt- out tills.
Lodg ement tills are usu ally very com pact (“hard pan”) and dif fi -
cult to ex ca vate, with a platy struc ture (fis sil ity) evi dent in their
up per, weath ered zones. Ba sal melt- out tills may be dif fi cult to
iden tify with cer tainty, but typi cally show a crude strati fi ca tion
in her ited from de bris bands in the lower part of the gla cier. Ab la -
tion fa cies tend to be loose- textured and stony, and con tain nu -
mer ous lenses of water- transported sedi ment. More than one of
these till fa cies may oc cur at a sin gle lo cal ity. A thin ve neer of
stony ab la tion till com monly over lies lodge ment till.

Field evi dence in the nearby Frye burg area (Thomp son,
1999a,b), cou pled with stud ies else where in New Eng land (e.g.,
Ko teff and Pessl, 1985; Thomp son and Borns, 1985b, Wed dle
and oth ers, 1989), sug gests that till de pos its of two gla cia tions
are pres ent in the Ox ford Hills re gion of south west ern Maine.
The “up per till” is al ways 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 14,000 ra dio car bon years ago. Ex po sures of
up per till can be seen in many shal low pits, road cuts, and tem po -
rary ex ca va tions. The up per till is non- oxidized, ex cept for the
near- surface zone of Holo cene soil for ma tion, and usu ally is
light olive- gray in color. Most till de pos its seen by the authors in
the Kezar Falls quad ran gle have a sandy, stony tex ture, and
proba bly are the ab la tion fa cies of up per till (ta on the ma te ri als
map).

The “lower till” con sists mainly of com pact, silty- sandy
lodge ment de pos its. In south west ern Maine, as in other parts of
New Eng land, the lower till is likely to oc cur in smooth, gla cially 
stream lined hills where thick till de pos its have ac cu mu lated.
When pres ent, these thick de pos its usu ally oc cur on the gen tle
northwest- facing slopes of hills, whereas steeper, gla cially
plucked bed rock is com monly ex posed on the southeast- facing

slopes. The lower till has not been ob served in the Kezar Falls
quad ran gle.

End Mo raines (Pem) and Ribbed Mo raine (Prm)

End mo raines are ridges of sedi ment de pos ited at the mar -
gins of gla ciers. Mo raine ridges may form in many dif fer ent
ways, but gen er ally re sult from ac cu mu la tion of sedi ments de -
rived from the ad ja cent gla cial ice, or are shaped by gla cial pro -
cesses at the gla cier mar gin. Sur faces of end mo raines that oc cur
above the zone of late- glacial ma rine sub mer gence in south west -
ern Maine are com monly strewn with boul ders. The in te ri ors of
mo raines above the ma rine limit are rarely ex posed, but topo -
graphic ex pres sion and pits sug gest that these mo raines are
mostly com posed of till with lo cally abun dant lenses of sand and
gravel.

End mo raines, which are use ful mark ers of ice- margin po -
si tion, may be dif fi cult to dis tin guish from ar eas of “hum mocky
mo raine” or ribbed mo raine, both of which also oc cur in this part
of Maine. Ribbed mo raine (unit Prm) con sists of groups of till
ridges lo cated in the bot toms of val leys that are gen er ally par al lel 
to gla cial flow di rec tions (Hol land, 1986). There has been much
de bate about how and where these ridges formed rela tive to the
gla cier mar gin (Davis, in Thomp son and oth ers, 1995, p. 46- 48).

Boul dery ridges rep re sen ta tive of end mo raines oc cur in
three set tings in the Kezar Falls quad ran gle. A se ries of at least
five till ridges up to about 30 ft (9 m) high are ex posed along the
sides of a very steep pri vate road on the north west side of Fork
Hill in the north east part of the quad ran gle. These mo raines
might have been eas ily over looked had the road cuts not been
avail able. Three promi nent large ridges up to 30 ft (9 m) in re lief
and ori ented per pen dicu lar to the long axes of Stan ley and
Trafton Ponds in the north east part of the quad ran gle are proba -
bly end mo raines. A 5- ft ex po sure for a house foun da tion on the
south ern most ridge re vealed a poorly sorted, un strati fied sandy,
peb bly, cob bly gravel. The topo graphic set ting of these three
large ridges is simi lar to those val ley floors where mo raines are
com mon in the Hi ram quad ran gle (Thomp son and Hol land,
1999a,b).  

More ex ten sive are the cur vi lin ear ridges (Prm) com posed
of cob bly dia mic ton with a sandy ma trix in the Great Brook area,
first de scribed in de tail by Hol land (1986). Simi lar ridges are
found else where in the Kezar Falls and ad ja cent quad ran gles, but 
only in val ley bot toms that trend gen er ally south to S30E, the di -
rec tion of last gla cial flow as in ferred from bed rock striae and
stoss- lee forms. The ridge seg ments in the Great Brook area lie
be tween 400 and 450 ft (120 and 140 m) and are gen er ally 10 to
30 ft (3 to 9 m) high, 50 to 150 ft (15 to 45 m) wide, and less than
500 ft (150 m) long. Simi lar, but larger, ridges have been de -
scribed in the Mil linocket Lake ba sin in west- central Maine at al -
ti tudes be low 640 ft (195 m) where they only oc cur in ar eas of
phan er itic plu tonic rock (Cald well and oth ers, 1985; Wed dle and 
oth ers, 1994). The ridges are gen er ally hum mocky, seg mented,
and sub- parallel to one an other, and usu ally oc cur in clus ters or
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“fields,” with their long axes ori ented trans verse to long axes of
val leys, which drain both north and south. These ridges are
mapped as “ribbed mo raine” on the Sur fic ial Geo logic Map of
Maine (Thomp son and Borns, 1985a). Hol land (1986) noted that 
length- to- width ra tios of 4:1 to 10:1 make the ribbed mo raines in
the Great Brook area “stub bier” than De Geer mo raines in coastal 
Maine de scribed by Smith (1982, 1985). 

Simi lar ridges in the Mil linocket Lake ba sin south of Mt.
Ka tah din have been called Ro gen mo raine (no 's' at end) by Cald -
well and oth ers (1985), af ter mo raines of simi lar ap pear ance
near Lake Ro gen, Swe den, de scribed and named by Jan
Lundqvist (1969, 1981, 1989). Lundqvist (1989) dis cussed four
dif fer ent hy pothe ses for the ori gin of Ro gen mo raine: (1) depo si -
tion as sub gla cial mo raines formed un der thick ice be hind the ice 
front, per haps in a tran si tional zone be tween warm- and cold-
 based ice un der com pres sion; (2) depo si tion as mar ginal ridges,
form ing a com plex of end mo raines; (3) for ma tion by tec tonic
pro cesses within ac tive ice, such as fold ing or thrust ing of
debris- rich lay ers against ob sta cles to gla cier flow, fol lowed by
melt out; and (4) fill ing of ei ther open cre vasses by su prag la cial
de bris or ba sal cavi ties by sub gla cial de bris. 

Sug den and John (1976) and Bouchard (1989) fa vor shear -
ing or thrust ing pro cesses up- glacier from the ice mar gin for the
ori gin of Ro gen mo raine, while Fisher and Shaw (1992) pro pose
sub gla cial melt wa ter scour ing and sub se quent in fill ing of cavi -
ties with de bris be neath the ice.  Lundqvist (1989) fa vors a sub -
gla cial ori gin for Ro gen mo raine, clas si fy ing the ridges as an
end- member of tran si tional sub gla cial stream lined fea tures with
drum lins be ing the op po site end- member. Al though Lundqvist
(1989) uses the terms Ro gen and ribbed mo raine in ter changea -
bly, he lim its us age to a spe cific geo graphic re gion in Swe den.

West of the Mil linocket area in west- central Maine, Cald -
well and oth ers (1985) de scribed Ro gen mo raine that are cut by
an es ker, and thus in ter preted the mo raines to be older than the
es ker and sub gla cial in ori gin. Wed dle and oth ers (1994) agreed
that many of the mo raines in the Mil linocket area are sub gla cial
in ori gin, but do not al ways grade into drum lins and are not eve -
ry where cut by es kers; they note in stead that es kers in many ar -
eas broaden and dif fuse into hum mocky ice- contact to pog ra phy.
In north ern Que bec, Bouchard (1989) iden ti fied ridges that he
in ter preted to be Ro gen mo raine formed sub gla cially in lee- side
ba sins by stack ing of debris- rich ice against ob sta cles as the front 
part of the gla cier stag nated. A simi lar mecha nism was pro posed
for the ori gin of ribbed mo raine in the Mil linocket area, down-
 flowline from Mt. Ka tah din, which in ef fect could have cut off
sedi ment sup ply dur ing late phases of de gla cia tion (Bjorn An -
der sen, un pub lished 1992 re port to Maine Geo logi cal Sur vey, in
Wed dle and oth ers, 1994). Thus, Wed dle and oth ers (1994) pro -
pose that es kers and ad ja cent mo raines are es sen tially con tem po -
ra ne ous and mark ice- marginal po si tions, and pre fer the terms
“ribbed” or “trans verse” mo raine, as ei ther is less ge netic than
Ro gen.

An ex po sure for a log ging road through a small ridge ori -
ented about N20E on the 420- ft con tour just south of the “D” in

“PAR SONS FIELD” on the map sheet was ex am ined for till fab -
ric. This ridge seg ment, which is about 0.1 mi (150 m) long, is
ori ented more obliquely to the gen eral north west trend of Great
Brook val ley than the other ridge seg ments in this area. One hun -
dred elon gate clasts (2 to 10 cm long axis; greater than 1.5:1 for a
long:in ter me di ate axis ra tio) were meas ured for trend and
plunge. A strong fab ric was found, with an av er age trend about
N65W and an av er age plunge about 8 de grees S65E (see Fig ure
1). This trend is roughly per pen dicu lar to the ori en ta tion of the
ridge. Such a strong fab ric is con sis tent with a sub gla cial ori gin
by melt out or lodge ment. Hol land (1986) noted that strati fied
sedi ments gen er ally over lap both dis tal and proxi mal faces of the 
ridges, which he sug gested could oc cur un der thick ice dur ing
the early phases of de gla cia tion.

Hum mocky Mo raine (Phm)

Sev eral ar eas in the Kezar Falls quad ran gle con tain ex ten -
sive de pos its of hum mocky mo raine. These de pos its are dis tin -
guished in the field by their knobby to pog ra phy and abun dance
of large boul ders. The rela tive scar city of bed rock out crops,
along with the topo graphic re lief, sug gests that hum mocky mo -
raine may be typi cally tens of feet thick in the quad ran gle. A few
ex po sures in di cate that the hum mocks of unit Phm vary in com -
po si tion from till to sand and gravel, with till be ing the more
abun dant con stitu ent. How ever, the com po si tion may vary
abruptly, both hori zon tally and ver ti cally.

Hum mocky mo raine is gen er ally con cen trated in low land
ar eas, but usu ally oc curs on the sides of val leys at higher ele va -
tions than ad ja cent glacial- lake de pos its, which are dis tin guish -
able by well sorted and strati fied sand and gravel. As pro posed
by Hol land (1986), the lo ca tion, com po si tion, and to pog ra phy of 
unit Phm sug gest that it formed dur ing the melt ing of stag nant
debris- rich ice in a late stage of de gla cia tion. How ever, it is pos -
si ble that ac tive ice was pres ent nearby to the north as unit Phm
was de pos ited. 

Ex cel lent ex am ples of hum mocky mo raine oc cur in the
South River val ley in the south west part of the quad ran gle, be -
tween about 400 and 500 ft in ele va tion, where boul ders are
com mon and small hills co monly have a re lief of less than 20 ft
(6m).

Eskers (Pge)

Stone (1899, p. 257- 258) wrote “The number and height of
the hills which the grav els of this re gion cross are re mark able.
No where else in Maine is there any thing equal to them. In
Brown field, Por ter, and Hi ram the gla cial riv ers flowed up and
down over these hills 200 or more feet higher than the val leys to
the north of them, and in Par son field and Cor nish they crossed
sev eral more.........These branch ing se ries of ten re ject val leys of
fa vor able slopes to climb hills, and are there fore dif fi cult to map.
Delta branches are li able at any point to di verge from the se ries
one is ex plor ing, and con stant watch ful ness is re quired.” 
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Es kers are long, sinu ous ridges of sand and gravel de pos -
ited in tun nels be neath or within gla cial ice. As the tun nels be -
came choked with sedi ment and the sur round ing ice melted, the
tunnel- filling de pos its were left be hind with their char ac ter is tic

ridge shape. In di vid ual es ker seg ments in Maine typi cally range
in length from a few hun dred feet to over a mile and can be up to a 
hun dred feet or more in height. Many es kers are aligned in lin ear
se ries (es ker sys tems) that can be traced for great dis tances on re -
gional maps (Thomp son and Borns, 1985a).

A con tinua tion of the Shepards River - Cole Brook es ker
sys tem, which ex tends over 7.5 mi (12 km) and nearly the length
of the west side of the Brown field quad ran gle to the north, oc -
curs as less con tinu ous ridge seg ments in the north west and more 
con tinu ous ridge seg ments in the south west part of the Kezar
Falls quad ran gle. This es ker sys tem con tin ues south and then
east across the West New field quad ran gle (New ton, 1997a,b).
Hol land (1986) sug gested that the es ker was formed dur ing an
early phase of de gla cia tion when ice was still thick, whereas
other ice- contact strati fied de pos its in the val ley were formed
later when ice had thinned.

Else where in Maine, Shreve (1985a,b) claimed that es kers
rep re sent through- flowing sys tems from end- to- end, with sedi -
ments de pos ited si mul ta ne ously within con tinu ously open tun -
nels. Thus, he ar gued that the Ka tah din es ker sys tem in cen tral
Maine could be used to re con struct hy drau lic con di tions and ice
pro files for the ice sheet, hence ice thick ness for any lo ca tion
along a flow line. How ever, Wed dle and oth ers (1994) coun tered
that the Ka tah din es ker sys tem con sists of sev eral dis tinct seg -
ments sepa rated by fans or del tas, thus was not de pos ited con cur -
rently, but rather was de pos ited se quen tially in seg ments by
re treat ing ac tive ice. This lat ter view is con sis tent with the depo -
si tion of mor phose quences and end mo raines in New Eng land as
de scribed by Ko teff and Pessl (1981).

The Shepards River - Cole Brook - South River - Par sons -
field es ker (as seen in the Brown field, Kezar Falls, and West
New field quad ran gles, re spec tively) is not nearly as large or
long as the es ker sys tems in cen tral and east ern Maine and does
not ap pear to ex hibit fans or del tas at seg ment ends. The seg -
ments in this es ker sys tem are proba bly the re sult of dif fer en tial
pres er va tion on a topo graphi cally vari able bed rock floor. With
lim ited ex po sures, the ques tion con cern ing whether this es ker
was formed as one con tem po ra ne ous fea ture or de pos ited se -
quen tially as in di vid ual seg ments is open to dis cus sion. How -
ever, the steep lon gi tu di nal gra di ent of this es ker might ar gue for
con tinu ous flow and thick ice to pro vide the nec es sary hy dro -
static head for melt wa ter in the ice tun nel to climb south ward
over nu mer ous drain age di vides.

 Ice- Contact De pos its (Pgi)

As in the ad ja cent Hi ram and Brown field quad ran gles,
there are ex ten sive ar eas of sand and gravel whose ori gins are not 
well un der stood, pri mar ily be cause of a lack of di ag nos tic ex po -
sures. How ever, the topo graphic set ting of these sedi ments in di -
cates depo si tion in con tact with melt ing gla cial ice. These ar eas
are mapped as un dif fer en ti ated ice- contact de pos its (Pgi).

Ex am ples of ice- contact sand and gravel de pos its oc cur
near the South River in the south west part of the quad ran gle,
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where the ma jor es ker sys tem mapped in the west side of the
Brown field quad ran gle also can be traced spo radi cally. A few
bor row pits have been dug into these de pos its, al though most are
in ac tive and badly slumped at pres ent. Other ice- contact de pos -
its oc cur in the cen tral to north ern parts of the quad ran gle, in val -
leys that are tribu tary to the Os sipee River.

One fine ex am ple of a prob able ket tle fill ing is seen in a pit
on the south side of Mudg ett Road about 0.5 mi east of North
Par sons field. This ac tive pit is cut into a 15- ft (4.5 m) high, 300 ft 
(100 m) di ame ter bump and re vealed ex cel lent ex po sures of
well- stratified and well- sorted fine to medium- grained sands
and peb bly sands along the north- facing wall (be tween Oc to ber,
1994, and May, 1995). The coarser sands re vealed tabu lar sets of
graded and re versely graded beds, with rip ple cross strati fi ca tion 
and lami nated drapes in di cat ing a gen er ally S40E flow di rec tion. 
The ex po sure is capped by 1.5 ft (0.5 m) of fine sand and silt
(loess?). Hol land (1986; see K-9 in Ap pen dix) re ported that a
few well- defined nor mal faults were also pres ent, but did not
note whether these faults ex tended through a loess cap. Fault ing
was not visi ble in Oc to ber, 1994. The hum mocky na ture and the
lo ca tion of the de posit on the south west side of the up per part of
Great Brook val ley could sug gest a kame or kame- delta, de pos -
ited dur ing the wan ing phases of de gla cia tion. How ever, the ex -
cel lent sort ing and strati fi ca tion of the fine sandy sedi ments
might fa vor depo si tion as a ket tle fill ing (i.e. small lake). Less
well- stratified very coarse sands, gravel, and till, with boul ders
up to 1.5 m di ame ter, are ex posed in the east- facing pit wall. The
till ex posed here was de scribed as ice- disintegration mo raine by
Hol land (1986). 

Gla cial Lake Effing ham De pos its (Ple) 

This gla cial lake stage was iden ti fied by New ton (1997a,b)
on the ba sis of ex ten sive de pos its in the north west part of the
West New field quad ran gle. Dur ing de gla cia tion, drain age
north ward in the South River val ley was blocked by ice, cre at ing
gla cial Lake Effing ham at an ele va tion of about 520 ft. This lake
spilled south ward through a melt wa ter chan nel at the mod ern
drain age di vide be tween Prov ince and Rock Ha ven Lakes in the
ad ja cent West New field quad ran gle. As ice re ceded to the north,
a se ries of del tas and lake bot tom sedi ments were de pos ited, in
the north west part of the West New field and the south west part
of the Kezar Falls quad ran gle.

Gla cial Lake Ce dar Moun tain De pos its (Plcmd)

 This gla cial lake was like wise iden ti fied by New ton
(1997a,b) from a nar row belt of de pos its in the north east part of
the West New field quad ran gle. As in the case of gla cial Lake
Effing ham, north ward drain age in the Great Brook val ley was
blocked by ice dur ing de gla cia tion, cre at ing a small gla cial lake.
In the Kezar Falls quad ran gle, unit Plcmd oc cu pies a very small
area where Route 160 crosses the south ern bound ary of the
quad ran gle.

Gla cial Lake Cor nish De pos its (Plcd)

New ton (1997c,d) has dem on strated that a gla cial lake
(which he called Lake Cor nish) for merly ex isted in the Os sipee
River val ley in the vi cin ity of Cor nish vil lage. This tem po rary
lake was im pounded by gla cial sedi ments chok ing the Saco
River val ley in the east ern part of the Cor nish quad ran gle. Gla -
cial melt wa ter flow ing down the Os sipee Val ley de pos ited large
quan ti ties of del taic sedi ments into Lake Cor nish, and the lake
even tu ally disp peared as it filled with sedi ment and the drift dam
was eroded down ward. The del taic sand and gravel de pos its are
shown on the geo logic map as unit Plcd. They ex tend to the west -
ern bor der of the Kezar Falls quad ran gle and reach ele va tions of
410- 420 ft. 

Gla cial Lake Cor nish de pos its also un der lie many of the
Os sipee Val ley stream ter race and flood plain sur faces.  The lake
sedi ments are quite thick in places, and the coarser del taic de pos -
its have ac cu mu lated on top of finer- grained lake- bottom sedi -
ments.  For ex am ple, a test bor ing in the broad river ter race (Qst)
just west of Por ter vil lage pene trated 76 ft (23 m) of mostly la -
cus trine sand, silt, and clay, which in turn over lies gla cial till
(Wil liams and oth ers, 1987). 

Gla cial Lake Ten mile De pos its (Plt)

Ten mile River origi nates at Clem ons Pond and flows north
in the north east ern part of the Kezar Falls quad ran gle. Dur ing the 
early stages of gla cial re treat from this area, a broad tongue of ice 
re ced ing north ward in the Saco River val ley ini tially blocked the
lower part of the Ten mile River val ley in the south west ern part of 
the Hi ram quad ran gle. This im pound ment of melt wa ter drain age 
formed a wa ter body named “gla cial Lake Ten mile,” which is
dis cussed be low in the sec tion on gla cial his tory. The sedi ments
de pos ited into the two stages of this lake (map units Plt1 and Plt2)
con sist mostly of del taic sand and gravel, al though some short
es kers and other flu vial de pos its may be in cluded. Unit Plt
formed in con tact with de cay ing ice masses, as shown by nu mer -
ous swamps, ket tles, ice- contact slopes, and knobby to pog ra phy. 
Some of the larger hills that pro trude above the gla cial Lake Ten -
mile de pos its ex hibit char ac ter is tics of hum mocky mo raine. To -
po graphic re lief of the Plt de pos its in di cates that the lake
sedi ments are up to about 50 ft (15 m) thick.

The Plt de pos its are grouped into two mor phose quences
based on their ele va tions. Unit Plt1 reaches ele va tions up to
about 480 ft, cor re spond ing to an early high level of gla cial Lake
Ten mile. De pos its of this stage of the lake ex tend from the north -
east ern part of the Kezar Falls quad ran gle, across the south east -
ern part of the Brown field quad ran gle, and east into the Hi ram
quad ran gle. The lake level in Plt1 time was con trolled by a spill -
way through a rock- walled ra vine on the drain age di vide at an
ele va tion of 430 ft be tween Lit tle Clem ons Pond and Jay bird
Pond in the north east ern part of the Kezar Falls quad ran gle
(known as “The Notch,” Stone, 1899, p. 259). Unit Plt2 de pos its

6

P. T. Davis



have up per sur faces that reach to about 440 ft, in di cat ing a lower
lake level than that for unit Plt1 . The wa ter level fell to this ele va -
tion when ice re treat opened a lower spill way for gla cial Lake
Ten mile. The prob able new out let was the melt wa ter chan nel in
the gap trend ing east- west, lo cated one mile south of Pe quawket
Pond in the Hi ram quad ran gle. Ex po sures of del tas built into the
high stage of Lake Ten mile can be seen in gravel pits in unit Plt1 

east of Route 160, about 0.5 mi north of Lit tle Clem ons Pond.
Unit Plt2 de pos its are not pres ent in the Kezar Falls quad ran gle.

Ice- Contact Gla cial Lake Del tas (Pldi)

Two small ice- contact del tas were built into un named gla -
cial lakes in the Kezar Falls quad ran gle. One of these del tas is the 
Pldi de posit lo cated 0.5 mi west- northwest of Por ter vil lage.
This delta was graded to a wa ter level at an ele va tion of about
520 ft. There is no ap par ent spill way for a lake at this ele va tion,
and the delta may have formed in a small ice- marginal pond that
drained east ward across rem nant ice in the Os sipee Val ley.

The other delta is lo cated near the north edge of the quad -
ran gle, north east of Rat tle snake Moun tain.  This delta built
across rem nant masses of dead ice, and filled a small gla cial lake
that was ponded in front of the re ced ing gla cier mar gin. The lake
drained south ward through the notch just east of Rat tle snake
Moun tain, at about 630 ft.

Lake Delta (Qld)

A small, flat- topped delta has been de pos ited at the mouth
of the un named brook that en ters the north end of Col cord Pond.
The age of this delta is un known.  How ever, it does not ap pear to
be ac tively ex pand ing, and it seems un likely to have been de pos -
ited by the small stream that now en ters the pond at this lo ca tion.
The delta proba bly formed in late- glacial time, at least partly
from gla cial melt wa ter en ter ing Col cord Pond.

Eo lian De pos its (Qe)

An area of sand dunes was found on the north side of the
Os sipee River val ley, west of Por ter vil lage.  This de posit con -
sists of clean, well- sorted and strati fied sand.  The dunes most
likely formed in late- glacial time, as the pre vail ing winds blew
sand east ward down the val ley.  Blow out de pres sions oc cur lo -
cally in the dune field.

Ta lus De pos its (Qta)

Ta lus de pos its are piles of rock frag ments that have ac cu -
mu lated at the bot toms of bed rock cliffs.  Most such de pos its are
small and have not been shown on the geo logic map.  An ex cep -
tion is the ta lus pile on the west end of Stacy Hill in the north-
 central part of the quad ran gle.

 Stream Ter race De pos its (Qst)

Gla cial lake sedi ments have been partly eroded as the post -
gla cial Os sipee River cut down to its pres ent level. This down -
cut ting pro duced ter races along the river (unit Qst), at
in ter me di ate ele va tions be tween till- covered slopes or Lake
Cor nish del tas and the mod ern flood plain. The ma te rial un der ly -
ing the ter races con sists of sand and gravel, in part the re mains of
gla cial out wash del tas, and in part capped by post gla cial river al -
lu vium. Typi cal river ter races can be seen along the north side of
Route 25 just west of Por ter vil lage, and in other places along the
Os sipee Val ley. Most of these ter races lie at an ele va tion of about
385- 390 ft. Our at tempt to draw lon gi tu di nal pro files based on
the ele va tions of the tops of these ter race seg ments was in con clu -
sive.

Beach De pos its

Sandy to grav elly beaches on mod ern Maine lakes gen er -
ally are formed by waves and cur rents that re work nearby gla cial
de pos its, which pro vide a source for eas ily eroded sedi ment to
nour ish the beaches. These beaches are not al ways dif fer en ti ated 
on sur fic ial geo logic maps, be cause they may be very small or
grouped with ad ja cent sand and gravel de pos its of gla cial ori gin.
Small, un mapped beach de pos its are found bor der ing Bick ford
and Col cord Ponds in the north west and Stan ley Pond in the
north east parts of the quad ran gle.

Wet land De pos its (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 Kezar
Falls quad ran gle this unit oc curs along streams and in small up -
land ba sins. The bounda ries of unit Hw were mapped pri mar ily
from aer ial pho to graphs, thus are only ap proxi mately lo cated
and should not be used rig or ously for land- use zon ing. Ex am ples 
of wet land ar eas oc cur near South River in the south west, Mill
Brook in the cen tral, and Great Brook in the south east parts of
the quad ran gle. 

Stream Al lu vium (Ha)

Ex ten sive al lu vial de pos its (unit Ha) have ac cu mu lated
dur ing post gla cial time on the flood plains of the Os sipee River
and its tribu tar ies. Most of these de pos its con sist of fine- grained
sedi ments and or ganic ma te rial that have been car ried by floods
onto the low, flat ar eas next to stream chan nels. Nu mer ous test
bor ings in the Saco River flood plain near Frye burg show that the 
al lu vium is com monly up to 20 ft (6 m) thick (Thomp son,
1999a,b), so de pos its of com pa ra ble thick ness are pre sumed to
ex ist in the Kezar Falls 7.5- minute quad ran gle along the Os sipee
River.  Al lu vium also forms siz able ridges (natu ral lev ees) where 
sedi ment has piled up ad ja cent to the Os sipee River. 
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GLACIAL  AND  POSTGLACIAL  GEOLOGIC
HISTORY

The fol low ing re con struc tion of the Qua ter nary his tory of
the Kezar Falls 7.5- minute quad ran gle is based on the in ter pre ta -
tions of sur fic ial earth ma te ri als de scribed in this re port, as well
as re ports for ad ja cent quad ran gles, to gether with gla cial land -
forms and ice- flow in di ca tors. Thus, our un der stand ing of the
gla cial his tory of this part of Maine con tin ues to im prove as ad di -
tional quad ran gle maps are com pleted.

Gla cia tion His tory

 We do not know how many epi sodes of gla cia tion have af -
fected the Kezar Falls area dur ing the Qua ter nary. How ever, the
rec ord pre served in deep- sea sedi ment cores and po lar ice cores
sug gest that the world has un der gone nu mer ous gla cial and in ter -
gla cial cy cles over the past 2.5 mil lion years. Till de pos its in
south west ern Maine likely rec ord the most re cent (late Wis -
consi nan) gla cia tion, and proba bly also one ear lier gla cial event.
Deeply weath ered lower till found else where in cen tral and
south ern New Eng land also has been rec og nized in south ern and
cen tral Maine (Thomp son and Borns, 1985b; Wed dle and oth ers, 
1989; Wed dle, 1992).

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 south from
Can ada and spread across Maine about 25,000 years ago. Over
the next 10,000 years, the ice sheet con tin ued to flow across the
state and re shape the land scape 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 pro vided many
hills a stream lined shape. Hills in south west ern Maine typi cally
have long axes par al lel to the south- southeastward flow of the
ice. This “land scape fab ric” is evi dent in the shape of hills
through out the Kezar Falls quad ran gle. Also, gla cial pluck ing on 
the sum mits and lee sides of many hills formed steep southeast-
 facing slopes and cliffs. Ex am ples of stoss- and- lee gla cial to -
pog ra phy in the Kezar Falls quad ran gle in clude Bald Ledge in
the north west; Dev ils Den and Stacy Hill in the north- central,
Rat tle snake Moun tain in the north east; and Chur chill, Kezar,
Col lomy, and Bick ford Hills in the south east parts of the quad -
ran gle. The late Wis consi nan gla cia tion not only pro duced the
stony till de pos its that blan ket the up land ar eas of the quad ran -
gle, but also scat tered boul ders in the di rec tion of gla cial trans -
port, with many dumped in ar eas of hum mocky mo raine (Phm)
when the ice melted.

Rock de bris dragged at the sole of ice sheets pol ishes and
stri ates un der ly ing bed rock sur faces. Stria tions are not eas ily
rec og nized in the Kezar Falls quad ran gle be cause they are ei ther
con cealed be neath sur fic ial sedi ment cover, or com monly have
been de stroyed by weath er ing where the coarse- grained bed rock 
is ex posed at the ground sur face, or were not formed in the first
place be cause of the coarse ness or hard ness of the bed rock. The
best places to find stria tions are on ledge sur faces where sedi -

ment cover only re cently has been scraped off, such as along log -
ging roads or where other ex ca va tions have reached bed rock. On 
gla cially smoothed out crops of coarse gran ite (peg ma tite), fine
stria tions may be re vealed by rub bing a soft pen cil across the
rock sur face per pen dicu lar to the gen eral ice- flow di rec tion.

De spite me tasedi men tary bed rock un der ly ing about half of 
the Kezar Falls quad ran gle, stria tions were not ob served. How -
ever,  stria tion meas ure ments from ad ja cent quad ran gles in di -
cate ice- f low di rec t ions rang ing from south east  to
south- southwest. Azi muths in the range of 145- 165o in south -
west ern Maine, to gether with stream lined hills hav ing a simi lar
trend, are pre sumed to be the prod uct of the main phase of the
most re cent (late Wis consi nan) gla cia tion. Where mul ti ple stria -
tion sets have been re corded, and where their rela tive ages can be 
de ter mined, the more south erly stria tions (170- 190o) usu ally are
younger than the 145- 165o stria tions. This later south ward ice-
 flow is be lieved to have been a late- glacial event re sult ing from
re or gani za tion of ice di vides as the ice sheet thinned and re ceded
across south west ern Maine (Thomp son, 1991, 1995).

The Shepards River - Cole Brook - South River - Par sons -
field es ker sys tem can be traced as spo radic de pos its in the north -
west and more con tinu ously as a ridge in the south west part of
the Kezar Falls quad ran gle. Be cause of the hy dro static head re -
quired to main tain this sys tem es ker sys tem over drain age di -
vides, the es ker was proba bly formed dur ing an early phase of
de gla cia tion when ice was still thick. Else where in the quad ran -
gle, smaller es kers and other ice- contact strati fied de pos its in
val leys were proba bly formed later when ice had thinned. 

Re ces sion of the Last Ice Sheet

Ra dio car bon ages from fos sil mol lusks in gla cioma rine
sedi ments in Maine in di cate that dur ing the wan ing phase of the
late Wis consi nan ice sheet, the ice mar gin re ceded into cen tral
Maine by about 13,000 14C years ago (Thomp son and Borns,
1985a,b; An der son and oth ers, 1992). The ac tual cal en dar ages
for these late- glacial events are per haps as much as 2000 years
older than the ra dio car bon ages (Bartlein and oth ers, 1995);
how ever, for the pur pose of this re port, all ages dis cussed are in
ra dio car bon years. The Kezar Falls quad ran gle was also proba -
bly de gla ci ated about 13,000 14C years ago, al though iso lated
masses of stag nant ice may have lin gered in val leys. The Saco
River val ley to the east was cer tainly ice- free by 12,000 14C years 
ago, based on dated plant re mains from a test bor ing in Frye burg
(Thomp son, 1999a,b). Two sites have been iden ti fied for fu ture
sedi ment cor ing ef forts in an at tempt to pro vide minimum-
 limiting ra dio car bon ages for de gla cia tion in the area: (1) Chap -
man Pond in the north east and Al len Pond in the south- central
parts of the quad ran gle. Both of these ponds lie on rela tively
higher ter rain on the south ern, down- ice side of gla cially molded 
hills, which may be fa vor able for pres er va tion of an ex ten sive
post gla cial rec ord, and also per haps a pre- late Wis consi nan rec -
ord (Chris Do rion, 1997, oral com mu ni ca tion).

8

P. T. Davis



In coastal Maine, it is pos si ble to trace ice sheet re treat in
de tail be cause there are hun dreds of end mo raine seg ments, sub -
ma rine fans, and del tas that were de pos ited at the mar gin of the
ice sheet dur ing re ces sion in a ma rine en vi ron ment. End mo -
raines are rela tively un com mon in the in te rior of south west ern
Maine, but the few that have been found are use ful in re con -
struct ing the pat tern of de gla cia tion. The ice- contact sand and
gravel de pos its left by melt wa ter steams flow ing into gla cial
lakes pro vide fur ther clues to the his tory of ice re treat from the
study area. Also, ice- marginal melt wa ter chan nels, which are
com mon in the Kezar Falls and ad ja cent quad ran gles, are use ful
for lo cat ing ice- margin po si tions shown on the geo logic map. 

As the ice sheet re ceded from the West New field quad ran -
gle to the south, gla cial lakes were formed that ex tended into the
south west cor ner of the Kezar Falls 7.5- minute quad ran gle (gla -
cial Lake Effing ham, New ton, 1997a,b) and a very small area in
the south east part of the quad ran gle (gla cial Lake Ce dar Moun -
tain, New ton, 1997a,b). As the ice sheet be gan to thin and re cede
from the south ern part of the quad ran gle, a se ries of cross- valley
mo raines were formed in the north- flowing Great Brook val ley;
and ice- contact and la cus trine de pos its were formed in the South
River val ley. 

As ice sheet re ces sion con tin ued north ward of the Os sipee
River, a thick layer of out wash sedi ments was de pos ited along
the Os sipee River val ley and its tribu tar ies. This sand and gravel
formed del tas that built east ward and south ward into gla cial
Lake Cor nish. Out wash de pos its in the Os sipee River val ley
con trast with the ice- contact mor phose quences (Ko teff and
Pessl, 1981) ex hib ited along the Saco River val ley in the Cor nish 
(New ton, 1997c,d), Hi ram (Thomp son and Hol land, 1999a,b),
and Brown field (Davis and Hol land, 1997a,b) quad ran gles. 

Ice- contact sand and gravel de pos ited by melt wa ter from
the north proba bly un der lies the floor of Bick ford Pond in the
north west part and the chain of smaller ponds in the north east
part of the quad ran gle. The melt wa ter spill way for gla cial Lake
Ten mile be tween Lit tle Clem ons and Jay bird Ponds is a promi -
nent bed rock notch, through which is squeezed Route 160.  This
notch is known as “The Gap” (Stone, 1899, p. 259).

At the same time that Lake Pig wacket was ex pand ing up
the Saco River val ley (Thomp son, 1999a-d, Thomp son and Hol -
land, 1999a,b) in con tact with the re ced ing ice sheet, a smaller
gla cial lake also formed in the Ten mile River val ley, a tribu tary
to the Saco River val ley, in the north east ern part of the quad ran -
gle. Gla cial Lake Ten mile was ponded against an ice tongue in
the Saco River val ley to the east. The lake ini tially drained south -
west ward through a spill way in the north east ern part of the
Kezar Falls quad ran gle, with the out flow reach ing the Saco
River at South Hi ram. At this time, the ice mar gin that held the
lake at the higher (480 ft) level proba bly stood at the Plt1 po si tion
shown on the Hi ram sur fic ial geo logic map (Thomp son and Hol -

land, 1999a,b). Sub se quent re treat of the ice mar gin to the Plt2

po si tion al lowed gla cial Lake Ten mile to drain east ward into the
Saco River val ley at a level of about 440 ft, an ele va tion only
slightly higher than Lake Pig wacket. Thus, the two lakes soon
merged when the ice mar gin with drew from the Plt2 po si tion on
the Hi ram sur fic ial geo logic map. No de pos its re lated to this
younger Plt2 po si tion oc cur in the Kezar Falls quad ran gle.

Post gla cial His tory

Sedi men ta tion con tin ues to day on the flood plains of the
Os sipee River, its tribu tar ies, and other mod ern streams.
Organic- rich de pos its have ac cu mu lated in wet lands and on lake
bot toms through out the post gla cial pe ri od.

Eco nomic Ge ol ogy

Sand and gravel de pos its are abun dant in the Kezar Falls
quad ran gle. The larg est vol umes of sand and gravel are con cen -
trated in low land ar eas, in clud ing the north- south ori ented string
of ponds in the north east and the east- flowing Kezar River val ley 
in the south ern parts of the quad ran gle. Nu mer ous bor row pits
al ready ex ist in these ar eas; how ever, many of them were in ac -
tive when the quad ran gle was mapped.

 Gravel is most likely to be found in the cores of es ker
ridges (unit Pge), and the up per parts of gla cio la cus trine del tas
(units Plt, Ple, and Plcmd), stream ter races (unit Qst), and ice-
 contact de pos its (unit Pgi). The bulk of the del tas un der ly ing
caps of flu vial gravel is most likely to con sist of large amounts of
sand. Some of the loose, sandy till de pos its (unit Pt) com pact
well, and are good fill ma te rial. Given proper drain age con di -
tions, till de pos its in the quad ran gle should be suit able for do -
mes tic leach fields.

Most sur fic ial ma te ri als in the quad ran gle should be fairly
easy to ex ca vate, ex cept for ar eas with nu mer ous large boul ders
(units Phm and some Pt de pos its) or oc cur rences of dense lodg -
e-ment till (“hard pan”). Ar eas in di cated with the thin- drift pat -
tern on the geo logic map gen er ally have much bed rock ex po sure
and com monly only a thin cover of sur fic ial sedi ments on top of
the bed rock, which could be prob lem atic for drain age and do -
mes tic leach fields.

Ground wa ter oc curs in both bed rock and sur fic ial sedi -
ments. In the Kezar Falls 7.5- minute quad ran gle, ice- contact
(Pgi and Pge units), out wash (Qst), and stream al lu vium (Ha) de -
pos its on val ley floors proba bly pro vide the most ac ces si ble and
re li able aq ui fers. Till de pos its on ridges gen er ally pro vide a
lower- yield and less re li able ground- water sup ply, es pe cially if
the de pos its are thin or the sum mers dry. Ground wa ter may also
be de rived from bed rock sources (pref era bly frac tured), but at
con sid era bly more ex pense and lower re li abil ity. 
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AP PEN DIX:   Glos sary of geo logic terms that may ap pear in this re port.

Ab la tion till:  till de posit formed by re lease of 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 tain
lenses of washed sand and gravel.

Ba sal melt- out till:  till de posit 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 from 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 (q.v.). Com monly re -
fers to stones in gla cial till or coarse- grained water- laid sedi -
ments.

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 one an 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, usu ally 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:  gen eral term for any ac cu mu 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.

Drum lin:  an 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.

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 by melt wa ter
streams in a tun nel within or be neath gla cial ice.

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 that re ceived melt wa ter from gla cial ice.

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

Holo cene:  term for the time pe ri od 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- 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.

La cus trine:  per tain ing to a lake.

Late gla cial:  re fers to the time when the most re cent con ti -
nen tal ice sheet was re ced ing from Maine, ap proxi mately
15,000- 10,000 years ago.
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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 (q.v.).

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” (q.v.).

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.

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 pe ri od of time 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.

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 (q.v.), but
was not built up to the wa ter sur face.

Sub gla cial:  oc cur ring or formed be neath a gla cier.

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/fore set con tact:  the more- or- less hori zon tal
bound ary be tween topset and fore set beds in a delta (q.v.). This
bound ary closely ap proxi mates the wa ter level of the lake or
ocean into which the delta was built.

AP PEN DIX I:  Logs of pit ex po sures in the Kezar Falls 7.5- minute quad ran gle

These field ob ser va tions were ini tially de scribed by W.R. Hol land dur ing 1983 (dates re corded be low), and field
checked by P.T. Davis in 1993, 1994, and 1995. How ever, many pa leo cur rent meas ure ments made in 1983 could
not be rep li cated in the 1990s be cause of slump ing dur ing the in ter ven ing dec ade.  See ma te ri als map (Davis, 1998) 
for defi ni tion of ma te ri als ab bre via tions; dip and strike ori en ta tion data are in de grees.

Pit #: K-1
Lo ca tion:  N of Rte. 25, 0.7 mi W of bridge across Os sipee River, 

be hind Citgo sta tion 
Date:  7/16/83
Domi nant tex tures:  s,p,c 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  about 11' 
Is pit ac tive?  no
Land form ex posed:  380' ter race 
Stra tigra phy:  uni form peb bly sand w/ cob bles; ex po sure badly

slumped; floor of pit mostly ms, ps, c/s
Bed forms:  none seen
Pa leo cur rents:  none meas ured
En vi ron ment of depo si tion:  pro gla cial flu vial
Struc tures:  none seen
Domi nant cob ble li thol ogy:  gran ite, schist, clas tics, vol can ics 
Per me abil ity of de pos its:  mod er ate

Pit #: K-2
Lo ca tion:  S of Rte. 25, across Os sipee River from Great Brook
Date:  7/16/83
Domi nant tex tures:  fs- ms,ps, c 
Wa ter pres ent in pit?  some
To tal ex po sure thick ness:  11'
Is pit ac tive?  yes
Land form ex posed:  400' ter race
Stra tigra phy:  6' p-c,ms in lower- level pits; 3- 5' p-c,b in up per

level 
Bed forms:  lower 6' (sand) may be fore sets
Pa leo cur rents:  ap par ent fore sets dip 31 to ward S41E  
En vi ron ment of depo si tion:  per haps del taic
Struc tures:  some ice- contact slump ing in lower level
Domi nant cob ble li thol ogy:  gran ite, pro phy ritic sy en ite 
Per me abil ity of de pos its:  mod er ate to high
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Pit #: K-3
Lo ca tion:  E of Hub bard Pond, W of Mill Stream, S of Bick ford

Pond
Date:  7/16/83
Domi nant tex tures:  p-c,s,b 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  about 10' 
Is pit ac tive?  slightly (not in 1994)
Land form ex posed:  out wash ter race
Stra tigra phy:  2.5' p-c / 7.5' ms (top of ex po sure re moved)
Bed forms:  ap par ent fore sets
Pa leo cur rents:  ap par ent fore sets dip 7 to ward S69W 
En vi ron ment of depo si tion:  flu vial or per haps del taic; fore set

dips are very shal low
Struc tures:  none seen
Domi nant cob ble li thol ogy:  gran ite, schist, vol can ics 
Per me abil ity of de pos its:  mod er ate to high

Pit #: K-4
Lo ca tion:  E of Rte. 160, N of Trafton Pond
Date:  7/27/83 
Domi nant tex tures:  c-b,p,s 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  13' 
Is pit ac tive?  no
Land form ex posed:  kame, or per haps es ker seg ment
Stra tigra phy:  uni form boul der gravel
Bed forms:  none seen
Pa leo cur rents:  none meas ured
En vi ron ment of depo si tion:  ice- contact, en gla cial
Struc tures:  none seen
Domi nant cob ble li thol ogy:  gran ite, schist, sand stone, vol can ics 

Per me abil ity of de pos its: high to very high

Pit #: K- 4a
Lo ca tion:  just SE of K-4
Date:  7/27/83
Domi nant tex tures:  p-c,s,b 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  10' 
Is pit ac tive?  yes
Land form ex posed:  kame, or per haps es ker seg ment 
Stra tigra phy:  4' c / 6' coarse sandy p
Bed forms:  pla nar bed ding in peb ble gravel; peb bles im bri cated
Pa leo cur rents:  in sand, S75E to S40W; some N65E 
En vi ron ment of depo si tion:  ice- contact, en gla cial 
Struc tures:  dip ping tabu lar sets of beds may be re sult of col lapse
Domi nant cob ble li thol ogy:  same as K-4
Per me abil ity of de pos its:  high to very high

Pit #: K-5 (Saw yer's Pit)
Lo ca tion:  E of Rte 160, W of Clem ons Pond
Date:  7/27/83
Domi nant tex tures:  c-b,s,p 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  15' 
Is pit ac tive?  yes
Land form ex posed:  ice- contact ter race 
Stra tigra phy:  in ter bed ded c-b and ps
Bed forms:  at N end of pit, tabu lar gravel sets w/ pla nar bed ding,

trough sand sets 
Pa leo cur rents:  grav els, 26 to ward S7W; sands, 18 to ward S48E
En vi ron ment of depo si tion:  large chan nel bars in high- energy

flu vial set ting, close to ice
Struc tures:  none seen
Domi nant cob ble li thol ogy:  gran ite, schist, vol can ics 
Per me abil ity of de pos its:  high to very high

Pit #: K-6
Lo ca tion:  E of Porter field Rd, NE of Rat tle snake Mtn.
Date:  7/27/83
Domi nant tex tures:  s,st,p,c,b 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  16'  
Is pit ac tive?  yes
Land form ex posed:  ice- contact ter race 
Stra tigra phy:  6' in ter bed ded st and fs / 10' p-c
Bed forms:  pla nar, graded beds
Pa leo cur rents:  none meas ured
En vi ron ment of depo si tion:  ice- contact flu vial; silts per haps are

a kettle- filling
Struc tures:  folds and dia pirs
Domi nant cob ble li thol ogy:  gran ite, schist, vol can ics 
Per me abil ity of de pos its:  silts very low, grav els high

Pit #:  K-7
Lo ca tion:  about 0.3 mi N of Bick ford Pond
Date:  8/17/83
Domi nant tex tures:  s,p,c, w/ mi nor b and st lenses 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  13' 
Is pit ac tive? y es
Land form ex posed:  ket tled ter race (per haps fan or delta) 
Stra tigra phy:  in ter bed ded p-c and s
Bed forms:  tabu lar, pla nar
Pa leo cur rents:  per haps north erly, but may be col lapsed
En vi ron ment of depo si tion:  per haps pro gla cial flu vial
Struc tures:  none seen other than per haps col lapse
Domi nant cob ble li thol ogy:  gran ite, vol can ics, schist, sand stone
Per me abil ity of de pos its:  mod er ate to high
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Pit #: K-8
Lo ca tion:  N of Fork Hill, SE of Rat tle snake Mtn.
Date:  8/22/83
Domi nant tex tures:  s,p,c with scat tered boul ders 
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  15' 
Is pit ac tive?  yes
Land form ex posed:  kame (per haps es ker seg ment or lake sedi -

ments) 
Stra tigra phy:  in ter bed ded p-c and ps; some ap par ent fore sets
Bed forms:  tabu lar, pla nar sets about 1' to 2' thick
Pa leo cur rents:  22 to ward S55E
En vi ron ment of depo si tion:  per haps very small pro gla cial lake
Struc tures:  one nor mal fault, dia pirs
Domi nant cob ble li thol ogy:  gran ite, vol can ics, schist
Per me abil ity of de pos its:  mod er ate

Pit #: K-9
Lo ca tion:  S side of Mudg ett Road, about 0.5 mi E of North Par -

sons field
Date:  9/2/83
Domi nant tex tures:  fs- ms, mi nor p
Wa ter pres ent in pit?  no
To tal ex po sure thick ness:  13' 
Is pit ac tive?  yes
Land form ex posed:  kame or per haps lake sedi ments
Stra tigra phy:  in ter bed ded fs- ms, some ps; about 1.5' of eo lian s

on top 
Bed forms: t abu lar sets, graded and reverse- graded beds, lami -

nated fs and st, with fine cross bed ding and rip ple
drapes

Pa leo cur rents:  in con clu sive 
En vi ron ment of depo si tion:  small pro gla cial lake (ket tle fill ing)
Struc tures:  nor mal faults
Domi nant cob ble li thol ogy:  not ap pli ca ble 
Per me abil ity of de pos its:  low to mod er ate
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